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 1001 SR01: An Introduction to Clinical and Medical Toxicology

W. Mattes. Independent Consultant, Poolesville, MD.

While all toxicology addresses the adverse effects that agents have on living 
organisms, clinical and medical toxicology play unique roles not often encoun-
tered in traditional toxicology practice or research. These subsets of toxicology 
focus on the immediate needs of patients suspected of being poisoned. These 
fields of toxicology require extensive knowledge of diseases and etiology as well 
as a thorough understanding of the effects of potential poisons, both of which 
are commonly used to make diagnoses. Clinical and medical toxicologists 
must consider three points—the substance involved, the toxic response, and the 
mechanism by which it occurs—in order to determine the best treatment options for 
each patient. This course will introduce participants to the basics of the fields along 
with new and old tools that may be used by the clinical toxicologist.

 1002 AM02: A Training on the OECD Guidance for Characterizing, 
Validating, and Reporting Physiologically Based Kinetic Models

C. Tan. US EPA, Research Triangle Park, NC.

Physiologically based kinetic (PBK) modeling predicts internal dose metrics by 
describing the critical physiological, physicochemical, and biochemical processes 
that determine the disposition of a chemical in an organism. Here, the general 
term kinetic is considered synonymous with pharmacokinetic, toxicokinetic, or 
biokinetic. Traditionally, in environmental toxicology, the calibration of parameters 
in a PBK model and the evaluation of its predictive capability rely heavily on compar-
ing model simulations with in vivo blood or tissue concentration data obtained from 
laboratory animals. However, the availability of in vivo data is limited to extensively 
researched chemicals, which impedes the broader applications of PBK models 
by regulatory agencies. The recent paradigm shift toward using new approach 
methodologies (NAMs) to inform predictive approaches for chemical hazard and 
risk assessment necessitates the use of PBK models—developed and evaluated 
without data from live animals—to convert a bioactive concentration observed in 
cell-based toxicity assays to an equivalent human exposure level. In 2021, in order 
to keep pace with global efforts to develop and incorporate NAMs in chemical 
risk assessments, the Organisation for Economic Co-operation and Development 
(OECD) published a guidance document on characterizing, validating, and reporting 
PBK models without the use of animal data. This guidance document includes 
contextual information on the characterization and evaluation of PBK models in 
a regulatory context and highlights common in vitro and in silico approaches to 
parameterizing the models. The OECD guidance document provides a model report-
ing template and model evaluation checklist for evaluating the credibility of PBK 
models for their intended purposes. Adoption of the OECD PBK model guidance 
document is now encouraged when developing OECD Integrated Approaches to 
Testing and Assessment. This course offers training on key principles in the OECD 
guidance document. After a brief overview of the guidance, common, modern in 
vitro and in silico approaches for parameterizing a PBK model will be highlighted, 
as described in the second chapter of the guidance document. Next, various tools 
on how to evaluate the context, implementation, and scientific validity of a PBK 
model without using in vivo data will be presented, as recommended in the third 
chapter of the guidance document. At the end of the course, a hands-on exercise 
will give both novice and expert attendees an opportunity to apply their knowledge 
in evaluating example PBK packages. This course is designed for those involved in 
developing, applying, and promoting the acceptance of PBK models and those who 
seek to reduce/replace animal testing and incorporate more predictive mechanistic 
data in chemical hazard and risk assessment for human, animal, and environmental 
health. Attendees enrolled in this course will learn about the fundamental concepts 
underlying PBK modeling, data needs during model development, and commonly 
used metrics for model evaluation. These topics will be applicable to PBK models 
developed for drugs, industrial chemicals, biocides, pesticides, food additives, and 
chemicals in cosmetics and consumer products. These topics also are applica-
ble to models developed for humans, laboratory test species, farm animals, and 
species of ecological relevance.

 1003 AM03: Advanced Discovery Toxicology: Integrating Toxicology 
with Other Functions on the Team

S. Kakiuchi-Kiyota. Genentech Inc., South San Francisco, CA.

Toxicologists who are fully integrated in early discovery project teams help enable 
efficient strategic decision-making around lead candidate selection and are thus 
quite important. Last year, the SOT Drug Discovery Toxicology Specialty Section 
hosted a Continuing Education (CE) course in order to focus on an overview of drug 
discovery toxicology, from target assessment to identification of drug candidates. 
This year, the aim of this CE course is to provide an opportunity for toxicologists to 
gain insights into nonstandard toxicology contents (medicinal chemistry, ADME/
pharmacokinetics, formulation development, and machine learning) that can 
significantly impact safety outcomes and design of nonclinical safety strategies in 
the small molecule discovery space. The first speaker will focus on the link between 

medicinal chemistry and safety liabilities. While the idea that chemical structures 
and physicochemical properties can drive safety liabilities has been recognized, 
toxicologists with limited professional training in medicinal chemistry may not 
feel empowered to influence medicinal chemistry design. This presentation will 
enable toxicologists to gain valuable insights into medicinal chemistry approaches 
in order to mitigate potential toxicophores and help identify chemical series with 
high potential. The second speaker will discuss key in vitro ADME properties and 
liabilities that can increase toxicity risks in vivo. Additional focus will be applied to 
how predicted pharmacokinetic profiles in humans can enable efficient compound 
triage from a safety perspective before progressing to in vivo toxicity assessments. 
The third and fourth speakers will focus on interspecies metabolite comparison 
and formulation development, which are essential components in the design and 
conduct of nonclinical in vivo toxicity assessments. To ensure toxicology data from 
nonclinical species are vital to hazard identification and human risk assessment, 
the selected species should be relevant to human as far as primary pharmacol-
ogy and metabolite profile. Additionally, it is imperative that robust exposure is 
demonstrated to ensure proper toxicological assessments, especially for non-on-
cology indications. Proper formulation selection is fundamental to address 
challenging properties of a compound and enable in vivo evaluation with desired 
exposure levels. The last speaker will discuss how the emergence of machine 
learning can enable off-target hypothesis generation for an unexpected toxicity 
observed in vivo. Toxicologists should promptly identify any causes of unexpected 
toxicities and propose models to screen out compounds with an unfavorable profile 
if it is off-target mediated. However, regardless of considerable time and financial 
investments, discovering the mechanism of toxicity may not be possible by empiri-
cal methods alone. Machine learning may help accelerate the generating of testable 
hypotheses. The course will conclude with an interactive session to focus on how 
toxicologists can achieve diverse ranges of scientific expertise and ensure better 
decision-making early in the discovery stage. Overall, this course will inform toxicol-
ogists of new insights needed to utilize multidisciplinary tools to develop proactive 
safety paradigms that could reduce project delays and late-stage drug attrition. 
These concepts and approaches are generally applicable for predictive safety and 
investigative toxicology in any field, including academic research work.

 1004 AM04: Beyond the Powerhouse: Investigating Mechanisms 
of Mitotoxicity

K. Morton. Duke University, Durham, NC.

Mitochondria are the central energy-producing organelle in the cells of most eukary-
otes, though their roles within the cell expand far beyond bioenergetics. Recent work 
indicates that this dynamic organelle serves as a regulator of apoptosis, oxidative 
stress, calcium homeostasis, signal transduction, steroid hormone synthesis, and 
immunity among other pathways. As a result, mitochondria can alter cell and tissue 
function that leads to aging, neurodegenerative disease, cardiovascular disease, 
inflammatory disorders, and increased cancer severity. However, despite increas-
ing investigations into the non-bioenergetic roles of mitochondria, these areas 
remain critically understudied and misunderstood. For example, mitochondrial iron 
uptake plays a critical role in iron homeostasis and related hepatotoxicity. Similarly, 
mitochondrial dysfunction is increasingly identified as a key factor in Gulf War 
Illness, suggesting newfound roles in other diseases. This Continuing Education 
course will explore the wide roles that mitochondria play in response to cellular 
stress and xenobiotics beyond bioenergetic alterations. It also will seek to challenge 
how researchers traditionally examine and include mitochondrial toxicology in their 
work. Speakers with expertise in mechanisms and assessment of mitochondrial 
toxicity will present an introduction to mitochondrial toxicity that will focus on the 
need to examine specific mechanisms of toxicity within mitochondria in order to 
understand the resultant adverse outcomes; this will include three case studies 
displaying the methods used and mechanisms of mitochondrial toxicity that extend 
beyond alterations to bioenergetics, including mitochondrial iron homeostasis and 
its role in acetaminophen hepatotoxicity, antiviral medication-induced alterations 
to heart epigenetic and metabolic landscapes, and the role of mitochondria in the 
function of the innate immune system and inflammation. Next, we will progress from 
in-depth mitochondrial mechanisms to how this knowledge can be applied by using 
mitochondria as biomarkers for renal exposures. Finally, in a world with an ever-ex-
panding need for toxicological assessment of new drugs, toxins, and toxicants, we 
will explore how mitochondrial testing has been improved and conducted in large 
pharma and how large pharma is upscaling mitochondrial toxicity testing in order to 
meet increased future demand. Following the session, attendees will have a clear 
understanding of the dynamic roles mitochondria play within the cell and at tissue 
and organismal levels, the challenges and current solutions analysis of mitochon-
drial endpoints presents, and a new perspective on the role of mitochondria in 
toxicological mechanisms. Further, they will be empowered to assess how these 
less-understood mitochondrial mechanisms may play key roles in their own work, 
ultimately expanding and improving toxicological evaluations.
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 1005 AM05: Nontraditional In Vivo Animal Models in Developmental, 
Reproductive, and Juvenile Toxicology

C. Villano. Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT.

Traditionally, rats, mice, and rabbits have been used as preferred animal models 
(rodent and nonrodent) for nonclinical developmental, reproductive, and juvenile 
toxicity testing. Published regulatory guidelines recommend the selection of 
relevant animal models—based on individual project requirements—that may be 
influenced by systemic exposure and prior systemic toxicity data derived from 
general toxicology studies. Most compounds use traditional models that are 
quite effective and widely accepted by international health authorities. Species-
specific dose-limiting toxicity, differences in metabolism across test species, and 
pharmacological relevance may require researchers to investigate nontraditional 
models such as guinea pigs, minipigs, and dogs. In addition, certain pharmaco-
logical classes (e.g., antibiotics in rabbits) or chemistries also may limit the use 
of traditional models. Further, during the COVID-19 pandemic, a severe shortage 
of nonhuman primates (particularly sexually mature females needed for ePPND 
studies) shifted the focus toward nontraditional animal models. This course will 
walk participants through the various considerations for study designs as well as 
the pros and cons of more common nontraditional mammalian models in DART 
and juvenile toxicity testing. It also will touch upon the use of rabbits and their 
limitations in fertility and juvenile animal studies. The first presentation will describe 
how collaboration between animal model suppliers, industry, and academia has 
driven scientific development and expanded the use of the Göttingen minipig into 
DART and juvenile toxicology by highlighting specific projects. The second presen-
tation will focus on the use of beagles in developmental and juvenile toxicity testing, 
including many critical aspects of study design, associated species differences, 
and terminology. The third presentation will explore the scientific considerations for 
the selection of alternatives to nonhuman primates in order to address embryo-fetal 
risk and provide examples of how transgenic, knockin and knockout animal models, 
and surrogate molecules can be used to support nonclinical hazard assessment 
for various biotherapeutics. The course will end with a summary of the current 
regulatory guidance on DART and juvenile animal toxicity testing, which includes 
discussion of the use of nontraditional species or models. Following this course, 
participants will be familiar with a variety of approaches to assessing embryo-fetal 
risk and juvenile toxicity in animal models not commonly used in DART as well as 
the current regulatory guidance supporting them.

 1006 AM06: Tools Supporting Open Chemical Evaluations

D. Reif. North Carolina State University, Raleigh, NC.

The rapid expansion of computational and in vitro methods for the analysis of 
chemical-biological interactions has evoked a wealth of open-source tools and 
resources that enable discovery and analysis. This supports increased use of 
these resources in order to aid chemical assessments and support the finding and 
generating of information for prioritization, study waivers, weight of evidence, and 
other regulatory applications. Many of these new tools are open access and web 
based, which enables broader access. This session will provide attendees with 
an understanding of open-source and often web-based tools and resources that 
can be applied in a context-specific manner for understanding chemical-biological 
interactions and informing chemical assessments. The course will open with an 
overview of regulatory testing strategies that incorporate the use of nonanimal 
methods in order to provide a background on how these tools and resources can 
be used. The next three presentations will provide an overview of resources that 
contain traditional and new approach methodology testing data, as well as tools 
that support the assessment needs. Case studies will be used as reference points 
for participants, who also can work through the course material at their leisure. 
These presentations will address the following questions: how can we find existing 
data for a given chemical or chemicals that are structurally similar, how can we 
determine whether existing data can be used to fill in gaps of information, and 
how can computational models be leveraged to generate predictions that increase 
the weight of evidence? The final presentation will highlight various new tools and 
opportunities to derive narratives of chemical-biological interactions. Together, 
these presentations are intended to inform participants on pertinent resources 
available and provide a practical guide for when and how to use them. The course 
objectives are to (1) introduce participants to the mechanisms in which nonanimal 
approaches can be used to support assessments; (2) highlight resources for access 
to data and tools that enable the following applications: waivers, read-across, 
defined approaches and integrated approaches to testing and assessments, and 
QSAR-based modeling; and (3) showcase new resources to complement narratives.

 1007 AM07: Unique Applications of Systematic Review Methods: 
Assessment of Ecotoxicity, Environmental Fate, Exposure, 
Mechanisms, and Comparison of Test Methods

K. Salinas. SRC Inc., North Syracuse, NY.

Building on courses from previous years, this session seeks to provide members 
with a brief overview of systematic review methods and principles that will be 
followed by analysis of how these methods can be applied to or interpreted as 
information beyond traditional human health hazard endpoints (e.g., epidemiol-
ogy and animal toxicity studies evaluating apical endpoints). Systematic review 
methods using unbiased, reproducible, and transparent approaches have been 
implemented in order to evaluate data streams. The application to a broader base 
of evidence is crucial to the practice of risk assessment, given that exposure 
characterization ecological receptors inform assessment conclusions. The 
first talk will provide a brief review of systematic review principles followed by 
an overview of the translation of principles and techniques of systematic review 
across diverse disciplines (e.g., ecotoxicity, environmental fate, exposure, 
mechanistic, and in vitro/in vivo toxicity testing data). We will then discuss the 
unique aspects and challenges of applying systematic review to these disciplines. 
The second speaker will discuss how Ecotoxicology Database (ECOTOX) litera-
ture review and data curation protocols were designed to align with systematic 
review methods. Methods were developed to ensure that ecotoxicity data were 
extracted in sufficient detail in order to support independent evaluation, synthesis, 
and/or review of ECOTOX data documents ranging from scoping documents to 
regulatory decision-making. The focus of the third presentation will be the applica-
tion of systematic review methods to environmental fate endpoints and how the 
systematic evaluation of these endpoints influences prioritization, assessment, and 
prediction of human health and ecological hazard and toxicity. The development 
of a fit-for-purpose evaluation framework to systematically assess data unique to 
environmental fate endpoints, including field/monitoring data and data estimated 
from environmental fate and transport models, will be described. The fourth presen-
tation will center on the validation and application of systematic review methods 
to environmental exposure data—specifically the data required to estimate daily 
soil ingestion rates in humans. We also will discuss the application of systematic 
review principles, including the development of a population, exposure, comparator, 
and outcome statement specific to the soil ingestion of contaminants. The fifth 
speaker will consider challenges associated with using systematic review princi-
ples in the synthesis and integration of mechanistic data. Adjustments of system-
atic review methods needed to evaluate mechanistic data, including a definition of 
the objective/scope of the use of the data and selection/refinement of an appropri-
ate critical appraisal tool for various types of mechanistic data (e.g., in silico, in 
vitro, in vivo, and epidemiological data), will be presented. Case studies will be 
used to demonstrate that these systematic review adjustments rely on knowledge 
of standard constructs and methods used in toxicology and risk assessment. The 
final speaker will consider evidence-based methods for assessing the correlation 
of in vitro data (from the US Environmental Protection Agency Toxicity Forecaster) 
and in vivo data (from standard toxicity studies and human clinical trials) in order 
to predict human health hazard. A case study will be presented to show how data 
from these streams were evaluated systematically in order to predict the effects 
associated with two antidiabetic drugs in humans. As a whole, this course will 
demonstrate how systematic review methods that are developed to evaluate 
human health toxicity studies are being applied to other data streams. The course 
will provide attendees with the working knowledge base required to assess diverse 
endpoints using systematic review methods. Furthermore, this course will appeal to 
attendees of diverse backgrounds and toxicological disciplines who are interested 
in studying and applying systematic review methods, including scientists develop-
ing and conducting studies related to ecotoxicity, environmental fate, exposure, 
mechanistic in vitro/in vivo toxicity testing, and others, along with risk assessment 
practitioners and regulators.

 1008 PM08: Checking In on Adverse Outcome Pathways: Evolving 
Development, Evaluation, and Application

K. Sullivan. Institute for In Vitro Sciences, Gaithersburg, MD.

Adverse outcome pathways (AOPs) provide convenient integrating organizational 
constructs for assembling and evaluating mechanistic information at different 
levels of biological organization, using a form designed to support a range of 
regulatory applications. These include the development of integrated approaches 
to testing and assessment (IATA) and chemical-specific assessment to inform 
predictive inference and mode-of-action analysis. Much experience has been 
gained in the last 10 years since the introduction of the AOP development program 
by the Organisation for Economic Co-operation and Development (OECD) and in the 
more than five years since a similar course was offered to SOT members. Guidance 
and an associated handbook support developers in the description and evalua-
tion of AOPs via a publicly available knowledgebase. The program also includes 
formal peer engagement in the form of coaching for AOP development, external 
scientific review, and endorsement by parent OECD committees on testing and 
assessment. Increasing experience in AOP development and application contrib-
utes to the continuing evolution of the methodology required to meet regulatory 
needs. Areas of evolution include the more systematic consideration of supporting 
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data, extension of qualitative weight of evidence considerations to quantitation 
of key event relationships, and increased experience in application. This course 
builds on training developed within the OECD program on the best practices of 
documentation and assessment, including updates to the AOP-Wiki in order to 
encourage the use of common ontologies and delineation of literature analysis 
strategies and factors that modulate quantitative relationships. Consideration of 
disease pathways associated with nonchemical stressors also contributes to the 
expansion of evolving knowledge. The course includes practical demonstration 
of the Wiki/knowledge base, tips for developers and assessors, an opportunity 
to use the AOP Wiki to find information within sample use cases, and examples 
of development and application. Each presentation will cover different aspects 
of AOP development and application and, using real examples, offer a compre-
hensive overall learning experience. The first presentation will update attendees 
on how the available guidance and tools for AOP development have evolved to 
reflect experience with increasing and expanding content and biological space. The 
second presentation will emphasize the importance of transparently and efficiently 
documenting evidence collection and evaluation, which includes sharing tools and 
effective practices with prospective AOP authors and users. This will lead into a 
comprehensive demonstration and hands-on activity with the AOP Wiki, including 
changes to the publicly available interface, which will be of interest to prospective 
developers as well as those seeking to use currently available AOP information. 
The remainder of the course will feature a discussion of current and future AOP 
applications (including the development of IATAs) and a transition to next-gener-
ation risk assessment and decision-making using new approach methodologies 
(NAMs) featuring globally relevant application examples. The course will leave its 
participants familiar with the most recent developments in efficient practices that 
support AOP development, assessment, and application. Attendees will also be 
acquainted with evolving supportive resources within the OECD program and use 
of the AOP Wiki.

 1009 PM09: Immunosafety: Current Considerations and Applications 
in the Landscape of Immunomodulatory Therapies

T. Papenfuss. StageBio, Mount Jackson, VA.

Over the last decade, there have been significant advancements in the development 
of therapies that affect or are specifically designed to target the immune system. 
Therapies designed to modulate the immune system are being used to treat cancer 
(i.e., immuno-oncology), autoimmune diseases, and a wide array of inflamma-
tory or other diseases having an immunopathogenic origin. Immunotoxicology 
studies the toxic effects of chemicals, drugs, and other xenobiotics on the immune 
system. However, with the development of a multitude of immunotherapies with 
nuanced immunomodulatory effects, there is an increasing need to understand 
immune-related effects that go beyond traditionally recognized toxicity. In light 
of these immunomodulatory therapies, it can be difficult to determine whether 
immune-related effects reflect therapeutic efficacy and on-target effects or 
represent exaggerated pharmacology, overt toxicity, or a combination thereof. The 
term immunosafety has developed to reflect the integrated approach to evaluating 
immune system changes (beyond “toxic”) and the therapeutic or safety implica-
tions seen with immunomodulatory therapies. Immunosafety evaluation requires 
an understanding of the complex and dynamic nature of the immune system, 
therapy mechanism of action, effects within the context of disease, and other 
patient-related and clinical considerations. The first talk will provide an overview 
of immunosafety and toxicology considerations within the landscape of immuno-
therapies. The remaining talks will focus on providing information and practical 
considerations of immunopathology evaluation, comparative and species-specific 
concepts, clinical and translational considerations, regulatory considerations, and 
immunotoxicology assays important for immunosafety.

 1010 PM10: In Vitro to In Vivo Extrapolation Strategy and Guidance 
across Organ System Toxicities

S. Faber. Takeda Development Center Americas Inc., San Diego, CA.

In vitro to in vivo extrapolation (IVIVE) efforts are critical for addressing low concor-
dance of preclinical animal models for chemical-induced human toxicity and 
aligning with global efforts to reduce, refine, or replace animal testing. Notably, 
REACH in the EU, Toxicology in the 21st Century (Tox21) in the US, and other regula-
tory initiatives support the development of new approach methodologies (NAMs) 
and strategies to advance the field of IVIVE. As such, a wave of recently developed, 
rationally designed in silico models, advanced in vitro systems, ’omics signatures 
(e.g., toxicogenomics, proteomics, epigenomics, metabolomics, and lipidom-
ics), and physiologically based pharmacokinetic (PBPK) modeling approaches 
demonstrate utility for IVIVE across diverse organ systems. Despite these 
advancements, there is limited understanding of key concepts related to robust 
NAM development, validation, and implementation within a regulatory framework 
to progress IVIVE adoption. Based on gaps in IVIVE guidance, this Continuing 
Education course will explore successful IVIVE studies across research sectors and 
highlight important strategies and principles critical for regulatory consideration. 
Specifically, the course will focus on IVIVE strategy for prominent organ system 

toxicities, including inhalation toxicity, hepatotoxicity, developmental neurotoxic-
ity, and cardiovascular toxicity. The course will begin with an overview of IVIVE 
concepts and utility across academic, government, and industrial toxicological 
sectors. The first speaker will highlight the value of IVIVE within the field of inhala-
tion toxicity using IVIVE case studies that connect inhalation exposure to complex 
mixtures in vitro and tobacco-free nicotine product human risk assessment. Next, 
the second speaker will detail the use of toxicogenomics, PBPK modeling, and 
publicly available toxicological databases (e.g., TG-GATEs) to assess drug-induced 
liver injury IVIVE within a robust compound validation set and describe how these 
approaches can aid in de-risking hepatotoxicity across research sectors. The third 
speaker will focus on an integrated approach to testing and assessment case study 
for developmental neurotoxicity using a battery of NAMs in order to prioritize a 
class of compounds. This speaker also will examine how exposure data in humans 
can be used to interpret this information. The fourth speaker will provide a balanced 
viewpoint of the cardiovascular NAM landscape, including 2D and 3D cardiac and 
vascular toxicity model approaches, challenges, and strategies for IVIVE implemen-
tation. The final speaker will conclude the course with a discussion of regulatory 
considerations and paths forward for the adoption of IVIVE approaches within 
adverse outcome pathway contexts and clinical packages. This course will focus 
on critical organ systems and provide guidance on pertinent assay parameters 
(e.g., cell types, model systems, and endpoints) and mechanisms of action shown 
to affect key toxicities that have the potential for assessment via IVIVE. Also, as 
experts in their respective fields, the speakers will impart knowledge regarding 
organ system pathophysiology and offer key insights into in silico, in vitro, and 
systems biology methodology that are essential for the successful development of 
IVIVE platforms. Together, the latest developments on assay guidance and strate-
gic IVIVE development can inform participants on the best approaches within the 
field and help address key challenges and gaps faced by investigators. Along with 
valuable insights into regulatory considerations and future IVIVE perspectives, this 
course offers key strategies for the development, implementation, and advance-
ment of IVIVE practices across research sectors.

 1011 PM11: Inhalation Drug Development: Back to Basics

M. Doyle-Eisele. Lovelace Biomedical, Albuquerque, NM.

Inhalation toxicology has always carried an air of mysticism when compared with 
other routes of administration. This course will provide the information necessary 
for better understanding of this perceived dark art and serve as a take-home 
introduction for those new to the inhalation toxicology field while providing regula-
tory guidance to those not so new to inhalation toxicology. It will consist of practi-
cal aspects of animal studies regarding the determination of dose and formula-
tion aspects. Further, this course will provide examples and interpretations on 
what is adverse and not adverse in reference to histopathological findings in the 
respiratory tract.

 1012 PM12: Making the Most of Your Data: How to Build Machine-
Learning Models for Toxicology

N. Greene. AstraZeneca, Waltham, MA.

Computational toxicology encompasses the development of machine-learning 
and mechanistic models and tools applied to datasets of toxicological concern. 
Applications of such tools span a wide field, incorporating hazard identification, 
prioritization for experimental testing, optimization of chemical space, and chemical 
risk assessment. These methods are used in various industry sectors, such as 
consumer products, pharmaceuticals, cosmetics, and agrochemicals. They also are 
used in the environmental sector and in governmental and regulatory organizations. 
The methods employed vary from simple to complex, depending on availability and 
quality of data, and range from the application of structural alerts to machine-learn-
ing models of large-scale biological data and complex systems toxicology 
modeling. With increased pressure to reduce the number of animal experiments, 
accelerate the product development cycles, and lower costs, computational toxicol-
ogy is a continuously developing area with great untapped potential. This course 
will give a brief introduction to the field of computational toxicology, followed by 
a series of presentations on methods used in building computational models. The 
first presentation will focus on the data available for model building and how we 
normalize, clean, and prepare the experimental data for model building. The second 
presentation will describe various possible algorithms along with how to select 
appropriate methods using the data at hand. It also will consider how to split data 
into training versus test sets. The third presentation will focus on how to appropri-
ately evaluate models to understand their utility and application in decision-making. 
The course will end with an interactive exercise wherein the audience will be asked 
to vote on the various steps throughout the model building process in order to 
reinforce the theory presented in the previous three talks. We will jointly evaluate 
model performance, utility, and lessons learned along the way. The aim of this 
course is to provide participants with a broad understanding of the many benefits of 
computational toxicology methods and inform them of the limitations and appropri-
ate use of such methods for successful application depending on the use case. 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 6



The learnings from this course are relevant for attendees from academic, industry, 
and government sectors who seek to explore or expand the use of computational 
models within their organizations.

 1013 PM13: Put Your Science Where Your Mouth Is: Practice Makes 
Progress in Effective Science Communication

A. Chappelle. SafeBridge Regulatory & Life Sciences Group, New York, NY.

Training in effective science communication is critical for scientists in all stages 
of their careers. However, as many of us advance beyond our graduate and 
postdoctoral training, we have fewer opportunities to convey our communication 
training to other scientists (both inside and outside our field). The purpose of this 
Continuing Education (CE) course is to introduce effective science communication, 
discuss how providing critical feedback helps make you a more effective communi-
cator, and suggest mechanisms by which you can define yourself as a science 
communicator online. This innovative session will include real-time feedback via 
mobile devices (i.e., polling) in order to engage the audience. It also will include 
an interactive session in which participants are required to deliver a three-minute 
presentation in small groups (e.g., five people) using an oral format or a single 
slide so as to practice effective communication in a safe space. Attendees will 
receive constructive comments in real time and during the discussion session. 
The concluding question-and-answer session will allow for registrants to use the 
polling functionality to communicate their experiences from the interactive session. 
This CE course will be complemented with a Wednesday presentation in the Tiny 
Tox Theater (ToxExpo, Hall C) in which participants and other interested attendees 
can share how they applied any learned or practiced communication skills during 
the meeting.

 1014 AI Buzz or Bliss: Case Studies for Successful Applications of 
Artificial Intelligence in Predictive Toxicology

F. Shah. Merck Research Laboratories, West Point, PA.

There have been several recent debates on what artificial intelligence (AI) can or 
cannot do in the field of predictive toxicology. In general, skepticism exists in the 
utility of AI in drug discovery, development and environmental toxicology that can 
be attributed to (1) limited case studies in public domain showing impact of AI/
machine learning (ML) in toxicology decision-making, and (2) a narrow applicability 
domain or limited prospective validation of existing machine learning (ML) models 
for toxicology endpoints. Also, missing considerations for dose/toxicokinetic 
information for end-organ toxicity prediction limits models’ utility in decision-mak-
ing. This session is intended to highlight successful applications of AI in the field 
of predictive toxicology in the form of case studies from government agencies, 
academia, software companies and pharmaceutical industries. Case studies will 
focus on three major areas: (1) how adverse outcome pathway (AOP) models 
built on diverse chemical space using structural properties and/or high-through-
put assays are being used to prioritize pharmaceuticals or identify environmental 
chemicals’ toxicity risks; (2) the impact of AI for hazard detection in toxicological 
pathology; (3) the knowledge graph search engine-based explainable AI providing 
insights into the mechanisms of toxicity. The first speaker from academia will share 
his view on AI in the field of predictive toxicology and will introduce the case study 
themes of the session. The second speaker will discuss a case study from NIEHS on 
how consensus ensemble ML models for endocrine disruption and acute systemic 
toxicity built on diverse chemical space are being used to prioritize environmental 
chemicals and/or to waive requirements for animal toxicology studies. The third 
case study from the academia will describe their adverse outcome pathways (AOP) 
models built using high-throughput screening toxicity assays in conjunction with 
toxicokinetic data to prioritize compounds with a lower likelihood of hepatotoxic-
ity. The fourth case study from an AI software company will discuss their search 
engine-based AI approach leveraging knowledge graph generated using 700 million 
biomedical research data points to inform on potential off-target pharmacology or 
to identify mechanisms of toxicity. The next three case studies will be presented by 
speakers from the pharmaceutical industry focusing on successful applications of 
AI approaches in safety prediction at early discovery, in preclinical or a regulatory 
environment. In this section, the fifth speaker will share applications of the in silico 
AOP approach for the prediction of genotoxicity risk and its practical utility in early 
discovery to prioritize compounds with low mutagenicity risk. The sixth speaker will 
cover a developmental and reproductive toxicity case study for automated rabbit 
fetus skeleton assessment focusing on application of micro-CT imaging coupled 
with conventional neural network models for the segmentation and labeling of 
vertebrae. The final speaker will describe efforts on application of natural language 
processing to digitalized historical treatment-related in vivo data and leveraging 
this digitized data and a high-quality ML model to de-risk off-target toxicity.

 1015 Artificial Intelligence: Buzz or Bliss?

T. Hartung. Johns Hopkins University, Baltimore, MD.

Thomas Hartung will set the stage for the symposium by introducing evolution 
of predictive toxicology field from traditional animal testing approaches to more 
complex in vitro systems to AI approaches followed by the most frequent applica-
tions of AI in the field of predictive toxicology. His talk will be concluded with a 
high-level introduction of three major case study themes of this session to be 
discussed by the speakers.

 1016 Computational Crowdsourcing to Understand and Address 
Regulatory Needs: Case Studies for Prioritization of 
Environmental Chemicals Using AI/ML Approach

N. Kleinstreuer. NIEHS/NICEATM, Research Triangle Park, NC.

Out of necessity, chemical safety assessment is transitioning to more rapid and 
efficient methods for predicting toxicity, including the application of artificial intelli-
gence and machine learning based approaches. Understanding regulatory needs 
and decision contexts is a critical precursor to building fit-for-purpose computa-
tional tools that will ultimately be adopted and implemented. The Interagency 
Coordinating Committee for the Validation of Alternative Methods (ICCVAM) has 
collated such information for many toxicological endpoints and methods, such 
as acute systemic and topical toxicities, ecological assessments, and in vitro to 
in vivo extrapolation. Once the context of use has been defined, rigorous data 
curation efforts are necessary to identify and establish training data for predic-
tive model building; this data curation process can also be supported by cognitive 
algorithmic tools and software. Numerous methods and structural/physicochemi-
cal feature sets can be applied to build quantitative structure activity relationship 
(QSAR) models from large chemical toxicity training data sets, each with respective 
dis/advantages. A crowdsourcing approach has been applied to build consensus 
ensemble models that leverage the strengths and compensate for the weaknesses 
in any individual method and provide robust predictive performance and broad 
coverage of the chemical universe. Consensus QSAR models for endocrine disrup-
tion endpoints and acute systemic toxicity are being considered and evaluated. 
Specific case studies describing how these approaches are being used for various 
regulatory decision-making contexts such as chemical prioritization and waiving 
animal testing requirements will be discussed.

 1017 Integrating Dose-Dependent High-Throughput Screening 
(HTS) Data and Toxicokinetic Information into a Data-Driven 
Computational Modeling Workflow to Reveal Molecules 
Potentially Causing Liver Injury

H. Zhu. Rutgers, The State University of New Jersey, Camden, NJ.

Hepatotoxicity is the injury imposed on the liver caused by exogenous chemicals 
and is the leading reason for drug attritions. Traditional screening for chemical 
hepatotoxicity relies on animal testing, which is costly, time-consuming, and has 
ethical concerns. High-throughput screening (HTS) protocols can test thousands to 
millions of chemicals using HTS assays, providing enormous amounts of informa-
tion on relevant toxicity mechanisms in the past decades. This effort brings new 
challenges to computational toxicology studies in the big data era. Normally, 
traditional computational modeling approaches handle training sets with individual 
endpoints, which are not suitable to model a large amount of related HTS data. 
In this work, we developed a new machine learning approach to establish robust 
chemical adverse outcome pathway (AOP) models from dose dependent toxicity 
data obtained from HTS assays and used model outcomes to correlate to hepato-
toxicity. Using these AOP models, the compounds of interest can be ranked by the 
outcome of each AOP model, and the mechanisms of highly ranked chemicals can 
be illustrated using the relevant assays. Furthermore, grouping chemicals based on 
chemical structure similarity revealed strong AOP model outcomes for chemical 
classes of hepatotoxicants, informing on their mechanisms of actions (MOA). 
The developed AOP models can be coupled with toxicokinetics results to directly 
predict chemical hepatotoxicity (Accuracy 71%, Recall 76%, Precision 85%). For the 
external validation purpose, we used the resulted models to identify several drugs 
that induce liver injury (DILI) and illustrate their toxicity mechanisms. Although 
presented as a case study, this new machine learning approach to automatically 
mine public toxicity data for predictive modeling purposes can be a universal 
computational toxicology strategy to apply to various chemical toxicity evaluations 
based on informative dose dependent mechanistic toxicity data.
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 1018 Use of a Novel Form of Artificial Intelligence (AI) for Off-Target 
and Mechanism of Toxicity Analyses: Case Studies

D. Selinger, and T. Wall. Plex Research Inc., Cambridge, MA. Sponsor: F. Shah.

We have developed a novel form of AI, based primarily on search engine algorithms, 
which is useful for the analysis of secondary pharmacology and mechanism of 
toxicity (MoT) analyses. A search engine AI approach has many advantages over 
traditional machine learning based approaches, including Transparency: The data 
supporting any target inference can be easily identified, traced backed to its original 
source, and evaluated. This transparency contextualizes all findings and allows 
scientists to fully leverage their expertise when interpreting results. In chemical 
biology applications, the structures of all analogs are shown, as well as their precise 
reported activity against the putative target(s); Concision: The most experimen-
tally supported results are ranked first, regardless of how much data is searched 
or how many additional results are returned; Scale: Search engine algorithms 
can be tailored to work seamlessly and rapidly over multiple large, heterogenous, 
and highly complex data sets, identifying instances where multiple data sources 
converge on the same answer. For a given chemical series of interest, for example, 
our AI approach can identify if structurally related compounds converge on certain 
targets, toxicities, pathologies, adverse events, drug classes, protein families, 
protein domains, diseases, etc. Our AI is powered by a massive knowledge graph 
of over 700M nodes and edges covering all areas of biomedical research, from 
pharmacology to omics data to clinical trial information. Analyses can be initiated 
with chemical structures of interest, but also with gene lists from omics experi-
ments, pathways, biomarkers, or metabolites from metabolomics profiles. Multiple 
approaches can be used together, such that a compound off-target or MoT can 
be pinpointed using a combination of chemical structure, transcriptional perturba-
tion data, and metabolomics profiling. Here we present a case study demonstrat-
ing the use of our approach to discover putative off-targets of the anxiolytic drug 
carazolol. We will also present an example case study investigating the underlying 
mechanism of an unanticipated safety finding.

 1019 Genotoxicity Predictions for Rapid Compound Screening: A 
Case Study for Accurate Classification Using Machine Learning

S. Arat, W. Sun, M. Schuler, and M. Martin. Pfizer Inc., Groton, CT.

One of Genetic Toxicology’s functions is to identify compounds that have the 
potential to cause chromosomal damage. The standard regulatory method is the 
manual microscopic micronucleus assay. Micronucleus can manifest itself via 
various mechanisms such as non-genotoxic and genotoxic, and genotoxicity can 
be further classified as clastogen (chromosome fragments-containing micronu-
clei) or aneugen (full chromosome-containing micronuclei). Aneugens can be 
further subclassified as tubulin binders and aurora inhibitors. Follow-up assays 
are routinely needed to differentiate various mode of actions (MoAs) in regula-
tory settings. Mechanistic information is extremely important as it dictates the 
compound progression through development. Clastogens cannot progress unless 
indication justify versus aneugen effects are thresholded, with large enough safety 
margins, aneugens are considered non-genotoxic at therapeutic concentration and 
are safe to progress. In this study, we used 101 well-characterized compounds 
with their full dose response in all 10 endpoints to generate a tiered-random forest 
modeling approach guided by the established adverse outcome pathways. The 
predictive power of our model is the highest to distinguish aurora inhibitors from 
tubulin binders (98% accuracy), followed by non-genotoxicants from genotoxicants 
(90% accuracy). Our model can differentiate clastogens from aneugens with 75% 
accuracy. This aligns well with the number of compounds used in the training 
dataset. We prospectively monitored our model predictions for several months and 
we have similar accuracy for all models. The presentation will describe how this 
prediction tool is being used by genetic toxicologists at Pfizer to screen and classify 
compounds with a lower genotoxicity risk faster.

 1020 From Micro-CT Imaging to Artificial Intelligence: A Case 
Study for Automated Rabbit Fetus Skeleton Assessment for 
Developmental and Reproductive Toxicology (DART)

A. Chen, T. Shah, A. Gleason, C. Miller, N. T. Gatto, B. Robinson, B. A. Mattson, and 
K. Brannen. Merck Research Laboratories, West Point, PA.

Nonclinical safety assessment of new drug candidates typically includes 
embryo-fetal developmental toxicity studies, one component of which is an evalua-
tion of fetal skeletal development by manual examination of Alizarin red-stained 
fetuses. However, the staining process generates hazardous waste and continu-
ously demands storage of physical fetus specimen. In addition, evaluation of fetal 
skeletal morphology is subjective and, therefore, inherently prone to variability and/
or biases. To overcome these challenges, micro-computed tomography (micro-
CT) imaging has been introduced as an alternative approach, wherein unstained 
fetuses are scanned using a micro-CT scanner and the reconstructed 3D images 
are examined using a 3D visualization tool. At Merck, we have developed a protocol 
to acquire micro-CT images of animal fetuses at a high throughput. In addition, 
we have made attempts to automate the assessment on rabbit fetuses using 

automated image analysis techniques. Herein, we are providing an overview of 
our approach to segment and label each bone on the rabbit fetal skeleton using 
conventional image analysis techniques, as well as the latest attempts to improve 
the automated analysis using artificial intelligence (AI). Specifically, we conducted 
a study on the localization of vertebrae using a 3D regression convolutional 
neural network (CNN) model and a multi-task 3D CNN model for the segmenta-
tion and labeling of each vertebra. Through the progression of our efforts, we are 
demonstrating the promise of using high-throughput micro-CT to enhance fetal 
skeletal assessment in nonclinical safety studies, while highlighting the areas 
warranting further investigations using AI.

 1021 Case Studies for the Application of In Silico Models for 
Prediction and Risk Assessment of Drug Toxicity

A. Amberg. Sanofi, Hattersheim, Germany. Sponsor: F. Shah.

Much effort was recently put into the application of various AI approaches to 
digitalize drug toxicity in vivo data, including data extraction from various internal 
and external sources, text mining from regulatory toxicity study reports, followed 
by harmonization and transformation into SEND-like formats. This presentation 
will show how these digitalized in vivo data are applied in Predictive Toxicology. 
The first step to enable the full benefit of these digitalized toxicity data is to 
organize them into a structured database. This database can then be used for 
tailored searches around questions for example on specific toxicity findings, on- 
and off-targets or structurally similar drugs and these search results can be applied 
for read-across and risk assessment in drug research and development. The first 
use case will demonstrate how search results for specific adverse effects like 
inflammatory findings of the gastrointestinal tract were used to trigger follow-up 
investigations, helped in elucidation of this potential mode of toxicity and to assess 
the relevance of these findings for the further development process as well as for 
human situation. As follow up, the organized data can then be used to generate 
training datasets for machine learning. Accordingly, we extracted most relevant 
toxicity findings like from histopathology, clinical chemistry, hematology examina-
tions for main target organs, including liver, kidney, heart and developed individ-
ual in silico models for the prediction of these toxicity endpoints. So, the second 
case study will demonstrate how these in silico models helped to de-prioritize and 
structurally optimize lead series in early drug research, including lead structure 
candidates from the chemical thioxo-pyrimidinone class. These case studies show 
that applications of AI are playing an increasingly important role for in silico predic-
tion and risk assessment of drug toxicity.

 1022 House on Fire: Chemistry and Toxicology of Structural Fire 
Smoke at the Wildland Urban Interface

M. Gilmour. US EPA, Research Triangle Park, NC.

Wildfires are increasing in size and incidence across the world and are a significant 
source of air pollution in the form of particulate matter, toxic vapors, and noxious 
gases. Inundation of smoke plumes into affected communities poses a major 
challenge for air quality management and public health. In addition to biomass 
smoke, combustion of dwellings, businesses, automobiles, household appliances 
and chemicals, and a plethora of synthetic materials results in toxic emissions that 
could have profound and long-lasting adverse health and ecological outcomes. 
Notably, smoke from these fires, such as the 2018 “Camp fire” in California and 
the 2021 “Marshall fire” in Boulder, Colorado, may contain hydrogen cyanide, 
acidic aerosols, heavy metals, and a host of organic compounds that are known, 
or suspected to be, carcinogens, caustic agents, and/or irritants. The relative 
potency of these emissions (particularly in a mixture environment) is not well 
studied, and the Environmental Protection Agency’s Air Quality Index for criteria 
pollutants, which is used to communicate health hazards in near real time, does not 
necessarily capture the full range of potential air toxic exposures. This session will 
highlight the chemistry of smoke from structural fires, provide an overview of the 
exposures structural and wildland firefighters face, and describe efforts to assess 
the contribution of structural fires within wildland fire air samples. Later presenta-
tions will highlight what is known about the toxicology and carcinogenicity of these 
emissions and identify data gaps and approaches needed for risk assessment. This 
session aims to increase both member awareness and quantitative information 
of the health hazards associated with combustion of structures during and after 
wildfires. It also will discuss how toxicology can inform early decision-making for 
public health protection.

 1023 Chemical Analysis of Smoke from Structural Fires

A. Stec. University of Central Lancashire, Preston, United Kingdom. Sponsor: M. Gilmour.

Fire safety requirements for buildings products are divided into fire resistance and 
reaction to fire. Any fire hazard assessment requires consideration of the most 
probable fire scenarios, the amount of fuel present, and its impact on the occupants 
and their ability to escape safely. This presentation will summarize different fire 
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emissions released from different building products, under different fire scenarios. 
It will also discuss human tenability criteria for the concentrations of the individual 
toxic gas species generated by combustion.

 1024 Exposure and Cancer Risks among Structural Firefighters

K. Fent. NIOSH, Cincinnati, OH. Sponsor: M. Gilmour.

This talk will summarize recent studies that have evaluated cancer incidence and 
mortality in structural firefighters. The speaker will further discuss the predomi-
nant exposure pathways among firefighters, and how these pathways contribute to 
biomarkers of exposure, with an emphasis on known or probable carcinogens. He 
will wrap up with a discussion about the wildland-urban interface (WUI) and how 
this may impact firefighters’ exposures now and in the future.

 1025 Investigating the Links between Chemical Exposures and 
Adverse Health Effects Associated with Camp Fire Smoke

Q. Zhang. University of California Davis, Davis, CA. Sponsor: L. Van Winkle.

We investigated the links between chemical exposures to wildfire smokes and 
adverse health outcomes through performing real-time measurements of ambient 
PM in Davis, CA during the Camp Fire period in November 2018. Specifically, we 
characterized the highly time-resolved temporal variations of PM concentration 
and composition using a high-resolution soot particle aerosol mass spectrome-
ter (SP-AMS) and applied novel mass spectrometry analysis to estimate the total 
concentrations of phthalates in PM. Different sources of the PM were resolved as 
well. These results are combined with data on nonhuman primate pregnancies at 
various stages of development to investigate the adverse effects of wildfire smoke 
on pregnancy and fetus development.

 1026 Mutagenicity and Toxicity of Combustion Products from 
Synthetic Materials and Comparisons to Biomass Emissions

Y. Kim. University of North Carolina at Chapel Hill, Chapel Hill, NC.

This presentation will discuss differences in the chemical components of wildfire 
smoke depending on fuel types and burning temperatures and how such differ-
ences can promote similar or distinct toxicity outcomes. This will introduce how 
we develop a lab-scale combustion system to simulate various wildfire smoke 
emissions and present how our computational approach can be used to identify 
individual chemicals that drive specific toxic outcomes. This will also provide 
potential beneficial effects of particle filtration in reducing health impacts from 
acute exposure to wildfire smoke. This presentation will help to better understand 
health effects of smoke exposures from burning homes, structures, and man-made 
materials in the wildland urban interface (WUI) areas during wildfires. The views 
expressed do not necessarily represent the views or policies of the US EPA.

 1027 Health Risk Assessment on Fire’s Front Line: Challenges for 
Characterization and Communication

A. Jarabek. US EPA, Research Triangle Park, NC.

The acute nature and chemical composition of exposures associated with structural 
fires pose a complex challenge to risk assessment approaches as well as to inform-
ing impacted populations of potential health effects. This presentation discusses 
specific components of current assessment approaches that require customization, 
including consideration of “C vs t” as determinants of toxicity; evaluation of chronic 
trajectories from acute measurements; specification of parameters for vulnerable 
populations; and mixtures methods with unknowns. Discussion of approaches for 
translation and communication of health risk, including visualization of data and 
public engagement, is also included. The views expressed in this abstract are those 
of the authors and do not necessarily represent the views or policies of the US EPA.

 1028 Mechanistic Insights on Gene x Environment Interactions 
in Autism

L. Smirnova. Johns Hopkins University, Baltimore, MD.

Autism spectrum disorders (ASD) constitute a global public health concern. In 
the US, incidences of ASD have increased from 1 in 5,000 children in 1975 to 1 
in 44 children in 2020. Similarly, these increases have been documented in other 
countries around the world. Until recently, research on the etiology of neurodevel-
opmental disorders has focused largely on genetic causes. However, this research 
has clearly shown that single genetic anomalies account for only a small proportion 
of cases, and even in genetic syndromes highly associated with ASD, a significant 
percentage of carriers do not have ASD. Overall, genetic factors seem to account 
for 40-50% of ASD cases. There is now credible evidence that ASD is the result 

of complex interactions between genes and environmental factors. In contrast to 
genetic risks, which are currently irreversible, environmental factors are modifi-
able risk factors. Therefore, identifying factors that increase risk for ASD may 
provide rational approaches for the primary prevention or mitigation of the severity 
of symptoms associated with these disorders. However, to date, the identities of 
environmental factors that influence ASD risk or severity and the mechanisms by 
which environmental factors interact with genetics to determine individual risk 
remain critical gaps. The phenotypic heterogeneity—the clinical hallmark of ASD—
together with the complex multigenic etiologies, significantly increase the difficulty 
of identifying specific environmental factors increasing risk. The complexity of 
ASD heritable factors also creates a range of sensitivities of the developing brain 
to the adverse effects of environmental factors, which has made it challenging 
to establish clear associations between exposure to environmental factors and 
diagnosis of specific disorders. To address this, it is critical to integrate approaches 
and findings from diverse fields, which is the goal of this session. Presenters with 
expertise in epidemiology, genetics, and mechanistic toxicology will present these 
diverse findings. The session will open with an overview of the broad spectrum of 
research activities (epidemiological, genomics-based, and bioinformatics-based 
studies) in the field of gene x environment (GxE) in ASD supported by the National 
Institute of Environmental Health Sciences. This will be followed by a discussion 
of how molecular epidemiology and systems biology approaches can be leveraged 
to study GxE interactions in ASD prevalence. The next two talks will illustrate how 
in vitro models are used to investigate molecular mechanisms underlying potential 
synergy between environmental chemicals and ASD-linked genetic susceptibilities. 
The session will conclude with a presentation demonstrating how animal models 
are used to validate in vitro findings of putative GxE. In summary, attendees will 
gain knowledge regarding current state-of-the-art, interdisciplinary approaches for 
studying mechanisms of GxE interactions that influence ASD risk and will learn 
about emerging data and remaining gaps.

 1029 Challenges and Opportunities for Gene-Environment Interaction 
Studies Supported by the Extramural Division of NIEHS

K. McAllister. NIEHS, Research Triangle Park, NC. Sponsor: L. Smirnova.

NIEHS has a strong interest in understanding the interaction of genetic and environ-
mental risk factors for complex human diseases, and this Institute has a long 
history of exploring gene-environment interactions particularly relevant to many 
neurodevelopmental diseases. Genetic susceptibility is recognized as a significant 
component to the varying effects of toxicants on disease pathways. This underlying 
understanding of genetic susceptibility or resistance to environmental exposures is 
currently being examined in a variety of genetic epidemiology studies supported by 
NIEHS. NIEHS has also supported both solicited and unsolicited proposals related 
to other multi-faceted aspects of G x E research including the development of 
innovative statistical and bioinformatics methods, the use of sophisticated in vitro 
functional genomics approaches, and the use of novel population-based model 
organisms, such as the Collaborative Cross and Diversity Outbred mice. NIEHS 
also recognizes the importance of the ethical, legal, and social implications that 
may arise from individuals or communities being identified as at increased disease 
risk due to a combination of genetic and environmental factors and their interplay. 
The translational goal of this G x E research is to identify populations that are most 
sensitive to exposures to ultimately adopt prevention/intervention strategies to 
protect the most vulnerable subpopulations.

 1030 Using Molecular Epidemiology to Better Understand the 
Interplay between Environment and Genes in the Causation of 
Autism Spectrum Disorder

A. Ponsonby. The Florey Institute for Neuroscience and Mental Health, Melbourne, 
Australia. Sponsor: L. Smirnova.

Molecular epidemiology involves working at the interface of epidemiology and 
system biology. For environmental determinants of autism spectrum disorder, our 
work uses these approaches to investigate how putative harmful environmental 
agents, such as phthalate chemicals, may have a differential impact on outcomes 
depending on genetic vulnerability. Gene x environment interaction using pathway 
and/or network approaches can provide greater statistical power and information 
than examining the differing effect of phthalates on neurodevelopment by individ-
ual genetic SNP (single nucleotide polymorphisms) variants alone. The developing 
brain is highly sensitive to environmental disturbances, and adverse exposures can 
act through oxidative stress. Here, we first generated a genetic pathway function 
score for oxidative stress (gPFSox) based on the transcriptional activity levels 
of the oxidative stress response pathway in brain and other tissue types. Then, 
in the Barwon Infant Study (BIS), a population-based birth cohort (n = 1074), we 
demonstrated that a high gPFSox, indicating reduced ability to counter oxidative 
stress, is linked to higher autism spectrum disorder risk and higher parent-reported 
autistic traits at age 4 years. Past work in BIS has reported higher prenatal phthal-
ate exposure at 36 weeks of gestation associated with offspring autism spectrum 
disorder. In this study, we examine combined effects and show a consistent pattern 
of increased neurodevelopmental problems for individuals with both a high gPFSox 
and high prenatal phthalate exposure across a range of outcomes, including high 
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gPFSox and high phthalate levels against autism spectrum disorder (attributable 
proportion due to interaction 0.89; 95% CI (0.62, 1.16); p <0.0001). The results 
highlight the utility of this novel functional genetic score and add to the growing 
evidence implicating gestational phthalate exposure in adverse neurodevelopment.

 1031 Role of the Autism Risk Gene, CHD8, in Chlorpyrifos-Induced 
Neurotoxicity in iPSC-Derived Brain Organoid Model

L. Smirnova. Johns Hopkins University, Baltimore, MD.

The significant increase of ASD in recent years cannot be explained solely by 
genetics but rather by gene x environment interactions. To reduce the enormous 
numbers of animals that would be required to study all the potential G X E interac-
tions that could influence ASD, new approaches focusing on human genetic risk 
factors in human relevant organotypic models are needed. This will help to identify 
specific G x E interactions most likely contributing to the disease, which then can 
be validated in more complex in vivo models. A combination of three technologies 
(induced Pluripotent Stem Cells (iPSC), CRISPR/Cas9 gene editing and advanced 
3D organoid cultures) were used to provide a proof of principle example of how 
G x E can be addressed in vitro. Mutation in the chromodomain helicase DNA 
binding protein 8 (CHD8) gene is one of the major genetic risk factors for ASD. A 
heterozygous CHD8 knockout iPSC cell line was generated using CRISPR/Cas9. 
Brain organoids were generated from CHD8 knockout and control iPSCs and were 
exposed to an organophosphate insecticide, chlorpyrifos (CPF). There is a signifi-
cant body of epidemiological evidence suggesting an association between develop-
mental exposure to CPF and altered neurodevelopment in children. A common 
ASD feature of imbalanced excitatory to inhibitory signaling (glutamate/GABA 
ratio) was confirmed in this in vitro model. CHD8 knockout brain organoids were 
more sensitive to the effects of CPF. Exposure to CPF reduced the level CHD8 
protein in both control and mutant organoids, suggesting that the downstream 
target of mutation and exposure may be the same. Exposure led to reduced neurite 
outgrowth in both cell lines, which was rescued by tocopherol. Finally, we identified 
synergistic effects of mutation and exposure on the level of neurotransmitters and 
metabolites associated with ASD (including energy, one carbon and trans-sulfu-
ration, tryptophan and dopamine metabolism). These in vitro findings were then 
validated against existing human data on ASD metabolic biomarkers.

 1032 Wnt-Specific Genetic Influences on Gene Regulation in a 
Population of Human Neural Progenitor Cells

J. Stein. University of North Carolina Chapel Hill, Chapel Hill, NC. Sponsor: L. Smirnova.

This presentation will discuss how cell culture-based genetic associations can 
be used to identify environmental chemicals that impinge upon stimulus-specific 
cellular and molecular mechanisms that influence risk for ASD and other neuropsy-
chiatric disorders. Stimulation of the Wnt signaling pathway is known to affect 
neural progenitor proliferation and patterning in the developing brain. De novo 
autism associated mutations cluster in genes of the Wnt pathway. In addition, 
genetic associations of human brain size found that common genetic variation 
associated with inter-individual differences in cortical surface area are clustered 
near Wnt relevant genes. To identify genetic variants that exert effects specifi-
cally during Wnt stimulation conditions, we added Wnt activators (Wnt3a, CT99021) 
to human neural progenitors from 84 different donors. We then measured gene 
expression via RNA-seq and chromatin accessibility via Assay for Transposase-
Accessible Chromatin using sequencing (ATAC-seq) in each of these donors. Wnt 
stimulation strongly increased chromatin accessibility at T-cell factor/lymphoid 
enhancer factor (TCF/LEF) binding sites. Context specific regulatory elements are 
significantly enriched in heritability of brain related traits. We detected hundreds 
of locations in the genome where genetic variation has differential effects in the 
context of Wnt signaling.

 1033 Developmental Exposure to a Human-Relevant PCB Mixture 
Causes ASD-Relevant Phenotypes in Juvenile Mice Expressing 
Human Mutations That Modulate Calcium Signaling

P. Lein. University of California Davis, Davis, CA.

While ASD is thought to result from complex interactions between environmental 
and genetic risk factors, the identification of specific gene x environment interac-
tions that influence ASD risk remains a critical data gap. This talk will present data 
from experimental animals studies designed to test the hypothesis that PCBs 
interact with human mutations that alter the fidelity of neuronal Ca2+ signaling 
to confer ASD risk. Mice that expressed a gain-of-function mutation (T4826I) in 
ryanodine receptor 1 (RYR1), the X-linked fragile X mental retardation 1 (FMR1) 
CGG repeat expansion or both mutations (double mutant; DM), as well as their 
wildtype (WT) littermates were exposed to the MARBLES PCB mix at 0, 0.1, 1 and 6 
mg/kg/day in the maternal diet throughout gestation and lactation. The MARBLES 
PCB mix simulates the relative proportions of the twelve most abundant PCB 
congeners found in the serum of pregnant women at increased risk for having 
a child with a neurodevelopmental disorder. Behaviors of relevance to ASD, e.g., 

ultrasonic vocalizations, spontaneous repetitive behavior and sociability, were 
tested in postnatal pups and weanlings, and dendritic arborization was quantified 
in the hippocampus and cortex of these animals, which were euthanized upon 
completion of behavioral testing. The findings from these studies suggest that (1) 
developmental PCB exposure causes ASD-relevant phenotypes that vary by sex and 
genotype; and (2) sex-specific responses to environmental factors may contrib-
ute to sex biases in the prevalence of ASD. Overall, these observations provide 
proof-of-principle evidence that PCBs interact with heritable human mutations to 
modulate neurodevelopmental outcomes of relevance to ASD.

 1034 Microplastics: Factors to Consider When Assessing Potential 
Environmental and Human Health Risks

J. Norman. American Chemistry Council Inc., Washington, DC.

The ability to detect, identify, and measure microplastics in the environment has 
increased greatly in recent years. With these increased efforts, new information 
needs and knowledge gaps have been identified. Microplastic research is in its 
beginning stages and presents toxicologists with a unique opportunity to design 
research programs that incorporate the latest methods and best practices. It is clear 
that interdisciplinary research, global collaborations, and communication among 
stakeholders are needed to enrich this emerging field of study. Given the hetero-
geneity of microplastic materials, studies that encompass exposure, hazard, and 
risk challenges must be designed. Developing a risk-based approach is ultimately 
necessary in order to accurately evaluate the potential impacts of microplastics on 
humans and the environment. The first speaker will highlight the research needs 
and challenges that the scientific community faces today. The second speaker will 
discuss the importance and relevance of pristine microplastic materials derived 
from consumer products and the implications of human ingestion. The third 
speaker will expand the discussion into secondary (i.e., weathered) microplastic 
materials, particle transformation mechanisms, and relevance to exposure assess-
ments. The fourth speaker will share the unique challenges researchers consider 
when measuring airborne microplastic materials as an important first step to an 
exposure assessment. Finally, the last speaker will review new methodologies 
and additional considerations for combining information to be used in a holistic 
risk assessment. This session is designed to engage the attendees and launch 
a discussion for toxicologists interested in studying the effects of microplastics.

 1035 Environmentally Relevant Microplastic Materials: Research 
Needs and Challenges

T. Gouin. TG Environmental Research, Bedford, United Kingdom. Sponsor: C. Sayes.

Microplastics in the environment are a heterogeneous mixture of different types 
of polymers with varied shapes and sizes. Some of the most common types of 
microplastics encountered in the environment are composed of polyethylene and 
polystyrene, have a spherical, fibrous, or irregular shape, and may span two orders 
of magnitude in size. Yet despite this fact, a majority of toxicology studies focus 
on testing spheroid, modified polystyrene particles, with a size range of 1 to 50 µm. 
The use of pristine particles is appropriate in some exposure scenarios; however, 
there is a growing effort to examine the potential effects of secondary microplas-
tic particles. Secondary microplastic particles occur when a plastic article breaks 
down and enters the environment. Secondary microplastic particles begin with 
similar characteristics as the original article but may undergo significant modifi-
cation due to environmental weathering. The weathering of particles may change 
the potential toxicity of a microplastic particle, so the use of representative test 
material is critical to understanding the potential for microplastic toxicity. Efforts to 
develop standardized and fully characterized microplastic materials are underway 
to assist researchers distinguish adverse effects caused by the particle itself, from 
adsorbed chemicals or weathering, or a combination of the two contaminants. This 
presentation will provide attendees with an overview of the critical elements to 
consider from a quality assurance standpoint when selecting a standard microplas-
tic material or when generating weathered microplastic test materials. Research 
(e.g., the need for interdisciplinary and global collaborations) and technical (e.g., 
detection, identification, and measurement) challenges will be addressed.

 1036 Generation and Use of Non-weathered Microplastics Relevant 
for Unintended Ingestion from Consumer Uses

R. Ellis-Hutchings. Dow Chemical Company, Midland, MI.

Ingestion of non-weathered microplastics (MPs) may occur following their 
unintended release from consumer products due to mechanical abrasion. There are 
efforts underway aimed at filling scientific gaps for source pathways and character-
ization of unintentional MP releases from consumer packaging. Toxicology studies 
utilizing relevant non-weathered MPs necessitate their generation from commer-
cial materials intended for consumer uses. For example, the generation of such 
MPs involves tradeoffs, whereby artifacts may be introduced into the test material 
from use of solvents, surfactants, and/or contamination from processing steps. 
Detailed characterization and use of controls are therefore important to ascertain 
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the relative impacts of these artifacts in toxicology study outcomes. Assessing the 
uptake and hazard potential from unintentional MP ingestion also necessitates 
model considerations for these unique test materials. These include accounting for 
varied particle density of differing polymer types, understanding limits of detection 
for biological tracking, and consideration of tiered testing approaches for optimiz-
ing in vitro-to-in vivo translatability. This presentation will highlight examples to give 
the attendees a deeper understanding of the unique complexity in MP research, 
which currently constrains the development of the field.

 1037 Developing Standard Reference Materials and Determining 
Effects of Weathered Microplastic Particles

C. Sayes. Baylor University, Waco, TX.

Exposure to microplastics can occur in multiple environmental compartments, i.e., 
air, water, soil, and biota. However, one of the most prevalent sources is water. 
Across the globe, microplastic particles are detected in freshwater, wastewater, 
saltwater, and groundwater. And because of microplastics chemical composition 
and physical attributes, these particles readily sorb a multitude of other contami-
nants present in the surrounding matrices, i.e., organic matter, inorganic moieties, 
heavy metals, among others. The potential of sorbed substances on to the surface 
of microplastic particles combined with exposure to environmental conditions 
result in particle transformation producing “weathered” or “aged” microplastics. 
Laboratory studies designed to assess microplastic particle hazards depend on 
exposure concentrations and simulated real-world conditions and influence the 
physical, chemical, and toxicological properties. Therefore, there is a need to 
develop systematic analysis methods to enable read-across relationships, and 
eventually correlations and generalizations, to inform public health. This talk 
will present a case study related to the exposures and induced toxic effects of 
weathered microplastic particles. The resultant data will provide a critical piece of 
information for future risk assessments.

 1038 Measuring Aerosolized Microplastic Particles in Indoor and 
Outdoor Air

A. Elder. University of Rochester Medical Center, Rochester, NY.

The assessment of potential risk from exposure to aerosolized microplastics 
requires a greater understanding of their quantity, chemical identity, and size distri-
bution. Aerodynamic diameter dictates whether the particle can be inhaled and 
where it deposits in the respiratory tract. The composition of a microplastic particle, 
density, and its shape have an impact on aerodynamic behavior. Developing 
methods to distinguish aerosolized microplastics from other particles is the first 
step to understanding potential exposure and potential effects. This presentation 
will discuss the considerations and techniques developed to sample, isolate, and 
characterize microplastics in air. Future work will apply these techniques to outdoor 
air as a first step to understanding microplastic exposures.

 1039 A Framework for Ecological and Human Health Risk Assessment 
of Microplastic Materials: Linking Characteristics to Toxicity

A. Koelmans. Wageningen University and Research, Wageningen, Netherlands. Sponsor: 
J. Norman.

The assessment of microplastics in the environment represents a unique 
challenge to researchers. Microplastics in the environment are a complex mixture 
of polymer types, additives, shapes, sizes, and other defining characteristics. In 
order to describe potential risks associated with microplastics, researchers need 
to be able to distinguish between effects caused by microplastics from natural and 
other anthropogenic particles and chemicals. Microplastics also have the added 
challenge of potential effects being caused by the physical interaction with the 
microplastic particle (e.g., shape and size) or by interactions with the microplas-
tic’s chemical composition. By assessing potential mode(s) of action for toxicity 
and their dose responses, probability density functions for particle characteristics 
and advanced statistical analyses can be used to determine the potential risks of 
any mixture of microplastics. This framework is applicable to both ecological and 
human health risk assessments. These unique sets of challenges will be discussed, 
and the latest risk assessment frameworks will be presented to the attendees.

 1040 Biocompatibility Assessment of Absorbable/Degradable 
Materials Employed in Medical Devices: Challenges, Pitfalls, 
and Emerging Testing Methods

D. Diaz-Diestra. North American Science Associates LLC, Raleigh, NC.

The use of absorbable materials in medical devices has expanded over the last 
few decades. These materials are particularly attractive as they do not remain 
permanently in the body, do not require removal/revision surgeries, and may reduce 
or eliminate late-stage adverse responses. However, assessing the biocompatibility 

of these materials and/or risk they pose to patients can be quite challenging given 
their unique physicochemical properties. The main objective of this workshop is 
to discuss some of these challenges (e.g., solvent incompatibility during chemical 
characterization, high variability in leachable profiles, and limitation of preclinical 
models to predict long-term biological effects). The workshop will also consider 
ongoing efforts to develop and update methodologies for more comprehensive 
biocompatibility assessments in order to ensure patient safety and establish 
regulatory compliance. The first speaker will take a materials-based perspec-
tive and present an overview of absorbable materials development, degradation 
testing, and applications. The second speaker will discuss biocompatibility testing 
considerations in the regulatory approval process of absorbable-based medical 
devices. The third talk will review the challenges of biocompatibility evaluation of 
absorbable medical devices and efforts to improve our understanding of biolog-
ical responses to these devices through degradation, which enables us to better 
predict long-term clinical outcomes. The next talk will provide an overview of the 
new changes introduced to ISO 10993-12 that are applicable to the preparation 
of absorbable/degradable test articles for biological testing; where applicable, 
examples of in situ polymerizing, biomaterial- or bioabsorbable-based devices will 
be presented for discussion. The fifth talk will provide an overview of the use of 
ISO 10993-18:2020 and key scientific aspects of an extractables study, such as 
information gathering, selection of extraction conditions, sample extraction, extract 
sample processing, system selection and qualification, quantification, and identifi-
cation. Additionally, questions on how to test novel materials for chemical charac-
terization will be discussed. The final speaker will highlight new approach methods 
for risk assessing extractable compounds from biodegradable medical devices. 
Also discussed will be best practices and potential pitfalls in applying and interpret-
ing in silico predictions for mutagenicity and Cramer classification. This speaker 
will also present case studies demonstrating the application of in silico methods 
to connect structurally discrete polymer degradants to the device materials of 
construction and possibly to support a chemical category read-across approach.

 1041 A User’s Guide to Degradation Testing of Resorbable Polymers: 
From In Vitro to In Vivo Studies

E. Cosgriff-Hernandez. University of Texas at Austin, Austin, TX.  
Sponsor: D. Diaz-Diestra.

Resorbable polymers are used in a broad range of applications in the medical 
field from absorbable sutures to drug delivery to tissue engineering scaffolds. 
Researchers have investigated numerous natural and synthetic polymers with new 
chemistries and hybrid polymer approaches constantly under development. The 
most common resorbable polymers are based on hydrolytically labile groups (e.g. 
esters, anhydrides); however, new synthetic chemistries with targeted oxidative 
degradation pathways have recently gained popularity. There are a number of key 
features to consider when designing and testing resorbable polymers including: (1) 
evoke an appropriate host response without sustained inflammation; (2) appropri-
ate mechanical and physical properties for intended use; (3) degradation kinetics 
that are suitable for their function; (4) non-toxic degradation products that can be 
readily resorbed or excreted; and (5) appropriate sterilization and storage methods. 
Given that these properties are affected by polymeric properties (e.g., chemistry, 
molecular weight, hydrophobicity, geometry), it is critical to understand the key 
structure-property relationships that define the design space of each polymer 
selection. Researchers utilize real-time, accelerated, and in vivo degradation studies 
to test and predict resorbable polymer properties and performance. This presenta-
tion will provide an overview of resorbable polymers and discuss the methodology 
utilized to test these polymers.

 1042 Regulatory Process and Industry Challenges Regarding 
Bioabsorbable/Biodegradable Materials

M. Kazemzadeh-Narbat. MCRA, Washington, DC. Sponsor: T. Palacios-Hernandez.

Regulatory pathway for medical devices and combination products may influence 
the biological evaluation process from a risk classification perspective. The biolog-
ical evaluation of medical devices should be in accordance with ISO 10993-1, 
“Biological evaluation of medical devices - Part 1: Evaluation and testing within 
a risk management process”, and with the Guidance Document based on such 
standard. Various regulatory agencies may follow different biocompatibility 
review practices which make some of them more stringent. For example, while 
the Magnesium-based orthopedic implant has been approved in CE market for 
ages, no Magnesium-based orthopedic implant has yet been approved in the US. 
Similarly, standards and guidance document resources provide sufficient general 
biocompatibility testing considerations, however additional observations are 
needed for challenging devices such as degradables, resorbables, and combination 
products integrated with biopolymer, or antimicrobial agents. In this session, Dr. 
Kazemzadeh-Narbat will introduce some of these challenging materials as part of 
medical devices and will discuss general aspects in the regulatory approval process 
for such devices. Also, Dr. Kazemzadeh-Narbat will provide some examples of 
challenging cases for biocompatibility evaluation and explain the rationales such 
as labeling and manufacturing process justifications acceptable for biological risk 
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assessment in accordance with least-burdensome approach, to remove or reduce 
unnecessary burdens associated with biocompatibility endpoints required for 
medical device clearance/approval.

 1043 Challenges with Biological Evaluation of Absorbable 
Medical Devices

S. Skoog. US FDA/CDRH, Silver Spring, MD.

Bioabsorbable materials are widely used in medical devices as they provide 
significant advantages as non-permanent implants, providing mechanical support 
and function for an optimized duration to permit healing and/or tissue regener-
ation. These devices are of significant interest to patients as they do not remain 
permanently in the body, do not require removal/revision surgeries, and may 
reduce/eliminate late-stage adverse responses. Absorbable materials have also 
been utilized in combination products to provide controlled release of drugs. The 
use of bioabsorbable materials within medical products has dramatically expanded 
over the past few years, including introduction of novel materials and investiga-
tions for new, high-risk device applications; however, assessing the biocompatibility 
of these materials and/or risk they pose to patients is quite complex since these 
materials are constantly evolving in the body. Currently, biocompatibility evaluation 
is conducted on devices prior to degradation, which underestimates the complex-
ity of bioabsorbable materials and does not account for the device degradation 
products or material property changes over time. Furthermore, standard, extraction-
based methods may not provide a physiologically-relevant test sample. Therefore, 
evaluation of safety and effectiveness of devices containing absorbable materi-
als relies heavily on animal studies which may need to be carried out through 
complete degradation of the device; however, these studies are time-consuming 
and expensive and may be insufficient to predict clinical performance due to the 
use of healthy animal models, interspecies differences, and limited time points. 
Additionally, current standards for evaluation of absorbable medical devices 
provide limited useful feedback for biocompatibility assessment. This presentation 
will review the challenges with biocompatibility evaluation of absorbable medical 
devices and efforts to improve our understanding of biological responses to these 
devices throughout degradation to better predict long-term clinical outcomes.

 1044 Considerations for Biological Testing Evaluation (ISO 10993) of 
Biomaterials and Bioabsorbable Devices

C. Reiter. North American Science Associates LLC, Toledo, OH.

Biomaterials and bioabsorbable devices present unique challenges and consider-
ations to obtaining useful data to perform a risk assessment of a medical device as 
prescribed by ISO 10993. Devices constructed from biomaterials (e.g., collagen) and 
bioabsorbable materials (e.g., hydrogels) have unique utility in the medical device 
industry that would be superior to “fixed” polymer devices for certain functionality. 
This session will focus on the biological tests that are required to demonstrate 
biocompatibility. First, an overview of ISO 10993-12 will be presented, which was 
recently updated and includes further guidance for test article preparations that 
are designed to degrade or be bioabsorbable. In addition to the recommended 
time and temperature extraction conditions, it is now suggested that additional 
thermal properties and relevant clinical use conditions be considered, along with 
proper justification, to achieve sufficient exaggerated extraction for materials 
that are intended to dissolve or absorb. Next, a general overview of the biological 
endpoints of ISO 10993 are discussed and unique considerations for biomaterials 
and bioabsorbables is presented that includes guidance from the recently released 
ISO/TS 37137. Where applicable, examples of in situ polymerizing, biomaterial- or 
bioabsorbable-based devices are presented for discussion. These considerations 
are needed for successful completion of a biocompatibility program involving 
devices constructed of biomaterials and bioabsorbables.

 1045 Chemical Characterization and Non-Targeted Analysis of 
Medical Device Extracts from Novel Materials

B. Oktem. US FDA/CDRH, Silver Spring, MD.

Chemical Characterization and Non-targeted Analysis information is used to 
determine the extractable or leachable substances (E/L) including additives, 
degradants and impurities, present in patient contacting components of medical 
devices. Non-targeted Analysis of Medical Device Extracts generally involves one 
or more extractions followed by use of multiple analytical methods with sufficient 
sensitivity to identify and quantify E/L substances that could present a toxicological 
concern to the patient. This presentation will provide an overview of the use of ISO 
10993-18:2020, and key scientific aspects of an extractables study: information 
gathering, selection of extraction conditions, sample extraction, extract sample 
processing, system selection and qualification, quantification, and identification. 
Questions on how to test novel materials will be discussed. Additional discussions 
on bioabsorbable materials will be included. Due to their relative incompatibility 
with routinely used extraction solvents cited in ISO 10993-18:2020 bioabsorbable 
materials constitute a specific challenge. Also, chemical analysis intruments may 

be overwhelmed by eluents originating from degradation products of bioabsorb-
able materials. Strategies to discuss these challenges as well as designing experi-
ments to determine degradation kinetics will be discussed.

 1046 New Approach Methods for Toxicological Risk Assessment of 
Extractable Compounds from Biodegradable/Bioresorbable 
Medical Devices

J. Cohen. Gradient, Boston, MA.

Bioresorbable materials are seeing increased use in medical device applications 
due to their desirable biocompatibility, mechanical properties, and tunable degrad-
ability. However, chemical characterization studies on these materials identify large 
numbers of unique and complex extractable compounds that lack toxicological 
data packages. This presentation will provide an overview of predictive toxicol-
ogy tools currently available for evaluating risks to human health, along with a 
discussion of potential pitfalls and best practices. First, ICH M7 and ISO 21726, 
describe computational toxicology methods for predicting mutagenic potential and 
assigning appropriate thresholds of toxicological concern. In silico programs for 
predicting mutagenicity or Cramer class must not be used as a black box; one 
must consider applicability domain and confidence when reconciling conflicting 
predictions. Comparing Cramer classification predictions to those based on expert 
judgment for a test set of medical device extractables across several in silico 
platforms highlights potential pitfalls. showed relatively poor agreement across the 
five modules: Toxtree version 3.1.0 (“Cramer rules,” “Cramer rules with extensions,” 
and “revised Cramer rules”) and the Organisation for Economic Co-operation and 
Development (OECD) Quantitative Structure-Activity Relationship (QSAR) Toolbox 
version 4.4.1 (“Cramer” and “Cramer (Extended)”). Some modules showed 
improved performance for specific chemical classes (e.g. aromatics vs aliphatics). 
Lastly, extractables profiles of biodegradable devices are often largely comprised 
of polymer degradants that also lack toxicity data. Connecting degradants to the 
materials of construction may support justifying a category read across approach. 
Such an approach would require documenting similarities (and differences) across 
category members in terms of chemical structure, reactive functional groups, 
physicochemical properties, predicted toxicity, mode of action, and toxicokinetic 
and metabolic profiles. In silico tools for predicting mode of action, structure 
activity relationships, toxicokinetic and metabolic profiles can again fill data gaps to 
support assessing groups of polymer degradants as a chemical class. A case study 
of hypothetical polyurethane polymer degradants will be presented.

 1047 Drug-Induced Liver Injury: Challenges and Opportunities to 
Predict and Measure the Hepatotoxic Potential of Therapeutic 
Agents in Early and Late Phases of Drug Development and 
after Marketing

P. Watkins. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Drug-Induced liver injury (DILI) has been a leading historical cause of attrition of new 
products during the preapproval nonclinical and clinical phases of drug develop-
ment, as well as in the post-marketing period. Nevertheless, there have been signifi-
cant improvements in our ability to predict, detect, and assess potential serious DILI 
cases. For example, the now widespread application of Hy’s Law to predict hepato-
toxic liability of a therapeutic drug or biological agent in clinical trials has been tied 
to an absence of post-marketing withdrawals of pharmaceuticals in the US market 
over recent years because of hepatotoxicity. However, critical challenges remain 
in DILI detection and assessment. First, large groups of patients with a variety of 
preexisting liver diseases have abnormal baseline serum liver tests before even 
starting treatment. Moreover, a variety of distinct clinicopathological phenotypes 
and mechanisms of DILI have been associated with various newer modalities (e.g., 
tyrosine kinase inhibitors, biologics, and immunotherapies, including checkpoint 
inhibitors and cell therapies). This set of presentations will (1) review the recent 
progress that has been made in this field; (2) detail further efforts that are needed 
to better predict, monitor, and evaluate DILI risk in a rapidly expanding number 
of therapeutic agents in heterogenous patient populations; and 3) demonstrate 
safety as a continuum across nonclinical and clinical drug development to ensure 
the health of patients if and when a product is marketed. The first talk will review 
the history of DILI, Hy’s Law, and the regulatory landscape of DILI across the broad 
array of therapeutic agents and in potentially vulnerable patient populations so as 
to better understand our future needs in nonclinical and clinical assessment and, 
more importantly, the translational ties between their corresponding phases of drug 
development. The second talk will present the status and needs for predicting and 
evaluating DILI liability of a new agent during nonclinical development. This will 
include the various assays, biomarkers, and tools used in nonclinical studies, their 
limitations and the future needs of their predictive performance characteristics to 
better understand the DILI translational relevance. The third talk will discuss recent 
progress in applying quantitative systems toxicology to better translate nonclinical 
liver safety signals to the clinic. The fourth talk will summarize recent advances, 
current capabilities, and critical gaps for predicting, detecting, and evaluating DILI 
risk during clinical development and post-marketing.
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 1048 DILI through a Regulatory Science Lens: Current Status, 
Challenges, and Opportunities

M. Avigan. US FDA, Silver Spring, MD. Sponsor: D. Brott.

In recent years there has been a rapidly expanding number of approved therapeutic 
products which target a highly diverse array of biomolecules and pharmacologi-
cal pathways. In parallel, substantial progress has been made to systematically 
monitor patients in clinical studies, as well as evaluate and manage hepatotox-
icity associated with new pharmaceuticals and biological agents. In particular, 
the observation that drug-induced acute hepatocellular injury with jaundice will 
progress to acute liver failure (ALF) in ~10-50% of patients as well as reflects 
an increased liability of a study drug to cause idiosyncratic life-threatening DILI 
within in a larger treatment population (Hy’s Law) is core principles embodied in 
the 2009 FDA guidance on the premarketing clinical evaluation of DILI. Findings 
of hepatotoxicity during drug development and sometimes in early post-marketing 
settings typically inform product labeling and recommendations for risk manage-
ment. Nonetheless, with the dramatic expansion of new therapeutics, there are 
critically important challenges and gaps that remain. First, depending on both the 
causative agents and susceptibility characteristics of individual patients, DILI can 
be triggered by different mechanisms and is linked to a variety of clinicopathologi-
cal phenotypes that can be clinically severe. Second, biological therapies that target 
elements of the T-cell network have been linked to various types of immune-me-
diated liver injury with a broad range of latencies to onset. Third, the biochemi-
cal criteria that might trigger evaluation for a diagnosis of DILI must account for 
the baseline serum test abnormalities in patients with underlying liver diseases. 
Because any of these multi-layered processes can impact the hepatotoxic liability 
of a new agent in a defined target treatment population, a comprehensive integrated 
analysis of in silico, preclinical and clinical data relevant and validated for the liver 
injury phenotype of concern would facilitate the early and accurate prediction of its 
DILI risk potential in a defined target treatment population. The views expressed are 
that of the author and do not necessarily represent those of, nor imply endorsement 
from the US FDA or the US Government.

 1049 Nonclinical Prediction and Evaluation Strategies to Minimize 
Drug-Induced Liver Injury

D. Williams. AstraZeneca, Cambridge, United Kingdom. Sponsor: D. Brott.

Drug induced liver injury (DILI) is a major cause of withdrawal of potentially valuable 
therapies. It is thus clear that current preclinical testing paradigms are poorly 
predictive of a new drug candidate to cause DILI. Furthermore, it is estimated that 
between 38% & 51% of compounds showing liver injury in man do not show similar 
effects in animal studies. In vitro test systems based on human cells or tissues are 
required, which reflect the in vivo situation with respect to drug metabolism, cellular 
adaptation and toxicological response. No single in vitro assay is fit for purpose as 
a universal test for the patient-specific, temporal, multifactorial pathophysiological 
process of DILI in humans. Broadly, the pharmaceutical industry has a portfolio or 
‘toolbox’ of validated, well-characterized in vitro assays that are routinely utilized to 
predict DILI likelihood and rank series and compounds across all chemistry entering 
non-clinical safety, which are acceptable to academic, industry and regulatory 
agencies. Initially, this is comprised of single-cell systems that report on immediate 
chemical/biological effects. Secondary assays may comprise of more complex 
in vitro systems containing liver cells in a more physiologic state e.g. 3D tissue 
structures, co-cultures and liver-on-a-chip, enabling assessment of consequences 
of chronic drug exposure and subtle signaling. Furthermore, complex test systems 
may be deployed on a case-by-case basis in which a specific biological variable 
(for example, patient-specific risk factors such as NAFLD, inflammation or genetic 
variables) is introduced in a manner that can be used for both hazard identifica-
tion and risk assessment related to idiosyncratic DILI or DILI where the patient 
phenotype may alter sensitivity to drugs. It is essential that the baseline physio-
logical phenotype of the in vitro model is considered, in particular the limitations, 
before undertaking toxicological investigations, to ensure that the most appropriate 
methods are used to determine the potential DILI liability of a new drug. Integrating 
data from the in vitro toolbox with exposure, signals from early in vivo toxicology 
studies (clinical chemistry, histopathology) and mathematical modelling is crucial 
to gain further insights into the ultimate likelihood of DILI in humans and thereby 
suggesting potential clinical development strategy.

 1050 Translating Preclinical Liver Safety Signals to Clinical Trials

P. Watkins. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Safety testing in animals has not eliminated the risk of human hepatotoxicity in 
clinical drug development programs. A variety of approaches aimed at “humaniz-
ing” preclinical safety assessments have been developed, including innovative 
human cell culture models, such as “liver on a chip”. However, as the pharmaceu-
tical industry increasingly pursues less “druggable” targets, hepatotoxicity risks 
are often unavoidable. The challenge then becomes predicting where efficacy 
can be achieved with acceptable liver safety. Quantitative systems toxicology 
(QST) is an attractive approach to address this problem, and a precompetitive 

QST collaboration, the DILI-sim Initiative, has been established to understand and 
predict the liver safety liability of new drug candidates. The software produced, 
DILIsym®, uses PBPK and other available data to predict the concentration of 
parent drug and major metabolites inside the hepatocyte during various dosing 
regimens. Also fed into the model are the exposure dependent effects of parent 
drug and major metabolites on oxidative stress, and mitochondrial function, and on 
bile acid transporters. Parameters in the model have been varied to reflect genetic 
and non-genetic variability thereby creating a virtual healthy human population as 
well as some disease-specific populations. With the data inputs, DILIsym predicts 
the incidence and severity of liver injury that will be observed in a simulated patient 
population as a function of dosing regimen, and DIIsym modeling results are 
increasingly influencing drug development and regulatory decisions. For example, 
DILIsym, but not routine preclinical testing, predicted the human hepatotoxicity of 
the CGRP migraine drugs telgagepant and MK3207 that were terminated during 
clinical development due to hepatotoxicity. DILIsym also predicted that the next in 
class drugs, ubrogepant and rimegepant, would be relatively safe at the planned 
doses which was confirmed in Phase 3 clinical trials. The DILIsym modeling results 
were included in the NDA submissions for these molecules and the results noted 
in the FDA’s briefing documents. Ubrogepant and rimegepant were approved for 
marketing without liver safety warnings, which is unusual when the first two drugs 
in class had significant liver safety issues. DILIsym provides an example of how 
QST modeling can speed delivery of safer drugs to the patients.

 1051 Clinical Update for Drug Developers on Drug-Induced 
Liver Injury

A. Regev. Eli Lilly and Company, Indianapolis, IN. Sponsor: D. Brott.

DILI is an uncommon but potentially lethal adverse drug reaction. Despite consis-
tent progress in DILI research and advances in our understanding of its pathogen-
esis, DILI remains a challenging problem for drug-developers, clinicians, and 
regulatory agencies. DILI is still the leading cause of acute liver failure in most 
Western countries (>50 of the cases). Clinically, DILI may mimic almost any known 
type of liver disease, which often leads to challenges in diagnosis and manage-
ment. In the absence of universal diagnostic biomarkers, the diagnosis of DILI still 
requires a comprehensive assessment (non-clinical and clinical), careful review of 
the clinical presentation, and ruling out of other possible causes. Various instru-
ments and scales for causality assessment currently have limited utility during 
drug development. It is increasingly accepted that DILI events can be categorized 
into three groups: (1) Intrinsic (predictable, linked to toxic exposure levels of a drug 
or its metabolites); (2) Idiosyncratic (rare and unexpected, linked to a yet poorly 
understood interplay of individual host susceptibility and other factors); (3) Indirect 
(linked to an unwanted biological action of a drug in an individual patient). In each 
of these categories, there are several well-recognized phenotypes, which are 
defined based on clinical and pathological criteria. Acute hepatocellular injury has 
been observed and studied most often, but it is increasingly recognized that other 
forms of DILI, such as drug-induced (DI-) cholestatic liver injury, DI-steatohepatitis, 
DI-autoimmune hepatitis, and immune-mediated liver injury caused by checkpoint 
inhibitors (ILICI), can also be serious and even life-threatening. It is well established 
that DILI may present differently in patients with pre-existing liver disease and 
can have a worse outcome. Given the increasing number of clinical trials enroll-
ing patients with pre-existing liver diseases, such as nonalcoholic steatohepa-
titis (NASH), chronic hepatitis B, chronic cholestatic liver diseases, and alcohol 
associated liver disease, there is a growing need for consistent and evidence-
based approach to detection, monitoring, and management of DILI in these patient 
populations during drug development. New consensus recommendations have 
recently been published and are increasingly implemented in clinical trials in these 
patient groups.

 1052 Understanding the Concept of Similarity and Its Applications to 
Toxicological Research and Risk Assessment

K. Mansouri. NIEHS/NTP, Research Triangle Park, NC.

Humans are exposed to an ever-increasing number of chemicals, but only a fraction 
of these chemicals have been evaluated for potential risks to human health and 
the environment. Thus, both regulators and manufacturers need rapid and efficient 
approaches to evaluate the toxicity of chemicals currently on the market as well as 
those in development. Recent advances in information technology and machine 
learning, in addition to the rapid increase of experimental data, have fostered 
the development of in silico approaches that leverage the relationships between 
chemical structures and their biological activities. However, the use of these 
tools still suffers from the lack of understanding of the theory behind them and 
misinterpretation of the results. In this session, we will focus on the importance 
of the concept of chemical similarity that is the basis of the most widely used in 
silico approaches, such as quantitative structure-activity relationships (QSARs), 
read-across, clustering, and classification approaches, among others. These 
approaches are based on the congenericity principle, which is the assumption 
that chemicals with similar structures (congeners/analogs) also are associated 
with similar biological activities. This concept is often oversimplified as the visual 
look-alike, which ignores the subtle differences in structural characteristics that can 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 13



lead to major differences in biological activity. This is one of the reasons the same 
analogs are sometimes used in read-across for different endpoints based only 
on a similarity index calculated using a general fingerprint. Thus, the goals of this 
session are to (1) address the misconceptions about chemical similarity by redefin-
ing it based on use, context, and how it differs from the perspectives of medicinal 
chemists, model developers, and regulators; (2) demystify the machine-learning 
approaches to black boxes and tools relating structures to activity by identifying 
the most influential structural features that define similarity for a specific outcome; 
and (3) identify the best practices regarding how and when to apply machine-learn-
ing and class-based approaches depending on the goal and context of use. The 
first speaker will give an introductory presentation defining the different relevant 
concepts that play a role in the design and use of the similarity and class-based 
approaches. The second speaker will provide an overview of the different tools 
used to encode chemical information. The following talk will address the concept 
of similarity and the fundamentals of supervised and unsupervised approaches. 
The fourth speaker will discuss the endpoint-specific similarity measures in relation 
to the selection of the most adequate analogs. The fifth speaker will highlight 
the best practices for applying different approaches to example studies. The last 
speaker will present on the application of similarity measures for supervised and 
unsupervised approaches.

 1053 Applications of Class-Based Approaches in Risk Assessment 
and Toxicological Research

K. Mansouri. NIEHS/NTP, Research Triangle Park, NC.

This presentation will set the stage for the following speakers by introducing 
the concept of similarity and its use in the different predictive and investigative 
approaches commonly applied in toxicological research and risk assessment. This 
talk will also give an overview of the lessons learned and best practices from differ-
ent studies of interest to the Division of National Toxicology program at NIEHS 
involving the use of clustering and classification approaches and its applications 
to investigate adverse effects of chemicals on human health and the environment. 
Examples of class-based methods and related cheminformatic tools as part of 
New Approach Methodologies (NAM)s and their applications to facilitate toxicol-
ogy research and provide information for risk assessment, will be provided based 
on case studies about classes of chemicals of high interest such as organo-haloge-
nated flame retardants (OFRs), polyaromatic hydrocarbons (PAHs) and polyfluoro-
alkyl substances (PFAS).

 1054 Structure Similarity Based on Chemical Descriptors, 
Fingerprints, and Structural Alerts

H. Hong. US FDA/NCTR, Jefferson, AR. Sponsor: K. Mansouri.

Due to the challenge of assessing the risk of the huge number of chemicals 
contained in consumer products and in the environment, computational science 
has been applied with increasing success to various aspects of toxicology. One 
hypothesis of computational toxicology is that chemicals with similar structures 
have similar toxicity and cause toxicity in similar mechanisms. Machine learning 
and deep learning, including unsupervised and supervised learning, have been 
widely applied in computational toxicology. In general, machine learning and 
deep learning derive relationships between toxicity testing results and chemicals 
based on structure similarity measurements between chemicals. Therefore, how 
to describe chemicals in chemical structure similarity calculation is vital for the 
success of applying machine learning and deep learning in computational toxicol-
ogy. Various methods have been developed for describing chemical structures to 
facilitate machine learning and deep learning in computational toxicology. This 
presentation will review some most frequently used structural description methods, 
including structural alerts, molecular descriptors, and fingerprints, discuss their 
roles in machine learning and deep learning for safety evaluation and risk assess-
ment of chemicals, and showcase applications of structure similarity measure-
ments based on those structural description methods and calculation software 
packages, and offer a prospect of structural descriptions to enhance applications 
of machine learning and deep learning in computational toxicology.

 1055 The Multifaceted Challenges of Chemical Similarity

D. Fourches. Oerth Bio, Durham, NC. Sponsor: K. Mansouri.

The notion of chemical similarity is pivotal to the fields of cheminformatics and 
in silico molecular modeling. In the context of risk assessment of environmental 
compounds, the similarity between pairs of compounds and the pairwise similarity 
distribution within a given molecular series are routinely computed. The fundamen-
tal assumption is that chemicals above a significant threshold of pairwise structural 
similarity will display highly similar bioprofiles. However, the literature is filled with 
various methods to calculate chemical similarity using 1D, 2D, and 3D structural 
characteristics of a chemical as well as with counterexamples of activity cliffs (i.e., 
compounds with high similarity but opposite bioactivity). In this presentation, we 
will (i) quickly review the top similarity metrics to better highlight their relevance for 

small organic molecules; (ii) discuss several examples of activity cliffs identified by 
those similarity metrics; and importantly (iii) broaden the concept of contextualized 
chemical similarity (CCS) with the example of protein degraders (PROTACTM - 
PROteolysis-TArgeting Chimeras).

 1056 Endpoint-Specific Similarity Measures for Read-Across 
and Weight-of-Evidence

A. Roncaglioni. Istituto di Ricerche Farmacologiche Mario Negri, Milan, Italy.  
Sponsor: K. Mansouri.

Read-across is a method to perform data gap filling to address (eco)toxicolog-
ical properties for target compounds by using available information on related 
analogues. A key aspect in read-across is therefore the choice of the source 
chemicals, which can be based on different similarity metrics. We will present 
some attempts to better identify suitable candidate source chemicals according 
to the activity or toxicity under evaluation in an expert-based or automated way. 
For instance, we investigated the contribution to chemical similarity that might be 
gained by including other features such as physico-chemical properties, similarity 
in the biological response as derived by HTS assays or metabolism. Similarly, the 
role of endpoint-specific characteristics is further investigated in an attempt to 
automatically assign chemicals to the most meaningful clusters. In this context, 
a fragment-based approach is adopted, combining molecular groups (MGs), 
which represent relevant features present in the target substance regardless of 
the endpoint to be assessed, with a set of structural alerts (SAs) specific for the 
endpoint under evaluation.

 1057 Best Practices regarding Supervised vs. Unsupervised 
Learning Approaches

C. H. Andrade. Universidade Federal de Goiás, Goiás, Brazil. Sponsor: K. Mansouri.

In a supervised learning method, the algorithm is used to train a model from a 
labeled dataset, with the aim of generating a classification/regression model able 
to describe the allocation of classes or the value from the input data. On the other 
hand, unsupervised learning is used to develop models that identify hidden patterns 
in the data without a specific outcome. this presentation will cover some of the 
best practices of when and how to apply the supervised and unsupervised learning 
approaches and bring the concept of similarity in some examples to show that both 
types of learning are relevant, depending on the goal and the context of the study. 
For example, we will showcase our Pred-Skin sensitization web tool that incorpo-
rates multiple QSAR models developed with in vitro, in chemico, and mice and 
human in vivo data, integrated into a consensus naïve Bayes model that predicts 
human effect.

 1058 Comparison of Supervised vs. Unsupervised Feature Selection 
for QSAR Model

T. Martin. US EPA, Research Triangle Park, NC. Sponsor: K. Mansouri.

Many government researchers fill data gaps for toxicity and physicochemical 
properties by using the experimental value from the closest analog (or an average 
of several similar analogs in the case of nearest neighbor type approaches). 
Analogs are selected using the chemicals which have the largest similarity statistic 
(e.g. cosine or tanimoto similarity). Typically, all descriptor values from a descriptor 
package (e.g PaDEL, T.E.S.T., or RDKit descriptors) are utilized to calculate the 
similarity statistic (i.e. unsupervised feature selection). Alternatively, in the case 
of supervised feature selection, an iterative approach is utilized to find a small 
subset of the descriptors which maximize the performance of a QSAR method 
during internal cross validation. The advantage of supervised feature selection is 
that the selected descriptors are more relevant to the property or toxicity endpoint 
being modeled so that external prediction performance is increased. In this study, 
the effect of supervised vs unsupervised feature selection on external prediction 
performance will be evaluated for several different QSAR methods (e.g. nearest 
analog, k-nearest neighbors, random forest, support vector machines).

 1059 A Transformative Vision for an ’Omics-Based Regulatory 
Chemical Testing Paradigm

C. Yauk. University of Ottawa, Ottawa, ON, Canada.

Use of molecular data in human and ecological health risk assessments of 
industrial chemicals and agrochemicals has been anticipated by the toxicology 
community for many years; however, these data are rarely used for risk assessment. 
Here, we want to explore the feasibility and future development of transcriptomic 
methods in order to refine and replace the current apical endpoint-based regulatory 
toxicity testing paradigm. This proposes major changes to current practices and 
involves the science that makes this approach feasible and the hurdles that must 
be overcome. In this session, foundational principles will be outlined and discussed 
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for this transformative vision to be realized. Well supported by current knowledge, 
the first principle is that transcriptomics is a reliable tool for detecting alterations in 
gene expression that result from endogenous or exogenous influences on the test 
organism. The second principle is that alterations in gene expression are indicators 
of adverse or adaptive biological responses to stressors in an organism. Principle 
three is that transcriptomics can be employed in order to establish a benchmark 
dose-based point of departure from short-term in vivo studies at a dose level below 
which a concerted molecular change is not expected. Finally, principle four states 
that the use of a transcriptomic point of departure (set at the concerted molecular 
change dose level) will support human health protective risk assessment. If all four 
principles are substantiated, this vision is expected to transform aspects of the 
industrial chemical and agrochemical risk assessment process that are focused 
on establishing safe exposure levels for mammals across numerous toxicological 
contexts. This results in a significant reduction in animal use and provides equal or 
greater protection of human health. In this Roundtable, we plan to discuss these 
principles and elicit feedback from experts in the field regarding the feasibility, 
limitations, and barriers they foresee, particularly for regulatory acceptance.

 1060 Evaluating and Rethinking the Use of Dogs in Agrochemical 
Evaluation and Registration

L. Murphy. Corteva Agriscience, Indianapolis, IN.

The goal of this session is to assemble various perspectives on the need and use 
of the dog as a required species for agrochemical human safety evaluation. This 
session will examine the problem statement that the 90-day dog study required 
for agrochemical authorization may not always be needed to adequately address 
hazard identification and human safety and risk. A historical perspective will be 
presented regarding the rationale for use of the dog in chemical testing and the 
changes related to dog study requirements by regulatory agencies. Two different 
approaches to retrospective analyses of active-substance registration in the US 
and Europe, respectively, will demonstrate the limited value of a 90-day dog study 
in determining human health risks from exposures to agrochemicals. Two case 
studies from herbicide and fungicide active ingredients reevaluated by the Agência 
Nacional de Vigilância Sanitária (Anvisa) will consider how rat toxicity study data 
and 90-day dog study data can be used to determine species sensitivity for thyroid 
effects. A case example will be presented to demonstrate the use of in silico and 
in vitro tools and available in vivo data to support waiving a 90-day dog study. 
Following these presentations, a panel discussion will allow panel members from 
regulatory agencies, industry, and nongovernmental organizations to highlight key 
challenges and opportunities to determine when a 90-day dog study is unneces-
sary. Attendees will be encouraged to share their perspectives on the criticality 
of 90-day dog studies in agrochemical risk assessment and regulatory decisions. 
Topics for open discussion will include research ideas to investigate if human-rel-
evant safety assessment decisions can be obtained from approaches other than 
the use of dogs, types of data and approaches that can inform the selection of 
human-relevant species, proposed criteria for waiving 90-day dog studies, and 
potential case studies to address the questions raised in this abstract.

 1061 OK, Google, “How Do I Science?” Roles and Responsibilities of 
Developers and Users in Computational Toxicology

L. Burgoon. Raptor Pharm & Tox Ltd., Apex, NC.

As interest in computational approaches to understanding chemical-biologi-
cal interactions soars so does the call for making the data and the tools more 
accessible. This argument for democratization of data and methods—the idea 
that everyone should have access to the data and tools with which to understand 
adverse effects and outcomes—is not without good cause. Increasing the adoption 
of computational approaches has the potential to create more ethical and relevant 
chemical assessments in a cost-effective manner. Democratization will help drive 
tool and data transparency and may one day allow others to reproduce the assess-
ment process. Web-based interfaces combining data and user-friendly tools offer 
a low barrier of entry that can enable individuals with no training to run complex 
analyses that only a few years ago required a high degree of training. The benefits 
are apparent: more people will have access to more data, and more minds will be 
able to see, interact with, and ultimately draw insights from the data. What could 
possibly go wrong? This session aims to discuss the opportunities open computa-
tional toxicology present for increasing engagement and better science along with 
the opportunities for misuse and abuse. Do data generators and developers have 
an obligation to ensure the responsible use of these resources? What about the 
responsibilities of users of both the tools and the resulting analyses? Ultimately, 
what are the ethical, legal, and social implications of data democratization? And on 
the flip side, what are the implications of gatekeeping access to these resources? 
This session will begin with an overview by the Co-Chair, followed by a brief descrip-
tion of each panelist’s position(s). This will lead into a moderated discussion 
between the panel and audience during which we will discuss these topics with 
the aim of increasing the collective awareness and identifying opportunities and 
challenges to purposefully move forward into the computational era of toxicology.

 1062 Toxicology, Translational, and Regulatory Considerations of 
Antisense Oligonucleotides and Other RNA-Centric Modalities

T. Papenfuss. StageBio, Mount Jackson, VA.

Modulation of gene expression is a rapidly developing therapeutic approach that 
utilizes a wide array of modalities with diverse mechanisms of action. Molecules 
that target mRNA, such as antisense oligonucleotides (ASOs) and siRNAs, recently 
have received increased interest because of their great potential for treating 
diseases that have proven intractable using conventional approaches. The number 
of US Food and Drug Administration-approved ASO and siRNA therapeutics has 
expanded significantly in the past decade, and the number of such molecules in 
clinical development increases with each passing year. Although ASOs and siRNAs 
show extraordinary promise, there are unique toxicologic, translational, and regula-
tory considerations that must be navigated to ensure the successful development 
of these molecules. Attendees of this session will leave with an understanding of 
the toxicology profile of ASOs and siRNAs, the model systems used to evaluate 
them, and key regulatory considerations for this emerging therapeutic modality.

 1063 Humanized Mouse Models for Preclinical Evaluation of CAR 
T Cells

M. Oropallo. Merck & Co. Inc., West Point, PA.

Chimeric antigen receptor (CAR) T cell therapies represent a revolutionary treatment 
for various malignancies. However, they are often associated with severe toxicities, 
including cytokine release syndrome, off-target tumor effects, and neurotoxicity. 
CAR T cell therapies also are limited by additional toxicities as well as a lack of 
efficacy due to poor long-term persistence and low tumor infiltration. Despite recent 
advancements, the prediction of severe toxicities in the preclinical space has been 
difficult. Tumor-bearing mice with reconstituted human cell immune systems have 
become a popular model for antitumor activity evaluation of CAR T. However, their 
utility to evaluate the safety of CAR T products is still under exploration. The focus 
of this Symposium is to highlight the use of humanized mice to evaluate CAR T 
cell therapies. These models are of great value for the cancer therapy field, and 
they help expedite the critical translation from proof of concept to clinical CAR 
T cell application. Following a brief introduction, the first speaker will review the 
humanized models currently available, discuss the pros and cons of such models 
in the context of CAR T cell testing, and provide regulatory context around the use 
of these models. The second speaker will discuss the current progress in the field 
of CAR T cell therapies and the current approaches to assessing toxicity risk, with 
a focus on preclinical humanized mouse models. The third speaker will present a 
case study on the development of a novel PBMC humanized mouse model that can 
simultaneously assess the efficacy, safety, and downstream toxicity of CD19 CAR 
T cell therapy. The fourth speaker will share the preclinical strategy for approval of 
T cells engineered to express a defined g9d2TCR that have entered phase I clinical 
testing. Finally, the fifth speaker will provide the big-picture view of the remaining 
limitations and gaps in using different humanized mouse models and will set the 
stage for a panel discussion among the speakers to evaluate where the field must 
go in order to support the CAR T cell therapies currently in development.

 1064 Where Are We with Humanized Mouse Models?

K. Howard. US FDA, Silver Spring, MD.

Humanized mouse model systems have made tremendous advances over the past 
decade. This presentation will discuss humanization methods including PBMC-, 
CD34- and BLT-humanized mice, the sources/types of cells used for humaniza-
tion, and available mouse strains from early models (NSG, NOG) to the advanced 
models containing human gene knock-ins that are now available. Results from 
use of these models for assessment of cytokine release syndrome (CRS) will be 
reviewed, including differentiation of graft versus host disease (GvHD) versus CRS. 
This presentation will also discuss experimental considerations and regulatory 
context around appropriate use of humanized mouse models.

 1065 The Challenges of Preclinical Risk Assessment for CAR T Cells 
and Other Cell-Based Immunotherapies

M. Milone. University of Pennsylvania, Philadelphia, PA. Sponsor: M. Piche.

Cellular immunotherapies using T cells genetically modified with chimeric antigen 
receptor (CAR) have shown remarkable clinical efficacy in the treatment of B-cell 
malignancies. Although quite successful, these therapies are associated with 
clinical toxicity that includes cytokine release syndrome (CRS), neurotoxicity and 
the targeting of normal tissues. Humanized xenograft models of acute lympho-
blastic leukemia (ALL) using human ALL and human CAR T cells engrafted into 
highly immunodeficient mice are widely used for evaluating product efficacy, and 
these models have provided some valuable insights into CAR T cell designs such as 
informing the selection of the 4-1BB costimulatory domain used in Tisagenlecleucel 
and numerous other CAR T cell therapies; however, these models suffer from 
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significant deficiencies especially in their ability to assess toxicity. In particular, 
toxicities such as CRS were not predicted based upon these models due to the 
requirement for interactions among immune and non-immune cells that are not 
present in standard immunodeficient mouse strains such as the frequently used 
NOD-SCID-gc-/- strain. Further humanization with engraftment of human hemopoi-
etic cells can generate some CRS-like toxicities, but these additional modifications 
vastly increase model complexity making them difficult to employ routinely. Beyond 
the challenges of modeling immune dysregulation phenomenon such as CRS, most 
therapeutic targets of human T cell-based immunotherapies are human specific 
and the therapeutic targets are not therefore generally present in normal mouse 
tissues making preclinical assessment of on-target, off-tumor toxicity largely 
unattainable. This presentation will review the role of preclinical animal models 
in developing T cell therapies such as CAR T cells and the current approaches to 
assessing toxicity risk of these complex cellular therapies.

 1066 A Novel PBMC Humanized Mouse Model to Assess Efficacy, 
Safety, and Downstream Toxicity of Chimeric Antigen Receptor 
T Cell Immunotherapy

J. Keck. The Jackson Laboratory, Sacramento, CA. Sponsor: M. Oropallo.

Chimeric antigen receptor T (CAR T)-cell therapy has emerged as a powerful new 
therapeutic option for patients with hematologic malignancies. Although several 
CAR T clinical trials have shown encouraging results, broad use of CAR T therapies 
is limited by various reasons, including life-threatening toxicities such as cytokine 
release syndrome (CRS) and neurotoxicity, individual variability, and high cost. 
Several mouse models using immunocompromised NSGTM variants have been 
reported as in vivo tools to assess the toxicity and efficacy of CAR T therapy. Naïve 
NSGTM mice bearing B cell precursor leukemia cell line Nalm-6 showed signif-
icant human cytokine induction after being treated with CAR T cells1. Another 
study used CD34-humanized NSGTM-SGM3 mice bearing ALL-CM leukemia cell 
line, and showed that CAR T-induced toxicity, including CRS and fever, is tumor 
burden-dependent2. While both humanized mouse platforms will be discussed, 
we recently have developed a novel PBMC-humanized mouse model. This model 
is more physiologically relevant, and simultaneously assesses the efficacy, safety, 
and downstream toxicity of CD19 CAR T-cell therapy. Various NSG™ variants includ-
ing those that show enhanced sensitivity to CRS due to the expansion of additional 
human immune cell populations were used. Mice were humanized using PBMCs 
and treated with autologous or allogeneic CAR T cells, and efficacy, safety, and 
downstream toxicity were assessed. PBMC humanized mice treated with autolo-
gous CD19 CAR T showed significant CAR T expansion and efficacy. Both T-cell 
and myeloid cell-associated cytokines were induced in these humanized mouse 
models after CAR T cell treatment, and downstream toxicity could be observed. We 
further addressed the efficacy and safety of autologous CAR T treatment in PBMC 
humanized mice bearing human B-cell lymphoma Raji tumor cells. To potentially 
utilize the platform for universal “off-the-shelf” CAR T therapeutics, we modeled 
the platform by treating PBMC humanized mice with allogeneic CAR T. The alloge-
neic CAR T treatment showed minimal CAR T expansion, and efficacy and safety 
profile varied depending on the PBMC donor. In summary, we have developed a 
novel PBMC humanized mouse model to test the efficacy, safety, and downstream 
toxicity of both autologous and allogeneic CAR T-cell therapy.

 1067 Efficacy Toxicity Balance Requirements of abT Cells Engineered 
Defined g9d2TCRs to Enter Clinical Trials

J. Kuball. Universiteit Utrecht, Utrecht, Netherlands. Sponsor: M. Piche.

To overcome the lack of appropriate antigens within the field of CAR T, we 
developed during the past decade a novel concept of metabolic cancer target-
ing with “TEGs,” T cells engineered to express a defined g9d2TCR, which has 
entered phase I clinical testing. TEGs have been designed to overcome major 
weaknesses of g9d2T cells, such as proliferation deficiency in advanced cancer 
patients and heterogeneity in healthy and diseased individuals, resulting in failure 
of clinical trials using polyclonal g9d2T cells. To accomplish this goal TEGs have 
been designed to combine the power of abT cells to provide help via CD4+, kill via 
CD8+ abT cells, and sense an altered cell membrane composition of butyrophilin 
(BTN) subfamily members BTN2A1 and BTN3A1, orchestrated by RhoB. However, 
for regulatory approval of the clinical study extensive in vitro and in vivo testing 
was needed, given also the nature of a target which is not a mutation and not an 
overexpression of a protein, but subtle changes of orchestration of ubiquitously 
expressed proteins at the cell membrane. Within this context, we will discuss the 
value of in vitro and in vivo efficacy toxicity assays, with a special focus on the use 
of humanized mouse models, which have been used during regulatory approval 
before starting a clinical trial.

 1068 Moving from Investigation to Implementation: Speaker Q&A on 
the Scientific/Regulatory Gaps and Possible Path Forward for 
Use of Humanized Mice as Preclinical Toxicity Models of CAR T 
Cell Therapies

C. Newsome. Bristol-Myers Squibb Company, New Brunswick, NJ.

Humanized immune system mice are a rapidly evolving platform that have 
generated significant excitement for their potential to provide insight into human 
biology in the preclinical space. Over the past year, the immunotoxicology technical 
committee, within the HESI organization, has discussed their utility in a pre-clinical 
setting. Recently, a survey was conducted amongst the members of the committee 
to understand how different laboratories are using these models and where they 
have seen their greatest potential and greatest challenges. The results from this 
survey will be presented and will set the stage for a panel discussion amongst the 
speakers to review the current challenges and opportunities facing the translational 
utility of humanized mouse models.

 1069 New Approach Methodologies to Evaluate Botanical Safety

M. Embry. HESI, Washington, DC.

Botanical supplements and herbal medicines are used globally and are growing in 
popularity for both disease treatment and prevention in some regions, especially 
because of the COVID-19 pandemic. Botanicals encompass plant-derived products, 
fungi, and algae and are naturally complex with varying chemical composi-
tions because of factors such as differences in growing conditions, extraction 
processes, and changes to the finished product. Ensuring the safety of these 
products is an important public health priority, yet most regulatory structures do 
not require toxicity testing and rely on information related to the history of safe 
use. Conventional in vivo and in vitro toxicity testing methods that are often used 
for safety assessment of chemicals and pharmaceuticals were developed for use 
on single, discrete chemicals rather than the complex mixtures that represent most 
botanical substances. As a result, toxicity data for many botanical mixtures are 
lacking, and few new approach methodologies (NAMs) have been evaluated for 
their suitability with these complex mixtures. This session will provide an overview 
of the current regulatory landscape for botanical products, discuss gaps and recent 
efforts and study data to improve or design new methodologies, and highlight 
successes and challenges associated with study design, method development, and 
data interpretation of these approaches. The session will begin with a brief outline 
of botanical dietary supplements, highlighting the importance of evaluating toxicity 
for these complex mixtures and the unique challenges associated with studying 
them. Progress in the use and application of NAMs and analytical approaches for 
botanicals within a risk-based context will set the stage for this outline that will 
be followed by an overview of the current regulatory landscape. The next three 
talks will highlight specific progress and assay results, including novel data genera-
tion, across various NAMs that can be used to evaluate diverse endpoints of 
toxicological importance. These include developmental neurotoxicity batteries, in 
vitro enterotoxicity and hepatoxicity assays, and toxicogenomics approaches to 
evaluate systemic toxicity.

 1070 Toxicity Testing and Chemical Composition of Botanicals: 
Application of NAMs in Risk Assessment

D. Schrenk. Technische Universität Kaiserslautern, Kaiserslautern, Germany.

Safety concerns have been raised due to the occurrence of certain natural plant 
constituents in botanicals. The pure constituents and, in some instances, also parts 
of the plant or extracts thereof may exert various types of toxicity depending on the 
dose, route and duration of exposure/application. The compounds of concern may 
either originate from the plant used or from a contamination with other plants or 
weeds. Hazard considerations mostly based on animal or in vitro tests may indicate 
genotoxic or carcinogenic properties, system and/or organ toxicity etc. New and 
Alternative Methods (NAMs) are more and more widely used in order to restrict 
animal experiments to a minimum. NAMs include all types of in silico and in vitro 
methods giving preference to those not requiring mammalian animals. Typically, 
such methods comprise in vitro genotoxicity testing, toxicity testing in tissue-spe-
cific cell culture, in vitro absorption and metabolism studies etc. Furthermore, in 
silico searches for structural alerts including read-across of related structures are 
applied. In addition to hazard identification, combined cell culture-based toxicoki-
netic and toxicodynamic testing strategies may allow modeling of effective target 
concentrations of a chemical and/or its metabolite(s) upon a defined (human) 
exposure. The testing should apply to selected constituents (to be quantified by 
targeted chemicals analysis) of a plant species (or family) known from the litera-
ture. Furthermore, non-targeted analysis and testing of whole extracts may provide 
additional information. Since natural plant constituents often occur as large 
numbers of derivatives (congeners), establishing relative toxic potency factors 
may be warranted to allow for a science-based risk assessment. For this purpose, 
NAMs provide an excellent tool, even allowing structure-related predictions of 
potencies. Examples will be demonstrated for the family of pyrrolizidine alkaloids, 
for phototoxic furanocoumarins and for the diverse group of alkenylbenzenes.
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 1071 Dietary Supplements: Regulatory Overview and the Evaluation 
of Safety

R. Yeager. US FDA, College Park, MD.

The Dietary Supplement Health and Education Act (DSHEA) of 1994 transformed 
the FDA’s authority to regulate dietary supplements. In the past 28 years, the 
dietary supplement market has grown significantly from approximately a $4 billion 
industry comprised of about 4,000 unique products to an industry worth almost 
$50 billion, with as many as 80,000 different products available to consumers. 
Making informed decisions about dietary supplements can have a significant and 
positive impact on Americans’ health and consumers need to have access to safe, 
high-quality, and properly labeled products. The FDA works to achieve the right 
balance between preserving consumers’ access to lawful supplements, while still 
upholding our solemn obligation to protect the public from unlawful and, possibly, 
unsafe products. As the FDA regulates the dietary supplement marketplace, it’s 
critical that we work closely with our partners in industry, academia, and govern-
ment to achieve our primary goal of protecting public health and safety. As the 
dietary supplement industry develops new products and ingredients, advances new 
delivery systems, and innovates in other ways, the FDA must do more to leverage 
its existing resources and authorities to evaluate these products. The Botanical 
Safety Consortium gathers the leaders from industry, academia, and government 
to promote scientific advances in evaluating the safety of botanical ingredients and 
mixtures in dietary supplements.

 1072 Development of Neurotoxicity Battery for Botanicals at the US 
Division of Translational Toxicology

C. McPherson. NIEHS, Research Triangle Park, NC.

Researchers at the Division of the National Toxicology Program along with govern-
mental, industry, and academic partners have been engaged in efforts to develop 
and evaluate a battery of developmental neurotoxicity assays to screen chemicals 
for potential to disrupt the complex processes necessary for normal neurodevel-
opment. This battery includes 2D and 3D in vitro assays to measure neuronal cell 
migration, neurite growth, and neural network formation and function, as well as 
a zebrafish assay to measure neurobehavior. To extend the application of these 
assays from single chemicals to complex mixtures, we recently evaluated a series 
of botanical extracts with evidence of potential neurotoxicity based on the litera-
ture. The botanicals include aconite, guarana, yohimbe, kratom, bupleurum, and 
wormwood. Multiple samples for each botanical ingredient were evaluated in the 
battery. Initial results indicate that some of the samples elicited changes in locomo-
tor function in zebrafish (both increasing and decreasing activity). However, consis-
tent results across related samples were not observed indicating that variability in 
samples could complicate interpretation of results. Further work will explore uptake 
of key constituents to allow for more direct comparison of the results from different 
formulations of the tested botanical ingredients.

 1073 In Vitro Experimental Systems for the Evaluation of Human 
Enterotoxicity, Hepatotoxicity, and Herb-Drug Interaction 
Potential of Botanicals

A. Li. Discovery Life Sciences, Columbia, MD.

Some herbal supplements are now known to be associated with hepatotoxicity, 
enterotoxicity, and pharmacokinetic herb-drug interactions in the human popula-
tion. Two metabolically competent in vitro experimental systems, namely, cryopre-
served human intestinal mucosa (CHIM) and cryopreserved human hepatocytes 
(CHH), have been used or proposed to be used in the evaluation of the hepato-
toxic, enterotoxic, and drug-interaction potential of botanicals. Both experimental 
systems are competent in the complete human enteric (CHIM) and hepatic (CHH) 
drug metabolism pathways, including phase 1 oxidation and phase 2 conjuga-
tion. Drug-drug interactions are focused on CYP3A4 inhibition and induction, 
while toxicity is evaluated using cellular ATP contents and MTT metabolism as 
endpoints. In addition, a novel experimental system, the metabolism-dependent 
cytotoxicity assay (MDCA) utilizing HEK293 cells, a human renal cell line devoid 
of xenobiotic metabolism as the target cells for cytotoxicity, with permeabilized 
cryopreserved human hepatocytes (MetMax human hepatocytes) as an exogenous 
metabolic system, and pathway of metabolism defined by co-factor supplemen-
tation, is applied in the evaluation of the potential formation of cytotoxic reactive 
metabolites from the botanicals.

 1074 Incorporation of In Vitro Techniques for Botanical 
Safety Assessment

J. Naciff. Procter & Gamble, Cincinnati, OH.

One of the common data gaps in the assessment of botanicals is related to the 
determination of their systemic toxicity potential. Comprehensive transcriptional 
profiling allows the determination of the effects of a given botanical on gene 

expression in an organism or cell type, elicited by virtually any mechanism, and with 
that the identification of the specific cellular mechanisms and pathways modified 
by exposure to this complex mixture, which could indicate potential toxicity. The 
comprehensive transcriptional response of MCF7, HepG2, A549 and ICell cardio-
myocytes was evaluated (TempO-Seq) after exposure to vehicle-control or to milk 
thistle, ginseng, Ashwagandha, blue cohosh or Usnea lichen extracts at 3 non-cy-
totoxic concentrations, for 6h. Differentially expressed genes were identified for 
each botanical, at each dose of exposure for each cell type evaluated, and used 
to determine which the specific cellular pathways were modified by the exposure, 
using pathway enrichment analysis. Connectivity mapping (CMap) was also used 
to identify chemicals with similar transcript profile to the one elicited by each 
botanical. This information was used to identify chemicals with similar biological 
activity and to inform on the potential toxicity for each botanical. For example, the 
transcriptional profile of Ashwagandha identified in A549 and HepG2 treated cells 
had a high degree of similarity to the one elicited by withafarin A, a constituent 
found in Ashwagandha. Further, top connections include pharmacologically active 
chemicals targeting specific cellular pathways including: CIP2A, c-MYC (celastrol), 
5-HT1A (thioridazine) A1A and A2A receptors (phenoxybenzamine), among other 
biological activities. Pathway enrichment analysis indicated that the main upregu-
lated pathways by Ashwagandha are MTORC1, p53, TNFA signaling via NFKB and 
others, while the main downregulated pathways are cell cycle control, E2F, G2M 
checkpoint and myc targets, among others. In all, this study demonstrates the utility 
of transcriptional profiling together with CMap analysis for identification of MOAs 
associated with botanical exposure via a functional read across approach.

 1075 Placenta as a Target of Environmental Exposures: From Bench 
to Society

R. Strakovsky. Michigan State University, East Lansing, MI.

Pregnancy is considered among the most vulnerable lifestages, for both the mother 
and the child. Despite being a critical bridge between the maternal exposome 
and fetal development, the placenta is a severely understudied organ. Led by Dr. 
Almudena Veiga-Lopez and Dr. Rita Strakovsky, this session features a diversity of 
early career, mid-career, and well-established investigators who come from federal 
and academic institutions and have expertise in epidemiology, animal models, and 
cell and molecular endpoints. These investigators will highlight the importance of 
the placenta as a target of chemical exposures, with certain chemicals (organo-
phosphates and pyrethroids) pointing to the placenta as a chemical reservoir since 
they accumulate in the placenta and fetal compartment to a higher degree than that 
of the maternal liver. The session will feature new and exciting research related to 
the impacts of various chemical exposures on placental endpoints. Specifically, 
it will bring a unique and a balanced perspective of the effects of environmental 
exposures on a plethora of placental functions, including vascular calcification and 
elasticity, glucose and tryptophan metabolism, cellular differentiation and invasion, 
and immune function. These functional endpoints are carefully mapped using in 
vitro, animal, and population studies that provide translation across basic science 
and human-based studies. Notably, these studies will discuss robust toxicol-
ogy study designs, such as inclusion of eight longitudinal measures in human 
pregnancy cohorts, air pollution mouse models, and immune tolerance mouse 
models. State-of-the-art technologies such as single-cell profiling also will be 
discussed in the context of heavy metals exposures. From an exposure standpoint, 
the talks will discuss doses in the context of human-relevant exposures and cover 
a broad range of chemical classes, including short- (phthalates and bisphenols), 
medium- (trichloroethylene and titanium dioxide nanoparticles), and long-lived (per- 
and polyfluoroalkyl substances, organophosphates, pyrethroids, and heavy metals) 
chemicals. Several talks also will present the effects of emerging and replacement 
chemicals (e.g., phthalate replacements, tetrabromobisphenol A, and replacement 
per- and polyfluoroalkyl substances) on placental function. Several of these studies 
will highlight sex-specific effects as well as direct connections to common placen-
tal disorders, such as preeclampsia and miscarriage.

 1076 Phthalate Exposure and Longitudinal Ultrasound Measures of 
Placental Function in the Human Placenta Project Cohort

K. Ferguson. NIEHS, Research Triangle Park, NC.

Dr. Ferguson’s research group will present data from a human study contain-
ing prenatal phthalate and phthalate-replacement exposure measurements and 
repeated measures of placental function. Phthalates are endocrine disrupt-
ing chemicals which cross the placental barrier with potential implications for 
pregnancy health fetal development. Several prior cross-sectional epidemiologic 
studies have shown associations of phthalates with placental health outcomes, 
but these studies have been limited to measures of placental weight at delivery, 
crude biomarkers of placental function, or cross-sectional umbilical or uterine 
artery blood flow assessments in utero. Nevertheless, molecular epidemiology 
studies indicate that prenatal phthalate exposure is associated with changes in 
epigenetic and protein expression markers in the placenta. These findings may 
confer gross changes to placental development and function in vivo. In this presen-
tation, Dr. Ferguson will present on the association between phthalate metabo-
lite levels and placental outcomes including microvasculature, calcifications, and 
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elasticity. Importantly, unlike in prior studies, exposure measures are based on spot 
urine phthalate and phthalate alternative metabolite measurements from 8 time 
points across pregnancy, which allows for better estimates of maternal exposure 
across the course of gestation as well as within specific periods (e.g., trimesters). 
Furthermore, urinary metabolite measurements are the gold standard for phthalate 
exposure assessment and preferred over placental measures since contamination 
of tissue and blood samples occurs readily in the laboratory. Additionally, the novel 
outcome measures were captured at 8 time points during gestation by ultrasound, 
which may provide information on phthalate-induced placental dysfunction at a 
sub-clinical level.

 1077 Placental Glucose Transfer after Gestational Particulate 
Matter Exposure

P. Stapleton. Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ.

Exposure to air pollution, and specifically aerosolize particulate matter, during 
pregnancy has been associated with reduced fetal growth in epidemiological 
and laboratory studies. Limited fetal growth has been identified as a develop-
mental risk factor for many pregnancy, neonatal, and lifetime conditions includ-
ing perinatal mortality and metabolic diseases; however, the functions of the 
placenta within this model has been woefully overlooked. We recently identified 
that nanosized/ultrafine metallic or plastic particles have the propensity to migrate 
from the mother’s lung and deposit within the placenta, thereby providing local 
and direct interaction(s) between the placental trophoblasts and the xenobiotic 
particle. Glucose is the primary fuel source for fetal growth, development, and 
metabolism; a nutrient which must passage from the maternal system, through 
the placenta, to the fetus for utilization. Therefore, we hypothesized that glucose 
passage through the placenta to the fetus may be impaired after maternal inhala-
tion of aerosolized titanium dioxide nanoparticles, thereby limiting fetal nutrient 
resources and subsequent growth. Initial results of these studies indicate a sex-de-
pendent reduction in fetal blood glucose after maternal gestational exposure. In 
this presentation, we will discuss our recent studies focused on placental glucose 
metabolism and glucose transport to the fetal compartment. Our findings indicate 
that alterations to placental health and function due to gestational environmental 
exposure may not only influence perinatal health, but also promote the develop-
mental origins of metabolic disease.

 1078 Environmental Modulator of Placental Tryptophan Catabolism 
and Influence on Maternal-Fetal Immune Tolerance

M. Susiarjo. University of Rochester School of Medicine and Dentistry, Rochester, NY.

Humans are ubiquitously exposed to endocrine disruptors including bisphenol A 
(BPA). When ingested orally, the biologically active parent BPA compound undergoes 
rapid first pass metabolism predominantly to BPA glucuronide. Detectable levels of 
unconjugated BPA, however, have been found within tissues of the maternal fetal 
interface suggesting an inefficient deconjugation process that could leave humans 
at risk of adverse health effects. Exposure to the endocrine disruptor bisphenol 
A (BPA) is linked to human miscarriages and pregnancy complications, however 
the underlying mechanisms are still poorly understood. In contrast, the potential 
reproductive toxicity of BPA analogs including tetrabromobisphenol A (TBBPA) 
is relatively understudied. Pregnancy loss can be caused by aberrant maternal 
fetal immune tolerance. One proposed mechanism is disruption in indoleamine 
2,3-deoxygenase 1 (IDO1)-mediated tryptophan catabolism that impairs expansion 
of regulatory T cells (Tregs) and creates excessive pro-inflammatory responses 
against the semiallogeneic fetus. Our laboratory is interested in elucidating whether 
environmental exposure during pregnancy alters maternal immune environment 
in mice. We investigate the effects of exposure to 10 mg/kg body weight (bw)/
day BPA and 500 microgram/kg bw/day TBBPA during pregnancy. The exposure 
paradigm results in maternal serum BPA levels of 2 ng/mL that is within the range 
of internal BPA exposure in humans. The exposure level of TBBPA is below its oral 
reference dose of 600 microgram/kg bw/day for reproductive toxicity in rodents. 
Exposure to BPA and TBBPA results in higher rates of pregnancy loss in alloge-
neic pregnancies. These effects were associated with lower number of maternal 
CD4+ T cells and Tregs. Interestingly, BPA and TBBPA-induced pregnancy loss 
were linked to lower protein expression of the IDO1 in trophoblast giant cells. Our 
studies suggest that placental tryptophan catabolism plays a role in pregnancy 
maintenance and that maternal exposure to BPA and TBBPA adversely influence 
pregnancy success in mice through mechanisms that reduce Tregs and impair 
IDO1-dependent maternal fetal immune tolerance.

 1079 Legacy and Replacement Per- and Polyfluoroalkyl Substances 
(PFAS) Target the Placenta

S. Fenton. NIEHS/NTP, Research Triangle Park, NC.

Legacy, well characterized per- and polyfluoroalkyl substances (PFAS) are being 
replaced with a variety of PFAS congeners that are data poor; specifically, with little 
known about their effects on the placenta or developing fetus. In epidemiologic 

studies, perfluorooctanoic acid (PFOA), a bioaccumulative PFAS, is reported to 
increase risk for pre-eclampsia and decrease infant birth weights, the latter of 
which is also reported in mice. PFOA’s replacement, commonly called HFPO-DA 
or GenX, significantly decreased mouse pup weight at culling, increased placen-
tal weight, decreased the fetal:placental weight ratio, and caused excessive 
gestational maternal weight gain at 2 mg/kg/d. Similar effects were evident in 
mice at 5 mg PFOA/kg/d (half-life~18-20d), even though the half-life of GenX is 
<1d. The PFAS induced unique patterns of adverse lesions of the placenta at term. 
However, gestational exposures to 1 mg/kg/d PFOA or GenX led to nearly identical 
latent cardiometabolic and liver outcomes that varied by sex. Affected biological 
pathways related to the latent health outcomes and/or fetal growth have been 
identified in male and female placenta from these studies. To characterize placental 
effects of PFAS more broadly, a panel of 42 varied family members were tested in a 
multiplexed high throughput screen for proliferation, cytotoxicity, and mitochondrial 
membrane potential changes across a 10-point linear concentration curve ranging 
from 50-500 µM in JEG-3 human placental trophoblasts. Concentration-response 
model estimates (EC50) were calculated for at least one endpoint in roughly 80% 
of evaluated PFAS. Six of those PFAS were compared from 1-300 µM for effects 
on cellular migration and expression of 46 critical genes involved in placental 
growth, differentiation, and pregnancy maintenance. We observed gene expression 
changes in 300 µM GenX-exposed JEG-3 cells that are consistent with its persistent 
inhibition of trophoblast migration at <200 µM, such as reduced IGF2 and EGFR, 
and increased CTNNB1 expression. Upregulation of ABCG2 expression in JEG-3 
cells after 24 h exposure to GenX (3 or 300 µM) or PFOA (100 µM), and significant 
increases in expression of estradiol-related or -modifiable genes (i.e., ESRRA, GPR1, 
VEGFA,17β-HSD1) by 100 µM PFOA or 300 µM GenX suggest important modes of 
action for future study.

 1080 Single Cell and Cell Type-Specific Analyses in Human Placental 
Tissues: Implications for Chemical Exposures and Adverse 
Birth Outcomes

K. Bakulski. University of Michigan, Ann Arbor, MI.

The placenta mediates adverse pregnancy outcomes and is perfused in chemical 
toxicant exposures circulating in maternal blood. Environmental toxicology and 
epidemiology studies demonstrate maternal exposures to chemicals are associ-
ated with gene expression and DNA methylation differences in bulk placental 
tissues. The placenta is a complex structure with specialized cells, and placen-
tal cell type heterogeneity limits mechanistic interpretation of bulk placental gene 
expression and epigenetic measures. Using single cell and sorted cell methods, 
we generated human term placental cell type specific gene expression profiles for 
19 fetal and 8 maternal cell types and cell type specific DNA methylation profiles 
for 6 fetal cell types. We applied these reference profiles as tools to deconvolute 
cell type proportions in independent datasets and tested for differences in cell 
abundance. We demonstrated that overabundance of extravillous trophoblast 
cells mediated 35% of the association between preeclampsia and FLT1 gene over 
expression in the placenta, underscoring the role of placental extravillous tropho-
blasts in opening maternal spiral arteries, a key pathway in preeclampsia pathol-
ogy. We newly apply these cellular deconvolution methods to placental toxicol-
ogy studies of common chemical exposures with documented placental adverse 
impacts. Cell composition findings from these chemical exposures associated with 
adverse pregnancy outcomes, such as the solvent trichloroethylene and the heavy 
metal cadmium will be discussed. Toxicology studies of placental gene expression 
and epigenetic patterns can improve biologic inferences by considering placenta 
cellular heterogeneity.

 1081 Placenta Transcriptomic Alterations Underlie 
Neurodevelopmental Effects of Pesticide Exposure

C. Marsit. Emory University, Atlanta, GA. Sponsor: R. Strakovsky.

In both human and animal studies, organophosphate and pyrethroid pesticide 
exposures during the gestational period have been linked to offspring neurobe-
havioral deficits. Despite policies aimed at reducing use, these chemicals remain 
widely utilized around the globe. Organophosphates, such as chlorpyrifos, act 
through inhibition of acetylcholinesterase and through impacts on serotonin. In 
contrast, pyrethroid pesticides, such as deltamethrin, act by inhibiting voltage-gated 
sodium and chloride channels, through GABAA signaling, and through impacts on 
the dopamine system. Both pesticides can cross and accumulate in the placenta, 
with concentrations in placenta generally higher than observed in maternal samples 
and lower than fetal brain and liver. This is of interest, as a number of neuronally 
active pathways, such as dopamine and serotonin production and response are 
active within the placenta. Exposure of human trophoblast cells to chlorpyrifos 
impacted genes involved in vascularization and placental development, while direct 
effects of pyrethroids on the placenta are not comprehensively characterized. We 
have examined in utero exposures to common pyrethroids and organophosphate 
pesticides using a hybrid study in a rodent model and human observational cohort 
of farm-working pregnant women to investigate the functional role of placenta in 
linking exposure and postnatal neurodevelopment. In a C57BL/6J mouse develop-
mental exposure model using whole transcriptome sequencing of both offspring 
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brain and placenta, we demonstrated that chlorpyrifos exposure impacted oxidative 
phosphorylation pathways in both tissues, while genes in spliceosome and cell-cy-
cle pathways were impacted by deltamethrin exposure in. Both pesticides led to 
overexpression of the Max transcription factor in both tissues. Initial analyses in 
the human placenta suggest transcription factors’ expression levels are associated 
with exposures in late pregnancy. Through these analyses, we have the opportu-
nity to elaborate on shared and distinct pathways of toxicity of common pesticide 
exposures in both brain and placenta, to identify biomarkers of toxicity in placenta, 
a more accessible tissue. This could improve risk assessment of exposed individu-
als and provide more personalized interventions to prevent long-lasting deficits that 
can result from these exposures.

 1082 Playing with Fire: Human Exposure, Health Risks, and Safer 
Design of Flame Retardants

S. Dasgupta. Clemson University, Clemson, SC.

Flame retardants are high-production volume chemicals used worldwide within 
several product categories, including electronic equipment, furniture, building 
materials, and vehicle parts. They constitute a wide group of chemicals with diverse 
physicochemical properties that are combined to achieve maximum efficacy to 
delay combustion. However, many flame retardants can migrate from end-use 
products into the ambient environment over time, increasing the potential for 
human exposure and subsequent health effects. While newer flame retardants are 
formulated and introduced into commerce, legacy flame retardants continue to be 
present in end-use products, specifically within older furniture and cars. Chronic 
leaching from end-use products can potentially cause higher exposures and health 
risks. This is of specific concern within minority populations and lower-income 
households, many of whom are likely to purchase used furniture/cars or continue 
to use older products which leads to potential health disparities in many areas. 
Thus, we need a better understanding of the exposure patterns and health effects 
of flame retardants with the goal of designing safer formulations and undertak-
ing behavioral interventions to reduce exposures. The objective of this globally 
relevant Symposium is to assemble leading investigators who are actively conduct-
ing research on flame retardant exposure and health effects so that a multidis-
ciplinary discussion on topics related to flame retardant exposure, toxicology, 
risk assessment, epidemiology, and sustainable chemistry may ensue. Following 
a brief introduction on flame retardant regulatory policies, the first two speakers 
will discuss personal flame retardant exposures from diverse probable sources 
(i.e., indoor, food, and vehicular microenvironment), exposure disparities in histor-
ically underrepresented and low-income populations in two distinct geographical 
locations (California and New York), and potential health effects and behavioral 
interventions necessary to reduce exposure. The third speaker will review the 
impact of adult flame retardant exposures on neuronal excitability, behavior, and 
energy homeostasis in a mouse model. The fourth speaker will focus on using 
zebrafish as an in vivo screening model for flame retardants hazard assessments, 
biomarker identification, and prioritization for testing. Finally, the fifth speaker will 
consider the use of toxicological data to advance the safer and sustainable design 
of flame retardants. The session will end with a panel discussion. Overall, the 
session will interest researchers and stakeholders with a focus on flame retardant 
use, exposure, and safety. It also will provide a well-rounded discussion on the 
current state of research on flame retardant exposures and exposure disparities, 
health risks, molecular targets, and risk assessment strategies that guide safer and 
sustainable chemistry in the future.

 1083 Exposure and Health Effects of Organophosphate Esters within 
Inland Southern California Commuters

D. Volz. University of California Riverside, Riverside, CA.

People who spend a longer amount of time in vehicles are exposed to higher 
concentrations of vehicle-derived contaminants, suggesting that people experienc-
ing long commutes over years, and in some cases, decades represent a subpop-
ulation that may be vulnerable to excess exposure to vehicle-borne chemicals. 
Therefore, there is a need to evaluate potential human health risks associated 
with exposure to vehicle-specific chemicals as a function of commute time, 
particularly within low- income communities that experience longer commute 
times and are often disproportionately burdened by multiple sources of pollution. 
Organophosphate esters (OPEs) are a class of semi-volatile organic compounds 
used as flame retardants, plasticizers, and anti-foaming agents. OPEs are used 
within a wide range of products including cosmetics, textiles, polyurethane 
foam, upholstery, electric cables, lubricants, floor waxes/polishes, construction 
materials, and vehicles. Interestingly, the total mass of OPEs is higher in car dust 
samples compared to indoor dust samples from buildings and homes. As OPEs 
are commonly used as flame retardants, this finding is likely attributed to more 
stringent, vehicle-specific flammability standards. For example, Federal Motor 
Vehicle Safety Standard (FMVSS) No. 302 - the federal-level flammability standard 
for car interiors in the US - is more rigorous than the California-specific smolder 
resistance test for upholstered furniture. With a population of nearly five million 
people, Inland Southern California encompasses a hot and arid desert region 
with limited precipitation and surface water as well as communities composed 

of primarily Latinx residents of Mexican-American or Mexican descent. Within 
Riverside and San Bernardino counties, there is also a strong relationship between 
household income, number of people who work outside their county of residence, 
and average commute time. Over the last few years, our research program has 
launched population-based studies focused on identifying potential differences 
in human exposure to vehicle-derived OPEs within commuters vs. non-commut-
ers. This talk will highlight how our findings are beginning to raise awareness and 
concerns about potential health effects associated with chronic exposure to OPEs 
within vehicles, particularly within densely populated and traffic-congested areas 
such as Southern California.

 1084 Brominated Flame Retardants as a Persistent Health Threat: 
Exploring Health Impacts in Vulnerable Human Populations

A. Kupsco. Columbia University, New York, NY.

Polybrominated diphenyl ethers (PBDEs) are a class of legacy brominated flame 
retardants that were produced as a mixture to satisfy fire-safety regulations. 
Although PBDEs were voluntarily phased out in 2004, exposure continues due 
to infrequent replacement of PBDE-containing products and a long environmen-
tal half-life. These sources are particularly relevant for low-income and minority 
populations who are more likely to purchase used furniture or infrequently replace 
old products. Furthermore, it is anticipated that PBDEs from consumer products in 
landfills will migrate into the food chain, resulting in new exposure sources. PBDEs 
are endocrine disrupting compounds with documented adverse impacts on child 
neurodevelopment in both humans and animal models. However, early life PBDE 
exposure may also impact child growth and adiposity. Perinatal PBDEs exposure 
to rats demonstrate that PBDEs increase body weight, altering adipokines, carbohy-
drates, lipids, and steroid metabolism. However, to date, findings in human popula-
tions have been mixed. We examined the associations of prenatal PBDE exposures 
with child birth outcomes, growth, and adiposity in a population of Dominican and 
African American mother-child pairs from New York City. We find that higher BDE- 
153 was associated with lower birth weight z-score and longer gestation. Moreover, 
higher BDE-99 was associated with lower birth length z-score. However, neither 
cord levels of individual PBDEs nor the total PBDE mixture were associated with 
overall BMI z-scores in later childhood, suggesting that these early indicators do 
not lead to altered childhood growth. Overall, this presentation will explore the 
evidence for the impacts of prenatal exposures to PBDEs on child health, focusing 
on understudied health outcomes in understudied populations.

 1085 The Influence of Adult Exposures to Organophosphate 
Flame Retardants on Energy Homeostasis, Behaviors, and 
Hypothalamic Neuronal Excitability

T. Roepke. Rutgers, The State University of New Jersey, New Brunswick, NJ.

Organophosphate flame retardants (OPFRs) are used in household and workplace 
products and are considered endocrine disrupting compounds. We have reported 
that exposure to an OPFR mixture causes sex-dependent disruptions of energy 
homeostasis through alterations in ingestive behavior and activity in adult mice 
potentially via estrogen receptors (ERa). Because feeding behavior and energy 
expenditure are coordinated by the hypothalamus, we hypothesized that OPFR 
disruption of energy homeostasis occurs through modulation of the melanocor-
tin circuitry within the arcuate nucleus. We exposed male and female transgenic 
mice expressing green fluorescent protein in either NPY/AgRP or POMC neurons 
to a common mixture of OPFRs for 4 weeks. We examined neuronal excitability 
and hormone sensitivity using whole-cell patch clamp electrophysiology. OPFR 
exposure depolarized the NPY/AgRP resting membrane and dampened the M- 
current within the same neurons from female mice. These neurons were also more 
sensitive to ghrelin, which more potently reduced the M-current in OPFR-exposed 
females. POMC neurons from female mice exposed to OPFRs exhibited elevated 
baseline excitability and experienced greater excitatory synaptic input. In a 
follow-up study, adult male and female mice were treated with the same mixture 
of OPFRs for 7 weeks on a low-fat diet (10% kcal fat) or a high fat diet (45% kcal 
fat). Consistent with our previous observations, OPFRs altered weight gain in 
males while females remained unaffected. OPFRs also disrupted metabolism and 
behavior. During the night, males exhibited elevated activity and oxygen consump-
tion, while in females these parameters were decreased. OPFRs disrupted feeding 
behavior and abolished diurnal water intake patterns in females, while increasing 
nighttime fluid consumption in males. Despite no effect on glucose homeosta-
sis, OPFRs altered circulating insulin and leptin in females and ghrelin in males. 
Together, these data support a sex-selective effect to increase neuronal output 
from the melanocortin circuitry governing feeding behavior and energy expenditure; 
thus, influencing the effects of diet-induced obesity by altering activity, ingestive 
behavior, and metabolism. Broadly, this work suggests that flame retardants should 
be assessed for impacts on the hypothalamic neurocircuitry that controls metabo-
lism from adult and perinatal exposures.
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 1086 The Multidimensional Embryonic Zebrafish Platform Predicts 
Flame Retardant Bioactivity

L. Truong. Oregon State University, Corvallis, OR.

Flame retardants are commonly added to many consumer products and present a 
human exposure burden associated with adverse health effects. There is limited 
toxicity data available to estimate the potential adverse effects of the 2nd and 3rd 
generation organophosphates and other alternative chemistries. Thus, there is a 
need to establish methods to quickly and efficiently screen chemicals for toxic 
effects. We built a 61-flame retardant library and systemically screened for develop-
mental neurotoxic effects in the embryonic zebrafish model. Data were compared 
to publicly available data generated in a battery of cell-based in vitro assays from 
ToxCast, Tox21, and other alternative models. Of the 61 chemicals, 19 of 45 that 
were tested in the ToxCast assays were bioactive in zebrafish. The zebrafish assays 
detected bioactivity for 10 of the 12 previously classified developmental neurotoxic 
flame retardants. Developmental zebrafish were sufficiently sensitive at detecting 
structure-bioactivity impacts and we were able to build a classification model using 
13 physicochemical properties and 3 zebrafish assays that achieved a balanced 
accuracy of 91.7%. Based on this data, we selected 10 flame retardants belonging 
to diverse physicochemical classes and executed paired mRNA-microRNA (miR) 
sequencing, enabling profiling of miRs as posttranscriptional regulators of gene 
expression. The objective was to investigate mRNA-miR regulatory signatures that 
drive bioactivity for specific physicochemical classes. Neurodevelopment was a 
key disrupted biological process across multiple flame retardants and was corrob-
orated by behavioral readouts. Based on an extensive mRNA-miR co-regulatory 
network, we found several mRNA-miR regulatory pairs, along with transcription 
factors that are predicted to play important roles in development, immunology, 
cancer signaling and several other adverse health outcomes. We were also able 
to compare several members of individual flame retardant classes and study their 
common and unique molecular signatures. Overall, this talk will illustrate the power 
of a multi-dimensional in vivo platform to discover common and unique biological 
targets to help understand the mechanism of action, while expanding our ability to 
predict the hazard potential of new compounds based on structural relatedness, 
ultimately leading to reliable toxicity predictions.

 1087 Using Toxicological Data for Sustainable Design of Flame 
Retardant Chemistry

J. Tenney. ICL, Tarrytown, NY. Sponsor: S. Dasgupta.

Israeli Chemicals LTD Industrial Products (ICL IP) is a global specialty minerals 
company with a commercial focus on flame retardant chemistries. ICL IP produces 
halogenated, phosphorus, and inorganic flame retardant chemistries. The market 
for flame retardant chemistry is growing and requires a variety of chemical 
solutions and functionality to produce fire safe products that meet consumer 
demands and public expectations, often over long product use cycles. Sustainable 
flame retardants need to not only have great toxicology profiles, but also be durable 
and functional for decades. Traditionally, flame retardant producers focus product 
designs and development on the optimal fire performance of the material they 
were added to. Today the market and regulators demand far more stewardship and 
producers need to be cognizant of the health and environmental aspects of new 
solutions. ICL IP recognized these challenges and has instilled toxicology screening 
as a part of developing new chemistry. The company has instituted a 5-stage gate 
methodology to evaluate new products from inception to commercialization, and 
each stage demands consideration of the properties according to the Health and 
Safety Executive (HSE) guidance. In the early stages, the company does prelimi-
nary toxicological assessments that includes literature searching and modeling. 
As the product gets closer to the final stages the company invests in more rigorous 
toxicity testing to meet global registrations. ICL IP has proactively engaged in 
new methods to evaluate toxicity endpoints, like zebrafish studies. ICL IP product 
designs also take into consideration other aspects of flame retardant behavior such 
as potential by-products in production and degradation in use or during combus-
tion/at the end of life. For example, ICL IP evaluated the ToxTracker® Reporter 
Assay, a panel of mammalian stem cell lines developed for unique biomarkers that 
discriminate between induction of DNA damage, oxidative stress, protein damage, 
and general cellular stress, to determine putative impact on chronic toxicity of 
smoke generated in fires where flame retardants are present. This presentation will 
describe the market conditions and ICL IP’s approach to flame retardant design and 
product stewardship with an emphasis on our goals to produce better and more 
sustainable chemistry.

 1088 Using a Toxic Aging Coin to Investigate the Intersection 
of Toxicology and Aging: Heads for Age Differences, Tails 
for Gerontogens

J. Wise. University of Louisville, Louisville, KY.

We are facing an era of our population demographic when there is an unprece-
dented geriatric population (65+) that will live as geriatrics for multiple decades. 
By 2030, 20% of the population in developed nations will reach a geriatric age, 

and many of them will live to see their 100th birthday. This aged population will 
be uniquely faced with challenges of environmental pollution far exceeding that of 
previous geriatric generations, but we currently have a poor understanding of how 
environmental pollution will impact their health distinctly from younger popula-
tions. We already know age can play a significant role in how a body responds to 
toxicants—children are typically more vulnerable than adults. We approach this new 
paradigm with a perspective that we colloquially refer to as a toxic aging coin. On 
the heads side, we consider how the age of an individual impacts the toxic outcome 
of a chemical insult, and on the tails side, we consider how toxic chemicals acceler-
ate aging (i.e., how they act as gerontogens). This session will consider the interac-
tion of toxicology and aging from both sides of the coin. The session will begin 
with a brief introduction to the toxic aging coin concept and the paradigm that we 
are facing with our aging population. In each talk, the speaker will relate how their 
research relates to either or both sides of the toxic aging coin

 1089 Hexavalent Chromium-Induced DNA Damage Contributes to 
Brain Aging

J. Wise. University of Louisville, Louisville, KY.

Hexavalent chromium [Cr(VI)] is a major environmental health concern that induces 
aging phenotypes and has the best defined genotoxic mechanism of the heavy 
metals. The neurotoxicity of Cr(VI) is poorly described, but is clear that Cr(VI) 
induces widespread oxidative damage and neurodegeneration in the brain. Studies 
with human populations demonstrate Cr(VI) can impair a variety of neurobehaviors 
including child learning and attention, spatial and social memory, olfactory function, 
and increase risk of motor neuron disease. Our research investigates the role of 
Cr(VI) in this aging paradigm, using cell cultures and animal models. We propose 
Cr(VI) induces a gerontogenic mechanism by DNA damage accumulation in brain 
cells, which promotes genomic instability, which persists and promotes cellular 
senescence and contributes to brain aging. To address the heads side of the toxic 
aging coin, we assess neurotoxic endpoints across brain regions and cell types 
in both sexes of young (3 m.o.), middle-aged (7 m.o.), and geriatric (18 m.o.) rats 
exposed to Cr(VI) in drinking water (0, 0.05, 0.1 ppm) for 90 days. These data will 
help to inform how age and sex impact Cr(VI) neurotoxicity. To address the tails 
side of the toxic aging coin, we assess milestones of our gerontogenic mechanism 
in brain regions and cell types impacted by Cr(VI) toxicity. We also utilized M059K 
and M059J cells to investigate our gerontogenic mechanism. Importantly, these 
cells are derived from the same glioblastoma, but M059J cells spontaneously 
lost expression of DNA-PK and are deficient in DNA double strand break repair. 
Hence, our data more thoroughly characterizes Cr(VI) neurotoxicology and begins 
to describe a novel gerontogenic mechanism.

 1090 A Comparative Approach to the Conundrum of 
Reproductive Aging

M. Ottinger. University of Houston, Houston, TX. Sponsor: J. Wise.

As humans, we aspire to healthy aging and ideally reaching a maximal lifespan. 
That, however, requires that we optimize resilience and minimize factors that 
accelerate aging processes. Environmental pollutants, including endocrine disrup-
tors influence developmental and aging processes and contribute to inflamma-
tory and neurodegenerative diseases. Aging brings with it declining physiolog-
ical functions, one of the most apparent being the cessation of reproduction. 
Comparative models of aging provide valuable information on the positive and 
negative effects of stressors, including environmental chemicals and the threshold 
between a hormesis and harm. Conserved mechanisms reveal commonalities in 
aging processes, including declining mitochondrial function, loss of reproductive 
and metabolic endocrine function and metabolic syndrome, and neurodegenerative 
disease processes. Understanding conserved mechanisms in aging processes and 
the two sides of the toxic aging coin provide us tools for recognizing the underpin-
ning for resilience and developing therapeutics for early interventions.

 1091 Age, Sex, and APOE Genotype Affect the Neuroinflammatory 
Response in Humanized APOE Mice

J. Richardson. Florida International University, Miami, FL.

Neuroinflammation is implicated in the progression and pathology of Alzheimer’s 
disease (AD). Advancing age and the APOE4 genotype have been shown to contrib-
ute greatly to the increased risk of AD. Here, we considered the heads side of the 
toxic aging coin to determine the contribution of age, sex and APOE genotype 
on LPS-induced neuroinflammation in APOE 3 and 4 humanized mice. Male and 
female humanized targeted replacement APOE3 (E3) and APOE4 (E4) mice at 3 or 
16 months of age were injected with saline or LPS (0.5 mg/kg). Gene expression 
and protein levels of inflammatory cytokines were assessed in the hippocampus 
and frontal cortex of fresh frozen tissue by qPCR and multiplex ELISA, respec-
tively, 4 hours after LPS administration. LPS treatment induced a higher expression 
of IL1b and TNFa mRNA in both the frontal cortex and hippocampus of young 
and aged E4 mice compared to E3 (p<0.001). IL1b expression increased in the 
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hippocampus by ~30-fold in aged E4 males and ~40-fold in aged E4 females. 
In contrast, IL1b expression only increased ~15-fold in both aged E3 males and 
females. Similar effects were observed with TNFa and IL6 protein levels in the 
hippocampus. In the young cohort, no sex differences were observed, but IL1b 
and IL6 mRNA expression in E4 males and females was increased 2-fold higher 
after LPS treatment compared to E3 (p<0.001). Similarly, a 1.5 to 2-fold increase 
of TNFa, IL1b, and IL6 was observed in the hippocampus of young E4 female mice 
compared to a 2.5 to 4-fold increase in the aged E4 females (p<0.001). In the frontal 
cortex, TNFa increased by 3-fold and IL1b and IL6 increased by at least 8-fold in the 
young E4 females, whereas an increase in at least 2-fold was observed in the aged 
E4 females compared to aged-matched E3 males. Similar effects were observed 
with protein levels. Taken together, these data demonstrate that multiple factors 
contribute to susceptibility to neuroinflammation and provide data demonstrating 
significant roles for age, sex, brain region and APOE genotype in the response to 
peripheral inflammation.

 1092 The Role of Environmental Factors in Age-Related 
Neurodegenerative Disease: Beyond Genetics and Aging

J. Andersen. Buck Institute for Research on Aging, Novato, CA. Sponsor: J. Richardson.

Aging is associated with cellular changes in the brain which drive functional deficits 
in both cognition and motor movement associated with common age-related 
neurodegenerative diseases such as Alzheimer’s and Parkinson’s. Many studies 
to date have focused on how genetic differences drive individual susceptibility 
to disease presentation. However, it has become increasingly apparent in recent 
years that an equally important contributor to these age-associated disorders is 
environmental factors including exposures to, for example, pesticides and metals. 
These can affect important cellular processes needed to maintain cellular or tissue 
integrity resulting in: (1) reduced ability to remove damaged proteins and other 
cellular components through a process called autophagy and (2) age-related 
increases in a cell fate known as senescence which can result in widespread tissue 
damage. This presentation will concentrate on the tails side of the toxic aging coin, 
assessing the role of environmental toxins as they relate to development of these 
age-related changes known to contribute to age-related neurodegeneration.

 1093 Establishing Scientific Confidence in New Approach Methods: A 
Modern Framework

A. van der Zalm. PETA International Science Consortium Ltd., Stuttgart, Germany.

Current processes to validate new approach methodologies (NAMs) are costly 
and time-consuming and do not necessarily produce methods that are fit for 
regulatory purposes. Validation principles established by the Organisation for 
Economic Co-operation and Development (OECD) state that methods must be 
relevant, reproducible, and fit for the purpose for which they are intended. Methods 
also must be independently reviewed and transparently described. While these 
principles remain true today, the processes by which NAMs are evaluated must 
be revisited to improve the timeliness of their uptake, thereby reducing the use 
of animals in toxicity testing while effectively protecting human health and the 
environment. This session will explore collaborative projects led by international 
scientists from industry, regulatory, and non-governmental organizations in order to 
update the processes for evaluating NAMs and ensure their readiness for regulatory 
use. Experts from different regulatory jurisdictions will present recent successes 
through case studies where these new processes have been implemented. The 
Chair will introduce the topic of establishing scientific confidence in NAMs and 
propose a robust and flexible evaluation framework that can be applied by regula-
tors and other end users. The first presentation will build on a topic that was 
explored in a previous SOT session, namely that data from traditional animal test 
methods may not be the gold standard reference data for determining the accuracy 
of a NAM. The presenter will supply examples for a new paradigm of relevance 
assessments of NAMs, shifting from reliance on concordance with data derived 
from traditional animal test methods to reflection of human biological understand-
ing. The second presentation will provide examples of how batteries of assays and 
multi-organ microfluidic systems can be used to examine mechanistic events—in 
particular, thyroid toxicity—and demonstrate the importance of reference chemical 
selection. The third presentation will argue that, in most cases, full ring trials 
assessing the interlaboratory reproducibility of test methods are not necessary for 
demonstrating reliability. This presentation also will address the importance of data 
integrity, transparency, and independent review. The final two presentations will 
provide perspectives on how the proposed updated processes fit into a regulatory 
context and will discuss the concept of fitness for purpose as well as upcoming 
challenges. One presentation will focus on recent activities to increase international 
regulatory acceptance of NAMs within the OECD Integrated Approaches to Testing 
and Assessment Case Studies Project and harmonised test guidelines, and the 
other will review the application of the new proposed framework within the context 
of US Environmental Protection Agency regulatory use. The discussions will be 
useful to all attendees interested in NAMs.

 1094 Human Biological Relevance: Topical Toxicity Case Studies

N. Kleinstreuer. NIEHS/NICEATM, Research Triangle Park, NC.

As regulatory decision makers evaluate how to apply the best science to protect 
human health and the environment across a diversity of chemical exposures, there 
is an increasing need to rely on new approach methodologies (NAMs) that provide 
more rapid, efficient, and, above all, human-relevant insights into potential toxici-
ties. Scientific confidence in NAMs can be achieved via demonstrating that the 
NAM captures key aspects of human biological information as well as or better 
than the traditional animal test method and provides information that allows regula-
tors to make protective decisions. Establishing biological relevance of NAMs offers 
an alternative to assessing the accuracy of the NAM using results from traditional 
animal test methods that may not adequately represent the human scenario. 
Substantial progress has been made in the area of topical toxicities by evaluat-
ing coverage of human anatomy, physiology, exposure, and toxicity mechanisms 
across all available in vitro and in vivo test methods. Skin sensitization and skin/eye 
irritation will be discussed as excellent proof of concept case studies demonstrat-
ing how mechanistic insight, e.g. via adverse outcome pathways, and assessing 
human biological relevance can support establishing scientific confidence in NAMs.

 1095 Application of NAMs for Plant Protection Product Development 
and Regulatory Registration

R. Settivari. Corteva Agriscience, Indianapolis, IN.

Historically, hazard and risk assessment for plant protection products have relied 
on implementation of animal-intensive studies. Recent progress in the development 
of fit-for-purpose and biologically relevant NAMs enable adoption of alternative 
methods for new molecule development, and regulatory registration purposes. 
NAMs that have been validated and adopted as OECD test guidelines (OECD 
TGs) are currently being applied to replace traditional in vivo testing for global 
registration of new active ingredients and formulations. For many complex toxico-
logical endpoints, a battery of promising NAMs, not yet adopted as OECD TGs, 
could be applied to understand mode of action, assess key mechanistic events 
in the development of toxicity, biological relevance, and for better interpretation 
of data via weight of evidence assessment, while establishing protective and 
robust point of departure for human health risk assessment. In this presentation, 
direct and indirect mechanisms of thyroid toxicity are used as proof-of principle, to 
demonstrate the applicability of various promising NAMs, including in silico and in 
vitro assays, zebra fish models, and omics approaches for toxicity profiling of plant 
protection products at various stages of molecule development, for stage-gate 
advancement decisions and for global registration and re-registration purposes. 
In addition, the significance of compiling well-characterized positive and negative 
reference chemicals, and experiences and key learnings on implementing multi-or-
gan microfluidic systems for thyroid models will be discussed.

 1096 Establishing Scientific Confidence in NAMs: Moving Away from 
Ring Trials

J. Barroso. European Commission Joint Research Centre, Ispra, Italy.  
Sponsor: A. van der Zalm.

Validation is an indispensable step to facilitate regulatory acceptance. Still, it is 
currently being identified by many stakeholders as the main reason for the lack of 
sufficient advancement in the implementation of New Approach Methodologies 
(NAMs) in a regulatory context. An evolution of early practices is needed to 
embrace emerging technologies, the increased complexity of the information 
measured (e.g., ‘omics), and the need for data integration to address complex 
endpoints. For example, it may not always be necessary to conduct inter-labo-
ratory ring trials to assess the reproducibility of a NAM. Ring trials are unneces-
sarily lengthy and expensive, and their added value is probably minimal as they 
are usually more a reflection of laboratory quality or expertise rather than NAM 
reliability. Instead of ring trials, it may be more valuable to focus on well-designed 
training and transfer studies to show that the NAM can be repeated in a naïve 
laboratory. Moreover, post-validation proficiency testing adds confidence to the 
capacity of a laboratory to use the test method. On the other hand, as more valida-
tion studies are sponsored and managed by method developers, ensuring data 
integrity, transparency and independent review of the study becomes paramount. 
This talk provides an overview of the challenges and opportunities for adapting the 
validation practices to keep pace with scientific progress whilst ensuring scientific 
confidence and the protection of human health and the environment. Examples of 
current validation studies applying new practices will be presented and discussed.
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 1097 Building Confidence Step by Step: An OECD Perspective

P. Browne. OECD, Paris, France. Sponsor: A. van der Zalm.

The OECD is a forum to discuss criteria for development and implementation of 
toxicity testing methods. The suitability of these methods is assessed by principles 
in OECD Guidance Document (GD) 34 on Validation and International Acceptance 
of New or Updated Test Methods for Hazard Assessment, often referred to as the 
“validation handbook”. Like most OECD documents, GD 34 is intended to be flexible, 
modular, and broadly applicable to the needs of Member Countries, and thus, 
the approaches for demonstrating validity are amenable to a variety of national 
legislations. Considerable experience was gained developing (in vivo) test methods 
before validation principles were published. Similarly, it is expected that the princi-
ples for building confidence and validating NAMs may be refined with experience 
developing and implementing these methods. The OECD Integrated Approaches to 
Testing and Assessment (IATA) Case Studies Project provides examples of NAMs 
designed to address a variety of regulatory scenarios. Though not all approaches 
are amenable to all regulatory needs or legislative mandates, the critical review and 
discussion of such applications has helped to define steps to build confidence in 
such innovative methods. The new paradigm for assessing confidence in NAMs 
presented earlier in this session was adapted from the principles for developing the 
OECD Test Guideline on Defined Approaches for Skin Sensitisation, which initially 
started as a series of IATA Case Studies. This talk will discuss how a new paradigm 
for assessing relevance of NAMs continues to evolve with the experience gained 
through case study reviews. A parallel process of evaluating NAMs that are not 
(yet) proposed as Test Guidelines, and thus do not meet the level of validation 
required for the mutual acceptance of data (MAD), provides users with a high 
degree of scientific confidence based on a thorough description of the methods, 
harmonised data reporting standards, a description of the strengths and uncertain-
ties, and transparent expert review.

 1098 Practical Steps to Putting the Scientific Confidence Framework 
into Regulatory Use

A. Lowit. US EPA, Washington, DC.

The scientific confidence framework is made up of several components: establish-
ing fitness of purpose of the new approach method (NAM); evaluating the human 
biological relevance; conducting technical characterization of the NAM; describing 
needs for data integrity and transparency; and the need for independent review. 
This presentation will provide real world, regulatory examples for applying the 
components of the framework in a regulatory setting and how the application of 
this framework can be used to develop robust conclusions of regulatory readiness 
for various NAMs. Some of these examples will include the evaluation and develop-
ment of estrogen and androgen computational pathways as alternatives to some 
OECD guidelines, an in vitro battery on developmental neurotoxicity, a QSAR for 
acute lethality known as CATMoS: Collaborative Acute Toxicity Modeling Suite, and 
3-dimensional human lung tissue models.

[ECD] 1099 Leader’s Digest: The Art of Scientific Leadership

A. Tukker. Purdue University, West Lafayette, IN.

Leadership development is becoming an increasingly important topic in academia, 
industry, and governmental organizations. We recognize that science does not take 
place in a vacuum, that scientists cannot do the work alone, and that skills such 
as communication, teamwork, and leadership are essential to bolstering innova-
tion and discovery in their field. In modern science, it is impossible to keep up 
with the incredible speed of scientific knowledge alone. Teams, collaborations, 
or even consortia are required to make the scientific breakthroughs for which we 
all strive. These collaborations can consist of people who come from the same 
institution and share the same background or mixed groups forming interdisci-
plinary collaborations. Collaborations can be formed voluntarily or are forced by 
funding agencies. Teams are structured within organizations in order to enhance 
the workflow. However, the teams are formed and whatever their consistency, 
their success relies on good scientific leadership. As we climb the professional 
ladder, we rely ever more on leadership skills. Yet, leadership development has 
never been a primary concern in scientific training. During (post-)graduate training, 
trainees learn how to be good researchers, but there is little focus on equipping 
them to be leaders. Development of leadership skills is considered an individual 
endeavor, and scientific leadership is seen as a role people acquire rather than an 
intentionally guided process. Nevertheless, leadership affects the whole team, not 
just the leader. Being a good scientific leader requires key skills. But what are these 
scientific leadership skills, and how do you acquire them? And do skills needed in 
academia also apply to government or industry work? How can scientific leaders 
create a positive and inspiring working environment? In sum, what key requirements 
and challenges enable effective leadership in science? The goal of this session is 
to answer these questions through presentations by established scientific leaders 
across distinct organizations and diverse backgrounds. While all session speakers 
began in academia and now work in a toxicology-related field, they have been 
appointed to a wide field of leadership positions in academia, government, industry, 

and science. Each speaker will reflect on their journey through the scientific leader-
ship field and how they became a scientific leader. They will present what their 
scientific leadership role entails and address what they see as key skills and key 
challenges in their current roles. Additionally, they will give tips and advice on how 
to acquire the necessary leadership skills. The individual talks will be followed by a 
panel discussion in which we can focus on the differences and similarities between 
the different fields of leadership. The extended discussion period will allow time for 
answering audience queries.

 1100 Breaking Down Barriers: Blood-Brain Barrier Model 
Development and Applications in Drug Safety

L. Lewis. Bristol-Myers Squibb Company, New Brunswick, NJ.

In drug development, central nervous system (CNS) toxicities represent a driving 
force behind dose-limiting toxicities and drug attrition rates, particularly with the 
advancement of new modalities (e.g., CAR Ts, T cell engagers, gene therapies). 
Specifically, disruption of the blood-brain barrier (BBB) can result in dose-limiting 
toxicities such as neurotoxicity. Given the importance of the BBB in drug develop-
ment, there is a growing need for advanced BBB models for safety assessment 
and for investigation into the mechanisms of these CNS-related toxicities. This 
session is designed to highlight novel research related to the development of BBB 
models and how they can contribute to evaluating safety liabilities. In addition, 
the investigation of BBB transport mechanisms, which can influence drug delivery 
as well as drug-mediated toxicities, will be discussed. This session will include 
presentations from five speakers who are actively engaged in novel BBB research. 
The first presenter will focus on the utility of 3D brain organotypic models as in vitro 
models to recapitulate the BBB in culture and serve as a next-generation screening 
approach for predicting CNS toxicity of environmental chemicals and drugs. The 
second presenter will discuss the development of new 2D and 3D co-culture strate-
gies in order to better understand molecular transport across the BBB and how 
these strategies can be used to evaluate barrier disruption and related toxicities. 
The third presenter will focus on the challenges faced during the development of 
CAR Ts and strategies for evaluating safety (e.g., ICANS, CRS) and efficacy for drug 
delivery to the brain. The next presentation will feature an industry perspective on 
the bioengineering of a novel therapeutic intended to cross the BBB, as well as 
considerations, challenges, and opportunities for BBB-related safety assessment. 
The final presenter will discuss the development of BBB in vitro models to serve as 
alternate methods to traditional toxicity and efficacy testing from a trans-agency 
perspective. Overall, the goal of this session is to examine the development of novel 
BBB models that can serve as tools to evaluate drug safety as well as elucidate 
toxicity mechanisms related to BBB disruption. Collectively, these BBB experts will 
offer key insights into model development and toxicity endpoints that are critical 
for effective characterization and validation of BBB platforms as screening tools. 
The ability to recapitulate key adverse events related to BBB disruption will signifi-
cantly impact safety strategies and help advance drug development across various 
modalities and therapeutic areas.

 1101 3D Brain Organotypic Models: From Simple Spheroids to Brain 
Organoid-on-Chip and Blood-Brain Barrier

L. Smirnova. Johns Hopkins University, Baltimore, MD.

The human brain is the most complex organ of our body and thus modeling 
a functioning human brain-on-a-dish presents a significant challenge. Recent 
advances of microphysiological systems address brain development, homeostasis, 
functionality, and diseases in more physiologically- and human-relevant conditions. 
Already, brain spheroids represent higher complexity, increased cell-to-cell interac-
tions, and prolonged shelf-life over monolayer cultures. This facilitates longitudi-
nal studies on chemicals affecting neural development, maturation, and lineage 
specification. Brain organoids allow us to investigate the histoarchitecture and 
cellular interactions of the brain including synaptogenesis and myelination, the 
latter of which is difficult to model with monolayer cultures. Using CRISPR/Cas9 
gene editing technology in iPSCs, we developed multi-fluorescent brain organoids 
to screen environmental chemicals and drugs in a complex, higher-throughput brain 
model using high-content imaging. To more closely replicate in vivo conditions, 
we introduced iPSC-derived microglia, immune cells of the brain, which allowed 
us to study not only their role in synaptogenesis but also neuroinflammation upon 
chemical exposure and viral infections. Finally, we established a Transwell system 
as a surrogate blood-brain barrier for neurotoxicity testing. Currently, we are focused 
on the development of a perfused brain organoid system with bioengineered 
channels to mimic the vascularization of the brain. This system can be combined 
with our recently developed 3D multi-electrode array platform, or organoid electro-
encephalogram (EEG). The organoid EEG platform allows not only recording but 
also stimulation of the organoids - a potential application for learning-on-a-dish.
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 1102 Engineered Human Blood-Brain Barrier Models to Understand 
Molecular Transport and Toxicology

E. Lippmann. Vanderbilt University, Nashville, TN. Sponsor: L. Lewis.

The blood-brain barrier (BBB), which is comprised of the brain microvascular 
endothelial cells (BMECs) that line brain capillaries, is a highly restrictive and 
selective interface that controls molecular transport between the bloodstream and 
central nervous system. To regulate import and export of diverse biomolecules, 
the BBB possesses a diverse cohort of membrane transporters with a wide array 
of substrate specificities. In general, it is extremely challenging to predict how 
well any given compound will be transported across the BBB. Further, studies of 
BBB permeability in vivo are laborious and low-throughput, and it is well accepted 
that BBB permeability in mice is not necessarily representative of that in humans 
(for example, due to relative differences in transporter expression and compound 
affinity for these transporters). For these reasons, interest in human in vitro BBB 
models has grown considerably in the last several decades. Although sources of 
human material were previously restricted to primary tissue isolates (which are 
not widely accessible) and immortalized cell lines (which do not exhibit robust BBB 
function), the advent of human induced pluripotent stem cell (iPSC) technology can 
now provide an unlimited source of material for constructing BBB models. In this 
presentation, I will describe my group’s development of protocols to differentiate 
iPSCs into BMEC-like cells and assembly of these cells with other neurovascular 
progenies into microphysiological BBB models. This talk will focus on the develop-
ment of new strategies involving CRISPR screening and molecular engineering of 
small molecule biosensors to better understand molecular transport, which has 
parallels for studying BBB penetration of potential toxicants.

 1103 Application of Blood-Brain Barrier Models in 
Preclinical Assessment of Glioblastoma-Targeting CAR 
T-Based Immunotherapies

A. Jezierski. National Research Council Canada, Ottawa, ON, Canada. Sponsor: L. Lewis.

Human blood-brain barrier (BBB) models derived from induced pluripotent stem 
cells (iPSCs) have become an important tool for discovery and preclinical evalua-
tion of central nervous system (CNS) targeting cell and gene-based therapies. 
Chimeric antigen receptor (CAR)-T cell therapy is a revolutionary form of gene-mod-
ified cell-based immunotherapy with potential for targeting solid tumors, such as 
glioblastomas. Crossing the BBB is an important step in the systemic application of 
CAR-T therapy for the treatment of glioblastomas and other CNS malignancies. In 
addition, even CAR-T therapies targeting non-CNS antigens such as the well-known 
CD19-CAR-T therapies, are known to trigger CNS side-effects including brain 
swelling due to BBB disruption. In this study, we used iPSC-derived brain endothe-
lial-like cell (iBEC) transwell co-culture model to assess BBB extravasation of 
CAR-T based immunotherapies targeting U87MG human glioblastoma (GBM) cells 
overexpressing the tumor-specific mutated protein EGFRvIII (U87vIII). Two types of 
anti-EGFRvIII targeting CAR-T cells with varying tonic signaling profiles (CAR-F263 
and CAR-F269) and control Mock T cells were applied on the luminal side of BBB 
model in vitro. CAR-F263 and CAR-F269 T cells triggered a decrease in transen-
dothelial electrical resistance (TEER) and an increase in permeability. CAR-T cell 
extravasation and U87vIII cytotoxicity were assessed from the abluminal compart-
ment using flow cytometry and IncuCyte real-time viability imaging, respectively. A 
significant decrease in U87vIII cell viability was observed over 48 hrs, with the most 
robust cytotoxicity response observed for the constitutively activated CAR-F263. 
CAR-F269 T cells showed a similar cytotoxic profile but were both approximately 
4-fold less efficient at killing the U87vIII cells compared to CAR-F263, despite 
similar transmigration rates. Visualization of CAR-T cell extravasation across the 
BBB was further confirmed using iBEC-on-CHIP models. The described BBB assay 
was able to discriminate cytotoxic efficacies of the different EGFRvIII-CARs and to 
provide a measure of potential alterations to BBB integrity. Collectively, we illustrate 
how BBB models in vitro can be a valuable tool in deciphering the mechanisms 
of CAR-T-induced BBB disruption, accompanying toxicity and effector function on 
post-barrier target cells.

 1104 An Industry Perspective: Engineering Therapeutics across the 
Blood-Brain Barrier

R. Meisner. Denali Therapeutics, South San Francisco, CA.

The human brain contains approximately 400 miles of blood vessels. These blood 
vessels are lined by closely linked endothelial cells to form the Blood-Brain Barrier 
(BBB), which protects the brain from toxicants by regulating the transfer of proteins, 
nutrients, and waste products. Delivering therapeutics across the BBB has been 
a major obstacle to successful drug development in neurodegeneration and is 
critical to enable effective treatments. Denali’s transport vehicle (TV) technology 
is based on a human IgG1 Fc engineered to bind to natural transport receptors, 
targets expressed on the surface of brain endothelial cells. The most well-stud-
ied BBB target for brain delivery is the transferrin receptor (TfR), which is highly 
expressed on brain endothelial cells and undergoes constitutive ligand-indepen-
dent endocytosis. Denali’s engineered Fc binds to TfR and delivers TV and its 

therapeutic cargo to the brain through receptor-mediated transcytosis. In animal 
models, antibodies and enzymes enabled by the TV technology demonstrate more 
than 10- to 30-fold greater brain exposure than similar antibodies and enzymes do 
without this technology. Denali Therapeutics is dedicated to defeating neurodegen-
erative diseases such as lysosomal storage diseases, ALS, FTD, Parkinson’s and 
Alzheimer’s disease. This presentation will focus on the preclinical risk assessment 
for novel CNS-penetrant biotherapeutics, engineered TVs that enable receptor-me-
diated transcytosis of large molecules such as antibodies, enzymes, proteins, and 
oligonucleotides across endothelial cells of the BBB after intravenous adminis-
tration. These TV molecules bring unique challenges and opportunities for safety 
evaluation and risk assessment. Strategies for key aspects of safety assessment 
will be addressed, including considerations for the selection of relevant toxicology 
species; the use of transgenic mouse models in toxicity assessments; duration of 
toxicology studies to support clinical development, age of preclinical species to 
adequately address risks to the target population; as well as considerations for 
drug abuse liability and reproductive toxicology.

 1105 Trans-agency Blood-Brain Interface Program: Opportunities and 
Challenges for Development of Platforms That More Closely 
Model the Human Blood-Brain Interface

M. Ochocinska. NIH, Bethesda, MD. Sponsor: L. Lewis.

The National Heart, Lung, and Blood Institute (NHLBI) in collaboration with the 
Department of Defense Joint Program Committee-6/Combat Casualty Care 
Research Program (JPC-6/CCCRP) has recently launched the Trans-Agency 
Blood-Brain Interface Program. The role of blood in the Blood-Brain Interface (BBI; 
e.g., blood-derived factors, blood-based biomarkers, circulating exosomes) in the 
pathogenesis of neurological disorders and brain injury states (e.g., brain trauma, 
stroke, amyotrophic lateral sclerosis, multiple sclerosis, and Alzheimer’s Disease) 
and the underlying neurovascular mechanisms are largely unknown and under-re-
searched. To address the challenges and opportunities confronting BBI transla-
tional researchers, this program was launched to support innovative projects with 
a substantial focus on the neurovascular-blood unit in normal and pathological 
states. Additionally, this initiative fosters collaborations between hematologists/
vascular experts, neuroscientists, and tissue chip developers to create enhanced/
modified platforms that more closely model the human blood-brain barrier (BBB). 
The blood component has been a critical research gap in BBB research and an 
improved, human-like BBB prototype/model would serve as an invaluable resource 
to the scientific community. Research addressing vascular, hemostatic, hemato-
poietic, and/or immune cell interaction across the BBI is of particular interest. This 
initiative will serve to develop the next generation of pre-clinical human cell culture 
model systems of the human BBB, redefining the neurovascular unit and stimulat-
ing the development of a new field of science to complement research currently 
based on animal models. This program aims to infuse the field with hematology, 
vascular, and circadian expertise to advance translational research by bringing 
the blood back to the BBB and facilitating the development of a more complete 
neurovascular-blood model with direct relevance to humans.

 1106 Challenges in the Development of In Vitro-In Vivo Extrapolation 
Models for Next Generation Risk Assessment

J. Wambaugh. US EPA, Research Triangle Park, NC.

Next-generation risk assessments (NGRA) are expected to rely on new approach 
methods (NAMs), which include human in vitro and in silico approaches for hazard 
identification and characterization. One key aspect for risk assessment is the 
derivation of a point of departure (PoD), which for NGRA might be derived by in vitro 
to in vivo extrapolation (IVIVE) from an in vitro benchmark concentration. Programs 
are working to advance NGRA methods in both the EU and the US. In the EU, the 
newly launched ONTOX program is developing a strategy to create innovative 
NAMs to predict systemic repeated dose toxicity effects, while the new program 
RISK-HUNT3R (short for Risk Assessment of Chemicals Integrating Human-Centric 
Next-Generation Testing Strategies Promoting the 3Rs) will develop, validate, and 
implement integrated approaches to lead the way toward NGRA. In the US, the 
Federal Tox21 and US EPA ToxCast and ExpoCast programs have similarly been 
working to develop a working NGRA to inform chemical safety decision-making. 
This session will begin with an overview of the NGRA framework recently developed 
for cosmetic ingredients and identify research gaps for greater implementation of 
NGRA with respect to IVIVE. The following presentations will address these IVIVE 
gaps. The IVIVE approach relies on two different types of information. Firstly, in 
vitro biokinetics modeling is used to define the free intracellular concentration of 
test substances in the in vitro test conditions. Different approaches to defining this 
concentration are under development in the EU and US. Second, this session will 
discuss generic physiologically based kinetic (PBK, also known by PBTK and PBPK) 
models parameterized using human in vitro inputs (e.g., for clearance, absorption, 
and binding) as part of NGRA. In this session, we will dicuss this particular type 
of PBK model that has been widely used in the pharmaceutical industry and its 
application in chemical risk assessment. Other specific topics covered will include 
PBK modeling for different barrier organs, such as lung, skin, and GI tract, and 
approaches to account for the disposition of metabolites within the PBK models. 
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The overall integration of NAM data into risk assessment is one of the most 
challenging aspects of NGRA. This session will also examine the current status of 
IVIVE for NAM integration.

 1107 The Next-Generation Risk Assessment Approach Developed by 
Cosmetic Europe and the Role of PBK Modeling

A. Najjar. Beiersdorf, Hamburg, Germany. Sponsor: J. Wambaugh.

Next Generation Risk Assessment (NGRA) of a chemical is a framework that 
integrates non-animal/new approach methodologies (NAMs) to ensure human 
safety of cosmetics ingredients without generating animal data. NGRA requires the 
extrapolation of in vitro points of departure (PoDs) to equivalent external exposures 
relevant to cosmetic exposure scenarios and following the Seurat-1 workflow 
published by Berggren et al. (2017). PBK modeling provides a means for translat-
ing in vitro concentration response relationships to in vivo dose-response relation-
ships in humans. The presented case study uses PBK modeling for reverse-do-
simetry of in vitro PoD on the estrogenic pathway for genistein and daidzein and 
considering relevant cosmetic exposure scenarios. The genistein PBK model was 
validated using in vivo kinetic data, which confirmed the ability to reproduce the 
observed kinetic parameters. Genistein was used as a read-across analogue to gain 
confidence in the developed PBK models for the target compound, daidzein. The 
current case study demonstrates the applicability and crucial role of PBK modelling 
in NGRA, as well as provides strategies for building valid PBK models without 
animal data using the read-across concept proposed by the OECD. Challenges to 
improve the predictive performance of the developed models will be addressed by 
subsequent presentations with respect to in vitro distribution (Proenca, Kramer, and 
Wambaugh) and PBK modeling (Gardner and Escher).

 1108 A Strategy to Optimize In Vitro Disposition Modeling for Next-
Generation Risk Assessment

N. Kramer1, and S. Proença2. 1Wageningen University and Research, Wageningen, 
Netherlands; and 2Universiteit Utrecht, Utrecht, Netherlands.

In vitro concentration-effect relationships are traditionally based on nominal concen-
trations, but this dose metric accurately reflects the concentration of the chemical 
causing toxicity in cells in vitro. The extent to which a chemical partitions into cells 
will depend on physicochemical properties and binding affinities to assay constit-
uents such as plastic, serum protein and cell lipids. As part of the ONTOX project, 
a gap analysis was performed to systematically evaluate and extend the chemical 
and assay applicability domain of in vitro disposition models for in vitro assays 
assessing molecular perturbations related to steatosis, cholestasis, develop-
mental neurotoxicity and tubular necrosis. A literature review was performed 
to compare the chemical and assay applicability domains of in vitro disposition 
models published in literature. Using artificial intelligence, a database has been 
constructed listing chemicals associated with the aforementioned ontologies and 
their physicochemical and kinetic properties. The database is used to analyze the 
chemical space of these chemicals and assess the extent to which they fit within 
the chemical and assay applicability domains of in vitro disposition models.

 1109 Challenges of In Vitro Disposition Modeling: First Insights from 
the Tox21 Project

J. Wambaugh. US EPA, Research Triangle Park, NC.

Next Generation Risk Assessment (NGRA) hinges on quantitative determination 
of surrogate points of departure (PODs) using in vitro-in vivo extrapolation (IVIVE). 
Understanding in vitro disposition is critical for IVIVE since the free, effective 
concentration might be a hundredth or a hundred times the nominal test concen-
tration. While mathematical models exist for predicting in vitro disposition from 
physico-chemical properties, the data for evaluating these predictions represent 
limited chemical structure diversity. The chemical library of the U.S. Federal Tox21 
screening program contains thousands of diverse chemicals. The Tox21 library 
has already been screened in concentration-response mode for diverse bioactiv-
ities using high-throughput in vitro assays. In some cases of PODs -- based on 
nominal in vitro tested concentration -- have been identified. This presentation will 
describe how Tox21 has been collecting new data characterizing in vitro disposition 
of sentinel chemicals to assess any differences between nominal and free concen-
tration. These data permit evaluation of a variety of mathematical models for in 
vitro disposition across a wider range of physico-chemical properties, including key 
chemical classes found in commerce and the environment. Accurate prediction of 
in vitro disposition will enhance the predictive power of quantitative NGRA.

 1110 Incorporating Metabolite Information into PBK Models for In 
Vitro to In Vivo Extrapolations

I. Gardner. Certara UK Limited, Sheffield, United Kingdom.

As physiologically based kinetic (PBK) models simulate the absorption, distribution, 
metabolism and excretion of a chemical through the body, they are well suited 
to extrapolate effect concentrations of chemicals from in vitro toxicity assays to 
human bioequivalent doses, an approach referred to as IVIVE. IVIVE-PBK models 
have been used extensively to describe the plasma and tissue concentration 
profiles of drugs and chemicals. Within the Riskhunt3r project (www.riskhunt3R.eu) 
different strategies have been investigated to produce IVIVE-PBK models for some 
exemplar compounds. This includes using only in silico estimates of model inputs 
compared to in vitro model inputs and a middle out approach whereby in vitro data 
and some human pharmacokinetic data were used to inform the PBK model input 
parameters. A second important objective of the work in this project was to investi-
gate approaches to include key metabolites into the PBK model. Some representa-
tive examples of parent and metabolite IVIVE-PBK models will be presented.

 1111 The Development of In Vitro Models of Barrier Organs for 
Parameterizing Next-Generation PBK Models

S. Escher. Fraunhofer Institute for Toxicology and Experimental Medicine, Hanover, 
Germany. Sponsor: J. Wambaugh.

Consumers and workers are exposed to chemical substances via different routes 
of exposure. Until now, risk assessment has often worked with default assess-
ment values to account for differences in toxicity between routes of absorption as 
compound-specific data on absorption and metabolism are often lacking. In the 
Riskhunt3r project, the extent of systemic absorption of (volatile) compounds in the 
respiratory tract, intestine and skin is investigated by using and developing innova-
tive in vitro models. Furthermore, the kinetics of relevant metabolites are quantified 
and this information is integrated into physiologically based kinetic (PBK) models 
to perform in vitro to in vivo dose extrapolations (IVIVE). To be able to quantify the 
uncertainty of the obtained prediction, Riskhunt3R develops the concept by using 
data rich case study compounds for which reference in vivo toxicokinetic data are 
available. Representative case study results will be presented.

 1112 A Current Perspective on Environmental Chemicals and Their 
Role in Initiating and Exacerbating Cardiovascular Disease

D. Carlin. NIEHS, Research Triangle Park, NC.

Pollution accounts for more than nine million premature deaths worldwide—out of 
which two-thirds of the deaths are attributed to exposure to environmental toxicants 
(e.g., volatile organic compounds [VOCs], metals/metalloids, environmentally 
persistent free radicals, particulate matter, and polycyclic aromatic hydrocarbons). 
These toxicants are abundant in water, automobile exhaust, wildfires, combustible 
products, and household chemicals. Copious amounts of these chemicals also 
are present at Superfund and other hazardous waste sites. These toxicants often 
target the heart and lungs. Studies over the last three decades have established a 
causal link between particulate matter exposure and cardiometabolic disease. Data 
from recent studies also suggest that environmental chemical exposures increase 
the risk for stroke, hypertension, and type 2 diabetes. More specifically, VOCs 
(e.g., acrolein and 1,3-butadiene), metals (e.g., cadmium and lead), and metalloids 
(e.g., arsenic) also increase the risk for vascular inflammation and atherosclero-
sis, which are the underlying causes of most cardiovascular disease. However, it 
is unclear how pollutants increase the incidence and severity of cardiovascular 
disease. Even less is known about how such exposures relate etiologically and 
mechanistically to disease development. This Symposium will assemble experts 
from diverse research programs (e.g., epidemiology, clinicians, mechanistic) in 
order to discuss the state-of-the-science pertaining to underlying complex biolog-
ical mechanisms/pathways associated with chemical exposure and cardiovascular 
disease. In addition, this session will cover other areas requiring further attention, 
including a look into the effect of nonchemical stressors (e.g., socio-economic, 
physical, psychological, lifestyle, and poor nutrition), novel mechanistic pathways 
and assays used to determine cardiovascular toxicity effects, and target areas for 
potential preventative and therapeutic strategies.

 1113 Harmony between the Lung and the Heart: Codependent 
Responses to Pollution

V. Antony. University of Alabama at Birmingham, Birmingham, AL.

Cardiopulmonary disease secondary to environmental insults is well recognized 
and accepted. It is recognized that all-cause mortality of the population of Medicare 
age is directly proportional to PM 2.5 exposure even below the EPA accepted levels, 
irrespective of smoking history. The underlying causes are linked to both pulmonary 
and cardiac disease. While cardiac disease and strokes remain the primary cause 
of mortality in the US, Chronic Obstructive Pulmonary Disease (COPD) is the third 
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largest cause of death world-wide and is a significant co-morbid condition in 
both myocardial infarctions and strokes which are caused by tissue hypoxia in 
the relevant organ system. Exposure to pollutants causes exacerbation of airway 
diseases such as COPD and asthma leading to hypoxemia which, in turn, can lead 
to increased risk of myocardial hypoxia as well as an increased risk for strokes. 
We have recently shown that increases in procoagulant molecules by exposure 
to air pollutants serve as biomarkers of COPD secondary to heavy metal (HM) 
exposure and a hypercoagulable state also predisposes humans to myocardial 
infarctions and stroke. Pollutants not only cause exacerbation of underlying lung 
disease but also may be the primary cause of lung disease. Cadmium (Cd), a HM in 
cigarette smoke (which may contain 2-3 micrograms of Cd) is a common pollutant 
from coal fired power plants and coke furnaces and has an in vivo half-life of 25 
years. Cd causes COPD as well as exacerbation to a procoagulant state with higher 
levels of fibrinogen/fibrin in the blood and lungs. Pulmonary artery hypertension 
(PAH), which can occur secondary to lung diseases mentioned above, leads to right 
atrial enlargement and heart failure and can also be caused by direct exposure to 
certain environmental pollutants such as monocrotaline. In summary, the heart 
and the lung are directly linked anatomically and in their responses to pollutants. 
These links are also physiological, where an insult to one organ is reciprocated 
in the other. Understanding these links will help us better develop strategies and 
therapeutic modalities to address both.

 1114 Air-Blood Interface as a Critical Mediator of the Cardiovascular 
Toxicity of Particulate Matter and Potentially Other 
Inhalation Exposures

T. Dugas. Louisiana State University, Baton Rouge, LA.

Inhalation of particulate matter air pollution has been linked to increased risk of 
death due to cardiovascular disease. Epidemiologic linkages between inhalation 
exposures and cardiovascular disease are well-known, but mechanisms for this 
pathogenesis remain poorly understood. Early reports correlated inhaled exposures 
with both pulmonary and systemic inflammation, the latter of which is known 
to promote vascular inflammation and by extension, vascular diseases such as 
atherosclerosis. However, recent studies utilizing particles of smaller sizes and 
doses suggest that PM-induced vascular dysfunction can occur absent cellular 
inflammation or circulating cytokines. The air–blood interface in the lung, i.e., the 
alveolar-capillary barrier, is a critical location where gas exchange occurs and 
where blood vessels and pulmonary cells interact. The cells that comprise the 
air-blood interface may thus be a source of mediators released systemically to 
impact vascular function downstream of the lung. Our laboratory has shown that 
endothelin–1 (ET–1) level in the plasma is a sensitive biomarker for PM exposure 
and PM-induced vascular dysfunction. The lung is a rich source of ET-1 produc-
tion, and in rodent models, pulmonary ET-1 release has been shown correlated 
with the severity of heart failure. However, systemically released ET-1 is only one 
possible mediator of vascular dysfunction secondary to inhalation exposures. 
Other potential mediators include microRNAs and metabolites of biomolecules. 
For example, pulmonary oxidative stress leads to the production of lipid and protein 
oxidation products that may be transported to impact cell signaling downstream 
of the lung. This symposium will review recent literature and potential systemic 
mediators that may link inhalation exposures with the initiation or exacerbation of 
vascular disease distal to pulmonary vascular beds.

 1115 Air Particulate Matter, Gut Dysbiosis, and 
Cardiometabolic Toxicity

J. Araujo. University of California Los Angeles, Los Angeles, CA.

A large body of evidence supports the causal link between particulate matter 
(PM) exposure with atherosclerosis and various metabolic endpoints including 
insulin resistance, diabetes, and fatty liver disease, suggesting an intersection 
between metabolic and cardiovascular toxicity. However, the precise pathogenic 
mechanisms remain unknown. We are investigating whether exposure to PM 
results in changes in gut microbiota composition, and if these changes could 
causally mediate the development of cardiometabolic health effects using various 
animal models and PM exposure modalities. In particular, we have assessed the 
effects of exposure to diesel exhaust on lipid metabolism in mice through assess-
ment of plasma lipids and lipoproteins, oxidized fatty acids 9-HODE and 13-HODE. 
ApoE KO mice exposed to inhaled diesel exhaust (DE, 6 hours/day, 5 days/week for 
16 weeks) exhibited elevated plasma cholesterol and triglyceride levels, increased 
hepatic triglyceride content and higher hepatic levels of 9-HODE and 13-HODE, as 
compared with control mice treated with filtered air (FA). 16S sequencing of the 
cecum exhibited statistically significant differences in the abundance of bacterial 
taxa, as well as alpha and beta diversity indices of the DE-exposed gut microbiome 
vs. FA (p<0.05). There were significant positive associations between these cecum 
bacterial species and plasma and hepatic lipids. Furthermore, DE-exposed mice had 
significantly elevated mRNA and protein levels of hepatic 12-lipoxygenase (12-LO). 
Interestingly, DE-exposed mice showed markedly reduced fecal acetate levels that 
significantly associated with lipids and cecal microbiome. A direct effect of short 
chain fatty acids on hepatocytes was observed after treatment of HepG2 cells with 
whole DE particles (DEP) together with acetate, which significantly inhibited 12-LO 

mRNA expression as compared to DEP alone. Overall, these data suggests that DE 
could have induced changes in the hepatic content of oxidized lipids via induction 
of gut dysbiosis and decreased intestinal levels of acetate, resulting in decreased 
protection against lipid oxidation. On-going work with other experimental exposure 
models is being conducted to determine if PM-induced gut dysbiosis is also associ-
ated with the induction of other cardiometabolic health effects.

 1116 Metallomics and Cardiovascular Health: Opportunities for 
Prevention and Intervention

A. Navas-Acien. Columbia University, New York, NY. Sponsor: D. Carlin.

Arsenic, cadmium and lead are established risk factors for cardiovascular disease 
of atherosclerotic origin. For other metals, the evidence is growing. Numerous 
disadvantaged communities around the US, including Native American communi-
ties, are disproportionately exposed to metals through natural and anthropo-
logical sources. Evidence supports that arsenic, cadmium and other metals are 
related to increased left ventricular wall thickness and left ventricular hypertrophy 
in young adults, as assessed using transthoracic echocardiography at baseline 
and follow-up, as well as with clinical outcomes (coronary heart disease, strong, 
heart failure) in older adults. Given these epidemiological findings, which are 
supported by experimental and mechanistic research, interventions are needed 
to protect these communities from the vascular effects of metal exposures. For 
short half-life metals, such as arsenic and uranium, removing them from drinking 
water, as implemented by the Strong Heart Water Study, can improve vascular 
health. For metals with long half-lives, such as cadmium and lead, new strate-
gies are needed. Evidence from the Trial to Assess Chelation Therapy (TACT) has 
shown that divalent metal chelation can prevent cardiovascular disease, providing 
a new powerful strategy for cardiovascular health. Metal chelation could become 
a new pharmacotherapy to reduce metal and cardiovascular disease burden. 
Toxicological research can further investigate mechanisms for the cardiovascular 
benefits of metal chelation.

 1117 The Disheartening Role of Volatile Organic Compounds in 
Cardiopulmonary Disease

S. Srivastava. University of Louisville, Louisville, KY.

Volatile organic compounds (VOCs) are a class of toxicants abundant in indoor 
and outdoor air. Major sources of VOCs include petroleum products, industrial 
solvents, tobacco smoke, wildfire, and a variety of household products. VOCs 
such as trichloroethylene, benzene, acrolein, xylene and butadiene are also major 
chemicals of concern at most Superfund sites because exposure to these VOCs 
could have a variety of adverse health effects including type 2 diabetes (T2D) and 
stroke. Emerging data also suggest that benzene exposure could be a risk factor 
for heart failure. Our pre-clinical and population-based studies suggest that chronic 
exposure to VOCs could increase blood pressure, inflict vascular injury, acceler-
ate atherosclerosis, and promote cardiac dysfunction. Most of these unfavorable 
health effects are promoted by VOC-induced endothelial toxicity. Mechanistic 
studies indicate that exposure to VOCs such as benzene and acrolein augment the 
transcription of stress response genes, promote endoplasmic reticulum (ER) stress, 
and trigger the unfolded protein response (UPR) in endothelial cells. The presenta-
tion will discuss how pharmaceutical and genetic manipulation of these pathways 
regulate VOC-induced endothelial functions, atherogenesis, and heart failure.

 1118 Continuing toward Best Practices in Organizing, Assessing, 
and Applying Mechanistic Data in Hazard Characterization and 
Risk Assessment

D. Wikoff. ToxStrategies Inc., Asheville, NC.

A well-attended and highly interactive workshop during the 2022 SOT Annual 
Meeting assembled scientists knowledgeable in the consideration and applica-
tion of key characteristics and mechanistic pathway constructs, namely mode 
of action (MOA) and adverse outcome pathway (AOP). Presentations and lively 
discussion highlighted misunderstandings regarding appropriate application of 
these complementary constructs that are used to organize and assess mechanistic 
data. Audience participation led to helpful suggestions and a collective commit-
ment to also consider principles of good practice for their application in hazard 
characterization and risk assessment based on increasing understanding of their 
interface and overlap. This Workshop Session seeks to carry this momentum 
into the 2023 meeting with the objective of advancing discussion to inform the 
development of best practices for organizing, assessing, and applying mechanistic 
data in hazard characterization and risk assessment. MOAs and AOPs integrate 
mechanistic information in pathways based on key events and key event relation-
ships across levels of biological organization in order to link exposure to specific 
adverse effects. As will be addressed in the first presentations, key events 
represent nodes of convergence of mechanistic pathways that are measurable 
and informative for predictive inference and regulatory application, including the 
use of new approach methodologies. AOPs and MOAs serve, then, as convenient 
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organizational and integrating constructs for mechanistic information from a 
range of sources, including computational predictive models, data generated in 
vitro, in vivo regulatory toxicological studies, and epidemiological investigations. 
This pathway-based integration, in turn, provides important information regarding 
plausibility, human relevance, and consistency with anticipated patterns of dose-re-
sponse. More recently introduced key characteristics facilitate systematic identifi-
cation and organization of mechanistic evidence into categories of activity. Rather 
than being characterized by levels of biological organization, they are based on 
empirical associations between chemical and biological properties and human 
disease outcome (e.g., cancer, reproductive effects). In some cases, this has led 
to the perception that they are checkbox markers of an effect, which was a key 
discussion point raised by audience members at the 2022 session. As part of the 
session, a 65-minute discussion will foster engagement of session participants in 
a continued evaluation aimed at improving common understanding of the nature 
of the interface between and among these constructs. It also serves as a platform 
for sharing experiences with application and recommending components of best 
practice. Next steps in considering best practices in organizing, assessing, and 
applying mechanistic data will be outlined, including a SciPinion poll, which will be 
used to gather information from all interested parties.

 1119 Evolution and Status: Application of Mechanistic Data in 
Hazard Characterization

M. Whelan. European Commission Joint Research Centre, Ispra, Italy.  
Sponsor: D. Wikoff.

Since the late 1990’s, the World Health Organization (WHO) International Program 
on Chemical Safety (IPSC) has developed and evolved the Mode of Action (MoA) 
framework, to consider the incorporation of mechanistic data in the assessment 
of both cancer and non-cancer effects and their human relevance based princi-
pally on data from toxicological studies in animals. This framework has been 
adopted broadly internationally with much experience gained in the consideration 
of the adequacy of support of mechanistic hypotheses for observed effects. The 
Organization for Economic Cooperation and Development (OECD) framework and 
program for the development of Adverse Outcome Pathway (AOP)s introduced 
more recently (2012) builds on this experience, to advance the application 
of mechanistic data to inform predictive inference in regulatory application. 
Descriptions of chemical agnostic toxicodynamic pathways of key events at differ-
ent levels of biological organization are formalized in a public knowledge base to 
support chemical specific regulatory applications such as MOA analysis and more 
mechanistically based integrated approaches to testing and assessment (IATA). 
Experience in the OECD program engaging both the human health and ecologi-
cal communities and interface with the regulatory community has evolved greater 
common understanding and resulting advancement of the development and 
application of mechanistic data. Perspective on the appropriate reliance/contri-
bution of mechanistic data in hazard characterization based on this progress is 
provided. Collective learnings from engaged communities based on this experience 
is also presented, with a view to considering the implications for best practice of 
learnings for better integration of mechanistic constructs such as AOP, MOA and 
key characteristics, adopted by the International Agency for Research on Cancer in 
hazard identification for carcinogens.

 1120 Mechanistic Information Evaluation in the Report on 
Carcinogens: From Key Characteristics of Carcinogens 
and Mechanistic Questions to How Deep to Dive and Study 
Evaluation-to-Evidence Synthesis

A. Wang. NIEHS, Research Triangle Park, NC.

In cancer hazard evaluation for potential listing in the Report on Carcinogens 
(RoC), we have used key characteristics of carcinogens (KCCs) to help search 
and organize publications of diverse mechanistic studies on substances under 
evaluation. Studies met the inclusion criteria, sometimes in tens of thousands in an 
assessment, are labeled/tagged with relevant KCC(s) and other features (e.g., study 
types and substances) by human reviewers assisted by artificial intelligence. With 
this overview of available information, we can ask specific mechanistic questions 
(which may be related to one or multiple KCC(s), a specific hypothesis, or read 
cross) and evaluate the information by questions. To balance practicality and the 
desire of in-depth evaluation of all included studies, we established a process to 
determine “how deep to dive” for studies related to each mechanistic question and 
whether to analyze “raw” data from repositories (e.g., -omic data). For example, 
if a mechanistic question is controversial or the evaluation will heavily depend 
on a few more informative studies for one mechanistic question, these studies 
will be evaluated for risk of bias and study sensitivity, while other studies may be 
narratively evaluated. We evaluate the strength of evidence for each mechanistic 
question and synthesize the evidence across mechanistic questions to conclude 
overall mechanism knowledge and biological plausibility. The results of mechanis-
tic information evaluation are integrated with cancer evidence from exposure 
humans and animals for recommendation of a listing status in RoC. We continue to 
improve the approach and tools for cancer mechanistic information evaluation and 
welcome your input.

 1121 Proposal for Moving toward Best Practice

D. Wikoff1, and B. Meek2. 1ToxStrategies Inc., Asheville, NC; and 2University of Ottawa, 
Ottawa, ON, Canada.

The last presentation in this session will involve the proposal of possible options 
for moving towards best practices in utilizing NAMs and organizing, assessing, and 
applying mechanistic data in hazard characterization and risk assessment, building 
upon discussions in the evolution of the session proposal. An initial proposal for 
discussion will consider next steps based on bridging of apparent misunderstand-
ings identified in the 2022 workshop and receipt of continuing input, structured 
in a series of interactive sessions at related scientific meetings. It will also take 
into account increasing knowledge of the interrelationships of mechanistic 
constructs such as KCs and pathway-based approaches and increasing experience 
in their broad application. Initial proposals will build on transparent, evidence-based 
methods and evolving best practice in the integration and application of pathway-
based approaches. It is anticipated that a stepwise approach for best practices to 
draw maximally on the strengths of existing constructs can be used as a concrete 
starting place for discussion: 1.Key characteristics to help design search strategies 
and organization of existing mechanistic information, and priorities for additional 
screening by NAMs and/or development of IATAs2.Determination of how individ-
ual studies or activity related to a single key characteristics might be used to 
inform decision-making, depending on the nature and reliability of the assay(s) and 
purpose of the assessment3.Best practices in use of key characteristic concepts 
involving consideration of biologically plausible pathways

 1122 Developing Human-Relevant New Approach Methodologies to 
Measure Key Events in Pulmonary Adverse Outcomes: Focus on 
Chronic Endpoints

H. Behrsing. Institute for In Vitro Sciences Inc., Gaithersburg, MD.

The development of new approach methodologies (NAMs) that provide mechanis-
tic insight into pathophysiology creates an unprecedented opportunity to generate 
human-specific test methods for regulatory toxicology—a significant unmet need 
in pulmonary toxicology due to unresolvable species differences between humans 
and test animals. To facilitate the development and adoption of NAMs that are 
fit to protect human health, a clear understanding of how key events upstream of 
pulmonary adverse outcome pathways (AOPs) in humans can be measured and/or 
predicted in vitro and in silico is needed. This Workshop will leverage the knowledge 
derived from human clinical assessments as drivers for establishing quantitative 
metrics for key event detection and evaluation using NAMs. The Chair will open 
the session with a brief welcome and review of the Workshop’s focus: highlighting 
opportunities for ongoing development of human-relevant NAMs for pulmonary 
AOPs resulting from inflammatory key events. The first speaker will outline the 
quantifiable clinical manifestations of pulmonary fibrosis. Current findings 
on relevant clinical biomarkers used to inform the development of human-rele-
vant NAMs for this chronic endpoint will be presented. The next talk will provide 
insights into the aetiology and clinical signs of respiratory sensitization, also known 
as allergic asthma. The third speaker will focus on biomarkers of inflammatory 
processes that are measured with a three-dimensional alveolar in vitro test system 
designed for respiratory sensitization using human cell lines. The fourth speaker 
will discuss the use of precision-cut lung slices for measurement of inflammation 
and other key events leading to sensitization and fibrosis. The fifth speaker will 
describe an innovative in vitro model system that mimics human airway physiology 
and accurate control of breathing flow conditions. The final portion of the workshop 
will feature an interactive roundtable that will include a moderated discussion 
on the status of current NAMs in order to address regulatory needs for chronic 
exposures, including exposure-threshold benchmarks based on clinical manifesta-
tions. This Workshop will provide an overview of clinical pulmonary pathophysiol-
ogy and describe several NAMs in development that will be used to inform chemical 
risk assessment. Several highly relevant inflammatory disease aetiologies will 
be reviewed from both a clinical perspective and a NAMs application standpoint. 
Available approaches used to detect key events outlined in current AOPs also will 
be discussed. Next steps for characterizing the quantitative relationships between 
pulmonary AOPs and upstream inflammatory key events will be the primary focus 
of the discussion.

 1123 Pathologic Processes of Idiopathic Pulmonary Fibrosis 
Provide Guidance for Key Event Detection in New 
Approach Methodologies

K. Amin. University of Minnesota Medical School, Minneapolis, MN. Sponsor: J. Ponder.

Idiopathic pulmonary fibrosis (IPF) is a prototype of fibrotic lung diseases that 
exhibits the histologic pattern known as usual interstitial pneumonia. The fibrotic 
lung diseases develop as an adverse outcome from a variety of toxic insults to 
the lung that include chemical stressors (e.g. inhaled pollutants, off-target effects 
of chemotherapeutics, etc.). Clinical insight shows that specific types of tissue 
responses are dependent on multiple host factors including age, genetic suscep-
tibility, and environmental factors. The resulting histopathological changes in the 
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lung can be diverse with overlapping features, characterized by varying degrees 
of inflammation and fibrosis. Although animal models for lung fibrosis have been 
developed, they do not accurately recapitulate and predict the response of human 
lung tissue to various insults. However, with numerous molecules involved in the 
Key Events of fibrosis (which include alveolar epithelial cell injury, fibroproliferation 
and matrix remodeling) having been identified as potential biomarkers, appropriate 
new approach methodologies capable of reproducing these molecular responses 
may provide insights to IPF disease progression. Certain genes such as TOLLIP, 
MUC5B, associated with a differential response to treatment and with the develop-
ment and/or the prognosis of IPF look promising, and may be informative for the 
development of NAMs. Additionally, the bacterial signature in IPF lungs, as shown 
from microbiome analyses, as well as mitochondrial DNA seem to have promis-
ing roles as biomarkers. Of the current pulmonary test systems available, human 
precision-cut lung slices (PCLS) offer native architecture and contain all the cell 
types at the time of slicing, including those associated with KE following pro-fi-
brotic pathway initiation. With recently developed human PCLS cryopreservation 
techniques and demonstrated long term culture, the KE associated with the IPF 
adverse outcome can be explored using human lung tissue. The development of 
such New Approach Methodologies can significantly enhance our understanding of 
the condition, leading to mechanistic discoveries to inform patient therapy as well 
as test methods to predict the fibrotic potential of chemicals and other stressors.

 1124 Pathophysiology of Respiratory Sensitization: Use of Clinical 
Hallmarks Combined with Adverse Outcome Pathway to Inform 
the Development of New Approach Methodologies to Identify 
Chemical Respiratory Allergens

R. Rajagopal. Unilever, Bedford, United Kingdom. Sponsor: J. Ponder.

Respiratory sensitisation upon exposure to low molecular weight (LMW) chemicals 
is a significant occupational health problem in several industries and is also of 
concern in the use of certain consumer products. Under the umbrella of occupa-
tional asthma, there are two broad classes of mechanisms that can result in 
hypersensitivity of the airways, often presenting with similar symptoms of cough, 
wheeze, shortness of breath and/or chest tightness. As it is difficult to tease out 
immune-mediated respiratory sensitisation from the non-immunological irritation 
based only on the outward symptoms and regulatory requirements rely on the 
respiratory symptoms alone for classification, this has implications on over-regu-
lation of compounds as well as clinical management of the disease. An adverse 
outcome pathway (AOP) for immune-mediated respiratory sensitization by LMW 
chemicals clearly describes the key events (KEs) triggered upon exposure to a 
stressor that can lead to the adverse outcome of asthma. In this presentation, we 
review the main clinical inquiries and testing done to diagnose allergic asthma 
and align them to the KEs in the AOP. In addition, key considerations in the form 
of a scoring matrix, to bear in mind while using the clinical data, along with the 
importance of considering history and routes of exposure to the LMW chemical 
are outlined. Finally, using the AOP as guidance, we summarise how in vitro new 
approach methodologies or NAMs data can be combined with clinical hallmarks to 
enable identification of true chemical respiratory allergens.

 1125 An In Vitro Alveolar Co-culture Model to Discriminate 
Respiratory Irritants and Sensitizers

S. Burla. Luxembourg Institute of Science and Technology, Esch-sur-Alzette, 
Luxembourg. Sponsor: J. Ponder.

Reactive electrophiles are a significant inhalation hazard in consumer products 
and occupational settings. Such chemicals can lead to irritation of the respiratory 
tract as well as allergic pathologies. For the latter, still no validated in vivo or in vitro 
methods exists for a precise classification of respiratory sensitizers. To address 
this unmet need, and to provide a platform for investigating the human-specific 
mechanistic pathways of pulmonary irritation and sensitization, we have developed 
an in vitro model that mimics the alveolar-capillary barrier. This 3D alveolar in vitro 
test system designed is built on the microporous membrane of cell culture inserts, 
using human cell lines: alveolar type II pneumocytes-A549, endothelial-EA.hy926 
and monocytic leukaemia-THP-1 cells.The test system was exposed at the air-liq-
uid-interface (ALI) to known low-molecular weight chemical respiratory sensitizers 
and non-sensitizing pulmonary irritants, and the expression of CD54, CD86 and 
TSLPr cell surface markers on THP-1 cells was measured by flow cytometry.The 
obtained data show that the test system can discriminate respiratory sensitizers 
from non-sensitizers. Additionally, tested pro-haptens were correctly identified 
as respiratory sensitizers, chemicals classified as false negatives by other new 
approach methodologies for respiratory sensitization evaluation. This work contrib-
utes to the understanding of respiratory adverse outcomes and supports the need 
for further testing of chemicals able to elicit an allergic response.

 1126 Human Precision-Cut Lung Slices to Study Key Events 
Associated with Respiratory AOPs

V. Patel. Institute for In Vitro Sciences Inc., Gaithersburg, MD.

Human precision-cut lung slices (PCLS) offer a human-relevant ex vivo test system 
consisting of lung cells like dendritic cells, T cells, macrophages, airway epithelial 
cells, and endothelial cells present in native lung 3D architecture. The PCLS can 
be generated from a normal or diseased (e.g., asthmatic, fibrotic) human lung and 
can be used to study mechanisms involved in various pulmonary diseases. When 
exposed to stimulants, the PCLS produce robust immune responses including 
gene pathway activation, inflammatory cytokine/chemokine release, and immune 
cell activation. Exposure induced airway contraction/relaxation and extracellular 
matrix deposition can also be determined using PCLS. These characteristics make 
human PCLS an ideal candidate test system to study pulmonary diseases (such as 
sensitization and fibrosis) associated key events like activation of pro- or anti-in-
flammatory markers (e.g., cytokines, chemokines, and growth factors), activation 
of protective pathways (e.g., Nrf2 activation, collagen deposition), oxidative stress 
(e.g., glutathione levels), as well as activation of immune cells (e.g., dendritic cells 
and macrophages).

 1127 Quantitative Analysis of Particle Disposition Using Bioinspired 
Engineered Systems

K. Benam. University of Pittsburgh, Pittsburgh, PA.

Accurately modelling the effects of particle distribution in the human airway is 
critical to understanding the toxicity of exposure to chemicals and mixtures in 
particulate matter. In this talk, Dr. Benam will present on application of tissue 
microengineering Organ-on-a-Chip technology to create a ‘Human Lung Small 
Airway-on-a-Chip’ which supports full differentiation of pseudostratified mucocili-
ary bronchiolar epithelia from normal or diseased donors underlined by a functional 
microvascular endothelium. Dr. Benam will next describe a state-of-the-art in 
vitro model system that permits analysis of the effects of whole cigarette smoke 
delivered under physiologically relevant flow conditions that mimic breathing on 
the pathophysiology of differentiated human mucociliated bronchiolar epithelium 
cultured in a microfluidic ‘Airway-on-a-Chip’. The automated smoking instrument 
provides control over key parameters of smoking behavior including puff time, 
inter-puff interval and number of puffs per cigarette, which have been shown to be 
critical contributors to smoke-induced injury in humans. In addition, Dr. Benam will 
present Human Vaping Mimetic Real-Time Particle Analyzer (HUMITIPAA). Vitamin 
E acetate (VEA) has been strongly linked to outbreak of EC or vaping product use-as-
sociated lung injury (EVALI). How VEA leads to such an unexpected morbidity and 
mortality is currently unknown. To understand whether VEA impacts the disposi-
tion profile of inhaled particles, Dr. Benam and his team created a biologically 
inspired robotic system that quantitatively analyzes submicron and microparticles 
generated from ECs in real-time while mimicking clinically relevant breathing and 
vaping topography exactly as happens in humans. They observed that the addition 
of even small quantities of VEA was sufficient to alter size distribution and signifi-
cantly enhance total particles inhaled from ECs. Moreover, they demonstrated 
the utility of the biomimetic robot for studying influence of nicotine and breathing 
profiles from obstructive and restrictive lung disorders. This new non-living platform 
offers potential to serve as a novel preclinical scientific research, decision-support 
tool when insight into toxicological impact of modifications in ENDS is desired. Dr. 
Benam will conclude the lecture by discussing challenges in the field to be tackled 
and some ideas for future directions.

 1128 How to Be an Active Ally and Upstander for Promoting an 
Inclusive Environment in Toxicology

D. Pizzurro. Merck & Co. Inc., Boston, MA.

Unconscious bias and microaggressions impact the workplace, interactions with 
colleagues, and productivity. Left unexamined, these biases can affect decision-mak-
ing processes and how toxicologists conduct research or work effectively at their 
jobs. This Workshop will invite participants to engage in a respectful environment 
where they can learn about the concept and impacts of implicit biases, how to 
identify and recognize microaggressions and other hostile behaviors, and certain 
tools to support colleagues in difficult situations. Several examples will be shared 
on how unconscious bias can appear in our work and everyday decisions and 
negatively impact marginalized groups in STEM. Most importantly, the Workshop 
will describe concrete, specific strategies and provide resources individuals can 
use to minimize the effects of implicit bias and become an active ally in promoting 
a positive workplace climate. The session will consist of an interactive presentation 
and training followed by a panel discussion with toxicologists in various sectors 
and career stages sharing their experiences and highlighting areas for ally engage-
ment. Overall, the session will provide resources and strategies to empower partic-
ipants to recognize unconscious bias and microaggressions and become active 
supporters in promoting a positive workplace climate.
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 1129 Implicit Biases: Why We Have Them, How They Impact STEM, 
and Strategies to Tackle Them in the Workplace—Part 1: 
Unconscious Biases/Microaggressions

M. Hastings. Brown University, Providence, RI. Sponsor: D. Pizzurro.

The interactive training will be provided by Dr. Meredith Hastings, who is a Professor 
in the Department of Earth, Environmental, and Planetary Sciences at Brown 
University and serves as Deputy Director of the Institute at Brown for Environment 
and Society, an interdisciplinary research center focused on understanding interac-
tions between natural, human and social systems. The training will be composed 
of (1) lecture/presentation introducing concepts (and define terms) of microag-
gression and biases in the workplace, and (2) interactive discussion of scenarios 
and instances for bystander intervention and allyship in cases of biases, such as 
racism, homophobia, and gender discrimination. Ultimately, this training/workshop 
will equip attendees with skills to recognize ways in which exclusionary behaviors 
manifest in different research settings and how they are experienced by people 
of different gender, racial, ethnic and other identities and to implement direct and 
indirect behaviors to intervene in the situation of microaggression and biases. 
Below is the detailed breakdown of Dr. Meredith’s training. In part 1, Dr. Hastings 
will introduce the concept of implicit bias and microaggressions. The participants 
will learn about (1) the science behind implicit bias, including how it was discovered 
and how we measure it; (2) different types of microaggressions and who experi-
ences them. During this part of the session, the participants will also be encouraged 
to complete a short self-identity exercise, which is to be shared and discussed 
only voluntarily.

 1130 Implicit Biases: Why We Have Them, How They Impact 
STEM, and Strategies to Tackle Them in the Workplace—
Part 2: How Implicit Bias and Microaggressions Impact the 
STEM Community

M. Hastings. Brown University, Providence, RI. Sponsor: D. Pizzurro.

The interactive training will be provided by Dr. Meredith Hastings, who is a Professor 
in the Department of Earth, Environmental, and Planetary Sciences at Brown 
University and serves as Deputy Director of the Institute at Brown for Environment 
and Society, an interdisciplinary research center focused on understanding interac-
tions between natural, human and social systems. The training will be composed 
of (1) lecture/presentation introducing concepts (and define terms) of microag-
gression and biases in the workplace, and (2) interactive discussion of scenarios 
and instances for bystander intervention and allyship in cases of biases, such as 
racism, homophobia, and gender discrimination. Ultimately, this training/workshop 
will equip attendees with skills to recognize ways in which exclusionary behaviors 
manifest in different research settings and how they are experienced by people 
of different gender, racial, ethnic and other identities and to implement direct and 
indirect behaviors to intervene in the situation of microaggression and biases. 
Following is a detailed breakdown of Dr. Meredith’s training. The second part will 
consist of a presentation by Dr. Hastings discussing how implicit bias and microag-
gressions impact members of the STEM community. This presentation will be 
followed by an interactive discussions related to strategies that can help minimize 
the impacts of implicit bias and microaggressions in the workplace. The partici-
pants will be encouraged to share out their experiences and thoughts.

 1131 Implicit Biases: Why We Have Them, How They Impact STEM, 
and Strategies to Tackle Them in the Workplace—Part 3: 
Promoting Positive Workplace Climate

M. Hastings. Brown University, Providence, RI. Sponsor: D. Pizzurro.

The interactive training will be provided by Dr. Meredith Hastings, who is a Professor 
in the Department of Earth, Environmental, and Planetary Sciences at Brown 
University and serves as Deputy Director of the Institute at Brown for Environment 
and Society, an interdisciplinary research center focused on understanding interac-
tions between natural, human and social systems. The training will be composed 
of (1) lecture/presentation introducing concepts (and define terms) of microag-
gression and biases in the workplace, and (2) interactive discussion of scenarios 
and instances for bystander intervention and allyship in cases of biases, such as 
racism, homophobia, and gender discrimination. Ultimately, this training/workshop 
will equip attendees with skills to recognize ways in which exclusionary behaviors 
manifest in different research settings and how they are experienced by people 
of different gender, racial, ethnic and other identities and to implement direct and 
indirect behaviors to intervene in the situation of microaggression and biases. 
Below is the detailed breakdown of Dr. Meredith’s training. In Part 3, Dr. Hastings 
will present on the ways to identify and respond to microaggressions, using case 
studies. She will also discuss tools and strategies to minimize the impacts of 
implicit bias and microaggressions and foster a positive workplace environment.

 1132 Establishing Confidence in New Approach Methods for Human 
Health Risk Assessment: Recent Examples of Context of Use

S. Fitzpatrick. US FDA, College Park, MD.

For most regulatory-based human health risk assessments, animal testing is 
the preferred database. New approach methods (NAMs) are technologies and 
approaches, including computational modeling, in vitro assays, and testing using 
alternative animal species such as zebrafish, that can support hazard and risk 
assessment decisions without the use of sentinel species. Several organizations, 
including expert bodies such as the National Research Council and the National 
Academies of Sciences, Engineering, and Medicine, the OECD, and national regula-
tory agencies, have offered recommendations for developing, improving, and 
validating NAMs including how best to integrate these databases into chemical risk 
assessments. Given the variety of risk assessment contexts and regulatory needs 
presented by existing laws, regulations, and practices, this Workshop addresses 
the following questions: (1) how can the readiness of NAMs be assessed and 
demonstrated, 2) how can NAMs be integrated into the human health risk assess-
ment process, (3) what are the tools to overcome the challenges of evaluation, and 
(4) what are the expectations for the future of NAMs in human health risk assess-
ments? A panel discussion will focus on how to incorporate these concepts into a 
pathway for establishing confidence in NAMs. Given the rapid pace of change in 
regulatory toxicology, frequent dialog within the toxicology community is essential. 
This Workshop continues to foster such dialog between all stakeholders regarding 
21st-century regulatory toxicology.

 1133 NAMs Data to Support Read-Across for Complex Petroleum 
Substances: What Do the Regulators Need?

I. Rusyn. Texas A&M University, College Station, TX.

A continued dialogue has been occurring between the industry and the regulators 
about the most sensible approach to fill data gaps and ensure the safety of the 
products of petroleum refining. These substances are both complex and variable 
in composition which presents a challenge to assembling the necessary toxicology 
data to fulfill regulatory requirements. To determine whether human cell-based data 
can be used to aid in grouping and read-across for these substances, the Cat-App 
project involving academic scientists in the United States and Europe, initiated 
and funded by a trade association of the petroleum refiners in Europe (Concawe), 
investigated practical strategies and utility of new methods for regulatory applica-
tions. Cat-App proposed chemical-biological read-across using the data from in 
vitro phenotyping and high-throughput genomics, combined with integrative data 
analyses and visualization. Some of these data were used in regulatory submis-
sions; however, several questions have been raised by the regulators in response 
to these data, especially the potential utility of this information for the grouping 
of these complex substances. A case study of Cat-App offers several import-
ant lessons that were learned from a large-scale effort to collect new approach 
methods data and the experience of how these approaches may need to be refined 
to gain regulatory acceptance.

 1134 Creating a Throughline: Tools for Connecting 21st-Century 
NAMs to Established Regulatory Practices

K. Sullivan. Physicians Committee for Responsible Medicine, Washington, DC.

More human-relevant approaches are needed to support regulatory approval 
for drugs, foods, cosmetics, pesticides, and industrial products interacting with 
humans and the environment. Regulatory New Approach Methodologies (NAMs) 
may provide such an avenue. NAMs data, which can be diverse, voluminous, or 
simply different, often need to be combined or placed into context to facilitate 
decision-making within current regulatory guidelines, structure, and practices. The 
challenge is to adapt decision-making practices to incorporate NAMs while provid-
ing the information regulators need. The Adverse Outcome Pathway framework can 
help evaluate NAMs by understanding the biological relevance of particular NAMs 
to the population of interest and the context for applying NAMs data. Additionally, 
reporting templates and frameworks and harmonized best practice guidance for a 
variety of approaches, including non-guidelines methods, ‘omics approaches, and 
physiologically-based kinetic modeling are important considerations. These tools 
can support the development, documentation, and acceptance of NAMs alone or 
as part of Integrated Approaches for Testing and Assessment. A case study will 
be presented to support this approach, and provide the information needed to gain 
confidence in applying NAMs within a regulatory context.
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 1135 A Widely Applicable Framework for Establishing Scientific 
Confidence in NAMs

J. Ryman-Rasmussen. American Chemistry Council, Washington, DC.

It is necessary to demonstrate that a NAM has achieved a requisite degree of 
scientific confidence for one or more specific applications before it can be used 
to support product stewardship or regulatory decisions. The term ‘fit for purpose 
validation’ (FFPV) emerged in such discussions, and while various components 
of such a process have been discussed, a uniform approach for FFPV has yet to 
be adopted. Accordingly, we have proposed a scientifically rigorous, yet flexible 
framework, that can be widely applied to evaluate most, if not all, types of NAMs. 
This NAM Scientific Confidence Framework (SCF), centered on explicitly applying 
the scientific method, consists of 7 components: 1) problem formulation and 
hypothesis (an explicit proposition that the NAM can be used to provide actionable 
information for a specific decision context) 2) the biological relevance & plausibility 
of the NAM; 3) assay performance (documentation of sensitivity, specificity, reliabil-
ity, & domain of applicability of the NAM); 4) documentation of the performance of 
inference (prediction) models based on the NAM response – outcome response 
relationship; 5) dissemination of the data, inference models, etc. to support 
independent replication; 6) a narrative rationale making the case that there is/is not 
sufficient scientific confidence in the NAM to support the specific application for 
the chemistry domain of interest, and 7) verification through independent scientific 
peer review. We will illustrate the application of this NAM SCF to the evaluation 
of the key characteristics of carcinogens, to TTCs, and points of departure from 
ToxCast data, and an AOP.

 1136 Achieving Successful Reproducibility for Next-Generation 
Toxicological Methods

A. Karmaus. Inotiv, Research Triangle Park, NC.

There is an abundance of new approach methodologies (NAMs)—particularly 
computational models—being developed to support chemical assessment for 
screening and prioritization. The advantage of NAMs in toxicology testing is that 
they are cost- and time-effective, minimize the use of animals, and generate an 
abundance of data. However, hesitation to integrate these methods for use in 
chemical assessments persists, as stakeholders require some form of evalua-
tion, verification, or validation for these methods. The approaches to NAM evalua-
tion include reproducibility and performance assessment benchmarked against 
previous in vivo experiments where the expected performance can vary or even be 
unreasonable. Thus, it is important to address how to set standards for evaluat-
ing NAM robustness both qualitatively and quantitatively and to ensure that data, 
approaches, and results are effectively shared and transparent. Whether assess-
ing statistical summary metrics or performance of reference chemicals, defining 
expectations and harmonizing how model assessment is conducted will help us 
move toward NAM adoption. Presentations in this session will tackle not only how 
to set expectations but also how to evaluate performance. They will also examine 
certain approaches to building confidence in models and best practices for publish-
ing these data, including the role of the FAIR data principles. The session will begin 
with a brief introductory presentation by one of the session Co-Chairs to highlight 
any perceived lack of reproducibility, how this applies to NAMs, what challenges 
exist for publishing and evaluating these approaches, and how the research 
community can better support their development through data sharing and FAIR 
data principles. The second speaker will address approaches to conducting 
variability assessment for evaluating reproducibility and the importance of charac-
terizing the in vivo study being used as reference. The third speaker will present 
a case study of how quantified in vivo variability was used to evaluate in silico 
predictive model performance and how reanalysis can serve to build confidence 
without requiring explicit replication of computational approaches. The fourth and 
final speaker will provide perspective on best practices to achieve reproducibil-
ity and transparency of methods and what infrastructure is in place to support 
robust review and publishing for both experimental data and programming code. 
The session will address analysis principles, a case study to show one success-
ful approach, and perspective on how to maintain best practices to minimize any 
perceived reproducibility crisis in toxicology.

 1137 How Do We Achieve Reproducibility in 21st-Century Toxicology?

R. Nault. Michigan State University, East Lansing, MI.

New approach methodologies (NAMs) are developed by diverse stakeholders from 
academia, industry, and government in a concerted effort to reduce costs and 
accelerate human health risk assessment. As NAMs continue to proliferate without 
clear expectations about data sharing and publication, or standard for evaluating 
their performance, there is a risk of creating a reproducibility crisis and impeding 
progress towards adoption. Essential to evaluating NAMs, whether they are in vitro 
assays or computational models, is the transparency of the models and analytical 
methods including metadata and code. Efforts to promote improved data sharing 
and management such as the Findable, Accessible, Interoperable, Reusable (FAIR) 
principles can serve to facilitate reproducibility and reuse of NAMs, but there is a 

need for the establishment of community-based expectations regarding the report-
ing and dissemination of NAMs as well as metrics for benchmarking performance. 
Ultimately, through implementation of robust community-based standards and FAIR 
data sharing principles it is expected that we can facilitate the benchmarking and 
evaluation of NAMs accelerating their adoption for human health risk assessment.

 1138 Expectations for New Approach Methods Performance in 
Predicting Organ-Level Effects in Repeat-Dose Animal Studies

K. Paul-Friedman. US EPA, Research Triangle Park, NC.

Building scientific confidence in new approach methodologies (NAMs) may include 
a comparison to in vivo results. This work suggests benchmark expectations 
for NAM performance in predicting organ-level effects in repeat dose studies of 
adult animals by investigating the reproducibility, variability, and differences in 
organ-level findings in repeat dose studies, using organ lowest effect level (LELs) 
for weight, gross, or histopathological changes in liver, kidney, stomach, spleen, 
thyroid, and adrenal from the Toxicity Reference database. The concordance of 
organ-level findings in replicate studies, defined by chemical only, chemical and 
species, and chemical and study type, and the variance in treatment-related organ 
lowest effect level (LEL) values, were estimated. Differences between chronic 
(CHR) and subchronic (SUB) organ-level effects were evaluated. Finally, in vitro 
estimates of organ-level effects were quantified. Total concordance (% chemicals 
with agreement across studies), depending on organ and replicate definition, was 39 
- 88%. Multilinear regression modeling, using study descriptors as covariates, was 
used to estimate total variance, mean square error (MSE), and root residual mean 
square error (RMSE) in organ LELs. The MSE values (estimates of unexplained 
variance) suggest study descriptors accounted for 52-69% of total variance in organ 
LELs. RMSE ranged 0.4 - 0.6 log10-mg/kg/day. Odds ratios indicated it is unlikely to 
observe organ effects in a CHR study if the chemical was negative in a SUB study. 
Paired randomization testing indicated that mean CHR organ LELs were less than 
mean SUB organ LELs for most tissues, with mean CHR-SUB differences of 0.1 to 
-0.5 log10 mg/kg/day. Finally, in vitro bioactivity data from liver and kidney models 
were used to estimate administered equivalent doses (AEDs) via in vitro to in vivo 
extrapolation. Paired randomization testing indicated the observed mean differ-
ence between LEL and AED values may approach 0.5 log10-mg/kg/day for liver and 
kidney. Overall, variability in repeat dose organ LELs suggests: a good NAM might 
predict organ LELs within ± 1 log10-mg/kg/day with accuracy approaching 70%, 
and existing NAMs may predict liver-related LELs within estimates of variability in 
replicate in vivo studies. This abstract does not necessarily reflect US EPA policy.

 1139 Leveraging In Vivo Variability to Assess Performance of 
Predictive Models and the Role of Reanalysis to Build 
Confidence via Consensus

A. Karmaus. Inotiv, Research Triangle Park, NC.

Regulatory agencies rely upon rodent in vivo acute oral toxicity data to determine 
hazard categorization and appropriate precautionary labeling as well as to perform 
quantitative risk assessments. We developed a reliable, robust reference data 
set to characterize the reproducibility and inherent variability in the in vivo acute 
oral toxicity test method, which then was used to contextualize results and set 
expectations regarding NAM performance. Briefly, a large acute oral toxicity data 
inventory for 11,992 chemicals was compiled and made available to 35 participat-
ing international research groups who submitted a total of 139 predictive models. 
The same inventory was subset to identify chemicals with at least two indepen-
dent in vivo studies resulting in an observed variability quantified by a margin of 
uncertainty of ±0.24 log10 (mg/kg) associated with discrete in vivo rat acute oral 
LD50 values. The predictive models submitted by consortium members were 
evaluated within their respective model applicability domains using external valida-
tion and the in vivo defined margin of uncertainty. Predictions were then combined 
into a consensus model to overcome the limitations of individual approaches. This 
“re-analysis” approach wherein independent groups applied their own methods, and 
independently derived results were assessed for consensus serves to leverage the 
collective strengths of each distinct model and help build confidence in the consen-
sus prediction. Compared to the reproducibility of the in vivo study, as measured 
by conditional probabilities, the predictive models-based consensus showed high 
accuracy confirming robust performance.

 1140 How Will Transparency Make Our Work Ethical 
and Reproducible?

L. Burgoon. Raptor Pharm & Tox Ltd., Apex, NC.

Scientific inference is ultimately predicated on the ability to make inferences about 
the population response based on studies of the sample’s response. Ultimately, the 
quality of inferences is based on the quality of the study design. There can be many 
reasons why we cannot reproduce a study, most commonly due to lack of sufficient 
information to actually perform the study again. When we do have sufficient 
information to perform the study, reproductions typically fail due to sampling bias 
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(i.e., the samples used do not accurately represent the population), which can 
manifest as unacceptably high variability between studies. From an applied ethics 
perspective, the inability of samples to accurately reproduce the population will lead 
to inappropriate inference, and inappropriate inference is always harmful. Thus, we 
have an ethical imperative to identify these instances before study reproduction 
efforts are underway, and in fact, we have an imperative to avoid sampling bias, 
and other study biases, before the study is even published - this is the goal of 
scientific integrity. This talk will illustrate how a few small steps will go a long way 
to help with transparency and scientific integrity. Examples will be provided such 
as moving towards a culture of protocol pre-registration - where a study protocol is 
pre-registered for all to see, and this includes the analysis plan. Furthermore, ways 
that authors can make all of the data analyzed in the study (including data that were 
not analyzed) available will be discussed. Showing resources for how we can share 
the code and parameters used to analyze the data, including versions of software, 
such as Docker images to share the analysis environment and all of these (meta) 
data. There are steps that can be taken immediately, leveraging existing tools, that 
will enable others to reproduce the work and the analyses.

 1141 Challenges and Future Directions in NAM Applications to 
Mixtures Risk Assessment

D. Hines. RTI International, Research Triangle Park, NC.

Characterizing toxicity and risk for complex chemical mixtures poses unique 
challenges. Mixtures of interest for risk assessment can include combined 
exposure to environmental contaminants (e.g., Superfund sites) or commer-
cial products with multiple ingredients. Some mixture constituents that may be 
unknown but are present at varying concentrations have different kinetics and may 
affect multiple mechanistic pathways leading to one or more biological outcomes. 
Furthermore, mixture components may contribute to chemical interactions that 
can result in synergy or antagonism. New approach Methodologies (NAMs) have 
emerged as nonanimal alternatives to traditional toxicology test methods but have 
yet to be widely implemented in regulatory risk assessment. These NAMs include 
in vitro assays that can generate one or more mechanistic outputs to charac-
terize toxicity, as well as computational and statistical approaches that can be 
used to integrate, evaluate, and interpret in vitro results. This Workshop identifies 
the current usefulness and limitations of NAMs related to informing regulatory 
risk assessment of mixtures. It also discusses emerging methodologies used 
to address these challenges in chemical spaces, which range from household 
products to pharmaceuticals. This session will focus specifically on progressing 
toward the application of NAMs in regulatory settings for mixtures in the US and 
other countries. The session will begin with a brief introductory presentation by the 
session Chair to provide an outline of the Workshop and highlight the importance 
of extending NAMs to mixtures regulatory applications. The second speaker will 
provide a regulatory perspective on the needs and potential uses for NAMs that are 
relevant to mixtures. This presentation will focus on what questions NAMs should 
address so that they are useful in regulatory settings. The third speaker will discuss 
the advantages and challenges of NAMs compared with traditional regulatory 
risk assessment approaches, focusing specifically on mixtures applications. This 
presentation will highlight certain capabilities of current NAM approaches to filling 
knowledge gaps and facilitating mixtures analysis as well as identifying their limita-
tions. The fourth speaker will provide an example application of NAMs analysis of 
mixtures by discussing cell-based toxicogenomic studies conducted on natural 
product mixtures. The floor will then be open for discussion to facilitate conver-
sation focused on addressing current limitations and progressing NAMs toward 
regulatory application in risk assessment. The discussion will include the questions 
(1) how can emerging NAMs help to address these limitations and inform mixtures 
risk assessments, (2) how can NAMs provide advantages over traditional regula-
tory risk assessment approaches, (3) can NAMs be used to inform on undefined 
mixtures, such as those from natural products or ingredient breakdown, and (4) 
what NAM resources are currently available to help managers assess mixtures?

 1142 A US FDA/CDER Perspective on Nonclinical Testing 
Strategies: Classical Toxicology Approaches and New 
Approach Methodologies

A. Avila. US FDA/CDER, Silver Spring, MD. Sponsor: D. Hines.

Nonclinical testing of human pharmaceuticals is conducted to assess the safety of 
compounds to be studied in human clinical trials and for marketing of new drugs. 
Although there is no exact number and type of nonclinical studies required for safety 
assessments, as there is inherent flexibility for each new compound, the traditional 
approach is outlined in various FDA and ICH guidance documents and involves a 
combination of in vitro assays and whole animal testing methods. Recent advances 
in science have led to the emergence of numerous new approach methodologies 
(NAMs) for nonclinical testing that are currently being used in various aspects 
of drug development. Traditional nonclinical testing methods can predict clinical 
outcomes, although improvements in these methods that can increase predictivity 
of clinical outcomes are encouraged and needed. Although most of FDA/CDER’s 
experience with NAMs has been with individual chemicals, issues with mixtures 
can occur. For example, we recognize the need to assess human skin sensitization 

of mixtures. However, it is important that validation of a NAM for mixtures should 
include testing of mixtures to ensure that the NAM works with mixtures as well as 
with individual components. In addition, the type of information needed to evaluate 
whether the NAM is adequate to support making a regulatory decision for the safety 
of a mixture will be discussed. This presentation discusses FDA/CDER’s view on 
the opportunities and challenges of using NAMs in drug development especially 
for regulatory purposes, and considers issues related to the appropriateness of 
extending NAMs to mixtures. Examples where NAMs are currently being used in 
nonclinical safety assessments, and where they may supplement and/or enhance 
current testing methods, are also discussed.

 1143 Advantages and Challenges of New Approach Methodologies in 
Regulatory Risk Assessment of Chemical Mixtures

S. Bopp. European Commission Joint Research Centre, Ispra, Italy. Sponsor: D. Hines.

This presentation summarizes current challenges, the potential use of novel 
scientific methodologies, and ways forward in the risk assessment and risk 
management of mixtures. Generally, there is consensus on methodologies to 
address mixtures; however, there are still several data and methodological gaps to 
be addressed. New approach methodologies (NAMs) can support filling knowledge 
gaps on the toxicity and mode(s) of action of individual chemicals. It is practi-
cally impossible to test all possible mixtures and single substances experimentally. 
Therefore, smart strategies are needed to assess the potential hazards using new 
tools that rely less on in vivo testing and incorporate instead alternative experi-
mental and computational tools. Their main strengths lie in their integrated use 
and putting into context different aspects of the hazard from combined exposure 
to multiple chemicals. But in order to benefit from these tools in the hazard 
assessment of mixtures, more guidance on their use is needed to facilitate a 
more widespread application. In the presentation, the potential for using NAMs to 
support mixture risk assessment will be discussed, such as in whole-mixture as 
well as component-based approaches and use for grouping substances. Possible 
uses will be illustrated using examples based on human biomonitoring data.

 1144 Case Studies Using New Approach Methods for Evaluation of 
Complex Mixtures

G. Daston. Procter & Gamble, Cincinnati, OH.

Botanical dietary supplements, personal care products, and household goods (e.g., 
cleaning products) are examples of mixtures that represent everyday exposures. 
When the components of mixtures are well characterized the assessment of safety 
of a consumer product is relatively straightforward, with NAMs being particularly 
useful in elucidating modes of action that might be expected to interact. Evaluating 
the safety of uncharacterized complex mixtures such as botanical extracts is more 
difficult due to challenges in both chemical analysis and testing. This necessitates 
the application of predictive approaches that include both computational and in vitro 
evaluation. Case studies describing application of NAMs to complex mixtures will 
be presented and include botanical extracts evaluated in high-throughput receptor 
binding screening and transcriptomics, coupled with analytical chemistry to identify 
major components of the extracts, as well as exposure considerations. Key consid-
erations include benchmarking results to known active and inactive compounds 
and distinguishing adaptive responses from adversity in an in vitro context.

 1145 Crucial Role of Physiologically Based Pharmacokinetic (PBPK) 
Modeling in Human Health Risk Assessment in Different Sectors

A. Schepky. Beiersdorf, Hamburg, Germany.

The evaluation of the public health impact of thousands of chemicals in commerce 
and the environment might be accelerated using valid nonanimal, new alternatives 
methodologies NAMs. Next-Generation Risk Assessment (NGRA) of a chemical is 
a framework that integrates NAMs in order to assure human safety in the absence 
of animal testing. The key principle of the NGRA is to extrapolate the in vitro point 
of departure to external equivalent exposure regimes associated with product 
use (i.e., in vitro to in vivo extrapolation [IVIVE]). Physiologically based pharma-
cokinetic (PBPK) models integrate the knowledge on the absorption, distribution, 
metabolism, and excretion (ADME) of a chemical in order to describe its fate in the 
human body, which provides a means for this extrapolation. Application of PBPK 
models facilitate extrapolations across studies, species, routes, and over various 
dosing scenarios. PBPK modeling is fundamental to the development of biolog-
ically based dose-response models used to make quantitative predictions and 
address uncertainty and variability related to kinetics and dynamics of a chemical. 
This session will address the concepts, model structures/software, and implemen-
tation of PBPK models in chemical risk assessment. The first presentation will 
briefly introduce generic PBPK and NGRA to the audience. The next presentation 
will illustrate PBPK in chemical risk assessment using ultraviolet light filters (UV 
absorbers) as an example. The third presentation will compare and contrast the 
issues with pharmaceuticals with those of other chemicals in commerce regarding 
reporting templates and transparency and reproducibility. The final presentation 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 30



will discuss PBPK modeling for humans, test species, and farm animals. Beginning 
with examples of food and feed risk assessment, this presentation also will 
discuss anticipated developments, implementations of generic PBPK models into 
the European Food Safety Authority’s TKplate, and harmonizations of sensitivity 
analysis. This brief Workshop will conclude with a panel discussion in which the 
presenters will be asked to address (1) when deterministic versus probabilistic 
PBPK models are required for chemical risk assessment, (2) best practice model 
evaluation criteria, and (3) how to increase confidence and regulatory acceptance 
of PBPK models. Time will be allotted for additional questions from the Workshop 
attendees; audience questions to the panel will be encouraged and welcome.

 1146 PBPK Modeling for Chemical-Specific Risk Assessment: 
Homosalate after Sunscreen Application Case Study

A. Najjar. Beiersdorf, Hamburg, Germany. Sponsor: A. Schepky.

The evaluation of the safety of chemicals for humans necessitates using non-ani-
mal/new alternatives methodologies. In the current study, a physiologically-based 
kinetic (PBK) model was developed for UV filters, e.g. homosalate, to support the 
human health safety evaluation without generating animal data. The developed 
PBK models were implemented for to route-to-route and inter-species extrapola-
tion. This would facilitate the replacement of default assessment factors with more 
specific, chemical-derived factors for the Margin of Safety calculation. Legacy in 
vivo data were employed to develop the PBK model. In addition, The PBK model 
was developed using measured human in vitro ADME data. The derived PBK model 
was subject to sensitivity analysis to identify influential chemical-specific parame-
ters followed by considering the calculation of the confidence interval (CI) of Cmax 
and AUC. Model performance was evaluated by comparing predicted and observed 
values from a US-FDA clinical trial (Identifier: NCT03582215, https://clinicaltri-
als.gov/). Final estimation of the internal dose metrics was obtained in a virtual 
population and considering input parameter uncertainty. The developed PBK model 
estimated reasonably well the internal exposure of homosalate according to differ-
ent exposure scenarios with a medium to high level of confidence. PBK models for 
other UV filters are under development. In the absence of in vivo data, such human 
PBK models will be the heart of future completely non-animal-based chemical risk 
assessment. Reference Najjar, A., et al. (2021) Use of Physiologically-Based Kinetics 
Modelling to Reliably Predict Internal Concentrations of the UV Filter, Homosalate, 
After Repeated Oral and Topical Application. Frontiers in Pharmacology 12, 802514 
DOI: 10.3389/fphar.2021.802514.

 1147 Enabling Risk-Based Decisions with Pharmaco- and 
Toxicokinetic Models while Addressing Transparency 
and Reproducibility

J. Wambaugh. US EPA, Research Triangle Park, NC.

Pharmacokinetics/Toxicokinetics enables quantitative characterization of chemical 
risk by allowing insight into the dose-response relationship. However, some aspects 
of kinetics are chemical-specific and require parameters and other features that 
must be derived from data and/or structure-based predictions. Models and their 
parameters are typically vetted through the scientific peer-review process which, 
while important, has been shown in many cases to be insufficient for risk evaluators 
(McLanahan et al., 2012). This presentation will compare and contrast the issues 
for pharmaceuticals and chemicals in commerce. We will then investigate both 
1) model reporting templates and 2) “generic” models with consistent form and 
parameterization as alternatives that enable transparency and reproducibility to 
better inform regulatory decision making. Traditional approaches to developing 
PBK models were focused on single chemicals, with chemical-specific consider-
ation of key physiology - these models are resource-intensive and often dependent 
upon data derived from animals. More recently generic PBK models with standard-
ized physiologies that depend on in vitro measurements have emerged as a higher 
throughput alternative to traditional PBK.

 1148 Generic PBPK Modeling for Humans, Test Species, and Farm 
Animals: Their Role in Food and Feed Risk Assessment and 
Further Developments

J. Dorne. European Food Safety Authority, Parma, Italy. Sponsor: A. Schepky.

Generic human Physiologically-based (PBK) models have been developed at the 
European Food Safety Authority (EFSA) for humans, test species (rat, mice, dog, 
rabbit), and several farm animals (cattle, pig, sheep, chicken). These models have 
been published, made open access, assessed, and evaluated using relevant case 
studies using historical data. In addition, the models were implemented as tools 
following the principles laid out in the OECD guidance to support their implemen-
tation in the food and feed safety area. Applications include forward and reverse 
dosimetry to predict kinetic parameters and concentrations in target organs from 
exposure (external dose) or recalculate exposure from biomonitoring studies 
(internal dose) respectively. This presentation aims to describe the development 
of such models, illustrate their validation, and use through case studies in the first 

place. Ongoing developments will also be discussed with particular attention to 
recent data collection on physiological parameters and metabolic and transporter 
activities using historical data. In addition, a brief account of the development 
of new PBK models and 3-Dimensional in silico models to integrate population 
subgroups in the risk assessment process will be highlighted. Finally, implementa-
tion of these models into EFSA’s TKplate, harmonisation of sensitivity analysis and 
generation of automated reports will conclude the presentation to conclude on how 
such tools can support risk assessors and reduce animal testing.

 1149 Placental Biology, Toxicology, and In Vitro Modeling for 
Predictive Developmental Toxicology

J. Rogers. ToxStrategies Inc., Raleigh, NC.

The placenta serves critical functions for pregnancy maintenance and in utero 
development in mammals, and its structure and function can be compromised 
by diverse chemical toxicants and maternal conditions. Placental insufficiency 
is associated with fetal growth restriction (FGR) and other adverse effects on 
pregnancy in humans and animals. It is often attributable to perturbation of the 
unique cell populations in the placenta. New approach methods (NAMs) for develop-
mental toxicity assessment without animals will need to predict FGR and other 
pregnancy complications, but they are typically evaluated against known structural 
teratogens and non-teratogens. The human placenta, which is not represented in 
current cellular or non-placental animal NAMs (e.g., stem cells, zebrafish, C. elegans) 
for developmental toxicology, can be modeled in vitro to assess development of the 
placenta, placental metabolism, and the placenta’s transport of nutrients and waste 
products. In vitro placental models could improve prediction of FGR and other 
placenta-mediated effects in humans. Placental responses to toxic exposures 
and conditions, including transcriptomic, proteomic, and epigenomic analyses 
and signatures related to effects on prenatal development and their relationship 
to long-term effects on offspring, will be explored. Some aspects of placenta 
cell physiology are sexually dimorphic, and the importance of this finding will be 
discussed. A variety of in vitro methods for toxicity assessment will be presented, 
representing different cell types and different stages of placentation. Findings for 
environmental contaminants, including per- and polyfluoroalkyl substances, phthal-
ates, and polycyclic aromatic hydrocarbons, will be discussed. This Workshop will 
highlight the placenta as a unique and critical target for developmental toxicity 
assessment, which hopefully will spur discussion of models of placental toxicology 
as NAMs are developed for predictive developmental toxicology.

 1150 Exploring Toxicant-Induced Changes in Tissue Cell Type 
Proportions as a Mechanism Underpinning Toxicity in 
the Placenta

E. Elkin. San Diego State University, San Diego, CA.

Dysfunction in the placenta, the organ that performs essential biological functions 
for a fetus throughout pregnancy, is at the root of multiple adverse birth outcomes 
such as intrauterine growth restriction, preeclampsia and preterm birth. Placenta-
specific cell types including cytotrophoblasts, syncytiotrophoblasts, extravillous 
trophoblasts, and placental resident macrophage Hofbauer cells are all essential 
for placental development, structure, and function. Toxicant-induced changes in 
relative abundance and/or impairment of these cell types likely play a role in placen-
tal pathogenesis. Placental villous explants, an intact placental tissue model, is 
widely used to conduct in vitro toxicology studies. Bulk tissue RNA-sequencing is 
a readily available and affordable method of assessing genome-wide gene expres-
sion changes from villous explant toxicology experiments. Despite its usefulness, 
a major drawback of bulk tissue RNA-sequencing is that gene expression and 
relative abundance changes of the individual cells and cell types that make up 
the tissue are unspecified. Deconvolution refers to the bioinformatic process of 
estimating the distribution of cell types that constitute bulk tissue. We developed 
a deconvolution placental tissue reference panel based on cell type-specific gene 
expression profiles generated from new and existing single-cell RNA-sequencing 
and cell sorting data. Our reference panel will enhance bulk placental tissue differ-
ential gene expression toxicology studies by deconvoluting gene expression data 
to better understand the role that shifting cell type proportions play in underpinning 
toxicity to the placenta.

 1151 Profiling Environmental Chemicals for Placental Toxicity Using 
Primary Human Trophoblast Cell/Tissue Models

J. Robinson. University of California San Francisco, San Francisco, CA.

Poly- and perfluroroalkylated substances (PFAS) are a large, complex class of 
compounds used in industrial applications and consumer products. Despite 
increasing restrictions in the production of PFAS due to their environmental 
persistence, legacy compounds such as perfluorooctanoic acid (PFOA) are 
widely-detected in human blood and tissue. Growing evidence has linked PFOA 
and other PFAS with pregnancy complications and associated adverse outcomes 
such as preeclampsia, preterm birth, miscarriage, and reduced birth weight. While 
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the underlying mechanisms remain unresolved, recent investigations in rodent and 
human cell lines indicate that PFOA and other PFAS may cause placental toxicity. 
Placental trophoblasts serve critical roles in placentation, and impaired trophoblast 
function is linked to common pregnancy complications. In culture, primary cell/
tissue trophoblast models display representative functional and molecular charac-
teristics of their in vivo counterparts. Due to these properties, primary cell/tissue 
trophoblast models have been proposed as a proxy to investigate chemicals for 
human placental toxicity. As an example, we highlight our efforts in using primary 
human villous cytotrophoblasts (CTBs) to profile the impacts of environmental 
chemicals such as PFOA on cell function and the transcriptome and proteome. 
We demonstrate PFOA to induce significant cytotoxicity in a concentration- and 
time-dependent manner. Additionally, at subcytotoxic concentrations, PFOA 
alters key molecules and biological pathways regulating hormone response, lipid 
metabolism, and innate immunity, implicating key signaling pathways (e.g., PPAR) 
in PFAS-response. Using a modeling approach, we predict specific proteins and 
related pathways (e.g., innate immune response) to be altered at concentrations 
(<1uM) relevant to human exposure. In summary, we provide supporting evidence 
that PFOA induces human placental toxicity in vitro and affects biological pathways 
important for placental function and disease.

 1152 Placental ’Omics Data: New Insights into Chemical Toxicity and 
the Developmental Origins of Health and Disease

A. Paquette. University of Washington, Seattle, WA. Sponsor: J. Rogers.

Phthalates are ubiquitous endocrine disrupting chemicals that alter placental growth 
and function, and prenatal exposure to phthalates has been linked to a variety of 
infant and childhood health outcomes through the Developmental Origins of Health 
and Disease (DOHAD) paradigm. Transcriptomic profiling can reveal underlying 
functional changes in both placental cell lines and human cohort studies related to 
prenatal exposure to phthalates, as well as other environmental exposures. These 
approaches can reveal which phthalate metabolites may exert the most substantial 
disruptions to the placenta, which can inform chemical monitoring. Understanding 
these transcriptional changes can also inform molecular mechanisms of chemical 
perturbations, which can provide insight into mechanisms of toxicity. In the latest 
cohort study of its kind (N=760), We have identified genes and noncoding RNAs 
whose placental expression is associated with urinary concentrations of 16 differ-
ent phthalate metabolites in the 2nd and 3rd trimesters. The highest number of 
associations were with a secondary metabolite of di-isononyl phthalate, and we 
also observed associations between Di (2-ethylhexyl) phthalate and its metabo-
lites and placental gene expression that were significant only in male samples. In 
parallel, we have performed comparative in vitro work in both primary placental cell 
lines and extravillous trophoblast cell lines, which revealed that Mono( 2-ethylhexyl) 
phthalate induces transcriptomic changes that are related to concentration, fetal 
sex, and trophoblast cell type. We identified a higher number of transcriptomic 
changes in extravillous trophoblasts than primary cells, and more changes to the 
placental transcriptome in primary cells from male participants, which included 
genes that were also significant in our cohort study. The genes with differential 
expression had enriched binding sites for a number of transcription factors, includ-
ing nuclear hormone receptors PPARG, PPARD, AR and ESR1, which is in alignment 
with known mechanisms of toxicity. Our next steps involve the integration of 
chromatin profiling to investigate the upstream regulators of these gene expres-
sion changes. Taken together, this work highlights the potential that transcriptomic 
approaches can provide in establishing mechanisms of toxicity.

 1153 It’s Getting Hot: Extreme Heat Events and Disparate Health 
Impacts, Perceptions, and Vulnerability

M. Hazari. US EPA, Research Triangle Park, NC.

Climate change is leading to a steady overall rise in average temperatures across 
the globe. Even more concerning is the increase in extreme weather events (e.g., 
extreme heat events, drought, tornadoes) that are more likely to result in more 
serious catastrophes and disproportionate health impacts. Extreme heat events, 
which are expected to increase in frequency and severity, are characterized in the 
US by high temperature (> 95°F) combined with high humidity over multiple consec-
utive days. According to the US Centers for Disease Control and Prevention, these 
events contribute to the death of more than 600 people per year, which may be an 
underestimation of the actual number because many of the recorded fatalities are 
assigned to comorbidities. It also is projected that climate change will cause more 
areas to experience lengthier and more frequent, intense extreme heat events. 
Furthermore, human activities concentrate heat exposures, such as in urban heat 
islands. The broader ramifications of extreme heat events are not fully character-
ized at the geographic scales relevant for decision-making, including morbidity 
(e.g., acute and chronic illnesses, adverse pregnancy outcomes, and psychoso-
cial disorders), mortality, and lower productivity of outdoor workers. Contributing 
factors include disparities because of socioeconomic and other factors, along 
with financial costs. The overall burden of these extreme heat events will likely 
persist for several decades after reductions in greenhouse gas emissions. This 
session will highlight the latest information on the effects of extreme heat events 
on human populations, including cardiopulmonary and mental health impacts. The 

presentations will focus on a few critically important topics related to extreme 
heat events, including the driving factors behind regional variations and sources of 
vulnerability. Findings will show that responses to this crisis must include develop-
ing climate-resilient health systems and adaptation policies that seek to reduce 
risk among the most vulnerable while simultaneously considering other stress-
ors. Attendees also will hear about assessment of risk related to rising ambient 
temperatures and vulnerable populations. In addition, the effect of extreme heat 
on mental health and behavior will be explored. Finally, we will assess the risks 
of compounding heat-related risks with wildfire smoke and other environmen-
tal exposures. This session and the abstracts therein do not represent official US 
Environmental Protection Agency policy.

 1154 Extreme Heat Events: Reducing Preventable Hospitalizations 
and Deaths

K. Ebi. University of Washington, Seattle, WA. Sponsor: M. Hazari.

Extreme heat events are becoming permanent features of summers worldwide. 
High ambient temperatures can increase morbidity and mortality; increase illnesses 
in very young children and physically active adults; and have negative consequences 
for mental health. High temperatures also can impair productivity and elevate 
disease risk in occupational workers. Almost half of the global population and 
more than one billion workers are exposed to high heat episodes. Importantly, 
excess deaths and many heat-related health risks are preventable with effective 
heat action plans including behavioral strategies and bio-physical solutions. 
Heat-related morbidity and mortality are projected to further increase as climate 
change progresses, with greater risk associated with higher degrees of warming. 
Climate change is interacting with other trends, such as population growth and 
aging, urbanization, and socioeconomic development, exacerbating or ameliorating 
heat-related hazards. Urban temperatures are further enhanced by anthropogenic 
heat from vehicular transport and heat wasted from buildings. Although there is 
evidence of some adaptation to increasing temperatures in high-income countries, 
projections of a hotter future suggest that without investment in research and risk 
management actions, heat-related morbidity and mortality will likely increase.

 1155 Acute Cardiopulmonary and Neurobehavioral Effects of Extreme 
Heat: Heightened Risk from Living Conditions and Subsequent 
Environmental Exposures

M. Fiamingo. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Climate change is expected to continue increasing the average daily ambient 
temperature, as well as introducing more frequent and intense heat waves across 
the globe in the coming decades. Concurrently, urban environments are becoming 
increasingly populated worldwide, where people are exposed to higher ambient 
temperatures through a phenomenon known as the Urban Heat Island (UHI) 
effect. These conditions are a major concern for vulnerable populations, such 
as those with pre-existing conditions (e.g., cardiovascular disease). The World 
Health Organization (WHO) has characterized cardiovascular disease (CVD) as the 
leading cause of death in 2021 and there is epidemiological evidence to suggest 
that a warming climate will contribute to an increase in cardiovascular mortal-
ity. Thus, further examination of these factors (extreme heat events (EHE) and 
underlying CVD) and their interactions is crucial in addressing the growing public 
health concern. More importantly, epidemiological data need to be supported with 
biological plausibility in order to adequately characterize the risk, identify vulner-
able populations, and propose mitigation and treatment strategies. Using in vivo 
rodent models, we evaluated the effects of EHE and long-term exposure to high 
ambient temperatures on cardiovascular, pulmonary, and behavioral responses 
using repeated high-frequency echocardiography, whole-body plethysmography, 
and Morris water maze and novel object recognition, respectively. Results from 
these studies show that increased heat contributes to altered cardiopulmo-
nary function and increased arrhythmogenesis and is further impacted by living 
conditions (depleted versus enriched), which appears to play a role in disease 
progression and expression of genes important in environmental sensing (e.g., 
transient receptor potential cation channels). Furthermore, these factors alter 
the responses to subsequent environmental exposures, especially other extreme 
events like wildfire smoke. These conditions represent a set of daily stress-
ors that implicate disruption and imbalance in the homeostatic regulation (e.g., 
autonomic nervous system) of the cardiovascular and pulmonary systems, alter 
body resiliency, and increase the likelihood of deleterious health outcomes from 
subsequent environmental exposures.
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 1156 Extreme Heat and Mental Health Emergency Department Visits 
among Insured Adults in the US

A. Nori-Sarma. Boston University School of Public Health, Boston, MA. Sponsor: 
M. Hazari.

The impact of extreme heat (EH) on physical health outcomes has been well 
documented. However, impacts of elevated temperature on specific mental health 
outcomes remain poorly understood. Climate epidemiology can leverage existing 
large healthcare claims datasets to assess the relationship between extreme 
weather and adverse mental health outcomes. The objective of our initial study 
was to quantify the association between ambient heat and mental health-related 
emergency department (ED) visits in the contiguous US among adults, overall and 
among potentially sensitive subgroups. The outcome of interest was ED visits with 
a primary or secondary discharge psychiatric diagnosis during the warm seasons 
among adults with commercial or Medicare health insurance living in 2,775 US 
counties. County-specific daily maximum ambient temperature, on a continuous 
scale, were estimated using the Parameter-elevation Relationships on Independent 
Slopes (PRISM) model. We assessed the daily incidence rate of cause-specific 
mental health diagnoses, as well as a composite endpoint of any mental health 
diagnosis, assessed using primary and secondary discharge diagnosis codes. We 
identified data from ~3.5 million ED visits among ~2.2 million unique individuals 
(~45% male). Days of extreme heat were associated with an incidence rate ratio (IRR) 
of 1.08 (95% confidence interval [CI]: 1.07, 1.09) of ED visits for any mental health 
condition. Associations were also pronounced for ED visits due to specific illness, 
including anxiety and stress disorders, mood disorders, substance use disorders, 
schizophrenia, childhood onset behavioral disorders, and self-harm. Associations 
were more pronounced among men and in the Northeast, Midwest, and Northwest 
climate zones. Days of extreme heat were associated with higher rates of mental 
health-related ED visits. Results may be informative for clinicians providing mental 
health services during EH and may also aid in preparing for expected increases in 
health service needs when times of extreme heat are anticipated. Importantly, this 
work focused on a large dataset of health insurance claims, potentially missing the 
most vulnerable populations. Further work should aim to characterize subclinical 
mental health outcomes associated with EH, as well as the mental health effects of 
exposures in low-income and underinsured/uninsured populations.

 1157 Computational Visualization Tools for Communicating Large, 
Complex Data

M. Martin. Pfizer Inc., Groton, CT.

Large-scale data curation efforts have introduced complex networks of disparate 
toxicological information that can be difficult to understand and communicate. Data 
visualization is a form of communication that can be used to build an understand-
ing of the types of information within these large, complex databases and how that 
information is connected. Effectively communicating through data visualization 
allows the audience to understand how the data support a conclusion or to form 
new hypotheses altogether. Poorly made graphics can lead to misinterpretation 
and hinder science communication by distorting the information being presented. 
This session will introduce attendees to the computational tools used to visualize 
and contextualize curated toxicological data. The first talk will focus on key aspects 
of building a data story through data visualizations within the framework of the US 
Environmental Protection Agency CompTox Chemicals Dashboard. The second 
talk will highlight the visualization of human biological pathways that is used to 
generate new hypotheses within the NCATS BioPlanet. The third talk will center 
on the use of data visualization—specifically, the OrbiTox tool—to understand and 
predict connectivity between multidomain data. This session will demonstrate the 
importance of data visualization for effectively communicating complex data and 
emphasize existing tools that facilitate visualization of large, complex data.

 1158 Telling a Data Story: Longevity Follows Simplicity 
and Accessibility

N. Sipes. US EPA, Research Triangle Park, NC.

Technological advances allow us to gather data faster than we ever could before, 
but how do we begin to comprehend the results? Data tables with millions of 
datapoints are difficult to parse on first glance; however, with the right tools, 
approaches, and time, anyone can find patterns. These patterns can be shaped into 
visuals, where simple ones tend to gain more traction than complicated graphs that 
confuse profound results. The EPA’s CompTox Chemicals Dashboard is an example 
of a mammoth effort to collate millions of disparate datasets on various toxicolog-
ical features for public consumption. The Dashboard contains toxicology-relevant 
information on hazard, in vitro screens, exposure, chemistry, and ecotoxicology, and 
links out to curated websites and online tools. Using the data within the CompTox 
Chemicals Dashboard, as well as visuals within the Dashboard, this talk will provide 
examples on how to craft a data story using simple yet effective techniques toward 
more thoughtful discussions. The views expressed in this abstract are those of the 
authors and do not necessarily reflect the views or policies of the US EPA.

 1159 The NCATS BioPlanet: An Integrated Platform for Exploring the 
Universe of Cellular Signaling Pathways for Toxicology, Systems 
Biology, and Chemical Genomics

R. Huang. NIH/NCATS, Rockville, MD.

The NCATS BioPlanet is a comprehensive pathway resource that incorporates 
the universe of nearly 1,700 human pathways sourced from publicly available, 
manually curated sources, which have been subjected to thorough redundancy 
and consistency cross-evaluation. The BioPlanet web browser enables integrated 
visualization of pathway information, connections between gene targets, pathways, 
diseases, toxicity endpoints, and available assays that measure the bioactivity 
of pathway targets. The platform provides in addition visualization of pathways 
on a 3-dimensional globe, in which the distance between any two pathways is 
proportional to their degree of gene component overlap. This presentation will 
demonstrate the BioPlanet as biological big data visualization tool and its applica-
tion in the selection and design of in vitro assays for chemical response measure-
ment to strengthen predictive toxicology methods. A Tox21 cross partner project: 
Expansion of pathway coverage by Tox21 HTS assays for better prediction of 
adverse drug effects, will be presented as a case study of utilizing the BioPlanet to 
generate testable hypotheses.

 1160 OrbiTox: Interactive Visualization of Multidomain Experimental 
and Predicted Data for Translational Discovery

V. Gombar. Sciome LLC, Durham, NC. Sponsor: M. Martin.

Large amounts of costly experimental data across life, pharmaceutical, and 
chemical sciences are housed in silos in databases such as DSSTox, PubChem, 
ChEMBL, DrugBank, TOXNET, HSDB, UniProt, NCBI, KEGG, GO, etc. In the absence 
of collective visualization and analyses of multi-domain data, it is arduous for 
an investigator to unearth knowledge embedded in connections across these 
disparate data sets. OrbiTox is an interactive tool that addresses this unmet need 
by combining and displaying in a single, 3D environment not only large amounts of 
data from chemistry, gene targets, biological pathways, and experimental species 
but also connectivity across them, which allows querying from any domain to get 
a wholistic profile. For example, in one study, we were able to query the fructose 
metabolism pathway, identify its member genes and identify inhibitors of a member 
gene AKR1B1 with their IC50 values – all in one view. OrbiTox contains curated data 
from ~900,000 substances, ~22,000 annotated human targets, ~1,500 biological 
pathways, and over 100 test organisms. Experimental data are stored as 400,000 
connections that represent human and rodent carcinogenicity, bacterial mutagen-
icity, acute toxicity, and various bioactivities. The data content is further enhanced 
through predicted outcomes in 40 Tox21 assays and bacterial mutagenicity assay, 
with and without metabolic activation, in OECD-recommended strains. Visualization 
of this curated and predicted toxicity data along with inter-connectivity facilitates a 
multitude of functionalities for toxicologists and safety scientists, such as gather-
ing experimental and predicted data for similar compound(s) or activators of a 
given target, visually inspecting features responsible for differences in properties 
of structurally similar compounds, or chemical features that are responsible for 
similar properties of dis-similar chemicals. This talk will demonstrate the utility 
of data visualization for understanding how disparate data can be connected and 
used for translational discovery within the OrbiTox tool.

 1161 Down the Rabbit Hole: Exploring the Rabbit as a Nonrodent 
Species in the Wake of Primate and Dog Shortages

K. Sokolowski. Denali Therapeutics, South San Francisco, CA.

The use of animals in pharmaceutical and chemical safety testing is a privilege that 
should be respected with the implementation of the 3Rs (replacement, reduction, 
and refinement). The current shortages in routine nonrodent species, such as 
nonhuman primates, acknowledged by the US Food and Drug Administration in 
a guidance published in February 2022 created an urgency to reduce the use of 
primates. Where in vitro assays are not yet mature to replace the whole nonrodent 
for general toxicity testing, comparable nonrodent species are needed. In search of 
an alternative nonrodent model in addition to the dog and minipig, the rabbit has 
reemerged as a potential candidate. Historically used in vaccine, cosmetic, and 
medical device testing, the rabbit had fallen out of favor as a second species in 
pharmaceutical development and chemical safety testing except for embryo-fetal 
development studies and intraocularly-administered drug products where rabbit 
continues to be a routinely used. Laboratory strains of rabbits include New Zealand 
white and Dutch-belted, with colonies of the docile New Zealand white rabbits 
demonstrating consistent healthy rabbits free of parasites and viruses. Advantages 
to this species include 1) their size comparable to the cynomolgus monkey that 
support for sample collection and various routes of administration, 2) spontaneous 
polyestrous cycling and large litters that support colony expansion, and 3) availabil-
ity of domesticated strains from healthy colonies with historical control data to 
support data quality and interpretation. It also is recognized that there are disadvan-
tages to this species, including difficulty handling, immunogenicity, and less 
extensive historical control data than dog and monkey; however, what is less clear 
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are how these disadvantages compare to other species and if these disadvantages 
preclude the use of rabbits in general toxicology studies. While several factors 
affect the decision for species selection, including pharmacological relevance, 
pharmacokinetics and ADME considerations, tolerability, the extent of available 
background data, practical considerations around the route of administration, and 
precedent with certain drug classes, there are no perfect models. In this Workshop, 
we aim to bring together stakeholders from veterinary medicine, industry, contract 
research organizations, and government to explore concerns for using the rabbit 
for general toxicity testing and identify data gaps to alleviate concerns with the 
use of rabbits. Ideally, this effort will propel companies to include rabbit in their 
species selectivity screens and use them when identified as a relevant species, 
which could build the historical control database for rabbits. Ultimately, diversity 
of nonrodent species available for general toxicology studies will provide flexibility 
across industry that can alleviate shortages of nonrodent species.

 1162 Introduction

K. Sokolowski. Denali Therapeutics, South San Francisco, CA.

The introduction will provide background on the use of rabbits and declare the 
issues to be addressed by the workshop. Selection of a sensitive toxicology species 
is important to identify relevant and translatable toxicities to humans. A review of 
reported concordance rates across species demonstrates the utility of rabbits as 
a sensitive species in toxicology studies. Three case studies of recently approved 
drug products using both rabbit and nonhuman primate in the general toxicology 
studies will be presented for comparison of translatable toxicities. This talk will 
highlight a generalized scientific rationale for use of rabbits in toxicology studies 
and differentiate the intrinsic scientific limitations of the rabbit as a nonrodent 
species from the technical, commercial, and regulatory limitations.

 1163 General Overview of Rabbit Husbandry and Veterinary Care

P. Turner. Charles River Laboratories, Wilmington, MA. Sponsor: M. Fortin.

Identified concerns for the use of rabbits in discovery and preclinical safety studies 
is the rabbit’s peculiar nature and perceived fragility as a research model. Rabbits 
are in the order Lagomorpha, which puts them on a branch of the phylogenetic 
tree next to rodents, but closer to primates than dogs or minipigs. Unusual among 
common research animal species, rabbits are herbivores and hind-gut fermenters 
adapted for high fiber diets and colonies should be managed accordingly. As a prey 
species, rabbits are sensitive to certain stressors (e.g., handling that can make 
heart rate and blood pressure increase) and the signs of stress can be subtle (e.g., 
reduced movement around their enclosure rather than outward signs of distress). 
However, proper management techniques such as acclimation and adequate 
staff training to recognize signs of distress can be employed to make the rabbit a 
successful species for collecting relevant and translatable data for human safety. 
This talk will set the stage by providing a veterinary perspective on working with 
rabbits in examining novel therapeutics, biomaterials, and medical devices as well 
as tips for successfully integrating rabbits into research programs.

 1164 What Else Can Rabbits Be Used for in Pharmaceutical 
Development Other Than Embryo-Fetal Development Studies 
and Vaccine Development?

E. Lewis. Charles River Laboratories, Horsham, PA.

Specialized Contract Research Organizations (CRO) are equipped to use rabbits in 
pharmaceutical development and routinely use this species in embryo-fetal develop-
ment (EFD) studies, vaccine development, medical device and intraocular general 
toxicity studies. However, there are other uses for the rabbit that are not routinely 
employed, such as general juvenile animal studies and toxicology studies adminis-
tering test articles through common and uncommon routes (e.g., oral, intravenous 
bolus and infusion, intramuscular, intraarticular, etc.) In a recent poll, selection of 
the dog and NHP were based on historical control data in those species, dog or 
NHP used as the precedent species for a particular drug class, and dog or NHP 
were routine species used by the company without further studies to identify other 
relevant species, such as rabbit (Prior et al., 2020). In comparison, the rabbit lacks 
the historical control data of the dog and NHP; however, there is sufficient historical 
control data in rabbit regarding the traditional general toxicology endpoints (e.g., 
background histological lesions, hematology, clinical chemistry, clinical behavior, 
and ophthalmology). Capability also exists for the use of rabbits in cardiovascular 
and respiratory safety pharmacology studies; however, there are limitations on the 
historical control data. As the rabbit is an altricial species, their use in juvenile 
animal studies rivals that of the NHP. This talk will describe the extent of histori-
cal control data on the rabbit, identify the needs of industry to build the historical 
control data in particular areas, and promote the possibilities of the use of this 
species for pharmaceutical development.

 1165 Regulatory Perspectives on Use of Rabbit as an Alternative 
Nonrodent Species for Drug Development

R. Wange. US FDA, Silver Spring, MD.

In general, the safety assessment of pharmaceuticals involves a toxicologic 
assessment in two species, a rodent and a nonrodent, as this framework has 
been shown to increase the chances of identifying human-relevant toxicities. The 
choice of which rodent and nonrodent species to use, and the justification for 
why the species represents an appropriate system for assessing human safety 
of the pharmaceutical rests with the pharmaceutical developer. In the past, most 
small molecule developers typically relied upon the dog as the nonrodent species; 
however, for reasons that are not entirely clear, there has been a shift in recent 
years towards the use of the nonhuman primate (NHP). Biotherapeutic protein 
developers also often rely upon the NHP for safety assessments, as the NHP is 
often the only pharmacologically relevant species. The COVID-19 pandemic has 
caused a marked disruption in the NHP supply. There have also been indications 
that dog supplies are constrained in some regions. This has created a climate in 
which pharmaceutical developers are faced either with the prospect of substan-
tially delaying their development program, or of identifying alternative nonrodent 
species. This talk will discuss some of the considerations of using the rabbit for 
assessing general toxicology endpoints, as well as FDA experience with the rabbit 
as a nonrodent species.

 1166 Expanding Our Knowledge of Neurological Disease Etiologies: 
Current Research on the Neural Exposome

D. Jett. NIH/NINDS, Bethesda, MD.

The complex etiologies of many neurological disorders, which include both herita-
ble and nonheritable factors, present formidable challenges for researchers. This 
Symposium will present and discuss the neural exposome concept as a means of 
addressing multifactorial etiologies of disease. Drawing from the broader concept 
of the exposome, which describes the totality of internal and external exposures 
across the lifespan that affect human health, the neural exposome are those 
exposures that have an impact on neurological diseases and disorders and overall 
nervous system health. These include environmental exposures to toxicants, social 
activity and stress, diet and nutrition, and the microbiome. Speakers David A. Jett, 
PhD, and Yuxia Cui, PhD, will provide an introduction to the exposome and the 
available tools and resources at the National Institutes of Health that are used for 
exploring the neural exposome. The session also will feature illustrative examples 
of neural exposome research related to Parkinson’s disease, Alzheimer’s disease 
and related dementias, and amyotrophic lateral sclerosis as presented by Beate 
Ritz, MD, PhD, Gary W. Miller, PhD, and Eva Feldman, MD, respectively. Collectively, 
the speakers will highlight the progress, unmet needs, and potential of neural 
exposome research to advance development of more effective prevention and 
intervention strategies.

 1167 Introduction to the Neural Exposome

D. Jett. NIH/NINDS, Bethesda, MD.

Human genetics has provided unprecedented insight into the etiologies of inherited 
neurological diseases and disorders as well as the role of the more common 
genetic mutation of each disease. Even though what we have learned from 
the genome is extremely valuable, the majority of health risk factors cannot be 
explained by genetics alone. The neural exposome incorporates the interactions 
between the genome and all nonheritable factors such as environmental exposure 
to toxic chemicals, social activity and stress, diet, and the microbiome that affect 
gene expression across the lifespan. It has become widely recognized that a new 
frontier of biomedical research is needed to complement the genomic information, 
and advances in exposome science to provide a great opportunity for the scientific 
community to make progress in uncovering the causes of a variety of human health 
conditions. The neural exposome is especially complex because the nervous 
system is continually changing as a function of experience and exposures across 
the lifespan. For instance, neurodegenerative diseases such as Alzheimer’s and 
Parkinson’s, or those with incomplete penetrance such aa C9orf72 amyotrophic 
lateral sclerosis (ALS) and LRRK2 Parkinson’s disease, must be influenced by acute 
or chronic environmental exposures. Studies on the impact of the neural exposome 
are emerging, and there are many examples of how specific exposures affect the 
nervous system. There are also new insights into the mechanistic underpinnings 
of how the neural exposome modifies nervous system health that describe the 
synergy among the different kinds of neural exposomic factors such as environ-
mental exposures and how they influence gene expression.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 34



 1168 Exposomic Studies of Alzheimer’s Disease and 
Related Dementias

G. Miller. Columbia University, New York, NY.

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder character-
ized by cognitive decline and dementia. Although genetic factors have been identi-
fied, the genetic contributors explain only a small portion of disease causation 
and progression. Our laboratory has taken a multi-pronged exposomic approach 
to examine environmental factors in AD and cognitive function. We are applying 
our exposomic analysis to three human studies: the Washington Heights and 
Inwood Community Aging Project (WHICAP), the Estudio Familiar de Influencia 
Genetica en Alzheimer (EFIGA), and the Reference Ability Neural Network (RANN) 
Study. In conjunction with and parallel to these human studies, we are conduct-
ing gene x environment follow up studies in C. elegans. For example, there were 
four metabolites (tyrosine, carnitine, cystine and N, N-dimethylaniline N oxide) that 
were associated with increased p-tau expression in C. elegans and also elevated 
in cerebral spinal fluid in humans with AD. We use liquid chromatography and 
gas chromatography-based high-resolution mass spectrometry in these human 
studies to analyze exogenous chemicals and endogenous metabolites in plasma 
and cerebrospinal fluid. Dr. Miller will report initial findings from these studies 
that demonstrate relationships between environmental exposures and a range of 
phenotypic outcomes in this presentation.

 1169 Leveraging the Exposome for ALS Prevention

S. Goutman. University of Michigan, Ann Arbor, MI. Sponsor: D. Jett.

Amyotrophic lateral sclerosis (ALS) is a progressive, neurodegenerative disease 
that lacks effective treatments. The identification of novel, modifiable risk factors 
are urgently needed for this fatal disease as most ALS patients die within two 
to four years after diagnosis. We developed a new multipollutant environmen-
tal risk score (ERS) based on concentrations of persistent organic pollutants 
and pesticides in blood from ALS cases compared to age-matched controls. We 
observed a seven-fold increase in ALS risk in individuals with a high ERS and a 
concomitant significant decrease in survival. Using both publicly available datasets 
and our own Michigan ALS cohort, we recently created a robust ALS polygenic 
risk score (PGS). Using both publicly available datasets and our own Michigan 
ALS cohort, we also recently created a robust ALS polygenic risk score (PGS). A 
PGS with 275 single nucleotide polymorphisms had the best model fit. A standard 
deviation increase in ALS PGS was associated with 1.25 (95% CI: 1.02, 1.53) higher 
odds of ALS with an area under the curve (AUC) of 0.654, which improved ALS risk 
prediction (p-value=1x10-6) over a model without the ALS PGS. Using an exposomic 
approach combining ERS with PGS allows for the identification of at-risk individuals 
who may benefit from personalized interventions to either slow disease progres-
sion or, in select populations, promote ALS prevention.

 1170 Exposomic Studies of Pesticides and Parkinson’s Disease in 
Rural Central California

B. Ritz. University of California Los Angeles, Los Angeles, CA. Sponsor: D. Jett.

Pesticides are an important component of agriculture worldwide and the types 
of chemicals in use have grown tremendously. Among environmental agents, 
pesticides also have been most consistently shown to increase the risk of 
Parkinson’s disease (PD). Thus, it is paramount to assess how different pesticides 
affect PD risk singularly or in combination. California pesticide use reporting 
captured more than 600 active ingredients applied as pesticides in agriculture 
over half a century. This pesticide use report information allowed for detailed and 
long-term exposure assessment in 1600 participants of two PD studies together 
with the collection of extensive residential and occupational data and bio-samples. 
In this presentation we will discuss how we employed pesticide use report-based 
exposure data to gain insights into the pesticide exposome and its interactions 
with multiple ‘omics’ layers in humans that affect PD risk including identifying 
epigenetics (methylation) and metabolomic signatures, and more recently, the 
human gut microbiome. For example, we will show that chronic low-level OP 
exposure is associated with differential DNA methylation in blood with the nicotinic 
acetylcholine receptor signaling pathway being most overrepresented. We will also 
present results for metabolic pathways associated with organophosphate, organo-
chlorine and pyrethroid exposures related to mitochondrial energy metabolism, 
fatty acid, lipid, and amino acid metabolism suggesting that exposures result in 
oxidative stress, inflammatory reactions, and mitochondrial dysfunction. These 
human real-world study results have and continue to inspire additional lab-based 
experiments to address mechanisms through which pesticides contribute to PD 
onset and progression.

 1171 The NIEHS Exposure Science and the Exposome Program: 
Advancing Tools and Technologies for Studying the Exposome

Y. Cui. NIEHS, Research Triangle Park, NC.

A fundamental challenge of incorporating the exposome in precision health 
research is how to measure environmental exposures. The National Institute of 
Environmental Health Sciences (NIEHS) has been at the forefront of accelerat-
ing scientific and technological advancements to characterize the exposome. This 
presentation will provide an overview of the research supported by the Exposure 
Science and the Exposome Program at NIEHS to develop a suite of complementary 
tools and methods for comprehensive assessment of the exposome. In particu-
lar, the presentation will focus on the Human Health Exposure Analysis Resource 
(HHEAR, https://hhearprogram.org/), an infrastructure and resource to support 
eligible NIH-funded researchers who want to add or expand environmental exposure 
analysis in their study. HHEAR seeks to provide the research community access to 
centralized, high-quality, exposure-assessment services including state-of-the-art 
laboratory analysis of biological and environmental samples across the life span, 
statistical analysis, and expert consultation on study design, laboratory analysis, 
and data analysis and interpretation. The HHEAR Data Center (https://hheardata-
center.mssm.edu/) provides a repository for exposure data generated by HEHAR 
labs and previously collected epidemiologic data associated with an HHEAR study. 
More than half of the HHEAR studies are now publicly accessible with harmoniz-
able environmental health data for secondary and pooled analysis.

 1172 Human Cells as Nonanimal Alternative Approaches for 
Immunotoxicity Testing

V. Johnson. Burleson Research Technologies, Morrisville, NC.

Toxicology, including the discipline of immunotoxicology, is a field of science that is 
at a crossroads between decisions to adopt in vitro and alternative methods versus 
the need for in vivo models. Approval of the ban for toxicity testing of cosmetic 
constituents using in vivo models by the EU in March 2013 marked a turning point 
for the necessity to consider and develop alternative methods. This initiative led to 
the development and approval of the first in silico and in vitro alternatives to animal 
testing for immunotoxicity testing that are now accepted for regulatory purposes 
in many countries worldwide. The pressure to reduce animal use in toxicity testing 
is not limited to cosmetics, and enormous scientific efforts have been expended 
to develop nonanimal alternative approaches. The immune system by design is 
a highly complex and integrated system that presents challenges for the develop-
ment of in vitro approaches. Challenge accepted: the field of immunotoxicology 
has worked arduously in pursuit of appropriate and informative in vitro models. 
Utilization of human cells for these models provides direct translatability to human 
health and risk assessment. The focus of this session is to highlight some of the 
innovations that are leading to breakthroughs in the incorporation of in vitro alterna-
tives for hazard identification and risk assessment. Following a brief introduc-
tion, our first speaker will present the concept of wholistic in vitro immunotoxicity 
testing using human whole blood to interrogate innate, humoral, and cell-mediated 
immunity. The second speaker will discuss the species differences that underscore 
the need for human models to evaluate antibody production in immunotoxicity 
testing and provide evidence of a regulatory node within the immunoglobulin 
heavy chain gene that may predict sensitivity to xenobiotics that alter antibody 
production. The third speaker will take us back to the developing immune system 
and provide evidence of an in vitro model using human CD34+ immune progenitor 
cells to inform developmental immunotoxicity. The fourth speaker will discuss the 
application of in vitro techniques using human cells, specifically the HuLA assay 
for humoral immunity, in pharmaceutical safety assessment. Our final speaker will 
provide insight into regulatory needs surrounding the applicability of nonanimal 
alternatives in safety toxicology and human health risk assessment.

 1173 Building a Comprehensive In Vitro Toolbox for 
Immunotoxicology Safety Assessment Using Human 
Whole Blood

V. Johnson. Burleson Research Technologies, Morrisville, NC.

The immune system is charged with not only maintaining overall health and well-be-
ing but also plays a critical role in maintenance of homeostasis in most other organ 
systems of the body. Therefore, the immune system is highly complex and dynamic 
and built to excel in an environment of continually shifting challenges from intrinsic 
and extrinsic forces. Given the pinnacle role for the immune system in homeostasis 
and health, the field of Immunotoxicology has been charged with protecting the 
immune system from toxicity. Traditional approaches for immunotoxicity safety 
assessment have relied heavily on use of animals to study the effects of xenobi-
otics on complex multi-cellular functions. However, there is immense pressure 
to adopt the 3R principle of Replacement, Reduction, and Refinement of animal 
use in toxicity testing. Considering the ever-expanding ban on animal testing for 
cosmetic ingredients, the field of Immunotoxicology has done an exemplary job of 
developing and validating non-animal alternative testing methods for skin sensitiza-
tion. Successful recapitulation of the complex process of skin sensitization using 
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in silico and in vitro technologies provides promise for adopting NAMs for other 
complex immune functions. It is critical for a comprehensive safety assessment 
to investigate the impact of xenobiotics on innate, humoral, and cell-mediated 
immunity that demand complex interactions of many immune cell types. The goal 
of this talk is to present evidence for development of in vitro techniques capable 
of assessing immunotoxicity to all major arms of the immune system. Human 
whole blood has been used to develop antigen-driven functional immune responses 
including Natural Killer activity, T-cell activation, antibody production, and cytokine 
profiling. Together with comprehensive immunophenotyping for identification of 
cell populations and cytotoxicity, this human whole blood model provides promise 
as a comprehensive toolbox for in vitro hazard identification for xenobiotics affect-
ing the immune system. Proof of performance will be illustrated using known 
immunosuppressive compounds including polycyclic aromatic compounds.

 1174 A Regulatory Node within the Immunoglobulin Heavy Chain 
Gene May Predict Sensitivity to Xenobiotics That Alter 
Antibody Production

C. Sulentic. Wright State University, Dayton, OH.

The immunoglobulin heavy chain (IgH) gene is responsible for the expression of 
all Ig classes/isotypes, i.e. IgM, IgD, IgG, IgE, and IgA. These isotypes have differ-
ent effector functions in mediating immunity. Therefore, environmental and/or 
genetic-induced alterations in processes that control IgH expression will signifi-
cantly affect human health. Toxicants that bind the aryl hydrocarbon receptor (AhR) 
are well-established inhibitors of IgH expression and antibody levels. However, in 
the context of human IgH expression and antibody production, the role of the AhR 
is not well defined. This is further complicated by the fact that our understand-
ing of basic immune function has been largely based on rodent models. There 
are significant differences in the IgH gene between rodents and humans that will 
likely translate to functional differences. Given the importance of antibodies in 
defense and disease, this represents a significant knowledge gap in assessing 
human B-cell function and potential sensitivity to xenobiotics. This presentation will 
discuss the importance of using human B cell models to assess antibody produc-
tion in immunotoxicity testing and propose a regulatory node within the IgH as an 
environmental sensor and predictor of immunotoxicity, using AhR ligands such as 
2,3,7,8-tetrachlorodibenzo-p-dioxin as a case study.

 1175 Human Cord Blood-Derived CD34+ Hematopoietic 
Stem Cells as an In Vitro Model for Investigating 
Developmental Immunotoxicity

N. Kaminski. Michigan State University, East Lansing, MI.

The large array of different cell types that constitute the immune system arise 
from CD34+ hematopoietic stem cells (HSCs). The cell fate decisions involved in 
the development of these various immune cell lineages is facilitated by the transi-
tion of HSCs to multipotent progenitors, followed by the appearance of common 
myeloid or common lymphoid progenitors ultimately resulting in cell lineage specifi-
cation. Historically, xenobiotics that interfere with immune cell development were 
identified using rodent models, primarily mice. However, it is also well established 
that although there are many similarities between the mouse and human immune 
system, critical differences also exist. The objective of this presentation is to 
discuss a novel in vitro model system using human cord blood derived CD34+ HSCs 
that recapitulates critical events allowing for the cellular development and lineage 
commitment for most of the major immune cell types, as confirmed by scRNAseq 
and flow cytometry. Moreover, an aryl hydrocarbon receptor (AHR) ligand will be 
used as a case study to demonstrate how perturbations of the events involved in 
lineage commitment can markedly and selectively skew cell type specification. 
With the current emphasis on establishment of new approach methodologies for 
toxicity evaluations, this model system focused on developmental immunotoxicol-
ogy provides numerous advantages over murine based models, the most signifi-
cant being the utilization of human primary HSCs, which eliminates the need for 
extrapolation across animal species.

 1176 HuLA Assay in Pharmaceutical Design and Safety Assessment: 
Can It Be Used for Prediction of Immunosuppression 
and Immunostimulation?

M. Collinge. Pfizer Inc., Groton, CT.

Assessment of the immunomodulatory effects of xenobiotics is important both in 
the context of pharmaceuticals and environmental chemicals. Holistic approaches 
that incorporate multiple immune cell types and functions are particularly powerful 
as an initial screen and, depending on the outcome, can be followed up with 
additional cell type specific and mechanistic assays. The in vivo T-dependent 
antibody assay (TDAR) has long been utilized for this purpose, requires antigen 
presentation as well as B and T cell function, and is highly predictive of immuno-
toxicity, particularly when applied in combination with other assays. An in vitro cell 
based assay that uses human cells that can be used in a similar manner to the 

in vivo TDAR would be desirable. To that end, the human lymphocyte activation 
(HuLA) assay was developed. The development of the assay, its qualification and 
evaluation by multiple pharmaceutical companies will be described, along with 
the ways the assay can be applied. While largely used for immunosuppression, its 
potential use for immunostimulation will be discussed.

 1177 What Does the US FDA/CDER Need to Utilize In Vitro 
Immunotoxicity Data for Human Health Risk Assessment?

L. Myers. US FDA, Silver Spring, MD.

The FDA is committed to advancing the 3 Rs (replacement, reduction, refinement) 
in drug development. In vitro toxicological assessments have helped advance 
the 3Rs at the Agency and are increasingly being submitted to help answer many 
nonclinical safety questions. One of the major hurdles facing regulatory use of data 
generated using novel in vitro assays is whether the new assay will be as robust as 
the prior methodology (sometimes referred to as the “gold standard”) for answer-
ing the safety question for that endpoint. In immunological safety assessment, 
many regulatory agencies have or are actively working towards accepting safety 
data produced using several in vitro assays to address hypersensitivity, immune 
stimulation / cytokine release, immunomodulation, as well as other endpoints. This 
talk will discuss the current approaches using in vitro data to address immune 
safety during drug development, with a focus on human cells, human cell lines, or 
humanized cells. This talk will also discuss the opportunities for advancement for 
in vitro assessment of immune safety / immunotoxicology as well as discussing 
concepts to consider when developing novel assays for human risk assessment.

 1178 Metals Matter: The Potential Effects of Metal-Mediated Cell 
Death in the Pathogenesis of Cardiopulmonary Diseases

L. Cai. University of Louisville School of Medicine, Louisville, KY.

Metals are present everywhere on the earth. In biology, essential metals maintain 
important functions for the cell, including division, growth, and differentiation, 
ultimately contributing to organ function maintenance; however, nonessential 
metals can be introduced to our body undesirably by several exposure routes. These 
nonessential metals in the body cause pathologies, such as metabolic abnormali-
ties and cardiovascular diseases (CVDs) because of to their cytotoxic and/or 
genotoxic toxicities. In fact, metal toxicities can be caused not only by nonessential 
metals but also by essential metals at inappropriate levels. These cases include 
iron- and copper-mediated cell death, ferroptosis and cuproptosis, respectively. 
However, how these metal-mediated cell deaths, such as pulmonary pathogene-
sis and diabetic CVDs, affect our health, how other metals affect ferroptosis and 
cuproptosis, and whether these metal-mediated cell deaths cause CVD remain 
unknown. This Symposium will begin with a brief introduction, whereupon the first 
speaker will address the importance of mitochondria and how the damage and 
dysfunction it incurs because of several metals leads to various cellular dysfunc-
tion and cytotoxicity. The second speaker will focus on exposure to cadmium and 
related pulmonary toxicities, including various kinds of cell death, which may be 
mediated by cadmium’s contribution to essential metal dyshomeostasis. The third 
speaker will introduce the role of ferroptosis in the development of diabetic cardio-
myopathy. The fourth speaker will address copper dyshomeostasis and health 
effects, while the last speaker will introduce the new concept of cuproptosis and 
underlying mechanisms with the potential roles in the pathogenesis of diseases. 
This Symposium, therefore, will assemble clinicians, translational toxicologists, and 
bench investigators to discuss the health impacts of essential metal dyshomeo-
stasis-mediated cell death, including various health risks, and how essential metal 
dyshomeostasis is caused by chronic exposure to nonessential metals in many 
conditions, such as occupational, air pollution, and environmental contamination. 
To conclude this Symposium, we will demonstrate how metals are important for 
our life and health.

 1179 Mitochondria as a Target of Metals

J. Meyer. Duke University, Durham, NC.

Mitochondrial uptake of essential metals is carefully regulated, often because 
mitochondria play critical roles in metabolic processes. For example, mitochondria 
play critical roles in heme and iron-sulfur cluster synthesis. Some non-essential 
metals accumulate in mitochondria by a number of mechanisms including mimicry 
of essential metals. There is also strong evidence for mitochondrial toxicities 
of many non-essential metals, including arsenic, mercury, lead, and cadmium; 
however, all of these also have non-mitochondrial targets. I will provide a brief 
review of mitochondrial impacts of non-essential metals and interactions with 
essential metals, including work by our group and others on the effects of lead 
and cadmium on mitochondrial functions. I will discuss work we did to identify 
mechanisms by which arsenic targets mitochondria, as well as our finding that 
human disease variants in mitochondrial homeostasis genes results in altered 
sensitivity to arsenic exposure in the nematode Caenorhabditis elegans. Next, I will 
present work in which we tested the hypothesis that mitochondria are a target of 
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silver nanoparticles, and discovered instead that mitochondria are likely a second-
ary target in this case. Finally, I will discuss work from our group and others examin-
ing impacts of mercury and cadmium on mitochondrial DNA.

 1180 Cadmium-Induced Lung Toxicity

V. Antony. University of Alabama at Birmingham, Birmingham, AL.

Cardiopulmonary disease secondary to environmental insults is well recognized 
and accepted. It is recognized that all-cause mortality of the population of Medicare 
age is directly proportional to PM 2.5 exposure even below the EPA accepted levels, 
irrespective of smoking history. The underlying causes are linked to both pulmonary 
and cardiac disease. While cardiac disease and stroke remain the primary cause 
of mortality in the US, Chronic Obstructive Pulmonary Disease (COPD) is the third 
largest case of death world-wide and is a significant co-morbid condition in both 
myocardial infarctions and strokes, which are caused by tissue hypoxia in the 
relevant organ system. Exposure to pollutants causes exacerbation of airways 
diseases, such as COPD and asthma, leading to hypoxemia that in turn, can lead 
to increased risk of myocardial hypoxia as well as an increased risk for stroke. 
Pollutants not only cause exacerbation of underlying lung disease but also may 
be the primary cause of lung disease. Cadmium (Cd), a metal in cigarette smoke 
(e.g. cigarette contains 2-3 micrograms of Cd), is also a common pollutant from 
coal fired power plants and coke furnaces and has an in vivo half-life of 25 years. 
Cadmium causes COPD, as well as exacerbation of other metal toxicity, and leads 
to a procoagulant state with higher levels of fibrinogen/fibrin in the blood and lung. 
Cadmium exposure initiates autophagy through ferroptosis leading to cell death of 
lung tissues exposed to it. This leads to both airway and lung parenchymal injury 
with aberrant responses. A better understanding of these mechanisms will help 
us develop therapeutic modalities to prevent lung disease following exposure to 
lung pollutants.

 1181 Essential Role of Ferroptosis in the Development of 
Diabetic Cardiomyopathy

L. Cai. University of Louisville School of Medicine, Louisville, KY.

Ferroptosis was described as a form of cell death induced by the small molecule 
erastin, which inhibits the import of cystine, leading to glutathione (GSH) depletion 
and inactivation of the phospholipid peroxidase glutathione peroxidase 4 (GPX4). 
As an iron-dependent form of regulated cell death, ferroptosis occurs through the 
lethal accumulation of lipid-based reactive oxygen species when GSH-dependent 
lipid peroxide repair systems are compromised and is also tightly related to amino 
acid, glutathione, lipid, and iron metabolisms. We have investigated the essential 
role of ferroptosis in the pathogenesis of diabetic cardiomyopathy (DCM) in mice 
with type 2 diabetes and a new ex vivo DCM model. Advanced glycation end-prod-
ucts (AGEs), an important pathogenic factor of DCM, were able to induce ferropto-
sis in engineered cardiac tissues (ECTs), evidenced by increased levels of Ptgs2 
and lipid peroxides and decreased ferritin and SLC7A11 levels. Typical morpho-
logical changes of ferroptosis in cardiomyocytes were observed using transmis-
sion electron microscopy. Inhibition of ferroptosis with ferrostatin-1 and deferox-
amine prevented AGE-induced ECT remodeling and dysfunction. Ferroptosis was 
also evidenced in the heart of type 2 diabetic mice. Inhibition of ferroptosis by 
liproxstatin-1 prevented the development of diastolic dysfunction at 3 months 
after the onset of diabetes. The protective effect of sulforaphane, NRF2 activa-
tor, on ferroptosis was found AMP-activated protein kinase (AMPK)-dependent. 
Therefore, we concluded that ferroptosis plays an essential role in the pathogen-
esis of DCM; sulforaphane prevents ferroptosis and associated pathogenesis via 
AMPK-mediated NRF2 activation. This suggests a feasible therapeutic approach 
with sulforaphane to clinically prevent ferroptosis and DCM.

 1182 Metabolic Effects of Copper Misbalance

S. Lutsenko. Johns Hopkins Medicine, Baltimore, MD. Sponsor: L. Cai.

Copper is an essential enzyme cofactor and a signaling molecule required for 
proper differentiation and functional maturation of most cells. In this presentation, 
we will discuss how copper misbalance affects the metabolic status of tissues 
and alters the communications between different cell types within tissues. In 
particular, we present evidence that in the liver excess copper activates oxidative-
stress response factor NRF2, which leads to upregulation of sulfotransferases, 
misbalance of oxysterols and sulfated sterols, inhibition of nuclear receptors and 
increased inflammatory response that can be reversed by liver nuclear receptor 
agonists. The development of liver pathology, especially inflammation and fibrosis 
depends on copper accumulation in both parenchymal and non-parenchymal liver 
cells and is affected by copper misbalance in the intestine. The relevance of this 
altered metabolic signaling to human disorders of copper misbalance such as 
Wilson disease and obesity will be highlighted.

 1183 Copper Induces Cell Death by Targeting Lipoylated and Fe-S 
Cluster Proteins

P. Tsvetkov. Broad Institute, Cambridge, MA. Sponsor: L. Cai.

Copper is an essential co-factor for all organisms, and yet it becomes toxic 
if concentrations exceed a threshold maintained by evolutionarily conserved 
homeostatic mechanisms. The precise mechanisms through which excess 
copper induces cell death, are still largely unknown. Our work now establishes 
that structurally diverse copper ionophores induce a new form of regulated cell 
death that is distinct from known cell death mechanisms such as apoptosis and 
ferroptosis. This copper-dependent cell death mechanism is largely dependent on 
mitochondrial respiration; increased mitochondria respiration promotes copper-de-
pendent cell death whereas blocking cellular respirations attenuates this process. 
Moreover, this copper-dependent death occurs via direct binding of copper to 
lipoylated components of the tricarboxylic acid (TCA) cycle in a process that is 
highly dependent on the function of the ferredoxin 1 (FDX1) enzyme. This results in 
lipoylated protein aggregation and global iron-sulfur cluster protein loss leading to 
proteotoxic stress and ultimately cell death. Taken together, our findings suggest 
that two evolutionarily ancient cellular mechanisms (lipoylation and Fe-S clusters) 
are crucial targets of copper induced cytotoxicity.

 1184 The Future of Fire Safety: Exploring the Intersection of Wildfires 
and Human Health

C. Wright. Chemical Insights Research Institute, Marietta, GA.

Wildfires are an emerging public health threat capable of hindering the economic 
and social infrastructure on which we daily rely. Climate change will sharpen this 
threat; therefore, larger conversations among the scientific community are sorely 
needed to address this unprecedented global issue. Understanding the complex-
ity of wildfires and their impact on human health is key to mitigating loss of life 
and quality of life as well as reducing environmental consequences, including the 
reduction of indoor and outdoor air quality. In this session, our panelists will identify 
challenges in data collection and potential knowledge gaps that impede our ability 
to fully quantify the human and economic costs of wildfires. Our panel of experts 
will examine the chemical processes that occur during urban wildfires, discuss 
the complexity of wildfire emissions, and examine what is known about human 
exposure and adverse health outcomes. Specifically, our presenters will provide 
new evidence on biomarkers of exposure, such as brominated flame retardants and 
per- and polyfluoroalkyl substances and their link to epigenetic alterations found 
in exposed vulnerable populations, including firefighters. While it is widely known 
that firefighters have higher cancer incidence rates than the general public, our 
presenters will reveal recent metabolomic data that may shed light on cancer initia-
tion pathways in first responders. The efficacy of indoor air pollution mitigation 
strategies on cardiometabolic health in wildfire-affected individuals also will be 
explored and evaluated. These findings may aid in the development of therapeu-
tic and intervention mitigation strategies to protect exposed first responders and 
communities during wildfires.

 1185 Wildfires at the Wildland: Urban Interface and Their Health 
Impact on First Responders and Communities

M. Black. Chemical Insights Research Institute, Marietta, GA. Sponsor: C. Wright.

In this presentation, we will provide the current state of the science involved in 
wildland urban interface (WUI) fires. The chemistry and health impacts of WUI fires 
are poorly understood, but WUI fires can lead to higher human exposures than 
remote wildland fires because of their proximity to communities. Current knowledge 
gaps in our understanding of complex fuel sources, their combustion products and 
contribution to wildfire smoke, and impacts on first responders and community will 
be examined and discussed. Exposure pathways, including air, water and soil, will 
be emphasized to enhance the audiences understanding of potential human health 
risks of wildfire exposures.

 1186 Evaluation of Biomarkers of Exposure in Southern California 
Firefighters Responding to Wildland-Urban Interface 
Fire Incidents

M. Calkins. NIOSH, Cincinnati, OH. Sponsor: C. Wright.

WUI firefighters may experience structural firefighting exposures without wearing 
the PPE routinely used by municipal firefighters during a structural response (e.g. 
self-contained breathing apparatus (SCBA), turnout gear) and without the ability 
to follow recommended decontamination practices for structural fire response. In 
this presentation, Dr. Calkins will summarize results of the biomarkers of exposure 
measured in firefighters from southern California enrolled in the Fire Fighter Cancer 
Cohort Study (FFCCS)—a national collaborative research study with NIOSH and 
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the Universities of Arizona and Miami. Discussion will include comparisons to the 
general U.S. population, pre- and post-fire response, and characteristics of the 
fire incidents.

 1187 Epigenetic Biomarkers of Toxicity in California Firefighters 
Working in the Wildland-Urban Interface

J. Goodrich. University of Michigan, Ann Arbor, MI.

This presentation will focus on DNA methylation and microRNA (miRNA) expres-
sion as early indicators of toxicity and exposure in wildland-urban interface (WUI) 
firefighters. Data derived from baseline and post-exposure evaluations of blood 
samples (n=100) obtained from the Fire Fighter Cancer Cohort study will be 
discussed including DNA methylation across 750,000 loci via the Infinium EPIC 
array along with the relative abundance of 800 miRNAs using a linear mixed model 
approach. The relationship between differential methylation and miRNA expres-
sion across time and the implications on firefighter health will be presented. This 
presentation aims to establish epigenetic modifications as relevant biomarkers of 
exposure and disease susceptibility in vulnerable populations during wildfire events.

 1188 Assessment of Adverse Pregnancy Outcomes among US 
Female Firefighters

A. Jung. University of Arizona, Tucson, AZ. Sponsor: C. Wright.

Several firefighter occupational exposures have been previously linked with adverse 
reproductive outcomes among non-firefighters. We used cross-sectional survey 
data to investigate the burden and occupational factors associated with miscar-
riage, preterm birth, and infertility among a cohort of US women firefighters. Within 
a subset of these women, we used dried blood spot samples to compare anti-Mülle-
rian hormone levels to non-firefighter controls. The focus of this presentation will 
be a summary of our analyses, highlighting differences in risk between volunteers 
versus career firefighters, wildland/wildland-urban-interface (WUI) firefighters 
versus structural firefighters, and potentially, cumulative occupational exposures.

 1189 Modulation of PM2.5-Mediated Cardiometabolic Indicators in 
Wildfire-Exposed Individuals through Residential Air Filtration

J. Zhang. Duke University, Durham, NC. Sponsor: C. Wright.

This presentation will describe the design and protocol of a new study to examine 
the impact of a 6-month residential HEPA filtration intervention on cardiometabolic 
outcomes during the presence or absence of wildfire events. Participants will be 
a cohort of ethnically diverse individuals at risk for type 2 diabetes (overweight 
or obese older adults) residing in the Los Angeles area where air pollution levels 
are among the highest in the US and is prone to wildfires. We will present prelim-
inary data on wildfire exposure biomarkers, metabolic dysfunction biomarkers, 
and participants’ demographic, housing, and community characteristics. In this 
crossover trial, participants will be block-randomized to start either the HEPA filtra-
tion or the sham (no HEPA) filtration, each lasting for 6 months. With a 6-month 
washout period between HEPA and sham filtration, each participant will be followed 
for 18 months, during which wildfire events will be monitored and recorded.

 1190 Cancers, Chemicals, and the Microbiome

J. Toyoda. Mote Marine Laboratory & Aquarium, Sarasota, FL.

The human body is host to as many microbial cells as human cells, and the gut 
microbiome is estimated to contain 50- to 100-fold more genes than the host. 
The vast genetic functions of the gut microbiome provide critical services, such 
as toxicant metabolism, synthesis of nutrients and bioavailable metabolites, and 
regulation of adaptive immune response. Gut-associated communities impact 
human health, and increasing evidence indicates dysbiosis, or microbiome pertur-
bation, contributes to a variety of human diseases, including cancer. Despite strong 
links between dysbiosis and cancer outcomes, mechanisms by which toxicants 
and microbes interact to influence carcinogenesis remain unclear. The goal of 
this session is to educate SOT members on the importance of the gut microbi-
ome to cancer onset, development, and therapy by highlighting (1) microbiome 
interactions with chemical carcinogens, (2) microbiome-mediated mechanisms 
of cancer development, and (3) how microbiome targeting can improve cancer 
outcomes. Speakers will share emerging findings in microbiome-carcinogen 
interactions, including the roles of the gut microbiome in the biotransformation of 
arsenic and metabolic activation of triclosan. Speakers also will discuss microbi-
ome-mediated cancer outcomes in colon and liver via enzymatic, immune-related, 
and barrier-associated mechanisms. The Workshop also will explore the potential 
of the microbiome as a druggable target to reduce chemical toxicity, alter disease 
progression, and enhance cancer therapy through advantageous modification of 
the gut microbiome using prebiotics and enzyme inhibitors. Session attendees will 
better understand the roles microbes play in toxicant metabolism, cell-signaling 

pathways, gut barrier function, and tumor immunity. Further, they will gain familiar-
ity with a variety of mechanisms by which the microbiome alters cancer outcomes 
using an array of molecular approaches.

 1191 Use of Multi-’omics to Decipher Signaling Molecules of 
Xenobiotic-Gut Microbiome-Host Interactions

K. Lu. University of North Carolina at Chapel Hill, Chapel Hill, NC. Sponsor: J. Toyoda.

The gut microbiome is a key modulator of human health and there is a growing 
number of studies that evaluate the systemic, regulatory, and metabolic role of 
the gut microbiome. This work demonstrates that xenobiotics interact with the 
gut microbiome providing a new angle to evaluate chemical toxicity. Modulation 
of the gut microbiome is also regarded as a promising approach to treat cancer or 
improve cancer treatment outcomes. However, how carcinogens, microbiome and 
host interact at the molecular level remains a significant gap. This not only impedes 
mechanistic understanding how altered gut microbiome causes or contributes to 
cancer, but also prevents microbiome modulation to reduce adverse outcomes 
from toxicant exposure. Toward this goal, with multi-omics and system biology 
approaches, we demonstrated significant changes in signaling molecules between 
conventionally raised and germ-free mice and have shown that exposure to carcin-
ogens such as arsenic, benzopyrene, and formaldehyde induced different toxico-
logical responses in mice with different gut microbiomes. We also demonstrated 
that carcinogen-altered gut microbiome causatively leads to disease in animals. 
Using arsenic as an example, we have shown how the gut microbiome cross-talks 
with the host through microbiome-regulated signaling molecules, including bile 
acids. Ongoing research shows that the gut microbiome plays a key role in affect-
ing the profiles of mutagenic DNA adducts arising from exposure to benzopy-
rene, a potent human carcinogen. We have also demonstrated that modulating 
signaling molecules that reflect gut microbiome-host interactions can effectively 
prevent or treat diseases, including inflammatory bowel disease. Similarly, the 
administration of microbiome-related metabolites, identified from omics profiling, 
caused long-term radioprotection, mitigation of hematopoietic and gastrointes-
tinal syndromes, and a reduction in proinflammatory responses during ionizing 
radiation. Taken together, deciphering microbiome-mediated chemical signal-
ing and involved host signaling pathways provides important research avenues 
to understand molecular mechanisms underlying carcinogen-microbiome-host 
interactions, develop suitable biomarkers of gut microbiome toxicity, and discover 
druggable microbiome targets to improve cancer treatments outcomes or prevent 
cancer onset.

 1192 Microbial ß-Glucuronidase Enzymes Induce Colitis and 
Tumorigenesis by Reactivation of a Common Antimicrobial 
Additive in Gastrointestinal Tract

J. Zhang. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Emerging research supports that triclosan, an antimicrobial agent found in 
thousands of consumer products, exacerbates colitis and colitis-associated 
colorectal tumorigenesis in animal models. While the intestinal toxicities of triclosan 
require the presence of the gut microbiota, the molecular mechanisms involved 
have not been defined. Here we show that intestinal commensal microbes mediate 
metabolic activation of triclosan in the colon and drive its gut toxicology. Using 
a range of in vitro, ex vitro, and in vivo approaches through biochemical analysis, 
metabolite analysis, crystal structure analysis, and sequencing analysis, we identify 
specific microbial ß-glucuronidase (GUS) enzymes involved and pinpoint molecu-
lar motifs required to metabolically activate triclosan in the gut. Finally, we show 
that targeted inhibition of bacterial GUS enzymes abolishes the colitis-promoting 
effects of triclosan, supporting an essential role of specific microbial proteins in 
triclosan toxicity. In addition to the reactivation of xenobiotics, our recent findings 
show that microbial GUS enzymes can also act as a promising therapeutic target to 
address colitis and related problems, and to alter the dysbiotic composition of gut 
microbiota. Together, our results define a mechanism by which intestinal microbes 
contribute to the metabolic activation and gut toxicity of triclosan. They further 
highlight the importance of considering the contributions of the gut microbiome in 
evaluating the toxic and carcinogenic potential of environmental chemicals.

 1193 The Microbiome Controls Anti-tumor Immune Responses in 
the Liver

T. Greten. National Cancer Institute, Bethesda, MD. Sponsor: J. Toyoda.

The microbiome includes commensal bacteria and other microorganisms, and 
their encoded genes and functions, that colonize the epithelial surfaces of our 
body. Under healthy conditions, the host and its microbiome exist in symbio-
sis as a metaorganism by providing a nutrient-rich microenvironment in return 
for aid in digestion and metabolism. In addition, they have been shown to have 
local and systemic effects on cancer onset, progression and therapy response. 
Primary sclerosing cholangitis (PSC) and inflammatory bowel disease are risk 
factors for cholangiocarcinoma. In addition, dysbiosis has recently been shown 
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in patients with PSC with and without inflammatory bowel disease. We therefore 
investigated the effect of gut microbiome on immune responses in a murine 
model of cholangiocarcinoma. In two different murine models of PSC, we found 
a decrease in gut barrier function allowing gut-derived bacteria and lipopolysac-
charide to appear in the liver where they induced CXCL1 expression in hepatocytes 
through a TLR4-dependent mechanism ultimately leading to an accumulation of 
CXCR2+ polymorphonucler myeloid-derived suppressor cells (PMN-MDSCs) which 
are widely considered to be a critical negative regulator of immune responses. 
PMN-MDSCs suppressed anti-tumor immune responses in the liver and promoted 
growth of murine cholangiocarcinoma. This study clearly demonstrated that the gut 
microbiome controls hepatocytes to form an immunosuppressive environment and 
promote cholangiocarcinoma growth.

 1194 Modulating the Gut Microbiome to Improve Cancer 
Immunotherapy Efficacy

R. Pidgeon. McGill University, Montréal, QC, Canada.

Immune checkpoint inhibitors (ICIs) have revolutionized the treatment of cancers. 
However, long-lasting tumor control occurs in a minority of patients. The composi-
tion and function of the gut microbiome is a key immune mediator of ICI activity. 
Therefore, microbiome manipulation is a promising therapeutic approach to 
improve ICI efficacy. Gut microbiome composition and function can be manipu-
lated in two major ways: supplementation of exogenous bacteria (via probiotics 
or fecal microbiome transplants) or modulation of endogenous microbes (via 
dietary prebiotics or xenobiotics). We hypothesized that dietary prebiotics could 
reshape the endogenous gut microbiome to improve ICI efficacy. We found that the 
polyphenol-rich camu-camu berry can improve ICI efficacy in syngeneic MCA-205 
sarcoma or E0771 breast cancer-bearing mice. This anti-tumor effect correlated 
with increased intratumoral CD8+ T cell populations and was microbiome-depen-
dent as microbiome depletion inhibited camu-camu activity. However, a drawback 
of working with whole fruits is variability in prebiotic composition. Therefore, 
we sought to isolate the active dietary prebiotic in camu-camu. Using reversed-
phase chromatography, camu-camu fractions were isolated and iteratively 
screened in tumor-bearing mice for anti-tumor activity. We identified the polyphe-
nol castalagin as the microbiome-dependent bioactive compound in camu-camu. 
16S rRNA sequencing revealed that, like camu-camu, castalagin gavage in both 
mouse models increased the relative abundance of immunogenic taxa (notably 
Ruminococcus and Akkermansia muciniphila). In the gut, castalagin is metabolized 
to ellagic acid and various urolithins, depending on microbiome composition. We 
observed that gut microbiomes of patients that responded to ICIs were significantly 
more likely to metabolize castalagin compared to non-responders. Metagenomic 
sequencing revealed that metabolizers had significantly different microbiomes 
compared to non-metabolizers. In addition, RNA-seq analysis on bacterial isolates 
identified putative genes in the castalagin metabolic pathway. Taken together, the 
polyphenol castalagin acts as a prebiotic and improves ICI efficacy through gut 
microbiome modulation. Further work is needed to fully elucidate the mechanism 
by which castalagin impacts the microbiota composition and how it is metabolized 
by gut bacteria.

 1195 Moving Stem Cell-Derived New Approach Methods toward 
Regulatory Acceptance

L. Pang. US FDA/NCTR, Jefferson, AR.

New approach methods (NAMs) offer the potential to accelerate molecular 
evaluation in pharmaceutical drug development and chemical hazard assess-
ment data acquisition. They also translate effects to protect human health and 
the environment. Over the past decade, numerous stem cell-derived NAMs have 
been developed, but their adoption and implementation into regulatory applications 
remain limited. To build confidence and increase the impact of NAMs, it is import-
ant to understand how the technologies are being used; the relevance, sensitivity, 
and specificity of endpoints featured in the in vitro models; the decision context 
to establish protective and/or predictive points of departure; the variability and 
concordance to traditional animal studies; and the interindividual variability that 
may affect the responses of different subpopulations. This workshop’s speakers 
will provide examples on how stem cell-derived NAMs are of use for hazard identi-
fication/risk assessment of environmental chemicals, drug screening, and toxicity 
detection/prediction. These novel perspectives provide insights on the suitability 
of using stem cell-derived NAMs to derive protective thresholds of health hazards, 
application of donor-derived stem cells to address issues of interindividual variabil-
ity in gene-environment interactions, toxicodynamic assessment of chemical 
hazard, the predictive value of stem cell-derived neural spheroids to preclinical 
species, and the promise of using a diverse panel of stem cell-derived cardiomyo-
cytes in translational drug-induced cardiotoxicity. The efforts in assay development 
in supporting potential regulatory uses will be highlighted. The hurdles encountered 
on the qualification/verification pathways, the needs of different stakeholders, and 
strategies to promote the communication and interactions of stakeholders will be 
discussed in the last 30 minutes of the session. There have been active discussions 
of the potential regulatory use of NAMs among the Critical Path Institute Predictive 
Safety Testing Consortium, the IQ Microphysiological Systems Affiliate, and the 

US FDA. This workshop unites experts across many facets of research to discuss 
novel experiences and practices on the potential regulatory use of stem cell-de-
rived NAMs. The audience will benefit from each speaker’s perspective on the 
utility, benefits, limitations, and challenges in applying new technologies to inform 
internal and regulatory decision-making. This workshop provides unique insights 
and marks an important investment toward the eventual regulatory acceptance 
of stem cell-derived NAMs, as it requires the general consensus of stakeholders 
on performance criteria of the methods and the translatability, qualification, and 
verification of the model.

 1196 Case Studies of Using Human iPSC-Derived Cells for Decision-
Making on Non-pharmaceutical Substances

I. Rusyn. Texas A&M University, College Station, TX.

There is no shortage of cell-based models for toxicology studies; however, it is 
challenging to make selection of the “right” cell type when testing diverse agents or 
complex substances and mixtures. While primary human cells are often favoured 
as the most “relevant” model to replicate human biology in a dish, these cells are 
not in unlimited supply especially from particular donors. For this reason, in vitro 
studies in toxicology have embraced the availability of human iPSC-derived cells 
from major organs as a suitable replacement for primary cells. This presentation 
will demonstrate the most recent examples of how a compendium of iPSC-derived 
cell types can be used as a targeted model for deriving protective thresholds for 
health hazards, grouping of complex substances, and quantification of the toxico-
dynamic variability in adverse effects. These examples will include studies of the 
individual chemicals from diverse classes, complex substances, and environmental 
samples. Collectively, this work demonstrates the applicability of human iPSC-de-
rived cells as attractive models in regulatory toxicology.

 1197 Human Pluripotent Stem Cell-Based Platform to Study the 
Impact of Environmental Toxicant on Human Beta Cells and 
Dopamine Neuron Survival

S. Chen. Weill Cornell Medical College, New York, NY. Sponsor: L. Pang.

Common disorders, including diabetes and Parkinson’s disease, are caused by a 
combination of environmental factors and genetic susceptibility. However, defining 
the mechanisms underlying gene-environment interactions has been challeng-
ing due to the lack of a suitable experimental platform. Using pancreatic ß-like 
cells derived from human pluripotent stem cells (hPSCs), we discovered that a 
commonly used pesticide, propargite, induces pancreatic ß-cell death, a patholog-
ical hallmark of diabetes. Screening a panel of diverse hPSC-derived cell types 
we extended this observation to a similar susceptibility in midbrain dopamine 
neurons, a cell type affected in Parkinson’s disease. We assessed gene-environ-
ment interactions using isogenic hPSC lines for genetic variants associated with 
diabetes and Parkinson’s disease. We found GSTT1-/- pancreatic ß-like cells and 
dopamine neurons were both hypersensitive to propargite-induced cell death. Our 
study identifies an environmental chemical that contributes to human ß-cell and 
dopamine neuron loss and validates a novel hPSC-based platform for determining 
gene-environment interactions.

 1198 Computational Morphodynamics: Advanced Modeling of Human 
Stem Cell-Derived Data

T. Knudsen. US EPA, Research Triangle Park, NC.

Previous screening of the ToxCast chemical library in a pluripotent H9 human 
stem cell (hPSC) assay predicted developmental toxicity with a balanced accuracy 
78-84% for well-curated reference compounds [Zurlinden et al. 2020]. Since the 
molecular biology of hPSCs in culture most closely resembles the ‘epiblast’ 
of an early embryo during gastrulation, in silico models built that self-organize 
emergent phenotypes and positional information of the epiblast can offer dynamic 
knowledge representation beyond performance classifiers to test the veracity 
of presumed mechanisms. A new and fully executable computer model of the 
human epiblast was built to translate hPSC-derived bioactivity data into adverse 
developmental trajectories through in silico self-organization of endomesoder-
mal domains. Determination of progenitor cell fate is dependent upon positional 
information and temporal colinearity of an autonomous HOX clock, which can be 
altered through perturbation of a signaling network (e.g., FGF, BMP, NODAL, ATRA). 
This unique model of gastrulation combines ToxCast chemical bioactivity data 
with the molecular logic of signaling networks to mechanistically predict early 
developmental hazard through analysis of resulting mesodermal topography. Such 
models mechanistically drive biomolecular lesion(s) into higher levels of biologi-
cal organization and can support regulatory implementation by putting hPSC-de-
rived chemical effects data into motion (toxicodynamics). This abstract does not 
necessarily reflect Agency policy.
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 1199 Neural Spheroid Models for the Preclinical Detection 
of Neurotoxicity

M. Wagoner. Takeda Pharmaceuticals International Inc., Cambridge, MA.  
Sponsor: L. Pang.

Drug-induced neurotoxicity is a leading cause of safety-related attrition for 
therapeutics in clinical trials, often driven by poor predictive capability of preclinical 
in vitro and in vivo models of neurotoxicity. Here we compare the predictive value 
of preclinical species and iPS-derived neural spheroids for a set of 84 clinical stage 
pharmaceuticals with varying degrees of seizurogenic and neurodegenerative liabil-
ity. By measuring and integrating 7 parameters of neuronal health and function, a 
neurotoxicity score is calculated using a logistic regression model. This integrated 
iPSC Neural Spheroid neurotoxicity score results in a 93.33% specificity and a 
sensitivity of 53.49%, demonstrating a very low false positive rate for the prediction 
of seizures, convulsions and neurodegeneration. In contrast, nonclinical species 
showed a higher sensitivity (75%) and much lower specificity (30.4%). Importantly, 
we find that this model has even greater sensitivity in the detection of neurotoxicity 
in discovery-stage drugs, catching >85% of small molecules that caused neurotox-
icity in vivo. Finally, we integrate these in vitro and in vivo observations with a 
summary of other recently published iPSC-derived models of neurotoxicity to make 
a case for the robust utility of these NAM neurotoxicity models in drug discovery.

 1200 Predicting Interindividual Variability of Doxorubicin 
Cardiotoxicity with Induced Pluripotent Stem 
Cell-Derived Cardiomyocytes

L. Pang. US FDA/NCTR, Jefferson, AR.

The cardiotoxicity induced by many oncology drugs significantly limits their clinical 
use and hampers the benefit of the lifesaving anticancer treatments. Human 
induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) provide a 
human-relevant platform for cardiac safety assessment and have been reported 
to recapitulate the clinical inter-individual variation in susceptibility to doxorubi-
cin (DOX)-induced cardiotoxicity (DIC) [Burridge et al. 2016]. Herein, we tested the 
feasibility of using hiPSC-CMs derived from a diverse set of donors to examine 
their variability in DIC. Similar to observations in clinical practice, the panel of 
hiPSC-CMs exhibited variable cytotoxic responses and the overall DOX effect was 
dose-dependent. Transcriptomic analysis of hiPSC-CMs upon DOX exposure largely 
replicated the known DIC mechanisms. Moreover, we assessed the sensitivity of 
the panel of hiPSC-CMs to DOX based on in vitro cytotoxicity and found that the 
results may reflect in vivo DIC risk, as the transcriptomic changes of DOX-sensitive 
and DOX-resistant cell lines were consistent with those generated from patients 
who showed different clinical susceptibility to DIC. In addition, the inter-individual 
variability of DIC is larger than the intra-individual variability. Taken together, our 
study suggests that a panel of hiPSC-CMs can be used to assess the inter-indi-
vidual variability of oncology drug-induced cardiotoxicity and may enable patient 
stratification prior to the initiation of anticancer treatments. The model may also aid 
in internal decision making in the R&D pipeline of oncology drug candidates. This 
abstract does not necessarily reflect Agency policy.

 1201 Peer Reviewing for Scholarly Journals: Best Practices, Tips, and 
Case Studies

W. Boyd. NIEHS/NTP, Research Triangle Park, NC.

Peer review is a critical quality-control mechanism in scholarly publishing, and peer 
review services are expected of researchers who publish. However, few scientists 
receive formal training on how to effectively review and critique a scientific 
manuscript. Participants of this session will gain knowledge, skills, and strate-
gies to maximize the quality and utility of their reviews. Learning about the peer 
review process and how to provide better reviews also can help authors improve 
the reporting quality of their own manuscripts. In this session, we will familiarize 
participants with (1) the overall peer review process, (2) the intended purpose of 
peer review, (3) common and emerging peer review models, (4) practical advice for 
when to accept (and when to decline) an invitation to review, (5) best practices and 
tips for conducting a review and drafting comments for editors and authors, and 
(6) tips for responding to reviews as an author. In addition, we will discuss publica-
tion ethics, including potential biases and conflicts of interests relevant to peer 
reviewing and authorship. Presenters and audience volunteers will share their own 
experiences conducting peer reviews and receiving feedback from peer review-
ers as authors. Finally, we will walk through a live review of a sample manuscript, 
encouraging audience participation and discussion. The goals of this session are 
to (1) contextualize and demystify peer review for new reviewers, (2) guide more 
experienced reviewers in improving the utility of their reviews for authors and 
editors, (3) create opportunities for participants to share personal experiences, 
challenges, and opportunities as peer reviewers, and 4) provide useful advice for 
optimizing peer review outputs for all involved in scholarly publishing. Following 
this Workshop, participants will have a clearer understanding of the peer review 
process, qualities that differentiate an excellent review from an average review, 

and how peer reviewing skills can inform the authorship process. Scientists from 
all stages of their careers are encouraged to participate and share their questions, 
concerns, experiences, and advice about reviewing manuscripts.

 1202 Peer Review: Purpose, Process, and Pertinent Considerations

K. Inman. NIEHS, Research Triangle Park, NC. Sponsor: W. Boyd.

This presentation will highlight the purpose of peer review, the role it plays in 
scholarly publishing, and the unexpected benefits it can offer both reviewers and 
authors. We will summarize the peer review process from submission to publica-
tion. Although the editorial process can differ between journals, we will outline 
the general path that submissions follow—beginning with initial editor review, to 
inviting reviewers, to assessing peer review comments—and how journal editors 
typically reach decisions. We will then discuss the revision process, with insight 
into how editors and reviewers should evaluate revised manuscripts and factors 
that are considered when making a final decision. We will consider the roles of 
different editor types related to the peer review process, including Editors-in-Chief, 
Science Editors, Deputy Editors, Associate Editors, and Managing Editors, and 
encourage participants to describe any other roles within their journal or organiza-
tion that are integral to peer review. We will discuss various models of peer review, 
both established and emerging, including open, single- and double-anonymous, 
and post-publication peer review, then examine the strengths and weaknesses 
of each. We will end this session with an overview of peer review ethics and 
considerations before accepting an invitation to review and when it may be more 
appropriate to decline an invitation (e.g., conflicts of interest, confidentiality, 
objectivity, timeliness).

 1203 Best Practices for Reviewing a Manuscript

B. P. Lawrence. University of Rochester School of Medicine and Dentistry, Rochester, NY.

This presentation will offer practical tips that lead to increased opportunities to 
conduct peer reviews for a variety of scholarly journals as well as best practices 
for reviewing papers in experimental toxicology and the environmental health 
sciences. We will start with practical advice about performing initial evaluations 
of manuscripts, consulting author and reviewer guidelines for more information, 
and when to reach out to an editor with questions or concerns. The key elements 
of reviewer evaluations and written reviewer comments will be discussed along 
with the type of information to include in private comments to editors versus open 
comments to the author. Differences will be discussed in approaches to evaluat-
ing common scholarly article types (e.g., full-length research articles, brief reports, 
review articles) and additional considerations that are involved in re-reviewing 
revised manuscripts. Throughout this presentation, we will highlight techniques 
to convey comments politely and constructively. We will end by describing best 
practices for authors to respond to reviewer and editor comments—including when 
and how it may be appropriate to push back on requests.

 1204 Hands-On Peer Review

P. Bommarito1, and M. Huang2. 1NIEHS, Research Triangle Park, NC; and 2Premier 
Consulting, Morrisville, NC.

This session, led by two early career scientists, will feature a live review of a short 
manuscript, allowing time for ample audience discussion and questions. We will 
begin with a brief overview of emerging peer review models that rely on crowdsourc-
ing and ways to engage as both a reviewer and an author. This will include descrip-
tions of resources that may be of interest to SOT members, including BioRxiv and 
preprint servers specific to certain regions (e.g., AfricArXiv) that may be underrep-
resented in traditional models of scientific review and/or publishing. We will spend 
the remainder of the session on a live review of a short, nontechnical manuscript, 
allowing ample time for audience discussion and questions. This portion of the 
workshop will feature opportunities for both small and large group discussions 
to enhance learning and to share experiences and tips. We will discuss the major 
sections of a manuscript (e.g., objectives, conclusions) and the key factors to 
consider when reviewing each section. Attendees will gain hands-on experience in 
crafting reviewer comments that are focused and constructive.

 1205 Case Studies in Peer Review

K. Stietz1, and J. Hartman2. 1University of Wisconsin–Madison, Madison, WI; and 
2Medical University of South Carolina, Charleston, SC.

This presentation will provide our experience, as early career scientists, in reviewing 
manuscripts and receiving reviews on our own manuscripts, and how those experi-
ences helped shape our skills as both writers and reviewers. We will share personal 
experiences and examples about the mentorship and training we received on the 
peer review process as well as our first solo reviews. We will also discuss how to 
interact with editors throughout the review process, differences in journals and 
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audiences, and how wording and tone can impact the way authors and reviewers 
receive one another’s feedback. We will use hypothetical and personal examples 
of constructive versus nonconstructive comments to authors and editors and 
advise on ways to respond to difficult reviewer comments. Attendees will have 
the opportunity to discuss their own experiences and participate in crafting a 
reviewer response to a hypothetical graph/data set. The overall goal of the presen-
tation is to convey strategies to improve communication between reviewers and 
authors in order to make peer review as effective as possible for reviewers, authors, 
and editors.

 1206 Shedding Light on Population Variability and Susceptibility: New 
Approach Methods to Inform Risk Assessment

H. Hogberg-Durdock. NIEHS, Research Triangle Park, NC.

The goal of human health risk assessment is to characterize the potential harmful 
effects of a chemical exposure within human populations and the doses at which 
these effects occur. A key aim is to protect broad populations, which includes 
sensitive subpopulations. Traditionally, uncertainty around human variability in 
dose response is addressed by applying a default uncertainty factor of 10. While 
great investment has been made in precision medicine approaches, toxicity testing 
paradigms for chemical assessment do not inform quantitative assessment of 
population-level variability and susceptibility arising from myriad factors, such as 
genetics, life stage, concurrent stressors, and comorbidities. In order to improve 
the chemical safety assessment methods in this regard, population-based models 
are needed to obtain estimates of interindividual variability. Considerable progress 
has been made in the development and application of new approach methodol-
ogies (NAMs) that test high numbers of chemicals in a cost-efficient and timely 
manner. In addition, NAMs have the potential to experimentally incorporate 
human population variability and susceptibility factors and, ultimately, to allow risk 
assessors to define more significant uncertainty factors. This session will feature 
speakers from academia, government, and contract research organizations. These 
experts will discuss approaches using novel NAMs to address population variabil-
ity and susceptibility. The introduction will address the challenges of interindivid-
ual variability and susceptibility in human hazard and risk assessment, describe 
the current 10-fold uncertainty factor, and highlight the opportunities of NAMs to 
experimentally quantify the population variability. Speakers will present on the 
use of mouse diversity outbred-derived progenitor cells and high content imaging 
in order to address genetic population variability in neurotoxicity. They also will 
review recent efforts in population in vitro human models in the context of risk 
assessment and describe key challenges and opportunities in their application. 
Moreover, speakers will describe the use of human data and NAMs to cover human 
variability in toxicokinetics and/or toxicodynamics using simulation techniques 
in the context of deriving occupational exposure limits. Recent progress at the 
European Food Safety Authority to integrate human variability with toxicokinet-
ics in chemical risk assessment—with a particular focus on phase I and phase II 
metabolism and transporters—will be discussed. Presentations will be followed 
by an interactive panel discussion covering how NAMs can be applied to inform 
risk assessment in population variability and susceptibility. What challenges 
and uncertainties do NAMs pose? To what other human population variability 
and susceptibility challenges can NAMs be applied in the future? How can such 
information be implemented in risk assessment practices?

 1207 Diversity Outbred Mice That Mimic Human Heterozygosity and 
Are Highly Genetically Diverse

A. Harrill. US EPA, Research Triangle Park, NC.

Diversity Outbred (DO) mice that mimic human heterozygosity and are highly 
genetically diverse provide an ideal resource to interrogate toxicity responses 
unique to sensitive sub-populations. A Tox21 Consortium cross-agency partner-
ship utilized female DO neural progenitor cell lines, derived from genetically unique 
mice, coupled with the US EPA’s established high throughput phenotypic profiling 
(HTPP) assay to interrogate inter-individual variability in developmental neurotoxic-
ity susceptibility. DO cell lines were exposed to a chemical test set in 8-point dose 
response and stained with six fluorescent probes to visualize multiple organelles, 
including nucleus, nucleoli, endoplasmic reticulum, Golgi, cytoskeleton, plasma 
membrane and mitochondria. 1,300 phenotypic measures were quantified from 
confocal imaging and well-level data were normalized to each cell line’s DMSO 
control, with phenotypic profiles assessed at concentrations at the cytotoxicity 
LOEL and below. Phenotypic response across lines was quantified using global 
Mahalanobis distance and a benchmark concentration (BMC) associated with the 
threshold for phenotypic effects was determined for each cell line. These BMC 
data were then analyzed using a Bayesian framework to calculate toxicodynamic 
variability factors for each chemical tested, which were then compared to the 
default uncertainty factor for inter-individual variability (3.16) to determine whether 
data-driven uncertainty factors may be more protective of sensitive subpopula-
tions. These initial data represent an important first step toward a high-content 
screening strategy that may inform population variability in dose and phenotypic 
response. This abstract does not necessarily reflect US EPA policy.

 1208 Population-Based In Vitro Models to Address Interindividual 
Variability in Risk Assessment

W. Chiu. Texas A&M University, College Station, TX.

Addressing inter-individual differences in potential hazardous effects of chemicals 
remains a long-standing challenge in human health risk assessment that is typically 
addressed heuristically through use of 10-fold default “uncertainty” or “safety” 
factors. Although it has long been recognized that chemical-specific data would be 
preferable to replace these “defaults,” only recently have their emerged experimen-
tal model systems and organisms with the potential to experimentally quantify the 
population variability for specific chemicals. Progress is most evident in the use 
of population in vitro human cell models, the most common of which are human 
lymphoblastoid cell lines (LCLs) and induced pluripotent stem cell (iPSC)-derived 
organotypic models. For instance, we have shown that LCLs can be used to charac-
terize population variability in vitro hazard and concentration-response over a 
hundred chemicals, as well as mixtures and complex substances. Human iPSC-de-
rived population-based models are most advanced for cardiomyocytes, and we 
have similarly used this model to quantify population variability in both functional 
as well as viability phenotypes across over a hundred drugs and environmental 
chemicals. Moreover, we have shown in vitro-to-in vivo extrapolation approaches 
can be developed that result in predictions are consistent with in vivo toxicity data. 
Overall, we find that the extent of toxicodynamic variability depends strongly on 
both chemical and endpoint, with greater variability for functional versus viability 
endpoints. We conclude that population-based models are now beginning to realize 
their potential to address long-standing data gaps in inter-individual variability.

 1209 Empirical Data Describing Interindividual Variability: 
Comparison with Intraspecies Assessment Factors Used for 
Deriving Health-Based Guidance Values

K. Schneider. FoBiG, Freiburg, Germany. Sponsor: H. Hogberg-Durdock.

Consideration of inter-individual variability in susceptibility (“intraspecies extrap-
olation”) is an important step in deriving health-based guidance values. However, 
empirical data describing this variability are scarce. In a research project for the 
German authority BAuA (Federal Institute for Occupational Safety and Health) we 
evaluated and compiled human in vivo data from published toxicokinetic studies to 
describe variability in toxicokinetic parameters such as the area under curve (AUC). 
From the data we derived distributions for covering variability in 95% and 99% of the 
target population. These distributions describe the uncertainty in this extrapolation 
step resulting from substance-to-substance variability. In a similar way we searched 
for human in vivo data describing variability due to toxicodynamic reasons. Due to 
several shortcomings of such data, for describing variability in toxicodynamics, we 
referred to a study using in vitro data. The authors investigated in vitro cytotoxicity 
of many substances in more than 1000 cell lines and documented variability as 
the ratio between the medians and 5th or 1st percentiles of the EC10 (effective 
concentration 10%) determined for each substance-cell line combination. From 
these data again we derived two distributions covering variability in 95% and 99% of 
the population, resp.We combined the distributions for toxicokinetic and -dynamic 
variability by probabilistic methods (Monte-Carlo analysis) and compared the 
resulting distribution for intraspecies extrapolation with currently used assessment 
factors for deriving occupational exposure limits and similar values. These factors 
in use show a broad range from >1 to 10. Accordingly, we observed large differ-
ences in the probability, with which these factors are able to cover uncertainties of 
this extrapolation step. Conclusions from these observations are discussed in the 
larger context of harmonising methods for deriving health-based guidance values. 
The percentage of the target population covered and the probability with which 
uncertainties are addressed define the protection level provided for by the guidance 
values. Probabilistic approaches allow for a transparent comparison of protection 
levels achieved by different methodologies.

 1210 Recent Developments at the European Food Safety Authority 
to Integrate Human Variability in Toxicokinetics in Chemical 
Risk Assessment

J. Dorne. European Food Safety Authority, Parma, Italy. Sponsor: H. Hogberg-Durdock.

Over the last decade, the European Food Safety Authority has been involved in a 
number of collaborative research projects with European Institutions to support the 
implementation of New Approach Methodologies (NAMs) in human risk assess-
ment of chemicals. One particular aspect that still requires further investigations is 
the integration of human variability in toxicokinetics to support the use of quantita-
tive in vitro in vivo extrapolations models for compounds of relevance to the food 
and feed safety area. In order to address this topic, bayesian meta-analyses of 
pharmacokinetic data from the pharmaceutical database reflecting acute exposure 
(Cmax) and chronic exposure (AUC, Clearance) to generate pathway-related 
variability distributions for QIVIVE modelling and derive pathway-related uncertainty 
factors. Results from such meta-analyses are presented for isoform-spe-
cific phase I enzymes (CYP2D6, CYP2C9, CYP2C19, CYP3A4, Paraoxonase-1; 
carboxyl-esterases etc), phase II enzymes (UDP-glucuronydyl-transferases and 
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glutathione-s-transferases) as well as transporters (BCRP-2, P-glycoprotein etc). 
Applications of the results using case studies relevant to food and feed safety 
(pesticides, novel food, food additives, contaminants) and generic physiologi-
cally-based and QIVIVE models are discussed. Finally, future work in this area to 
further enhance knowledge in the toxicokinetic area is proposed.

 1211 Targeted Protein Degradation Therapeutics: Opportunities 
and Challenges

R. Roberts. ApconiX, Alderley Edge, United Kingdom.

Targeted protein degraders are rapidly evolving classes of drugs with great promise 
to address difficult drug targets in oncologic and non-oncologic disease. However, 
there is limited public discussion or scientific consensus on the application of 
rigorous, consistent, and effective methods for assessment of their clinical safety. 
Molecular glues, heterobifunctional degraders, and other targeted protein degrad-
ers use endogenous protein degradation processes to target previously undrug-
gable sites and diverse therapeutic protein targets with therapeutic potential. The 
goal of this Workshop is to discuss the preclinical and translational safety assess-
ment of heterobifunctional degraders (often called proteolysis targeting chimeras 
or PROTACS) and molecular glues, focusing on the key challenges of early de-risk-
ing, species selection, and clinical translation. The first speaker will provide an 
introduction to the topic, including a description of the different approaches to 
targeted protein degradation, illustrated by recent data on functional genomic 
profiling of molecular glues and PROTACs. The second speaker will address early 
de-risking strategies, focusing specifically on the use of a novel proteomic platform 
to identify off-target proteins associated with therapeutic modalities that induce 
protein degradation and gene silencing. The third speaker will discuss strategies 
for assessing the safety of targeted protein degraders in drug discovery, including 
the discussion of in vitro assays to inform in vivo studies. The fourth speaker will 
address the challenge of selecting pharmacologically relevant species to address 
the toxicity of targeted protein degraders by using cereblon (a commonly utilized E3 
ligase) as a case study. The final speaker will present a regulatory perspective on 
the challenges and opportunities of protein degradation therapies. The roundtable 
discussion will focus on key points raised during the Workshop, with a specific 
emphasis on how approaches used for targeted protein degraders may differ from 
those used for traditional small molecule development. Overall, this Workshop will 
be of great interest to the many biotech and pharmaceutical companies that are 
engaged in this area and to the regulators involved in supporting these programs. 
The Workshop also will be of great relevance to academics researching protein 
degradation mechanisms and their translation to therapeutics.

 1212 Targeted Protein Degrader Safety: Introduction and Emerging 
Applications of Functional Genomic and Proteomic Profiling

L. Jones. Dana-Farber Cancer Institute, Boston, MA. Sponsor: R. Roberts.

Targeted protein degradation is an exciting new therapeutic modality with consider-
able potential in drug discovery. The immunomodulatory drugs (IMiDs) thalidomide, 
lenalidomide, and pomalidomide represent one class of small molecule degraders 
called molecular glues that engage cereblon (a component of an E3 ubiquitin ligase 
complex) and remodel its surface to mediate interactions with neosubstrates. The 
resulting ternary complex triggers polyubiquitination and subsequent proteasomal 
degradation of the target. The molecular modes-of-action of the IMiDs were discov-
ered following their approval, but since then rational development of molecular 
glues has led to numerous related compounds entering clinical trials that degrade 
diverse targets. Heterobifunctional degraders contain a ligand for an E3 ubiquitin 
ligase (such as an IMiD) chemically linked to a ligand for the target protein. Similar 
to molecular glues, the small molecule conjugate hijacks the ubiquitin machinery 
to degrade the target. Degraders phenocopy genetic methods of whole protein 
depletion and often possess greater efficacy than inhibitors that affect only one 
particular function of the protein. Other attractive features of the modality include 
the ability to degrade difficult-to-drug targets (such as zinc finger transcription 
factors) and a potential to modulate the target in a catalytic manner. Importantly, 
these pharmacological attributes also affect toxicological characteristics and safety 
de-risking strategies. This presentation will introduce the field of targeted protein 
degradation from a safety perspective to set the stage for the session. Additionally, 
I will present recent work from our laboratory to advance safety assessments of 
targeted protein degraders, including the development of functional genomic and 
proteomic platforms to explore off-target degradation profiles.

 1213 Early De-risking: A Proteomic Platform to Identify Off-Target 
Proteins Associated with Protein Degradation

X. Wang. Amgen Inc., San Francisco, CA.

Novel small molecule therapeutics such as targeted protein degraders (TPD) have 
the ability to alter the abundance of endogenous proteins. Currently available in 
vitro secondary pharmacology assays (which evaluate off-target binding or activity 
of small molecules to a broad range of receptors, ion channels, and enzymes) 

may be inadequate to predict off-target protein degradation by TPD. To address 
this gap, we developed a proteomics-based platform to comprehensively evaluate 
the potential for unintended pharmacology attributed to off-target protein effects. 
Off-target proteins of interest were systematically prioritized from the entire human 
proteome based on phenotypes from the latest genetic and pharmacological 
evidence. This “selected off-target proteome” (SOTP) includes over 5,000 proteins. 
Algorithmic selection of hosting cell lines using transcriptome data identified a 
panel of four lines that covered 80% of the SOTP at the transcriptomics level. 
Proteomics was then performed to analyze reproducibility and protein coverage 
confirmation. Computational biology work was conducted to characterize the four 
cell lines based on their SOTP expression as well as to understand what SOTP 
was not identified and possible alternative strategies to improve the coverage. In 
summary, as a new screening paradigm, our proteomics-based platform utilizes 
human cell lines as a display library to allow unbiased and biologically relevant 
screening for off-target proteins and influence the interpretation of nonclinical 
findings from conventional toxicology and safety pharmacology studies.

 1214 Strategies for Assessing Targeted Protein Degrader Modality 
Safety in Drug Discovery Programs

B. Jeffy. Takeda Pharmaceutical Company Limited, San Diego, CA.

In the pharmaceutical industry, the use of targeted protein degraders (TPDs - includ-
ing PROTACs and Molecular Glue) as a therapeutic modality has increased rapidly 
in recent years and is now beginning to expand into therapeutic areas beyond 
the traditional oncology space. While this modality is often viewed by medicinal 
chemists as a small molecule therapeutic, the totality of safety data obtained with 
targeted protein degraders suggests that while some aspects of small molecule 
safety are conserved, there are additional TPD modality-specific toxicities to 
address. In this presentation, we discuss early safety de-risking strategies which 
can be deployed as part of the battery of discovery toxicology in vitro and in vivo 
assays specific to this modality. While a handful of specific modality-based risks 
have been identified for some cereblon E3 ubiquitin ligase degraders (cytopenia, 
teratogenicity, hypocalcemia), less is known about other ligases, such as Von 
Hippel-Lindau (VHL). Types of discovery toxicology assays/studies which comprise 
a cereblon TPD safety strategy and differ from a standard small molecule program 
may include specialized in silico approaches, and in vitro assays for degradation of 
known neo-substrates of toxicological concern, developmental toxicity assays, and 
focused/global proteomic approaches to assess on- and off-target degradation. 
Key to any drug discovery toxicology assessment will be selection of appropriate 
cell type(s) to use for in vitro assays and species selection for short-term explor-
atory in vivo studies. We further discuss current uses and limitations of these 
assays/studies and models in the context of an early drug discovery program, as 
well as future considerations for assessing non-cereblon E3 ligases.

 1215 Species Selection: How to Select a Pharmacologically Relevant 
Species for Cereblon Modulators

K. Stamp. Bristol-Myers Squibb Company, Princeton, NJ. Sponsor: R. Roberts.

A critical consideration for nonclinical safety assessment is the relevance of the 
species to predict effects that may be observed in humans that are due to either 
on-target (pharmacologic) or off-target effects. This is of particular significance for 
cereblon modulators since there are known cereblon sequence differences across 
species that have been shown to render some species insensitive to the effects 
of molecular glues that utilise cereblon. Additionally, with targeted protein degrad-
ers, both aspects of the molecule must be considered, that of the target and the 
ligase, and both target and ligase expression and homology across species must 
be considered. In addition to on-target effects, assessment of any relevant off-tar-
get degradation must be considered since a species may be sensitive to degrada-
tion of the target substrate but perhaps not to other substrates of toxicological 
concern. This presentation will discuss a case study where in vitro, in vivo, and ex 
vivo approaches were used to select the relevant species for toxicology assess-
ment of a targeted protein degrader that uses cereblon as a ligase, considering all 
of these factors.

 1216 Target Protein Degradation Therapies: A Regulatory Perspective

S. Leuenroth-Quinn. US FDA, Silver Spring, MD. Sponsor: R. Roberts.

Targeted protein degradation therapies, such as Proteolysis-Targeting Chimeras 
(PROTACs) or molecular glues, represent a relatively new category of therapeu-
tics with a unique risk/benefit profile. This presentation will focus on the regula-
tory perspectives of targeted protein degradation therapies for oncology and 
non-oncology indications and will discuss additional safety considerations from 
traditional small molecule product development. The risk assessment challenges 
for these products include the potential for 1) adverse effects of species-specific/ 
cell type-specific off-target protein degradation, 2) adverse effects of co-opting 
the normal function of the targeted E3 ligase, and 3) on-target adverse effects to 
be prolonged, due to the need to resynthesize the degraded target. Consideration 
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of the assays and methodologies to assess the pharmacological and toxicologic 
profile of the targeted protein degrader are important to establish a meaningful 
nonclinical assessment to ensure clinical safety. These may be additional assess-
ments (e.g., in vivo animal studies, in vitro assays, in silico analyses) to what is 
routinely conducted under traditional small molecule development programs, 
in order to identify and mitigate human risk. While targeted protein degradation 
therapies have the potential to be a powerful class of therapeutic products, many 
regulatory challenges remain to ultimately balance safety and risk identification 
with the potential for clinical benefit.

 1217 21st-Century Agrochemical Evaluation: Discussing a New Vision

G. Hilton. PETA International Science Consortium Ltd., Stuttgart, Germany.

A rapidly growing human population, in parallel with increasing pressures due to a 
changing world and climate, is increasing the demand on the agrochemical industry 
and heightening the need for safe and effective crop protection products. Although 
the existing agrochemical safety evaluation paradigm is well established based 
on classical toxicology methods, it is unlikely to meet the emerging challenges of 
a developing and ever-expanding sustainable agriculture. The science underpin-
ning chemical testing methods is advancing at a remarkable pace, and the ability 
to implement modern tools in assessing safe uses and risks of crop protection 
chemicals has dramatically increased. New approach methods (NAMs) can help 
generate robust data for integrated human and ecological safety assessment while 
decreasing animal use. It has become critical to consider how to incorporate these 
advancements, leverage existing knowledge, and prioritize the needs for testing in 
order to better inform human health and environmental risk assessment decisions 
for agrochemicals. This session will provide a platform to discuss the develop-
ment of fit-for-purpose safety evaluation for agrochemicals and assess applica-
bility of these approaches to meet changing global and local needs for regula-
tory decisions. The discussion will help identify existing barriers to progress in 
the current safety assessment paradigm and the opportunities to overcome these 
barriers, as well as the potential for developing science to improve the risk assess-
ment of agrochemicals. The first presentation will focus on challenges faced by the 
agrochemical industry in its attempts to proactively promote regulatory uptake of 
nonstandard safety assessment approaches, from scientific challenges in the One 
Health space to stakeholder engagement and perceived conflicts of interest. The 
second presentation will provide an overview of a multi-sectoral, multidisciplinary 
project that was recently launched by HESI in order to transform the evaluation of 
agrochemical safety evaluation. The third presentation will discuss the impact of 
the classification system under the Globally Harmonized System and a way forward 
that could enable incorporation of NAMs for that purpose. The fourth presentation 
will highlight opportunities and challenges on how NAMs could address current 
regulatory requirements and future chemical testing needs. Before opening the 
dialog to all attendees, a panel will discuss the following questions: (1) what are the 
barriers to achieving a 21st-century approach to risk assessment, (2) what actions 
and incentives are needed to facilitate a new paradigm of agrochemical safety 
assessment that provides the opportunity to fulfill data needs with new approaches, 
(3) how do we build trust in a 21st-century approach to risk assessment, (4) who 
are the key actors in implementing change, and how do we foster collaboration?, (5) 
what type of expertise should we leverage to ensure success, and (6) how should 
changes be implemented?

 1218 Evidence-Based Methods in Toxicology: Progress in the Past 
Decade and Collaborative Projections for the Future

H. Schaefer. US FDA, Silver Spring, MD.

The adoption of evidence-based methodologies in the field of toxicology and 
environmental health has experienced rapid growth in the past decade. This 
demonstrates the advantages that systematic review processes (e.g., transparency, 
reproducibility, rigor) bring to an assessment process but also highlights challenges 
the field faces in applying evidence-based medicine techniques to toxicology. 
Success in advancing methodologies has been achieved via collaborative efforts 
to share experiences and develop, test, and refine tools and approaches, as well 
as provide educational opportunities. This session aims to summarize and provide 
case examples of the advancements and challenges in evidence-based methods in 
toxicology. It also will serve as a forum for participants to learn about the direction 
of evidence-based methods, collaboration opportunities, and educational opportu-
nities. This session will open with a brief introductory talk to characterize the scope 
of advances made in evidence-based toxicology over the past decade. A series of 
presentations will then highlight application of these methods to investigations 
of safety of food, drugs, and chemicals. A concluding talk will summarize future 
directions and challenges the toxicology community faces and its vision for the 
future. An open comment period will allow for identification and discussion of 
ongoing collaboration efforts open to the field.

 1219 A Day in the Life of an Industry Toxicologist

M. Huang. Premier Consulting, Cincinnati, OH.

Often, toxicologists are segmented into academia, government, and industry. 
However, the nature of industry work can widely vary. This session aims to 
highlight the different industry sectors in which toxicologists work and capture the 
sectors’ similarities and transferable skills. Participants, whether a current trainee 
or a career toxicologist, interested in exploring a new sector will gain a better 
understanding of what toxicology looks like in industry through real-life examples. 
Participants will hear from working professionals who use toxicology in a variety 
of for-profit sectors. Speakers will represent companies, consulting groups, 
and contract research organizations from the pharmaceutical, medical device, 
consumer product, food, occupational health, and risk communication spaces. 
Each speaker will describe their responsibilities and tasks, what a typical workday 
entails, and important skills and knowledge needed for success. They also will 
present a case study highlighting the kinds of problems they encounter in their work 
and how they solved (or are working on solving) them. Following speaker presenta-
tions, a panel discussion with the speakers will explore common themes and cite 
skills across the different sectors that individuals looking to work in industry can 
focus on developing. The panel also will discuss practical advice for the job search 
and interviewing processes. Following the panel discussion, participants will have a 
chance to ask questions during the allotted Q&A and networking time.

 1220 Epitranscriptomic Mechanism of Metal Toxicity 
and Carcinogenesis

C. Yang. Case Western Reserve University, Cleveland, OH.

Analogous to DNA methylation and nuclear core histone posttranslational modifi-
cations, RNA molecules are chemically modified. The recognition of crucial biolog-
ical functions of RNA modifications led to the birth of the term epitranscriptome, 
which includes all forms of naturally occurring chemical modifications in all types 
of RNA molecules. Like DNA and histone protein modifications, RNA modifications 
also are dynamically regulated by three groups of proteins: (1) “writers” that deposit 
modifications on RNA molecules, (2) “erasers” that remove modifications from RNA 
molecules, and (3) “readers” that recognize and bind the modified RNA molecules 
to mediate their functional outcomes. Among more than 100 forms of chemical 
modifications in various RNA molecules, the N6-methyladenosine (m6A) modifica-
tion is known as the most prevalent internal modification in eukaryotic messenger 
RNAs (mRNAs). RNA modifications regulate RNA splicing, stability, structure, and 
translation, which leads to changes in gene expression. Heavy metals are common 
environmental and occupational pollutants and important etiologic factors for 
cancer and many other diseases, and their underlying mechanism is not well 
understood. The epitranscriptomic effects of metal exposure is an exciting and 
emerging field in toxicology. The goals of this Symposium are to introduce current 
epitranscriptome research, present detection technologies for epitranscriptomic 
modifications, and discuss the role of epitranscriptomic dysregulation in metal 
toxicity and carcinogenesis. To achieve these goals, this session will convene a 
panel of outstanding epitranscriptome and metal researchers consisting of early 
career, mid-career, and well-established investigators. First, Dr. Thomas J. Begley, a 
pioneer and leading expert in epitranscriptome research, will present an overview on 
current epitranscriptome research and epitranscriptomic mark detection technolo-
gies, followed by exciting research on tRNA modifications under various toxicant 
stress conditions. Next, three experts (Drs. Allison Kupsco, Zhishan Wang, and 
Yu-Ying He) in metals toxicology will present their cutting-edge cell culture, animal 
model, and human studies to show how epitranscriptomic dysregulation is critically 
involved in metal-induced type 2 diabetes mellitus, cancer stem cell-like properties, 
and carcinogenesis, respectively. Since few compelling epitranscriptomic studies 
have been performed in the field of metal toxicology, this Symposium will feature 
only recent research on the epitranscriptomic effects of arsenic and chromium. 
These topics will be of interest not just to metals researchers but also to those 
studying the mechanisms of action of other toxicants. This session will introduce 
the concept of epitranscriptomics to those unfamiliar with the subject and those 
more focused on epigenetics. It also will attract an expanded SOT audience of 
metallurgists and other toxicology researchers.

 1221 The tRNA Epitranscriptome Has Emerged as a Dynamic 
Regulator of Gene Expression That Plays Key Roles in 
Cancer Etiology

T. Begley. University at Albany, Albany, NY. Sponsor: C. Yang.

The epitranscriptome – the dozens of enzyme-catalyzed chemical modifications 
found on all types of RNA – is a key regulator of gene expression. Detecting epitran-
scriptomic marks is challenging, and an overview of next-generation sequencing 
technologies and mass-spectrometry based methods for the analysis of RNA modifi-
cations will be detailed. In addition, an overview of the field of Epitranscriptomics 
will be provided, to highlight the importance of RNA modifications in gene 
regulation, development, mitochondrial function and human disease. There 
are on average 13 epitranscriptomic marks used to regulate each transfer RNA 
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(tRNA) structure and function, with specific tRNA modifications and correspond-
ing writer-enzymes having direct links to translational regulation. Targeted and 
systems-based approaches have demonstrated that cells and tissues respond 
to stress and toxic insults by enzymatically reprogramming the levels of many 
modified nucleosides in tRNA, to generate unique epitranscriptomic signatures 
representing responses to specific toxicants. Further these stress-induced changes 
in the levels of specific modified nucleosides in the anticodon of tRNAs have been 
shown to be used by cells to survive stress, by translationally regulating transcripts 
with specific codon characteristics. Termed codon-biased translation, this stress 
response can increase the levels of protein networks and has been utilized by differ-
ent cancers to promote proliferation and resist chemotherapies. Dysregulation of 
tRNA modification writers and tRNAs is prevalent in clinical samples for many types 
of cancers, further highlighting important roles for the tRNA epitranscriptome in 
cancer etiology. The broad impact of epitranscriptomic systems is only beginning 
to be realized as they have emerged as key regulators of gene expression, toxicant 
response and potential targets for pharmaceuticals.

 1222 The Epitranscriptome as a Novel Mechanism of Arsenic-Induced 
Diabetes: Evidence from Human Populations

A. Kupsco. Columbia University Mailman School of Public Health, New York, NY.

Arsenic, a naturally occurring metalloid, is associated with numerous adverse 
health effects, including increased risk of Type 2 Diabetes Mellitus (T2DM) – a top 
10 leading cause of death in the US. However, the mechanisms behind these effects 
remain unknown. We propose that the RNA modification, N6-methyladenosine 
(m6A), the most prevalent epitranscriptomic modification on mRNA, may confer the 
impacts of As on T2DM. Research in model organisms suggests that As exposure 
alters the m6A epitranscriptome and that m6A plays a key role in T2DM, yet these 
impacts have yet to be assessed in humans. We investigated m6A modifications 
in blood leukocytes from a cohort of older individuals from the Normative Aging 
Study (NAS) with toenail As measured prior to exposure (n=19). We next examined 
m6A reader, writer, and eraser mRNA expression and profiled m6A using methyl-
ated RNA immunoprecipitation sequencing in blood. Arsenic concentrations were 
positively correlated with mRNA levels of m6A readers and negatively correlated 
with m6A erasers. These correlations were also observed with fasting plasma 
glucose in participants with T2DM. Furthermore, As was associated with m6A 
levels in five mRNA transcripts involved in T2DM and inflammation in humans. 
This preliminary evidence suggests a role for the epitranscriptome in As-induced 
T2DM. Future studies will explore the role of m6A in a population of American 
Indians that suffer disproportionately from T2DM and have a high burden of As 
exposure. This work has the potential to delineate novel pathways of As-related 
T2DM, identify interventions, and inform recommendations for arsenic levels in 
water of vulnerable communities.

 1223 RNA m6A Writer METTL3 Promotes Chronic Hexavalent 
Chromium Exposure-Induced Cancer Stem Cell-Like Property 
and Tumorigenesis

Z. Wang. Case Western Reserve University, Cleveland, OH.

Hexavalent chromium [Cr(VI)] is a well-known and common environmental and 
occupational carcinogen, however, the mechanism of Cr(VI) carcinogenesis 
has not been well understood. Similar to DNA and core histone proteins, RNA 
transcripts are also subjected to a variety of chemical modifications. The term 
epitranscriptome refers to the collection of all forms of RNA modifications. Among 
more than 100 types of RNA modifications, the N6-methyladenosine (m6A) modifi-
cation is now recognized as the most common internal modification in eukaryotic 
messenger RNAs (mRNAs). Although the roles of DNA and histone protein modifi-
cations in Cr(VI) carcinogenesis have been actively explored, whether RNA modifi-
cations are critically involved in Cr(VI) carcinogenesis have not been determined. 
To study the epitranscriptomic effect of chronic Cr(VI) exposure, we first performed 
the m6A modification microarray analysis using total RNAs from chronic Cr(VI) 
exposure-transformed human bronchial epithelial cells and the passage-matched 
control cells. It was found that the total RNA m6A levels are significantly higher than 
the control cells. In addition, chronic Cr(VI) exposure also significantly increased 
mouse lung tissue RNA m6A levels. Mechanistically, it was determined that chronic 
Cr(VI) exposure increases RNA m6A modification by up-regulating the expression 
of the m6A writer methyltransferase like-3 (METTL3). The expression of METTL3 
in Cr(VI)-induced mouse and human lung cancer tissues are signifiable increased. 
Inhibition or knockdown of METTL3 in Cr(VI)-transformed cells significantly 
reduced their RNA m6A levels and the transformed phenotypes, as evidenced by 
their decreased cancer stem cell (CSC)-like property and tumorgenicity. Moreover, 
stably knocking down METTL3 expression in parental non-transformed human 
bronchial epithelial cells significantly impaired the capability of chronic Cr(VI) 
exposure to induce cell transformation and CSC-like property. These findings reveal 
an important role of epitrancriptomic dysregulation in Cr(VI) carcinogenesis.

 1224 m6A mRNA Methylation Regulates 
Arsenic-Induced Tumorigenesis

Y. He. University of Chicago, Chicago, IL.

Analogous to DNA and histone modifications, RNA molecules are chemically 
modified, the study of which gives rise to the field called epitranscriptomics. More 
than 100 chemical RNA modifications have been identified. Among these modifica-
tions, N6-methyladenosine (m6A) RNA methylation is the most abundant internal 
modification in messenger RNA (mRNA) and non-coding RNA in eukaryotic cells, 
which regulates RNA metabolism, including RNA decay, translation and nuclear 
processing. However, the regulatory and functional role of m6A RNA methylation 
in arsenic-induced tumorigenesis remains unclear. Here we demonstrated that the 
m6A mRNA demethylase FTO promotes arsenic-induced tumorigenesis. FTO as an 
m6A RNA demethylase is degraded by selective autophagy, which is impaired by 
low-level arsenic exposure to promote tumorigenesis. We found that in arsenic-as-
sociated human skin lesions, FTO is up-regulated, while m6A RNA methylation 
is down-regulated. In keratinocytes, chronic relevant low-level arsenic exposure 
up-regulated FTO, down-regulated m6A RNA methylation, and induced malignant 
transformation and tumorigenesis. FTO deletion inhibited arsenic-induced tumori-
genesis. Moreover, in mice, epidermis-specific FTO deletion prevented skin tumori-
genesis induced by arsenic and UVB irradiation. Targeting FTO genetically or 
pharmacologically inhibits the tumorigenicity of arsenic-transformed tumor cells. 
Using m6A seq analysis followed by regulatory and functional analyses, we identi-
fied NEDD4L as the m6A-modified gene target of FTO. Finally, arsenic stabilizes 
FTO protein through inhibiting p62-mediated selective autophagy. FTO up-regula-
tion can in turn inhibit autophagy, leading to a positive feedback loop to maintain 
FTO accumulation. Our study reveals FTO-mediated dysregulation of mRNA m6A 
methylation as an epitranscriptomic mechanism to promote arsenic tumorigenic-
ity. Our results may open up new opportunities for developing new preventive and 
therapeutic strategies to reduce skin cancer burden.

 1225 Opening Our Eyes: Ocular Gene Therapies from Theory 
to Practice

K. Schafer. Greenfield Pathology Services Inc., Greenfield, IN.

The approval of the first ocular gene therapy in December 2017 marked a shift 
in the way we think about the treatment of ocular diseases, providing hope for 
patients with previously untreatable inherited retinal dystrophies. Its success has 
produced a relative explosion of interest in the field of ocular gene therapies. These 
therapeutic strategies, once considered solely as replacements of defective genes, 
have emerged as a potential method for transfecting cells in the eye by serving as 
endogenous therapeutic protein biofactories, which would result in the successful 
treatment of more prevalent diseases. As this is a new and rapidly evolving field, the 
goal of the session is to introduce the ocular gene therapy landscape, share current 
nonclinical study designs and development strategies implemented for ocular gene 
therapies, and consider current knowledge gaps and future directions. We will 
discuss common barriers to development, nonclinical safety findings, assessment 
of risk-benefit, and the translatability of nonclinical findings to patients. Experts will 
share experiences, case examples, and data from recent years. At the end of the 
session, there will be an extensive panel discussion to engage the audience on the 
presented topics. Attendees of this session will leave with an end-to-end overview 
of points to consider in the development of ocular gene therapies.

 1226 Nonclinical Considerations in the Development of Ocular 
Gene Therapies

J. Brassard. Brassard Toxicologic Pathology Consulting, Tustin, CA.

Gene therapy is part of a promising class of therapeutics with a broad range of 
potential indications, not only for genetic disease but also on hematologic, neurode-
generative, oncologic, and ocular diseases for which there are no viable therapeu-
tics. This presentation will cover nonclinical considerations in the development 
of ocular gene therapies. After a brief review of the basics for intraocular drug 
development and for systemic gene therapies in general, the presentation will focus 
on the development of gene therapies for the ocular disease based on the lessons 
learned from successful product development of systemic AAV gene therapies and 
recent experiences in developing ocular gene therapies.

 1227 Preclinical Development Strategies for Ocular Gene Therapies

E. Andres-Mateos. Atsena Therapeutics, Durham, NC. Sponsor: K. Schafer.

The preclinical development strategy for AAV therapeutics must consider many 
factors for successful translation to the clinic and regulatory approval. First, a 
good understanding of the disease, and the mechanism of action and the cellular 
location of the disease-causing protein are necessary to design effective therapies. 
The choice of AAV capsid is dictated by the specific cell type to be targeted, for 
example, photoreceptors, retinal ganglion cells, or retinal pigment epithelium cells. 
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This knowledge will also guide the choice of promoters and enhancers used during 
the vector design. Another important consideration is the existence of animal 
models that accurately replicate the disease, which will facilitate proof-of-con-
cept and pharmacology studies. If good animal models do not exist, creative in 
vitro models can be used to support the development of the vector. For Phase 1/2 
clinical trials, robust safety studies are required to be conducted according to Good 
Laboratory Practices (GLP) guidelines. In addition to toxicology assessments, these 
studies often include an analysis of the biodistribution of vectors over time and 
immune responses to the vector capsid and transgenic protein. One underappre-
ciated aspect of preclinical development is the need for robust assays to evaluate 
efficacy and safety, and the time required to qualify and/or validate these assays. In 
summary, a preclinical development strategy that includes informed vector design, 
thoughtful planning of pharmacology and safety studies and early development of 
critical assays will enable translation of AAV therapeutics for ocular diseases to the 
clinic and eventual drug approval.

 1228 Regulatory Aspects and Opportunities in the Development of 
Ocular Gene Therapies

R. Allen. US FDA, Silver Spring, MD. Sponsor: K. Schafer.

The development of investigational gene therapy products for the treatment of 
retinal disease has steadily increased over recent years. While the potential benefits 
of gene therapies have been shown, it is also important that the risks associated 
with these products are appropriately assessed prior to administration into the 
target clinical population. This presentation will provide an overview of CBER’s 
current regulatory expectations for the preclinical development of gene therapy 
products intended to treat retinal disorders.

 1229 Clinical Aspects of Ocular Gene Therapy Development: 
Maximizing Benefit/Risk

A. Osborne. Nanoscope Therapeutics Inc., San Mateo, CA. Sponsor: K. Schafer.

Ocular AAV gene therapies show promise for treating both inherited and acquired 
retinal diseases through gene replacement or editing, vectorized therapeutic 
delivery and optogenetics approaches. Gene replacement strategies to replace 
nonfunctional genes with normal copies in inherited retinal diseases, biofactory 
approaches to generate soluble proteins such as anti-VEGF biologic agents for 
age-related macular degeneration and emerging gene-editing tools to modify gene 
expression at the DNA level. Intraocular delivery of AAV gene therapies is required 
to selectively deliver the therapeutic gene into the nuclei of target cells. The choice 
of AAV vector and route of administration are key determinants of the efficacy and 
safety of these delivery platforms and will vary according to the therapeutic and 
target tissue. For example, intravitreal AAV2 and AAV7m8 can target inner retinal 
cells, while AAV2, AAV5, AAV7, AAV8 and AAV9 can transduce photoreceptors and 
RPE cells when given subretinally. AAV has been shown to activate innate pattern 
recognition receptors such as TLR-2 and TLR-9 resulting in the release of inflam-
matory cytokines and type I interferons. The vector can also induce capsid-specific 
and transgene-specific T cell responses and neutralizing anti-AAV antibodies which 
may limit the therapeutic effect. However, the target organ of retinal gene therapy, 
the eye, is relatively immune-privileged. Most intraocular inflammation following 
gene therapy delivery has been mild and self-limiting and not accompanied by a 
loss of efficacy. In terms of route of delivery, subretinal injection avoids the inner 
limiting membrane (ILM) barrier and utilizes an immune privileged space. Although 
there is risk of surgical complication, effective transduction of outer retina can 
be achieved with therapeutic success. Intravitreal gene therapy delivery is associ-
ated with dose-dependent uveitis that can result in adverse outcomes. Intravitreal 
injection provides widespread inner retinal transduction which is more pronounced 
at points where the ILM is thinner. A well-informed clinical development plan should 
be supported by a clear protocol and risk-based proactive medical monitoring. 
Standardized assessment of and management of gene-therapy associated uveitis 
is required to maximize patient safety and robustly inform the clinical plan.

 1230 Tackling the Challenge of Assessing Human-Relevant 
Thyroid Disruption

B. Riffle. BASF Corporation, Research Triangle Park, NC.

Exposure to chemicals may result in an interaction with the thyroid hormone 
axis, which causes a disruption of the normal physiological thyroid hormone 
activities. This could result in adverse effects—particularly neurodevelopmental 
adversity—in exposed offspring. Toxicological evaluation of potential thyroid-dis-
rupting chemicals, including pesticidal active ingredients, is primarily based on data 
derived from animal models. Establishing new approach methods to effectively 
assess thyroid hormone disruption in available test systems that are performed to 
determine possible adverse outcomes is critical to protecting human health. This 
session will begin by reviewing current research in rodent thyroid hormone physiol-
ogy with a focus on informing adversity in humans, as well as species similari-
ties and differences. Next, an introduction to new methodologies for assessing 

human-relevant thyroid hormone disruption, including a human 3D microtissue, will 
be followed by a discussion of a novel physiologically based biokinetic (PBK) model 
for thyroid hormone homeostasis and the effect of PXR/CAR inducers in rats and 
humans. An overview of facilitating the transition from qualitative to quantitative 
adverse outcome pathways will be given along with a case study of a quantita-
tive adverse outcome pathway for neurodegeneration. The session will conclude 
with a presentation on a proposed testing and assessment scheme for thyroid 
hormone disruption.

 1231 Informing Human Relevance: Current Research in Rodents for 
Thyroid Hormone Physiology

R. Zoeller. University of Massachusetts Amherst, Amherst, MA. Sponsor: B. Riffle.

Thyroid hormone is essential for normal brain development. Clinical studies today 
now demonstrate that blood levels of thyroid hormones during the first trimester 
of pregnancy are linked to cognitive function in the offspring. In addition, there 
is a large literature of the sensitivity of human brain to subtle degrees of thyroid 
hormone insufficiency during the early postnatal period. Experimental studies 
in animals have identified key features of the thyroid hormone system including 
(e.g.) the importance of the receptors for thyroid hormones, the role of deiodinase 
enzymes in controlling intracellular levels of thyroid hormones, and of cellular 
transporters for different forms of thyroid hormones to deliver thyroid hormones 
to target tissues and cells. In turn, these findings have allowed the identification of 
genetic defects in humans that are clinically important. These studies demonstrate 
clearly that studying the thyroid hormone system in rodents is relevant to humans, 
and that thyroid hormone insufficiency in rodent models is both relevant to humans 
and allows predictions of consequences in humans. Within the field of “thyroid 
toxicology”, the issue is whether a toxicant that interferes in some way with the 
rodent thyroid hormone system will predict the consequences of human exposure 
to that toxicant, both in quantitative and qualitative terms. Strategies to identify the 
(non) relevance of toxicant exposure on the rodent thyroid hormone system need to 
be carefully designed to be public health protective.

 1232 Evaluating the Human Relevance of Potential Thyroid-Disrupting 
Chemicals Using In Vitro New Approach Methods

C. Deisenroth. US EPA/ORD, Research Triangle Park, NC.

There is significant regulatory need to identify and evaluate chemicals that may 
disrupt the thyroid endocrine system. Thyroid new approach methods (NAMs) 
are being developed and applied to increase data coverage across the ToxCast/
Tox21 chemical inventories using a tiered testing strategy. Interpreting the biolog-
ical effect of chemicals identified in thyroid high-throughput screening (HTS) 
assays remains a considerable challenge. Continued efforts to build new in vitro 
and in silico approach methods are necessary for evaluating the potential health 
impacts of thyroid-related toxicity. Ongoing work will address the application of 
human organotypic thyroid screening assays to evaluate chemical effects on 
thyroid hormone synthesis to determine mechanistic and biological relevance. The 
impact of these efforts may enable more robust assessments of thyroid disrupting 
chemicals using a human-based NAM approach. This abstract does not necessarily 
reflect U.S. EPA policy.

 1233 A Physiologically Based Biokinetic (PBK) Model for Thyroid 
Hormone Homeostasis and the Effect of PXR/CAR Inducers in 
Rat and Human

B. Riffle. BASF Corporation, Research Triangle Park, NC.

Thyroid hormone (TH) homeostasis regulated via the hypothalamic pituitary thyroid 
axis through a coordinated feedback system which alters synthesis of thyroxine 
(T4) and triiodothyronine (T3), metabolism, clearance and elimination. Thyroid 
hormone homeostasis is critical many biological functions including neurodevel-
opment. In rodents chemical inducers of the pregnane X receptor (PXR) and the 
constitutive androstane receptor (CAR) reduce T4 & T3 concentrations by liver 
glucuronidation and increased biliary secretion and fecal TH elimination. This 
chemical induced disruption of rodent thyroid hormone homeostasis is of unknown 
relevance to human thyroid homeostasis. A PBK model was developed to evaluate 
species differences in TH storage, clearance and to predict effects of PXR/CAR 
activators on hormone homeostasis in humans. Rat models were parameterized 
with TH data and validated against endogenous hormone data using existing litera-
ture. Human T4 & T3 disposition was predicted from allometrically scaled rat model 
and validated against radiolabeled data in plasma, liver and excreta and endoge-
nous human data in euthyroid individuals. Published data on effects of phenobarbi-
tal (PB) in rats on T4 glucuronidation were used to predict the percent decrease in 
total T4 in PB-treated rats at 100 mg/kg/day for 5 days. Preliminary predictions of 
increased fecal clearance in humans are consistent with limited data available for 
patients taking PB for therapeutic purposes. The successful extrapolation of the rat 
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thyroid hormone model across dosing regimens and species supports its potential 
use as a predictive tool for an assessment of the effects of PXR/CAR mediated 
thyroid hormone changes in humans.

 1234 Quantitative AOPs: A Case Study of Neurodegeneration

K. Watanabe. Arizona State University, Phoenix, AZ.

Adverse outcome pathways (AOPs) connect a molecular initiating event with 
a larger-scale biological effect at the cellular, organism or population level and 
provide a theoretical framework for extrapolating toxicity testing data from in vitro 
assays. Quantitative mathematical /computational models (qAOPs) associated 
with qualitative AOPs are needed to provide predictions of health effects that may 
arise from an environmental toxicant exposure in order to regulate these putative 
toxicants and protect public health. While it may seem straightforward to develop 
a qAOP from a published qualitative AOP or one available in the AOPWiki (aopwiki.
org), a considerable amount of model development effort is required unless quanti-
tative models already exist for some or all of the key event relationships in an AOP. 
In addition, interspecies differences need to be accounted for when using animal 
data to predict human health effects. This presentation will provide an overview 
of best practices to enhance the conversion of AOPs to qAOPs with a specific 
focus on additional data needed for interspecies extrapolation. Examples will be 
drawn from existing qAOPs (e.g., for aromatase inhibition within the hypothalam-
ic-pituitary-gonadal axis), and a qAOP for acetylcholinesterase inhibition leading 
to neurodegeneration.

 1235 ECETOC: Testing and Assessment Scheme for Thyroid 
Hormone Disruptors

S. Marty. Dow Chemical Company, Midland, MI.

The European Centre for Ecotoxicology and Toxicology of Chemicals (ECETOC) 
is a consortium of scientists from industry, academia and government that are 
organized to develop and promote practical, trusted, and sustainable solutions to 
address current scientific challenges. The ECETOC T4 Taskforce has been involved 
in a multi-year effort to evaluate available data to better understand how thyroid 
hormone imbalance during pregnancy can potentially affect neurodevelopment. 
To date, the ECETOC T4 Taskforce has developed three publications, designed 
to examine: 1) sensitive parameters from human studies that might be relevant 
for toxicological assessments; 2) key event parameters for thyroid alterations 
that might provide insights into incidence, magnitude or species sensitivity and 
may warrant inclusion in toxicity studies; and 3) patterns of thyroid perturbations 
and associated brain-related neurodevelopmental effects. During this work, the 
taskforce concluded that no single thyroid-related parameter was diagnostic of 
thyroid hormone imbalance, but rather, a weight-of-evidence across multiple thyroid 
endpoints is desirable. Furthermore, it was not possible to identify one ‘most 
sensitive’ endpoint for brain-related/neurodevelopmental effects in in vivo toxicity 
studies even when rats were exposed throughout pregnancy and lactation (i.e., 
across numerous critical windows of development). This speaker will summarize 
some of the ECETOC T4 Taskforce conclusions, finishing with a proposed testing 
and assessment scheme for potential thyroid hormone disruptors.

 1236 Toxicology 2.0: Moving from Reductionist to Holistic Paradigms

W. Chiu. Texas A&M University, College Station, TX.

In the 15 years since the National Research Council’s pivotal report Toxicity 
Testing in the 21st Century: A Vision and a Strategy (Tox-21), the field of toxicology 
has undergone a transformation, taking advantage of the explosion in biomedi-
cal knowledge and technologies to move from a largely empirical science aimed 
at ensuring the absence of harmful effects to a mechanistic endeavor aimed at 
elucidating disease etiology. However, a substantial gap remains between the 
promise of mechanistic toxicology and its direct impact on improving human 
health. Toxicology continues to work in a largely reductionist paradigm of single 
endpoints, chemicals, and biological targets, whereas biology and pathobiology 
are holistic, involving complex interactions across each of these areas with the 
additional recognition that social and other nonchemical stressors also have biolog-
ical consequences. Even so, the trajectory of scientific and technical advances has 
come to a point resembling a deluge of models and data, from microphysiologi-
cal systems to artificial intelligence and exposomics, requiring ever more complex 
analysis and evidence integration. This emphatically necessitates an understand-
ing of how to leverage these new frontiers in toxicology to achieve the desired 
long-term impact of improving human health. In order to embrace these develop-
ments and elevate toxicology to a more holistic and integrated paradigm, the US 
Department of Defense Under Secretary of Defense for Research and Engineering’s 
Basic Research Office hosted a Future Directions workshop, Advancing the Next 
Scientific Revolution in Toxicology, April 28-29, 2022. A vanguard of scientific and 
technical experts and agency observers developed a report wherein they described 
how recent developments can be embraced and set the direction of “Toxicology 
2.0” for the coming decades. During this session, speakers will introduce Tox-21 

along with the workshop goals. Another speaker will elaborate on how Tox-21 and 
Toxicology 2.0 must reflect real-world exposure and will explain how a focus on 
exposomics can facilitate this. The next speaker will describe the role of advanced 
cell culture (i.e., microphysiological systems) and the innovations in engineering 
tissue-specific architecture and functionality that has emerged over the last 15 
years. Then, a speaker will share the vision for the role of computational methods—
especially machine learning and artificial intelligence—that may become a key pillar 
of the next revolution in toxicology. Next, a speaker will discuss the perspectives 
of regulatory implementation with a focus on evidence integration across evidence 
streams. The final speaker will present a roadmap toward implementing these 
new concepts.

 1237 Introduction: Toward Toxicology 2.0

W. Chiu1, and A. Navas-Acien2. 1Texas A&M University, College Station, TX; and 
2Columbia University, New York, NY.

The Basic Research Office of the Office of the Under Secretary of Defense for 
Research and Engineering, OUSD(R&E), hosted a Future Directions workshop 
Advancing the Next Scientific Revolution in Toxicology on April 28-29, 2022, at the 
Basic Research Innovation Collaboration Center (BRICC), in Arlington, VA. The 
workshop articulated a vision for Toxicology 2.0 that transforms it from a reduction-
ist paradigm to a holistic one that combines Exposure-Driven, Technology-Enabled, 
and Evidence-Integrated approaches. First, whereas both traditional mammalian 
toxicity testing as well as high throughput screening assays largely focus on 
one chemical/mechanism/outcome at a time, Toxicology 2.0 is envisioned to be 
Exposure-Driven, addressing real-life exposure scenarios and how multiple agents 
work together to affect multiple mechanistic pathways and health outcomes. 
Second, Toxicology 2.0 will be Technology-Enabled, leveraging advances from 
genetics to bioengineering to enable characterization of toxicity in integrated in 
vitro/in silico platforms across the landscape of genomics, epigenomics, lifestage, 
and non-chemical stressors. Third, the emergence of “big data” along with “big 
compute” will require Toxicology 2.0 to be Evidence-Integrated, combining multiple 
evidence streams across diverse sources of structured and unstructured informa-
tion. The workshop identified three key areas of lasting impact should this vision 
of Toxicology 2.0 be achieved: (1) Safer Drugs and Chemicals shall be attained 
through in vitro/in silico chemical screening, in vitro/in silico clinical trials and 
identifying intrinsic and extrinsic susceptibilities; (2) Precision Health aims for 
individual, personalized preventive interventions, and pharmaceutical and non-phar-
maceutical therapies; and (3) Targeted Public Health Interventions & Environmental 
Regulations have to address population & spatial-temporal variability in genome 
and epigenome as well as past and present exposome. The remaining speakers 
in this session will delve into the areas of Exposure, Technology, and Evidence 
Integration in more depth, as well as provide overarching perspectives as to the 
path forward.

 1238 Toward an Exposure-Driven Toxicology 2.0

G. Miller. Columbia University, New York, NY.

Toxicology 2.0 must reflect real-world-based exposure designs (in silico, cellular, 
organoids, models, organisms, longitudinal epidemiological studies). Population-
scale measurements based on biobanks and ecobanks that inform on the distri-
bution of 1000s of chemical and non-chemical stressors in relevant populations 
(general population, relevant subgroups, disease cohorts) are needed. Study 
designs and computational approaches must be aligned to provide interpreta-
ble and actionable results. Dr. Miller will present findings from multiple cohorts 
to demonstrate the feasibility of the approach. Ethical issues, policy implications, 
community engagement, and citizen participation must keep pace with the technol-
ogy. A critical implementation step is to scale-up mass spectrometry technology for 
high-quality inexpensive assessment of up to 5000 chemicals that can be tagged 
to exogenous exposures including non-chemical stressors. Libraries that tag key 
information for those chemicals (meta-data layering) should be developed to facili-
tate interpretation, and to guide preventive strategies and policy recommenda-
tions. In the mid-term, technologies leveraging longitudinal studies and biobanks 
retrospectively and prospectively ensuring “FAIR” ness (Findability, Accessibility, 
Interoperability, and Reuse of digital assets) and linking exposome with health 
outcomes are required. In the long-term (20 years), we envision that exposome-dis-
ease predictions and exposome-targeted prevention and treatment solutions will 
become part of the toxicology landscape.

 1239 Microphysiological Systems to Support Toxicology 2.0

S. Khetani. University of Illinois at Chicago, Chicago, IL.

Conventional cell culture techniques do not adequately mimic the complex microen-
vironment of tissues that can modulate responses to chemical and non-chemi-
cal stressors. Over the last 10-15 years, there has been considerable progress in 
engineering tissue-specific architecture and functionality within MPS that was not 
anticipated when Tox-21c was written. Existing MPS can precisely organize the 
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interactions of cells with each other, their extracellular matrix scaffold, and gradients 
of soluble factors in perfusion devices; such features have been adapted to several 
different tissue types that have been tested with prototypical compounds. However, 
the group identified several areas that will need to be addressed moving forward 
to enable more predictive and population-based chemical testing. Specifically, the 
biological capabilities of MPS will need to include a) reliable and genetically-di-
verse cell sourcing, b) improved protocols to differentiate patient-derived stem cells 
into adult cell phenotypes across essential tissues, c) integrative and non-invasive 
biomarkers, d) integration of dynamic physiology and pathophysiology outcomes, 
e) population heterogeneity and susceptibility through life-course(s), and f) biologi-
cal surrogates for non-chemical stressors. Technological capabilities of MPS to be 
further developed include a variety of models of increasing architectural complex-
ity (monolayer/suspension cultures, organoids and organismoids (multi-organ-
oid) systems) for different stages of drug/chemical development, representation 
of healthy and diseased populations by a personalized multiverse of possible 
futures, platform standardization, increase in throughput, validation against in vivo 
outcomes, incorporation of biosensors with near real-time outputs, and automated 
fabrication. Furthermore, the above biological and technological capabilities will 
need to be added cost-effectively for screening a large number of chemicals. Case 
studies will be presented to illustrate the capabilities of existing commercially 
available MPS and enhanced capabilities of prototype MPS. Ultimately, the ability 
to generate patient-specific and population-relevant MPS on-demand for screening 
will usher in a paradigm shift within toxicology.

 1240 The Central Role of Computational Toxicology in Toxicology 2.0

N. Kleinstreuer. NIEHS/NICEATM, Research Triangle Park, NC.

The field of computational toxicology has grown rapidly over the last decade, with 
the maturation of cognitive algorithmic tools and software to mine, process, and 
model data to provide reliable and robust predictions of chemical property, activity, 
and toxicity endpoints. Expanding and investing in computational capabilities is 
of the utmost importance to provide the enabling structure upon which the next 
scientific revolution in toxicology is based. Augmented intelligence approaches 
use big data and computational tools to apply machine learning, natural language 
processing, mathematical modeling, and data analytics to support and enhance 
human intellect. Current and future applications of augmented intelligence to 
predictive toxicology will be discussed, with examples ranging from automating 
data curation and annotation, to predictive modeling, to big data-derived hypoth-
esis generation and testing, to evidence interpretation, to establishing scientific 
confidence and implementing new approaches. Data generation, curation, 
and sharing following the FAIR principles is key to unleash these opportunities. 
Technological and biological capabilities highlighted as priority development needs 
include comparable, compatible, integrable multi-omic databases, quantitative in 
vitro to in vivo extrapolation and the development in silico “digital twins” of in vitro 
and in vivo systems. The continuous adaptation of augmented intelligence progress 
(e.g., explainable A.I.) will facilitate successful implementation of next-generation 
toxicological assessments.

 1241 Evidence Integration for Regulatory Use of Toxicology 2.0

K. Thayer. US EPA/CPHEA, Research Triangle Park, NC. Sponsor: W. Chiu.

Integrating evidence from multiple sources evidence streams (epidemiological, 
animal toxicology, in vitro, in silico, non- chemical stressors, etc.) plays a key role 
and is integral to the process of translating evidence into knowledge that can 
inform decision- making. The emergence of “big data” along with “big compute” 
requires Toxicology 2.0 to develop novel evidence integration approaches, combin-
ing multiple evidence streams across diverse sources of structured and unstruc-
tured information. At the workshop, the group developed aa vision was developed 
to conduct complex rapid/real-time evidence integration by combining advance-
ments made in data-sharing, application of artificial intelligence (e.g., natural 
language processing), with the transparency and rigor tenants of systematic 
review. To implement this vision, workshop participants the workshop identified 
a need for collaborative, open platform(s) to transparently collect, process, share, 
and interpret data, information, and knowledge on chemical and non-chemical 
stressors. Creating these platforms is foundational for rapid and real-time evidence 
integration and will empower all steps to support the protection of human health 
and the environment. A number of needs were identified to create this platform, 
in particular software development to create dynamic and accessible interfaces, 
defining standards and key data elements to facilitate analysis of meta-data and 
automated annotation, and consideration for quality control.

 1242 The Implementation of Tox-21 and Toxicology 2.0

T. Hartung. Johns Hopkins University, Baltimore, MD.

To date, exposure considerations typically follow the identification of a hazard. 
Future Tox-21c 2.0 must be driven by the identification of negligible exposure (e.g., 
thresholds of toxicological concern) to deprioritize risk assessments and guided 

by the identification of relevant exposures through exposomics. The adaptation 
to technical progress, especially MPS and A.I., requires harmonization of report-
ing and quality assurance. The key challenge lies in integration of these different 
evidence stream. Evidence-based Medicine (EBM) can serve as a role model with 
systematic reviews, defined data search strategies, inclusion and exclusion criteria, 
quality scoring, risk-of-bias analysis, metaanalysis, etc. While this is mostly applica-
ble to existing data and studies, a new challenge is the prospective application for 
the composition of test strategies (Integrated Test Strategies – ITS, Integrated 
Approached to Testing and Assessment – IATA, and Defined Approaches - DA). 
A key role for Probabilistic Risk Assessment was identified. Major challenges are 
the validation of such new approaches and training, communication, and outreach.

 1243 Grappling with the Grim Reaper: Epigenetics of Aging

S. Phatak. Nutrilite, Buena Park, CA.

Aging-related diseases are responsible for 90% of reported deaths. Current global 
life expectancy is roughly 73 years of age for women and 69 years of age for men, 
and living past age 100 is rare for humans. The term “blue zone” is used to describe 
populations with extraordinary longevity and an increased proportion of centenar-
ians. According to the United Nations interactive data set, 433,635 centenari-
ans were living in 2015, which accounts for only 0.06% of the world population. 
Worth noting is that quality of life also is favorable in these long-living communi-
ties, which share a similarity in that health span more closely matches life span. 
Unraveling the great mystery of aging begins by understanding how epigenetic 
reprogramming contributes to disease and aging. Recent data related to epigenetic 
aging in COVID-19 patients also will be explored. This Workshop will begin with 
an overview of the topic and provide relevant background information to guide 
participants along a quest for the fountain of youth. The epigenetic clock theory 
of aging aims to explain our inevitable decline in biological function, and a wealth 
of knowledge has been gained through the study of different model organisms, 
from immortal species to human twins. Features of the epigenomic landscape 
shift over time, with work indicating that aberrant DNA methylation may serve as 
a predictive feature of life span. Exposures to common environmental stressors, 
including biocides, tobacco, metals, dietary micronutrients, and medications, will be 
explored. By remodeling the epigenome, these lifestyle factors have been shown to 
induce heart disease, glaucoma, metabolic syndrome, and cognitive decline, all of 
which are characteristic of aging. Multi-’omics approaches in preclinical and clinical 
models will be discussed. Furthermore, indirect or parental exposures may have 
the capacity to accelerate aging in offspring and have the potential for long-term 
impact. Epigenetic aging, therefore, also should be a notable factor in the progres-
sion of the spaceflight revolution. Ultimately, our focus will shift toward identify-
ing life- and health-extending intervention strategies that solve this complex aging 
puzzle. The talks will be presented by a diverse panel of speakers arranged by 
career sector, career stage, region, and background, and the session will conclude 
with a joint Q&A panel to facilitate discussion.

 1244 Single Nucleotide Resolution Analysis Reveals Pervasive, Long-
Lasting DNA Methylation Changes by Developmental Exposure 
to a Mitochondrial Toxicant

O. Lozoya. IQVIA Q2 Solutions, Durham, NC.

Mitochondrial-driven alterations of the epigenome have been reported, but whether 
they are relevant at the organismal level remains unknown. The viable yellow agouti 
mouse (Avy) is a powerful epigenetic biosensor model that reports on the DNA 
methylation status of the Avy locus, which is established prior to the three-germ-
layer separation, through the coat color of the animals. Here we show that maternal 
exposure to rotenone, a potent mitochondrial complex I inhibitor, not only changes 
the DNA methylation status of the Avy locus in the skin but broadly affects the liver 
DNA methylome of the offspring. These effects are accompanied by altered gene 
expression programs that persist throughout life, and which associate with impair-
ment of antioxidant activity and mitochondrial function in aged animals. These 
pervasive and lasting genomic effects suggest a putative role for mitochondria 
in regulating life-long gene expression programs through developmental nuclear 
epigenetic remodeling.

 1245 Telomeres in Toxicology: Occupational Health and Aging

M. Shoeb. CDC/ATSDR, Atlanta, GA. Sponsor: S. Phatak.

The ends of chromosomes shorten at each round of cell division, and this process is 
thought to be affected by occupational exposures. Occupational hazards may alter 
telomere length homeostasis resulting in DNA damage, chromosome aberration, 
mutations, epigenetic alterations, and inflammation. Therefore, for the protection 
of genetic material, nature has provided a unique nucleoprotein structure known as 
a telomere. Telomeres provide protection by averting an inappropriate activation 
of the DNA damage response (DDR) at chromosomal ends and preventing recogni-
tion of single and double strand DNA (ssDNA and dsDNA) breaks or chromosomal 
end-to-end fusion. Telomeres and their interacting six shelterin complex proteins in 
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coordination act as inhibitors of DNA damage machinery by blocking DDR activa-
tion at chromosomes, thereby preventing the occurrence of genome instability, 
perturbed cell cycle, cellular senescence, aging and apoptosis. However, inappro-
priate DNA repair may result in the inadequate distribution of genetic material 
during cell division, resulting in the eventual development of tumorigenesis and 
other pathologies. This article reviews the current literature on the association of 
changes in telomere length and its interacting proteins with different occupational 
exposures and the potential application of telomere length or changes in the regula-
tory proteins as potential biomarkers for exposure and health response, including 
recent findings and future perspectives. The findings and conclusions in this report 
are those of the authors and do not necessarily represent the official position of 
the Centers for Disease Control and Prevention, the Agency for Toxic Substances 
and Disease Registry, and the National Center for Environmental Health. The use 
of product names in this presentation does not constitute an endorsement of any 
manufacturer’s product.

 1246 Cell Composition and Epigenetics of Environmental Exposures 
Related to Diseases of Aging

K. Bakulski. University of Michigan, Ann Arbor, MI.

Epigenetic modifications are labile to environmental influences and epigenetic 
dysregulation is a hallmark of multiple aging diseases. Environmental epigene-
tic studies routinely measure DNA methylation in readily available tissues. In a 
United States nationally representative longitudinal study of older adults, we 
show blood-based accelerated DNA methylation aging is associated with chronic 
diseases, such as dementia, hypertension, and depressive symptoms. We also 
demonstrate that accelerated DNA methylation aging is associated with complex 
environmental exposures, such as neighborhood segregation, among older adults. 
Tissues and cell types exhibit specific epigenetic patterning and heterogeneity 
between samples complicates epigenetic studies. Environmental exposures can 
influence cell composition within tissues. In a United States nationally representa-
tive cross-sectional survey we show how environmental chemical biomarker levels 
are highly associated with immune cell composition in an age-specific manner. 
Tissue-level epigenetic measures represent a convolution of epigenetic signals 
from individual cell types. Failure to account for cell-type heterogeneity in epigene-
tic studies of aging limits identification of biological mechanisms and biases study 
results. Properly addressing cell-type heterogeneity limits sources of potential bias, 
avoids misinterpretation of study results, and allows investigators to distinguish 
shifts in cell-type proportions from direct changes to cellular epigenetic program-
ming, both of which provide insights into environmental disease etiology and aid 
development of novel methods for prevention and treatment. We will discuss the 
relationships between exposures, aging diseases, tissue-level DNA methylation, 
and cell-type heterogeneity in study design and analysis and paths forward for new 
aging toxicology and environmental epidemiology studies among older adults.

 1247 Epigenetic Editing and the Environment: A Role for Transcription 
Factors as Mediators of the Relationship between Exposure, the 
Epigenome, and Outcomes

E. Martin. NIEHS, Research Triangle Park, NC.

DNA methylation is the best studied epigenetic mark in human populations. It has 
been found to be associated with age, disease, lifestyle choices and exposures. 
However, what is not well understood is how these factors change the epigenome. 
One potential mediator between exposure and environment is the action of 
transcription factors. It is well known that transcription factors can drive differ-
ences in DNA methylation, histone modification and chromatin opening. It has 
also been shown that transcription factors interact with toxicants either directly by 
binding or indirectly through activation of cellular signaling pathways. Furthermore, 
it has been shown that transcription factors drive epigenetic changes throughout 
the aging process and that some of these transcription factors are impacted by 
environmental exposures. This talk will explore how activation of transcription 
factors by endogenous and non-endogenous ligand alters the epigenome in unique 
ways and the implications for these epigenetic changes on aging. Overall, the data 
suggests that exogenous ligands, specifically phthalates and progestin-based birth 
control, do not activate the target transcription factor, progesterone receptor, in the 
same way as the endogenous ligand, progesterone, resulting in unique patterns of 
epigenetic change. This suggests that toxicant-induced transcription factor activa-
tion is mediated by other factors in the cell such as other transcription factors and 
epigenetic editing enzymes.

 1248 Environmental Influences on Human Epigenetic Aging 
and Variability

A. Cardenas, and A. Bozack. Stanford University, Palo Alto, CA. Sponsor: S. Phatak.

Exposure to chemicals, such as human carcinogens, influence health and disease 
and disrupt biological aging processes. Data from epidemiological studies show 
that occupational benzene, trichloroethylene (TCE) and smoking accelerate various 

epigenetic aging clocks in adults. In children, prenatal and early-life exposures have 
been found to be associated with epigenetic aging. For example, in Chile we report 
that adults exposed to high levels of Arsenic in their drinking water had greater 
epigenetic age acceleration while another study of Latino children in California 
showed that maternal preconception adverse childhood experiences are associ-
ated with epigenetic age acceleration. We have tested other pharmacological 
interventions hypothesized to slow aging including metformin and aspirin intake. 
Additionally, we considered the effects of social isolation within a simulated space 
travel experiment in the Mars-500 mission, a high-fidelity 520-day ground simula-
tion experiment, testing multiple epigenetic aging biomarkers. Finally, we showed 
that prenatal exposures accelerate epigenetic clocks estimated at birth. Overall, 
there is evidence that both chemical and psychosocial exposures accelerate 
epigenetic aging throughout the life course. However, various epigenetic clocks 
have differential sensitivity to exposures. There is also evidence suggesting that 
the early life period is susceptible to aging disruptions which might suggest that 
the biological aging process starts at conception and might be programmed at 
development. Prevention efforts for age related diseases should consider targeting 
both psychosocial and chemical exposures.

 1249 New Approach Methodologies in the Pharmaceutical Sciences: 
Novel Strategies Challenging the Traditional Testing Paradigm 
to Increase Regulatory Confidence

O. Irrechukwu. Janssen Pharmaceuticals Inc., Spring House, PA.

Drug discovery and development is based on a historical foundation of animal 
testing data, with confidence built over decades; however, recently identified 
shortcomings necessitate new approaches to the standard testing paradigm. 
Though new approach methodology (NAM) is a relatively recent term for nonanimal 
testing methods for chemical hazard identification and risk assessment, similar 
in vitro/in silico methods have long been used in the pharmaceutical sciences to 
augment and inform the need for and design of in vivo testing. Availability of new 
in vitro models, such as complex in vitro models (CIVM) (e.g., organoids, spheroids, 
3D tissues) and microphysiological systems (MPS) (e.g., bioprinted tissues, 
organ-on-a-chip) have provided opportunities to integrate in vitro-in vivo testing and 
potentially improve human risk assessment. However, the readiness of CIVM/MPS 
with respect to reproducibility, applicability of readouts for specific contexts of use, 
and suitability for regulatory decision-making has yet to be broadly realized. Though 
several CIVM/MPS representing discreet organ systems have been developed, their 
utilization as a collective or as linked systems to provide whole-body assessment for 
pharmaceuticals is limited. Thus, the readiness of a single or even multiple CIVM/
MPS to completely replace animal studies in the traditional pharmaceutical testing 
paradigm remains questionable. The arrival of new therapeutic modalities (e.g., cell 
therapies, biologics) for which the traditional in vivo testing paradigm is not entirely 
suitable have provided an opportunity to pressure test the utility of CIVM/MPS and 
other NAMs for pharmaceutical risk assessment. The session goal is to highlight 
successes and challenges in utilizing NAMs—particularly CIVM/MPS—in pharma-
ceutical testing along with recommendations for progressing the field. Introduced 
first will be the International Consortium for Innovation & Quality in Pharmaceutical 
Development MPS affiliate; specifically emphasized will be the collective efforts 
of its pharmaceutical scientists to advance the field of CIVM/MPS with respect to 
increasing confidence in reproducibility and regulatory decision-making capabili-
ties. The next presentations will provide examples of CIVM/MPS use to make lead 
candidate selections and to assess the efficacy, pharmacokinetics, and potential 
toxicity across several therapeutic modalities. Lastly, a regulatory perspective on 
the opportunities and challenges in the field will be provided. The session will close 
with a panel discussion. Panelists will be challenged to identify (1) opportunities 
for CIVM/MPS to replace animal studies and (2) in vivo applications/models that 
exhibit clinical translation challenges CIVM/MPS developers can target for future 
model development. Session attendees will be invited to provide perspectives for 
advancing the field with the goal of capturing consensus on short- and long-term 
expectations for NAMs regarding drug discovery and development.

 1250 Introduction: The Collective Efforts of Pharmaceutical 
Scientists in Utilizing CIVM/MPS to Augment Pharmaceutical 
Testing Approaches

R. Hardwick. Bristol-Myers Squibb Company, San Diego, CA.

Recognizing the potential for complex in vitro models (CIVM) and microphysiologi-
cal systems (MPS) to transform the way in which scientists approach the testing of 
pharmaceutical candidates, the MPS Affiliate was officially formed as a subgroup 
of the International Consortium for Quality & Innovation in Pharmaceutical 
Development (IQ) in 2018. Since its formation, the primary goal of the IQ MPS 
Affiliate has been to identify challenges and opportunities and work to facilitate 
the implementation of CIVM and MPS in drug development. This presentation will 
introduce the concept of CIVM and MPS as it pertains to later presentations in 
the workshop and discuss the collective activities of pharmaceutical scientists 
to increase confidence in this burgeoning field of pharmaceutical testing tools 
for pharmacology, ADME (absorption, distribution, metabolism, excretion), and 
toxicology applications. Recent efforts to provide recommendations for minimally 
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expected functional capabilities of CIVM and MPS on an organ system level will 
be discussed. Additionally, efforts to facilitate dialogue amongst pharmaceutical 
scientists and global regulators to evolve the use of CIVM and MPS for regulatory 
decision making will also be introduced.

 1251 Developing More Predictive Organ-on-Chip Models to Evaluate 
Efficacy of CAR Ts and Routes for Early Identification of Safety 
Liabilities in Translational Oncology

P. Candarlioglu. GlaxoSmithKline plc, Stevenage, United Kingdom. Sponsor: R. Hardwick.

Over the last couple of decades, we have been witnessing the systemic shift in 
the current trends of pharma portfolios with more complex modalities targeting 
complex pharmacology emerging that are quite human specific. In these cases, 
a translatable in vivo model may not be available. Accordingly, there is a need to 
increase the complexity and thereby the predictability of the current in vitro models 
that are fully humanised and can recapitulate the species-specific biology more 
accurately.Initially in cell therapy development, efficacy studies were limited to 
simple 2D well plate-based assays, quickly followed by in vivo models. While that 
approach has shown some success with haematological cancer targets, moving 
to solid tumours with range of target expression levels requires a more sophisti-
cated approach to ensure the right efficacy for the therapy. Although the 2D well 
plate-based simpler assays are still the workhorse of in vitro assessment, recent 
human-specific complex targets benefit strongly from a combination approach 
where a series of simple assays are complemented with high complexity, more 
physiologically relevant models to enable decision making. The value of MPS use 
in cell therapies are even more evident when looking for increased efficacy of 
combination therapy approaches, which again are already independently reliant on 
highly complex human-specific immune reactions that do not translate well to clinic 
from the traditional simple in vitro or in vivo models. So, a more integrated approach 
combining multiple different in vitro models with varying complexity integrated 
with in silico and in vivo data is a more promising approach for clinical success. 
For the safety assessment of new cell therapies, a similar approach is valid as 
well for the same reasons as in assessment of efficacy. Low confidence of the 
clinical translatability of the current, traditional preclinical models for cell therapy 
safety assessment leads to greater caution in therapeutic target selection and 
the selection of targets that are expected to inherently have less safety liabilities. 
This conservative approach may be limiting the development path of potentially 
highly successful therapies. The anticipation is that with increased access to more 
sophisticated preclinical safety assessment tools, previously untreatable cancers 
may be more accessible.

 1252 Bringing Innovative Therapies to Cancer Patients by Leveraging 
a Patient-Centric In Vitro/Ex Vivo Framework for Safety Risk 
Identification, Definition of Therapeutic Index, and Starting 
Dose Prediction

E. Marrer-Berger. F. Hoffmann-La Roche Ltd, Basel, Switzerland. Sponsor: R. Hardwick.

The non-clinical development of biotherapeutics directed against exclusively 
human targets requires new approaches, as the molecules lack species cross-re-
activity consequently invalidating conventional testing in animal. To bring these 
therapies into the clinic, in vitro and alternative methods will need to be appropri-
ately implemented. Here we present a human/patient-centric in vitro/ex vivo 
framework, which enables safety risk identification, the prediction of the therapeu-
tic index and human dose prediction. The value of the framework is illustrated 
through case examples of T-cell bispecific antibodies targeting p-MHC-Class I 
complexes. The non-clinical testing of these molecules is particularly challeng-
ing; in addition to the lack of cross-reactive species, there is a higher intrinsic risk 
for off-target reactivities. To maximize the likelihood to identify risks, an iterative 
approach was used that combined (1) in vitro/ex vivo testing in human primary 
cells and MPS of vital organs and (2) a functional interactome characterization 
of the TCR-L TCB in human tissues of physiological or pathological relevance. To 
support the definition of the therapeutic index and appropriately predict efficacy, a 
harmonized experimental in vitro and ex vivo design was used for the testing of the 
molecule in human healthy (safety) and patient-derived tumor material (efficacy).
The refinement of our framework highlighted how critical experimental design, 
data analysis and modeling are to the predictive value of the data produced. The 
mathematical integration of all qualitative and quantitative data generated in a 
broad range of in vitro/ex vivo systems allowed the in depth characterization of 
the full dynamic pharmacological response of those drugs, which increased the 
robustness of the efficacy and safety predictions. Ultimately, using the ex-vivo 
data generated with patient’s material led to a significantly higher safe starting 
dose compared to a classical MABEL approach, thus reducing the number of sub 
therapeutic dose levels administered to cancer patients.

 1253 Integrating MPS into Preclinical Safety Testing: Successes 
and Challenges

R. David. AstraZeneca, Cambridge, United Kingdom.

MPS aim to recapitulate the architecture, cell-cell interactions, and tissue-micro-
environment, making them more representative of complex in vivo biology than 
standard two-dimensional culture. Thus human MPS provide an opportunity to 
improve preclinical-to-clinical translation. Oncology combination therapies have 
the potential for huge clinical benefit but identifying tolerable regimens can be 
extremely challenging due to overlapping bone marrow (BM) toxicity. While this can 
be managed by adjusting combination-doses and drug-sequencing/schedules, this 
can be time-consuming, often with sub-optimal outcomes. To guide this we have 
developed a human BM MPS that maintains stem cells with concurrent differen-
tiation into erythroid, myeloid and megakaryocyte cells. AZD5153, AstraZeneca’s 
highly potent BET/BRD4 inhibitor and venetoclax (approved BCL2 selective inhibi-
tor) both carry haematological side effects as monotherapies, which may be 
enhanced in combination. We explored dosing alone, concurrently, or sequentially 
in the MPS. Concurrent treatment exacerbated haematological toxicity compared 
to monotherapies (p<0.001), which was mitigated by sequential-dosing (p<0.001). 
Antisense oligonucleotides (ASOs) are increasingly being developed as a therapeu-
tic modality, however preclinical safety evaluation of ASOs lacks predictivity due to 
the simplicity of in vitro models and a lack of in vivo cross-species reactivity. We 
have developed a polarised, dual channel human kidney proximal tubule-on-a-chip 
that recapitulates transporter-mediated drug toxicity. Following exposure (48h) to 
ASOs SPC5001 (PCSK9; clinically nephrotoxic) or 556089 (MALAT1; non-toxic), 
ASO uptake (target-downregulation) and SPC5001-induced cytotoxicity (5µM; 
lactate dehydrogenase release) were observed. Moreover, SPC5001 continuous 
exposure (20 days) resulted in time-dependent release of kidney-injury biomarkers 
kidney injury molecule 1, neutrophil gelatinase-associated lipocalin and clusterin. 
We have demonstrated the potential of these MPS to enhance the human-rele-
vance of pre-clinical safety assessment, paving the way for refinement/replace-
ment of animal studies. Despite this, there remain challenges to MPS adoption 
and development in the pharmaceutical industry, including a lack of standardisa-
tion, high cost and time-requirement, and low sample volumes or cell numbers for 
downstream analyses.

 1254 Regulatory Perspectives on the Integration of Novel Testing 
Tools, Such as MPS and CIVM, into Nonclinical Drug 
Safety Assessment

N. Sadrieh. US FDA, Silver Spring, MD. Sponsor: R. Hardwick.

Nonclinical studies assessing the safety of pharmaceutical drugs during develop-
ment have long supported the marketing of increasing numbers of highly effective 
and safe therapeutics. However, as science evolves to identify more complex 
molecular targets involved in the mechanism of drug safety and efficacy, the need 
increases for better, faster, more accurate and predictive testing methodologies 
in drug development. During drug discovery, candidate drug selection is often 
based on high throughput in vitro assays that screen for wanted mechanisms of 
action while screening out unwanted toxicities. However, during drug develop-
ment, drug manufacturers predominantly conduct the nonclinical safety studies 
in various animal models. This is because the strengths and weaknesses of these 
animal models are relatively well understood and there is arguably less perceived 
uncertainty associated with allowing regulatory agencies to review such in vivo 
data. Nevertheless, as per the FD&C Act and the Code of Federal Regulations (21 
CFR), FDA continues to provide flexibility to sponsors, to use in vitro and in vivo 
studies to support the safety of drugs under development. Consequently, there 
has been increasing interest in the use of new alternative methods (NAM) in order 
to achieve the goal of the 3Rs (refine, reduce and replace). While studies using 
NAMs constitute a very small number of those studies submitted in IND and NDA 
packages, such NAMs tend to focus on pharmacology endpoints rather than 
toxicology endpoints. Therefore, there is now an opportunity to expand the use of 
NAMs from their application in drug discovery, and to integrate these methodolo-
gies into drug development. A more mechanistic understanding of drug toxicities 
might contribute to a decrease in drug toxicities that are observed during late phase 
clinical development or during post marketing. The adoption of NAMs into the drug 
approval process can only happen when there is confidence on both the part of 
drug manufacturers as well as the drug regulators. Building confidence in new 
methodologies is therefore key to their adoption and widespread use. The presen-
tation will provide perspectives on reaching consensus between stakeholders on 
key features of new alternative methods and how these methods can support the 
marketing of safe and effective drugs.

 1255 Safety Assessment Approaches for Stem Cell Therapy

W. Slikker. Retired, Little Rock, AR.

One of the last frontiers in biomedical research involves the repair of damaged 
tissues and organs, including the central nervous system. The prospective use 
of stem cells to mend injured organs is very exciting but requires both potency 
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and safety assessment strategies. During this Workshop, cell-based approaches 
to treating disease and organ failure will be delineated, with an emphasis on the 
safety criteria necessary for the use of stem cell approaches to tissue repair. 
At this time, there are a few licensed cellular products derived from functionally 
mature and differentiated cells, and aside from cord blood-based products, there 
are currently no approved products based on multipotent and pluripotent cells in 
the US market1. This is partly due to the complexity and heterogeneity of the cellular 
products, which pose several manufacturing and regulatory challenges. In addition, 
cells are typically exposed to various conditions and exogenous factors during 
the manufacturing process, which makes the cells functionally different from their 
original states. This emphasizes the need for new methods and quality attributes to 
reliably predict the biological functions of manufactured cellular products. Industry-
related scientists from therapy discovery/evaluation groups, academic researchers, 
and regulatory scientists will benefit from the in-depth information provided in this 
session. The closing panel discussion will emphasize the importance of developing 
a consensus definition of cell-based therapies and examine various approaches to 
identifying potential toxicity and therapeutic efficacy. 1Kwee, Brian J., and Kyung 
E. Sung, “Engineering Microenvironments for Manufacturing Therapeutic Cells.” 
Experimental Biology and Medicine 246, no. 16: 1845-1856.

 1256 Why We Need Safety Assessment for Cellular and 
Cell-Derived Therapies

J. Wikswo. Vanderbilt University, Nashville, TN.

With the proliferation of therapeutic applications of tissue-derived multipotent 
stromal (MPS) cells and other cells with induced stem-like properties, it is important 
to delineate the possible safety issues that arise from these and other cell-derived 
products (CDPs), such as processed extracellular vesicles. In contrast to simple 
molecules or even antibodies with a hopefully well-defined epitope, MPS cells and 
CDPs can contain a breadth of genetic information, some of which may not be 
obvious without deep sequencing, which could be complicated by genetic hetero-
geneities in the cell population. If a patient needs MPS cells or CDPs for a particular 
medical condition, what safety tests should be conducted prior to injection? Are the 
cells well characterized? Will heterologous cells put a patient at risk for immune 
responses or even graft-versus-host disease that would be avoided with autologous 
products? Do heterologous cells contain retroviruses? How can you test whether 
the MPS cells and CDPs get to the target site? Will they function to fix the problem 
(potency)? Will they remain in appropriate numbers or overgrow? Might they be 
oncogenic? It may be possible to create a bank of assays using conventional cell 
culture, microphysiological systems, or miniature bioreactors, and a battery of 
analytical and genetic tests to answer some, but not all of these questions. There 
is an overriding need to quantify both the risks and the effectiveness of measures 
to minimize them.

 1257 Safety Assessment by scRNAseq of Stem Cells for 
Therapeutic Application

J. Kang. University of Tennessee Health Science Center, Memphis, TN. Sponsor: 
W. Slikker.

Stem cell therapy emerges as an effective approach for treating various currently 
untreatable diseases. However, fatal and unknown risks caused by their systemic 
use are major obstacles for clinical application. We developed a functional single-
cell RNA sequencing (scRNAseq) procedure and identified that the transcriptomic 
heterogeneity of stem cells in cultures is responsible for a fatal embolic risk of 
these cells in the host. The pro-embolic subpopulation of stem cells in cultures 
was assorted by gene set enrichment analysis (GSEA) and verified by a supervised 
machine learning analysis. A mathematical model was developed and validated for 
the prediction of embolic risk of cultured adipose-derived multipotent stromal cells 
(ADSCs) in animal studies, and further confirmed by its application to public data 
analysis. Importantly, modification of culture conditions prevented the embolic risk. 
This novel procedure thus has a significant relevance to toxicological screening of 
stem cells for clinical application, i.e., identification of potentially adverse effects of 
subpopulations in stem cells prepared for therapeutics ensures the safety of their 
clinical application.

 1258 Two Strategies to Improve and Refine Stem 
Cell-Based Therapies

C. Morshead. KITE Research Institute of the University Health Network, Toronto, ON, 
Canada. Sponsor: W. Slikker.

Neural stem cells (NSCs) have garnered significant scientific and commercial 
interest in the field of regenerative medicine. Strategies aimed at exploiting the 
fundamental biology of the cells (self-renewal and capacity to generate cells of 
the neural lineage) holds promise for developing cell-based therapies to treat 
neurodegenerative disease and neurotrauma. Two distinct approaches have been 
explored as a means to harness the potential of NSC pools: (1) Cell transplanta-
tion and (2) endogenous NSC activation using novel biologic and tools. Both have 

shown success in the treatment of neurological disorders. I will discuss our current 
understanding and application of NSC based regenerative strategies, highlighting 
the limitations and promises that have been exposed from pre-clinical models of 
stroke utilizing these stem cell-based approaches.

 1259 International Perspectives on Safety Assessment Approaches 
for Cell-Based Therapies

R. Roberts. ApconiX, Alderley Edge, United Kingdom.

The Health and Environmental Sciences Institute (HESI) Cell Therapy - TRAcking 
Circulation and Safety (CT-TRACS) program is an international, public-private, 
multidisciplinary collaborative group that aims to facilitate the translation of 
cell therapy products (CTPs) to the clinic by driving the development of tools, 
methods and scientific knowledge required to evaluate the safety of therapeutic 
cells. Through knowledge exchange between stakeholders from all sectors, the 
committee is addressing key safety concerns that are especially challenging for 
CTPs: (1) biodistribution, to determine the fate of cells once administered in the 
patient and developing online tools/resources that will be freely available to the 
broader cell therapy community (Helfer et al. 2021; Pereira Mouriès et al., 2022); 
(2) tumorigenicity, to assess the potential risk of these products to form tumors in 
the patients (Sato et al. 2019). Several multi-site studies are currently ongoing to 
evaluate tailored and fit-for purpose methods that address tumorigenicity concerns 
for human Pluripotent Stem Cells derived CTPs (Henry et al. 2022; Watanabe et al. 
submitted)), CAR-T derived therapies, as well as for detection of potential off-target 
editing in CTPs edited with technologies like CRISPR. The objectives from these 
efforts are to develop robust methods, internationally harmonized, for predicting 
tumorigenicity, and to aid researchers, developers and regulators to assess the 
safety of CTPs with more confidence, contributing to faster/earlier decision-making.

 1260 Regulatory Science Insights into the Safety and Potency 
Assessment of Regenerative Medicine Cellular Products

K. Sung. US FDA/CBER, Silver Spring, MD. Sponsor: W. Slikker.

Regenerative medicine cellular products include cellular therapies, therapeutic 
tissue engineering products, human cell and tissue products, and any combination 
product using such therapies or products, except for those regulated solely under 
section 361 of the Public Health Service Act (PHS Act) and 21 CFR Part 1271. Due 
to their ability to undergo lineage-specific differentiation, Multipotent Stromal Cells 
(MSCs) and Induced Pluripotent Stem Cells (iPSCs) are popular sources for produc-
ing regenerative medicine cellular products. However, there is a lack of reliable 
and consistent markers that can predict the safety and efficacy of such cell-based 
products for their successful clinical translation. This presentation will provide an 
overview of FDA regulations and considerations for regenerative medicine cellular 
products and the current methods used to evaluate the safety and potency of 
cellular products. Additionally, strategies for evaluation of regenerative medicine 
cellular products utilizing emerging biomedical engineered tools will be presented.

 1261 High-Content Imaging: Cell Painting Basics and Emerging 
Applications to Toxicological Research

A. Harrill. US EPA, Research Triangle Park, NC.

Cell painting is a high-throughput phenotypic profiling assay that uses fluorescent 
cytochemistry to visualize a variety of organelles and high-content imaging that 
is used to derive a large number of morphological features at the single-cell level. 
While this assay has been utilized for drug discovery, it is an emerging technology 
for toxicology. Cell images contain a vast amount of quantifiable information about 
the status of the cell—for example, whether it is diseased, whether it is respond-
ing to a drug treatment, and whether a pathway has been disrupted by a genetic 
mutation or a compound. In this session, speakers will address the current uses of 
cell painting across sectors. The session will begin with an overview of the assay, 
which will include some examples of its use in drug discovery. Next, there will 
be a presentation on the use of cell painting at the US Environmental Protection 
Agency for high-throughput phenotypic profiling of biological effects elicited by 
industrial chemicals and potential use in chemical risk assessment. Subsequent 
speakers will present on the use of cell painting in the agricultural and pharmaceu-
tical sectors. This session will highlight challenges and opportunities for uptake of 
this methodology and provide paths forward in toxicity testing.

 1262 Cell Painting: Information in Cell Images for Drug Discovery 
and Beyond

A. Carpenter. Broad Institute, Cambridge, MA. Sponsor: A. Harrill.

Cell images contain a vast amount of quantifiable information about the status 
of the cell: for example, whether it is diseased, whether it is responding to a drug 
treatment, or whether a pathway has been disrupted by a genetic mutation. We 
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aim to go beyond measuring cellular toxicity using traditional measures using a 
strategy called image-based profiling. This approach extracts hundreds of features 
of cells (or other biological samples, such as tissues or whole organisms) from 
images using advanced computational approaches such as deep learning. Just like 
transcriptional profiling, the similarities and differences in the patterns of extracted 
features reveal connections among diseases, compounds, and genes. We are 
therefore harvesting similarities in image-based profiles to identify, at a single-
cell level, how diseases, drugs, and genes affect cells, which can uncover small 
molecules’ mechanisms of action or toxicity, discover gene functions, predict assay 
outcomes, discover disease-associated phenotypes, identify the functional impact 
of disease-associated alleles, and find novel therapeutic candidates. Public data is 
becoming available at a scale that may allow unprecedented computational models 
to predict toxicity assay outcomes for a given treatment including small molecules. 
With these data and variants of the assay like LipocyteProfiler and CardioProfiler, 
we intend to implement drug discovery-accelerating applications at scale.

 1263 High-Throughput Phenotypic Profiling with Cell Painting Assay 
and Applications in Next-Generation Risk Assessment

J. Harrill. US EPA, Research Triangle Park, NC.

New Approach Methods (NAMs) are any technology, methodology or approach 
that provides information on chemical hazard without the use of animal models. 
NAMs data are increasingly being considered for use in risk assessment in lieu 
of or in combination with data from traditional animal-based toxicity studies. 
Researchers at the US EPA have proposed a tiered NAMs-based hazard evaluation 
strategy where high-throughput profiling (HTP) assays are used in the first to rapidly 
generate bioactivity data for hundreds of chemicals in a variety of human-derived 
cell models. This presentation will discuss the use of one such assay, high-through-
put phenotypic profiling (HTPP) with Cell Painting, for: 1) determining molecular 
points-of-departure (mPODs) that correspond to threshold concentrations where 
cellular biology is perturbed and 2) generating phenotypic profiles that charac-
terize the biological activity(s) of the test chemicals. The presentation will then 
discuss potential applications for each of these data analysis outputs in chemical 
risk assessment using a dataset comprising phenotypic profiles for hundreds of 
chemicals from the ToxCast library screened in concentration-response mode 
in three different cell types (U-2 OS, HBEC3-KT, TeloHAEC). The first application 
converts mPODs (in units of micromolar) to administered equivalent doses (AEDs) 
using in vitro to in vivo extrapolation (IVIVE) and reverse dosimetry. Bioactivity 
exposure ratio (BER) analysis then compares the AEDs to exposure predictions 
to identify and flag chemicals where human exposure estimates overlap with 
bioactive doses. The combinatorial use of HTPP data from multiple human-de-
rived cell lines will be explored in the context of this application. The second 
application focuses on mechanistic prediction using bioactivity profile similarity. 
Target chemical profiles are compared to a collection of profiles from annotated 
reference chemicals with known molecular targets and mechanistic predictions 
are confirmed using orthogonal assays. In addition, bioactivity profile similarity 
combined with chemical structure similarity can be used for chemical-biological 
read across (CBRA) and prediction of in vivo toxicity. Participants in this session will 
gain an understanding of how HTP methods may be applied to inform NAMs-based 
next generation risk assessment. This abstract does not reflect US EPA policy.

 1264 The Application of Cell Painting for Predictive Human Health 
Applications in Agrochemical Screening

J. LaRocca. Corteva Agriscience, Indianapolis, IN.

During the plant protection product (PPP) discovery process, the identification of 
potential toxicological effects is crucial to the design of sustainable environmental 
and human health molecules. Studies submitted in PPP registration dossiers are 
typically low throughput and are designed to involve complex systems such as 
whole mammals. For human health this typically involves a comprehensive testing 
packing largely focused on rodent testing ranging from acute to chronic exposures. 
Fulfilling the 3R (Refinement, Reduction, and Replacement) principles and support-
ing animal welfare regulation (e.g., Directive 2010/63/EU), new approach method-
ologies (NAMs) such as Cell Painting are leveraged for early-stage discovery PPP 
screening to aid in molecule design. Here we describe the application of Cell 
Painting to human HepaRG cells. Human HepaRG cells were chosen because 
liver is a common target organ for PPPs and these cells have increased metabolic 
capacity compared to other common liver cell lines. The HepaRG Cell Painting 
assay was validated with established positive controls, such as berberine chloride, 
and further compared to independent studies with similar chemical validation 
sets. In vitro to in vivo extrapolation was conducted on a subset of chemicals to 
assess predictive accuracy for short-term in vivo points of departure. This talk will 
highlight the use of Cell Painting, but also discuss some of the limitations with in 
vitro models. The application of these assays to the discovery toxicology testing 
paradigm will be discussed, as they represent fast and efficient alternatives to in 
vivo rodent testing for high-throughput screening approaches.

 1265 Cell Painting for Screening of Pharmaceutical Compounds: 
Current Applications, Advantages, and Challenges Associated 
with Application to Drug Discovery and Development

D. Dalmas Wilk. GlaxoSmithKline plc, Collegeville, PA.

Cell Painting (CP) is a morphology based high content imaging (HCI) platform that 
measures phenotypic changes in individual cells across multi-cellular compart-
ments/organelles as a function of time and/or exposure to chemicals and/or novel 
therapeutic agents. This new approach methodology (NAM) can be used alone 
or integrated with other tools for assessment of pharmacology, drug discovery 
and development (D&D), and toxicology. The utilization of CP can decrease the 
need for in vivo animal data as well as aid in the identification of drug candidates 
with a superior safety profile. In addition, utility in the development of custom-
ized mechanistic assays to evaluate target safety are also being considered to 
identify phenotypic profiles and risk factors for frequently occurring organ toxici-
ties without sufficient screening tools . However, the application of CP to toxicol-
ogy is still in its infancy. Given the large amount of multifaceted data, there are 
many special considerations that need to be considered and harmonized before 
practical implementation in regulatory decision making. This talk will highlight the 
current state of CP in D&D as a means for analysis of organ toxicity. Key challenges 
associated with experimental design including selection of cell types and need for 
time/concentration dependent analyses will be discussed. Given the large amount 
of multifaceted data generated using CP, key challenges associated with data 
analyses and the application to gain mechanistic understanding and prediction 
of toxicity at a systems toxicology level will be highlighted. Additional challenges 
related to interpretation of results as it relates to in vitro to in vivo translation 
given that pharmaceutical agents can induce both desired activity and adversity 
in cell-based assays will also be discussed. Despite challenges that need harmoni-
zation, application of CP holds promise in both reducing animal use during D&D as 
well as aid in designing compounds with a superior safety profile.

 1266 Exploring Cell Morphological Profile Information for the 
De-risking of Small Molecules

F. Camilleri. Bayer SAS, Sophia Antipolis, France. Sponsor: A. Harrill.

The practical implementation of (new approach methodologies) NAMs as the basis 
of regulatory decisions for phytopharmaceutical products in the next 10 to 15 years 
will require global cooperation between the different stakeholders from academia, 
regulatory bodies, and industry. The characterization of compound-induced in vitro 
bioactivities according to concentration, time-response and reversibility for causal 
inference has long been used in evidence-based chemical safety assessment for 
pesticides. Those dimensions are part of the so-called Bradford-Hill criteria that 
certainly also need to be used for developing a robust suite of NAMs to ensure 
human health protection. The Cell Painting in vitro assay is one of the promis-
ing NAMs with scalability potential, rich biological information content and, when 
combined with ADME properties, could provide predictive in vivo adverse outcomes. 
At Bayer, we are exploring the information contained in Cell Painting images for the 
small molecule safety evaluation and human health risk assessment for pesticides. 
Morphological profiles were analyzed in the frame of in vitro point of departure 
(POD) determination, of acute toxicity prediction, and for the prediction of other in 
vitro assay results. U2OS cells are currently being used as a first approach, but we 
believe that a specific set of cell lines needs to be defined, to reflect a maximum of 
derived toxicological endpoints. Toxicokinetic models, derived from the US EPA R 
“HTTK” package and from a Bayer in house model (hybrid model combining deep 
learning and PBPK models) will also be discussed in their applications for reverse 
dosimetry to extrapolate in vivo dose levels from in vitro POD. Finally, the analysis of 
causal associations between morphological profiles and toxicological outcomes, 
would allow us to define unsafe morphological profiles, that could then be used to 
develop the concept of safety-by-design using AI guided de novo chemical design 
using generative models such as Autoencoders.

 1267 Refining Inhalation Risk Assessments by Integrating New 
Approach Methodologies

W. Klaren. ToxStrategies Inc., Asheville, NC.

Evaluating risk from the inhalation route has always presented a challenge. This 
is because of the underlying species differences in the biology of the respiratory 
tract and the complexities of material transport and tissue dosimetry of inhaled 
substances. Further complicating the assessment are significant anatomical 
differences between the respiratory tracts of traditional test species and humans. 
Recently, more human-focused approaches have been developed that enable a 
more accurate assessment of the hazard, exposure, and risk of airborne substances 
to humans. These efforts, which are consistent with those of the US Environmental 
Protection Agency (US EPA) and other regulatory authorities, are aimed at replac-
ing, reducing, and refining the number of animals used in toxicity testing. Such 
developments culminated in 2018, when the US EPA Office of Pesticide Programs 
consulted a scientific advisory panel for advice on new approach methodologies 
(NAMs) related to inhalation toxicity. Due to significant contact irritancy of the 
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chemical being evaluated, inhalation toxicity could not be thoroughly assessed via 
the inhalation route in animal models. In their analysis, the scientific advisory panel 
generally agreed that the proposed NAMs presented opportunities for refining the 
assessment but called attention to several areas for improvement. A few major 
critiques were (1) was the underlying model system appropriate for understanding 
whole lung toxicity, (2) were the endpoints subtle enough to understand repeated 
exposures, (3) were the acute exposures sufficient for longer-term extrapolation, 
and (4) were dosimetry assumptions/modeling approaches appropriate? Since that 
evaluation, many advances have been made that encourage the use of alterna-
tive approaches within inhalation risk assessment and toxicity. This Symposium 
will include five presenters. The first speaker will provide a historical context of 
inhalation risk assessment, the inherent challenges of animal models, and the 
evolution that led to the US EPA science advisory panel. The second speaker will 
present on advances in hazard identification and dose response—specifically, the 
improvements made to once popular in vitro human respiratory tract tissue models. 
The third speaker will highlight advances in exposure assessment, focusing on 
target tissue dosimetry in discrete regions of animal and human respiratory tracts 
under realistic exposure conditions. Finally, the last two speakers will present case 
studies that feature these approaches and discuss how data from these techniques 
can be incorporated into and compared against existing animal data. Overall, this 
session will discuss the current state of inhalation risk assessment and highlight 
relevant NAMs that can be used to understand and refine inhalation risk.

 1268 Introduction to Inhalation Risk Assessment and Initial 
NAM Considerations

M. Perron. US EPA, Washington, DC. Sponsor: W. Klaren.

The Environmental Protection Agency’s (EPA) Office of Pesticide Programs (OPP) 
conducts human health risk assessments to evaluate the potential health effects of 
pesticides in residential and occupational settings from multiple routes of exposure. 
For evaluating effects via the inhalation route, pesticide registrants conduct 
subchronic inhalation toxicity studies using experimental animals according to 
EPA or OECD test guideline requirements. However, anatomical and physiological 
differences between experimental animals and humans can impact the airflow and 
deposition of inhaled substances, which can subsequently influence the extrapola-
tion of animal study results to humans. Furthermore, there are particular challenges 
with testing respiratory irritants that generate concerns for animal welfare. In recent 
years, efforts to develop new approach methods (NAMs) to refine inhalation risk 
assessment using in vitro test systems with human tissues in conjunction with 
human dosimetry modeling have provided opportunities to overcome several of 
these challenges. This presentation will discuss an example of applying a NAM to 
refine inhalation risk assessment for a contact irritant pesticide, Chlorothalonil, and 
the process taken by the EPA to implement the approach.

 1269 Nasal, Bronchial, Small-Airways, and Alveolar 3D Model 
Validation for Inhalation Hazard Identification

S. Constant. Epithelix, Geneva, Switzerland.

The main function of the human airway epithelium is to generate sterile atmosphere 
for the alveolar region where the gas exchange occurs. As the first line of defense 
against airborne pathogens, the airway epithelium acts as key barrier through 
mucociliary clearance and host defense mechanisms. Airway epithelium is also an 
important immunoregulator through production of key messengers and physical 
interactions with immune cells. Upon activation, respiratory epithelial cells react 
by producing proinflammatory cytokines, chemokines and metalloproteinases for 
the recruitment and activation of immune cells as well as initiation of adaptive 
immunity. Interest in the use of 3D reconstituted human in vitro nasal, bronchial, 
small-airways and alveolar tissues is increasing in recent years for the study of 
respiratory diseases such as Asthma, Chronic Obstructive Pulmonary Disease 
(COPD), Bacterial and viral infections. Several applications of in vitro reconsti-
tuted Acute Lung Injury (ALI) models based on primary human cells in inhalation 
toxicity assessment will be discussed: (i) acute, long-term and sub-chronic testing 
strategies including static or dynamic exposures; (ii) inflammatory effect assess-
ment; (iii) trans-epithelial permeability of xenobiotics; (iv) recent advances in the 
detection of respiratory sensitizers and irritants and (v) evaluation of ciliopathic 
effect. These advanced models can serve an important role in hazard identification 
and concentration-response assessment that can modify an overall risk assess-
ment for inhaled substances.

 1270 Critical Role of Inhalation Dosimetry When Incorporating New 
Approach Methodologies

R. Corley. Greek Creek Toxicokinetics Consulting LLC, Boise, ID.

This presentation will focus upon important characteristics of inhalation dosime-
try models and how they can be used to achieve exposure alignment across in 
vivo animal and in vitro human experimental platforms with realistic human 
exposure scenarios that are critical for toxicological risk assessments. In recent 

years, mechanistic inhalation dosimetry models that are based upon key physical, 
chemical, and biological processes governing material transport and interaction 
with airway tissues in animals and humans have fallen into three main catego-
ries: Computational fluid dynamics (CFD), physiologically based pharmacokinetic 
(PBPK), or multiple path particle dosimetry (MPPD) models, either alone or in 
combination. Each approach has its own strengths and weaknesses, and the choice 
depends upon the application. Case studies with reactive vapours and aerosolized 
pesticides and pigments will be presented where these in silico approaches were 
successfully used to either establish limitations and concerns for new acute animal 
inhalation toxicity testing, or to develop relevant human equivalent exposures 
corresponding to prior animal in vivo studies or new in vitro in toxicity studies 
with human airway cells grown at air-liquid interface in lieu of additional animal 
testing. As more examples of dosimetry modelling in NAMs are utilized by regula-
tory agencies in the coming years, the development of future models will become 
more refined and streamlined, especially if steps are taken to integrate dosimetry 
modelling with real-world exposure characterizations and new developments in in 
vitro human cell or tissue toxicity testing.

 1271 Development of a Next-Generation Risk Assessment Framework 
Informed by Adverse Outcome Pathways

M. Dent. Unilever, Bedford, United Kingdom.

A next generation risk assessment (NGRA) approach for the safety assessment 
of polymers in personal and homecare products has been developed underpinned 
by the knowledge of Adverse Outcome pathways (AOP) relevant for these materi-
als. Here we present one example of including Polyhexamethyleneguanidine 
phosphate (PHMG) in hypothetical disinfectant products. PHMG was tested across 
multiple NAMs, mapped against the AOPs for lung fibrosis (173), acute inhala-
tion toxicity (302) and declines in lung function (148). Cells were treated daily 
for up to 12 consecutive days with nebulised PHMG in dose-response manner in 
the MucilAir™-HF assays and EpiAlveolar™ system using a cloud chamber from 
Vitrocell®. In the MucilAir™-HF experiments, TEER was measured daily, and the 
following biomarkers were measured at day 1, 7 and 11: LDH, cilia beating frequency, 
mucin secretion, and cytokines. In the EpiAlveolar™ system, cytokines and oxidative 
stress biomarkers were measured at the same timepoints. PHMG was also tested 
in the cell-free lung surfactant function inhibition assay. Concentration-dependent 
effects were modelled to derived points of departure. Exposure to PHMG led to a 
time and dose dependent toxicity response in both cell models. The EpiAlveolar™ 
cell system was more sensitive to the exposure to PHMG which led to loss of TEER 
accompanied by increased release of cytokine markers at early timepoints. At a 
later timepoints, there was significant cytotoxicity in the alveolar cells associated 
with PoDs lower than the predicted exposure. These results might reflect the in vivo 
situation in humans where PHMG led to acute interstitial pneumonia with diffuse 
alveolar damage after these exposures.

 1272 Inhalation Risk Assessment Case Study from Using Three 
Structurally Dissimilar Pesticides

T. Osimitz. Science Strategies, LLC, Charlottesville, VA.

Project Trio - A case study using three pesticides (Pyrethrins, Piperonyl Butoxide, 
MGK-264). This work was inspired by the EPA’s Office of Pesticide Program’s 
consideration of a New Approach Methodology (NAM) for the risk assessment of 
chemicals causing point of contact effects. It is especially applicable for assess-
ing effects in the rat, a species that unlike humans, are obligate nose breathers 
with different nasal and laryngeal airway anatomy leading to potentially important 
differences from humans in target tissue doses. To advance the science, in silico 
models of aerosol dosimetry in the respiratory system that related results from 
prior aerosol inhalation studies on chlorothalonil in rats and new in vitro studies 
with human cells to potential occupational exposures. Before the announcement 
of this NAM for inhalation toxicity assessment, plans were developed for in vivo 
rat inhalation toxicology studies to assess onset and recovery of the effects. 
Considering the studies would be run on each of the Trio Actives, approximately 
960 animals would have to be used and sacrificed. Thus, rather than conducting 
additional repeated dose inhalation studies on the Trio Actives in rats, we embarked 
on a program extending that which was carried out on chlorothalonil. We conducted 
laboratory-based exposure measurement to characterize real-life air concentrations 
and particle sizes. We employed human respiratory tract tissue in vitro to assess 
hazard from the anticipated exposures, and advanced Computational Fluid-Particle 
Dynamics (CFPD) for upper airway dosimetry and Multiple-Path Particle Dosimetry 
Model (MPPD) for lower airway dosimetry. This tissue-specific dosimetry was 
combined with the results from human in vitro studies as the point of departure 
to assess human risks more appropriately and accurately. Lessons learned and 
opportunities to further refine this NAM will be discussed.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 52



 1273 What’s All the Buzz about Tungsten?

A. Bolt. University of New Mexico, Albuquerque, NM.

Tungsten is an emerging environmental toxicant. Because of its many desirable 
properties, including strength and flexibility, tungsten is frequently incorporated in 
a broad spectrum of industrialized goods, such as jewelry, electronics, power tools, 
munitions, and implanted medical devices. As a result of this surge in the use of 
tungsten, more and more epidemiological studies have identified increased human 
exposure to high levels of tungsten in susceptible subpopulations in environmental, 
medical, occupational, and military settings. Multiple adverse health outcomes, 
including increased incidence and/or mortality of cancer, cardiovascular disease, 
stroke, chronic kidney disease, diabetes, and pulmonary disease, have been associ-
ated with human exposure. However, dissecting the individual contribution of 
tungsten in disease etiology can be challenging due to exposure to complex toxicant 
mixtures. Great strides have been made experimentally in our understanding of how 
tungsten is driving health outcomes using in vitro and in vivo models.Researchers 
have been able to identify toxicity in target organs and cell types as well as molecu-
lar mechanisms of action. Even so, the research performed to this point has barely 
scratched the surface, and major research gaps remain. Interestingly, recent data 
also have suggested tungsten is an essential micronutrient in the human gut 
microbiome, which adds yet another layer of complexity to our understanding 
of the role of tungsten in human health. This Symposium will feature a range of 
perspectives, from human epidemioloical studies to molecular mechanisms driving 
disease pathogenesis, with the purpose of providing exciting, interactive presenta-
tions that highlight emergent research being conducted to investigate the impact 
of tungsten exposure on human health. Presenters will review current epidemiolog-
ical studies providing evidence of tungsten exposures, health outcome data, and 
how co-exposure with the essential metal molybdenum can modify health effects 
using data from multiple human cohorts throughout the US. Presenters also will 
discuss key in vivo and in vitro studies that will provide important data focused on 
organ-specific toxicity, identification of molecular targets, and the potential benefi-
cial effects of tungsten exposure and the implication for human health. Overall, 
this session will provide a unique platform for discussion on the current state of 
the tungsten toxicology field and where we go from here. Topics discussed will 
include multiple disciplines, disease outcomes, and perspectives on the effects 
of tungsten exposure on human health. This Symposium will stimulate discussion 
with leading experts in the tungsten research field, which will provide opportunities 
to identify gaps in our knowledge base and also stimulate collaborations to fill 
those research gaps.

 1274 Environmental Tungsten Exposure and Metabolic and Renal 
Outcomes in a Rural Community

K. James. University of Colorado Anschutz Medical Campus, Denver, CO.

Chronic Kidney Disease (CKD) and diabetes are debilitating and costly diseases 
with a national prevalence of 12% and 14% respectively. In the San Luis Valley 
(SLV), Colorado, a comparatively high prevalence of CKD (18%) and diabetes (18%) 
exist among a relatively young (<50 years old) population. The SLV is a mineral-
rich region with elevated levels of heavy metals in the air, dust, and drinking water 
including tungsten. Recent research has identified a positive association between 
tungsten and CKD and diabetes while accounting for exposure to other heavy 
metals including arsenic, cadmium, and lead. This research utilizes historically 
collected biological markers of metal exposure and subclinical markers of kidney 
injury and diabetes as well as genetic material, from the San Luis Valley Diabetes 
Study to explore whether genetics play a role in the susceptibility to tungsten and 
the development of CKD and diabetes while accounting for coexposure to multiple 
metals as measured in urine. This novel longitudinal study will further elucidate the 
renal and metabolic toxicity of tungsten based on subclinical markers of disease.

 1275 Tungsten Exposure and Cardiovascular Health Effects in 
Diverse US Populations: Evidence from the Strong Heart Study 
and MESA

A. Nigra. Columbia University, New York, NY. Sponsor: A. Bolt.

Tungsten (W) interferes with molybdenum (Mo) binding sites and has been associ-
ated with prevalent cardiovascular disease (CVD). We evaluated if (1) W exposure 
is prospectively associated with incident CVD and (2) the association between 
urinary W levels and incident CVD is modified by urinary Mo levels. We estimated 
multi-adjusted hazard ratios (HRs) for incident CVD outcomes by increasing W 
levels for 2,726 American Indian participants in the Strong Heart Study with urinary 
metal levels measured at baseline (1989-1991) and CVD events ascertained 
through 2008.Increasing levels of baseline urinary W were not associated with 
incident CVD. Fully-adjusted HRs (95% CIs) of incident CVD comparing a change 
in the IQR of W levels for those in the lowest and highest tertile of urinary Mo were 
1.05 (0.90, 1.22) and 0.80 (0.70, 0.92), respectively (p-interaction = 0.02); for CVD 
mortality, the corresponding HRs were 1.05 (0.82, 1.33) and 0.73 (0.58, 0.93), 
respectively (p-interaction = 0.03). The association between W and CVD incidence 
and mortality was positive although non-significant at lower urinary Mo levels and 

significant and inverse at higher urinary Mo levels. Although prior cross-sectional 
epidemiologic studies in the general US population found positive associations 
between urinary tungsten and prevalent cardiovascular disease, our prospective 
analysis in the Strong Heart Study indicates this association may be modified by 
molybdenum exposure.

 1276 The Role of the Bone Niche in Tungsten-Enhanced Breast 
Cancer Metastasis

A. Bolt. University of New Mexico, Albuquerque, NM.

Multiple epidemiological and in vivo studies indicate that exposure to tungsten 
is associated with increased incidence and/or mortality of cancer and enhanced 
tumorigenesis and metastasis. However, limited experimental data exist investi-
gating how tungsten exposure contributes to the carcinogenesis process. Due to 
a cohort of breast cancer patients accidentally exposed to tungsten during intraop-
erative radiotherapy, our lab has been investigating how tungsten exposure affects 
breast cancer progression and risk of metastasis. The bone is a site of long-term 
storage and toxicity following drinking water exposure to tungsten. The bone is also 
a known sight of breast cancer metastasis and recurrence, which is very difficult 
to treat and has a high mortality rate. The bone is also a vital source of immune 
cells populations that suppress the anti-tumor immune response to drive tumor 
progression and metastasis. Using an aggressive orthotopic breast cancer mouse 
model we show that chronic oral exposure to tungsten results in tungsten deposi-
tion and enhanced breast cancer metastasis to the bone niche. Enhanced bone 
metastasis is associated with dramatic changes in the bone niche including osteol-
ysis, increased number of granulocytic myeloid-derived suppressor cells, and gene 
expression changes indicative of a pro-metastatic microenvironment. This presen-
tation will highlight our recent work defining changes in the bone niche leading 
to tungsten-enhanced breast cancer metastasis and investigating the underlying 
molecular mechanisms driving tumorigenesis.

 1277 Modulators of Tungsten-Induced Toxicity Identified by Whole 
Genome-CRISPR Screen

K. Mann. McGill University, Montréal, QC, Canada.

Tungsten is increasingly used in manufacturing items including construction 
equipment, ammunitions, jewelry, and medical devices. Due to increased usage, 
there is also increased exposure occupationally and to end-users. Despite this, 
there is very little known regarding the toxicities associated with tungsten exposure. 
We have shown that tungsten exposure alters B lymphocyte development, skews 
adipocyte/bone differentiation from mesenchymal stem cells, and accumulates in 
the bone, likely as phospho-tungstate. While we have described some disruptions in 
signaling cascades associated with B cell differentiation, we know very little about 
the molecular events associated with tungsten exposure. To this end, we utilized an 
in vitro whole genome CRISPR screen to define those genes that provide protection 
against and vulnerability to sodium tungstate or phosphotungstate in the NALM6 
preB lymphocyte cell line. We have identified a putative mechanism for tungsten’s 
entry into the cell, which correlates with some of the bone/connective tissue 
defects associated with tungsten exposure. Multiple different members of the 
signaling cascade downstream of amino acid sensing that leads to mTOR activa-
tion were identified in the CRISPR screen, suggesting a role for these molecules 
in potential metabolic changes associated with tungsten. These results show the 
utility of performing whole genome screens to identify molecular targets and/or 
signaling pathways and provide insight into tungsten-induced toxicity.

 1278 Tungsten: An Overlooked Micronutrient for the Human 
Gut Microbiome

G. Schut. University of Georgia, Athens, GA. Sponsor: A. Bolt.

Our understanding of how microbes impact human health has been revolutionized 
over the past decade, driven by the availability of vast amounts of metagenome 
data. The majority of the microbiome diversity is found in the gastrointestinal tract, 
where it aids in digestion and impacts overall human health. A striking revelation 
from the gut microbiome genome data is the presence of transporters and enzymes 
involved in the use of tungsten, an element previously shown to be required for 
some thermophilic microbes living primarily in volcanic vents but not considered 
to be involved in human health. Genes encoding enzymes of the so-called tungsten 
oxidoreductase (WOR) family are present in the genomes of several members of 
the dominant bacterial orders in the human gut microbiome, such as Firmicutes, 
Proteobacteria, Actinobacteria, Fusobacteria and Synergistetes, along with genes 
encoding a tungstate-specific transporter known as Tup. A subset of these WORs 
have been shown to be involved in the detoxification of food- and microbe-derived 
aldehydes, converting them into organic acids, many of which promote gut health. 
However, some members of the WOR family do not utilize aldehydes and their 
function is unknown. Similarly, genes encoding the Tup transporter is found in 
some gut microbes not encoding a WOR and why these organisms appear to use 
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tungsten is not known. It is likely that other functionalities of tungsten in the gut 
microbiome will be revealed in future research and the trace element tungsten is 
likely an overlooked factor for the health of the human gut.

 1279 A Roadmap to Modernized Agrochemical 
Carcinogenicity Assessment

D. Wolf. Syngenta Crop Protection LLC, Greensboro, NC.

The rodent cancer bioassay is a key element in the current standard approach 
for assessing human carcinogenic potential for agrochemicals as well as other 
industry sectors. The length of time, costs, resources, and numbers of animals 
needed to perform the bioassay have led to the development of alternative 
approaches to progress the modernization of carcinogenicity assessment away 
from lifetime rodent cancer bioassays. Decades of research have described the 
limitations of the rodent cancer bioassay for identifying human carcinogenicity 
hazard and risk. These limitations have led to several international initiatives to 
establish approaches that modernize carcinogenicity assessment. For example, 
alternative approaches that include weight of evidence-based assessment of 
in vitro, in silico, and short-term in vivo tests have the potential to substantially 
reduce animal use while still protecting public health and better determining human 
carcinogenic hazard and risk. Frameworks to evaluate alternative approaches for 
carcinogenicity assessment of agrochemicals were developed by the Rethinking 
Chronic Toxicity and Carcinogenicity Assessment for Agrochemicals Project. 
These frameworks are being addressed through the European Partnership for 
Alternative Approaches to Animal Testing. This context produced a recognition of 
the need to map international efforts in order to develop and adopt new approach 
methodologies for carcinogenicity assessment. These initiatives generally 
recognize that more mechanistic approaches provide more granularity, increase 
testing efficiency, and may be more biologically relevant for evaluating both hazard 
and risk of chemical carcinogenicity to humans. The application of a mechanis-
tic understanding to support new approaches to carcinogenicity assessment will 
be valuable for regulatory decision-making. The proposed session will outline the 
landscape of ongoing activities related to modernizing carcinogenicity assessment, 
present case studies for how this would work, provide regulatory perspective and 
feedback on what is possible and the challenges that must be addressed, and 
offer a perspective regarding the feasibility of achieving a globally harmonized 
approach to carcinogenicity assessment without long-term bioassays. This session 
includes international perspectives from government, industry, and nongovernmen-
tal organizations to explore a modern paradigm for science-based carcinogenicity 
assessment. It is intended to stimulate discussion with Workshop attendees in 
order to gain feedback and help progress the roadmap to modernized agrochemi-
cal carcinogenicity assessment.

 1280 Processes to Facilitate Global Harmonization of New 
Approaches to Carcinogenicity Assessment: Perspective 
from OECD

P. Browne. OECD, Paris, France. Sponsor: G. Hilton.

The road does not end at the borders of one country since agrochemicals are of 
global use and concern. The OECD Chemicals Programme develops validated test 
guidelines for the global assessment of chemical hazards and risks, the results 
of which are mutually accepted by OECD member countries. Considerable experi-
ence was gained developing (mostly in vivo) test methods and sharing data before 
validation principles were published. Similarly, it is expected that the principles for 
building confidence and validating new approach methods (NAMs) in a regula-
tory context will require sharing experiences and building confidence in such 
approaches before they are globally implemented in a regulatory context. Through 
the long-standing OECD IATA Case Studies Project, experiences using NAMs in a 
regulatory context are shared and reviewed. The project has led to development of 
NAM data reporting formats, consideration regarding the selection of benchmark 
data used to evaluate NAM performance, and guidance for transparently communi-
cating the context of use. Regulators may optionally use data that are produced 
following NAMs that are not (yet) an OECD Test Guideline, and thus not covered by 
Mutual Acceptance of Data, but nonetheless have a level of associated confidence 
based on a thorough description of the methods used, reporting standards for 
resulting data including strengths and uncertainties, and transparent expert review. 
Endpoints addressed in IATAs, considerations for the review process, progress 
and process for increasing confidence in such approaches, and lessons learned 
from eight review cycles covering over 30 case studies will be summarised. In 
addition, plans to consider a cluster of IATAs addressing potential carcinogenicity 
of chemicals in a variety of regulatory contexts and use these to draft guidance will 
be discussed.

 1281 Regulatory Perspectives in Developing WOE-Based Case 
Studies for Carcinogenicity Assessment

D. Ramsingh. Health Canada, Ottawa, ON, Canada. Sponsor: G. Hilton.

Regulatory agencies are an integral partner in creating the milestones that will 
need to be achieved to continue moving down the desired road. It has been well 
established that rodent carcinogenicity studies play a critical role in the hazard 
characterization of agrochemicals and, as such, are a standard data requirement 
for pesticide regulatory authorities to evaluate the cancer potential of pesticides. 
Pesticide regulators worldwide recognize the importance of reducing animal 
testing. With ongoing advancements and innovation toward new technologies and 
approaches in hazard characterization and risk assessment, the potential to use 
alternative methods, where possible and feasible, while maintaining an adequate 
level of human health protection, continues to be encouraged. To this end, regula-
tors may consider using a WoE approach to justify waiving certain in vivo studies for 
specific pesticides. In certain situations, a WoE assessment using all existing and 
available information may conclude that one or both rodent carcinogenicity studies 
would not add value to the hazard characterization of a pesticide, or that risks to 
human health would not be underestimated in the absence of results from such 
studies. This presentation will highlight important aspects considered in this WoE 
assessment from the perspective of Health Canada’s Pest Management Regulatory 
Agency (PMRA), the body responsible for pesticide regulation in Canada. Case 
studies will highlight important factors considered by pesticide regulators when 
evaluating a request from industry to waive a rodent carcinogenicity study, includ-
ing potential limitations in the development of scientific rationales and possible 
concerns that may arise from a regulatory perspective where the primary concern is 
ensuring the protection of human health. In particular, the case studies will illustrate 
the role that rodent carcinogenicity studies play in characterizing the hazard and 
risk of pesticides within a regulatory scheme, uncertainties that may arise in the 
hazard assessment when these studies are not available to a regulator, and how 
these uncertainties can be minimized or addressed.

 1282 Nongenotoxic Carcinogen IATA Case Studies to Support 
Regulatory Application of the ReCAAP Framework

A. Goetz. Syngenta Crop Protection LLC, Greensboro, NC.

An important step down the road will be to provide well-constructed case studies 
that illustrate how carcinogenicity can be adequately addressed without the 
bioassay. The collaborative ReCAAP developed a framework to guide WoE evalua-
tion for waiving the rodent cancer bioassays in lieu their necessity for submission 
as a data requirement. Several case studies were conducted using the evaluation 
framework created by the ReCAAP. WoE documents that followed the ReCAAP 
framework provided a thorough comparative assessment based on comparing data 
on registered chemicals that were of a similar pesticidal MOA or shared structural 
similarity to support the prediction of potential chronic toxicity or tumorigenicity. 
Key learnings from the case studies and feedback from regulatory agencies served 
to improve the framework. To further assess and advance this framework, an OECD 
IATA Case Studies Project provided review. This effort represents an important 
step to establish criteria for waiving the rodent cancer bioassay(s) while ensuring a 
health protective chronic risk assessment. The case study and response from the 
OECD IATA review will be presented.

 1283 Mapping Opportunities and Identifying Challenges to Modernize 
Carcinogenicity Assessment

G. Hilton. PETA International Science Consortium Ltd., Stuttgart, Germany.

To aid progression towards a modern paradigm of chronic safety assessment, 
several organizations collaborating in multi-stakeholder initiatives are develop-
ing WoE-based approaches and frameworks to support carcinogenicity assess-
ment without long-term bioassays. These initiatives include collaboration under: 
The International Council for Harmonisation of Technical Requirements for 
Pharmaceuticals for Human Use (ICH), European Partnership for Alternative 
Approaches to Animal Testing (EPAA), Organization for Economic Cooperation 
and Development (OECD) Integrated Approaches to Testing and Assessment 
(IATA) for non-genotoxic chemical carcinogens, and ReThinking chronic toxicity 
and carcinogenicity assessment for agrochemicals project (ReCAAP). While these 
initiatives are unique in their own actions and approaches, they are aligned to 
achieve the common goal of establishing a WoE-based carcinogenicity assess-
ment that could fulfill regulatory needs for chronic safety assessment – without 
the rodent cancer bioassays. Given the breath of activity, this presentation serves 
to scope the landscape of related projects to avoid redundant efforts, identify 
ongoing challenges, and identify opportunities to converge – including collabo-
rations to develop case studies that will help build confidence in both regulators 
and the regulated industry, provide a reference point for international agencies 
identify of discrepancies in global approaches, and to provide a forum for defining 
a path towards implementation and acceptance of a WoE-based agrochemical 
carcinogenicity assessment.
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 1284 Cannabis Contaminants: Current Status of Regulations and 
Implications to Public Health

M. Leung. Arizona State University, Glendale, AZ.

Cannabis and cannabis-related products, including cannabidiol (CBD) resin-type 
Cannabis sativa, high-CBD varieties of hemp, and cannabinoid-based extracts and 
products, are now available in all 50 states and Washington, DC. The presence of 
pesticides, toxic elements, solvents, and mycotoxins in these commodities poses 
a potential health risk and has resulted in multiple recalls by manufacturers. Due 
to the Schedule I status of cannabis, the regulation of contaminants in cannabis 
and cannabis-based products is largely absent at the federal level. Individual states 
are setting action levels that may vary by up to four orders of magnitude for some 
common contaminants, such as the organophosphate insecticide chlorpyrifos and 
the fungicide myclobutanil. On the other hand, the illegal cannabis market contin-
ues to thrive. Products that fail state action levels may end up on the black market. 
Toxic adulterants such as herbicide paraquat are sometimes intentionally added to 
black market cannabis as “spikes” in high quantities. As the US cannabis market 
transitions from its illegal past, government regulations and cannabis testing 
industries remain in their infancy. The goal of this workshop is to engage the SOT 
community with the latest findings on cannabis-borne contaminants and their risk to 
human health as well as the ethical, legal, and societal issues surrounding cannabis 
contamination and safety. This workshop includes five presentations by speakers 
from the public, industrial, academic, and journalistic sectors. It will explore (1) 
the common and emerging contaminants in cannabis, including pesticides, toxic 
elements, solvents, microbes, and mycotoxins; (2) the potential health hazards of 
cannabis contamination to recreational and medical users; and (3) the difficulties 
faced by regulators, cannabis manufacturers, laboratories, and other stakeholders 
in tackling this public health challenge. It will end with a 20-minute cross-disci-
plinary discussion of governmental, industrial, scientific, and ethical issues related 
to this public health challenge and possible solutions to these issues.

 1285 Contaminant Exposure Risk of Cannabis in the US: Implications 
to Therapeutic Use

M. Leung. Arizona State University, Glendale, AZ.

As cannabis and cannabis-based products are becoming more popular for 
symptomatic relief in susceptible patients with medical conditions, including 
autism, cancer, PTSD, seizures, epilepsy, as well as Parkinson’s Disease, contam-
inant exposure in medical use is now a concern for public health. In order to 
inform further research and provide solutions to the public health risk of cannabis 
contaminants at a national level, we examined the current landscape of state-level 
contaminant regulations, cannabis contaminants of concern, as well as patient 
populations susceptible to contaminants. As of May 18, 2022, 36 states and the 
District of Columbia listed a total of 679 cannabis contaminants as regulated in 
medical or recreational cannabis, including 551 pesticides, 74 solvents, 12 inorgan-
ics, 21 microbes, five mycotoxins, and 16 other contaminants. Different jurisdic-
tions showed significant variations in regulated contaminants and action levels 
ranging up to four orders of magnitude. A failure rate of 2.3% was identified for 
flowers and 9.2% for extracts in the California samples. Insecticides and fungicides 
were the most prevalent categories of detected contaminants, with boscalid and 
chlorpyrifos being the most common. The contaminant concentrations fell below 
the regulatory action levels in many legalized jurisdictions, indicating a higher 
risk of contaminant exposure. Cannabis use reports indicated usage in several 
patient populations susceptible to contamination toxicity, including cancer (44,318 
patients) and seizure (21,195 patients). This study demonstrates the urgent 
need to mitigate the public health risk of cannabis contamination by introducing 
national-level guidelines based on conventional risk assessment methodologies 
and knowledge of patients’ susceptibility in medical use. Further studies will use 
adverse outcome pathway models to predict how medical use guidance, contam-
inant regulations, and risk communication can affect patients’ health in different 
jurisdictions in the U.S.

 1286 Current Status of State-Level Regulations for Cannabis 
Contaminants: An Industrial Perspective

C. Orser. CLIP Labs, San Diego, CA. Sponsor: M. Leung.

The cannabis testing market size in the U.S. is estimated to be over $1.1 billion with 
annual growth of 15.4% through 2027. With the markets for virtually all cannabis 
uses (with the exception of industrial hemp, under the Farm Bill) manifested at the 
state level without the benefit of federal oversight, state-based cannabis testing 
programs are plagued with striking inconsistencies in assuring public safety. The 
establishment of testing requirements and the licensing of third-party, independent 
testing laboratories are often subjected to yearly legislative changes. Third-party 
independent cannabis testing labs seem like a logical arrangement for public 
safety and defensibility at the state level given the illegal federal status of cannabis, 
and while this arrangement has undoubtedly prevented tainted cannabis flower, 
extracts, and products from ending up on dispensary shelves, many caveats 
from this arrangement have emerged, including fraud. This presentation will 

address the challenges faced by the cannabis testing industry in a still-evolving 
regulatory environment in the U.S., with specific focuses on i.) insecticides and 
fungicides – the most commonly detected categories of pesticides in cannabis; 
ii.) residual solvents, which vary across jurisdictions based on whether the product 
will be inhaled versus ingested, but most do not make that distinction; and iii.) 
toxic elements (e.g. arsenic, lead, and mercury), which can contaminate cannabis 
plants through direct uptake from the growth media, through applied fertilizers that 
contain inorganics, or through post-processing and manufacturing. Lastly, we will 
discuss how inconsistent regulations and illegal cannabis can hinder the develop-
ment of a scientifically-sound, consumer-protective industry for cannabis testing 
in the U.S.

 1287 Cannabis and Mycotoxins: Natural Isn’t Always Safe

K. Gwinn. University of Tennessee, Knoxville, TN. Sponsor: M. Leung.

Cannabis sativa L. produces a diverse spectrum of compounds that have been 
used for centuries as active ingredients in medicinal products. The plant is a rich 
source of food, fiber, and oil, and as such, is a potentially high value crop. However, 
because of long-standing prohibitions of cannabis culture, both its microbiome 
and bioactive compounds produced by these organisms are understudied. In most 
US states where cannabis is legal, acceptable levels of mold and yeast contam-
inants have been established. However, few states have specific requirements 
for toxigenic fungi and their associated mycotoxins even though both pathogens 
and toxins have been reported. Currently, mycotoxin maximum limits have been 
established for aflatoxins B1, B2, G1, and G2 and ochratoxin A. In addition to 
production of mycotoxins, toxigenic fungi may also affect humans in other ways. 
For example, there are documented cases of aspergillosis in medical cannabis 
patients. Despite limited scientific literature on mycotoxins in cannabis, infection by 
toxigenic fungi suggests that mycotoxins may be problematic in cannabis products. 
Species of Aspergillus that produce aflatoxins and ochratoxin A have been identi-
fied as cannabis pathogens, and these compounds have been isolated from 
cannabis. However, secondary metabolites in the plant (e.g., phenols) negatively 
impact aflatoxin production so actual mycotoxin levels may be lower than predicted 
by infection levels. Sixteen species of Fusarium have been reported on cannabis, 
and these fungi produce a myriad of mycotoxins including fumonisin B1, zearale-
none, deoxynivalenol, nivalenol, enniatins, and beauvericin. Although zearalenone 
and enniatin B1 have been isolated from commercial cannabis products, there 
have been no reports for fumonisin in the crop. In addition, Alternaria alternata 
has been isolated from cannabis, but unlike other mycotoxins, no tolerance levels 
have been established for any Alternaria mycotoxins on crops, nor have there been 
any reports of these toxins in cannabis. Toxigenic fungi such as Epicoccum and 
Cladosporium have also been isolated from cannabis. At present, there are few 
reports on mycotoxins in the literature, but lack of evidence does not imply absence 
because there is no routine screening for most mycotoxins produced by toxigenic 
fungi that infect cannabis.

 1288 A Cannabis Conundrum: Protecting Public Health in a Disjointed 
Regulatory Environment

H. Krug. Colorado Department of Public Health and Environment, Glendale, CO. Sponsor: 
M. Leung.

Due to cannabis being a Schedule I controlled substance, states with legal medical 
and adult-use cannabis markets must regulate cannabis products without input 
from the federal government. With protection of public health and safety as a top 
priority, states struggle to determine appropriate quality specifications to protect 
consumers from exposure to contaminants, such as heavy metals, mycotoxins, 
pesticide residues, residual solvents, and microbials. This talk will focus on lessons 
learned from the established Colorado marijuana market and recent work toward 
standardization of cannabis testing and manufacturing standards, including the 
efforts of the Association of Official Agricultural Chemists (AOAC), American 
Society for Testing and Materials (ASTM), U.S. Pharmacopeia (USP), and the 
goals of the recently established Cannabis Regulators Association (CANNRA). The 
efforts of AOAC, ASTM, and USP in establishing standard cannabis test methods 
is an important step in establishing best practices and reproducibility in cannabis 
contaminant testing but is difficult due to the broad range of product types and 
variability in testing requirements from state to state. Even so, as these method-
ologies are becoming publicly available, many states are suggesting or requiring 
cannabis laboratories to employ their use. Through CANNRA, state regulators have 
a forum to collaborate on regulatory approaches. The organization has formed 
special committees, including one on lab testing, to help develop model regulatory 
standards and best practices.
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 1289 Ethical and Legal Issues of Contaminated Cannabis: A Case 
Study in Arizona’s Legal Market

R. Randazzo. The Arizona Republic, Phoenix, AZ. Sponsor: M. Leung.

In 2021, The Arizona Republic investigated pesticide contamination in marijuana 
sold through licensed dispensaries in the state. The newspaper found products 
being sold exclusively to medical patients with as much as 10.4 ppm (or 26 times 
over the state limit of 0.4 ppm) for imidacloprid, a common pesticide in the industry. 
The cultivator had obtained passing certificates of analysis for the products that 
were provided to the retailer, a requirement for products to be sold in Arizona. 
The newspaper’s investigation found that state regulators had received a tip about 
contaminated products, and investigated the laboratory that provided the passing 
analyses. The state found that the laboratory did not falsify its results, which means 
the laboratory got clean samples while contaminated products went to the market. 
The investigation also found that the cultivator had sent different samples of its 
products to different laboratories, an apparent violation of state rules. Following 
the newspaper’s report of the contamination, state lawmakers proposed changes 
to the state testing rules that would have addressed the shortcomings, which 
included a state-run “secret shopper” program to test for contamination. The 
bill also would have required the licensed laboratories in the state to submit all 
failing certificates of analysis to the state. While the bill did not pass, the legislative 
process highlighted the difficulty of navigating special interests, law enforcement, 
and public accountability to address a public health issue in a once-illegal cannabis 
market. This investigation sparks a broader discussion of ethical and legal issues 
on cannabis safety in the U.S.

 1290 Emerging Environmental Contaminants and Issues of Concern: 
Developing Toxicologic Strategies to Identify and Address 
Tomorrow’s Public Health Issues

E. Mutlu. US EPA, Research Triangle Park, NC.

Public health is increasingly affected by environmental issues—such as exposure to 
emerging contaminants—for which associated toxicological information is sparse. 
These exposures may be obvious, as with disasters such as chemical spills, or they 
may be less apparent, as when health conditions with unknown origins emerge 
rapidly, implicating potential environmental components. Emerging contaminants 
and issues of concern are defined by published guidelines as (1) contaminants 
that may have been in the environment for some time but for which concerns 
have been raised more recently and health data are lacking, (2) more traditional 
contaminants for which new facts or information warrant heightened concern, and 
(3) emergent health issues with potential connections to undefined environmen-
tal contaminant exposures. Novel human health concerns potentially impacted by 
environmental exposures appear regularly, if unexpectedly, and decision-makers 
depend on timely access to high-quality, actionable information to protect public 
health. Effective and rapid mobilization of scientific resources in response to such 
situations can be challenging due to their unpredictable nature. Responses to 
issues of concern require capabilities, capacity, and communication with pertinent 
organizations to enable rapid generation of translationally relevant data for public 
health decision-making. High-quality, reliable data are necessary to assess which 
substances have hazard potential so that steps can be taken to limit exposure 
and risks to the public. Engagement with the affected communities, particularly 
when those communities would be most exposed or most susceptible if exposed, 
are necessary so that action(s) such as intervention, remediation, and litigation 
will be well informed. This session aims to engage participants to discuss their 
emerging contaminants and issues of the highest concern. Critical to this discus-
sion is how to obtain and use data that show change in exposure or health trends 
over time, the potential economic impact of the emerging contaminants and issues 
of concern on public health, effective communication tools, and the lack of data 
on environmental exposure disparities that may be unique in terms of geography, 
income status, race/ethnicity, underlying health status, or other variables that 
cause disproportionate exposures associated with the emerging contaminants and 
issues of concern. The discussion will revolve around proactive identification of 
emerging contaminants and issues of concern by using iterative horizon-scanning, 
scoping, or mapping activities that (1) utilize existing methods or identify research 
projects with methodological needs; (2) evaluate ongoing projects and approaches 
to emerging contaminants and issues of concern, such as drinking water contam-
inants; (3) develop a potential system of cross-agency or multidisciplinary sharing 
of information, methodology, and capabilities that all will use to be more proactive 
in response to emerging contaminants and issues of concern without duplicat-
ing efforts; and (4) utilize risk communication strategies to inform decisions for 
human health protection, such as regulation, mitigation, and prevention of adverse 
health outcomes.

 1291 Emerging Contaminants and Issues of Concern (ECIC): Looking 
Back to Make Strategic Steps Forward

S. Fenton. NIEHS/NTP, Research Triangle Park, NC.

ECIC are defined as new or recent, known or potential issues or exposures, for 
which there is insufficient information available for understanding key aspects 
of risk to human health. Public health emergencies and emerging issues arise 
unexpectedly, yet regularly, and decision-makers often need rapid, high-quality, 
and actionable data to protect public health. Research within the Division of the 
National Toxicology Program (DNTP) at NIEHS has addressed both emergencies 
(e.g., Elk River chemical spill) and emerging environmental health topics (e.g., algal 
blooms) over the last several decades. However, rapid mobilization of scientific 
resources in response to such situations can be challenging. A framework has been 
developed to evaluate and prioritize ECIC projects within the overall DNTP portfo-
lio, as one of the strategic areas of focus for responsive research. Key strategies 
within this framework will 1) identify when rapid responses are required, 2) develop 
stakeholder networks, characterize current capabilities, and identify research gaps 
to enhance response time, and 3) facilitate fit-for-purpose prioritized responses that 
draw upon various DNTP resources (literature-based reviews, and health-based and 
mechanistic studies) to address emerging public health issues, without significant 
effect on the progress of other ongoing research activities. Some examples of ECIC 
projects in our portfolio include crumb rubber exposures, chronic kidney disease of 
unknown origin, cord blood exposome in diverse communities, and developmental 
studies on boron in drinking water. Activities include steps to establish communica-
tions with other organizations (e.g., government agencies, states, and environmen-
tal advocacy groups) to identify emerging contaminants/issues and knowledge 
gaps lead to potential collaborations. Continued discussions at the state, national 
and global levels will enhance the use of limited resources by avoiding duplication 
of efforts, increase productivity, and identify and engage communities and groups 
advocating for scientific solutions to address human health concerns. Ultimately, 
our goal is to strengthen the science base around ECIC, enhance our ability to 
effectively respond to environmental health emergencies, and coordinate activities 
with other federal programs such as the legislatively mandated NECRI and the 
PFAS inter-agency workgroup.

 1292 Highlighting the Importance of Drinking Water Metrics for 
Environmental Health Justice Priorities: A Community-Level 
Cumulative Cancer Risk Framework

S. Evans. Environmental Working Group, Washington, DC. Sponsor: E. Mutlu.

Research studies analyzing the geospatial distribution of air pollution and other 
types of environmental contamination documented the persistence of environ-
mental health disparities between communities. Due to the shortage of publicly 
available data, only limited research has been published on the geospatial distribu-
tion of drinking water pollution. Here we present a framework for the joint consid-
eration of community-level drinking water data and demographic data. Our analysis 
builds on a comprehensive data set of drinking water contaminant occurrence 
for the United States for 2014–2019 and the American Community Survey 5-year 
estimates (2015–2019) from the U.S. Census Bureau. Focusing on the U.S. states of 
California and Texas for which geospatial data on community water system service 
boundaries are publicly available, we examine cumulative cancer risk for water 
served by community water systems of different sizes relative to demographic 
characteristics for the populations served by these water systems. Cumulative 
cancer risk as reported here is based on established risk assessment methodology 
and is based on contaminant concentrations reported in drinking water. This metric 
is used to estimate the potential cancer risk in the population exposed to measured 
carcinogenic drinking water contaminants. In both California and Texas, greater 
cumulative cancer risk was observed for water systems serving communities with 
a higher percentage of Hispanic/Latino and Black/African American community 
members. This investigation demonstrates that it is both practical and essential to 
incorporate and expand the drinking water data metrics in the analysis of environ-
mental pollution and environmental health. The framework presented here can 
support the development of public policies to advance environmental health justice 
priorities on state and federal levels in the U.S.

 1293 Kidney as a Barometer for the Environment: Investigating 
Chronic Kidney Disease of Unknown Etiology in Sri Lanka’s 
Dry Regions

S. Anand. Stanford Medicine, Stanford, CA. Sponsor: E. Mutlu.

A kidney disease of unknown cause is affecting agricultural workers in hotspots 
throughout the world. Termed CKDu, this kidney disease has emerged as the 
leading cause of death among middle-aged men living in Meso-American countries 
(Nicaragua, El Salvador, and Guatemala), Sri Lanka, and a southern state in India. 
In this presentation, I will present the history of other regional nephropathies, 
the clinical and geographic description of the current CKDu epidemic, and the 
leading hypotheses about the potential causes for this form of kidney disease, 
including potentially heat stress, new infections, drinking water contamination and 
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agrochemical exposures. I will highlight preliminary data from other regions, includ-
ing the US, which demonstrate a high incidence of end-stage kidney disease in 
agricultural regions (Rio Grande Valley, Texas and Central Valley, California), as 
well as higher risk for incident end-stage kidney disease in the Agricultural Health 
Study participants with a prior hospitalization for pesticide exposure. We will also 
review data demonstrating a higher prevalence of CKD in other occupations (e.g., 
brick makers working in Central America). Studies investigating cause have been 
hampered due to the nature of the disease (with long expected lag between exposure 
and disease), and the resource poor environment of the highest prevalence regions. 
Agricultural workers in the described hotspots are a marginalized population 
exposed to a range of understudied environmental and agrochemical exposures. 
Since filtered or secreted organic and inorganic compounds concentrate in the 
kidneys, even low-level toxin exposure can damage the tubules and cause progres-
sive kidney disease. CKDu demands new methods and multi-disciplinary teams to 
investigate a potentially new threat to the agricultural worker’s health.

 1294 Well-Characterized Nanoplastics for Evaluating Effects in 
Mammalian Systems

L. Johnson. RTI International, Durham, NC. Sponsor: E. Mutlu.

The global ubiquity of plastics has resulted in the unexpected presence of 
microplastics (MPs) and nanoplastics (NPs) in the environment, food chain, and 
biological systems. A significant need exists to understand the potential risks to 
human health from exposure to these small-scale plastics, particularly NPs that 
may penetrate cell membranes. Because NPs may exhibit diverse size distribu-
tions, compositions, and morphologies, deducing how these individual character-
istics affect biological systems is challenging. To date, most NP exposure studies 
involved commercially available spherical polystyrene (PS) nanoparticles. However, 
the biological responses to NPs comprising many other globally dominant 
plastics remain largely unknown, in part, due to the limited availability of these 
materials. This presentation will describe approaches to produce well-character-
ized NPs comprising commodity plastics and will further show the utility of these 
NPs to support inquiries into oral and inhalation exposures to NPs. The presenta-
tion will describe well-characterized NPs (<200 nm) of polyethene terephthalate 
(PET) and nylon-11 that were prepared with and without florescent tracers. Using 
macrophages (RAW 264.7), our findings show that PET NPs affects the integrity 
of the cell membrane, alters mitochondrial activity, and results in morphological 
changes such as enlarged phagosomes and elongation of nuclei, depending on the 
concentration. Likewise, uptake of nylon NPs into the macrophages shows signs 
of membrane damage and instability at a concentration of 1 mg/mL. The presen-
tation will also cover successful efforts to generate aerosolized NPs for studies of 
inhalation exposures, showing aerosolized PET NPs with peak aerosol diameter of 
101.8 nm (geometric standard deviation 2.24) and cytotoxicity studies in human 
bronchial epithelial cell lines. We will lastly explore challenges and key next steps 
required to understand the potential risks of NPs on human health. Overall, this 
presentation will highlight the utility of well-defined NPs for elucidating the effects 
in mammalian systems.

 1295 Integration of Predictive Tools and Approaches in Agrochemical 
Toxicity Evaluation: Novel Approaches for Refining Next-
Generation Human Safety Assessments

C. Fleming. Corteva Agriscience, Indianapolis, IN. Sponsor: E. Mutlu.

As the global population approaches 8 billion people, innovative and sustainable 
solutions to agriculture are essential to maintain the pace of the increasing world 
population and to support food demand. A key component of sustainability consid-
ers evaluation of both human health and environmental safety profiles of novel 
and next generation agrochemicals. A comprehensive toxicity database is already 
available for existing agrochemicals and the combination of previous data and new 
screening approaches represents a significant opportunity to refine and evolve new 
concepts with more favorable profiles compared to previous generation products. 
Discovery and development of novel products is a complex process that relies on 
the use of animal-intensive methods for hazard characterization across various 
endpoints and exposure scenarios. Information on the safety and sustainability 
profile is critical for next generation discovery programs and assessments and 
the availability of higher throughput predictive models can allow for quick identi-
fication of hazardous properties early in the development process. Increasing use 
and acceptance of new approach methodologies (NAMs) supports the ability to 
provide data to characterize the toxicity profile quicker and identify toxicity alerts 
that may previously have been identified only through animal intensive long-term 
testing. NAMs and predictive tools offer a new window into the development 
process and support fit for purpose, intelligently designed toxicity assessments 
that are proactive, consider 3Rs for animal use, and provide critical information 
relating to human relevance. Evolution to refined safety assessments relies not only 
on hazard, but exposure, and the increased use and acceptance of toxicokinetic, 
IVIVE, PBPK, and biomonitoring approaches can provide valuable data for exposure 
characterization and lead to a better understanding of potential human health risk. 

Case examples utilizing toxicity and exposure NAMs and predictive approaches will 
highlight the use and importance of these tools for discovery stage hazard charac-
terization through post-market monitoring and refined human safety assessments.

 2000 Effect of Food-Grade Titanium Dioxide on DNA Methylation in 
Human Cells

C. M. Wells, M. Pogribna, A. Sharmah, B. Word, A. K. Patri, B. Lyn-Cook, and 
G. Hammons. US FDA/NCTR, Jefferson, AR. Sponsor: G. Hammons, American 
Association for Cancer Research.

Food-grade titanium dioxide (TiO2) containing a nanoscale particle fracture is 
widely used as an additive in many foodstuffs, including cheeses and sauces, 
skimmed milk, ice cream, and confectionery products, e.g., as coating on sweets 
and chewing gum. However, the significant toxicity of foodgrade TiO2 nanomaterial 
is currently recognized, which suggests considerable risk to human health. The 
present study aims to further understand the underlying mechanism of food-grade 
TiO2 toxicity by examining the alterations in cytosine DNA methylation induced 
by exposure to this nanomaterial in vitro. Human colorectal (Caco-2) and hepatic 
(HepG2) cells were treated with food-grade TiO2 at sub-cytotoxic doses for 24 
and 72 hours. Treatment with food-grade TiO2 resulted in global and gene-specific 
DNA methylation alterations. Global DNA methylation decreased in each of the 
cell lines, while in these cells, four genes indicative of cellular stress response and 
toxicity (DNAJC15, GDF15, INSIG1, and PTGS2) exhibited altered DNA methylation. 
Additionally, treatment with food-grade TiO2 altered the expression of chroma-
tin-modifying genes involved in establishing and maintenance of DNA methyl-
ation patterns (DNMT1, DNMT3A, DNMT3B, MBD2, and UHRF) in a cell-type and 
time-dependent manner. The results of this study demonstrate that sub-cytotoxic 
concentrations of food-grade TiO2 induced treatment-related DNA methylation 
changes, supporting potential involvement of this epigenetic mechanism in the 
toxicity of this nanomaterial. Hence, for complete assessment of potential risk from 
food-grade TiO2 exposure, epigenetic studies are critical.

 2002 Racial Disparities in Breast Cancer: Elucidating the Effects of 
Chemicals with Exposure Disparities in Normal Breast Cells 
from Diverse Donors with High-Throughput Transcriptomics

N. Zhao, A. Tapaswi, T. Thong, and J. Colacino. University of Michigan School of Public 
Health, Ann Arbor, MI.

Despite well-documented disparities in breast cancer survival stratified by social 
determinants of health, genetics, diet, and race, the impacts of chemical exposures 
remain unclear. Biomonitoring data from the US National Health and Nutrition 
Examination Survey (NHANES) reveals disproportionate levels of toxicants in black 
women compared to white women, including pesticides, PFAS compounds, and 
heavy metals. Mounting evidence points to these chemicals and their analogs 
in the ability to alter mammary gland morphogenesis and induce phenotypic 
plasticity at these human-relevant doses. Thus, there is an urgent need to investi-
gate the impacts of environmental toxicants on breast cancer-associated biology. 
To address this gap, we perform high throughput transcriptomic (HTTr) profiling 
using the PlexWell whole transcriptome assay to characterize interindividual differ-
ences in response to chemicals with documented exposure disparities. Previously, 
we established conditionally reprogrammed (CR) cultures using cryopreserved 
punch biopsy samples of healthy, nulliparous women collected by the Susan G. 
Komen Normal Tissue Bank. Here, we test 6 CR cell lines (3 African American and 
3 European American) treated with the following chemicals at a range of doses 
(control, 0.1, 1, and 10 µm): 1) Water as the vehicle control (sodium arsenite, 
cadmium chloride, copper chloride, lead acetate); 2) DMSO as the vehicle control 
(DDE, BPA, BPS, PFNA). Each contrast (sample x treatment x dose) relative to its 
control was performed in triplicate for a total of 432 exposure conditions. Raw 
count data was processed to produce differentially expressed gene (DEG) datasets 
using limma-voom in R. Gene set enrichment analysis was performed using the 
MSigDB Hallmark gene sets. A false discovery rate threshold of 5% was applied 
for multiple comparisons. Unbiased clustering of global gene expression revealed 
widely varying differences between individuals, supporting the hypothesis that 
chemicals induce different transcriptional changes in cells from different individ-
uals. UpSet plots, heatmaps, and scatterplot visualizations also demonstrated 
unique distinctions in the number, directionality, and significance of DEGs for each 
toxicant, where all toxicants had at least two individuals who uniquely contribute as 
the largest sets of DEGs in both directions. Feature rank correlations of log2-fold 
changes between individuals for heavy metals, such as Cadmium Chloride at 10µm 
(range r = 0.176 to 0.676), observed stark contrasts against organic chemicals 
like BPS at 10µm (range r = −0.024 to 0.062), further suggesting that molecular 
mechanisms mediating toxicity are chemical and cell-line specific. DEGs across 
multiple individuals were commonly implicated in dysregulated cancer pathway 
signatures such as targets for MYC, E2F, G2M checkpoints, and epithelial-mes-
enchymal transitions. Overall, these results provide mechanistic insights into 
chemical exposures and highlight the utility of precision models to characterize 
the heterogeneity in breast cancer biology and susceptibility. Future work is needed 
to develop targeted prevention therapies and reduce health inequities that underlie 
vulnerable populations.
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 2003 Cell Type-Dependent Temporal Activation Dynamics of Adaptive 
Stress Response Network upon Chemical Exposure Using 
High-Throughput Transcriptomics

M. Niemeijer1, G. Burger1, J. Boei2, A. Krebs3, I. Suciu3, A. Wilmes4, W. Wiecek5, 
S. Huppelschoten1, P. Bouwman1, A. Baze6, C. Parmentier6, L. Richert6, R. S. Paules7, 
F. Y. Bois5, M. Leist3, P. Jennings4, F. Caiment8, H. Vrieling2, and B. van de Water1. 
1Universiteit Leiden, Leiden, Netherlands; 2Leids Universitair Medisch Centrum, Leiden, 
Netherlands; 3Universität Konstanz, Konstanz, Germany; 4Vrije Universiteit Amsterdam, 
Amsterdam, Netherlands; 5CERTARA UK Limited, Sheffield, United Kingdom; 6KaLy-Cell, 
Plobsheim, France; 7NIEHS/NTP, Research Triangle Park, NC; and 8Maastricht University, 
Maastricht, Netherlands.

Chemical toxicants frequently display strong tissue specificity that may result from 
different factors including exposure level and duration, (de)toxification capacity, 
cell type composition and proliferation status. Therefore, mapping the difference 
in transcriptomic responses towards chemical-induced stress between differ-
ent tissue types is essential to obtain improved understanding. This will reveal 
preserved networks across cell types but also will uncover cell specific responses 
which should be taken into account during chemical safety screening using specific 
cell types. Here, cell types derived from distinct organ types (human neuronal 
LUHMES, liver HepG2 and primary human hepatocytes (PHHs), kidney RPTEC 
and lung ALI-PBEC cells) were exposed to CDDO-Me, tunicamycin, TNFα and 
cisplatin to evaluate concentration dependent activation and temporal dynamics 
of specific stress response pathways, namely oxidative stress, unfolded protein, 
inflammatory and DNA damage response, respectively. First, cells were exposed 
in a wide concentration range for 24 h followed by transcriptome analysis of a 
targeted gene set of ~3500 genes using the TempO-seq technology. Thereafter, 
cells were exposed for 1, 2, 4, 6, 8, 12, 16 and 24 h at a single concentration to 
follow activation dynamics using CombO-seq analysis for whole transcriptome 
mapping. In general, large differences were observed in the nature and the extent 
of transcriptional responses between the cell models. For all four compounds the 
majority of the top responsive genes appeared to be highly cell model specific. 
While transcriptional regulatory networks analyses uncovered ATF4 activation in all 
cell models after tunicamycin exposure, activation of a TP53 response by cisplatin 
was only observed in a minority of cell systems. Benchmark concentration analyses 
uncovered large differences in the point-of-departures, where in the case of tunica-
mycin the largest difference of up to 1000-fold was observed between two liver 
cell models HepG2 and PHH. Moreover, evaluation of temporal dynamics of stress 
response activation could discriminate between networks responding similarly over 
time as well as networks showing distinct activation patterns across cell models. 
To conclude, both cell model dependent and preserved networks could be identified 
that allow for improved understanding when using these models during chemical 
safety testing. These findings caution against generalization and over-interpreta-
tion of findings obtained with a single model and stress the need to apply a battery 
of different test systems when evaluating safety of novel chemicals. Supported 
by the RISK-HUNT3R project funded by the European Union under the Horizon 
2020 programme (grant agreement 964537), EU-ToxRisk project (grant agreement 
681002), IMI MIP-DILI project (grant agreement 115336) and Division of the National 
Toxicology Program at NIEHS, NIH, USA (ZIA ES103318-03).

 2004 Comparing RNA-seq and TempO-seq mRNA Data Sets: A 
Case Study

L. Word-Taylor, L. J. Everett, J. A. Harrill, I. Shah, and R. S. Judson. US EPA, Research 
Triangle Park, NC.

There are multiple technological platforms available for quantifying mRNA levels to 
use for transcriptomics studies. With the increase in TempO-seq generated mRNA 
data, it is important to determine whether TempO-seq and RNA-seq generated 
data are comparable and/or can be combined. For this analysis, two different 
TempO-seq data sets (Cell Atlas and Tox21 CPP2) were compared to each other 
using principal component analysis (PCA) for four overlapping cell types (Daudi, 
HepG2, MCF-7, and U-2 OS) and the PCA showed that the data sets could be 
combined. The TempO-seq data were then compared to RNA-seq data for 12 cell 
types (A549, Daudi, HBEC3-KT, HepG2, HME-1, HUVEC, MCF-7, RPE-1, RPTEC, TIME, 
U-2 OS, and T47-D) using PCA. For the four overlapping cell types within both Cell 
Atlas and Tox21 CPP2 data, the average of all replicates per cell type were used for 
this comparison to RNA-seq. Statistical testing using PCA on TempO-seq versus 
RNA-seq mRNA expression data for the 19,119 overlapping genes showed that 
there was a clear platform divergence pattern within the first principal component 
(PC1) for all cell types evaluated. This meant that these TempO-seq and RNA-seq 
data should not be combined without further steps. Normalizing the data by 
calculating the relative log expression (RLE) compared to the average expression 
level across cell types in each platform removed the platform divergence observed 
in PC1. Removing genes with large differences in expression levels between the 
technological platforms was also found to be effective in resolving platform 
divergence. Here, we describe a workflow process for evaluating whether and 
how mRNA data sets can be combined when comparing and/or aggregating data 
generated by TempO-seq versus RNA-seq. This work should help increase scientific 

confidence when using TempO-seq data for conducting transcriptomics research. 
The views expressed are those of the authors and do not necessarily represent the 
views or the policies of the EPA.

 2005 Application of Benchmark Dose Modeling for In Vitro 
Toxicogenomic Data to Support Human Health Risk 
Assessment: Learning from Genistein Case Study

X. Zhang1, M. Zhang2, Y. Shan1, and J. Naciff1. 1Procter & Gamble, Mason, OH; and 
2Procter & Gamble, Brussels, Belgium.

Benchmark Dose (BMD) Modeling with traditional animal data has been widely used 
to derive a Point of Departure (POD) for chemical risk assessment. A new approach 
integrating BMD modeling, in vitro toxicogenomics data and Physiological Based 
Pharmacokinetic (PBPK) modeling to support human health risk assessment is 
still under development. Here we use genistein as a case study to understand the 
potential use of this approach. Genistein is a soy isoflavone abundant in the regular 
human diet that shows multiple biological activities including estrogenic activity. 
Toxicogenomics data of genistein from different cell types, different time points 
and different concentrations were modeled with BMDExpress tool. Reactome 
signaling pathway analysis was used for transcriptomic POD (tPOD) derivation and 
comparison. The obtained tPODs were then extrapolated to human oral equivalent 
doses (HEDs) by using High-Throughput Toxicokinetics (HTTK) incorporated in 
BMDExpress and a PBPK model based on empirical genistein data for in vitro-in vivo 
extrapolation (IVIVE). Our results demonstrate that there are no significant differ-
ences (<3 fold) on mean tPODs of all the signaling pathways affected by genistein 
despite that the most sensitive pathways are different in each cell type. However, 
the mean tPODs showed greater differences when genistein was tested at different 
concentrations in Ishikawa cells which emphasizes the importance of concentra-
tion range and spacing selection in experimental design. Further, 24h treatment 
was identified to be sufficient for genistein tPOD derivation based on its effects on 
the estrogen-dependent gene expression signaling pathway (one of the pathways 
which results in the most conservative tPODs). Finally, significant differences were 
noticed on the HEDs derived from two different IVIVE approaches which highlights 
the need of chemical specific PBPK model for a reliable extrapolation. Collectively, 
our result supports the “safe” intake of genistein as part of the regular diet. When 
taking human relevant concentrations into account in the experimental design, the 
approach of integrating in vitro toxicogenomics data, BMD modeling and chemical 
specific PBPK modeling can serve as a useful animal alternative for chemical 
human health risk assessment.

 2006 Short-Term Transcriptomic Points-of-Departure Are 
Consistent with Their Chronic Points-of Departure for Three 
Organophosphate Pesticides

R. Martin1, S. Hester1, M. Hazemi2, K. Flynn2, D. Villeneuve1, and L. Wehmas1. 1US EPA, 
Research Triangle Park, NC; and 2US EPA, Duluth, MN.

New approach methods can reduce the need for chronic animal-based toxicity 
and carcinogenicity bioassays. Here, we used targeted, whole transcriptome 
RNA-sequencing to evaluate expression changes in mice and in fathead minnow 
larvae after short-term exposures (7-days and 1-day, respectively) to several 
concentration levels of three organophosphate pesticides (OPPs): fenthion, 
methidathion, and parathion. We modeled the transcriptomic responses 
using BMDExpress to identify the benchmark doses and derive transcriptional 
points-of-departure (TPODs) for comparison to traditional, apical points-of-depar-
ture (APOD) derived from long-term exposures. The mice TPODs were 0.01, 0.17, 
and 0.19 mg/kg-day, while the fathead minnow TPODs were 0.2, 0.004, and 1.8 
mg/L-day for fenthion, methidathion, and parathion, respectively, reflecting differ-
ences in relative potencies derived from different short-term assays. For example, 
the TPODs derived from 7-day exposures to fenthion and methidathion in the mice 
study were more sensitive than the apical PODs derived from the most sensitive 
endpoint - acetylcholinesterase inhibition from 2-year-chronic-rodent-based 
studies. TPOD for parathion was 1.9-fold greater than the APOD. When looking for 
similarities in molecular responses between both transcriptomics bioassays, we 
identified genes that were significantly impacted by all three OPPs (FDR<0.05 and 
Fold-ChangeLog2 >|2|), which regulate biomarkers associated with eye malforma-
tion, neuronal excitability, and immunological dysfunction. Furthermore, pathway 
analysis predicted the activation/inhibition of canonical pathways associated with 
organism death, and neurological and immune dysfunctions (z-score>|2|), and 
these have been known to be affected by OPPs. Despite assay-related differences 
in TPODs potencies, our results indicate the conservation of key events potentially 
important to OPPs biological activity. Together, these results can serve as an 
alternative for quantitatively evaluating global adverse effects indicative of chronic 
OPPs toxicity. While additional research is needed, these results build confidence 
in using short-term, molecular-based assays for the characterization of toxicity 
and risk, reducing reliance on chronic-animal-based studies. This abstract does not 
necessarily reflect US EPA policy.
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 2007 Transcriptomic Profile of Protein-Coding Genes across Multiple 
Life Stages of Six Ecologically Relevant Vertebrate Species

K. Mittal1, J. Ewald1, D. Crump2, J. Head1, N. Hogan3, M. Hecker3, J. Xia1, and N. Basu1. 
1McGill University, Sainte-Anne-de-Bellevue, QC, Canada; 2Environment and Climate 
Change Canada, Ottawa, ON, Canada; and 3University of Saskatchewan, Saskatoon, 
SK, Canada.

As part of the EcoToxChip project, 49 distinct exposure studies were conducted 
on three lab model species (Japanese quail, fathead minnow, African clawed frog) 
and three ecologically relevant species (double crested cormorant, rainbow trout, 
northern leopard frog), at multiple life stages (embryo, adult), exposed to eight 
chemicals of environmental concern (ethinyl estradiol-EE2, hexabromocyclododec-
ane-HBCD, lead-Pb, selenomethionine-SeMe, 17β trenbolone-TB, chlorpyrifos-CPF, 
fluoxetine-FLX, and benzo [a] pyrene-BaP. Whole transcriptome analyses were 
conducted on these samples resulting in a rich RNA seq dataset covering various 
species, life stages and chemicals, which is one of the largest purposeful compli-
cations of RNA seq data within ecotoxicology. Recently, a unified bioinformatics 
platform of relevance to ecotoxicology, EcoOmicsAnalyst and ExpressAnalyst, 
was developed to facilitate RNA Seq analysis of non-model species lacking 
a reference transcriptome. The platform uses the Seq2Fun algorithm to map 
RNA-seq reads from eukaryotic species to an ortholog database comprised of 
protein sequences from >600 eukaryotic species (EcoOmicsDB) with a translated 
search. The availability of these tools presents a unique opportunity to examine 
the EcoToxChip RNA Seq dataset for cross species comparisons. Accordingly, the 
objectives were to A) demonstrate the utility of EcoOmicsAnalyst for compara-
tive transcriptomic analysis across multiple datasets, and present a single reposi-
tory for the EcoToxChip RNAseq dataset, B) conduct integrative analysis of the 
baseline transcriptomic profile across all species and life stages, and C) look at 
differential gene expression across all species-life stage-chemical combinations. 
From the preliminary integrated PCA of the transcriptomic profile, the first princi-
pal component captured variability across the tissue types, the second captured 
variability across the species families and subsequent principal components 
captured variability within the species, and effects of chemical exposure. Exposure 
to TB and HBCD resulted in the fewest number and to EE2 resulted in the greatest 
number of differentially expressed genes across species. This work shows the 
potential of the EcoOmicsAnalyst and Seq2Fun platform to facilitate relatively 
fast and computationally simple analysis of RNA Seq datasets from non-model 
organisms with unannotated genomes, and conduct comparative transcrip-
tomic analysis across various species and life stages to perform cross-species 
comparisons. For example., without Seq2Fun we would have needed to perform 
multiple de novo assemblies and a 6-way pairwise transcriptome BLAST to identify 
the transcript orthologs, which would require expert bioinformatics knowledge 
and high computational power and would render the integrative PCA impossi-
ble. Additionally, the species agnostic platform facilitates transcriptomics-based 
cross-species extrapolation by making the data more comparable across species. 
Further analyses are ongoing including conducting PCA with a filtered count matrix 
(i.e., only including orthologs that have a count > 1 in all samples), examining the 
gene and pathway level effects of chemical exposure across species, and examin-
ing the correlation of median and variance at the gene and pathway level.

 2008 2,3,7,8 Tetrachlorodibenzo-p-Dioxin Perturbation Decreases 
Average Gene Expression Noise in a Dose-Dependent Manner

O. Z. Kana, and S. Bhattacharya. Michigan State University, East Lansing, MI.

Expression variability from external signaling or stochastic gene expression is 
termed biological noise. The role of biological noise in cellular development is 
well studied as heterogeneity in cell fate is partially determined by variance in the 
transcriptional states of the cells. Previous studies showed that biological noise 
increases during reprogramming of induced pluripotent stems cells, neuronal 
development, and hematopoiesis. However, while biological noise has been 
extensively modeled in development, little attention has been given to how noise is 
modulated by developmental toxicants. 2,3,7,8 tetrachlordibenzo-p-dioxin (TCDD) 
at nM ranges causes the attenuation of B-cell lymphopoiesis. It is currently hypoth-
esized that this happens through the action of TCDD activated aryl hydrocarbon 
receptor (AhR) binding to the EBF1 promoter and inhibiting the positive feedback 
loop that leads to early B-cell development. We estimate biological noise in multiple 
single cell RNA-seq experiments using the VarID2 algorithm, which distinguishes 
between the technical noise resulting from single-cell RNA-seq measurements and 
true biological noise. We first confirm that average biological noise across highly 
variable genes increases along the trajectory of hematopoiesis. We then show that 
TCDD reduces average biological noise during hematopoiesis when compared to 
control. Finally, we show that that this drop in the average biological noise is consis-
tent in and displays a dose-dependent behavior in mouse liver tissue exposed to 
TCDD. We conclude that overall biological noise is reduced in biological processes 
impacted by TCDD and hypothesize that the decrease in biological noise is partially 
responsible for the attenuation in B-cell lymphopoiesis. Funding acknowledgement: 
NIEHS (T32 ES007255).

 2009 Dysfunctional Copper Homeostasis Results in 
Neurodegeneration in C. elegans

A. Weishaupt1, K. Sarnow1, A. T. Pezacki2, C. D. Matier2, T. Schwerdtle3, C. J. Chang2, 
M. Aschner4, and J. Bornhorst1. 1University of Wuppertal, Wuppertal, Germany; 
2University of California Berkeley, Berkeley, CA; 3Bundesinstitut für Risikobewertung 
(BfR), Berlin, Germany; and 4Albert Einstein College of Medicine, Bronx, NY.

Copper (Cu) is an essential trace element, which is consumed through drinking 
water, grains and vegetables. In fact, Cu is increasingly being introduced into the 
environment, due to industrial and agricultural processes. As a cofactor for various 
enzymes Cu is vital for numerous biological redox processes, but in excess can be 
harmful or even toxic. A tightly regulated homeostasis is crucial, since Cu dysreg-
ulation can lead to neurological diseases such as Menkes and Wilson disease. 
Therefore, we investigated the toxicity of Cu oversupply and Cu dyshomeostasis 
in the context of neurodegeneration. We used the multicellular model organism C. 
elegans, since the nematode constitutes a distinguished in vivo model conserving 
various orthologs taking part in Cu homeostasis. C. elegans strains used include 
wildtype worms, as well as loss-of-function mutants of the copper metallochap-
erone protein (atox-1Δ) and of the copper storage protein ceruloplasmin (cpΔ). 
Worms were treated with CuSO4-enriched E. coli up to 2 mM for 24 hours. Total Cu 
levels were determined via optical emission spectrometry with inductively coupled 
plasma (ICP-OES), displaying a concentration-dependent Cu-uptake and lower 
total Cu levels in mutants atox-1Δ and cpΔ. Since “free” or better called loosely 
bound Cu is readily bioavailable, and therefore probably more damaging. Loosely 
bound Cu was quantified with the fluorescent dye CF4, and its levels were higher 
in mutant strains with the highest levels of mutant cpΔ. Due to the ability of Cu to 
cycle between its two oxidation states +I and +II, Cu is able to form reactive oxygen 
and nitrogen species (RONS), which in disequilibrium with antioxidants can lead to 
oxidative stress. Hence, we quantified total reduced glutathione (GSH) and oxidized 
glutathione (GSSG) levels via liquid chromatography-tandem mass spectrometry 
(LC-MS/MS), showing decreased GSH levels and thus a weakened antioxidant 
capacity following Cu treatment. Moreover, we used C. elegans strain daf-16::GFP 
(ortholog of human FOXO protein) and quantified daf-16 translocalization post Cu 
treatment. daf-16::GFP was localized primarily in the nucleus, which and taken 
together with the lowered GSH levels, suggests that Cu induced oxidative stress 
in C. elegans. To investigate Cu-induced neurodegeneration, a LC-MS/MS-based 
method for simultaneous quantification of dopamine, serotonin, γ-aminobutyric 
acid (GABA) and acetylcholine was developed and validated. In addition, the 
aldicarb assay, which characterizes synaptic transmission, was performed follow-
ing Cu treatment. The absence of ceruloplasmin led to aldicarb resistance, which 
implies lower synaptic transmission, and concomitantly decreased total GABA 
levels. Loss of atox-1 led to Cu-hypersensitivity, since neurotransmitter levels 
were altered in the respective deletion mutant following 2 mM CuSO4. Although 
our data demonstrate lower total Cu levels in atox-1Δ and cpΔ mutants, higher 
loosely bound Cu levels were observed. This is likely associated with the respective 
neuronal behavior, which underlines the essentiality of a balanced Cu homeostasis 
for proper neuronal function.

 2010 LRRK2 Plays a Critical Role in Mn-Induced Inflammation and 
NLRP3 Inflammasome Activation in Microglia, which Are 
Exacerbated in LRRK2 G2019S Mutation

E. B. Pajarillo1, S. Kim1, A. Digman1, I. Nyarko-Danquah1, H. Multani1, I. Ajayi1, 
M. Aschner2, and E. Lee1. 1Florida A&M University, Tallahassee, FL; and 2Albert Einstein 
College of Medicine, New York, NY.

Chronic manganese (Mn) exposure causes manganism, a neurological condition 
resembling the clinical symptoms of Parkinson’s disease (PD). However, the 
molecular and cellular mechanisms involved in this Mn toxicity remain to be 
established. Recently, the role of microglial leucine-rich repeat kinase 2 (LRRK2) 
has been receiving increasing attention in Mn’s toxicity. LRRK2’s pathogenic 
gain-of-function mutations, such as G2019S and R1441C, are associated with 
familial PD cases, but the penetrance rate is low, indicating that other factors, such 
as Mn are potentially contributing to the development of PD. Interestingly, these 
mutations and Mn are known to increase LRRK2 kinase activity. In the present 
study, we investigated if Mn toxicity was exacerbated in LRRK2 G2019S knock-in 
mice and G2019S-overexpressing BV-2 microglial cells, by assessment of dopami-
nergic neurotoxicity, motor deficits, cognitive impairment, microglial inflamma-
tion, and inflammasome. The results showed that Mn caused motor deficits and 
cognitive impairments in WT mice, which were exacerbated in LRRK2 G2019S mice. 
Compared to its effects in WT microglia, Mn further increased proinflammatory 
cytokines TNF-α and IL-1β in LRRK2 G2019S microglia. Mn also exacerbated the 
levels of inflammasome proteins such as NLRP3, ASC, and active caspase-1 in 
G2019S mice and microglia compared to WT counterparts. Moreover, conditioned 
media from Mn-treated G2019S transfected BV2 microglia induced higher ROS 
production and cell death in cath.a-differentiated neuronal cells compared to 
those from WT-transfected microglia. Assessment of the molecular insight of 
Mn-induced NLRP3 activation in LRRK2 G2019S microglia reveals activation of 
RAB10, decreased LAMP1 levels, and lysosomal dysfunction, leading to increased 
CTSB protein levels and colocalization with NLRP3 in Mn-treated LRRK2 G2019S 
microglia. Importantly, these inflammatory effects of Mn in both WT and LRRK2 
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G2019S microglia were abolished by the LRRK2 inhibitor MLi-2. Our findings 
suggest that microglial LRRK2 plays a critical role in Mn-induced neurotoxicity, 
inflammation, and NLRP3 inflammasome activation, and Mn might be a contribut-
ing factor to PD development associated with LRRK2 G2019S mutation. Supported 
by NIEHS R01 ES031282 and R01 ES010563.

 2011 BTBD9, a Restless Legs Syndrome–Associated Gene, Regulates 
Manganese-Induced Toxicity

P. Chen1, H. Cheng1, A. Bowman2, and M. Aschner1. 1Albert Einstein College of Medicine, 
Bronx, NY; and 2Purdue University, West Lafayette, IN.

Manganese (Mn) is an essential mineral, but excess exposure can cause dopaminer-
gic neurotoxicity. Restless legs syndrome (RLS) is a common neurological disorder, 
but the etiology and pathology remain largely unknown. The purpose of this study 
was to identify the role of manganese in regulation of a RLS genetic risk factor-
BTBD9 and characterize the function of BTBD9 in Mn-induced oxidative stress and 
dopaminergic neuronal dysfunction. We found that human subjects with high blood 
Mn levels were associated with decreased BTBD9 mRNA levels, compared with 
subjects with low blood Mn levels. In A549 cells, Mn exposure decreased BTBD9 
protein levels. In Caenorhabditis elegans, loss of hpo-9 (BTBD9 homolog) resulted in 
more susceptibility to Mn-induced oxidative stress and mitochondrial dysfunction, 
as well as decreased dopamine levels and alternations of dopaminergic neuronal 
morphology and behavior. Overexpression of hpo-9 in mutant animals restored 
these defects, and the protection was eliminated by mutation of the forkhead box 
O (FOXO). In addition, expression of hpo-9 upregulated FOXO protein levels and 
decreased protein kinase B levels. These results suggest that elevated Mn exposure 
might be an environmental risk factor for RLS. Furthermore, BTBD9 functions to 
alleviate Mn-induced oxidative stress and neurotoxicity via regulation of insulin/
insulin-like growth factor signaling pathway.

 2012 The Heavy Metal Lead (Pb) Alters the Neuron/Glia Balance in 
the Developing Human Brain by Shifting Progenitor Cell Fate 
and Maturation Trajectories

M. M. Sampson, S. Sonsurkar, E. Hill, A. Voss, A. King, and S. A. Sloan. Emory University, 
Atlanta, GA. Sponsor: E. Karey.

Prenatal toxicant exposures interfere with nervous system development and can 
lead to persistent changes in the brain. Modeling exposures in primary fetal tissue 
and human induced pluripotent stem cell-derived 3D organoids, we show that 
early-life exposure to the heavy metal lead (Pb) alters the generation and matura-
tion of different cell types—neurons and glia—in the developing human brain. 
Previous studies have largely focused on neuronal toxicity, but here we focus on 
radial glia, the primary progenitor cells in the developing brain, and astrocytes, 
specialized glial cells that have important roles in neurotoxicity. Astrocytes protect 
the brain from toxicants by participating in the blood brain barrier, regulating inflam-
mation, and providing redox and metabolic support to other cells. We demonstrate 
that both fetal and organoid-derived cells rapidly take up Pb and establish a Pb 
exposure paradigm that achieves biologically relevant tissue levels of Pb. After 1 
week of Pb exposure, organoids upregulated gene expression of metallothioneins, 
which are involved in metal homeostasis and buffering. There was also an increase 
in NRF2-mediated antioxidant response element genes including the antioxidant 
glutathione and the pentose phosphate pathway, which restores the electron-donor 
NADPH and glutathione. Several astrocyte differentiation genes were downregu-
lated, suggesting a possible inhibition of glial generation or maturation. To examine 
cell-specific transcriptional responses to chronic Pb, we performed single-cell 
RNA-seq on organoids and found a strong hypoxia-like response in astrocytes and 
radial glia, but not neurons. Most cell types showed a strong ER-stress response, but 
astrocytes were the most transcriptionally sensitive to Pb. Chronic Pb increased the 
ratio of neurons to astrocytes in organoids, and we sought to determine whether 
this was related to astrocyte cell death, increased neurogenesis, or a suppression 
of gliogenesis/glial maturation. IHC revealed disproportionate and dose-depen-
dent astrocyte cell death (TUNEL+) compared to baseline apoptosis in control 
organoids. To test whether Pb alters gliogenesis or neurogenesis, we isolated 
progenitor cells (radial glia) from primary human fetal tissue (GW16-20) and quanti-
fied cell fate following exposure to Pb. We found no change in neurogenesis, but 
a ~50% decrease in astrogenesis. Overall, our data suggest that developmental 
Pb may influence the cellular balance of neurons and astrocytes in the developing 
brain, which could contribute to Pb-associated cognitive, affective, and behavioral 
deficits later in life.

 2013 Early-Life MeHg Exposure of Human iPSC-Derived Cortical 
Cultures Persistently Alters the Homeostatic Neuronal State

A. M. Tukker1, J. D. Schmitz1, H. Kim1, L. M. Prince1, D. Arora1, J. Thimmapuram1, 
M. Aschner2, and A. B. Bowman1. 1Purdue University, West Lafayette, IN; and 2Albert 
Einstein College of Medicine, Bronx, NY.

The developing brain is exceptionally vulnerable to toxic insults. Early-life exposure 
to methylmercury (MeHg) results in long-lasting functional effects in the cortical 
structures of the developing brain and especially affects glutamatergic (GLUergic) 
neurons. To understand the mechanisms behind altered GLUergic function and 
the persistency of effects, this study utilized a human induced pluripotent stem 
cell (hiPSC)-derived cortical model, testing the hypothesis that developmental 
MeHg exposure results in persistently altered homeostatic neuronal state visible 
in functional and genetic outcomes. hiPSC-derived cultures were continuously 
exposed from day 4-10 of development (stage with neuroepithelium and radial 
glia RG) or 4-10 + 14-20 (stage with RG, plus intermediate precursors and early 
post-mitotic neurons; RG+IPC) to in vivo environmentally relevant MeHg concentra-
tions (0.1, 1 µM). Then, differentiation was continued until cultures reached mature 
stages. To ensure that the observed effects did not result from residual MeHg, its 
concentration in cell pellets was measured. It was found that the in vitro t1/2 of MeHg 
is approximately 2 days, indicating that no MeHg was present >14 days following 
cessation of exposure. At day 150 of differentiation, cultures were assessed for 
persistent effects using single cell RNA-sequencing. Subtle, but significant changes 
in population size of different cortical cell types were found. Exposure during both 
RG and RG + IPC stages resulted in a robust pattern of differentially expressed 
genes playing key roles in critical cell signaling pathways. Impacted pathways 
(p<0.001) included mTOR, eIF4/p70S6K, eIF2, SIRTs and Insulin/IGF signaling, all of 
which are required for healthy aging and previously shown to be altered at day 40 
of differentiation. To confirm findings of impacted pathways, Western blot analysis 
was performed and significant upregulation of phosphorylated eIF2α (p-eIF2α) in 
mature cultures was found following developmental exposure to 1 μM (p<0.001), 
and trending upregulation of p-eIF2α at the 0.1 μM exposure. To assess whether 
these changes were associated with altered function, mature cells were cultured 
on micro-electrode arrays (MEAs) and spontaneous network activity was assessed 
for 40 days (D110-D150). Assessment of spontaneous neuronal network activity 
and (network) bursting behavior indicated that the prior RG and RG+IPC exposures 
significantly alter neural activity patterns. RG exposure to 0.1 μM increases spiking 
and bursting, whereas exposure to 1 μM decreases spiking and bursting activity. 
RG+IPC exposure (both concentrations) decreases spontaneous network activity 
and bursting. The data establish that early-life MeHg exposure results in an altered 
transcriptomic and functional state in mature hiPSC-derived cortical cultures. More 
importantly, these novel data indicate that effects are persistent and proceed to 
manifest even more than 100 days after cessation of exposure. This research was 
supported by NIH R01 ES07331 (ABB/MA).

 2014 Role of Arrestin Domain-Containing Protein 1 
(ARRDC1)-Mediated Microvesicles (ARMMs) in 
Cadmium-Induced Neurotoxicity

Z. Chen1, Z. Qiao1, C. Wirth1, H. Park2, and Q. Lu1. 1Harvard 
T.H. Chan School of Public Health, Boston, MA; and 2University of Rochester,  
Rochester, NY.

Exposures to heavy metals are often associated with neurotoxicity. Intercellular 
communication is often perturbed by metal exposures but the precise mechanism 
and role of such perturbation in metal-induced neurotoxicity remain poorly 
understood. Neural cells can secret membrane-encapsulated vesicles into the 
extracellular milieu. These extracellular vesicles (EVs) contain functional signal-
ing molecules mediating intercellular communication. The present study aimed to 
investigate the effects of heavy metal cadmium (Cd) on intercellular communication 
by evaluating the role of arrestin domain-containing protein 1 (ARRDC1)-mediated 
microvesicles (ARMMs). We utilized a lentiviral CRISPR/Cas9 system to knockout 
ARRDC1 to repress ARMMs release in immortalized human neural progenitor 
ReNcell CX cell line and compared the responses to Cd between scramble control 
and knockout cell lines. Cytotoxicity endpoint (LDH) and oxidative stress results 
showed that ARRDC1-knockout cells were more susceptible to Cd; the addition of 
extra ARMMs reversed the increased susceptibility to Cd, indicating that ARMMs 
play a protective role that can alleviate cytotoxicity induced by Cd. Mechanistic 
evidence including the expression of genes related to antioxidative responses 
was consistent with the toxicity results and proteomics data showed that the 
biosynthesis of amino acids and metabolic pathways were disrupted. The release 
of EVs was significantly increased in a dose-dependent manner, demonstrating 
that cellular communication was stimulated. Proteomics data showed that Cd 
altered the proteins in EVs that were from proteasome and involved neurodegen-
erative diseases such as Parkinson’s and Huntington’s disease. Furthermore, 
the potential of ReNcell differentiation to neuronal cells was compared between 
scramble control and knockout cells, and the effects of Cd exposure were studied. 
ARRDC1-knockout cells showed weaker neuronal cell markers for mature neurons 
and astrocytes after differentiation, indicating ARMMs are involved in this process. 
Cd significantly inhibited the differentiation for both scramble and knockout cells. 
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Together, our study shed light on the role of ARMMs - a novel way of examining 
- in metal neurotoxicity. This research was funded by the MEMCARE Superfund 
Research Center grant (P42ES030990).

 2015 Mitochondrial Metabolism in Astrocytes Is Essential for Their 
Survival against Inorganic Arsenic Exposure

R. Franco. University of Nebraska Lincoln, Lincoln, NE.

Astrocytes are the first line of defense against xenobiotics crossing into the brain. 
As primarily glycolytic cells, mitochondrial metabolism in astrocytes is not required 
for their survival. However, in this work, we demonstrated that astrocytic mitochon-
drial metabolism is essential for their survival against neurotoxic electrophiles such 
as inorganic arsenic (iAs). Subtoxic iAs exposure induced an increase in de novo 
glutathione (GSH) synthesis and a reduced intracellular environment in primary 
cortical astrocytes. iAs toxicity was potentiated by inhibition of de novo GSH synthe-
sis, and blockage of multi-drug resistance associated proteins (MRPs), which 
enhanced arsenic accumulation. NMR metabolomics revealed that iAs induced the 
cataplerotic generation of glutamate via the tricarboxylic acid (TCA) cycle, which 
contributed to de novo GSH synthesis. iAs exposure increased the dependency 
of mitochondrial oxygen consumption on fatty acid oxidation (FAO). Interestingly, 
while inhibition of mitochondrial pyruvate transport (MPC1), the electron transport 
chain (ETC) or FAO had no effect on astrocyte viability, it enhanced arsenic 
accumulation and iAs toxicity while inducing a moderate decrease in cellular 
bioenergetics. This demonstrated that mitochondrial metabolism is important 
for xenobiotic detoxification. iAs exposure led to a substantial accumulation of 
extracellular glutamate that was mediated by the reversal of excitatory amino acid 
transporters EAAT1/2. Accordingly, inhibition of glutamate transport enhanced iAs 
toxicity. NMR-metabolomics also demonstrated that extracellular glutamate uptake 
and metabolism is required for de novo GSH synthesis upon iAs exposure. These 
results revealed that astrocytic mitochondrial metabolism support detoxification of 
neurotoxic electrophiles by GSH, via the synthesis of its precursors. Furthermore, 
they suggest that mitochondrial-dependent glutamate synthesis compensates 
for intracellular glutamate depletion triggered by astrocytic glutamate transport 
reversal upon iAs exposure.

 2016 Glyphosate and Roundup Exposure during Neurodevelopment 
Effects Gene Expression, Neurogenesis, and Behavior in 
Zebrafish Larvae

R. Lacroix, S. McKenzie, M. Armstrong, and D. Kurrasch. University of Calgary, Calgary, 
AB, Canada.

N-(phosphonomethyl) glycine (glyphosate) is the number one agricultural chemical 
used globally, with estimated spray rates of ~1.6 billion pounds annually. Glyphosate 
blocks an enzyme unique to plants and microorganisms, thus glyphosate is 
postulated to be safe in animals since they lack this molecular pathway. However, 
the chemical’s widespread use and increasing scientific evidence for off-target 
effects has spurred a renewed need to study effects of this chemical in animal 
models. Here, using zebrafish, we investigate how glyphosate or the commercial 
glyphosate formulation RoundUp, effect neurodevelopment. To start, we performed 
RNA-Seq on larvae zebrafish heads exposed to an environmental dose of glypho-
sate (10 μg/L) during critical window of brain development (10-48 hours post-fer-
tilization (hpf)) and uncovered 39 differentially expressed genes. Gene ontology 
analyses show regulation of metabolic processes and mRNA splicing and process-
ing as the top dysregulated categories, processes critical for neurodevelopmental 
programs. Next, using 5-ethynyl-2-deoxyuridine, we tested whether the timing of 
neuronal birth was affected by exposure to glyphosate or RoundUp from 10-48 
hpf, a time point encompassing larval neurogenesis. We showed that glyphosate 
and RoundUp effect the timing of neuronal birth, suggesting glyphosate exposure 
can cause precocious neurogenesis. Lastly, using ZebraBox® and ZebraCube® 
apparatuses to measure behaviour, we determined that glyphosate and RoundUp 
have opposite effects on locomotive behaviours, suggesting the active ingredient 
and the proprietary formulation have different mechanisms of action. This research 
starts to shed insights into whether embryonic exposure to glyphosate affects 
neurodevelopment in zebrafish.

 2017 Chlorpyrifos and Chlorpyrifos-Oxon Exposures Lead to the 
Dysregulation of Basal Glutamate Release in Human-Induced 
Pluripotent Stem Cell–Derived Glutamatergic Neurons

A. Barmash Rubinchik, A. M. Tukker, J. K. Nolan, K. Gupta, M. A. Lake-Speers, 
S. R. Sammi, J. R. Cannon, S. T. Wereley, H. Lee, and A. B. Bowman. Purdue University, 
West Lafayette, IN.

Chlorpyrifos (CP) is an organophosphate pesticide and insecticide developed for 
agricultural and household settings. Chlorpyrifos, or its more toxic metabolite 
CP-oxon (CPO), causes a wide range of health complications such as neurological 
dysfunction, immunotoxicity, developmental issues, and cardiovascular damage. 
The primary target of CP neurotoxicity is typically thought to be acetylcholinesterase 

inhibition, though emergent data suggest that other neurotransmitter systems 
can be affected at low doses. Currently, little is known about how CP(O) affects 
the glutamatergic (GLUergic) system. The aim of this study is to determine the 
neurotoxic effects of CP and CPO on glutamate (GLU) release, characterize 
baseline GLU dynamics in human GLUergic cortical neurons, and address a gap 
in neurotransmitter monitoring using novel biosensors. GLUergic cortical cultures 
were differentiated via dual-SMAD inhibition from human induced pluripotent stem 
cells (hiPSCs). Upon maturation (>D90), a baseline collection (in HBSS) for extracel-
lular GLU was performed followed by a 24-h sub-cytotoxic exposure to CP (3 µM - 
300 µM) or CPO (0.1 µM - 10 µM). Following exposure, cells recovered for 24 h with 
an additional GLU collection. After the recovery period, whole-cell protein lysates 
were harvested to correct measured GLU release for cell density by total protein. All 
collections were analyzed using a commercial GLU assay kit. Cells exposed to CP 
demonstrated a concentration-dependent increase in net GLU release, while cells 
exposed to CPO presented no significant effect. The upregulation persisted over 24 
h. Thus, it is shown that in addition to altering the acetylcholinergic system, CP and 
CPO may have unexpected effects on neuronal GLU homeostasis. An additional 
set of collections with vehicle exposure was performed at 10-min intervals over 60 
min to monitor GLU efflux kinetics. GLU release was identified to sharply increase 
over 0 - 15 min and plateau after 20 min, which is likely to restore extracellular 
GLU levels. Newly developed enzymatic electrochemical biosensor arrays with 
cell culture compatibility were utilized to further characterize these findings. The 
biosensors were created using direct ink writing robotic printing combined with 
thin film processing and designed for sample delivery via injection or cell culture. 
Media samples with L-Glutamic Acid (60 µM) were dispensed on cultured cells and 
collected after 1 - 60 min for combined evaluation through sensors and enzymatic 
assays. In addition, GLU standards spiked with L-Glutamic Acid (0 µM - 60 µM) 
were prepared in HBSS, PBS, and BrainPhys for further testing. The novel biosen-
sors confirmed earlier GLU-kinetics findings and accurately measured extracellular 
GLU release in a variety of media types. Overall, this study reveals a potential new 
mechanism for neurotoxicity, establishes a better understanding of GLU dynamics 
in vitro, and introduces innovative sensor technology.

 2018 Endoplasmic Reticulum (ER) Stress Inhibition Protects against 
Pyrethroid-Induced Disruption of Hippocampal Neurogenesis 
and Cognitive Deficits in Mice

M. M. Hossain, A. C. Toltin, and L. M. Gamba. Florida International University, Miami, FL.

Cognitive impairment is increasing globally; currently more than 16 million people 
are living with cognitive impairment in the United States. However, age is the major 
risk factor, environmental exposure has been identified as a significant contribu-
tor for developing cognitive impairment. Deltamethrin is a broad-spectrum type II 
pyrethroid insecticide that has been increasingly used in agriculture and homes for 
pest control. Previously, we reported that repeated exposure to 3 mg/kg deltame-
thrin caused a marked reduction in hippocampal neurogenesis and impaired 
learning and memory in adult mice. Here, we sought to determine whether exposure 
to NOAEL of 1 mg/kg of deltamethrin elicits similar effects. We used the novel 
object recognition task, fear conditioning, and Morris water maze to determine 
the effects of deltamethrin on cognitive behavior. Our data revealed that repeated 
exposure to NOAEL of deltamethrin for 30 days caused significant deficits in novel 
object recognition and learning and memory in water maze and fear conditioning 
tasks. These behavioral deficits were accompanied by impairment of hippocampal 
neurogenesis as neural progenitor cell proliferation (BrdU+ cells and Ki67+ cells) 
and immature neurons (DCX+ cells) were significantly decreased in the DG of the 
hippocampus. Further, deltamethrin-treated mice exhibited remarkable ER stress 
as the protein levels of ATF-4, CHOP, and GRP-78 were significantly increased in the 
hippocampus. To determine whether ER stress is associated with impairment of 
the hippocampal neurogenesis and cognitive deficits, a group of mice were treated 
with intraperitoneal (i.p.) injections of 1 mg/kg salubrinal (eIF2α inhibitor) 30 min 
prior to deltamethrin administration. Our data showed that pre-treatment of mice 
with salubrinal prevented ER stress, restored neurogenesis, and improved cognitive 
deficits in deltamethrin-treated mice. We also used caspase-12 KO mice for further 
exploration of the role of ER stress in impairment of hippocampal neurogenesis 
and cognitive deficits. We found that caspase-12 KO mice showed significant 
protection against deltamethrin induced disruption of hippocampal neurogen-
esis and cognitive deficits when compared to WT mice. Together, these results 
demonstrate that repeated exposure to current NOAEL of deltamethrin leads to ER 
stress mediated inhibition of adult hippocampal neurogenesis which subsequently 
contribute to deficits in learning and memory in mice. Supported by R01ES027481.
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 2019 In Vivo Effects of Four Per- and Polyfluoroalkyl Substances 
Identified as Estrogenic via In Vitro Screening

D. Villeneuve1, B. R. Blackwell1, J. E. Cavallin1, J. Collins2, J. X. Hoang2, 
R. N. Hofer2, K. A. Houck3, K. M. Jensen1, M. D. Kahl1, R. N. Kutsi2, A. Opseth1, 
K. J. Santana Rodriguez2, C. M. Schaupp2, E. H. Stacy1, and G. T. Ankley1. 1US EPA/ORD, 
Duluth, MN; 2Oak Ridge Institute for Science and Education, Duluth, MN; and 3US EPA/
ORD, Research Triangle Park, NC.

Per- and polyfluoroalkyl substances (PFAS) are a large group of chemicals of 
concern based on their potential persistence, bioaccumulation, and toxicity. A 
tiered approach to screening and testing using new approach methodologies has 
been proposed as one of the few tractable approaches for evaluating thousands of 
PFAS for human health and environmental hazards. Based on previously conducted 
in vitro screening assays with human cell lines, four PFAS identified as estrogenic 
(perfluorooctanoic acid [PFOA]; 1H,1H,8H,8H-perfluorooctane-1,8-diol [FC8-diol]; 
1H,1H,10H,10H-perfluorodecane-1,10-diol [FC10-diol]; 1H,1H,8H,8H-perfluoro-3,6-
dioxaoctane-1,8-diol [FC8-DOD] and one PFAS identified as non-estrogenic (perflu-
oro-2-methyl-3-oxahexanoic acid [HFPO-DA; GenX]) were subsequently tested for 
estrogenic actions in vivo. Male fathead minnows (Pimephales promelas) were 
exposed to the selected PFAS for 96 h and hepatic expression of four estrogen-reg-
ulated genes was examined. Of the four estrogenic PFAS, FC8-diol, FC10-diol, 
and FC8-DOD, which ranked among the most potent estrogenic PFAS out of over 
140 screened, elicited concentration-dependent up-regulation of vitellogenin and 
estrogen receptor alpha transcripts and down-regulation of insulin-like growth 
factor 1 and apolipoprotein eb transcripts in exposed male fathead minnows. In 
contrast, PFOA, which was a substantially less potent estrogen receptor agonist 
in vitro, and HFPO-DA, which was non-estrogenic in vitro, elicited no concentra-
tion-dependent effects on the estrogen regulated transcripts. After accounting for 
differences in measured bioconcentration in plasma, the in vitro and in vivo rank 
orders of potency aligned. The results provide increased confidence in the use of 
human cell-based assays to identify estrogenic environmental hazards of PFAS. 
Results also contribute a predicted no effect concentration for use in screening 
level assessments of potential PFAS-related estrogenic activity at contaminated 
sites and provide a basis to identifying structurally related PFAS that should be 
evaluated for estrogenic activity. The contents of this abstract neither constitute nor 
necessarily reflect US EPA policy. 

 2020 Sex-Specific Effects of Perfluorooctanoic Acid (PFOA) Exposure 
on Human-Induced Pluripotent Stem Cells (hiPSCs)

T. Ishikawa, C. W. Clark, A. M. Rocha, T. J. Herron, and L. K. Svoboda. University of 
Michigan, Ann Arbor, MI.

Exposures to environmental toxicants during early development can influence 
susceptibility to disease throughout the life course, and likely play critical roles in 
the pathogenesis of cardiovascular diseases (CVDs). This developmental program-
ming is hypothesized to occur, at least in part, through epigenetic modifications, 
including changes in DNA methylation. In this study, we utilized hiPSCs to examine 
the sex-specific effects of perfluoroalkyl substances (PFAS) on cellular prolifer-
ation, pluripotency, and expression of enzymes that regulate DNA methylation 
and de-methylation. hiPSCs from one male and one female donor were exposed 
to PFOA, a ubiquitous PFAS, for 72 hours, followed by qRT-PCR for pluripotency 
markers (POU5F1, SOX2, NANOG), DNA methyltransferases (DNMT1, 3A, 3B), and 
tet methylcytosine dioxygenases (TET1, 2, 3). Proliferation was assessed using 
IncuCyte live cell imaging and quantification using IncuCyte Zoom 2018A. PFOA 
exposure had no significant effect on cell proliferation in the dose range of 0.5 
- 200 μM in either male or female-derived cell lines. PFOA (200 μM) exposure 
significantly decreased POU5F1 in the female-derived line (p=0.029) but not in the 
male. There were significant differences in the baseline expression of pluripotency 
markers between male and female-derived cell lines in the control as well as in 
some concentrations of PFOA exposure. PFOA (100, 150 μM) exposure signifi-
cantly decreased TET2 (p=0.044, 0.027) in the female-derived cell line but not the 
male. There were significant baseline differences in the expression of DNMTs and 
TETs between male and female-derived cell lines in the control as well as in some 
concentrations of PFOA exposure. We also examined if PFOA exposure in hiPSCs 
affected their ability to differentiate into cardiomyocytes. hiPSCs exposed to PFOA 
for 72 hours were differentiated to cardiomyocytes using an established protocol. 
All PFOA-exposed hiPSCs were able to differentiate to cardiomyocytes, regard-
less of concentration. We’ve discovered potential sex differences in the expres-
sion of pluripotency markers and epigenetic modifying enzymes, at baseline and 
in response to PFOA exposure. This project will contribute to our understanding of 
the sex-specific effects of PFOA exposure on cardiac differentiation and epigenetic 
programming, which may underlie the risk of later CVDs.

 2021 Identifying Human-Specific Adverse Outcome Pathways of 
Per- and Polyfluoroalkyl Substances Using Liver-Chimeric 
Humanized Mice

D. R. Robarts1, D. Paine-Cabrera1, M. Kotulkar1, K. K. Venneman1, S. Gunewardena1, 
L. Foquet2, G. Bial2, and U. Apte1. 1University of Kansas Medical Center, Kansas City, KS; 
and 2Yecuris, Tualatin, OR.

Per- and polyfluoroalkyl substances (PFAS) are persistent organic pollutants with 
myriad adverse effects. While perfluorooctanoic acid (PFOA) and perfluorooctane 
sulfonic acid (PFOS) are the most common contaminants, levels of replacement 
PFAS, such as GenX, are increasing. In rodents, PFOA, PFOS, and GenX have several 
adverse effects on the liver, including nonalcoholic fatty liver disease. We aimed 
to determine human-relevant mechanisms of PFAS-induced adverse effects on 
the liver using FRG® liver-chimeric humanized mice with livers repopulated with 
functional human hepatocytes. Male humanized mice were treated with 0.067 mg/L 
of PFOA, 0.145 mg/L of PFOS, or 1 mg/L of GenX in drinking water for 28 days. Liver 
and serum were collected and used for pathological analysis. RNA-sequencing 
coupled with pathway analysis was used to determine molecular mechanisms. 
PFOS caused a significant decrease in total serum cholesterol and LDL/VLDL, 
whereas GenX caused a significant elevation in LDL/VLDL with no change in total 
cholesterol and HDL. PFOA had no changes in serum cholesterol. All three PFAS 
induced significant hepatocyte proliferation. RNA-sequencing with alignment to 
the human genome showed a total of 240, 162, and 619 differentially expressed 
genes after PFOA, PFOS, and GenX exposure, respectively. Upstream regulator 
analysis revealed inhibition of NR1D1, a transcriptional repressor important in 
circadian rhythm, as the major common molecular change in all PFAS treatments. 
PFAS treated mice had significant nuclear localization of NR1D1 with no changes 
in ARNTL expression, a NR1D1 transcriptional target. In silico modeling showed 
that PFOA, PFOS, and GenX potentially interact with the DNA-binding domain of 
NR1D1. These data implicate PFAS in circadian rhythm disruption via the inhibition 
of NR1D1. These studies show that FRG® humanized mice are a useful tool for 
studying the adverse outcome pathways of environmental pollutants on human 
hepatocytes. This work was supported by R01DK098414.

 2022 PFOA Treatment Alters Hepatic Lipid Profiles in Mice-
Expressing Human PPARa and Operates through Multiple 
Transcription Factors

G. Nielsen1, E. Reed2, W. Heiger-Bernays1, T. F. Webster1, D. Sherr1, and 
J. J. Schlezinger1. 1Boston University School of Public Health, Boston, MA; and 2Data 
Intensive Studies Center at Tufts University, Boston, MA.

Per and polyfluoroalkyl substances (PFAS) are a family of persistent chemicals that 
have been released pervasively in the environment leading to widespread exposure 
for humans. Epidemiological studies consistently indicate that exposure to specific 
PFAS alters serum lipid levels. Emerging evidence shows impacts on liver lipids in 
humans as well, however the extent of this impact and the mechanisms through 
which PFAS disrupt lipid homeostasis in the liver are not well understood. In this 
study, we examine the effects of perfluorooctanoic acid (PFOA; a legacy PFAS) on 
liver lipid profiles and probe mechanisms contributing to liver lipid dysregulation. 
We hypothesize that PFOA activates multiple hepatic nuclear receptors involved 
in lipid homeostasis with the combined effect on liver lipids depending on biologi-
cal sex and the specific nuclear receptors engaged. We test this hypothesis using 
a novel mouse model that expresses human peroxisome-proliferator activated 
receptor alpha (hPPARα) or no PPARα (PPARα knockout) to understand the role 
of PPARα specifically and in conjunction with other mechanisms. At weaning, male 
and female hPPARα and PPARα knockout (KO) mice were fed a human-relevant 
diet rich in lipids and cholesterol and exposed to PFOA via drinking water (8 μM) 
for 6 weeks. Sections of liver were collected to measure lipid profiles and gene 
expression with differences compared between PFOA and vehicle treated mice 
for each sex and genotype group. At the end of the study, serum PFOA concen-
trations were consistent with levels observed in occupational cohorts at 47 μg/
mL and 48 μg/mL in female and male mice, respectively. PFOA treatment signifi-
cantly increased liver total lipids and total triacylglycerides in male hPPARα mice. 
Liver total lipids and total triacylglycerides were also higher in PFOA treated female 
hPPARα mice than vehicle treated mice, though this difference was not statistically 
significant. There were sex- and genotype-specific alterations in hepatic ceramide, 
sphingomyelin, and phosphatidylcholine levels following PFOA treatment while no 
statistically significant differences in cholesterol ester levels were observed for 
any sex or genotype comparisons. PFOA treatment perturbed the largest number 
of genes and pathways in male hPPARα mice followed by female KO, male KO, 
and female hPPARα mice. Multiple pathways controlling lipid metabolism were 
induced following treatment with PFOA regardless of sex or genotype. There 
were several transcription factor pathways overrepresented in PFOA treated mice 
compared with vehicle treated mice including constitutive androstane receptor, aryl 
hydrocarbon receptor, pregnane X receptor, and peroxisome proliferator activated 
receptor alpha pathways. PPARα was responsible for a smaller percentage of 
the total changes in hepatic gene expression in mice expressing human PPARα 
compared with similar studies in wild type mice. There were more similarities in the 
PFOA gene signature when comparing mice expressing human PPARα to primary 
human liver spheroids than when comparing wild type mice to primary human liver 
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spheroids. These results underscore the importance of leveraging human-relevant 
animal models to understand mechanisms contributing to the PFOA-induced lipid 
dysregulation observed in human populations.

 2023 Assessment of Perfluorooctanesulfonic Acid (PFOS) 
Distribution in an Albumin-Deficient (Alb -/-) Mouse Model

E. Kaye, J. Becanova, and A. Slitt. University of Rhode Island, Kingston, RI.

Perfluorooctanesulfonic Acid (PFOS) is a perfluoroalkyl substance (PFAS) ubiqui-
tously found in the environment, with exposure largely occurring through the 
consumption of drinking water and food (via contact materials) and consumer 
product use/exposure. PFOS is detected in the serum of ~95% of the United States 
adult population and has a half-life of 4.1-8.67 years. Exposure is associated 
with increased cholesterol, liver hypertrophy, hepatocyte peroxisome prolifera-
tion, dyslipidemia, and obesity among others. In comparisons of PFOS accumu-
lation in whole blood and plasma, it was revealed that PFOS accumulates in the 
non-cellular blood fraction. Albumin is a protein synthesized by the liver that aids 
in moving small molecules throughout the blood and is important for maintaining 
fluid homeostasis. Albumin is the major carrier for PFOS and has been found to 
be 99% bound to PFOS in vitro. An analbuminaemic mouse model was chosen for 
this study to investigate how albumin contributes to the distribution of PFOS into 
PFAS relevant tissues, and to investigate how albumin influences liver endpoints 
such as: ALT, AST, total triglycerides, and liver pathology. It is hypothesized that 
PFOS concentrations will decrease in PFAS relevant tissues and adverse liver 
endpoints will be less severe in the albumin deficient mice as compared to wild 
type. In this study, adult male C57BL/6J albumin null (Alb-/-, n=8) and wild-type 
mice (Alb+/+, n=8) were orally administered either vehicle (0.5% Tween 20) or PFOS 
(10 mg/kg BW in 0.5% Tween 20) every day for 7 days. The mice were weighed 
every day and the dose was adjusted accordingly. A dose of 10 mg/kg BW was 
chosen to ensure adverse liver endpoints such as increased liver weight and total 
triglycerides, and hepatocyte vacuolation would be observed at day 7. At the time of 
necropsy, tissues were collected and snap-frozen in liquid nitrogen. Samples were 
homogenized and processed for LC/MS analysis. A significant overall change in 
body weight from day 1 to day 7 was seen between Alb +/+ PFOS treatment (-1.92 
g) and Alb -/- PFOS treatment (-0.48 g, p-value=0.0284). Liver weight (g) and the 
liver to body weight ratio (%) was not statistically significant between Alb +/+ PFOS 
treatment (2.17 g, 7.28 %) and Alb -/- PFOS treatment (2.22 g, 7.14 %), respectively. 
PFOS concentration and liver function data will be presented. In summary, our work 
will demonstrate the contribution of albumin to PFOS distribution and evaluate 
adverse liver endpoints in the absence of albumin.

 2024 Antioxidant Enzyme Activity Responses following Short-Chain 
Per- and Polyfluoroalkyl Substances (PFAS) Exposures in 
Human Liver, Kidney, Muscle, and Microglia Cell Lines

M. E. Solan, C. P. Koperski, S. Senthilkumar, and R. Lavado. Baylor University, Waco, TX.

There are lines of evidence pointing to legacy per- and polyfluoralkyl substances 
(PFAS) inducing the generation of reactive oxygen species (ROS) and compro-
mising antioxidant defense mechanisms in vitro and in vivo. While a handful of 
studies have assessed oxidative stress effects by PFAS, few specifically address 
short-chain PFAS. In the present study, we evaluated biomarkers of oxidative stress 
effects in vitro following exposures to low (1 nM) and high (1 μM) concentrations 
of five alternative PFAS compounds [undecafluoro-2-methyl-3-oxahexanoic acid 
(HFPO-DA), perfluorobutanesulfonic acid (PFBS), perfluorohexanoic acid (PFHxA), 
perfluorohexanesulfonic acid (PFHxS), and 6:2 fluorotelomer alcohol (6:2 FTOH)]. 
We conducted experiments in human cell lines representative of four different 
tissue types, including liver (HepaRG), kidney (HEK293-hTLR2), brain microglia 
(HMC-3), and muscle (RMS-13). We initially screened for oxidative stress in HepaRG 
cells using fluorescence microscopy and found evidence of ROS generation in 
cells exposed to PFBS and PFHxA. Subsequent analyses of antioxidant enzyme 
activities following 24 h short-chain PFAS exposures were conducted in HepaRG, 
HEK293-hTLR2, HMC-3, and RMS-13. Notably, we found that exposure to PFBS for 
24 h increased the activity of GPX in all four of the cell types at 1 μM and also at 
1 nM in HepaRG and RMS-13 cells. All of the short-chain PFAS evaluated, with the 
exception of PFHxS, increased the activity of at least one antioxidant enzyme in the 
cell lines we evaluated. To our knowledge, this is the first study of its kind to explore 
PFAS antioxidant defense enzyme activity alterations to microglia and muscle cell 
lines. Moreover, our evaluation of oxidative stress using metabolically competent 
HepaRG cells as our human liver model supports evidence from empirical findings 
in humans and challenges the results of studies that used cell lines with poor 
metabolic functioning. The findings of this study hold great potential to contribute 
to the limited understanding of short-chain PFAS mechanisms of toxicity and seeks 
to provide data necessary to inform the human health risk assessment process.

 2025 Investigating the Role of Perfluorooctanesulfonic Acid (PFOS) 
Exposure on Insulin Biosynthesis in Pancreatic βTC-6 Cells.

M. Marin, and A. R. Timme-Laragy. University of Massachusetts Amherst, Amherst, MA.

An oxidized redox environment in the endoplasmic reticulum (ER) of pancre-
atic β-cells is necessary for a key step of insulin biosynthesis, wherein proinsu-
lin undergoes oxidative folding of three disulfide bonds required for export from 
the ER. However, shifts in the redox status of the ER- either reductive or oxidative 
changes- can impair protein folding. As β-cells have low endogenous levels of 
many antioxidant defenses, they are particularly sensitive to toxicant-induced 
redox stress. Perfluorooctanesulfonic acid (PFOS) is a persistent and ubiquitous 
legacy environmental toxicant, historically used in numerous consumer products. 
Epidemiological and animal studies have linked exposure to PFOS to several 
adverse health outcomes, including β-cell dysfunction and oxidative stress. This 
study aims to investigate the role of PFOS exposures on proinsulin misfolding. 
Pancreatic βTC-6 cells were exposed to either 0.1% DMSO or 10, 50, or 100 mg/L 
PFOS for 48h. A group of cells was also co-exposed with 100 μM N-acetyl cysteine 
(NAC), a potent enhancer of cellular antioxidant capacity. Following exposures, cells 
were either fixed/permeabilized for proinsulin and insulin immunofluorescence with 
confocal imaging or lysed for gene expression of the ER stress markers ATF4 and 
CHOP. To assess proinsulin misfolding, βTC-6 cells were exposed to either 0.1% 
DMSO or 10 mg/L PFOS for 48h, lysed and split into three aliquots: 1) unmodi-
fied, to detect proinsulin aggregates, 2) alkylated with 6 mM AMS - to detect free 
cysteine (Cys), i.e. unfolded bond partners, and 3) reduced and alkylated - a positive 
control to show all potential Cys. All samples were then resolved by SDS-PAGE 
under reducing conditions and immunoblotting against proinsulin. Additionally, 
insulin secretion upon glucose stimulation (GSIS) was measured by ELISA. In PFOS 
exposed βTC-6 cells, no changes were observed in intracellular proinsulin fluores-
cence. However, intracellular insulin fluorescence decreased in cells exposed to 
50 and 100 mg/L PFOS, by 20 and 30%, respectively. This was accompanied by 
a decrease in glucose-stimulated insulin secretion. Interestingly, cells exposed to 
PFOS and co-exposed with 100 μM NAC showed a substantial decrease (60%) in 
intracellular insulin fluorescence compared to controls. ATF4 gene expression was 
increased in all treatment groups, including cells exposed to 100 μM NAC alone. 
βTC-6 cells exposed to PFOS, also showed an increase in proinsulin alkylation, 
which is an indication of free thiols and mispairing of cysteine residues. Overall, 
NAC was unable to rescue PFOS-induced changes and co-exposure seemed to 
exacerbate some of the endpoints investigated, highlighting reductive stress as 
an important and often over-looked mode of toxicity. These data demonstrate that 
exposure to environmental contaminants can disrupt the redox balance necessary 
to properly synthesize and secrete mature insulin, ultimately contributing to β-cell 
dysfunction. This work was supported by R01ES025748.

 2026 An Environmentally Relevant Mixture of Perfluoroalkyl 
Substances (PFAS) Impacts Proliferation, Steroid Hormone 
Synthesis, and Gene Transcription in Primary Human 
Granulosa Cells

K. L. Clark1,2, J. W. George1,2, and J. S. Davis1,2. 1University of Nebraska Medical Center, 
Omaha, NE; and 2Veterans Affairs Nebraska Western Iowa Health Care System, 
 Omaha, NE.

Perfluoroalkyl substances (PFAS) are a group of synthetic chemicals that are 
resistant to biodegradation and are environmentally persistent. PFAS are found 
in many consumer products including non-stick cookware, food packaging 
materials, upholstery, and personal care products. In addition, PFAS are a major 
source of water and soil contamination. PFAS exposure has been shown to delay 
menarche, disrupt menstrual cyclicity, cause early menopause via primary ovarian 
insufficiency (POI), and alter steroid hormone levels in human and animal models. 
Although virtually 100% of the U.S. population has measurable exposure to several 
types of PFAS, little research has been done to understand the effects of PFAS 
mixtures on reproductive health. We previously determined that exposure to a 
single PFAS, perfluorooctanoic acid (PFOA) promotes proliferation and migration 
in a human granulosa cell line, as well as promoting follicle growth in neonatal 
mouse ovaries. This study investigated the effects of a PFAS mixture [PFOA, 
perfluorooctanesulfonic acid (PFOS), perfluorohexanesulfonic acid (PFHxS)] 
on human granulosa cell (hGC) function and transcriptome, hypothesizing that 
a PFAS mixture would promote cell growth and alter gene expression. Primary 
hGCs were harvested from follicular aspirates of healthy, reproductive-age women 
(25-35 yr. old) who were undergoing oocyte retrieval for in vitro fertilization (n=8). 
The impact of PFAS exposure on hGC cell proliferation was evaluated by the MTT 
assay. Cells were cultured with vehicle control (DMSO <0.01% final concentra-
tion) or PFAS mixture (2 nM PFHxS, 7 nM PFOA, 10 nM PFOS) for 96h. Increased 
cell proliferation was observed (P < 0.05) and immunofluorescent staining with 
the cellular proliferation marker KI67 and cell cycle analysis via flow cytometry 
further supported the proliferative action of the PFAS mixture. To measure steroid 
hormone secretion, cells were treated with vehicle control or PFAS mixture and 
androstenedione (500 nM). After 48h, cells were treated with follicle stimulating 
hormone (FSH; 30 ng/ml). Media was collected 48h after FSH treatment, and 
estradiol and progesterone levels were measured from the media of treated cells. 
The mixture did not impact FSH-stimulated estradiol secretion but increased both 
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FSH-stimulated and basal progesterone secretion (P < 0.05). To identify genes 
altered after exposure to a PFAS mixture in hGCs, RNA-sequencing was performed 
followed by bioinformatic analysis. The significantly upregulated and downregu-
lated genes were chosen based on a log2foldchange value of 1.5 and (P < 0.05). 
The PFAS mixture upregulated 126 genes and downregulated 148 genes relative 
to the vehicle treated controls. Genes involved in follicle development, PPARG 
Coactivator 1 Alpha (PPARGC1A) and Spermatogenesis and Oogenesis Specific 
Basic Helix-Loop-Helix 2 (SOHLH2) were upregulated 1.5-fold. Further, Fibroblast 
Growth Factor Binding Protein 1 (FGFBP1), a key regulator of cell proliferation 
and differentiation was upregulated 3.6-fold. Conversely, ovarian specific Zona 
Pellucida Glycoprotein 1 (ZP1) was downregulated by 2.1-fold. Cytochrome P450 
Family 7 Subfamily B Member 1 (CYP7B1), an enzyme involved in the synthesis 
of cholesterol and steroids, was downregulated by 1.7-fold. Overall, this study 
demonstrates functional and transcriptomic changes in hGCs after exposure to 
a PFAS mixture, improving our knowledge about the impacts of PFAS exposures 
and female reproductive health. These findings suggest that PFAS compounds 
have the potential to disrupt normal granulosa cell function with possible long-term 
consequences on overall reproductive health.

 2027 Perfluoroalkyl Substances (PFAS) Induce Platinum Resistance 
in Ovarian Cancer by Improving Mitochondrial Membrane 
Potential and Altering Oxidative Stress Profiles

B. P. Rickard1, S. E. Fenton2, and I. Rizvi1. 1University of North Carolina at Chapel Hill, 
Chapel Hill, NC; and 2NIEHS, Research Triangle Park, NC.

Perfluoroalkyl substances (PFAS) are widespread, persistent environmental 
contaminants that frequently pollute drinking water supplies worldwide. While 
these chemicals have been linked to a plethora of adverse outcomes, studies 
have shown that PFAS exposure can increase risk of infertility and ovarian cancer. 
Ovarian cancer is the most lethal gynecologic malignancy with a ~65% mortality 
rate. One contributing factor to its high lethality is resistance to platinum-based 
chemotherapy, the standard of care for ovarian cancer treatment. Importantly, our 
recently published study showed, for the first time, that select PFAS induce platinum 
resistance in two ovarian cancer cell lines. We hypothesized that PFAS-induced 
alterations to mitochondrial biology were responsible for the observed platinum 
resistance. In the context of ovarian cancer, platinum-resistant tumor populations 
often display increased mitochondrial networks and enhanced bioenergetic capaci-
ties. To determine the effect of PFAS on mitochondrial and cell health, we evaluated 
changes in mitochondrial membrane potential and reactive oxygen species (ROS) 
production. Specifically, we measured superoxide and hydrogen peroxide (H2O2) 
production. Using the JC-1 dye, mitochondrial membrane potential was quantified 
after PFAS, carboplatin, or PFAS + carboplatin treatment. After PFAS exposure 
alone and in combination with carboplatin, mitochondrial membrane potential 
increased compared to controls by up to 46%, whereas carboplatin alone decreased 
mitochondrial membrane potential by ~50%. Carboplatin’s mechanism of action 
includes binding mitochondrial DNA and inducing ROS generation to promote 
apoptosis, so decreased mitochondrial membrane potential was expected. 
Increased mitochondrial membrane potential after PFAS exposure alone and in 
combination with carboplatin can signify improved mitochondrial functioning 
and cellular health, potentially providing a mechanism underlying the observed 
PFAS-induced platinum resistance. Another endpoint we evaluated was ROS 
production because in cancer cells, ROS production is often increased due to 
enhanced signaling pathway activity and energy production. Alongside increased 
ROS production, cancer cells increase antioxidant levels to mitigate oxidative 
stress. Since platinum-based agents increase ROS to induce apoptosis, increased 
antioxidant levels in cancer cells can contribute to diminished therapy response. 
To understand how ROS production is affected by PFAS exposure, ovarian cancer 
cells were exposed to PFAS for 48-hours prior to evaluating superoxide and H2O2 
levels. Preliminary data suggest that PFAS exposure does not affect superoxide 
levels; however, the half-life of superoxide is 5 seconds, so assay sensitivity may be 
an issue. As a secondary ROS endpoint, we measured H2O2 production. After PFAS 
exposure alone, H2O2 luminescence intensity increased in ovarian cancer cells, 
suggesting PFAS increase H2O2 production. Interestingly, after PFAS exposure + 
carboplatin treatment, H2O2 luminescence intensity decreased compared to the 
carboplatin only control, suggesting H2O2 production decreased, or antioxidant 
levels were increased in PFAS exposed cells and mitigated increased H2O2 produc-
tion. Regardless, our findings implicate alterations to mitochondrial functioning 
in PFAS-induced chemotherapy resistance. Future work will evaluate changes in 
mitochondrial DNA copy number and energy production pathways.

 2028 Impact of Per- and Polyfluoroalkyl Substances on Bone Marrow 
and Metastatic Prostate Cancer Growth

L. C. Garmo, M. K. Herroon, S. Mecca, A. Wilson, D. R. Allen, M. C. Petriello, and 
I. Podgorski. Wayne State University School of Medicine, Detroit, MI.

Per- and Polyfluoroalkyl substances (PFAS) are a persistent group of chemicals in 
the environment that have been found to accumulate in humans. There has been 
a surge in research efforts to study the health effects of PFAS; however, little is 
known to date about the potential association between PFAS and prostate cancer 

(PCa) incidence, and especially, the impact of these chemicals on development 
and progression of metastatic PCa (mPCa). The preferential site of metastasis 
from PCa is bone, notably also a major site of PFAS accumulation in humans. 
The bone marrow is abundant in fat cells (adipocytes), which increase in numbers 
with age and obesity, and serve as a source of lipids and energy for other cell 
types, including the metastatic tumor cells that have colonized the bone. We have 
shown previously that adipocytes contribute to metastatic progression by modulat-
ing tumor metabolism, inducing oxidative and ER stress, and supporting tumor 
survival. We have demonstrated that mPCa cells have high avidity for lipids and 
reciprocal interaction between the mPCa cells and fat cells in bone leads to upregu-
lation of lipid transporters, increase in lipid uptake, and ultimately, activation of 
pro-survival signaling in the tumor. It is known that peroxisome proliferator-ac-
tivated receptors (PPARs), specifically PPARα and PPARγ, are required for lipid 
metabolism and adipocyte differentiation (adipogenesis). PFAS exposure has been 
linked to PPAR activation and adipogenesis, but its specific effects on bone marrow 
are not known. We hypothesized that PFAS can contribute to mPCa progression in 
bone by promoting bone marrow adipogenesis and creating the microenvironment 
conducive to tumor growth and survival. We exposed a group of mice to a cocktail 
of 5 PFAS chemicals (PFOS, PFOA, PFNA, PFHxS, and GenX) in drinking water 
for 12-weeks. Tibiae and femurs were then collected and embedded for histolog-
ical analyses or snap-frozen for mass spectrometry and RNA extractions. H&E 
staining of the tibiae from PFAS-exposed mice revealed an increase in the number 
of adipocytes and an augmented expression of adipogenesis-associated genes, 
such as FABP4 and adiponectin, as determined by RT PCR. Subsequent RNAseq 
analyses of tibia samples revealed PFAS-induced changes in bone metabolism and 
turnover, suggesting a potential imbalance in adipocyte and osteoblast differenti-
ation. Mass spectrometry analysis of bone extracts from PFAS cocktail-exposed 
mice indicated that the compound with the highest accumulation in bone is PFHxS. 
Interestingly, our in vitro adipogenesis assays employing murine bone marrow 
derived mesenchymal stromal cells (BMSCs) in the presence or absence of PPAR 
inhibitors combined with RNAseq analyses showed that PFHxS can activate PPAR 
signaling and support bone marrow adipogenesis. Notably, exposure of mPCa cells 
to bone marrow adipocytes in the presence of PFHxS, led to significantly increased 
expression of lipid transporters FABP4 and CD36, lipid storage protein perilipin 
(PLIN2) and the oxidative stress marker HO-1 as compared to PCa cells cultured 
with control adipocytes. Given PFHxS affinity for bone and the previously reported 
tumor-promoting effects of FABP4, CD36 and HO-1, our results strongly suggest 
that exposure to PFHxS might be enhancing tumor-supportive role of fat cells in 
bone and contributing to metastatic progression. In vivo studies including histolog-
ical and transcriptomic analyses to delineate specific molecular mechanisms of 
PFHxS involvement in modulating the tumor as well as its bone microenvironment 
are currently ongoing.

 2029 An Integrated Computational Approach Using Machine 
Learning, Artificial Intelligence, and PBPK Modeling to Predict 
Nanoparticle Delivery to Tumors

W. Chou1, Q. Chen1, Y. Cheng2, C. He1, N. A. Monteiro-Riviere2, J. E. Riviere2, and Z. Lin1. 
1University of Florida, Gainesville, FL; and 2Kansas State University, Manhattan, KS.

Low delivery efficiency of nanoparticles (NPs) to tumors is a critical barrier for 
clinical translation of nanomedicines. The rapid growth of computational power, 
new artificial intelligence (AI) and machine learning (ML) algorithms may provide 
new tools to address this challenge. In this study, ML and AI models were generated 
to predict the significant tumor-related parameters based on physicochemical 
properties of NPs (e.g., size, shape, etc.,) or tumor-related metrics (e.g., tumor size, 
cancer type, etc.). Then, the ML-predicted parameters were used to define a generic 
physiologically based pharmacokinetic (PBPK) model in tumor-bearing mice. To 
predict the delivery efficiency (DE) of NPs to the tumor at 24 h (DE24) and 168 h 
(DE168) after intravenous administration, as well as the maximum DE (DEmax). 
ML and AI models were trained to predict uptake and release rate parameters of 
tumor cells based on our published Nano-Tumor Database (376 datasets of differ-
ent types of NPs in tumor-bearing mice). The performance of various traditional 
ML algorithms and deep learning approaches were compared. The PBPK model 
with optimized kinetic parameters was used to predict the DE of different NPs 
in the tumor and achieved a determination coefficient of R2 = 0.70 [root mean 
squared error (RMSE) = 0.46] for DE24, R2 = 0.41 (RMSE = 1.23) for DE168, and 
R2 = 0.71 (RMSE = 0.26) for DEmax. This study introduces a new methodological 
paradigm, by integrating ML and AI algorithms with PBPK modeling to construct a 
robust PBPK model for NPs. These results will help to improve our understanding 
of tumor DE of nanomedicines and the PBPK model can aid in the design of cancer 
nanomedicines with enhanced tumor DE.
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 2030 Pesticide Exposure Assessment and Chemical Ecotoxicity 
Prediction Using Machine Learning Models

Y. Shen1, W. Zhang2, E. Zhao3, A. A. Baccarelli1, and F. Gao1. 1Columbia University, 
New York, NY; 2Michigan State University, East Lansing, MI; and 3Beijing Academy of 
Agricultural and Forestry Science, Beijing, China.

Humans are exposed to a myriad of environmental pollutants (e.g., pharmaceuticals 
and personal care products, pesticides, metals, etc.) every day, which may impact 
human health individually or as a mixture. Exposure and toxicity assessment are 
important components in understanding the impact of exposure on human health. 
Our recent advances in novel machine learning and deep learning models in predict-
ing chemical fate and toxicity may leverage time-consuming laboratory and field 
experiments. Specifically, we predicted pesticide dissipation half-life intervals in the 
field, which is an important factor in assessing the environmental fate of pesticides 
and establishing pre-harvest intervals critical to good agriculture practices. 
Empirically measured pesticide dissipation half-lives are highly variable and the 
accurate prediction with models is challenging. We hence predicted hundreds of 
pesticide dissipation half-life intervals in plants using gradient boosting regression 
tree (GBRT), with extended connectivity fingerprints (ECFP), temperature, plant type, 
and plant component class as model inputs. We achieved the highest F1-micro 
score of 0.698 ± 0.010 (GBRT-ECFP) compared with other machine learning models. 
We also identified important substructures such as aromatic rings, carbonyl group, 
organophosphate N-containing heterocyclic groups related to pesticide dissipation 
half-lives through feature importance analysis. In addition to exposure assessment, 
we developed deep learning models for toxicity prediction. In silico prediction of 
chemical ecotoxicity (HC50) represents an important complement to improve in 
vivo and in vitro toxicological assessment of manufactured chemicals. Recent 
application of machine learning models to predict chemical HC50 yields variable 
prediction performance that depends on effectively learning chemical represen-
tations from high-dimension data. To improve HC50 prediction performance, we 
developed an autoencoder model by learning latent space chemical embeddings. 
This novel approach achieved state-of-the-art prediction performance of HC50 with 
R2 of 0.668 ± 0.003 and mean absolute error of 0.572 ± 0.001 that outperformed 
other dimension reduction methods (e.g., PCA) and machine learning models (e.g., 
random forest). Our results highlighted the usefulness of utilizing novel machine 
learning models in exposure assessment and toxicity prediction. 

 2031 Predicting Indoor Air and Dust Concentrations and Interpreting 
Measured Urinary Biomarkers

M. A. Jacketti1, R. E. Dodson2, R. A. Rudel2, J. F. Wambaugh3, R. Setzer3, and 
K. K. Isaacs3. 1Oak Ridge Institute for Science and Education, Oak Ridge, TN; 2Silent 
Spring Institute, Newton, MA; and 3US EPA/ORD, Research Triangle Park, NC.

US EPA, under its ExpoCast program, is developing high-throughput (HT) near-field 
modeling methods to estimate human chemical exposure and to provide real-world 
context to HT screening hazard data. These novel modeling methods include 
reverse methods to infer parent chemical exposures from biomonitoring measure-
ments and forward models to predict multi-pathway exposures from chemical 
use information and/or residential media concentrations. Here, both forward and 
reverse modeling methods were used to characterize the relationship between 
matched near-field environmental (air and dust) and biomarker measurements. 
Indoor air, dust, and urine samples from 120 females (aged 60 to 80 years) 
were collected and analyzed for concentrations of 89 chemicals identified as 
endocrine disrupting compounds (EDCs), including pesticides, flame retardants, 
and consumer product chemicals. In the measured data, 78% of the residential 
media measurements (across 89 chemicals) and 54% of the urine measurements 
(across 21 chemicals) were censored, i.e. below the limit of detection (LOD). Due 
to the degree of censoring, a partitioning model was applied to the available air 
and dust measurements to infer concentrations below the limit of detection, thus 
providing estimates for all monitored analytes in each household. Next, these data 
were used to train support vector regression machine learning models to predict 
air and dust concentrations from chemical use and structure descriptors (R2=0.98 
for air, R2=0.95 for dust); the models were validated against available air and dust 
measurements from the literature. The air and dust models were then applied to 
chemicals with parent exposures inferred from biomonitoring measurements. The 
predicted air and dust concentrations were used to estimate associated near-field 
exposures using a high-throughput (HT) model. These near-field exposures and 
existing HT exposure predictions for food contact pathways were combined and 
compared with the inferred exposures from the biomonitoring data (R2=0.4). These 
results indicate that the forward and reverse methods being developed in ExpoCast 
can aid in the identification of exposure pathways associated with measured 
urinary biomarkers.

 2032 PathologAI: A Deep Learning Framework for Whole-Slide 
Classification in Preclinical Pathology

N. Bussola1, J. Z. Xu2, T. Furlanello1, Y. Zhang2, L. Wu2, C. Furlanello1, and W. Tong2.
1HK3 Lab, Rovereto, Italy; and 2US FDA/NCTR, Jefferson, AR.

Manual examination of pathological tissues is the key step in animal studies to 
determine whether the testing compound would cause injuries to the animals 
and their extent and severity. This is a laborious process and requires extensive 
training. In addition, as spontaneous injuries may happen, it is critical to differen-
tiate spontaneous injuries from those caused by the treatment. To address these 
specific questions, PathologAI was developed as an AI framework for digital pathol-
ogy analysis at the whole slide image (WSI) level, adopting a weakly supervised 
classification approach and an image embedding based on Generative Models. It 
was applied to predict necrosis in liver images from the Toxicogenomics Project-
Genomics Assisted Toxicity Evaluation system (TG-GATEs), on a total of n=816 
WSIs with 377 controls. TG-GATEs thoroughly studied 170 compounds at three dose 
levels (low, middle, and high) with matched controls for four time points (3, 7, 14, and 
28 days). PathologAI first obtained a WSI preprocessing embedding transformation 
module based on a combination of HistoLab digital pathology image processing 
environment with a deep-learning Generative Adversarial Network architecture. 
This module was trained on 50 control slides free of pathological findings, 50 slides 
with minimal or slight necrosis, and 2 with moderate or severe necrosis. A convolu-
tional neural network (CNN) classifier was then trained on 120 control slides free of 
findings and 113 with moderate or severe necrosis. PathologAI achieved promising 
classification accuracy on the validation set: 87% among 87 control slides free of 
findings, 83% among 120 controls with spontaneous necrosis, 67% among 137 
treated animals with spontaneous minimal or slight necrosis, and 59% among 
127 treated animals with minimal or slight necrosis caused by the treatment. 
PathologAI was thus able to separate spontaneous necrosis from treatment related 
necrosis and discriminate mild findings and dose levels. PathologAI could provide 
the much-needed analysis tool to improve the efficiency, consistency, and accuracy 
of the preclinical toxicological studies.

 2033 Deriving Benchmark Dose from the Deep-Learning Prediction 
Scores of High-Throughput Toxicology Images

A. Tandon1, B. E. Howard1, D. Mav1, M. Balik-Meisner1, S. Ramaiahgari2, S. Ferguson2, 
R. Shah1, and B. A. Merrick2. 1Sciome LLC, Research Triangle Park, NC; and 2NIEHS/NTP, 
Research Triangle Park, NC.

Calculating benchmark dose values using conventional methods and transcrip-
tomic datasets requires significant time and resources and a well-planned 
experimental design. With recent technological advances in the field of toxicol-
ogy, thousands of photomicrographs can now be generated from multi-well cell 
culture plates, with each well treated with different chemicals at different doses. 
We recently developed a method that uses deep learning to classify digital assay 
images according to the health of the cells found in each well. Expert annotators 
worked with a dataset comprising 2,160 high-resolution assay images from differ-
entiated 2D cultures of HepaRG cells, treated with 24 chemicals, 10 doses and 9 
replicates each. Images were categorized into 2 classes: healthy (comparable to 
vehicle controls) and altered (not comparable to vehicle-control). We then used 
leave-one-out cross validation (LOOCV) to train a convolutional neural network 
(CNN) to perform binary classification of unlabeled images. Models were trained 
iteratively on the images corresponding to 16 chemicals while validation was 
performed on the images for the remaining 8 chemicals. Following this approach, 
we constructed a model that is able to classify assay images into healthy and 
altered classes with >98% accuracy. These classification scores are then used 
to calculate BMD values. We transformed each classification score (a number 
between 0 and 1) into a z-score (a number between -∞ and +∞) using the Probit 
function. These transformed scores were then further analyzed using BMDExpress 
software (version 2.3). Specifically, the four-parameter Hill model was used to 
perform the dose response predictions. We observed more than 90% Pearson’s 
correlation between the image-derived BMD values and the BMD values calculated 
using the corresponding transcriptomic dataset. In addition, we also performed 
pathway enrichment on those transcriptomic genes that showed higher correla-
tions between image and transcriptomic BMDs. We observed that apoptosis, cell 
death, necrosis, etc. were detected as the top enriched pathways. Together, these 
results suggest that BMD scores derived from high-throughput imaging might 
be used as an alternative faster and less resource intensive method to calculate 
benchmark doses. This approach might be useful, for example, during the experi-
mental design phase in order to suggest appropriate dosage ranges to use when 
developing more comprehensive transcriptomic experiments.
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 2034 Association between Exposure to Toxic and Essential Metal 
Mixtures and Gestational Age in the ELGAN Cohort

E. D. Brown Jr., A. Gardner, M. O’Shea, and R. C. Fry. University of North Carolina at 
Chapel Hill, Chapel Hill, NC.

Prenatal exposure to individual toxic metals is associated with adverse neonatal 
outcomes, specifically reduced gestational age, but few studies have investigated 
whether such outcomes are associated with metal mixtures. . This study evaluated 
the association between umbilical cord metal concentrations and gestational 
age. Data were collected from 294 children from the Extremely Low Gestational 
Age Newborn (ELGAN) cohort, a multicenter cohort study. Umbilical cords were 
collected and analyzed for levels of 11 metals: Arsenic (As), Manganese (Mn), 
Cadmium (Cd), Lead (Pb), Mercury (Hg), Copper (Cu), Antimony (Sb), Strontium (Sr), 
Selenium (Se), Barium (Ba), and Zinc (Zn). Metal co-exposures were modeled in 
three groups: total measured metals (As, Mn, Cd, Pb, Hg, Cu, Sb, Sr, Se, Ba, and Zn), 
toxic metals (Pb, As, Mn, Cd, Hg, Sr, Sb, Hg, Ba), and essential metals (Cu, Zn, Se). 
Additional mixed metals analyses were performed using quantile g-based computa-
tion including the same groupings of total metals, toxic metals, and essential 
metals. All models controlled for maternal education, insurance status, maternal 
age, maternal body mass index, and maternal smoking status. In the co-adjustment 
models, cord levels of strontium (β: -2.25, p = 0.04) and selenium (β: -6.93, p = 0.03) 
were significantly associated with decreased gestational age. In the metal mixtures 
analysis, a combined total metal mixture was related to gestational age with an 
estimated reduction of 2.75 gestational days (p=0.01). Levels of Pb, Sb, Copper, 
and As were associated with higher gestational age (mean difference: +1.85 
days), while Ba, Mn, Se, Cd, Hg, Zn, and Sr are associated with 4.61 gestational 
day reduction. These findings support the concept that exposure to metal mixtures 
during pregnancy are associated with decreased gestational age, highlighting the 
need for exposure monitoring programs for pregnant women.

 2035 A Mixture of Epidermal Growth Factor Receptor–
Disrupting Chemicals Reduce Cellular Bioenergetics 
and Alter Mitochondrial Dynamics in Human Primary 
Cytotrophoblast Cells

E. Ticiani, A. A. Waye, Y. Pu, I. A. Buhimschi, T. Perera, Y. Hu, and A. Veiga-Lopez. 
University of Illinois at Chicago, Chicago, IL.

During pregnancy, pregnant people are exposed to complex environmental 
chemical mixtures that reach the feto-placental unit and directly target the placenta. 
We and others have demonstrated that certain chemicals can affect activation of 
epidermal growth factor receptor (EGFR) which is essential for placental tropho-
blast growth and differentiation. Its native ligand, EGF can also stimulate glycoly-
sis and mitochondrial respiration in placental trophoblast cells. However, it is still 
unknown, whether EGFR-disrupting chemicals impair trophoblast cells’ cellular 
bioenergetics. To test this hypothesis, we isolated human primary cytotrophoblast 
cells (hCTBs; 5 primary cell cultures) from healthy pregnancies at term and exposed 
them for 24 h to a chemical mixture (Chem-Mix: atrazine, bisphenol S, niclosamine, 
PCB126, PCB153, and trans-nonachlor; doses: 1, 10 and 100 ng/ml) demonstrated 
by us in prior study to blunt EGFR activation. The oxygen consumption rate (OCR) 
was measured using a Seahorse XFe 24 flux analyzer following a mitochondria 
stress test protocol. None of the doses employed induced cytotoxicity in hCTBs. 
Chem-Mix did not affect basal OCR but reduced the maximum respiratory capacity 
in a dose dependent manner. To investigate whether the effect was EGFR mediated, 
hCTBs were exposed to 100 ng/ml Chem-Mix with or without EGF for 24 h. We 
then conducted mitochondrial and glycolytic stress tests and evaluated ATP 
production, glucose consumption, and lactate synthesis. The respiratory capacity 
and ATP production were increased by EGF, while Chem-Mix reduced both EGF- 
and non-EGF-mediated OCR and ATP production of hCTBs. A similar pattern was 
observed in the glycolytic medium acidification, with EGF increasing the acidifica-
tion, and Chem-Mix blocking EGF-induced glycolytic acidification. EGF also induced 
glucose consumption and increase lactate production. Interestingly, Chem-Mix 
blocked EGF-induced glucose consumption, but media lactate was increased by 
Chem-Mix independent of EGF. These findings were recapitulated in a human first 
trimester extravillous trophoblast cell line (HTR8/SVneo). To determine if changes 
in OCR and ATP production were due to changes in mitochondrial remodeling, 
HTR8/SVneo trophoblasts were exposed to Chem-Mix and immunostained with 
the outer mitochondrial membrane protein TOM20. Highly inclined and laminated 
optical sheet (HILO) illumination and stochastic optical reconstruction micros-
copy (STORM) super-resolution imaging revealed that Chem-Mix reduced the 
mitochondrial network. This was further confirmed by the reduction in OPA1, a 
mitochondria membrane GTPase involved in mitochondrial fusion. In conclusion, 
we demonstrated that a mixture of EGFR-disrupting chemicals alters mitochon-
drial remodeling, resulting in altered cellular bioenergetics, reducing the capacity of 
human cytotrophoblast cells to generate energy. Future studies should investigate 
the mechanism by which mitochondrial dynamics are altered and its pathological 
significance to the placenta and to pregnancy complications. Supported by NIEHS 
R01 ES027863 to A.V-L.

 2036 Role of Alkylated Polycyclic Aromatic Hydrocarbons in Mixture 
Toxicity from a Legacy Creosote Site

I. L. Moran1, R. L. Tanguay1, K. M. Waters2, and K. A. Anderson1. 1Oregon State 
University, Corvallis, OR; and 2Pacific Northwest National Laboratory, Richland, WA.

Creosote is a pesticide used to preserve wood products. Typically derived from 
distillation of coal tar, creosote is a complex mixture containing mostly polycyclic 
aromatic hydrocarbons (PAHs) and their derivatives. While creosote is a common 
contaminant, the toxic effects of weathered creosote are poorly understood. In 
particular, alkylated PAHs are abundant constituents of creosote and many 
petroleum products and are known to become enriched relative to their respective 
parents through weathering. Less is known about the toxicity of alkylated PAHs 
than their parent compounds. Despite this, alkylated PAHs have been shown to 
contribute substantially to the toxicity of PAH mixtures in the environment. The goal 
of this study is to understand the contribution of alkylated PAHs to the toxicity of 
a complex, weathered mixture from a legacy creosote site. This study utilizes low 
density polyethylene passive samplers deployed at a former wood treatment facility 
to accumulate freely dissolved organics in the surface water. Passive samplers 
are extracted and analyzed by gas chromatography - tandem mass spectrometry 
for unsubstituted and alkylated PAHs. To assess toxicity, embryonic zebrafish are 
exposed to passive sampler extracts in 96-well plates and are observed at 24 and 
120 hours post fertilization for a suite of behavioral and morphological endpoints. 
A twelve-month sampling campaign at the site has demonstrated substantial 
temporal variability in chemical abundance and toxicity with sum PAH concen-
trations in two adjacent months varying by greater than a factor of two and LC50 
values varying by a similar magnitude. Alkylated PAHs constituted the majority of 
measured PAHs in all samples (83-89%). Ongoing work seeks to determine the 
drivers of toxicity and the role of alkylated PAHs by fractionation of field collected 
mixtures in an effect-directed analysis framework. Fractionation by gel permeation 
chromatography revealed that three fractions together recapitulated the toxicity of 
the whole mixture. The fraction containing the alkylated PAHs caused the majority 
of the toxicity while the fraction containing many unsubstituted PAHs caused 
less than 10% mortality. A third unidentified fraction caused high incidence of 
notochord malformation in zebrafish at low concentrations. While further toxicant 
confirmation is necessary, these results suggest that highly abundant alkylated 
naphthalenes and phenanthrenes are responsible for driving toxicity rather than 
the routinely monitored parent PAHs. Understanding the role of alkylated PAHs 
can inform remediation efforts and improve our ability to protect human health and 
water quality.

 2037 Mammalian Toxicity of Environmental Debris and Plastic 
Particle Mimetics

S. E. Morgan, and L. A. DeLouise. University of Rochester Medical Center, Rochester, NY.

Microplastics (MPs, 1 µm - 5 mm) are ubiquitous environmental pollutants of 
emerging concern. Due to the pervasive and persistent nature of plastic particles 
in the environment, humans are routinely exposed to unknown quantities. 
Environmental MPs frequently contain sorbed additives, such as pigments and 
plasticizers, and other environmental pollutants, such as dioxins, polyaromatic 
hydrocarbons (PAHs), and heavy metals. Exposure studies in aquatic organisms 
indicate pure plastic particles can produce a variety of toxic effects, including 
impacts on mortality and reproduction that vary by the taxonomic group studied, 
and literature searches on potential sorbed pollutants indicate these chemicals 
have unique toxicity profiles as well. We hypothesize that MP-contaminant mixtures 
produce toxicity profiles that are unique from those of both MP and contaminant 
single exposures. In this project, the bioactivity, and physical and chemical proper-
ties of locally sourced environmental MPs were characterized, and reproducible 
laboratory-prepared environmental plastic particle mimetics were created and 
characterized. Environmental debris (8-20 µm) was isolated from Lake Ontario 
water samples using SiMPore silicon nitride nanomembranes. Particle bioactiv-
ity was measured through assays for cytotoxicity (Presto Blue), aryl hydrocarbon 
receptor (AhR) activity (RT-qPCR), and IL-6 concentration (ELISA) following 24-hour 
exposure in human HaCaT cells. Isolated debris from Lake Ontario scaled with 
volume filtered and contained Nile Red positive potential MPs. Additionally, the 
debris activated the AhR and upregulated CYP1A1 mRNA expression but did not alter 
cell viability. Investigations into the bioactivity of environmental plastic particles 
will be expanded upon through incorporating water samples from different spatio-
temporal locations and additional bioassays, such as oxidative stress. Results were 
supplemented with studies of laboratory-produced environmental MP mimetics. 
Polystyrene (PS) microbeads were soaked in combinations of 2,3,7,8-tetrachlorod-
ibenzo-p-dioxin (TCDD), bisphenol A (BPA), and atrazine for up to 20 weeks. Free 
chemical concentrations in solution were estimated through proxy measurements 
using AhR luciferase reporter cells, murine H1L1.1c2, and estrogen receptor (ER) 
luciferase reporter cells, human T47D-KBluc. Analysis of PS - TCDD MP mimetics 
suggests that TCDD activity is degraded in the presence of PS presumably through 
sorption. Preliminary results of mimetic exposure in H1L1.1c2 cells suggest PS 
differentially interacts with TCDD, BPA, and atrazine. Scanning electron microscopy 
images of PS soaked alone or with TCDD, BPA or atrazine reveal these conditions 
impact particle morphology differently. These and additional mimetics using more 
environmentally relevant plastic polymers, such as polypropylene and polyethylene 
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terephthalate, will continue to be prepared and characterized. Thus far, our work 
has shown Lake Ontario debris, including potential MPs, exhibits some bioactivity in 
human cells and that reproducible environmental plastic particle mimetics can be 
prepared. This highlights the need for better understanding of the impacts of plastic 
polymer and pollutant identity on MP bioactivity and of the risk these particles pose 
to human health.

 2038 PFAS Mixtures: RPFs or Sums?

T. F. Webster, and W. Heiger-Bernays. Boston University School of Public Health, 
Boston, MA.

Regulating PFAS in drinking water and other media presents a major challenge, 
in part because they typically occur as complex mixtures. There are a very large 
number of PFAS (>10,000) and toxicologic data are absent or sparse for most. 
Regulatory bodies in the USA and EU have tended to set limits based on health 
effects of PFOA or other well studied compounds, comparing this value with the 
sum of the water concentration (or dose) of a handful of PFAS. On the other hand, 
a relative potency factor (RPF) approach has been proposed for PFAS. This paper 
examines whether the assumptions for RPFs have been met, comparing and 
contrasting two recent lines of research. First, RPFs for PFAS have been proposed 
based on in vivo liver toxicity, stating that dose-response relationships were parallel 
(including assuming equal maximal effect (efficacy)), a necessary but not sufficient 
requirement for the RPF model. Second, several papers have examined PPARa 
activation by PFAS, thought to be an important molecular initiating event (MIE) 
for these compounds. Most recently, concentration-response curves for individ-
ual PFAS and mixtures were generated utilizing Cos-7 cells containing hPPARa 
driving a luciferase reporter system. Using the individual concentration-response 
curves, the response of mixtures was estimated via three mixtures models: RPFs, 
generalized concentration addition (GCA) and effect summation; the predictions 
were compared to empirical results. hPPARa activation by the tested PFAS showed 
variation in both potency and efficacy with the sulfonic acids tending to have 
lower efficacy than the carboxylic acids. GCA, which allows differences in efficacy, 
provided the best fit of the data. The equal efficacy assumption of RPFs (“parallel 
concentration-response curves”) was violated. However, approximate low-dose 
RPFs that depend on both potency and efficacy may perform better. Additional 
data suggest multiple MIEs for PFAS. Prediction of the combined effect resulting 
from the merger of signals from multiple MIEs is not well understood and can be 
consistent with concentration addition, but not guaranteed. In the face of these 
uncertainties, the current approach of summing of some PFAS may be an appropri-
ate interim procedure, although an additional uncertainty factor for the mixture 
should be considered. An alternative approach might use extractable organofluo-
rine as a warning signal regarding unexplained organofluorines that might contrib-
ute to mixture effects.

 2039 Mapping a Path to Disease: Quantifying the Risk of Exposure 
to Environmental Chemical Mixtures via a Common Molecular 
Target Using a Geospatial Modeling Approach

K. M. Eccles1, A. L. Karmaus2, N. C. Kleinstreuer3, F. Parham1, J. F. Wambaugh4, and 
K. P. Messier1. 1NIEHS, Research Triangle Park, NC; 2Inotiv, Morrisville, NC; 3NIEHS/
NICEATM, Research Triangle Park, NC; and 4US EPA, Research Triangle Park, NC.

Real-world chemical exposures are composed of multiple chemicals heteroge-
neously distributed across space. However, traditional risk assessments based 
on in vivo animal studies typically use a chemical-by-chemical approach and 
only consider apical disease endpoints. New approach methodologies (NAMs) 
in toxicology, such as in vitro high-throughput (HTS) assays generated in Tox21 
and ToxCast, can quickly provide mechanistic chemical hazard information for 
chemicals with no existing data. While HTS assays are also typically performed 
chemical-by-chemical, the assays themselves often focus on a single biological 
target allowing inference of cumulative impact of a mixture on that target. We 
establish a workflow for a geospatially resolved biological target-based risk assess-
ment based on the chemical perturbations of a common molecular target. By 
integrating modeled county-level ambient exposures in the air from the USA-wide 
National Air Toxics Assessment (n = 41) with hazard data from curated HTS assays, 
we identify regions where exposure to local chemical mixtures may perturb the 
same biological target. This proof-of-concept is demonstrated using an assay that 
informs on CYP1A1 mRNA transcription up-regulation. We apply physiologically 
based toxicokinetic (PBTK) modeling using high throughput toxicokinetics (httk), 
parameterized using county age and obesity status distributions to convert inhaled 
concentrations to in vitro equivalent steady-state blood plasma concentrations. The 
concentration-response data from curated HTS assay data was used as well as 
the assumption of chemical additivity to predict the combined effect of chemical 
exposure on the biological target. The risk of biological perturbation is mapped by 
county. Finally, we used a Monte Carlo uncertainty analysis to quantify the influence 
of each parameter on the overall results. This method applies a biological target-
based approach to estimate the risk of disease pathway perturbations based on 
exposure to geospatially resolved chemical mixtures. This flexible workflow can be 
adapted to address risk of exposure to chemical mixtures for other media, routes 

of exposure, and molecular targets. Overall, this work will help advance chemical 
risk assessment methods and can be integrated with other risk assessment 
frameworks such as adverse outcome pathways.

 2040 Sex Differences in a Mouse Model of Wildfire Smoke Inhalation

C. Migliaccio. University of Montana, Florence, MT.

Due to climate change, wildfire smoke inhalation is a major global health concern 
as wildfires are increasing in frequency and intensity with each passing year. 
Although wildfires threaten lives directly, the resulting smoke has much broader 
effects on nearby and even distant populations, contributing to increased morbid-
ity and mortality. In both a community exposure study and a murine model of 
wildfire smoke inhalation, we observed delayed effects of wood smoke (WS) on 
lung function, with a clearly skewed effect on males versus females. These novel 
findings indicate sex bias in the effects of WS exposure. In addition to a significant 
increase in pulmonary resistance in male mice, alterations to pulmonary leukocyte 
populations, including macrophages, were also observed in a delayed manner with 
the same sex bias: increased ex vivo TNFα production and decreased efferocy-
tosis. As interleukin (IL)-33 is a known contributor to obstructive-like pathologies 
(i.e. asthma, COPD), the potential role of this cytokine was assessed in our mouse 
model and was observed to be elevated in females and not expressed in males. 
Subsequent IL-33 treatment of males prior to and during a WS exposure resulted in 
an abrogation of the original pulmonary functional changes similar to that observed 
in the female animals, confirming a novel IL-33-dependent mechanism for mitigat-
ing WS health effects. With the known interconnectedness of alveolar epithelial 
cells (EC) and alveolar macrophages (AM), and the establishment of EC as key 
source of IL-33, these results suggest important WS effects on these two cell types 
that result in novel changes and sex-specific health effects. RNAseq analysis of 
AM from WS-exposed mice found a large difference in the total number of differen-
tially expressed genes (DEGs) in males as compared to females (DEGs: 79 vs 12, 
respectively). Functional annotation enrichment analysis (e.g., Reactome, KEGG) 
revealed that the male-specific DEGs are enriched (padj < 0.05) for genes related 
to endoplasmic reticulum protein processing and for target genes of the environ-
mentally responsive transcription factors PPARα and HSF1. These data suggest 
a distinct sex effect following WS exposures that can inform on mechanisms of 
resulting health effects in wildfire smoke events, as well as potential mitigation 
strategies. This work is supported by NIH grants R21ES029679 and R25ES022866, 
ALA grant CA -924160, and its contents are solely the responsibility of the authors 
and do not necessarily represent the official views of the NIH or ALA.

 2041 Early-Life Wildfire Smoke Exposure Is Associated with 
Persistent Lung and Peripheral Blood Endoplasmic 
Reticulum Stress

D. J. You, A. Rindy, D. Shrestha, and L. A. Miller. University of California Davis, Davis, CA.

The National Research Defense Council estimates that over 200 million people 
in the United States live in counties that have been affected by wildfire smoke 
conditions. Despite becoming a public health concern, it is unknown whether 
exposures to wildfire smoke can lead to the development of chronic disease, 
particularly in vulnerable populations. To address this knowledge gap, the overall 
objective of our research is to investigate the mechanisms by which wildfire 
smoke can elicit cellular injury in the respiratory tract of pediatric populations. We 
hypothesize that early-life inhalation of PM2.5 derived from wildfires can promote 
endoplasmic reticulum (ER) stress. To test this hypothesis, lung and blood from 
outdoor housed rhesus macaque monkeys exposed to high ambient wildfire PM2.5 
emissions were assessed for biomarkers of ER stress. Lung biospecimens were 
obtained from monkeys that were housed outdoors as infants during the 2018 and 
2020 wildfire seasons in Northern California (1.5 year old, n=5, 2018 cohort; 1 year 
old n=4, 2020 cohort). Controls consisted of age and sex-matched lung biospeci-
mens obtained from the Oregon National Primate Research Center (1 year old, n=5; 
6 months old, n=3). Peripheral blood mononuclear cells (PBMC) were also isolated 
from animals born in 2020 that were exposed to wildfire smoke during infancy (6-8 
months old, n=13). PBMC isolated from animals born in 2022 and not exposed to 
wildfire smoke served as controls (2-3 months old, n=7). Gene expression for ER 
stress markers and aryl hydrocarbon receptor (AhR), known to attenuate ER stress, 
was assessed by qRT-PCR. Protein expression for activating transcription factor 4 
(ATF4), eukaryotic translation initiation factor 2A (eIF2A), and AhR was measured 
by western blot. Lung ATF4 mRNA was significantly increased in 2018 wildfire-ex-
posed monkeys relative to controls. Correspondingly, lung ATF4 protein for both 
2018 and 2020 cohorts of wildfire-exposed monkeys was increased compared to 
controls. There was a significant decrease in lung AhR mRNA and protein for both 
the 2018 and 2020 monkey cohorts. A significant increase in eIF2A mRNA level was 
also observed in PBMC from wildfire-exposed infant monkeys relative to controls. 
Collectively, we have found evidence that early-life wildfire smoke exposure is 
associated with increased ER stress markers, including ATF4 and eIF2A, for both 
lung and PBMC in young rhesus monkeys. Dysregulation of ER stress markers 
was observed in cohorts exposed to two different wildfires, suggesting a common 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 67



toxicologic mechanism for cellular injury resulting from wildfire smoke exposures. 
California Air Resources Board Agreements 15-303, 10-303, NHLBI T32 HL007013, 
NIEHS P30 ES023365, NIH P51 OD011107.

 2042 Wood Smoke Particulate Exposure Induces NRF2-Mediated 
Intercellular Signaling between Fibroblasts and Epithelial Cells 
in a Lung Co-culture Model

N. Mallek1, and S. McCullough2. 1University of North Carolina at Chapel Hill, Chapel Hill, 
NC; and 2US EPA, Research Triangle Park, NC.

Wood smoke particulate (WSP) exposure causes respiratory disease including 
asthma, COPD, infections, and cancer. The number of individuals exposed to WSP 
is increasing due to climate change and increased development at wildland urban 
interfaces, yet our knowledge of the cellular and molecular mechanisms leading to 
adverse respiratory outcomes is not. We hypothesized that exposure to WSP would 
disrupt the normal function of epithelial cells and engender an oxidative stress and 
inflammatory response in directly exposed epithelial cells and indirectly exposed 
fibroblasts. We developed an in vitro organotypic model that combines both airway 
epithelial cells (16HBEs) and airway fibroblasts (IMR90s). We found that the epithe-
lial cell layer displayed a high electrical resistance, low compound permeability, and 
polarized tight junction proteins, which recapitulates in vivo physiology. However, 
after 24 hours of exposure to WSP markers of epithelial barrier integrity decrease, 
indicating that WSP exposure impacts normal epithelial cell function. We then 
investigated the effects of WSP exposure on the kinetics of gene expression for 
targets related to the oxidative-stress response and pro-inflammation in both epithe-
lial cells and fibroblasts as RNA-sequencing indicated a large increase in transcript 
expression related to these responses. We found the early exposure response (2-6 
hours) in epithelial cells involves cytokine induction (IL-8, IL-6, IL-1α, and IL-1β), 
and the early exposure response in fibroblasts involves redox-sensitive targets 
(HMOX-1, GCLM, SQSTM-1). The late exposure response (12 and 24 hours) involves 
enzyme induction (NQO-1 and COX-2) in both cell types. These results indicate a 
differential exposure response wherein directly exposed epithelial cells undergo an 
early inflammatory response, and indirectly exposed fibroblasts attempt to mitigate 
redox stress. To discover the molecular events leading to changes in target expres-
sion, we then investigated the role of the NRF2, ERK, and P38 signaling pathways, 
as these are known to activate oxidative-stress and pro-inflammatory responses. 
We observed a significant increase in both the stabilization of NRF2 protein and 
the translocation of NRF2 to the nucleus; however, no significant increase in the 
phosphorylation of ERK1/2 or p38 was observed, indicating that WSP exposure 
induces a NRF2-mediated response rather than MAPK-mediated. We then investi-
gated if the NRF2-mediated response could relate to intercellular signaling by 
inhibiting NRF2 activity solely in fibroblasts, as we determined previously that the 
fibroblasts had an early redox-sensitive response. We found that NRF2 inhibition 
in fibroblasts attenuated the induction of redox-sensitive targets and changed the 
expression of pro-inflammatory cytokines (IL-8, IL-1α) in fibroblasts. The inhibition 
of NRF2 in fibroblasts also increased the expression of pro-inflammatory cytokines 
(IL-8, IL-6, IL-1α, IL-1β) without any change in redox-sensitive targets in epithelial 
cells, suggesting that the fibroblast NRF2-response mediates the WSP exposure 
response of epithelial cells. We found that WSP exposure disrupts normal epithelial 
barrier function and induces a NRF2-mediated response in both epithelial cells and 
fibroblasts. Further, the NRF2 response in fibroblasts may modulate the epithelial 
response to WSP, as loss of NRF2 signaling in fibroblasts increases the induction 
of pro-inflammatory targets in epithelial cells. These results elucidate the complex 
multicellular response to WSP exposure in an effort to bridge the gap between 
environmental exposure and adverse respiratory outcomes. Does not reflect 
EPA policy.

 2043 TRPA1- and TRPV3-Dependent Regulation of Human Airway 
Epithelial Cell Damage and Repair Triggered by TRPA1 Agonist 
and Wood/Biomass Smoke Particulate Matter

S. N. Serna, M. G. Golkowski, and C. A. Reilly. University of Utah, Salt Lake City, UT.

Wood/biomass smoke particulate matter (WBSPM) is a pervasive and pneumo-
toxic environmental pollutant that can cause acute and chronic lung and respiratory 
dysfunction. WBSPM is a potent Transient Receptor Potential Ankyrin-1 (TRPA1) 
and TRP vanilloid-3 (TRPV3) activator, attributable to the presence of electrophilic 
(aldehydes) and non-electrophilic (alkyl substituted phenols) compounds. We 
hypothesized that the airway epithelial cell (AEC) injury-repair cycle triggered by 
WBSPM would be regulated by the coordinated function of kinase-regulated signal-
ing pathways linked to TRPA1 and/or TRPV3 activity. Proteomics, qPCR, western 
blots, cell viability assays, selective kinase inhibitors, and cultured human AECs 
treated with WBSPM and/or TRPA1 agonists revealed oxidative and endoplasmic 
reticulum stress (ERS) as processes contributing to cytotoxicity. Allyl isothiocy-
anate (AITC) is a specific electrophilic TRPA1 agonist that produces robust and 
reproducible ERS and AEC damage/toxicity in vitro. Treatment of AECs with 
AITC for 2-4 hours produced robust morphological changes among cells which 
recovered at times >6 hours. Despite these significant morphological dynamics, 
proteomic analysis identified only 6 proteins as significantly changed at 2h, includ-
ing the loss of fibronectin and tublin (key matrix/structural proteins that regulate 

cell morphology). At 6 hours, only 36 proteins changed, including proteins respon-
sible for structural/matrix regulation, the oxidative stress-response, ERS, and 
transcriptional/cell cycle regulation. However, phosphoproteome analyses at 2 and 
6 hours revealed changes in 2672 and 1886 unique phosphosites on hundreds 
of unique proteins, respectfully. Phosphosite-GSEA analysis identified EGFR, Akt, 
PKC, and p38 MAPK as mediators of the observed changes, and a complimentary 
kinase inhibitor screen paired with cell viability assays linked these pathways with 
the regulation of AEC damage, demonstrating that EGFR, MEK 1/2, JNK 1/2, and 
Akt were protective while PKC, p38 MAPK, GSK3β, and ERK1/2 were pro-cytotoxic. 
When temporal changes in mRNA expression were examined, TRPA1 and TRPV3 
exhibited a dynamic relationship where TRPV3 expression was initially elevated 
while TRPA1 was suppressed. This was followed by an increase in TRPA1 and loss 
of TRPV3 before both returned to a basal level as cells repaired and recovered. 
Western blot analysis also demonstrated an increase in phospho-EGFR and Akt, 
as well as decreased phospho-NF-kB. GSK3β phosphorylation did not change. 
Prior results on WBSPM injury in AECs indicated that expression of TRPV3 during 
injury-repair enhanced cell adhesion and attenuated proliferation via negative 
feedback on EGFR signaling. Considering this, we propose a mechanism wherein 
TRPA1, TRPV3, calcium signaling, and EGFR-dependent kinase signaling balance 
injury and repair following WBSPM/TRPA1 agonist injury. By understanding this 
mechanism, it may be possible to develop targeted therapeutic solutions by 
harnessing specific features of this network. Support: ES017431 and ES027015.

 2044 Electronic Cigarette–Derived Aerosols, Formaldehyde, and 
the Transient Receptor Potential Ankyrin 1 in Endothelial 
Dysfunction in Mice

L. Jin, L. Fryar, and D. J. Conklin. University of Louisville, Louisville, KY.

After a decade of use of electronic cigarettes (E-cig) in the United States, there 
remains uncertainty of cardiovascular disease (CVD) risk. Studies in humans and 
animals show that exposures to E-cig aerosols induce endothelial dysfunction (ED), 
an early biomarker of increased CVD risk. To address how E-cig induces ED, and 
as E-cigs use propylene glycol and glycerin (PG:G) solvents, we hypothesized that 
exposure to PG:G-derived aerosol likely induces ED via aldehydes. Moreover, as 
formaldehyde is both abundant in E-cig aerosol and an agonist of the transient 
receptor potential ankyrin-1 (TRPA1) channel, we expected that TRPA1 mediated 
ED. To assess TRPA1-dependence, both pulmonary irritant reflexes in real time 
and aortic endothelial function (% ACh relaxation) ex vivo were measured in female 
wild-type (WT) and TRPA1-null mice exposed to either PG:G (30:70), formaldehyde 
(5 ppm), or filtered air (6h/day, 4 days). Group data were compared with unpaired 
or paired t-tests as appropriate (α=0.05). During PG:G (30:70) and formaldehyde 
exposures, both respiratory rate and expiratory time were significantly altered in 
WT mice, but not in TRPA1-null exposed mice. In WT female mice, PG:G (30:70) 
and formaldehyde exposures induced aortic ED ex vivo (-61.8±4.2 % ACh; −56.3±4.5 
% ACh, respectively) vs air control group (-78.2±2.0 % ACh). However, in female 
TRPA1-null mice, both PG:G (30:70) and formaldehyde exposures did not induce 
aortic ED ex vivo (-93.0±3.6 % ACh; -85.6±7.8 % ACh, respectively) vs air control 
(-76.8±7.5 % ACh). Similarly, both PG:G (30:70) and formaldehyde exposures 
slightly depressed the PECR (1.28±0.03; 1.3±0.1, respectively) in WT female mice 
compared with air (1.5±0.1), but no such effect was observed in exposed TRPA1-null 
female mice (2.0±0.2; 1.8±0.1, respectively) vs air (1.8±0.2). These data implicate 
formaldehyde in E-cig aerosols in ED associated with E-cig use. The mechanism 
of action appears to be via TRPA1 activation - a novel finding - and likely sensory 
TRPA1 in the airways as Kratschmer reflex (respiratory depression) response was 
also TRPA1 dependent. Overall, these findings are a warning sign that levels of 
formaldehyde (and other aldehydes) in E-cig aerosols should be lowered to protect 
public health.

 2045 Respiratory Structural and Functional Changes with Electronic 
Cigarette Aerosol Exposure in a Mouse Model

Y. M. Farra, H. Millan Cotto, J. Matz, C. Bellini, and J. M. Oakes. Northeastern University, 
Boston, MA.

Electronic cigarette (e-cig) usage amongst teenagers in the U.S. has been rising for 
the last decade. Approximately 20% of high schoolers and 5% of middle schoolers 
regularly vape e-cigs that contain many of the same harmful chemicals found in 
combustible tobacco cigarettes. Unfortunately, the effects of inhaling e-cig aerosols 
on respiratory health are not fully understood. All experiments were performed with 
tobacco flavored JUULTM pods, 3% nicotine. Particle sizes and concentration (PM) 
were measured with an Engine Exhaust Particle Sizer (EEPS, TSI) and a MicroDust 
Pro monitor (Casella), respectively. Female Apoe-/- mice were nose-only (inExpose, 
Scireq) exposed to either e-cig aerosols (2 puffs/min, PM 300 mg/m3) or room air 
for 95 mins daily and 5 days/week over 16 weeks; exposure duration was based 
on pharmacokinetic analysis. Following the final exposure, respiratory mechanics 
(flexivent, Scireq) was evaluated via impedance measurements at a positive end 
expiratory pressure of 3 cmH2O. Static compliance (Cst) was determined by fitting a 
sigmoidal relationship to the P-V curves. Airway resistance (RN), coefficient of tissue 
elastance (H), and coefficient of tissue resistance (G) were determined by solving 
the constant-phase model. Maximum airway resistance (RN,max) was determined 
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for increasing doses (1.5 - 25 mg/mL) of methacholine. Bronchoalveolar lavage 
fluid (BALF) supernatant was analyzed using an Quansys multiplex ELSIA assay. 
Conducting airway thickness and parenchyma dimensions (linear mean intercept, 
LM; thickness) were measured from histological images of the left and right apical 
lobes. E-cig aerosols exhibited a bi-modal distribution with peak count median 
diameters of 13.3 and 116 nm. Compared to controls, airway resistances were 
larger in the e-cig exposed mice (RN,e-cig = 0.253 ± 0.025 vs. RN,Air = 0.174±0.006 
cmH2O-s/mL), with a corresponding increase in airway lumen thickness (Be-cig = 
8.64±0.62 vs. BAir = 7.39±2.02 μιχρονσ). Similarly, coefficients of respiratory 
elastance (He-cig = 28.65±1.78 vs. HAir = 22.94±1.13 cmH2O-s/mL) and resistance 
(Ge-cig = 5.11±0.81 vs. GAir = 4.26±0.39 cmH2O-s/mL) were larger in e-cig exposed 
mice compared to controls. These functional changes were supported by small 
LM and no changes in parenchyma tissue thickness. Exposure to e-cig aerosols 
enhanced airway hyperresponsiveness following challenge at all concentrations of 
methacholine, compared to their controls. Several BALF cytokines were elevated 
following 16 weeks of e-cig exposure, including IL-3 and MIP-1a. Prolonged e-cig 
aerosol inhalation caused pathological changes in the function and structure of the 
respiratory system. Notably, exposure led to organ-level stiffening and enhanced 
airway hyper-responsiveness, due to changes in the parenchyma and conducting 
airway structure, respectively. These findings suggest that prolonged use of e-cig 
devices, such as the popular JUULTM

 may cause remodeling of the respiratory 
system that detrimentally impact lung function. This work was supported by a NIH/
NHLBI award R03 HL142472 and a NSF GRFP Fellowship (Y. M. Farra).

 2046 Acute Toxicity of Tobacco and Menthol Flavored E-cigarette 
Aerosols in Normal and Diseased Differentiated 3D Mucociliary 
Lung Tissues

I. Rahman, and T. Muthumalage. University of Rochester Medical Center, Rochester, NY.

Tobacco and Menthol flavored electronic cigarettes are widely available with little 
information on pulmonary toxicity data. Exposure to e-cigarette aerosol constitu-
ents in healthy (normal) or individuals with pre-existing respiratory diseases such 
as asthma and chronic obstructive pulmonary disease (COPD) may affect differ-
ently. At present, the toxicity of exposure to these products in users with pre-ex-
isting lung diseases is unknown. We hypothesized that exposure to e-cigarette 
aerosols in asthma and COPD tissues would have greater cytotoxicity and cause 
immunosuppression compared to normal lung tissues. Differentiated mucociliary 
3D tissues from (EpiAirway, Mattek) from healthy (normal) and asthma and COPD 
donors who were nonsmokers and smokers were exposed to propylene glycol/
vegetable glycerin (PG/VG), tobacco, menthol, and spearmint from 10-90 puffs (55 
mL, 3 puffs/min, 30s inter puff interval) using Vitrocell air-liquid interface aerosol 
exposure system. Further, EpiAirway3D tissues were treated with predominant 
flavoring chemicals of these flavors, pulegone, and eugenol at 500 µM. Twenty-
four hours later, mucosal rinse, conditioned media, and tissues were collected. 
Inflammatory mediators in conditioned media and mucosal rinse were measured 
by Luminex assay. 3D tissues were stained with H&E and PAS stains. LDH assay on 
conditioned media was performed for cytotoxicity. RNA and protein were collected 
for gene expression analysis and western blotting. Exposure to PG/VG, menthol/
mint, and tobacco flavored aerosols elicited dose-dependent cytotoxicity and 
inflammatory responses. In healthy nonsmokers a significant increase in inflam-
matory cytokines, IL8, IL6, GM-CSF, G-CSF, PDGF-BB, IP-10, and IL1Ra were seen. 
IL-1Ra, in particular, was altered in COPD tissues. Overall, compared to air exposure, 
PG/VG, menthol/mint, and tobacco flavors showed an increased mucosal immune 
response. However, in smokers, these responses were differential but augmented 
compared to nonsmokers. H&E staining showed goblet cell hyperplasia in asthma 
and COPD tissues compared to normal with all aerosol exposures. Lung injury 
markers (RAGE, PAI-1), mucins (MUC5AC), and the sensory receptor (TRPM8) were 
augmented with aerosol exposures. Comparative assessments of cytotoxicity, 
inflammatory mediators, and lung injury markers of E-liquid aerosols of tobacco and 
menthol/mint flavors were assessed in normal and diseased lung tissues. Including 
humectant (PG/VG), menthol/mint (cooling), and tobacco flavors, affected 
tissues with disease (asthma/COPD) phenotypes differently compared to healthy 
(normal) tissues. Mucosal immunity played a significant role in the elicited immune 
response. Pre-existing conditions exacerbated the injurious response, and smokers 
exhibited impaired immune responses. Our data suggest that vaping e-cigarettes 
or switching to e-cigarettes adds a modified risk to lung disease pathogenesis in 
smokers and nonsmokers, especially under pre-existing lung disease conditions. 
The study concludes that comparative hazard characterization is crucial in the 
regulatory toxicological profiling of flavors in normal and disease models. This 
study was supported by K99ES033835 and U54CA228110.

 2047 Inflammatory Macrophage Accumulation in the Lung following 
Ozone Exposure in Humans Is Associated with Increases in 
MCP-1 and CXCL10

D. Laskin, E. Stevenson, R. C. Rancort, K. Black, J. Cervelli, H. Kipen, J. D. Laskin, and 
A. J. Gow. Rutgers, The State University of New Jersey, Piscataway, NJ.

Ozone (O3) is a ubiquitous air pollutant that presents a concern for public health. 
O3 exposure in rodents induces a well-characterized and persistent increase in 
proinflammatory macrophages in the lung. Inhibiting the activity of these cells 
mitigates toxicity, demonstrating that these cells play a key role in the pathogenic 
response to O3. However, the role of inflammatory macrophages in O3 toxicity in 
humans remains poorly characterized. To address this, we analyzed the phenotype 
of lung macrophages in induced sputum from healthy human subjects follow-
ing exposure to air or O3. Subjects were recruited for this study at the Controlled 
Exposure Facility located in the Environmental and Occupational Health Sciences 
Institute at Rutgers University. Each subject (n=37) produced a sputum sample for 
initial analysis to ensure their ability to generate sufficient quantities of materials. 
Subjects were exposed to air (filtered, 3 hr) and O3 (0.2 ppm, 3 hr) 7 days apart, the 
order of which was determined through a randomized cross-over design. Sputum 
samples were obtained after air exposure and 24 (n=13), 48 (n=12), and 72 (n=12) 
hr post-O3 exposure. Mucus plugs were manually separated from sputum, weighed, 
and incubated in dithiothreitol (0.1%). Recovered cells were immunostained and 
analyzed by flow cytometry; sputum supernatants were analyzed for monocyte 
chemoattractants MCP-1 and CXCL10 by ELISA. Viable, CD45+ cells were classi-
fied into 3 discrete populations: resident macrophages (HLA-DR+/SS-hi), recruited 
macrophages (HLA-DR+/SS-low), and granulocytes (CD14-/HLA-DR-/CD11b+/
CD16+). Relative to each individual subject’s air sample, recruited macrophages 
were significantly increased at 24 (131±40%*), 48 (59±23%*), and 72 (42±17%*) 
hr post-O3 with the greatest increase at 24 hr. Granulocytes were also significantly 
increased at 24 hr post-O3 (29±14%). O3 also induced expressional changes in 
macrophages derived from human sputum. Significant increases the mean fluores-
cence intensity of CD11b (7199±1274*) and CD14 (2649±812*) were observed 
24 hr. post-O3, and CD192 was increased at 24- (795±163*), 48- (464±171*), and 
72- (543±223*) hr. after exposure. In parallel, MCP-1 and CXCL10 levels were 
increased on average by 150% in sputum with increases observed in 8 of 12 
subjects at 24 hr. post O3. Phenotypic changes in resident macrophages and an 
influx of recruited macrophages and granulocytes to the lung may be important 
in the pathogenic response of humans to acute O3 exposure. Supported by NIH 
ES004738 and ES005022.

 2048 Mass Spectrometry Imaging Reveals Spatial Lipidomic 
Perturbations following Ozone-Induced Exacerbation of Allergic 
Asthma Characteristics in Mice

N. C. Stevens, J. D. Martinez, V. J. Brown, M. C. Domanico, L. S. Van Winkle, and 
O. Fiehn. University of California Davis, Davis, CA.

Asthma is a chronic respiratory disease resulting in airway obstruction that is 
defined by airway hyperresponsiveness (AHR), excessive mucus production, and 
airway inflammation. Exposure to ozone is an established risk factor for exacerbat-
ing asthma in humans, but the molecular mechanisms underlying physiologic and 
morphologic changes that precede this outcome are less understood. Our previous 
studies identified distinct differences in global metabolomic profiles between major 
lung regions through analysis of microdissected lung tissue, underscoring the 
importance of spatial characterization of target region responses for inhaled lung 
toxicants, including ozone. This study expanded upon these findings using mass 
spectrometry imaging to characterize metabolomic changes at the cellular level 
following acute ozone exposure in allergen-sensitized mice. This is the first study 
to our knowledge that has examined spatial differences in metabolite profiles using 
a model of environmental exposure. Considering our previous untargeted metabo-
lomics results indicated changes in the abundance of numerous lipid classes in 
response to ozone, we hypothesized that changes in phospholipids, sphingolip-
ids, and glycosphingolipids would distinguish spatial differences between control-
treated and exposed mice. Adult male (M) and female (F) BALB/c mice were 
sensitized intranasally (I.N.) to 10 μg house dust mite (HDM) extract in 25 μL PBS 
on days 1, 3, and 5 then challenged on days 12-14 with I.N. HDM (10 μg in 25 μL 
PBS). Mice were subsequently exposed to ozone following each HDM challenge 
for 6 hr/day. The left lung lobes were cannulated and inflated with 1% agarose then 
embedded in agarose before flash freezing in liquid nitrogen and used for mass 
spectrometry imaging (N=3M & 3F/group, total N=12). Cryosections 15 μm-thick 
were placed on indium tin oxide glass slides and sprayed with 2,5-Dihydroxybenzoic 
acid for acquisition in positive mode or 9-aminoacridine for negative mode using 
a Bruker timsTOF fleX mass spectrometer at a resolution of 10 μm. Accurate 
mass-based annotations corresponding to glycosylceramides and multiple classes 
of phospholipids exhibited marked differences in abundance between the conduct-
ing airways and alveoli. Importantly, the inherent spatial differences observed within 
the control tissues were modulated by combined HDM + ozone exposure. These 
preliminary findings necessitate further analysis incorporating multivariate statis-
tics and histological assessment to identify individual cell populations responsible 
for the exposure-related differences observed in our analysis. Overall, our study 
highlights the potential of mass spectrometry imaging to achieve metabolomic 
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characterization of the lung at the cellular level and provides the basis for future 
studies to address cell-specific responses following exposure to environmental 
pollutants. Support in part: T32 ES007059, T32 HL007013, R21 ES030276.

 2049 The Role of Myeloid Heme Oxygenase 1 in Ozone-Induced 
Pulmonary Injury, Inflammation, and Antioxidant Responses

S. J. Cochran1, K. Dunigan-Russell1, E. Schott1, B. Saunders1, M. J. Yaeger1, A. Birukova2, 
M. A. Guttenberg2, T. J. McMahon2, R. M. Tighe2, and K. M. Gowdy1. 1Ohio State 
University, Columbus, OH; and 2Duke University, Durham, NC.

Ozone (O3) is a ubiquitous criterion air pollutant associated with increased 
incidence and exacerbation of cardiopulmonary diseases. Acute O3 inhalation 
causes increased pulmonary oxidative stress as well as inflammation, driven in part 
by the activation of alveolar macrophages. To combat O3-induced oxidative stress, 
the lung up-regulates antioxidant response elements such as heme oxygenase 1 
(HO-1). HO-1 is an inducible transcription factor that is essential for degrading 
free heme into anti-inflammatory mediators. It is highly expressed in macrophages, 
which recognize and degrade free heme bound to the plasma glycoprotein, 
hemopexin. It is known that O3 increases HO-1 expression in the lung. However, it is 
unknown if macrophage expression of HO-1 dampens O3-induced inflammation and 
oxidative stress. We hypothesize that HO-1 expression in macrophages is essential 
for dampening pulmonary inflammation and oxidative stress following exposure 
to O3. We exposed male LysM-Cre driven heme oxygenase 1 knockout (LysM-HO-
1-/-) and WT mice to either filtered air (FA) or 1 ppm O3 for 3 hours (proportional 
to a human exposure during an O3 action day). Mice were necropsied at 24 hours 
following exposure to collect bronchoalveolar lavage (BAL) fluid, blood, and lung 
tissue. We measured cell differentials in BAL samples, as well as total protein, 
albumin, and hemopexin via enzyme-linked immunosorbent assay (ELISA). We also 
measured the antioxidant response via mRNA expression in lung tissue. In WT mice, 
O3 exposure significantly increased BAL total protein (p=0.001), albumin (p=0.013), 
and total leukocytes (p=0.001). O3 exposed WT mice also had significantly higher 
lung tissue expression of antioxidants including glutamate-cysteine ligase catalytic 
subunit (GCLC, p=0.002), HO-1 (HMOX1, p=0.042), and nuclear factor erythroid 
2-like 2 (NFE2L2, p=0.014). However, O3 exposure did not significantly alter the 
pulmonary expression of NAD(P)H quinone oxidoreductase 1 (NQO1, p=0.052) or 
nitric oxide synthase 2 (NOS2, p=0.34). We observed similar trends for LysM-HO-
1-/- mice exposed to O3 compared to their respective FA controls. In LysM-HO-
1-/- mice, O3 exposure significantly increased BAL albumin (p=0.007) as well as 
lung tissue expression of GCLC (p=0.034) and NRF2 (p=0.042). Interestingly, in 
LysM-HO-1-/- mice, O3 exposure significantly decreased total leukocytes in the BAL 
(p<0.001), whereas an increase was observed for WT mice (p=0.001). Additionally, 
O3 exposure significantly increased lung tissue NQO1 expression (p=0.042) in 
LysM-HO-1-/- mice, whereas it was not significantly changed in WT mice (p=0.052). 
To determine if the altered antioxidant response in the LysM-HO-1-/- was driven 
by decreased heme metabolism, we measured BAL hemopexin. However, BAL 
hemopexin levels were not significantly different between O3-exposed Lysm-HO-
1-/- and WT mice (p=0.25). Thus far, our data indicate myeloid expression of HO-1 
mediates pulmonary antioxidant responses to O3 exposure, with implications for 
altered resolution of lung inflammation and injury. Future studies will focus on the 
role of myeloid HO-1 expression in the resolution of O3-induced inflammation at 
successive time points as well as macrophage-specific heme metabolism.

 2050 Cross-Species Transcriptomics in Liver Spheroids Identifies a 
Dog-Specific Mechanism of Hepatotoxicity for Amcenestrant

R. J. Brennan1, P. Bajaj1, S. Sauzeat2, O. Dorchies3, M. Dufault1, B. Richards4, and 
K. K. Adkins1. 1Sanofi, Cambridge, MA; 2Sanofi, Montpellier, France; 3Sanofi, Chilly-
Mazarin, France; and 4Sanofi, Waltham, MA.

Amcenestrant is an orally available selective estrogen receptor degrader (SERD) 
that demonstrated dose-limiting hepatotoxicity at 100 mg/kg/day in a 1-month 
toxicity study in dogs; body weights and food consumption were decreased, and 
increases in ALT, AST, and total bilirubin were observed. In a subsequent 3-month 
GLP toxicity study in dogs, animals administered the high (60 mg/kg/day, later 
reduced to 45 mg/kg/day) and mid (30 mg/kg/day) dose levels died, were electively 
euthanized, or were given a dosing holiday due to low food consumption, body 
weight loss, and increased liver enzymes. Microscopic findings in the liver (single 
cell hepatocellular necrosis, pigmented Kupffer cells, and neutrophilic infiltrate of 
the central vein) were observed at all dose levels, including the low dose (10 mg/
kg/day). No notable hepatotoxicity was observed in rat toxicity studies conducted 
with amcenestrant, and no dose-limiting compound-related hepatic observations 
were seen in clinical studies with amcenestrant. Whole genome transcriptional 
profiles of rat, dog, and human liver spheroids were generated by RNA sequencing 
for amcenestrant and RA15400562 (an N-dealkyl metabolite observed at higher 
levels in dog than in human or rat) to investigate the differences in hepatotoxicity 
observed between these species. Spheroids were treated with these compounds 
at a single concentration of 12 µM for amcenestrant and 50 µM for RA15400562 
(approximately = IC20) for 6, 24, and 72 hours. The transcriptional profiles in liver 
spheroids revealed key differences in biological response to both amcenestrant 
and RA15400562 between rat, dog, and human. Strong FXR antagonist activity 

with profound downregulation of protective hepatic bile acid exporters was 
observed with both compounds in the dog, and to a weaker extent in the rat, but 
not in human. Bile Salt Export Protein (BSEP) was 7.4-fold downregulated at 72 
hrs. by amcenestrant in the dog, and organic solute transporters alpha and beta 
(OSTalpha, OSTbeta) were also suppressed. In contrast, PXR agonist activity was 
observed in the human following amcenestrant treatment, but not in the dog or 
the rat. RA15400562 did exhibit PXR agonist activity in rat. Together, these data 
suggest that dogs may be uniquely susceptible to cholestatic hepatotoxicity follow-
ing administration of amcenestrant. In vitro hepatic spheroid cultures coupled 
with transcriptional profiling present a powerful tool for mechanistic evaluation of 
species differences in toxic response.

 2051 Organotypic 3D Primary Human Nasal Tissue for Infection with 
SARS-CoV-2 Variants and Drug Safety and Efficacy Studies

S. Ayehunie1, S. Durand1, J. Oh2, K. Jung3, B. Hurst3, M. Klausner1, A. Armento1, 
Y. Kaluzhny1, and J. Oldach1. 1MatTek, Ashland, MA; 2The Jackson Laboratory, 
Farmington, CT; and 3Utah State University, Logan, UT.

The nasal mucosa serves as the first line of defense against inhaled chemicals, 
drugs, and respiratory infections in the nasal cavity. Here we developed a novel 
in vitro primary human cell-based 3D human nasal epithelial tissue (NET) cultured 
on microporous membrane cell culture inserts at an air-liquid interface (ALI). 
The NET was characterized by histology, barrier function (TEER), viability (MTT), 
infection with viruses, and response to toxic chemicals. Histological and immuno-
histochemical evaluation of the in vitro NET model showed a polarized, ciliated, and 
multilayered tissue that expresses epithelial cell marker including the SARS-CoV-2 
entry-related /proteins/genes (ACE-2 and TMPRSS2). To monitor reproducibility, 
TEER results from N=21 lots were analyzed and the mean TEER value for the lots 
was 423±67 Ω*cm2. Single cell sequencing of the differentiated NET cultures also 
confirms the presence of differentiated cell types (goblet, club cells, basal, multicil-
iated cells, and not previously identified cells (NPIC)). The NET tissue model was 
infectable with SARS CoV-2 variants (Beta, Delta, and Omicron) and the maximum 
infection was noted around Day 4, which is slightly faster than the 5 days observed 
for tracheal-bronchial tissues (EpiAirway). A dose dependent response was noted 
when the infected NET tissues were treated with drugs such as Remdesivir and 
EIDD1931. Tissue toxicity was monitored by Cell Counting Kit-8 (CCK-8). To 
evaluate the utility of the nasal tissue model for toxicological studies of respiratory 
irritants, we tested the effect of a known mucous membrane irritant, butylamine, 
following 4 hr topical exposure to 0.5 and 2 mg/mL of the test article. The data 
showed reduction in barrier by 12.3 ± 5.8 and 33.2% ± 0.0, respectively, compared to 
the vehicle control (corn oil), which is indicative of toxicity caused by the test article. 
In short, this novel NET model can be added to the toolbox of 3D respiratory tissue 
models to predict viral infection, drug safety and efficacy, and toxicity of chemical 
inhalants at an important respiratory entry site.

 2052 Microphysiological Systems Detect Hepatotoxicity More 
Sensitively Than Current Safety Assessment Models

C. J. Schmidlin, H. Young, C. James, J. P. Stutz, K. Goldstein, C. Moreland, M. Finizio, 
B. Ackermann, T. Ryan, and T. Baker. Eli Lilly and Company, Indianapolis, IN.

In clinical trials, prime drug candidates are often discontinued because of hepato-
toxicity that was inferiorly detected in preclinical or in vitro models. Currently, early 
drug safety assessments utilize preclinical rodent and non-rodent animal models 
to evaluate hepatotoxicity, yet gaps still exist in our ability to detect clinical drug-in-
duced liver injury (DILI). Recent developments in microphysiological systems 
(MPS) combine human multicellular complexes with fluidics to better recapitulate 
a human liver with the goal of predicting drug toxicities in clinical and real-world 
settings. Herein, troglitazone induced a ~70-fold increase in cytotoxicity in a liver 
MPS, whereas no hepatoxicity was detected in a Flat Culture model. Our data also 
demonstrate that adverse effect levels in MPS are predicted closer to the clinical 
Cmax, thus narrowing the safety/efficacy window. Transcriptomic comparisons of 
human primary hepatocytes and liver non-parenchymal cells (NPCs) in Flat Culture 
and MPS indicate that multiple biological processes, including pathways associ-
ated with drug metabolism and cytokine interactions, differed significantly between 
the two models. Additionally, further analysis of inflammatory signaling highlighted 
the communication between the various channels of the MPS, as LPS treatment 
of NPCs affected cytokine response in hepatocytes. This could explain as to why 
DILI was more sensitively detected in MPS when compared to Flat Culture. Overall, 
the performance and relevance of MPS to enhance the detection of hepatotoxicity 
indicate that these models could innovate current safety standards and disease 
models by better predicting human response to drugs; thus, ensuring improved 
translational efficiency for drug candidates entering clinical trials.
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 2053 Quantification of Arrhythmia Risk from Chronic Chemical 
Exposure in Engineered Three-Dimensional Human 
Cardiac Microtissues

M. C. Daley1, U. Mende2, B. Choi2, and K. L. Coulombe1. 1Brown University, Providence, 
RI; and 2Rhode Island Hospital and Warren Alpert Medical School of Brown University, 
Providence, RI.

Adverse cardiovascular events, particularly arrhythmias, remain among the 
most frequent toxic responses to pharmaceuticals. For instance, many classes 
of chemotherapeutics (e.g., anthracyclines) have long-term cardiovascular 
side effects. Current safety assessment relies on labor-intensive in vivo models 
that are limited by species-specific physiology and targeted in vitro assays that 
only capture a single arrhythmia mechanism. Moreover, these assessments are 
often limited to examining acute toxicity at high drug concentrations, which do 
not reflect chronic, in vivo exposure conditions. To address these limitations, we 
examined the concentration responses of the action potentials (APs) of in vitro 
human cardiac microtissues under both acute and chronic exposure conditions to 
identify concentration- and time-dependent proarrhythmic effects of pharmaceu-
ticals compounds with known chronic cardiotoxicity. We examined doxorubicin, 
a common chemotherapeutic which is known to cause heart failure due to direct 
cardiomyocyte toxicity, and pentamidine, an antifungal known to inhibit ion channel 
trafficking and increase arrhythmia risk after long-term exposure. Self-assembled 
microtissues were generated by combining human induced-pluripotent stem 
cell-derived ventricular cardiomyocytes and primary human cardiac fibroblasts in 
a 90:10 ratio in agarose round-bottom microwells. Microtissues were cultured for 
one week prior to drug exposure. APs were recorded via optical mapping with the 
voltage sensitive dye di-4-ANEPPS under 1 Hz pacing. Eight metrics quantifying 
changes in the AP (i.e., excitability; stimulation delay; rise time; AP duration (APD) 
to 30%, 50%, 80%, and maximum repolarization (mxr); and AP triangulation) were 
measured after 1-hour, 1-day, and 3-day exposures to doxorubicin (0.1, 0.3, 1, 3 
μM) or pentamidine (0.1, 0.3, 1, 3 μM) and compared to vehicle controls (0.1% v/v 
dimethyl sulfoxide) in 3-4 molds per condition (n = 90-136 microtissues). After 
3 days, microtissues treated with high dose doxorubicin (3 μM) lost excitability. 
Lower doxorubicin doses (1 μM) had significantly shortened APDs to 30%, 50%, 
80%, and maximum repolarization (APDmxr: 302.2 ± 35.5 ms vs 410.0 ± 44.3 ms 
in controls). This shortening of APD and loss of excitability is in line with cardio-
myocyte toxicity and ischemic injury observed in vivo after doxorubicin treatment. 
Contrastingly, high dose (3 μM) pentamidine-treated microtissues had statistically 
significant increases in APDmxr (489.7 ± 49.5 ms versus 410.0 ± 44.3 ms) and 
AP triangulation (166.1 ± 30.1 ms versus 119.3 ± 25.5 ms) after 3 days. These 
changes in APD and triangulation are distinct from doxorubicin responses and are 
associated with delayed late-stage repolarization due to inhibited hERG channel 
trafficking. Taken together, these results demonstrate that human cardiac microtis-
sues can detect proarrhythmic changes in AP after chronic exposure to compounds 
arising from multiple mechanisms and suggest their potential utility in predicting 
cardiotoxicity of pharmaceuticals in vitro.

 2054 Benchmark Dose-Response Modeling Is Advantageous for 
Multiple Endpoints Analysis for Drug Safety Evaluation Purposes

A. Vieira da Silva, J. Ringblom, P. Moldeus, E. Törnqvist, and M. Öberg. Institute of 
Environmental Medicine, Karolinska Institutet, Stockholm, Sweden.

The pharmaceutical development process aims to identify potentially safe 
candidate drugs (CDs), to describe their potential hazard and to evaluate their 
risk-benefit. Historically, this has been performed based on in vivo studies, where 
statistical tests are employed to compare the exposed animals to the control 
group, employing often the no-observed-adverse-effect-level (NOAEL) approach, 
which determines the highest dose resulting in for which the observed effects are 
considered non-adverse. The alternative approach, benchmark dose-modeling, was 
employed to potential dose-response relationships in the data, and has been used 
in various regulatory domains, but its applicability to drug development has not 
been explored. To this end, it was applied to 63 endpoints of three consecutive in 
vivo studies, in a drug development setting. These endpoints included biochemistry, 
hematology, organ pathology, and clinical observations. A 5% change was set as 
the default as the benchmark rate (BMR), and model averaging was employed. 
Additional data exploration was performed through a spearman correlation 
matrix for all three studies. Compared to the NOAEL approach, the BMD method 
estimated better the plausible doses leading to effects and handled well situations 
where effects occurred below the lowest tested dose/study NOAEL. In sum, the 
BMD approach seems advantageous to characterize the potential toxicity, a step 
performed during the safety assessment of a potential candidate drug. Additionally, 
the employment of this dose-modeling approach implies a step forward in terms of 
reduction and refinement of animal experiments, as more information is retrieved 
from the same number of animals, and at lower doses. Taken together, employ-
ing BMD-modeling as a substitute, or as a complement, to the NOAEL approach 
seems appropriate.

 2055 Imaging Enabled Minimally Invasive Detection of Systemic 
Tissue Injury Induced by a Chemotherapeutic Drug

S. E. Johnson1,2, A. Mazar2, A. Tran1, and M. Zhao1,2. 1Northwestern University, Chicago, 
IL; and 2Durametrix LLC, Milwaukee, WI. Sponsor: M. Zhao, American College  
of Toxicology.

The efficacy of chemotherapy is often limited by the poor pharmacodynamic 
properties which often result in narrow therapeutic windows with a high occurrence 
of adverse events in patients. The ability to assess systemic tissue injury induced by 
chemotherapeutics will have a significant impact on pharmaceutical development 
and in clinical oncology. The goal of this study was to investigate the feasibility of 
using 99mTc-duramycin, an imaging agent which detects membrane reorganization 
as a surrogate marker for apoptosis/necrosis, for assessing systemic tissue injury 
induced by anticancer drugs using Doxorubicin (DXR) as a model. Biodistribution 
techniques were used to study the uptake of 99mTc-duramycin in control versus 
DXR-treated rats. The biodistribution of 99mTc-duramycin in control rats were 
established as baseline (n = 15), and in drug-treated animals (n = 15). The elevation 
in 99mTc-duramycin uptake, a surrogate marker for tissue injury, was quantified 
using t-test and rank sum test. The ratios between each treated animal and the 
basal level were also calculated to determine the individual susceptibility to drug 
toxicity. Whole body dynamic scans were then performed to investigate the spatio-
temporal dynamics of DXR-induced tissue damage. Histopathology and tissue 
analysis for apoptosis are currently underway to validate the findings. Significant 
elevation in 99mTc-duramycin uptake was detected in multiple organs/tissues in 
treated animals compared to control concurrent with known toxicities reported 
in the literature. Whole-tissue based caspase activation assays established a 
positive correlation between the level of apoptosis and 99mTc-duramycin uptake. 
Additionally, our imaging technique detected nonapoptotic tissue injury that was 
not detectable by caspase assay but was accompanied with a prominent elevation 
in 99mTc-duramycin uptake. For DXR treated rats, susceptible organs/tissues 
identified using 99mTc-duramycin uptake as indices were consistent with known 
toxicity of the drug. In vivo SPECT studies indicated that the signal changes in 
99mTc-duramycin as a result of drug toxicity are detectable and quantifiable, thus 
providing critical proof-of-concept for the utility of this technology. The imaging 
technique also revealed gender-based differences in uptake indicating differing 
degrees of damage and susceptibility post-treatment with DXR. Minimally invasive 
imaging with 99mTc-duramycin provides useful information on both individual and 
population levels for gauging systemic tissue injury induced by chemotherapeutics. 
This approach has potential to generate a real impact on pharmaceutical develop-
ment, drug discovery, and clinical oncology.

 2056 Benchmarking Risk for Aryl Hydrocarbon Receptor Activation in 
Rat and Application to Developmental Candidate, Merck A

A. G. Aslamkhan, K. Q. Tanis, R. Hao, K. M. Pearson, S. Pacchione, A. M. Tamburino, 
W. Kang, A. Podtelezhnikov, Z. Wang, M. Su, P. Lane, Z. Erdos, K. B. Bleicher, P. Ciaccio, 
B. Sacré-Salem, P. Fuller, M. J. Fell, K. Otte, F. D. Sistare, and W. E. Glaab. Merck & Co. 
Inc., Rahway, NJ.

Aryl Hydrocarbon Receptor (AhR) is a receptor that responds to xenobiotics to 
induce specific metabolic pathways including the CYP1A1 and CYP1A2 genes. 
Sustained AhR activation has been associated with carcinogenicity and other toxici-
ties in rodents and humans. Thus, identification of this liability is of the utmost 
importance to ensure patient safety. We assessed AhR activation in rats using 
Cyp1a1 and Cyp1a2 transcriptional induction in liver as sensitive and specific 
biomarkers. To define a biological threshold for carcinogenic risk, we conducted 
1-week rat studies with an interim peel-off using two AhR-activating carcinogens 
and three AhR-activating non-carcinogens. These studies identified an “alerting 
risk” level based on a scoring range that separated AhR-related carcinogenic risk 
for carcinogens from non-carcinogens, while also demonstrated sustained and/
or elevated transcriptional activation for AhR-activating carcinogens over time. 
This alerting scoring range level flagged only 6% of our compounds as requiring 
further investigation of carcinogenic risk. An alerting AhR score for Merck A was 
identified in a 4-day rat study which further increased in a 1-week study. We then 
assessed an in vitro AhR luciferase assay with parent drug but did not observe 
AhR activation. To confirm the in vivo Cyp1a1 and Cyp1a2 transcriptional response 
were indeed mediated by AhR, we compared responses in AhR knockout (KO) and 
wildtype (WT) rats. We observed Cyp1a1 and Cyp1a2 induction for Merck A and 
PCB-126 in WT, but not in KO rats. In addition, we used chromatin immunoprecip-
itation with a rat AhR specific antibody on samples from the 1-week rat study to 
demonstrate that AhR binding to Cyp1a1 and Cyp1a2 promoters in rat livers was 
induced in animals treated with Merck A. Finally, in vitro studies were conducted in 
a metabolically competent model where Cyp1a1 was robustly induced by Merck A, 
and the response was robustly reduced by P450 knockdown with Por/CyB5 siRNA. 
Together, these findings support that the observed in vivo AhR response was 
metabolite driven and provided a mechanistic understanding of the AhR-mediated 
response for Merck A. This provided a path forward using in vitro screening in a 
metabolically competent model to avoid AhR activation and associated carcino-
genic risk for backup compounds from the same target.
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 2057 Nonclinical Pharmacodynamics and Safety Assessment 
of RO7497987, a FLT3L-Fragment Fc Fusion Protein for 
Cancer Immunotherapy

K. C. Wu, A. O. Adedeji, T. Zabka, I. Hosseini, and G. K. Rao. Genentech Inc., South San 
Francisco, CA.

RO7497987 (FLT3L-Fc) is a cytokine-Fc fusion, agonizing receptor-type 
tyrosine-protein kinase FLT3 (fms-related tyrosine kinase 3; also known as CD135). 
FLT3 is expressed on dendritic cells (DCs) as well as myeloid and lymphoid progen-
itors. Agonism of this pathway promotes DC proliferation, differentiation, mobiliza-
tion and survival. RO7497987 is a potential treatment for cancer, especially in the 
combination setting in patients receiving checkpoint immunotherapy. Nonclinical 
pharmacodynamics and safety were assessed in Sprague-Dawley rats and cynomo-
lgus monkeys. RO7497987 was well tolerated at doses of up to 10 mg/kg IV given 
every 3 weeks for 2 doses with no adverse findings. RO7497987 induced marked 
expansion of blood cDC1, cDC2, and pDC cells (up to 301-fold in rats and 378-fold 
in monkeys), peaking at 8-10 days after first dose. The major clinical pathology 
findings were expansion of white blood cell (WBC) populations including lympho-
cytes, monocytes, neutrophils, basophils, and large unstained cells, which were 
most pronounced after the first dose. The WBC changes in both species correlated 
microscopically with histiocytic and mononuclear cell infiltrates in multiple organs 
in all dose groups examined and associated with minimal to mild hepatocellular 
necrosis in the liver in the rats. Tissue immunohistochemistry for CD68, CD135, 
CD3 and CD20 in monkeys showed that the leukocyte infiltrates within immune 
system, liver, respiratory tract, and gastrointestinal tract were comprised of FLT3+ 
hematopoietic progenitor cells and histiocytes with a reactive morphology and 
were associated with a slight stimulation of regional T cell and B cell populations. 
In addition, RO7497987 treatment was associated with minimal to mild decrease 
in red blood cell (RBC) mass, increase in red blood cell distribution width (RDW), 
variable changes in reticulocytes in both species, and altered platelet counts in rats 
only. The RBC and WBC findings were associated microscopically with increased 
hematopoietic cellularity of the bone marrow in both species and with increased 
splenic megakaryocytic extramedullary hematopoiesis in rats as confirmed by 
digital quantitation. All changes with regards to the immunophenotyping, clinical 
pathology and anatomic pathology data were considered related to anticipated 
pharmacodynamic effects. Based on the lack of adverse findings with RO7497987, 
the NOAEL was determined to be the highest dose tested in the repeat-dose GLP 
toxicity studies (10 mg/kg and 3 mg/kg in rats and cynomolgus monkeys, respec-
tively). The totality of nonclinical safety data of RO7497987 support the Phase Ia 
Study for RO7497987 and provide sufficient safety margins.

 2058 A Safer and More Potent Novel Fluoropyrimidine for Colorectal 
Cancer Treatment

N. Sah1, P. Luna1, C. Mani1, W. Gmeiner2, and K. Palle1. 1Texas Tech University Health 
Sciences Center, Lubbock, TX; and 2Wake Forest University School of Medicine, 
Winston-Salem, NC.

Colorectal cancer (CRC) is the 3rd leading cause of cancer-related deaths in both 
men and women and is expected to cause over 52 thousand deaths in 2022 in the 
United States alone. Due to the limited success of advanced targeted therapies, 
5-fluorouracil (5-FU)-based chemotherapy regimens (e.g., FOLFOX and FOLFIRI) 
have been the mainstay treatment for most of the advanced-stage CRC. However, 
its clinical utilities are hampered by systemic toxicities and dose limitations. 
Because only a small percentage (~5%) of the 5-FU gets converted into active 
metabolites (FdUMP), and the rest of the metabolites are either ineffective or 
responsible for systemic toxicities. This leads to the development of chemoresis-
tant progressive disease, emphasizing the urgent need to develop more potent and 
safer fluoropyrimidine (FP). In this regard, we are developing a new nanoscale FP 
polymer (CF10) comprising ten repeating FdUMP nucleotide monomers of single-
stranded DNA, which forms ternary complexes with both thymidylate synthase (TS) 
and DNA topoisomerase-1 (Top1) to overcome 5FU resistance and exert potent 
anticancer activity respectively. Our target evaluation studies demonstrated that 
CF10 treatment causes the formation of TS-CF10 ternary complexes and Top1-DNA 
cleavage complexes and increased replication stress in CRC cell lines, as indicated 
by increased levels of FANCD2 monoubiquitination, phosphorylation of CHK1, 
CHK2, and H2AX. Clonogenic survival assays confirmed that CF10 is 1000 times 
more potent than 5-FU in killing CRC cells and causes excessive DNA lesions 
compared to 5-FU. As primary patient-derived cell lines better represent the tumor 
heterogeneity, the evaluation of CF10 in three primary patient-derived colon cancer 
cell lines showed concentration-dependent inhibition of the growth of colon cancer 
organoids. In order to examine CF10 efficacy and safety in in-vivo, we used mouse 
CRC flank xenograft models (HCT-116, HT-29, and CT-26). The in-vivo studies show 
CF10 selectively targets malignant cells (sparing non-malignant cells) and does not 
significantly decrease the average length of intestinal villi compared to 5-FU treated 
mice. The levels of serum alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), blood urea nitrogen (BUN), and creatinine were similar to the control 
group after CF10 treatment, suggesting CF10 does not cause any liver or kidney 
toxicities. The biodistribution and the quantification of FP metabolites from mouse 
plasma following intravenous CF10 or 5-FU injection suggest better tumor localiza-
tion of CF10 which contributes to its robust anticancer effects. Additionally, CF10 

treatment significantly reduced tumor sizes and improved survival (84.5 days vs 
32 days; P < 0.0001) relative to 5-FU in an orthotopic HCT-116-luc CRC mice model 
that spontaneously metastasized to the liver. This led us to hypothesize further 
that CF10 could be inhibiting the TS-mediated EMT phenotype in CRCs. We used 
the Tet-on system to regulate TS expression in HCT-116 cells to further investigate 
the significance of enhanced TS as a factor in CRC metastatic progression and 
5-FU resistance. We noticed that TS overexpression promotes EMT phenotypes 
and enhances cell migration and invasion. Strikingly, CF10 suppresses the growth 
of TS-expressing primary CRC organoids, as seen by the reduction of colonoid 
formation. Collectively, our results demonstrate that CF10 is thousand times more 
potent than 5-FU in killing CRC cells and showed superior in-vitro and in-vivo antican-
cer efficacy and favorable toxicity profiles in treating metastatic models of CRC.

 2059 Animal Use and Opportunities for Reduction in Carcinogenicity 
Studies Supporting Approved New Drug Applications in the 
US, 2015–2019

J. Manuppello, E. Slankster-Schmierer, E. Baker, and K. Sullivan. Physicians Committee 
for Responsible Medicine, Washington, DC.

For most human drugs, international guidelines have required that carcinogenicity 
to rats and mice be evaluated in long-term studies. However, the recent publica-
tion of an addendum to the International Council for Harmonization (ICH) test 
guideline S1B(R1) should decrease the number of long-term studies conducted in 
both species. In addition to prioritizing short-term studies in transgenic animals and 
recognizing a limit exposure ratio for studies in rasH2 mice, it recommends assess-
ing the WoE to determine whether a study in rats is likely to add value. By analyzing 
how animals were used in 109 carcinogenicity studies completed for New Drug 
Applications recently approved by the U.S. Food and Drug Administration (FDA), 
we compared the reductions in animal use achievable by implementing these and 
previous ICH recommendations. The greatest single reduction, 18.7%, would result 
from evaluating systemic exposure by microsampling minimal blood volumes 
in main studies rather than conventional volumes in toxicokinetics satellites, as 
recommended in 2017. This benefit would be greater for mice; the average numbers 
of mice used per dose and control group for both long- and short-term studies were 
two to three times greater than those of rats. Replacing the remaining long-term 
studies in mice with short-term studies in rasH2 mice would reduce overall animal 
use by 17.3%, while waiving 15 studies in rats based on histopathology in chronic 
studies would reduce it by 12.9%. Supporting the WoE assessment, no findings 
of preneoplasia in chronic studies predicted no findings of neoplasia in compara-
ble carcinogenicity studies with 93% accuracy and 90% sensitivity. However, as 
only 64% of chronic and carcinogenicity studies were comparable, the number of 
studies that can be waived would be increased by ensuring that chronic studies 
include dose levels considered adequate for carcinogenicity evaluation. Simply 
using single rather than dual negative control groups, as recommended in 2002, 
would reduce animal use by 7.8%; dual control groups were used in 40% of studies 
of all types. Finally, submitting genotyping and positive control data from providers 
of rasH2 mice in place of positive control groups in every study, would use 640 
fewer mice while also eliminating the pain and distress caused by the cancers 
these mice are likely to develop and by the direct toxicity of the substances used. 
Lung carcinomas were found in nearly all mice administered urethane, and lympho-
sarcomas were found in two-thirds of mice administered methylnitrosourea. In 
2004, the European Medicines Agency observed that while a positive control group 
was still considered important in case of a negative study, verifying the genotype of 
the mice used in these studies could be accepted in the future; our findings support 
recent proposals to eliminate positive control groups in favor of these alternatives. 
Finally, of the 19 current drug labels where FDA indicated concern for carcinogenic-
ity to humans, it was based on carcinogenicity to rats or mice for only two; in two 
others, findings of adenocarcinomas in the thyroids of rats and in the breasts of 
female mice could have supported concern for carcinogenicity, but FDA considered 
these effects in animals to be irrelevant to humans. Instead, FDA mainly based its 
concerns on secondary malignancies in patients and on known hazards, including 
radiation exposure; for these drugs, no carcinogenicity studies were conducted or 
required. This underscores the need to increase the evidence available to evaluate 
whether a drug is potentially carcinogenic to humans, including from new approach 
methodologies, without conducting studies in animals.

 3000 Optimizing Protection for Human Health and the Environment 
Using Zebrafish Models in an Integrated Approach to Testing 
and Assessment (IATA) for Predicting Endocrine Disruption 
and Systemic General Toxicity in Quantitative Chemical 
Risk Assessments

L. Ellis1, J. Achenbach1, M. Morash1, and C. Woodland2. 1National Research Council 
Canada, Halifax, NS, Canada; and 2Health Canada, Ottawa, ON, Canada.  
Sponsor: T. Onica.

Since 2007, the National Research Council of Canada (NRC) has been developing, 
standardizing and validating zebrafish embryo/larval models as whole organism 
vertebrate models capable of predicting systemic toxicity in chemical risk assess-
ments. The NRC has developed two embryo/larval exposure models: the zebrafish 
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embryo toxicity assay (ZET), based on the OECD TG 236 Fish Embryo Toxicity assay 
with an exposure period from 6 to 120 hours post fertilzation (hpf), and the General 
and Behavioral Toxicity (GBT) assay, which has an exposure period from 72 to 
120 hpf. By 72 hpf organogenesis and body patterning is largely complete making 
the model more a measure of systemic toxicity compared to teratogenicity. The 
models were designed to fit within the Canada Council on Animal Care guideline’s 
that define the developmental stage of zebrafish up to five days post fertilization 
as an in vitro model. Within the context of the move away from animal testing, in 
2018 Health Canada partnered with the NRC to refine the ZET and GBT assays to 
be robust alternatives to mammalian models for generating hazard data required 
in quantitative risk assessments for human health and the environment. The ZET 
and GBT assays were expanded to include the additional assessments of the stabil-
ity, uptake and metabolism of the chemicals being tested along with changes in 
whole transcriptome gene expression. The development of the transcriptomics 
platform allows for an evaluation of the whole endocrine system, which differs 
from the historical focus on developmental and reproductive effects. Additionally, 
inclusion of the stability, uptake and metabolism paradigm allows for the correla-
tion of data on chemical bioavailability and metabolic activation and/or deactiva-
tion of the compounds tested with the morphological, behavioral and transcrip-
tomic effects. A set of 20 substances was tested while developing these models, 
including, Dechlorane Plus, Bisphenol S, Triphenyl Phosphate, Tricresyl Phosphate, 
Tris (dischloro-isopropyl) phosphate, Raloxifene HCl, Testosterone Propionate, 
Permethrin, Thiabendazole, Benozophenone, Bisphenol A, Valproic Acid, Aldicarb, 
Amoxicillin, Pyrene, Resorcinol, Pyriproxyfen, Propofol, 3,4-dichoroaninilene and 
Tetrabromobisphenol A. The testing has shown that the stability, uptake and 
metabolism profiles were compound specific. In addition, the transcriptomics data 
revealed pathway specific effects that may be linked to the mechanism of action. 
Together the four components of the refined testing platform make the zebrafish 
larval models highly informative in their predictive capacity and the platform is now 
moving into the validation phase. This will include a cross-validation study with the 
US EPA using a set of 80 additional chemicals. The proposed application of the 
refined ZET and GBT platform for chemical risk assessments by Health Canada is 
as a first-tier regulatory tool for generating hazard data within an IATA. Using the 
results generated from the transcriptomic and chemical assessment platforms as 
the first tier of testing may help to customize follow-up testing in higher tiers with 
human cell-based assays. This approach may be the most informative and precau-
tionary for minimizing uncertainty and the potential for false negative conclusions 
in chemical risk assessments. As such, the zebrafish platform has significant 
potential to generate the hazard data required for robust human health and environ-
mental risk assessments as we move away from mammalian testing and uphold 
the 3 Rs in chemical risk assessments.

 3001 Systematic Evaluation of the Application of Zebrafish in 
Toxicology (SEAZIT): Developing a Data Analysis Pipeline 
for the Assessment of Developmental Toxicity with an 
Interlaboratory Study

J. Hsieh1, S. Nolte1, J. T. Hamm2, Z. Wang1, G. K. Roberts1, C. P. Schmitt1, and 
K. R. Ryan1. 1NIEHS, Research Triangle Park, NC; and 2Inotiv, Research Triangle Park, NC.

The embryonic zebrafish is a useful vertebrate model for assessing the effects 
of substances on growth and development. However, cross-laboratory develop-
mental toxicity outcomes can vary, and the incidence of altered phenotypes may 
not be directly comparable between laboratories. To address these limitations for 
gaining broader adoption of the zebrafish embryo model for toxicological screen-
ing, we established the Systematic Evaluation of the Application of Zebrafish in 
Toxicology (SEAZIT) program to investigate how experimental protocol differences 
can influence outcomes for developmental toxicity endpoints (i.e., mortality and the 
incidence of altered phenotypes) following chemical exposure. As part of SEAZIT, 
three laboratories were provided a common dataset (41 blinded substances + 1 
positive control (PC), 3,4-dichloroaniline, totally containing 39 unique chemicals) 
to evaluate chemical-mediated effects on developmental toxicity in the embryonic 
zebrafish model. The screening involves two phases: dose range finding (DRF) 
and definitive (Def) phase where substances were tested in triplicate and in a 
concentration-response fashion. As the Def screening is not complete until the 
end of 2022, in this abstract, we report the approaches and strategies we have 
developed based on the DRF data. To facilitate cross-laboratory comparisons, all 
the raw experimental data were harmonized and stored in a relational database 
using open-source PostgreSQL data management system. The data were analyzed 
using a uniform data analysis pipeline based on benchmark concentration (BMC) 
modeling approach, to derive point-of-departure potency values for endpoints of 
mortality and altered phenotypes. The BMC values of mortality and each individ-
ual altered phenotypes were used to calculate the specificity of altered phenotype 
effect from chemical exposure in relation to the mortality. Due to variation between 
laboratories, we mapped laboratory-specific names of altered phenotypes to 
ontology terms available from the Ontology Lookup Service (OLS) for Zebrafish 
Phenotype to enable cross-laboratory comparisons. In total, 56 unique altered 
phenotypes were mapped to 44 ontology terms. We further grouped the ontology 
terms into 18 descriptive groups of granular developmental defects, and 10 groups 
of general developmental defects, to facilitate outcome interpretation. Based on 
our analysis, all DRF data were of acceptable quality, and the standard deviation of 
BMC of the PC was below 1.5-fold. We also found at least 29 substances induced 

specific altered phenotypes in the DRF study, where head was the primary altered 
site (27 substances, regardless of testing laboratory); 10 out of 27 substances were 
found to induce head defects of zebrafish embryo consistently in all three labora-
tories. With the developed methods in the DRF phase, including the database/data 
analysis pipeline development, and zebrafish phenotype ontology mapping, we can 
compare zebrafish developmental toxicity results across laboratories at the level 
of specific altered phenotypes rather than just the gross developmental toxicity. 
These methods shall be applied to the Def phase to help elucidate the contribution 
of experimental conditions on affecting developmental toxicity outcomes and to 
improve the outcome translatability in zebrafish community.

 3002 Triphenyl Phosphate-Induced Pericardial Edema Is Dependent 
on Media Ionic Strength and Disruption of the Embryonic Yolk 
Sac Epithelium

J. L. Wiegand1, S. Avila-Barnard1, C. Nemarugommula1, S. Zhang2, H. Stapleton2, 
D. Lyons1, and D. Volz1. 1University of California Riverside, Riverside, CA; and 2Duke 
University, Durham, NC.

Pericardial edema is a common phenotype observed in zebrafish embryo-based 
chemical toxicity screens, yet the mechanisms underlying chemically-induced 
pericardial edema remains unclear. One of the potential mechanisms underlying 
edema may be a disruption in embryonic osmoregulation. Therefore, the objective 
of this study was to identify whether triphenyl phosphate (TPHP) - a widely used 
aryl phosphate ester-based flame retardant - induces pericardial edema via impacts 
ion transport and the skin of embryonic zebrafish. In addition to TPHP-induced 
effects on the morphology and organization on the embryonic yolk sac epithe-
lium, an increase in ionic strength of exposure media exacerbated the impact of 
TPHP on pericardial edema when embryos were exposed from 24-72 h post-fer-
tilization (hpf). However, there was no difference in embryonic sodium concentra-
tions in situ within TPHP-exposed embryos relative to embryos exposed to vehicle 
(0.1% DMSO) from 24-72 hpf. We also found that increasing the osmolarity of the 
exposure media with mannitol (an osmotic diuretic which mitigates TPHP-induced 
pericardial edema) and increasing the ionic strength of the exposure media (which 
exacerbates TPHP-induced pericardial edema) did not affect embryonic doses of 
TPHP, suggesting that TPHP uptake was not altered under these varying experi-
mental conditions. Our findings demonstrate that TPHP alters the structure of the 
epithelium of the yolk sac, leading to disruption of embryonic osmoregulation and 
formation of pericardial edema. In addition, our findings suggest that chemically-in-
duced edema within zebrafish embryos is dependent on exposure media composi-
tion, underscoring the importance of further standardization of zebrafish-based 
chemical toxicity screening assays around the world.

 3003 Utilizing Bioprinting Technology to Develop a 3D In Vitro Liver 
Model for Predictive Toxicology Efforts

P. Lee. US Army Chemical Biological Center, Aberdeen Proving Ground, MD. Sponsor: 
K. Glover.

The field of bioprinting has great potential for developing in-house, customizable 
organ models that would contribute greatly to aid in in vitro predictive toxicol-
ogy efforts. Bioprinting technology utilizes both traditional additive manufac-
turing techniques with the relevant living cells to create physiologically relevant 
structures. This project used an Allevi1 bioprinter to print a combination of HepG2 
cells and Pluronic F-127, which served as the bioink for the three-dimensional in 
vitro model. To ensure liver cell viability and functionality after printing, a live-dead 
assay and human albumin ELISA assay were utilized. Confocal microscopy was 
used to confirm the bioprinted liver cells were viable metabolically and structurally 
after printing. This project was the first bioprinting effort at the US Army DEVCOM 
Chemical Biological Center and yielded successful results to serve as a reproduc-
ible in vitro model for future toxicity screenings.

 3004 Use of Human Polarized Intestinal Epithelial Monolayers 
to Determine Hazard of Proteins with Agricultural 
Biotechnology Applications

C. S. Zimmermann1, A. D. Eaton2, R. F. Snow2, B. Wilson-Mifsud2, K. LeRoy1, 
J. M. Roper3, and B. P. Hurley4. 1Corteva Agriscience, Johnston, IA; 2Massachusetts 
General Hospital, Charlestown, MA; 3Corteva Agriscience, Newark, DE; and 4Harvard 
Medical School, Boston, MA.

Proteins that impart resistance to insecticides, tolerance to herbicides, and 
improved agronomics or nutritional profiles are commonly expressed in geneti-
cally modified (GM) crops. A safety assessment for proteins intended to be 
expressed in GM crops is necessary to evaluate/characterize the risk of food and 
feed safety, and environmental release. One component of the evaluation is the 
safety of the GM crop when consumed. Previous work has demonstrated the utility 
of using human-derived intestinal epithelial cell (IEC) lines cultured as polarized 
monolayers on permeable Transwell® filters to differentiate between hazardous 
and non-hazardous proteins. The current work uses this experimental platform, 
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previously developed and tested with commercially purchased hazardous and 
non-hazardous proteins, to identify whether insecticidal proteins elicit evidence 
of hazardous properties when interacting with human IECs. Two proteins isolated 
from Alcaligenes faecalis and showing insecticidal bioactivity when used in 
combination (Af1P-1A and Af1P-1B) were evaluated separately and together in 
the IEC experimental platform. The proteins were applied to the apical surface of 
differentiated Caco-2 and T84 IECs at a concentration range of approximately 5 
µg/ml to 1000 µg/ml and incubated for 48 hours. Effects on monolayer integrity 
(TEER, flux of FITC-inulin, & flux of HRP) and cell viability (MTT reduction & LDH 
release) were evaluated. A seven-day bioassay was conducted with western corn 
rootworm (Diabrotica virgifera virgifera, Coleoptera: Chrysomelidae) to confirm the 
bioactivity of Af1P-1A and Af1P-1B mixtures. Aggregate in vitro assay results were 
compared with those obtained from administering the combined proteins to mice 
in a high-dose 14-day acute oral toxicity study. The in vivo results were consistent 
with results obtained from the human in vitro IEC experimental platform with both 
demonstrating that the combination of Af1P-1A and Af1P-1B do not exhibit any 
identifiable harmful impacts on mammalian cells. These results further support the 
utility of the human IEC experimental platform for assessing the safety of proteins 
expressed in GM crops, including those that are insecticidal.

 3005 Lessons Learned in Establishing a Reliable and Low-Cost Assay 
for Urea Production in Human Primary Hepatocytes Cultured in 
a Liver Chip for the Study of Drug Hepatotoxicity

Q. Shi1, L. Ren1, K. S. Papineau1, J. Sauld2, G. Kulkarni2, L. Ewart2, M. Avigan3, 
D. L. Mendrick1, J. J. Hawes1, and L. K. Schnackenberg1. 1US FDA/NCTR, Jefferson, AR; 
2Emulate Inc., Boston, MA; and 3US FDA/CDER, Silver Spring, MD.

Liver-on-a-chip (Liver-Chip) is a microphysiological system (MPS) designed to 
better maintain hepatic functions for liver cells cultured under in vitro conditions. 
Urea is synthesized exclusively by hepatocytes and is a proposed quality control 
marker for hepatocyte function maintained in MPS. This study aimed to investi-
gate the sensitivity and specificity of two urea assay methods for cells cultured in 
a Liver-Chip system for the study of acetaminophen-induced liver injury. Primary 
human hepatocytes (PHHs) were co-cultured with three types of non-parenchymal 
cells (NPCs) including liver sinusoid endothelial cells, Kupffer and stellate cells 
in Emulate S1-Chips®. The perfusing culture medium, also called effluent, was 
collected every 24 h to measure urea levels. Chemical and enzymatic methods, 
which have been reported for measuring urea in S1-Chips, were tested in parallel 
in the same samples. In the enzymatic method, culture medium alone led to a 
6-fold increase of signal in urea measurements compared to blank buffer controls. 
Such background signals were directly proportional to levels of sodium pyruvate, a 
common component of many types of culture medium, including PHH cell cultures. 
This high background signal introduced large variations among replicates of the 
same sample, making it impossible to accurately determine the relatively low levels 
of urea, which were about 10 µg/mL, in the S1-Chips effluents. Effluents must be 
diluted by 5-fold to effectively reduce such interference, but this made it difficult 
to observe the percentage of reduction after drug treatment, as urea levels neared 
the limit of detection (1.2 µg/mL). In contrast, the chemical method had negligible 
background signal for culture medium and a lower limit of detection (0.8 µg/mL). 
Additionally, the urea level could be accurately determined by chemical method 
at a fraction of the cost of the enzymatic method. As determined by the chemical 
method, the average urea production rate of hepatocytes from three human donors 
was 203 (± 29) µg/million cells/day, and acetaminophen treatment (0.1 to 10 mM) 
led to a concentration- and time-dependent reduction of 20% to 60%. These data 
may guide selection of appropriate assays and aid optimization of procedures for 
urea detection in various liver cell culture platforms.

 3006 Building Fit-for-Purpose NAMs for Safety Evaluation of 
Inhalation Exposure to Compounds with Complex Physical and 
Chemical Properties

N. Sadekar, and A. Api. Research Institute for Fragrance Materials, Woodcliff Lake, NJ.

Fragrance materials are low molecular weight odorant organic compounds with 
high volatility and poor aqueous solubility. Due to their unique chemistry, fragrances 
are prominent for inhalation exposures even though the major route of exposure is 
through the skin. However, evaluating sensory irritation using non-animal models 
is currently not possible, and defined methodologies, like those available for skin 
and eye irritation, are absent for predicting local respiratory effects. To identify a 
suitable in vitro model for the evaluation of local respiratory irritation, a preliminary 
test was conducted with six known respiratory irritants (acetic acid, ammonium 
hydroxide, benzyl isocyanate, capsaicin, formaldehyde, and toluene) in MucilAir™ 
from Epithelix, human precision-cut lung slices (hPCLS), and the A549 cell model. 
Test materials were blinded for the study duration and data analysis. The in vitro 
models were cultured at an Air-Liquid Interface (ALI). The test items were exposed 
as aerosol (hPCLS), aerosol and vapor (A549), and direct small-volume application 
(MucilAir). Each material was tested at low, medium, and high concentrations for 
1-, 6-, and 24-hour exposures per concentration. The preliminary testing showed 
changes in four to five potential markers (combinations of IL-6, IL-8, MCP-1, loss 
of viability, and disruption of tissue barrier depending on the test compound and 

exposure) as an indication of local irritation. Critical effects of complex physical and 
chemical properties in the exposure-response trends were observed for acetic acid 
and toluene. Acetic acid exposures in MucilAir showed a loss of barrier function, 
with increased release of IL-6 and IL-8 without the loss of viability. Whereas acetic 
acid exposures in hPCLS showed concentration- and time-dependent loss of 
viability which did not correlate with the release of cytokines. The MucilAir barrier 
function was unaffected by toluene exposures, however, there was an increase in 
the IL-6 release associated with the middle concentration and IL-8 release associ-
ated with all concentrations at 24 hours. Toluene exposures in the hPCLS model 
showed variability across the three-time points, indicating volatility as an important 
factor for consideration of aerosol exposures. Ammonium hydroxide exposures 
in MucilAir resulted in a concentration- and time-dependent loss of barrier with no 
loss of viability, however, there was an increase in IL-6 (high concentration) and 
IL-8 (low and high concentration) at 24 hours. Benzyl isocyanate showed a variable 
effect on the MucilAir barrier function but had a concentration- and time-dependent 
effect on cytotoxicity. Il-6 and IL-8 releases were observed in MucilAir for benzyl 
isocyanate at 24 hours for the middle concentration. In hPCLS, benzyl isocyanate 
and capsaicin exposures correlated well with concentration and duration for viabil-
ity, IL-6, IL-8, and MCP-1 measures. Based on the pilot study, it is determined that 
a) the mode of exposure is dependent on the physical and chemical properties 
of the test item, b) the choice of a suitable in vitro model is dependent on the in 
silico modeling of the inhalation exposure, and c) the biomarkers of irritation are 
dependent on the in vitro model used for evaluating respiratory irritation.

 3007 Evaluating Mechanistic Underpinnings of Environmental 
Chemical Effects on Feto-Maternal Interface Using a Human 
Organ-on-Chip Model

H. L. Moyer1, S. Kim1, P. Lam1, A. Valdiviezo1, L. Richardson2, R. Menon2, I. Rusyn1, and 
A. Han1. 1Texas A&M University, College Station, TX; and 2University of Texas Medical 
Branch, Galveston, TX.

Preterm birth (birth before 37 weeks gestation) is linked to high risk of infant 
mortality as well as adverse health outcomes later in life. A number of hypotheses 
have been proposed to explain the etiology of preterm birth, including exposure to 
environmental contaminants. Epidemiological studies have identified a number 
of chemicals, such as heavy metals, pesticides, flame retardants, and poly-fluo-
rinated chemicals as potential contributing factors; however, the mechanistic 
data are lacking to establish causality. In recent years, few physiological human 
cell-based models that can reproduce the complexity of multi-cellular tissue 
architecture that comprises the fetal membrane/decidual interface (feto-mater-
nal interface [FMi]) in utero have been developed. A FMi organ-on-chip (FMi-OOC) 
model, which mimics the multi-cellular layers composed of four fetal-maternal cell 
types (immortalized maternal decidua cells, and fetal chorion, amnion mesenchy-
mal, and amnion epithelial cells) by using planar concentric cell culture chambers 
interconnected by arrays of microchannels has been recently developed. This study 
used this previously developed FMi-OOC model to test the hypothesis that polybro-
minated diphenyl ether 47 (PBDE-47), perfluorooctanoic acid (PFOA), and dichlo-
rodiphenyltrichloroethane (DDT), chemicals linked to preterm birth in epidemiolog-
ical studies, can cause cell death and inflammation predisposing to preterm birth. 
We first conducted dose-response studies of toxicants in the maternal decidua 
cells (the maternal site of exposure) to determine the dose range to be used in the 
FMi-OOC experiments. This was done by assessing the cell viability (determined 
using CellTiter-Glo) and cytokine release (IL-6, IL-8, IL-10, GM-CSF, and TNFα) for 
up to 72 hours. Results from these decidua exposure studies indicated that at 72 
hours there was a dose-dependent inflammatory cytokine response. The doses for 
experiments using the FMi-OOC were selected based on >80% cell viability over 
72 hours. Next, we evaluated chemical transport across the chip with and without 
cells present. Finally, we performed experiments in the FMi-OOC by exposing test 
chemical(s) (n=3 per treatment group) to the maternal decidual cells in the chip, 
and then determining the cell fate and inflammatory responses (cell morphology 
and cytokines) in the neighboring cell layers for up to 72 hours. Analytical data of 
PBDE-47 exposure showed that the compound was able to cross from the maternal 
to fetal chambers both with and without cells present. Tested chemicals exhibited 
concentration- and time-dependent effects on the maternal cells in the chips, based 
on cellular morphology and positive staining for apoptosis and necrosis markers. 
This study provides important mechanistic data through the use of a microphysio-
logical FMi-OOC model to support the linkages between environmental exposures 
and fetal membrane-associated changes linked to preterm birth.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 74



 3008 X-Species DILI Validation Consortium Update: Single-Spheroid 
RNA-Seq, Proteomics, and Lipidomics for Cross-Species In Vitro 
Assessment of Drug-Induced Liver Injury

E. Guedj1, R. Dulize1, D. Peric1, M. Auberson1, C. Nury1, S. Tavalaei1, S. Dijon1, 
O. Lavrynenko1, D. Busler2, B. Filippi2, F. Wenz2, A. Wolf2, N. V. Ivanov1, N. Sierro1, 
K. Renggli1, and B. Titz1. 1Philip Morris International, Neuchâtel, Switzerland; and 
2InSphero, Schlieren, Switzerland.

The X-Species DILI Validation Consortium is a pre-competitive consortium of 
pharmaceutical companies and technology providers established to develop 
cross-species drug testing and validation strategies for rapid and reliable screen-
ing and prediction of drug-induced liver injury (DILI). In a multi-step strategy, 
compounds with well-documented cross-species in vivo data will be tested using 
species-specific 3D InSight™ Liver spheroid models, and the two datasets will be 
compared. To elucidate differences and similarities in toxicological mechanisms 
across species, the primary in vitro toxicology endpoints (e.g., cytotoxicity, histolog-
ical changes, and DILI-specific phenotypes) will be complemented by compre-
hensive molecular profiling using transcriptomics, proteomics, and lipidomics 
approaches. Here we present preliminary results from the establishment and initial 
application of a single-spheroid (microtissue) RNA-seq method, a quantitative 
liquid chromatography-tandem mass spectrometry (LC-MS/MS)-based method for 
up to 47 bile acids in liver microtissues and supernatants, and an MS-based data-in-
dependent acquisition (DIA) method for global protein profiling. We implemented 
a novel RNA-seq approach that can robustly quantify transcriptome changes in 
single liver microtissues (approx. 2500 cells). This method comprises mRNA polyA 
capture and library preparation followed by sequencing. For demonstration, we 
treated human liver microtissues with 0.5% dimethyl sulfoxide (DMSO), media, 5 
µM troglitazone, or 5 µM rosiglitazone for 48 h and 7 days. Both drug treatments 
induced gene expression changes compared with the vehicle control (DMSO). We 
also confirmed the method’s applicability to rat and dog liver microtissues. To 
comprehensively evaluate effects on bile acid levels, we established an LC-MS/
MS method that can quantify up to 47 bile acids from 3 liver spheroids and their 
supernatants. It was employed to assess the effects of 1-, 6-, or 24-h treatment 
with 75 µM bosentan or 6.4 µM chlorpromazine treatment on human liver microtis-
sues. Compared with the vehicle control (DMSO), both drugs significantly affected 
several bile acids, and the analysis revealed differential effects of bosentan and 
chlorpromazine (e.g., on glycochenodeoxycholic acid levels). For quantitative 
proteome profiling, our MS-based DIA approach effectively quantified proteins 
from liver microtissues across four species—human, rat, dog, and monkey—and 
captured the acute phase protein response of lipopolysaccharide-treated human 
microtissues. The combination of these established high-resolution molecular 
measurements is expected to provide further insights into common and unique 
mechanisms of toxicity across species.

 3009 Optimization of an In Vitro Preclinical Screening Tool for 
Evaluation of Anti-inflammatory Activity of Raw Ingredients and 
Finished Products

E. Lear1, J. Phillips1, M. Trani2, C. Khachatoorian1, A. Hilberer1, and G. Costin1. 1Institute 
for In Vitro Sciences Inc., Gaithersburg, MD; and 2VIVE Skincare Limited, London, 
United Kingdom.

In vitro testing methods based on three-dimensional (3D) reconstructed skin equiva-
lents are reliable, rapid tools frequently used to screen actives and formulations for 
efficacy evaluation, including potential anti-inflammatory activity. Presented here 
are data generated using an established in vitro assay based on the EpiDerm™ 
Human Cell Construct (MatTek Corporation) that was optimized to reduce the time 
of inflammatory cascade induction that may be more appropriate for the screening 
of certain actives or product lines. In the standard assay, the EpiDerm™ tissues 
are exposed topically for 6 hours to materials intended to counteract the inflam-
mation induced by phorbol-12-myristate 13-acetate (PMA) added to the culture 
media. The tissue viability and IL-8 secretion in collected culture media are the 
assay endpoints evaluated at the completion of the exposure time. To accommo-
date the evaluation of products that need to be tested for short exposure times 
to the tissues depending on consumer uses or other considerations, the assay 
was optimized in two phases. In the first phase, kinetic inflammatory events were 
investigated to determine if a shorter exposure of the tissues to PMA would induce 
significant expression of IL-8 to allow reliable data interpretations. In these experi-
ments, untreated EpiDerm™ tissues were first pre-incubated overnight in media 
without PMA; then 6 sets of duplicate tissues were transferred to media containing 
PMA for exposure times varying in hourly increments from 1 to 6 hours followed by 
5 to 0 hours post-exposure to media without PMA, respectively. The culture media 
was collected at the completion of the exposure to PMA and then again every hour 
until the end of the post-exposure time in media without PMA, for all groups. This 
allowed for the evaluation of IL-8 signal depletion in the absence of the inflamma-
tion inducing agent. The results showed a time-dependent response of IL-8 expres-
sion by the tissues exposed to PMA (from 127 pg/mL after 2 hours up to 805 pg/mL 
after 6 hours). We also identified a time-dependent reduction of the cytokine signal 
in the post-exposure period, more significant between the first and second collec-
tion times. Based on these results, of the treatment groups included in this phase, 
the tissues incubated in PMA-containing media for 3 hours followed by a 3-hour 

post-exposure without PMA showed a significant induction of the IL-8 (558 pg/mL) 
and reduction of the cytokine expression in the post-exposure period (369 pg/mL) 
to allow for reliable subsequent data analysis. Therefore, this treatment regimen 
was selected for the second, confirmatory phase of the experiments. In this second 
phase, the untreated tissues were considered to be the assay negative control, 
while a commercially available Class 2 (high potency) anti-inflammatory cream 
was used as the assay positive control. These experiments confirmed the perfor-
mance of the optimized assay based on the controls data. Our data demonstrated 
that the reduction of the IL-8 level between the first two collection time points was 
3-fold higher for the tissues treated with the assay positive control compared to 
the negative control-treated tissues, similar to results obtained in the standard 
protocol. This optimized approach not only shortens the assay length with similar 
results to the standard one but also accommodates testing of products that require 
a customized testing strategy that may be based on shorter exposure times to the 
inflammatory agent and/or prototypes investigated.

 3010 Adaptive versus Toxicological Responses: Reversibility for DILI 
with 3D Hepatocyte Transcriptomics

S. S. Ferguson1, K. Lavrich1, S. Ramaiahgari1, S. Auerbach1, D. Phadke2, 
M. Balik-Meisner2, R. Shah2, G. Roberts1, J. Gorospe3, B. Sparrow3, M. DeVito1, 
R. S. Paules1, and M. Alex1. 1NIEHS, Research Triangle Park, NC; 2Sciome LLC, Research 
Triangle Park, NC; and 3Battelle Memorial Institute, West Jefferson, OH.

As part of Phase III of the Tox21 Program, we are developing more physiologically 
relevant approaches to investigate chemical safety/toxicity potential in humans. 
Initial efforts have focused on developing and integrating organotypic in vitro 
liver screening models (2D & 3D) and high dimensional assay systems (e.g., high 
throughput transcriptomics, imaging, & cell health assays). In this study, we created 
patient-derived 3D spheroid cultures of primary human hepatocytes in 384-well 
screening formats and exposed these highly differentiated drug-induced liver injury 
models to 9 concentrations of cerivastatin, atorvastatin, valproic acid, tamoxifen, 
troglitazone, and benzo(a)pyrene. Exposure durations included a conventional 
96h period along with a shorter-duration 24h exposure, and novel transcriptomic 
wash-out periods of 24h and 96h to assess the reversibility of hepatocellular 
responses. Following exposures at each respective time point, spheroids were 
lysed and assayed using high throughput transcriptomics (S1500++ gene set using 
TempO-Seq BioSpyder Technologies, Inc.). Gene- and pathway-level data analysis 
revealed molecular characteristics of pharmacological target interactions (e.g., 
HMGCR induction with statins) and ‘off-target’ effects that were irreversible after 
96h washout. We propose that observed potencies of transcriptomic irreversibil-
ity may serve as quantitative markers for distinguishing adaptive vs. toxicological 
responses at the most nascent stages of biological response.

 3011 Development of an Aerosol-Compatible Cell Culture Exposure 
System and Its Application to Quantify Cellular Uptake of 
Particles at the Air-Liquid Interface

J. R. Murray1, E. Carlsten2,1, J. P. Weinstein1, Q. Krantz1, and M. A. Higuchi1. 1US EPA, 
Research Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Oak 
Ridge, TN.

Inhalation is the one of the three primary modes of chemical exposure; however, 
significant challenges in developing reproducible exposure systems, dosimetry 
methods, and appropriate in vitro models have led to its vast underrepresentation 
in high-throughput screening initiatives. To meet screening demands for a diverse 
range of inhaled toxicants, we utilized fluorescent tracers and Computational Fluid 
Dynamics (CFD) modeling to develop an Aerosol-compatible Cell Culture Exposure 
System (ACCES) which achieves serial dilution of aerosols and volatile compounds 
at air-liquid interface (ALI). CFD modeling was a valuable tool to optimize 
operational parameters, while aerosolized fluorescein and rhodamine quantified 
cell deposition within the ACCES. Both fluorescent tracers revealed that cell-free 
matrices (filters, cell culture media, etc.) may not accurately predict cell deposition 
at ALI and should be used with caution. Deposition studies in two other commer-
cial systems, the VITROCELL Cloud and MedTec CelTox, confirmed these results. 
Furthermore, we compared cellular uptake of fluorescent tracers delivered at ALI 
or by direct liquid application in a human bronchial epithelial cell line (16HBE) and 
primary human bronchial epithelial cells (pHBEC) given that liquid application of 
particles to ALI cultures is often proposed as a time- and cost-effective alterna-
tive to ALI exposures. We found that the delivery method altered cellular uptake, 
basolateral transport, and mucus retention of fluorescent tracers. In 16HBEs, 
cellular uptake of rhodamine and basolateral translocation of fluorescein reached a 
maximum at ALI and decreased as direct-dosing volumes increased. The opposite 
trend was observed in pHBECs: it appeared that higher apical volumes disrupted the 
mucus barrier and increased basolateral transport and cellular uptake. Together, 
these data highlight the need for improved analytical assays to quantify deposi-
tion and cellular uptake during in vitro inhalation assays and suggest that direct 
liquid application studies may not be equivalent to ALI exposures. Abstract does not 
reflect views or policies of the US EPA.
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 3012 Semi-modular Approach for Prevalidation on the IMMUNOTOX-T 
In Vitro Alternative Assay Method Developed for Screening 
Chemicals with Immunotoxicity

D. Lee1, A. Maharjan1, M. Acharya1, S. Kusma1, C. Kim1, Y. Heo1, and H. Kim2. 1Daegu 
Catholic University, Gyeongsan, Korea, Republic of; and 2Catholic University of Korea, 
Seoul, Korea, Republic of.

Exposure to chemical substances from environmental or occupational settings 
could cause aberrant or toxic responses in immune system. Influences of chemical 
exposure have been evaluated through epidemiological or in vivo approach using 
laboratory animals. Meanwhile worldwide restrictions in animal use for research 
have been driven efforts to develop alternative test methods. Development of 
alternative test method for screening immunotoxic chemical substances has not 
been actively challenged, therefore no official test guideline is available interna-
tionally. The IMMUNOTOX-T assay method was recently developed using THP-1 
dendritic cell line to in vitro screen immunotoxic potential of chemicals. Criteria 
for categorizing immunotoxic substance was based on profiling of 27 cytokines 
production from THP-1 cell line activated with lipopolysaccharides in the presence 
or absence of test chemicals. Total 63 chemical substances were used for develop-
ing the IMMUNOTOX-T assay method, including 7 immunosuppressant drugs, 
15 non-immunotoxicants in vivo, and 41 immunomodulatory chemicals in vivo. 
Various parameters predicting immunotoxicity potential were adopted including 
relative cytokine production level versus vehicle control, mean cytokine produc-
tion value for the immunosuppressants, acceptable cytokine production ranges. 
Among the 41 immunomodulatory test substances, 40 substances (97.6%) were 
predicted as immunomodulant. According to the modular approach to alternative 
test validation, within-laboratory repeatability (WLR), inter-laboratory transfer-
ability, between-laboratory reproducibility (BLR), and predictive capacity are core 
modules for pre-validation process. Strategy for semi pre-validation process on 
the IMMUNOTOX-T assay will be introduced, in which 3 research laboratories are 
involved. Briefly, 9 test substances including 3 immunosuppressants, 3 non-im-
munotoxicants, and 3 immunomodulants will be coded and distributed to an 
experimenter in the key laboratory, and WLR will be calculated following at least 
duplicate experiments. The IMMUNOTOX-T assay will be transferred to one GLP 
laboratory and 3 reference chemicals will be used for confirmation of successful 
transferability. Concerning on BLR, the same 9 test substances as used in the key 
laboratory are used in the GLP laboratory for its at least duplicate experiments. The 
predictive capacity of IMMUNOTOX-T assay will be determined using 16 reference 
substances (3 immunosuppressants, 7 non-immunotoxicants, and 6 immunomod-
ulants). Supported by grant #2022R1A2C1091555, National Research Foundation 
of Korea, and the Ministry of Environment-Chemical hazards and risk educational 
training program.

 3013 Computational Modeling of Neural Tube Closure Defects

J. H. Berkhout1,2, A. Piersma1,2, J. Legler2, A. Gamba3, L. Ladeira3, B. Staumont3, 
R. Lesagne4, L. Geris3,4, R. M. Spencer5, T. B. Knudsen5, and H. J. Heusinkveld1. 
1Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven, Netherlands; 
2Universiteit Utrecht, Utrecht, Netherlands; 3University of Liège, Liège, Belgium; 4KU 
Leuven, Leuven, Belgium; and 5US EPA/ORD, Research Triangle Park, NC.

Closure of the caudal neural tube is a critical event that occurs early in development, 
around day 27 human gestation. Its failure underlies spina bifida and other neural 
tube defects (NTD), which are among the most prevalent human congenital malfor-
mations. Human and environmental safety assessment of chemicals relies primar-
ily on legally required in vivo studies in pregnant animals. Ethical concerns, the need 
for greater chemical coverage whilst utilizing less resources, and growing insight 
in the limited predictability of animal models for human health, drive the need to 
find alternatives for animal experiments. However, the complexity of mammalian 
physiology often hampers one-on-one replacement of individual animal studies with 
inherently reductionistic in vitro assays. The ONTOX project proposes an approach 
from the perspective of human biology, physiology and toxicology, that takes an 
open view towards the knowledge that is needed to sufficiently cover all aspects 
necessary for chemical safety assessment. Within ONTOX, we focus on building 
and testing a computational multicellular agent-based model (ABM), based on a 
physiological map of human neural tube closure. By extensively mining the develop-
mental biology and toxicology literature, a physiological map of human neural tube 
closure was created using the systems biology tool CellDesigner [Heusinkveld et al. 
(2021)]. This map revolves around all-trans-retinoic acid (ATRA)-related molecular 
pathways for neural tube closure and disruption. Here, the morphogenetic events 
are recapitulated in the Compucell3D.org modeling environment by translating the 
physiological map into a dynamic ABM that depicts physical aspects of neurulation 
(neural fold elevation, folding and fusion). Model input parameters include different 
perturbation scenarios (eg, dosing the model with apoptosis-inducing compounds). 
Output parameters include effects of simulated chemical exposure on develop-
mental processes critical for neural tube closure, such as median and dorsolateral 
hinge points formation. These are modeled as a function of key morphoregula-
tory signals and recapitulate NTDs known from in vivo vertebrate genetic models. 
The predictions of our model will be validated using a set of dedicated in vitro 
assays in conjunction with existing knowledge on in vivo developmental neurotox-
icity. By simulating a complex biological process such as the neural tube closure, 

we demonstrate that computational models of biological processes will provide a 
revolutionary approach to chemical safety assessment in the near future with less 
reliance on animal testing. Disclaimer: this abstract does not necessarily reflect US 
EPA policy. 

 3014 Machine Learning and State-of-the-Art Statistical 
Methods Increase the Sensitivity of High-Dimensional 
Planarian Screening

D. Ireland1, A. Lehner1, E. Adams1, L. Cerbin1, B. Pitchaya Chantanapongvanij1, A. Soni1, 
and E. S. Collins1,2,3. 1Swarthmore College, Swarthmore, PA; 2University of California San 
Diego, La Jolla, CA; and 3University of Pennsylvania, Philadelphia, PA.

There is an urgent need to develop high-throughput screening (HTS) non-animal 
models to replace, refine, and/or reduce (“3Rs”) vertebrate toxicology testing. The 
development of high-throughput screening (HTS) models to replace, refine, and/or 
reduce vertebrate toxicology testing has been especially challenging for neurotox-
icity and developmental neurotoxicity (DNT) where the functional relevancy of 
adverse outcomes needs to be assessed on the whole organism level. As a partner 
in the National Toxicology Program (NTP) Neurotoxicology Screening Strategies 
Initiative, we screened the NTP 87-compound library (NTP87), consisting of known 
and suspected developmental neurotoxicants, in the asexual freshwater planarian 
Dugesia japonica. Planarians are invertebrates of intermediate neural and anatomi-
cal complexity compared to nematodes and zebrafish and have tractable, evolution-
arily conserved neuronal circuits. Planarians uniquely allow for direct comparison 
of xenobiotic effects on the adult and developing nervous systems. For asexual 
D. japonica, which reproduce via fission, neuroregeneration is the sole method 
of neurodevelopment and shares conserved key events with vertebrate neurode-
velopment. Using the NTP87, we demonstrated that planarian HTS can identify 
known (developmental-) neurotoxicants and adds complementary value to screens 
in developing zebrafish (SOT Paper of the Year 2019). Here, we asked whether 
using state-of-the-art computational approaches could increase sensitivity without 
loss of specificity of planarian HTS to identify neurotoxicity and DNT using the 
NTP87. Machine learning was used to automatically score body morphology, which 
- with >25,000 planarians used - would have taken months of manual analysis. In 
addition, 16 new automated behavioral readouts to assess planarian locomotion, 
spatial exploration and dynamics of noxious heat sensation were added. In total, 
28 distinct readouts evaluated at 5 concentrations were assessed, which allows to 
identify potential neurotoxicants and to distinguish between neurotoxicity and DNT 
in adult and developing planarians. Increased sensitivity without an apparent loss 
of specificity was observed when comparing lowest-observed-effect levels (LOELs) 
across all endpoints. The hit call increased from 48 to 63 for adult and from 50 
to 71 for regenerating planarians. To allow for direct comparison of our NTP87 
data with data screened in other systems, we replaced LOELs with benchmark 
concentrations (BMCs) using the Rcurvep R package. BMC analysis led to more 
sensitivity. The increased dimensionality of this phenotypic screen - assessing both 
planarian morphology and behavior - and the use of state-of-the-art analytical tools 
allows for differentiation of chemical domains and for evaluation of the perfor-
mance of planarian HTS compared to other alternative systems that have screened 
the same library.

 3015 Development and Validation of Enzyme-Based CYP26A1 
Inhibition Assay in a High-Throughput Screening Platform

S. Sakamuru1, D. Ma2, J. D. Pierro3, N. C. Baker4, N. Kleinstreuer5, J. J. Cali2, 
T. B. Knudsen3, and M. Xia1. 1NIH/NCATS, Rockville, MD; 2Promega Corporation, 
Madison, WI; 3US EPA, Research Triangle Park, NC; 4Leidos, Research Triangle Park, NC; 
and 5NIEHS, Research Triangle Park, NC.

All-trans retinoic acid (ATRA), an endogenous ligand for retinoic acid receptor (RAR) 
that heterodimerizes with retinoid X receptor, is essential for embryonic develop-
ment and tissue homeostasis. ATRA is locally generated from vitamin A (retinol) 
metabolism and degraded by cytochrome p450 family 26 (CYP26) enzymes. 
Differential expression of the enzymes involved in retinol metabolism locally 
determine the kinematics of ATRA signaling gradients that are further resolved into 
nuclear delivery by several molecular transporters. ToxCast/Tox21 assays have 
enabled high-throughput screening (HTS) for RAR-dependent reporter and various 
CYP biochemical activities, although the CYP26 family is not currently represented 
in this portfolio. The CYP26 family consists of three subtypes (A1, B1, C1) that are 
differentially expressed during development. In this study, we developed a HTS 
luminescent P450-Glo assay using both the human recombinant enzyme product 
and a specific substrate to quantify chemical effects on CYP26A1 biochemical 
activity and compare these effects with other CYP or retinoid-related bioactivities 
in the ToxCast/Tox21 portfolio. The assay performed well with regards to signal to 
background ratio (37), Coefficient of variation (9.6) and Z factor (0.7). To validate 
this assay, we tested a subset of 39 compounds including well-known CYP26 inhibi-
tors, retinoids and selective RAR agonists, as well as four possible negative control 
compounds including caffeine inferred from the literature or other databases. This 
initial screen identified 32 compounds including tazarotene, etretinate, adapalene, 
triadimefon, AM580, ketoconazole, fluconazole, liarozole, and talarozole, that inhibit 
CYP26A1 activity, while the known negative controls showed no activity. This assay 
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can be used to identify CYP26A1 inhibitors, which may represent potential develop-
mental toxicants. Disclaimer: this abstract does not necessarily reflect US EPA and 
NIH policy.

 3016 Assessing the Utility of the Genomic Allergen Rapid Detection 
(GARDskin) Assay to Detect Dermal Sensitization Potential in 
UVCBs and Formulated Lubricant Products

A. R. Greminger1, K. Goyak1, T. Lindberg2, O. Larne2, R. Gradin2, and A. Forreryd2. 
1ExxonMobil Biomedical Sciences Inc., Annandale, NJ; and 2SenzaGen AB, Lund, Sweden.

Advances in new approach methods and their combinations into defined 
approaches can provide clarity and confidence in concluding on skin sensitization 
potential. However, challenges remain in utilizing these approaches for difficult to 
test materials such as those with challenging physical chemical properties (low 
water solubility, hydrophobic substances) or complex compositions like Unknown 
or Variable Composition Complex reaction products or Biological Materials 
(UVCBs) and formulated mixtures. The previously developed available non-animal 
test methods for skin sensitization based on key-events of the adverse outcome 
pathway (AOP) have clearly defined requirements for test material properties that 
impact feasibility or confound reliance on negative results particularly for difficult 
to test materials and impede the application of defined approaches to conclude 
on skin sensitization hazard. A set of difficult to test materials were evaluated 
in the recently validated GARDskin assay since it offered advantages such as a 
broader applicability domain, availability of additional validated test solvents 
for poorly soluble materials while providing mechanistically relevant informa-
tion on key events from across the skin sensitization AOP. The aim of the study 
was to evaluate the accuracy of the GARDskin assay for a set of synthetic base 
oils (UVCBs), lubricant additives (UVCBs/poorly soluble substances) and fully 
formulated lubricants/greases (mixtures) as well as to provide additional informa-
tion to assist in a weight of evidence determination given that several of the test 
materials had borderline or conflicting data from other key events within the skin 
sensitization AOP. All test items were adequately solubilized in one of the follow-
ing solvents, Ethanol (0.1% final), DMSO (0.25% or 0.1% final), or Xylenes (0.1% 
final). SenzaCells were incubated in triplicate under standard conditions with the 
test items at a max concentration of 500uM for those with a known molecular 
weight or 100 ppm (w/v) for those without a known molecular weight. Following cell 
stimulations, RNA was isolated and endpoint measurements were performed using 
the GARDskin genomic profile signature. Based on the results of this study, the 
accuracy for prediction of skin sensitization hazard was 100% for synthetic base 
oils (n=4), 83% for lubricant additives (n=6), and 66% for formulated lubricants/
greases (n=6) compared to expected outcomes based on available reference data. 
In some cases, the available reference data was borderline or considered to have 
low confidence due to confounding factors such as irritation, and nonmonotonic 
dose responses impacting the accuracy determination when compared one to one 
with either animal or human data. However, the GARDskin assay is considered to 
provide useful insight into the overall weight of evidence for difficult to test materi-
als with conflicting datasets as it provides an additional profile of bioactivity across 
the skin sensitization adverse outcome pathway.

 3017 Integrating In Silico and In Vitro Approaches to Understand 
Cross-Species Predictions of Chemical Susceptibility 
for Aromatase

S. M. Vliet1, J. Cavallin1, S. Mayasich2, and C. LaLone1. 1US EPA, Duluth, MN; and 
2University of Wisconsin-Madison Aquatic Sciences Center at GLTED, Duluth, MN.

Endocrine active chemicals are of concern for chemical hazard evaluation, and 
several new approach methodologies (NAMs) have been developed to rapidly 
screen chemicals for biological activities leading to endocrine disruption. 
Aromatase (CYP19A1), for example, catalyzes the biosynthesis of estrogens from 
androgens and can be inhibited by chemicals such as the fungicide Prochloraz. 
Many NAMs that focus on aromatase currently rely on mammalian-based test 
systems; however, the applicability of these approaches to non-mammalian targets 
remains uncertain. This study employs in silico approaches and subsequent in vitro 
confirmation assays to investigate cross-species predictions of chemical suscep-
tibility for aromatase inhibition. The U.S. EPA’s Sequence Alignment to Predict 
Across Species Susceptibility (SeqAPASS) tool identifies whether known critical 
amino acids involved in catalytic function are conserved across species and makes 
predictions of susceptibility based on amino acid molecular weight and side chain 
classification. For this evaluation, SeqAPASS was used to identify amino acid 
differences between vertebrate species. Predictions then guided the selection of 
amino acids for in vitro site-directed mutagenesis (SDM) studies. In vitro SDM of 
the wildtype (WT) human Cyp19A1 gene sequence was used to create six enzyme 
variants representing amino acid differences identified in other vertebrates. 
The variant proteins, expressed in cell culture, were subsequently screened for 
aromatase inhibition. Results of in vitro inhibition assays agreed with SeqAPASS 
predictions for five of the six mutants. One variant, P308Q, predicted as not a match 
in SeqAPASS, demonstrated similar enzyme inhibition relative to WT enzyme. 
Virtual docking of testosterone to aromatase structural models representing the 
WT and amino acid substituted enzymes support in vitro results, also indicating 

similar activity between the P308Q variant and WT enzyme. Overall, these results 
demonstrate the power of multi-tiered approaches for predicting and understand-
ing chemical susceptibility across species and suggest that targeted refinements 
to silico tools could be made to enhance current predictions. This abstract neither 
constitutes nor necessarily reflects US EPA policy.

 3018 Sentinel-Free Detection of Rodent-Infectious Agent by Contact 
Media Agitation in Soiled Bedding

K. S. Henderson, C. Perkins, and P. Momtsios. Charles River Laboratories, Wilmington, 
MA. Sponsor: R. Dhawan.

Health monitoring of rodents during studies is a component of IACUC objectives as 
it reduces study outcome variation and protects animal welfare. Despite the histori-
cal use of soiled bedding sentinels (SBS) for infectious agent detection, this method 
fails to detect or poorly detect the majority of prevalent and commonly excluded 
rodent pathogens. Alternative PCR-based methods demonstrating equal or greater 
sensitivity to SBS have been developed which can reduce or replaces SBS. A recent 
approach is to directly sample dust from pooled soiled bedding collected from 
study cages and agitating with a contact media (filter). As reported procedures 
for this method are diverse, we sought to compare sampling methods and materi-
als to standardize an optimal process. We evaluated different media exposure 
schedules and media types. Two 3-4 wk-old female SPF CD-1 contact sentinels 
were placed in each of two cages of three 6-10 wk-old and one cage of three >14 
wk-old female pet shop quality mice. During weekly cage changes, soiled bedding 
from all pet shop mice was mixed and diluted to ~17% with bedding from naïve 
SPF CD-1 mouse production isolators. Bedding was agitated with contact media (6 
types) in a sealed collection box to facilitate efficient media exposure or provided 
to SBS cages for exposure (three 3-4 wk-old female SPF CD-1 mice). All media and 
treatment schedule variables were performed in triplicate. Sampling schedules for 
media varied from monthly to weekly exposure to bedding as well as monthly-
pooled Media versus a single media used throughout a 3-month period. Using all 
available diagnostic methodologies, 42, 31, and 10 different infectious agents were 
detected among pet shop mice, contact sentinels, and SBS respectively. The two 
optimal media and sampling schedule detected 28 and 29 agents among triplicate 
samples by PCR. The total number of positive PCR infectious agent assays (PPIAA) 
combined among media and sampling schedule triplicates ranged from 20-76. The 
most sensitive media and treatment schedule incorporated weekly exposure using 
either one media continuously over the 3-month period (76 PPIAA) or separate 
monthly media pooled (72 PPIAA). Although the optimal conditions determined 
in this study for any contact media and exposure schedule were more effective 
than SBS, the greater number of agents detected by direct sampling of pet shop 
mice underscores that no method is perfect. This method should be considered 
as a replacement for SBS as it negates the necessity for animals and improves 
infectious agent detection. This method can be used regardless of animal cage 
type and provides a means to either monitor individual studies or across studies on 
the same cage rack during a routine monitoring period.

 3019 Expanding New Approach Methods for Developmental Toxicity: 
The DevTox Germ Layer Reporter Platform

J. Gamble, and C. Deisenroth. US EPA, Research Triangle Park, NC.

The Frank R. Lautenberg Chemical Safety for the 21st Century Act mandates 
the US EPA develop new approach methods to detect chemical risks to suscep-
tible populations, including pregnant women, that reduce reliance on the use of 
vertebrate animals in chemical testing. The DevTox-GLR (germ layer reporter) model 
platform was recently established for high-throughput screening and prioritization 
of potential developmental hazards (doi.org/10.3390/toxics10070392). The model 
platform utilizes the RUES2-GLR pluripotent stem cell reporter line that expresses 
fluorescent fusion protein biomarkers SOX17 (endoderm), Brachyury (mesoderm), 
and SOX2 (ectoderm and pluripotency); enabling a multi-lineage readout on gastru-
lation lineages. The endodermal reporter (DevTox GLR-Endo assay) employed use 
of the model platform to evaluate chemical effects on differentiating endoderm, 
yielding a balanced accuracy (BA) of 72% against a training set of 23 non-develop-
mental toxicants and 43 developmental toxicants. To expand biological coverage, 
assays for pluripotency (DevTox GLR-Pluri), ectoderm (DevTox GLR-Ecto), and 
mesoderm (DevTox GLR-Meso) were developed to compare chemical-specific 
responses across lineages, thus providing a chemical specific profile for perturbed 
gastrulation. Testing was done on each assay with a reference set of 4 non-de-
velopmental toxicants (acetaminophen, folic acid, penicillin G and saccharin) and 
12 developmental toxicants (13-cis retinoic acid, 5,5-diphenylhydantoin, 5-fluoura-
cil, all-trans retinoic acid, bisphenol A, busulfan, diethylstilbestrol, methotrexate, 
pomalidomide, sunitinib, thalidomide and valproic acid) with concentrations ranging 
from 100 pM to 200 µM. BAs were 96% (pluripotent), 83% (ectoderm), and 58% 
(mesoderm). Assay overlap revealed 7 chemicals correctly identified by all assays, 
although none of the tested chemicals had a lineage specific effect. However, 
developmental toxicity and cytotoxicity potencies varied across assays with differ-
ences between lineages. Further testing is necessary to determine the efficacy of 
each assay against a broader set of chemicals, but the DevTox GLR platform overall 
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has the capability to determine mechanistic potencies of developmental toxicants 
on cell lineages specified during gastrulation. This abstract does not necessarily 
reflect EPA policy, nor endorse or recommend any products mentioned.

 3020 Combining In Vitro Quantitative Measurement of Both 
Skin Irritation and Skin Sensitization in a Single SENS-
IS Assay: Application to Medical Devices and Cosmetic 
Commercial Products

H. Groux, E. Boitel, and F. Cottrez. ImmunoSearch, Grasse, France. Sponsor: 
C. Pellevoisin.

The SENS-IS assay is the only quantitative in vitro sensitization test. It uses a human 
3D epidermis and a genomic signature of 62 biomarkers. Because it uses epidermis 
as the test system, one can use the SENS-IS assay to test any chemical independent 
of its solubility and/or hydrophily but also mixtures, finished products, silicones, 
medical devices, agrochemical products, with an accuracy of more than 90%. To 
extend the use of the assay by taking advantage of the fact that the 3D reconsti-
tuted human epidermis is also used for skin irritation assay with similar application 
kinetics, we have developed a new genomic signature combined with an algorithm 
defined by Artificial Intelligence calculations. Skin irritation is defined through an 
Irritation Index that gives a linear quantification of skin irritation and allows for the 
classification of irritants according to UN GHS (3 classes, cat 2, cat3 and no cat). 
The validation of accuracy was performed on 105 chemicals (30 category 2, 25 
Category 3 and 50 no category) with an overall accuracy of 85%. The assay was 
used to quantitate skin irritation and skin sensitization of several cosmetic finished 
products, households and agrochemicals formulations with a very good precision. 
This combination of two topical toxicity analysis in a single assay will acceler-
ate analysis and decrease the price of the test. It gives the opportunity to use the 
SENS-IS assay prior to perform assays on human volunteers (HRIPT).

 3021 Comparison of Structural Characteristics and Molecular 
Markers of Rabbit Skin, Pig Skin, and Reconstructed Human 
Epidermis for an Ex Vivo Human Skin Model

C. Uhm1, K. Lim2, and K. Nam1. 1Yonsei University, Seoul, Korea, Republic of; and 2Ewha 
Womans University, Seoul, Korea, Republic of.

The Organization for Economic Co-operation and Development approved a 
reconstructed human epidermis (RHE) model for in vitro skin irritation and corrosion 
tests as an alternative to animal testing for cosmetics, which has been banned in 
the European Union since 2013. However, RHE models have several limitations, 
such as high manufacturing costs, a loose skin barrier, and inability to simulate 
all cellular and non-cellular components of the human epidermis. Therefore, new 
alternative skin models are needed. Ex vivo skin models have been suggested 
as promising tools. Here, we investigated the structural similarities in the epider-
mis of pig and rabbit skin, a commercial RHE model (Keraskin), and human skin. 
To compare the structural similarity, the thickness of each epidermal layer was 
compared using molecular markers. Among the candidate human skin surrogates, 
the epidermal thickness of the pig skin was the most similar to that of human 
skin, followed by rabbit skin and Keraskin. Keraskin showed thicker cornified 
and granular layers than human skin, while rabbit skin displayed thinner layers. 
Moreover, the proliferation indices of Keraskin and rabbit skin were higher than 
those of human skin, whereas the proliferation index of the pig skin was similar to 
that of human skin. Some or none of the human skin barrier proteins FLG, CLDN1, 
and CDH1 were expressed in pig and rabbit skin, whereas all human proteins were 
expressed in Keraskin. Collectively, we propose ex vivo pig skin as the most suitable 
model for skin irritation testing because of its similarity to human skin.

 3022 Method Development of a Waterpipe Aerosol Exposure 
System for In Vitro Testing Using 3D Reconstructed Human 
Airway Tissue

J. Gafner, C. Lamboley, and L. Neilson. JT International SA, Geneva, 
Switzerland. Sponsor: P. André.

The study’s objective was to investigate the use of an air-liquid interface (ALI) 
exposure system to evaluate the biological response of 3D reconstructed human 
airway tissue (MucilAir™) when exposed to the aerosol of a commercialized 
waterpipe sample generated by the Vitrocell® waterpipe testing device. These 
types of exposure systems have previously been extensively characterized for the 
evaluation of cigarettes and Reduced-Risk Tobacco Products and show promises 
in supplementing or replacing in vivo toxicity testing. As far as the waterpipe 
aerosols are concerned, limited studies are available for their evaluation. A method 
to evaluate waterpipe aerosols and to reliably estimate the deposited dose on 
airway tissues was developed while monitoring a number of biological endpoints 
including the transepithelial electrical resistance (TEER), Lactate dehydrogenase 
(LDH) release, cell viability (Resazurin assay) and ciliary beat frequency (CBF). The 
determination of the dose deposited on the tissues was evaluated using fluores-
cence. As waterpipe aerosol contain components that fluoresce when excited with 

light of a certain wavelength, fluorescence can be used to quantify the amount of 
deposition measured using a trapping solution to evaluate the exposure to waterpipe 
aerosol. The fluorescent signal was converted to a mass deposition per tissue 
inserts through a calibration curve. Airway tissues received repeated exposure to 
waterpipe aerosol for 40 minutes per day according to the puffing regime set in the 
ISO 22486 standard over 4 days at different concentrations according to air dilution 
settings. When the aerosol was diluted with an airflow rate of 0.5 L/min, no biolog-
ical changes were observed across any of the endpoints. In order to investigate 
exposure conditions under more intense conditions, a 4-fold increase in deposition 
was achieved by exposing the MucilAir™ tissues to undiluted aerosol. Under these 
conditions, a 24% cell viability reduction measured by the Resazurin assay and 50% 
reduction in CBF was noticed while the other endpoints remained unchanged. This 
preliminary data obtained with a commercialized waterpipe sample suggests that 
a biological response was observed and dose dependent. This investigation allows 
us to define the most relevant exposure parameters and biological endpoints for 
future product stewardship testing using different waterpipe blends.

 3023 Circulated Multi-tissue Organoid Platform (CMTOP) as a 
Nonanimal Methodology for Toxicological Assessment

J. G. Rohan1, N. M. Gargas1,2, B. J. Sweeney1,2, K. Ingram3,4, M. W. Grogg3, and D. Xu1,5. 
1Naval Medical Research Unit Dayton, Wright-Patterson AFB, OH; 2Leidos, Reston, VA; 
3USAF AFMC 711th HPW RHBBB, Wright-Patterson AFB, OH; 4UES Inc., Dayton, OH; and 
5Navy Environmental and Preventative Medicine Unit 7, Rota, Spain.

We have developed a novel non-animal platform to conduct rapid and cost-ef-
fective toxicological assessments using organoids derived from human induced 
pluripotent stem cells. To do this, human airway epithelium, liver organoids, and 
cerebral organoids were cultured in a circulated platform to mimic human circula-
tion environment. Using this Circulated Multi-Tissue Organoid Platform (CMTOP), 
we assessed the effects of acute and repeated exposure of diesel exhaust (DE) 
on human lung, liver, and brain-specific biomarker expression levels. For these 
experiments, only the airway epithelium was exposed to DE or air (control), while 
culture medium was circulated from the airway epithelium module to the liver 
organoid module, then subsequently circulated to the cerebral organoid module. 
For the acute exposure, airway epithelium was exposed to 25 µg/m3 DE for 4 hours. 
For the repeated exposure, airway epithelium was exposed to 0.25 µg/m3 DE for 
10 days, 2 hours per day. Circulation media, airway epithelium, liver, and cerebral 
organoids were collected to measure expression levels of tissue specific biomark-
ers under each exposure conditions. Alanine aminotransferase (ALT), albumin, 
arginase 1 (ARG 1), cytochrome P450 family 3 subfamily A member 4 (CYP3A4), 
glutathione transferase-α (GST-α), succinate dehydrogenase (SDH) and urea were 
used as markers to monitor cell damage in liver organoids. We did not observe a 
change in ALT activity after acute DE exposure but detected an increase in ALT 
activity level following repeated exposures to DE or air (control). However, there 
was > 2-fold increase in ALT activity from DE exposed CMTOP at Day 7 compared 
to control CMTOP. Additionally, our data showed a significant decrease in ARG 
1 (> 3-fold) and SDH (> 30%) after acute DE exposure. However, there were no 
significant changes in albumin, CYP3A4, GST-α, or urea levels following exposure to 
DE or air. This set of data indicated that DE exposure may affect liver cell function-
alities without inducing detectable cell damage or death. Next, we analyzed the 
concentration of the neurotransmitter glutamate (Glu) in both the circulation media 
and lysed cerebral organoids. We detected a significant Glu increase (> 2-fold) in 
the lysed cerebral organoids after acute exposed, and a 4-fold increase in lysed 
organoids after repeated exposure. Additionally, there were trending increases in 
other brain specific markers (S100 calcium-binding protein B and brain derived 
neurotrophic factor) that were not statistically significant. Furthermore, inflamma-
tory cytokines were elevated, compared to their levels before exposure, in both the 
DE exposed and control CMTOP. However, the increases in inflammatory cytokines 
after repeated DE exposure were 1.5-2.8-fold higher compared to those from 
control CMTOP. Taken together, we demonstrated that the CMTOP can serve as 
an effective non-animal methodology for toxicological assessments. This platform 
can be modified to mimic oral or dermal exposure by replacing the airway epithe-
lium with gastrointestinal or skin tissue, respectively.

 3024 Predicting Acute Oral Toxicity Using AcutoX: An Animal 
Product—–Free and Metabolically Relevant Human 
Cell–Based Test

T. A. Ward1, H. Goldsby1, M. Connolly1, J. Fredson1, F. Jacobs1, A. Raza1, L. Suleman1, 
C. S. Roper2, and C. Treasure1. 1XCellR8 Ltd., Daresbury, United Kingdom; and 2Roper 
Toxicology Consulting Ltd., Edinburgh, United Kingdom.

Acute oral toxicity is currently assessed using the rodent LD50 test following OECD 
test guidelines 420, 423 and 425. These tests are widely criticized on scientific 
and ethical grounds, as they lack reproducibility (Hoffman, 2010; https://doi.
org/10.1016/j.yrtph.2010.08.004) and relevance to human exposure. We have 
shown that an in vitro cytotoxicity assay can be used to predict acute oral toxicity. 
The aim of this work was to develop an enhanced, animal product-free, metaboli-
cally relevant, in vitro assay capable of predicting EPA and GHS acute oral toxicity 
category classifications. A cohort of 70 chemically diverse test items, with known, 
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well-curated rodent LD50 categories spanning all EPA and GHS classifications, 
were chosen to create the prediction model. These test items were assessed for 
solubility in cell culture media, ethanol or DMSO to determine the top concentration 
at which they could be dosed in the main test. Adult human dermal fibroblasts 
(HDFa) were grown in animal-product-free media containing human serum and 
dosed with a 10-fold dilution series of each test item. At 24 h post dose, viability 
was assessed by a 96-well plate Neutral Red Uptake (NRU) assay and an IC50 
calculated. This dose range finding experiment was used to determine the top 
concentration at which each test item could be dosed in the main test, which was 
designed with a narrower dose range to identify an accurate IC50. HDFa were 
subsequently dosed with a 2-fold dilution series of each test item in the presence 
or absence of the human S9 fraction metabolizing system for 3 or 24 h, respec-
tively. Viability was assessed by both NRU (a measure of cell membrane integrity) 
and MTT (a measure of cellular metabolic activity) to generate four independent 
IC50 values. The IC50 values from the NRU experiments correlated well with those 
from MTT in the absence and presence of metabolism (R2 = 0.89), suggesting 
good reproducibility across the two tests. The assay identified test items known 
to be metabolically detoxified, e.g., sodium selenite, or metabolically activated, 
e.g., ethylene glycol. By comparing IC50 values from this experiment with historic 
LD50 values, a prediction model was developed to categorize each test item using 
both the EPA and GHS classifications. Test items were correctly identified for EPA 
categories 1 (67%), 2/3 (58%) and 4 (86%), and GHS categories 1/2 (56%), 3/4 
(70%) and 5 (71%). This scientifically and ethically robust screening or replacement 
alternative to the rodent LD50 assay can be run alongside in silico approaches such 
as the CATMoS collaborative acute toxicity modelling suite computational model 
(Mansouri, 2021; https://doi.org/10.1289/EHP8495), to improve the prediction of 
acute oral toxicity classification and labelling and is considered to be suitable for 
inclusion in a weight of evidence approach for acute oral toxicity classification. The 
AcutoX assay contributes to a registrants 3Rs initiative by replacing aspects of in 
vivo acute oral toxicity testing and offers a novel animal product-free and metaboli-
cally relevant, human in vitro approach to acute toxicity.

 3025 Development and Characterization of a Breathing Primary 
Human Bronchial Epithelial Model Grown on the AlveoliX 
Lung-on-Chip System

S. Hicks1, C. Capella1, J. Stucki2, A. Rapet2, N. Hobi2, W. Puerner1, and R. Moyer1. 
1Battelle Memorial Institute, West Jefferson, OH; and 2AlveoliX AG, Swiss Organs-on-Chip 
Innovation, Bern, Switzerland.

In recent years, advancements in engineering and cell biology have enabled increas-
ingly complex and physiologically relevant in vitro models of human biology. While 
traditional, immortalized cell lines offer convenience, the immortalization process 
leads to the loss of many of the natural characteristics of the original tissue and, 
therefore, a less biologically relevant system. Primary cultures retain more of the 
tissue’s natural characteristics, increasing biological relevance. Recapitulation of 
relevant human biology can be further improved by including additional biologi-
cal functions of the natural environment, such as the stretching of airway tissue 
cultures to mimic the breathing motion of the lung. In this study, a Lung-on-Chip 
(LoC) bronchial epithelial airway model was developed. Primary normal human 
bronchial epithelial (NHBE) cultures were grown at the air liquid interface (ALI), 
forming 3-dimensional, pseudostratified cultures with tight junctions, ciliated 
cells, and mucus producing goblet cells. These cultures were grown on the AX12, 
which contains flexible membranes that can be mechanically stretched to mimic 
the natural breathing motion of the human airways. The NHBE airway model was 
characterized by monitoring the cultures’ growth, cellular morphology, cell viabil-
ity, and by measurements of tight junction barrier integrity using transepithelial 
electrical resistance (TEER). Once healthy cultures were established on the chip’s 
membranes, the model was further tested by exposing the cultures to a known 
toxicant, cadmium chloride (CdCl2). Cultures were basally exposed to 10 µg/mL, 100 
µg/mL, or 500 µg/mL of CdCl2 for 48 hours with and without mechanical stretching. 
The effects of CdCl2 were assessed using TEER and cell viability measurements. 
The morphology of the primary NHBE cultures grown on the AX12 was consistent 
with the cobblestone appearance expected of these cultures. As airlifted cultures 
matured, mucus production and beating cilia were observed within the expected 
timeframe, approximately 10 days post airlift and 14 days post airlift, respectively. 
By day 7, TEER values reached the benchmark of ≥200 ohms*cm2, indicative of 
healthy, tight barrier function. TEER values initially increased with dynamic stretch-
ing of the tissues but returned to base levels within 24 hours of stretching being 
introduced. Exposure to CdCl2 resulted in a concentration-dependent response 
as evidenced by decreased barrier integrity and cell viability with increased CdCl2 
concentration, with and without stretching at the time of exposure. After 24 hours, 
cultures exposed to 500 µg/ml of CdCl2 showed poor barrier integrity, with TEER 
values of stretched and static cultures decreasing to 19% and 8% of control 
integrity, respectively. These cultures also showed increased release of lactate 
dehydrogenase (LDH), resulting in LDH levels consistent with 28.5% (stretching) 
and 42.5% (static) cell death. After 48 hours, cultures exposed to 100 µg/mL of 
CdCl2 showed a more modest decrease in TEER values of stretched and static 
cultures, decreasing to 83% and 72% of control integrity. These treated cultures 
exhibited no notable cytotoxicity. Lastly, exposures to 10 µg/mL of CdCl2 did not 
cause any notable barrier damage or cytotoxicity after 48 hours. In summary, we 
have developed a novel LoC bronchial epithelial airway model. This healthy human 

bronchial epithelial model incorporates the dynamic stretching of the natural 
airway, adding additional biological relevance to the primary airway cultures. The 
morphology, maturation timeline, barrier integrity, and response to a known toxicant 
of the cultures were consistent with expected outcomes.

 3026 AnimalGAN: A Generative AI Alternative to Animal Clinical 
Pathology Testing

X. Chen1, S. Auerbach2, R. Roberts3,4, Z. Liu1, and W. Tong1. 1US FDA/NCTR, Jefferson, 
AR; 2NIEHS, Research Triangle Park, NC; 3ApconiX, Alderley Park, United Kingdom; and 
4University of Birmingham, Birmingham, United Kingdom.

Clinical pathology testing of laboratory animals is crucial for chemical safety 
evaluation and risk assessment. As the toxicology community and regulatory 
agencies are moving towards replacement, reduction, and refinement (3Rs) of 
animal studies, and meanwhile, abundant animal data are available from the public 
domain, we are exploring an Artificial Intelligence (AI) approach to learn from the 
existing animal studies to generate the animal data without conducting animal 
experiments. In this study, we developed AnimalGAN using Generative Adversarial 
Networks (GANs), which was able to learn from the associations between chemical 
exposure (the combination of chemical structure, dose, and exposure duration) and 
clinical pathology findings (i.e., hematologic and clinical chemistry measures) in 
legacy animal study data to generate synthetic clinical pathology profiles consis-
tent with a diverse population level response to chemical exposure. Implementing 
AnimalGAN on the Open TG-GATEs database, it successfully inferred hematological 
and biochemical parameters with high similarity (0.998±0.002) to the correspond-
ing animal testing values under the same experimental design. Furthermore, the 
generated hematological and biochemical parameters by AnimalGAN could yield 
similar toxicity identification results comparable with those from animal samples, 
with an average concordance rate over 90%. Moreover, we challenged AnimalGAN 
to generate clinical pathology data for treatments reported in DrugMatrix. We 
found that the generated data can be used to assess toxicity as their correspond-
ing actual animal data is used, with an average concordance rate around 71%, 
which is comparable with the concordance of toxicity assessment results by using 
TG-GATEs data and DrugMatrix data for their overlapped treatments. The proposed 
AnimalGAN framework and its applications demonstrated the potential of utilizing 
advanced Artificial Intelligence (AI) approaches to produce non-animal models as 
alternatives to animal studies based on the existing data.

 3027 Cardiotoxicity Assessment of HESI Reference Compounds 
Using Human iPSC-CMs

P. Bagam1, J. Pierson2, and L. Pang1. 1US FDA/NCTR, Jefferson, AR; and 2HESI, 
Washington, DC.

Human induced pluripotent stem cell derived cardiomyocytes (hiPSC-CMs) 
are increasingly used in pre-clinical in vitro cardiac toxicity testing. Combined 
with various high-throughput assay platforms, hiPSC-CMs have the potential to 
enhance drug-induced cardiotoxicity detection and prediction, particularly of those 
that cannot be easily identified with the current preclinical safety evaluation in 
animals due to species differences. Moreover, patients with prolonged exposure 
to numerous drugs, such as anthracyclines, tyrosine kinase inhibitors, and drugs 
that disrupt ion channel trafficking, often exhibit some late onset cardiotoxic 
effects. As hiPSC-CMs have been proposed for chronic cardiotoxicity evalua-
tion, the Health and Environmental Sciences Institute (HESI) Stem Cell Working 
Group recently initiated a blinded study to evaluate the predictability of current 
hiPSC-CM in vitro assays for detection of chronic cardiac toxicity. Twelve well-char-
acterized cardiotoxins with different mechanisms (doxorubicin, erlotinib, sunitinib, 
pentamidine, vinblastine, vincristine, vinorelbine, nilotinib, endothelin-1, milrinone, 
arsenic trioxide, and BMS-98604) were selected, coded, and tested using different 
platforms following the same drug preparation protocol at multiple sites, includ-
ing the National Center for Toxicological Research (NCTR). The compounds were 
uncoded after all the raw data had been sent to HESI for statistical analysis. Herein, 
we summarize the results of this test site for the responses of iCell2 cardiomy-
ocytes (FCDI, FujiFilm Cellular Dynamics) to the 12 compounds over 144 hours 
of exposure. Dynamic changes in impedance parameters, including cell index (an 
indicator of cytotoxicity), beating amplitude, beating rate, and beating rhythm, were 
recorded using the xCELLigence RTCA Cardio instrument (Agilent). Overall, most 
of the HESI reference compounds exhibited some cardiotoxic effects at clinically 
relevant concentrations; only arsenic trioxide and milrinone showed little changes 
on impedance parameters. Arsenic trioxide was tested at relatively low concentra-
tions (< Cmax) due to a solubility issue and the positive inotropic effect of milrinone 
cannot be detected with less mature iPSC-CMs in conventional 2D culture. The 
results of this study indicate that drug screening for chronic cardiotoxicity using a 
hiPSC-CM impedance assay may provide some useful information for cardiotoxic-
ity prediction; however, further characterizations are needed to identify the related 
electrophysiological, structural, energetic, and contractility changes of cardiomyo-
cytes upon chronic drug exposure.
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 3028 Characterizing Acute Inhalation Toxicity Using In 
Vitro Assessment

A. H. Hofstra1, A. Charlton2, E. F. McInnes3, R. Jackson4, J. Oldach4, and 
M. M. Hargrove2. 1Syngenta Canada Inc., Guelph, ON, Canada; 2Syngenta Crop Protection 
LLC, Greensboro, NC; 3Syngenta Ltd., Bracknell, United Kingdom; and 4MatTek, 
Ashland, MA.

Acute inhalation toxicity assessment is required for chemical formulations, includ-
ing agrochemicals, and currently is based on results from in vivo rodent studies. 
In 2016, the US EPA communicated that the agency received approximately 500 
sets of acute studies annually. Based on a minimum number of animals used in 
a guideline acute inhalation toxicity study, this leads to an estimate of approx-
imately 6000 animals per year used for acute inhalation testing. Therefore, an 
alternative method that does not use animals and accurately predicts inhalation 
toxicity categories would significantly reduce the use of animals while continuing 
to protect human health. In a previous study, three formulated pesticide products 
were evaluated using the EpiAirwayTM in vitro human airway model and the results 
were compared with previous acute in vivo inhalation studies. Evaluation of irrita-
tion potential and tissue damage was determined by measuring transepithe-
lial electrical resistance (TEER), lactate dehydrogenase (LDH) release, resazurin 
metabolism, and histopathology. The results suggested the TEER endpoint was 
the most sensitive enzymatic indicator of toxicity. Importantly, the histopathology 
assessment correctly categorized the formulations as having high, moderate, or 
low inhalation toxicity. To improve the ability of the assay to correctly catego-
rize inhalation toxicity and support use in a regulatory context, the study design 
was optimized, including increasing exposure time of products to tissues for 4 
hours from 3 hours and adding a 20-hour recovery period. In the current study, ten 
formulated pesticide products were evaluated using EpiAirwayTM and the results 
were compared with previous acute rat in vivo inhalation studies. Evaluation of 
irritation potential and tissue damage was determined by measuring transepithelial 
electrical resistance (TEER), lactate dehydrogenase (LDH) release, (3- [4,5-dimeth-
ylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) viability, and histopathology. 
Test materials were applied to the EpiAirwayTM tissues at three concentrations with 
four replicates per concentration for four hours. Vehicle controls (deionized water 
or corn oil), positive controls (0.5% Triton X-100 and 14.7 mg/mL formaldehyde) 
and negative (untreated) controls were tested in parallel. Initial results indicated 
that control treatments performed as expected for each functional endpoint. In 
contrast, the results from the pesticide formulations did not align consistently with 
in vivo results. Further refinement is needed to optimize the conditions and address 
the impact of change in the route of exposure.

 3029 Performance of the Three-Dimensional HepaRG Micronucleus 
Assay for In Vitro Genotoxicity Testing

X. Guo, J. Seo, and N. Mei. US FDA/NCTR, Jefferson, AR.

The in vitro micronucleus (MN) assay is an essential component of test batter-
ies used in toxicological screening for potential genotoxicity. Our previous study 
adapted metabolically competent HepaRG cells to the high-throughput (HT) flow 
cytometry-based MN assay for genotoxicity assessment. Given that compared to 
2D HepaRG cells, three-dimensional (3D) HepaRG spheroids have been shown to 
have improved metabolic capacity and are more sensitive in detecting DNA damage 
induced by genotoxicants/carcinogens, the present study evaluated the perfor-
mance of HTMN assay in 3D HepaRG spheroids by testing 34 test articles, includ-
ing 8 direct-acting and 11 indirect-acting genotoxicants/carcinogens as well as 15 
compounds that show different genotoxic responses in vitro and in vivo. Spheroids 
were exposed to various compounds for 24 h, followed by an additional incubation 
of 6 days in fresh differentiation medium supplemented with human epidermal 
growth factor to go through 1.5 cell population doubling. Then the spheroids were 
lysed and stained for conducting the HTMN assay. The results demonstrated that 
3D HepaRG spheroids showed slightly higher sensitivity in detecting genotoxicants/
carcinogens that require metabolic activation, with two compounds [7,12-dimethyl-
benzanthracene (DMBA) and dimethylnitrosamine (DMNA)] inducing higher %MN 
in 3D spheroids compared to 2D cultures. Benchmark dose analysis demonstrated 
that these two compounds had significantly lower BMD50s in 3D spheroids than 
in 2D cultures. These data suggest that the HTMN assay can be adapted to 3D 
HepaRG spheroids for genotoxicity testing, and that 3D HepaRG spheroids might 
have slightly improved sensitivity in detecting genotoxicants/carcinogens that 
require metabolic activation.

 3030 Tris (1,3-Dichloro-2-Propyl) Phosphate Disrupts Cellular 
Metabolism within Human Embryonic Kidney (HEK293) Cells

S. G. Avila-Barnard, C. Nemarugommula, and D. C. Volz. University of California 
Riverside, Riverside, CA.

Tris (1,3-dichloro-2-propyl) phosphate (TDCIPP) is a widely used, additive flame 
retardant that migrates from end-use products into environmental media (e.g., 
surface water, air, and dust), resulting in chronic exposure of human populations 
around the world. Prior epidemiological studies within the United States have 

found that human TDCIPP exposure is associated with a decrease in fecundity, 
a finding that may be driven by TDCIPP-induced implantation failure. However, 
little is known about whether TDCIPP disrupts the physiology of human embryonic 
cells at environmentally relevant concentrations. Therefore, the overall objective of 
this study was to determine whether TDCIPP alters cell viability, cytosine methyla-
tion, reactive oxygen species (ROS) levels, and cellular metabolism using human 
embryonic kidney (HEK293) cells as a model. First, using CellTiter-Glo assays, 
we found that, relative to vehicle controls, exposure to environmentally relevant 
concentrations of TDCIPP for 24 or 48 h resulted in a concentration-dependent 
increase in cell viability, a finding that was likely driven by an increase in the relative 
ATP abundance. Second, using 5-methylcytosine (5-mC)-specific immunocyto-
chemistry, we found that TDCIPP exposure up to 48 h did not affect global cytosine 
methylation in situ. Finally, using CellROX Green assays, we detected a significant 
concentration-dependent decrease in ROS in situ (relative to vehicle-treated cells) 
after 48 h (but not 24 h) of TDCIPP exposure, suggesting that exposure to 0.1% 
DMSO alone may increase ROS generation within HEK293 cells and TDCIPP may 
counteract the effects of 0.1% DMSO. To date, our findings within HEK293 cells 
demonstrate that 1) TDCIPP increases ATP production; 2) TDCIPP does not affect 
the abundance of 5-mC; and 3) TDCIPP decreases ROS relative to vehicle-treated 
cells. Our ongoing and future studies within HEK293 cells will rely on metabolo-
mics, real-time cell analysis, and functional pharmacologic approaches to begin 
uncovering the mechanism underlying TDCIPP-induced disruption of cellular 
metabolism. Importantly, our findings with TDCIPP point to a novel mechanism of 
action that may be relevant to human embryonic cells and/or other organohalogen 
flame retardants that are frequently detected within human biomonitoring studies.

 3031 Bioprinted Pancreatic Tumors: A Novel Animal-Free 
Approach for Screening Chemotherapy, Radiotherapy, and 
Immunotherapies against Cancer

S. Gaikwad, and S. K. Srivastava. Texas Tech University Health Sciences Center,  
Abilene, TX.

The tumor microenvironment plays a crucial role in the progression of solid tumors. 
Among the solid tumors, pancreatic ductal adenocarcinoma (PDAC) has had the 
lowest survival rate. PDAC has a highly aggressive tumor with a dense stroma and 
a poor vascularization network making it difficult for drug delivery. The complex 
TME and drug delivery issues have made it difficult to develop new therapies in 
PDAC for the past 4 decades. The first step of developing an effective therapy is in 
vitro screening method. Considering the TME of PDAC, there is an immense need 
to develop reliable in vitro anti-cancer screening models which closely mimic the in 
vivo conditions. The conventional 2D systems lack a majority of the tumor charac-
teristics. It is evident that a leap from the oversimplified 2D systems to animal 
models makes it difficult to transform and reproduce the outcomes obtained during 
in vitro studies. To bridge this gap, 3D tumor models are being extensively explored 
as an alternative option to 2D systems. In the current study, we developed and 
characterized bioprinted PDAC tumor models generated using extrusion bioprint-
ing. Importantly, our study is unique in the fact that the bioink majorly replicates 
the natural stromal environment as observed in human PDAC tissues. The tumor 
models displayed favorable cell viability and proliferation rate post-printing. 
Importantly, we characterized the model for important hallmarks of cancer such as 
hypoxia, tissue stiffness, oncogene expression, etc. We also compared the anti-can-
cer activity of standard chemotherapeutics and radiotherapy on 2D versus the 3D 
model. In general, PDAC cells showed higher resistance in a 3D environment than 
in the 2D monolayer culture. Considering the differences observed and the fact 
that 3D models were able to mimic factors such as hypoxic environments, our 
study provides a reliable platform for studying the toxic effects of therapies on 
PDAC tissues.

 3032 Polybrominated Diphenyl Ether (PBDE) and Its Effects on 
Specific Gut Microbes and Their Associated Metabolic Networks 
Relating to Cellular Growth and Survival

K. Kim1, Y. Jin2, K. Weigel1, H. Gu2, and J. Cui1. 1University of Washington, Seattle, WA; 
and 2Florida International University, Port St. Lucie, FL.

Poly-brominated diphenyl ethers (PBDEs) were formerly used flame retardants and 
are persistent environmental toxicants implicated in various metabolic diseases. 
We have previously shown that oral exposure to the diet enriched PBDE congeners 
2,2,4,4-tetrabromo-diphenyl ether (BDE-47) and 2,2,4,4,5-pentrabromo-diphenyl 
ether (BDE-99) produced gut dysbiosis in large intestinal content of mice, including 
a marked elevation of the short chain fatty acid (SCFA)-producing Akkermansia 
muciniphila. We also showed that BDE-99 exposure increased the DNA encoding 
microbial 7α-dehydroxylation enzymes for secondary bile acid (BA) synthesis. In 
this study, we followed up to investigate how BDE-47 and BDE-99 directly regulate 
specific microbes involved in SCFA- and secondary BA-synthesis. Akkermansia 
muciniphila, Clostridium scindens - a well-known commensal bacteria involved in 
secondary BA-synthesis, were exposed to either BDE-47 or BDE-99 at the following 
concentrations: 0μM (control),10μM, and 100μM. Escherichia coli was exposed in 
parallel as a positive control. Mass spectrometry analysis was used to observe 
metabolomic changes. Over the time course, both BDE-47 and BDE-99 showed 
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growth inhibition of A. muciniphila and E. coli; the growth of C. scindens was also 
inhibited by BDE-99 but was promoted by BDE-47. In C. scindens, BDE-47 decreased 
2-pyrrolidonone but increased urocanic acid, whereas BDE-99 increased lactate but 
decreased kynurenine. In A. muciniphila, BDE-47 increased NADPH while BDE-99 
increased 5-aminolevulinic acid. In E. coli, BDE-47 increased both aspartate and 
4-aminobutyric acid while BDE-99 increased both 2-pyrrolidinone and glucos-
amine. In conclusion, our study showed that PBDEs impacted the growth as well 
as carbohydrate and amino acid metabolism in important intestinal commensal 
bacteria. Understanding the direct interactions between orally exposed environ-
mental chemicals and gut microbes may provide additional insights into the 
mechanisms of toxicity.

 3033 Functional Assessment of hiPSC-Derived Brain Organoids to 
Study the Effects of Chemical Exposure and Electrical Stimuli on 
Synaptic Plasticity

D. Alam El Din1, L. Monkemoller1, A. H. Turkay1, B. Kincaid1, L. Ding1, J. E. Schenkman2, 
B. J. Kagan3, T. Hartung1, and L. Smirnova1. 1Johns Hopkins University Center for 
Alternatives to Animal Testing (CAAT), Baltimore, MD; 2Princeton University, Princeton, 
NJ; and 3Cortical Labs, Melbourne, Australia.

Current in vitro brain models are powerful tools to study the molecular pathways 
of neurotoxicity but are limited when studying the functional changes in network 
activity because of technological limitations of the field. Advancements in 
high-density micro-electrode arrays (MEAs) and the optimization of live calcium 
imaging have made characterizing these functional changes more feasible, and 
more specifically studying the effects chemical exposures can have on network 
activity and synaptic plasticity in vitro. In addition, recent advances in cell 
culture allow modeling of the cellular processes in vitro in more physiologically 
relevant settings. Induced Pluripotent Stem Cell (iPSC) derived brain organoids 
are an example of such microphysiological systems. Here, we aim to function-
ally characterize network activity and synaptic plasticity in response to chemical 
exposure and electrical stimuli in our lab’s human iPSC-derived brain organoids. 
To research this, we have been differentiating brain organoids for 12 weeks and 
characterizing spontaneous and modulated electrical activity weekly using live 
calcium imaging and MEAs. We have been modulating electrical activity with 
acute chemical and electrical stimuli. We also modulated the electrical activity by 
long-term, low-dose exposures to arsenic, lead, cadmium, chromium and heavy 
metal mixtures. In addition, we are characterizing early synaptogenesis, including 
immediate early genes over time in conjunction with the stimulations by immuno-
histochemistry and RT-PCR. Our preliminary results show that overall spontaneous 
firing rate and interburst interval decrease in organoids stimulated with 20uM 
Glutamate and 20uM Gamma-Aminobutyric Acid. Organoids recovered sponta-
neous firing rate and interburst interval over 2 weeks of Gamma-Aminobutyric Acid 
washout. Furthermore, long-term culturing of multiple organoids on a single MEA 
found evidence of highly interconnected network formation within and between 
organoids. In the future, we plan to study how long-term potentiation is affected by 
chemical and electrical exposures in order to develop a model to study the effects 
on cognition. Moreover, this functional assessment of brain organoids can be used 
for toxicological endpoints, especially for neurodevelopmental toxicants where 
network activity and synaptogenesis is of interest.

 3034 Synaptogenesis Assay for Developmental Neurotoxicity Testing 
in a Human 3D Brain Model

A. J. Kim, C. Romero, C. Berlinicke, C. Schlett, S. Huke, T. Hartung, and L. Smirnova. 
Johns Hopkins University Bloomberg School of Public Health, Baltimore, MD.

The rapid increase in the prevalence of many neurodevelopmental disorders (NDDs), 
such as autism spectrum disorder (ASD), is a major public health concern, with 
exposures to environmental chemicals suggested to contribute to the pathogen-
esis of NDDs. Animal models of NDD are useful tools to study mechanisms of 
diseases as well as certain phenotypical outcomes, but they are low-throughput 
and expensive. The high costs, ethical concerns, and arguable relevance of current 
in vivo assays are prohibitive for routine chemical screening for developmental 
neurotoxicity (DNT). Thus, there is a critical need for robust human-relevant and 
fast-acting assays to replace animal tests and quickly assess the DNT of chemicals. 
The recent development of three-dimensional (3D) cell culture systems (3D organo-
typic cultures or organoids) has revolutionized in vitro cell models, bringing them 
to a higher level of cellular complexity and human-relevance, offering a potential 
solution for efficient and relevant DNT screening. One of the key events of neural 
development is synaptogenesis, the formation and maintenance of synaptic 
connections between different populations of neurons. Disruption of this process is 
hypothesized to be one of the possible mechanisms underlying later emergence of 
NDDs; therefore, the availability of robust, physiologically-relevant, and fast assays 
to assess how chemicals might affect this key event in DNT testing are needed. 
Thus, we used brain organoids to close this gap. Using CRISPR/Cas9 genomic 
editing, we have introduced the green fluorescent protein (GFP) to tag a pre-syn-
aptic protein, synaptophysin (SYP), in an induced pluripotent stem cell (iPSC) line. 
After quality control steps, this reporter line was differentiated into brain organoids. 
We then followed the expression and colocalization of the GFP tag with synaptic 

markers over time and quantified GFP expression upon exposure the environmental 
chemicals (Lead, Arsenic, Cadmium, Chromium, and a mixture of the four), which 
are suggested to perturb neurodevelopment and synaptogenesis. To complete 
the synaptogenesis assay, a second fluorescent tag is being added to the same 
GFP-SYP-iPSC cell line to tag a post-synaptic marker, postsynaptic density protein 
95 (PSD95), using the same CRISPR/Cas9 techniques. After quality control steps 
and differentiation into 3D brain organoids, high content imaging quantification 
of colocalization of the tagged SYP and PSD95 proteins will allow for the assess-
ment of neurodevelopment and disruptions to synaptogenesis due to chemical 
exposures in a medium- to high-throughput manner. Thus, this alternative in vitro 
assay could reduce the burden of animal testing in DNT screening while providing 
high quality, high-throughput, and relevant data for chemical risk assessment to 
improve human health outcomes.

 3035 Evaluation of the KeratinoSens Assay in the Presence of 
Acetone as Solvent Control

J. Marzillier, M. Bobiak, R. Koch, C. Kalimtzis, P. Vij, and G. DeGeorge. MB Research 
Labs, Spinnerstown, PA.

The in vitro KeratinoSens™ assay has been well established to cover Key Event 2 
(KE2) in the Adverse Outcome Pathway (AOP) of skin sensitization as described in 
OECD TG 442D. In combination with the assays addressing the first key event (e.g., 
Direct Peptide Reactivity Assay [DPRA]) and/or the third key event (e.g., Human 
Cell Line Activation Test [h-CLAT]), the KeratinoSens™ assay can be used to derive 
a prediction of skin sensitization potential of test substances, wholly replacing the 
need for testing in animals. To be compatible with KeratinoSens™ test system, test 
substances need to be soluble or form a stable dispersion in dimethyl sulfoxide 
(DMSO), water, or culture medium, limiting the range of applicable test substances 
primarily by their physio-chemical properties. Thus, the inclusion of additional 
solvents compatible with the KeratinoSens™ assay is desirable to expand the 
applicability domain of this in vitro skin sensitization assay. This work aimed to 
evaluate the use of acetone as an additional solvent in the KeratinoSens™ assay. 
Select proficiency substances from KeratinoSens™ assay and h-CLAT, specifically 
lactic acid (LA), glycerol, R(+)limonene, imidazolidinyl urea, ethylene glycol dimeth-
acrylate (EGDMA), and 4-Phenylenediamine (PPD), were tested in a concentration 
range of 0.098 to 2000 µM in presence of culture medium with either 1% DMSO as 
per OECD TG 442D guideline or 1% DMSO/1% acetone. Cinnamic aldehyde (CA), in 
a concentration range of 4 to 64 µM, was included as a positive control. Data were 
normalized to their respective solvent control and fold luciferase activity induction 
and percent viability were calculated. Negative controls, lactic acid and glycerol, 
were confirmed negative in presence of either 1% DMSO or 1% DMSO/1% acetone. 
Under both conditions, keratinocytes maintained high cell viability without lucifer-
ase induction. Exposure to the positive control, cinnamic aldehyde (CA), resulted in 
dose-dependent increase of luciferase expression in the presence of both solvent 
conditions within the TG acceptance criteria. PPD, a strong sensitizer in the h-CLAT, 
also demonstrated strong sensitization potential in the KeratinoSens™ assay under 
both solvent conditions. Correspondingly, imidazolidinyl urea, a weak sensitizer 
in the h-CLAT, demonstrated weak sensitization potential in the KeratinoSens™ 
assay under both solvent conditions. In contrast, EGDMA conformed with a positive 
KeratinoSens™ assay prediction in the presence of 1% DMSO; however, was 
predicted negative in the presence of 1% DMSO/1% acetone. Limonene, a weak 
sensitizer proficiency substance in the h-CLAT (but not in the KeratinoSens™ assay), 
did not exhibit sensitizing potential in the KeratinoSens™ assay in either solvent 
condition. Overall, the use of acetone as a solvent with the proficiency chemicals 
is promising. Previous incompatible substances that are soluble in acetone should 
be reevaluated to determine whether this solvent truly expands the applicabil-
ity domain of the KeratinoSens™ assay. These data demonstrate influences of 
prospective solvents and the need for additional proficiency substances to make 
a complete assessment.

 3036 How to Get Physiological 3D Peristalsis Motion into In Vitro 
Models? A Novel Gut-on-Chip Model

J. D. Stucki1, A. Rapet1, L. Froment1, O. Steck1,2, N. Roldan1, G. Raggi1, A. Hugi1, 
S. Guggisberg1, and N. Hobi1. 1AlveoliX AG, Bern, Switzerland; and 2University of Applied 
Sciences and Arts Northwestern Switzerland, Bern, Switzerland. Sponsor: A. Stucki.

The human gut is a highly mechanically active organ undergoing continuous 
peristalsis motion. Recent drug discovery research highlighted the importance of 
incorporating physiologically relevant biomechanical stimuli into in vitro models 
to recapitulate in vivo conditions. However, the complex and mechanically active 
gut microenvironment, which is subjected to variations in its peristaltic stretch 
dynamics during digestion and sleep, has made it difficult to be well recapitulated in 
vitro. In this study, we have developed a new gut-on-chip model using the AXBarrier-
on-chip system. The gut organ barrier is recreated on the AX12’s ultrathin porous 
membrane, which can be pneumatically activated to create 3D peristalsis-like 
motions. Enterocyte-like cells (Caco-2), and goblet-like cells (HT29), were used as 
mono- and co-cultures on-chip and on traditional Transwell® inserts. Using the 
AXBarrier-on-chip system, in vivo-like peristalsis could be created by applying 3D 
stretch to the enterocyte- and goblet-like cells culture inside the AX12. Stretching 
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parameters were set to recapitulate the gut motions during the active daytime 
and resting nighttime. The model characterization and impact of physiological 
biomechanical stimulation were investigated by RT-qPCR, immunofluorescence, 
ELISA, and by measuring Trans barrier Electrical Resistance (TER). To investigate 
drug efficacy on the gut epithelium, an inflammatory model was developed. We 
successfully transferred the gut barrier model developed on standard Transwell® 
to the AX12, showing the capability to easily transfer any existing model to the 
AX12. The gut monolayers on the AX12 chip showed an increased level of gene 
expression at early time points compared to Transwell®. Further, reproducible TER 
increase revealed the barrier formation capacity of our gut-on-chip model. Upon 3D 
peristaltic stimulation, the barrier function of the monolayers adapted to the stimuli, 
reflected by TER values closer to in vivo parameters. When using a proinflammatory 
trigger, the 3D peristaltic stretch-treated cells showed a higher sensitivity compared 
to the static model. In summary, we successfully developed a new gut-on-chip 
model including physiological 3D peristalsis motion to better investigate the 
efficiency and safety of molecules. The results demonstrate that the AXBarrier-on-
chip system is suitable to accurately model different tissue barriers subjected to 
dynamic microenvironments and allows an accurate barrier characterization. The 
inclusion of 3D peristaltic stretch resulted in an in vivo-like barrier and increased 
the sensitivity of the developed inflammatory model. In summary, this new gut-on-
chip model represents an important step forward to better assess toxicity, develop 
disease models, and perform drug testing studies.

 3037 The Potential of PBK Modeling to Inform Agrochemical Safety 
and Reduce Toxicity Testing in Dogs

J. A. Leedale1, D. Angus1, A. Hofstra2, E. Lessmann1, N. Ryan3, and S. D. Webb1. 
1Syngenta, Bracknell, United Kingdom; 2Syngenta Canada Inc., Guelph, ON, Canada; and 
3Syngenta Crop Protection LLC, Greensboro, NC.

The need to understand the impact of agrochemicals on human health for both 
acute and chronic exposure currently requires multiple animal studies both short- 
and long-term. While rodents have historically been the standard laboratory animals 
used for this purpose, the dog was added in the 1940s as a secondary, non-rodent 
species to address concerns regarding potential inter-species variability in toxico-
logical response. The utility of these studies, in the dog, has been limited due to 
the low-throughput nature of the data driven by demands on resources and ethical 
reasons, as well as a lack of mechanistic understanding. Physiologically-Based 
Kinetic (PBK) models offer a high-throughput, mechanistic, in silico approach to 
simulate and predict agrochemical exposure based on physiological properties 
of the organism and physicochemical properties of the compound of interest. We 
have developed a PBK model for the dog based on well-established systems of 
mathematical equations and physiological parameter values to predict chemical 
exposure for a range of chemicals in different dosing scenarios. The model not only 
offers insight into predicted toxicokinetics in the blood and throughout the body, 
but also provides mechanistic insight into the processes of absorption, distribu-
tion, metabolism, and excretion and how they relate to particular properties of the 
agrochemical. The dog PBK model allowed for the optimisation of dosing regimens 
to achieve desired levels of exposure during product safety testing, the prediction of 
long-term exposure for repeat-dose studies, and the comparison of closely related 
chemicals with mechanistic explanations into their different behaviours and associ-
ated risks to health. In such ways this in silico model has been able to guide in vivo 
studies and minimise the unnecessary use of dogs by proposing criteria such as 
appropriate dose ranges with the most relevant a priori assumptions. Mechanistic 
mathematical modelling, in combination with in vitro-guided parameterisation, 
offers the most ethical and effective way to reduce animal testing currently and 
even more so in the future as these technologies develop. In the near-term we 
believe that these approaches can contribute to the removal and replacement of 
long-term dog studies for assessing risk of toxicity related to chemical exposure.

 3038 Development of New Approach Methodologies (NAMs) for Avian 
Chronic Risk Refinement

Y. Wu. Syngenta, Greensboro, NC.

As part of regulatory requirements for pesticide risk assessment, both acute and 
chronic avian toxicology tests are conducted. These in vivo studies using zebra 
finch, northern bobwhite, and mallard, provide relevant endpoints for lower tier 
risk assessments. However, risk refinements are often limited due to the specific 
design of these tests. Additional in vivo tests are not recommended due to animal 
welfare issues. In order to better understand realistic risks and provide refinement 
options, the U.S. Environmental Protection Agency (U.S.EPA) and European Food 
Safety Authority (EFSA) support the development of new approach methodolo-
gies (NAMs) as a promising way forward in the risk assessment for vertebrate 
wildlife. The limited work available in this area highlight the need for developing 
case studies to illustrate the use of NAMs in improving mechanistic understanding 
of the internal kinetics, enabling cross-species extrapolation, and risk refinement 
for avian species based on in vitro, in silico, and historical in vivo avian residue data. 
In this study, we developed in vitro to in vivo extrapolation (IVIVE) based physio-
logically based kinetic (PBK) models for three avian species and thiamethoxam. 
In vitro kinetic measurements of hen, mallard and bobwhite including metabolic 

stability and plasma protein binding were collected for the target compound. Those 
in vitro kinetic measurements were used to parameterize IVIVE-PBK models. An in 
vivo regulatory residue study using laying hens was used to validate the laying hen 
model. Mallard and bobwhite simulations were conducted with the same avian PBK 
model structure but considering differences in species physiology. The time-course 
of internal concentration predictions by the PBK model will serve as input into 
toxicodynamic (TD) and physiological models, such as those based on the Dynamic 
Energy Budget (DEB) theory, to predict the effects on survival, growth or reproduc-
tion from exposure under realistic conditions. The integrated DEB-PBK-TD approach 
can greatly increase the utility of in vivo regulatory studies conducted for higher tier 
avian risk assessment and allow for a more realistic assessment of risks to individ-
uals and populations in the field.

 3039 Developing a Rapid-Throughput Optomotor Behavior Assay in 
Zebrafish Larvae

A. T. Nichols, L. Truong, R. L. Tanguay, and M. Simonich. Oregon State University, 
Corvallis, OR.

Photo-motor responses to exogenous chemicals in zebrafish larvae can provide 
insight into neurobehavioral changes caused by chemical and drug exposure. 
Zebrafish larvae are ideal for high-throughput behavior analysis due to their small 
size, color vision, and robust photo-motor responses. Ambient light levels, the 
presence of food, and zebrafish age influence their light/dark preferences. To 
assess zebrafish larval light/dark preference, an optomotor assay was developed 
using the Viewpoint Zebrabox. The optomotor assay uses an LCD screen that can 
be programmed to vary the color and area of stationary light patterns. The LCD is 
immediately below the microtiter assay plate. Using 7- and 10-days post fertiliza-
tion (dpf) larvae, the preference for white light compared to a dark environment 
(infrared light) was assessed. At this life stage, larvae preferred white light. An 
area of 25% white light, 75% dark, and one-minute area switching were optimal 
for the optomotor assay. Duration and sample size were assessed, and 5 minutes 
was determined to be sufficient to detect light/dark preference behavior in 
wildtype control larvae. To test the optomotor assay, larvae were exposed for 5 
min to chemicals known to impact visual-motor behavior: 0.15% ethanol, 10 mg/L 
caffeine, and 0.05 mg/L benzodiazepine. Next steps include testing the optomotor 
behavior assay on younger larvae (5 dpf) as an effort toward higher throughput. 
A power analysis will be conducted to identify the minimum sample size needed 
to detect chemical impact to optomotor behavior. We believe that an automated 
approach to the optomotor assay will become a rapid tool to quickly uncover place 
preference abnormalities resulting from chemical exposure, a sensitive endpoint of 
larval zebrafish toxicology.

 3040 Assessing Effects of Simultaneous Hyperglycemia and 
Cadmium Exposures in a Zebrafish Larval Model Using the 
GUTS TKTD Modeling Framework

R. Gullapalli, B. Garcia, A. Mishra, R. Kumar, S. Desai, and I. Salinas. University of New 
Mexico, Albuquerque, NM.

Cadmium is a highly toxic, non-physiological environmental metal pollutant. 
Humans are exposed to Cd resulting in a wide variety of diseases including 
diabetes, cancers, genotoxicity, kidney and liver Diseases. Due to the long-term, 
progressive nature of Cd bioaccumulation in biological tissues, it is a serious risk 
for chronic disease. We currently have limited understanding of the mechanisms by 
which Cd causes chronic metabolic imbalances. Understanding global, whole-body 
changes of bioenergetic imbalances is of much interest in the context of Cd 
toxicity. In this abstract we used a zebrafish (ZF) embryo model to study the effects 
of Cd exposures in the presence of hyperglycemia using a general unified threshold 
survival (GUTS) approach. We used standard A/B wild-type model ZF embryos up 
to 144 hpf (6 days) for the duration of the study. The embryos were cultured in 
two glucose conditions- a. No Glucose and b. 120 mM Glucose as the baseline 
exposure conditions for hyperglycemia. The ZF embryos were then exposed to Cd 
at 0, 50, 100, 250, 500, 1000, 2000, 3000, 5000, and 7500 µg/L levels for a duration 
of 6 dpf in a 12:12 h photoperiod at 28℃ ± 0.5℃. The mortality during the exposure 
conditions was checked twice daily for 6 days and the mortality curves were 
prepared by counting the number of dead ZF larvae each day. Three independent 
replicates of the studies were performed over separate weeks to ensure replicability 
of the survival curves/data. The survival data after Cd exposures at 6 dpf was used 
to build the TKTD models using the GUTS-SD and GUTS-IT modeling paradigms. We 
used the EC50 values obtained from the TKTD survival modeling data to create a 
binary exposure design to further understand the effects of synergism of hypergly-
cemia with Cd exposures. Using this design, we tested 1. overall energy expendi-
ture using a high-throughput Alamar Blue based assay. 2. the overall uptake of Cd 
in the ZF larvae using ICP-MS 3. Whole-body glucose uptake differences using a 
2-NBDG assay and 4. NAD metabolite differences. In addition to the biochemical 
and toxicological parameters, we scored the developmental toxicity effects (heart 
defects, circulation, edema, hemorrhage, tail morphology, pigmentation, motility, 
malformations in the eye, brain and liver). We observed a surprising difference in 
survival outcomes of ZF larvae in the presence of hyperglyemia. ZF larvae hatched 
in the presence of 120 mM glucose were noted to have much reduced mortality 
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compared to larvae grown in normal E3 media. The EC50 values for 0 mM glucose 
was noted to be 850 ug/L while 120 mM glucose cultured larvae had an EC50 value 
of 3500 ug/L. We propose hyperglyemia provides a survival benefit against Cd 
toxicity due to bioenergetic compensation. Multiple developmental defects were 
noted in 0 mM glucose reared larvae which were not observed in hyperglycemic 
larvae. The current project highlights the role of Cd exposures as a key driver of 
whole-body metabolic dysfunction in a dose dependent manner.

 3041 Superficial Vascular Access in Uremic Animal Models to Test 
Medical Devices

S. Nayak. Vivo Bio Tech, Hyderabad, India.

To explore the possibility of providing suitable superficial vascular access of 
varying durabilities, in various animal models and in some, inducing a uremic 
state in the animal by a technique using percutaneous embolization of both renal 
arteries using polyvinyl alcohol particles. Chronic kidney disease with end stage 
renal disease is a burgeoning issue worldwide reaching epidemic proportions with 
regular hemodialysis being the main modality of life saving treatment. Animal 
model testing remains an important component of preclinical safety evaluation of 
medical devices contributing to technology advancement. Long term hemodialysis 
access is commonly done using arteriovenous fistula (AVF) or arteriovenous grafts 
(AVG). During those interventions, native venous or synthetic grafts are arterialized, 
and then ready to use. There has been an explosion of new dialysis technologies, 
some, portable dialysis machines for home usage, others having unique features 
with significant advantages over existing machines. Concurrently, medical devices 
have been developed to increase the safety of the hemodialysis procedures, 
triggering alarms when safety parameters are breached. Though, there have been 
studies performing such preclinical procedures, none of them have attempted 
them in uremic animals, and also almost all of them have performed them in the 
lower limbs, which is not ideal, and does not test the ability to perform its ability 
to maintain the anephric patient in good health. Testing these devices preclini-
cally needs a suitable superficial vascular access in a uremic/non-uremic animal 
model. Swine and sheep are common preclinical safety models because the sizes 
of their cardiac and central vascular anatomical structures being similar to those of 
humans. American Yorkshire pigs (60-80 Kgs) were the preferred animal, because 
they resemble humans in size and blood volume, have similar physiology, digestive 
tract and cardiovascular system and have a better community acceptance as a 
laboratory animal. AVG was selected as the primary vascular access. In addition, 
a tunnelled Permcath for shorter length of study and a double lumen Mahurkar 
dialysis catheter for single session of medical device testing. For AVG, a PTFE 
graft interposed ‘side to side’ between the carotid artery and the external jugular 
vein, with the vascular access superficialized subcutaneously to enable AV Fistula 
needle cannulation in the neck, was performed in 12 pigs. The AVGs were ready for 
usage after 3-4 weeks of maturation. In addition, those needing immediate vascular 
access, 5 pigs had a Permcath and 2 had a regular tunnelled temporary external 
jugular Mahurkar catheter into the external jugular vein. Procedure to make the 
animal anephric pigs was embolization of the both renal arteries with polyvinyl 
alcohol (PVA; Contour, Marlborough, MA, USA). Pre and post procedural angiogra-
phies were performed to ensure successful embolization. A total of 19 American 
Yorkshire pigs successfully underwent superficial vascular access to preclinically 
test various medical devices needing various specifications of the access design 
and longevity. 10 pigs underwent bilateral renal ablation using the PVA emboliza-
tion technique. There is a growing need for superficial vascular accesses to keep 
pace with the technological advances that are happening in the dialysis field and 
our experience with the swine model and especially in the anephric state is an 
excellent and viable template to successfully test the various medical devices 
emerging and needing preclinical testing.

 3042 Impact of Airway Variability on Particle Deposition in the Lungs 
of Ferrets

M. J. Oldham1, O. T. Price2, and B. Asgharian2. 1JUUL Labs Inc., Washington, DC; and 
2Applied Research Associates Inc., Raleigh, NC.

Ferrets have been used as an animal model in inhalation toxicology due to the ease 
of handing, utility in vaccine research and similarities to humans’ tracheobronchial 
geometry. Currently, there is no widely available particle dosimetry model for the 
ferret that can be used to estimate inhaled doses or used for interspecies extrapo-
lation. While transport mechanisms and thus deposition models are similar among 
most mammals and rodents, lung geometries and physiologies are species-specific. 
Based on existing measurements in the literature, a simplified computational lung 
geometry for ferrets, which included intraspecies airway geometry variability was 
developed. A double-path tree branching structure was used for the tracheobron-
chial tree where one pathway accounted for the conducting airways and the second 
for the alveolar airways if present (airway generation 5 and beyond). The major 
advantage of the new lung geometry was that it avoided artificial separation of 
conducting and alveolar regions based on airway generation number particularly for 
lung geometries with monopodial structures that are prevalent in rodents. Inclusion 
of intraspecies airway geometry variability typically seen in rodents increases the 
utility of the new lung geometry. The proposed geometrical structure can replace 

typical-path models, often used in the literature, to predict particle deposition more 
accurately in all species. Ferret-specific lung volumes and breathing parameters 
were used to predict particle deposition in the ferret using the Multiple-Path Particle 
Dosimetry model (MPPD, Applied Research Associates, Raleigh, NC). Model 
predictions showed that while regional deposition followed a similar pattern to 
that of typical-path models, deposition distribution as a function of airway genera-
tion number was significantly different. Deposition of micrometer-sized particles 
tended to deposit in proximal airway generations whereas nanoparticle deposition 
occurred in more distal airways. The developed ferret model provides a more realis-
tic prediction of particle deposition distribution in the respiratory tract of ferrets and 
will be a useful tool for risk assessment applications. The study was funded by the 
Cystic Fibrosis Foundation.

 3043 Examination of the Exposome in an Animal Model: The Impact 
of High-Fat Diet and Rat Strain on Local and Systemic Immune 
Markers following Occupational Welding Fume Exposure

K. A. Roach, V. Kodali, M. Shoeb, T. Meighan, M. Kashon, S. Stone, W. McKinney, 
A. Erdely, P. Zeidler-Erdely, J. R. Roberts, and J. Antonini. NIOSH, Morgantown, WV.

An experimental model was designed to investigate the impact of multiple exposo-
mal factors on susceptibility to acute lung toxicity and subsequent resolution 
of inflammation following an occupationally-relevant inhalation exposure. To 
assess the role of genetic influence, two rat strains—Sprague-Dawley (SD) and 
Brown Norway (BN)—were used. A high fat (HF) “Western diet” (14.8% protein, 
40.6% carbohydrate, 44.6% fat) was also incorporated to evaluate the potential 
impact of behavioral/lifestyle factors. Accordingly, male SD and BN rats were 
maintained on a HF or regular (Reg) diet for 24 wks. Inhalation exposure to filtered 
air or stainless steel welding fume (WF; 53% Fe, 24% Mn, 17% Cr, 6% Ni, 0.4% Cu) 
occurred beginning wk 7 for 5 wks (target concentration of 20 mg/m3 × 3 h/day × 
4 days/week × 5 weeks). Rats were euthanized at 7, 12, and 24 wks to evaluate 
local and systemic immune markers corresponding to the baseline, exposure, and 
recovery phases of the study, respectively. At 7 wks, HF-fed animals exhibited 
several immune alterations (blood leukocyte/neutrophil number, lymph node B-cell 
proportionality) with effects more pronounced in SD than BN rats. Indices of acute 
lung inflammation were elevated in all WF-exposed animals at 12 wks; however, 
diet appeared to preferentially impact SD rats at this time point, as lymph node 
cellularity and bronchoalveolar lavage neutrophils were further elevated in HF over 
Reg animals. Overall, SD rats exhibited the greatest capacity for recovery of altered 
immune markers to baseline values by 24 wk. In BN rats, resolution of inflamma-
tion was further compromised by HF diet, as many exposure-induced alterations 
in local/systemic immune markers were still evident in HF/WF animals at 24 wks. 
Collectively, HF diet appeared to have a greater impact on global immune status 
and acute lung injury in SD rats, but a more pronounced effect on inflammation 
resolution in BN rats. These results illustrate the potential combined impact of 
genetic, behavioral, and environmental factors in modulating immunological 
responsivity and ultimately emphasize the importance of the exposome in shaping 
biological responses.

 3044 Toxicity and Human Health Risk Assessment of Topical Aloe 
vera Extract

O. K. Yemitan, K. V. Arinze, and O. K. Kadiri. Lagos State University College of Medicine, 
Ikeja, Nigeria.

Various formulations of processed or unprocessed Aloe vera Gel (AVG) are 
indiscriminately used for skin beauty and enhancement, treatment of skin ailments, 
fading dark spots and anti-ageing, among many others. Recently, there have been 
concerns about skin lesions and even, possibly, potential for skin cancer due to 
AVG use. There have not been any meaningful toxicity and health risk assessment 
reports on its topical use. Four groups of rabbits (n = 8) had a 3 cm diameter circum-
ference shaved at their back and treated by gently rubbing various preparations of 
AVG, once daily, for 30 days thus: Group 1 (control): 1 g of petroleum jelly (PJ) 
alone; Group 2: 1 g AVG + 1 g of PJ; Group 3: 2 g AVG + 1 g of PJ; Group 4: 4 g AVG 
+ 1 g PJ. On day 31, skin sections were carefully scraped from five of the animals in 
each group for assessment of skin lesions, dermatitis and erythema. The remaining 
three rats in each group were left untreated for a further 15 days for reversibil-
ity tests. Results showed significant (P<0.05, ANOVA) lesion counts, vs control 
group. Following reversibility period, lesion parameters were restored to normal 
levels. Hazard identification and Dose-response relationships do not indicate skin 
carcinogenesis. Exposure assessment and risk characterisation indicate a hazard 
quotient of 1.4. In conclusion, prolonged topical exposure to AVG preparations 
has potential for reversible skin lesions, but not cancer, thereby warranting caution 
during long-term topical administration in humans.
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 3045 Evaluation of the Immune Landscape of the Ethyl Nitrosourea 
(ENU)–Induced Rat Gliomas

K. Tamura1,2, X. Zhang1, R. Cortes1, T. Ton1, R. C. Sills1, and A. R. Pandiri1. 1NIEHS, 
Research Triangle Park, NC; and 2Teijin Pharma Limited, Tokyo, Japan.  
Sponsor: K. Tamura, Japanese Society of Toxicology.

Various immune therapies against human gliomas have so far shown limited 
success. Syngeneic glioma cell line models that are commonly used in preclini-
cal immune therapies do not mimic the heterogenicity of human gliomas. Also, 
most rodent models produce an immune response against the cell lines. In this 
study, we characterized the immune landscape of rat gliomas induced by N-ethyl-
N-nitrosourea (ENU) as a potential model for immunotherapy. ENU (50 mg/kg) was 
administered intravenously to pregnant female SD rats on gestation day 20. Male 
pups were euthanized between postnatal day 110-230 days. Based on microscopic 
morphology, the rat brain tumors were diagnosed as oligodendrogliomas, astrocyto-
mas, and/or mixed gliomas and appears to share histological features of low-grade 
gliomas in humans. Immunohistochemistry or immunofluorescence was used 
to assess tumor-infiltrating lymphocytes (TILs), tumor-associated macrophages 
(TAMs), as well as expression of programmed cell death-1 (PD-1) and programmed 
death-ligand 1 (PD-L1). The results indicated a heterogenous immune landscape 
in the rat gliomas examined in this study. The inflammatory score and the number 
of TILs and TAMs were lower in oligodendrogliomas than in mixed gliomas and/or 
astrocytomas, which suggested that the astrocytoma component may be associ-
ated with higher immune cell infiltration. The main infiltrating cells in mixed gliomas 
seemed to be macrophages that were positive for Iba-1, but mostly negative for 
CD163 (M2 macrophage marker) and P2RY12 (microglia marker) suggesting 
their phenotype may be more aligned with M1 macrophages. PD-1 expression of 
lymphocytes was rare in all examined gliomas including astrocytomas that had 
a lot of TILs. Surprisingly, all gliomas expressed PD-L1 in this study although the 
intensity was variable across tumors suggesting the immune landscape in these 
rat gliomas may be immunosuppressive. In conclusion, ENU-induced rat glioma 
model may be a potential consideration for pharmacological evaluation of immuno-
therapies since they resemble human gliomas in terms of tumor heterogeneity and 
immune landscape.

 3046 A Naturally Occurring Novel Therapeutic and Oral Selective 
Inhibitor of TNFa, MYMD-1 (Isomyosamine) Significantly 
Reduced the Inflammation and Disease Severity in Murine 
Model of Collagen Antibody-Induced Arthritis

S. Edaye1, C. Chapman2, G. W. Wolfe3, and R. Samadfam1. 1Charles River Laboratories, 
Senneville, QC, Canada; 2MYMD Pharmaceuticals Inc., Baltimore, MD; and 3Gary Wolfe 
Toxicology LLC, Herndon, VA.

Rheumatoid arthritis (RA) is the most prevalent chronic inflammatory disease 
and is characterized by inflammation of the synovium of the joints, resulting in 
joint destruction. It is associated with chronic pain, loss of function, and disability. 
The murine model of Collagen Antibody Induced Arthritis (CAIA) mimics many of 
the features of arthritis in humans and has been used successfully in addressing 
questions of disease pathogenesis and to screen candidate therapeutic agents. 
Tumor necrosis factor-alpha (TNF-α) is a proinflammatory cytokine that plays a 
pivotal role in regulating the inflammatory response in chronic autoimmune 
diseases such as RA. The discovery of the role of TNF-α in the pathogenesis of 
RA has led to anti-TNF biological therapies as a breakthrough in the treatment 
of RA. The objective of this study was to investigate anti-inflammatory effects 
of MYMD-1®, a small molecule selective inhibitor of tumor necrosis factor-alpha 
(TNF-α) with easy access to the body including the brain, in the murine CAIA model. 
The CAIA model was induced by an intravenous injection of a monoclonal antibod-
ies cocktail that are directed to collagen type II on Day 1 (sensitization), followed 
by an intraperitoneal injection of the endotoxin LPS on Day 6 (boost immuniza-
tion). Three oral doses given BID (two times a day) of MYMD-1® (50, 250 and 450 
mg/kg/day) were tested starting at the onset of the disease (Day 8 in this study). 
Etanercept (a biologic TNF- α inhibitor) and Dexamethasone (a glucocorticoid) 
were also administered subcutaneously twice weekly (10 mg/kg) or by oral daily 
doses (3 mg/kg/day), respectively, as positive controls. The therapeutic effect of 
MYMD-1® on inflammation was assessed by measuring the clinical score and paw 
swelling. In addition, at termination, the histopathological features (infiltration of 
polymorphonuclear and mononuclear cells, pannus formation, cartilage degrada-
tion, bone resorption, and fibrosis) of the affected joints were analyzed. All animals 
survived until study conclusion and there were no noticeable clinical signs associ-
ated with MYMD-1® treatment at all dose level. MYMD-1® at 450 mg/kg/day signifi-
cantly reduced the clinical score and paw swelling when compared to the CAIA 
disease control. A similar observation was noted with MYMD-1® at 250 mg/kg/day 
but at lesser extent. In-life results were consistent with histopathological findings 
on knee joints where the overall disease severity (total composite score) was 
reduced by 47% with MYMD-1® at 450 mg/kg/day while the reduction was 37% with 
Etanercept at 10 mg/kg. 50mg/kg/day of MYMD-1® had no reductive effect on the 
disease status. Dexamethasone significantly reduced the scoring in all the parame-
ters measured. In conclusion, this study showed that MYMD-1® administration at  
450 mg/kg/day inhibited arthritis development in CAIA murine model, with 

in-life data consistent with histopathological findings. Unlike currently available 
TNF-α inhibitors, MYMD-1® can be given orally and is a promising drug for 
rheumatoid arthritis.

 3047 Spontaneous Histopathology Findings in St. Kitts African Green 
Monkeys (Chlorocebus sabeus)

J. Cann, Y. Lopez, R. Bouffard, and M. Lawrence. Virscio Inc., New Haven, CT. Sponsor: 
J. Cann, Society of Toxicologic Pathology.

Nonhuman primate test systems are essential for biopharmaceutical and medical 
device safety and toxicity testing of many important established and emerging 
therapeutic strategies, and the St. Kitts African green monkey (SK-AGM) is 
becoming a more widely used preclinical model for a range of test articles, 
including gene and cell therapies, biologics, and medical devices. Broader in vivo 
preclinical use, and ex vivo analyses of collected tissues, has elevated the need 
for unbiased review and characterization of the background histopathology of the 
SK-AGM. To fill this gap, we prospectively performed postmortem examinations on 
60 male and 60 female SK-AGM of various ages that had no history of significant 
medical concerns or interventions, or experimental procedures. All animals were 
humanely euthanized followed by timely sample collection from all major organs, 
including gross lesions, for formalin-fixation, paraffin-embedding, H&E staining, and 
histopathologic examination by a pathologist. Common histopathologic findings 
included lymphocytic, lymphoplasmacytic, and/or lymphohistiocytic infiltrates in 
the kidney, liver, lung, trachea, thyroid, salivary glands, tongue, esophagus, stomach, 
small intestines, cecum, colon, rectum, vagina, cervix, prostate, and seminal 
vesicle; adrenocortical hyperplasia; age-related mineralization of hyaline cartilage; 
thymic atrophy; pulmonary anthracosis; protozoal cysts and metazoan infections; 
neuronal and myocardial lipofuscinosis; lymphoid germinal center amyloidosis, and 
myocardiocyte anisokaryosis. Less common or unique histopathologic findings 
of interest included myocardial degeneration and adipocyte infiltration as seen in 
human arrhythmogenic ventricular cardiomyopathy; pituitary and thyroid cysts; 
membranoproliferative glomerulonephritis; prostatic fibroepithelial hyperplasia as 
seen in human benign prostatic hyperplasia; pituitary microadenoma; hemosidero-
sis; hemochromatosis; seminiferous tubule degeneration and aspermia; adenomy-
osis; laryngitis with apical filamentous bacteria; and gastric amyloidosis. These 
findings help identify histopathologic changes that may be seen in tissues from 
SK-AGMs used in biopharmaceutical preclinical safety and toxicity or medical 
device testing that are not test article or device related.

 3048 The MIA Model: A Reliable Translational Tool for 
Osteoarthritis Research

M. Zeinieh and R. Samadfam. Charles River Laboratories, Senneville, QC, Canada.

Osteoarthritis (OA) is the most common joint disease, associated with pain, 
disability, and decreased quality of life. It is characterized by progressive loss of 
cartilage, remodeling of the subchondral bone and synovial proliferation, and loss 
of joint function. The chemically induced monoiodoacetate (MIA) model is widely 
used to study OA. MIA is an inhibitor of glyceraldehyde-3-phosphate that disrupts 
cellular glycolysis leading to cell death. A better characterization of this model 
is required for its successful use in drug development. To better elucidate this 
model, we injected adult Sprague Dawley rats with increasing doses of MIA (0.5, 
1, 2, and 3 mg) in the right knee joint and demonstrated that disruption of the knee 
joint denoted by loss of chondrocytes and structural changes, is dose dependent, 
consistent with previously reported data. OA follows a biphasic pattern, with an 
early inflammatory phase and a late less inflammatory phase. To better understand 
this process, we injected 3 mg MIA in rats knee joints on day 0 and euthanized at 
different time points in order to follow the histopathological changes and inflam-
mation progression: days 5 and 11 post MIA (early phase) and days 26 and 75 post 
MIA (late phase). Increased inflammation was apparent at Day 5 and gradually 
decreased as disease progresses. The inflammatory infiltrate score decreased from 
3 to 1. However, damage of the knee joint progressively increased and was most 
prominent at later phases. The total composite score increased from 0 to 50 at later 
phases. In parallel to inflammation, cytokines such as IFNγ, IL1β, IL6, TNFα, and 
the chemokine KC-GRO showed an overall increase at early stages of the disease. 
TNFα and IL6 maintained high levels throughout disease progression. Using the 
Dynamic weight bearing assay, we demonstrate that pain, denoted by limited usage 
of the affected limb appears early and is maintained throughout the progression of 
the disease. The opioid tramadol and the glucocorticoid dexamethasone, given at 
early or late stages of the disease, alleviated pain through different mechanisms: 
tramadol targets CNS pain perception whereas dexamethasone decreases inflam-
mation and modifies disease progression. In conclusion, MIA model of OA reliably 
recapitulates the disease progression observed in humans. This model delineates 
the biphasic component of the disease and constitutes an adequate model for the 
study of the mechanisms of OA and subsequently the use of potential candidates in 
preventive or therapeutic approaches.
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 3049 TRPV4 Modulates Neuroinflammation and Neurodegeneration 
by Suppression of CYP2E1 in Gulf War Illness Mouse Model

D. Bose1, P. Saha1, and S. Chatterjee1,2. 1University of California Irvine, Irvine, CA; and 
2Long Beach VA Medical Center, Long Beach, CA.

Gulf War Illness (GWI) is a chronic multisymptomatic illness that persists among 
the veterans of Gulf War (GW) till date. Among the major symptoms reported by 
the veterans, cognitive disruption, memory loss and neurological dysfunctions were 
most prevalent. Transient receptor potential vanilloid 4 (TRPV4), an osmo-mechano 
sensitive calcium channel is known to be expressed in the brain endothelial cells 
and associated with blood brain barrier (BBB) regulation. Deletion of trpv4 has 
been reported to exacerbate inflammation via increased oxidative stress. In this 
study we investigated the role of TRPV4 in GW chemicals pyridostigmine bromide 
and permethrin induced neuroinflammation in an experimental GWI model using 
adult C57BL/6J and TRPV4 knockout (TRPV4KO) mice. Significant decrease in the 
expression of tight junction protein claudin 5 and increased expression of matrix 
metalloprotease 9 was observed in TRPV4KO mice exposed with GW chemicals 
compared to GW chemical exposed wild type mice. Increased astrocyte activa-
tion, expression of oxidative stress marker cytochrome P4502E1 (CYP2E1) and 
proinflammatory cytokines IL-1β and IL-6 was observed in GW chemical exposed 
TRPV4KO mice compared to wild type mice. Further, decreased expression of 
neuroplasticity marker brain derived neurotrophic factor (BDNF) and increased 
expression of Tau protein in TRPV4KO mice exposed with GW chemicals as 
compared to wild type mice group indicated neurodegeneration in TRPV4KO 
mice. Further, administration of diallyl sulfide (DAS), an inhibitor of CYP2E1 in GW 
chemical exposed TRPV4KO mice ameliorated BBB disruption, oxidative stress and 
neuroinflammation which was observed by an increase in the expression of tight 
junction protein and decrease in the expression of proinflammatory cytokines in 
this mice group. Increase in expression of BDNF and decrease in expression of Tau 
protein in TRPV4KO mice exposed with GW chemicals and DAS was also observed. 
Results suggested that TRPV4 has a mechanistic role in regulating GW chemical 
induced BBB disruption, neuroinflammation and neurodegeneration by suppress-
ing CYP2E1 mediated oxidative stress which worsened in GW chemical exposed 
TRPV4KO mice. Hence, TRPV4 based therapeutic strategies could be beneficial 
in ameliorating GW chemical induced neurological symptoms. Study supported by 
DoD grant W81XWH1810374 and VA Merit Award I01CX001923-01 awarded to Dr. 
S. Chatterjee.

 3050 Impact of Perfluorooctanoic Acid on Sperm Quality and Larval 
Viability of Prochilodus magdalenae

J. Espinosa-Araujo1, L. Sierra-Marquez1, V. Atencio-Garcia2, and J. Olivero1. 1Universidad 
de Cartagena, Cartagena, Colombia; and 2Universidad de Córdoba, Monteria, Colombia.

Global contamination by perfluoroalkyl substances is an emerging environmental 
concern. Due to the known marked capacity of these compounds to generate endocrine 
alterations, this work aimed to investigate the toxicity of perfluorooctanoic acid 
(PFOA) on sperm kinetics and larval viability on the most economically important 
fish species in Colombia, Prochilodus magdalenae (bocachico). Semen production 
in bocachico was induced hormonally in the spermiation phase to obtain appropriate 
seminal volume. The semen was activated with Milli-Q water or water containing 
different PFOA concentrations (10-500 µM). Motility (total and types), progressivity and 
velocity (linear and curvilinear) were assessed by direct microscopy observation and 
processed using the software Sperm Class Analyzer. One- or ten-days old fish larvae 
were treated with different PFOA concentrations for 24 h on microplates. Total motility, 
progressivity and velocities of spermatozoa were not altered at concentrations lower 
than 200 µM. However, concentrations greater than or equal to 300 µM significantly 
affected the sperm kinetics of bocachico, in particular progressivity (300 µM, 8.3±5.9% vs 
control, 63.2±21.6%) and linear velocity (500 µM, 16.8±6.7 µm/s vs control, 54.9±17.9 µm/s). 
Similarly, PFOA levels between 100 and 500 µM were lethal to 1- and 10-days old larvae, 
effect observed even after 3 h treatment. The results showed that exposure to PFOA 
causes deleterious effects in the early developmental stages of P. magdalenae, probably 
increasing the risk of reduction in the fertility and reproductive rate of this species in the 
wild. Unicartagena (Support to Research Groups and Doctoral Formation, 2021-2022; Grant 
114/2021). MinCiencias (Doctoral Formation, 647/2014; SGR BPIN 2020000100364).

 3051 Paving Paths with Pathology: Sulfur Mustard Wounds

L. Forbes, E. Clarkson, W. Holmes, S. Schulz, E. Nealley, D. Zimmerman, Z. Bayer, 
S. Ventura, K. Whitten, D. Anderson, M. Nelson, and N. Jaffré. US Army Medical 
Research Institute of Chemical Defense, Aberdeen Proving Ground, MD.  
Sponsor: J. McDonough. 

Combined battlefield injuries warrant investigation into how relevant medical 
interventions should proceed. However, limited research exists on the decontami-
nation and treatment of wounds exposed to chemical agents, despite the non-mutu-
ally exclusive occurrences of traditional battlefield injuries and chemical exposure. 
This study focused on the combination of wounds and exposure to neat liquid sulfur 
mustard (HD) in a prolonged field care (PFC) setting where military patients cannot 
be evacuated to a medical facility for 72 hours. In order to produce a combined 

injury representative of a chemical wound, different volumes of neat liquid HD 
were tested in a dermal combined injury wounding model to identify the minimum 
effective volume of neat HD that creates a necrotic lesion in a wound. Animals 
were administered a sustained-release analgesic prophylactically and anesthetized 
prior to surgical wounding. The epidermis and dermis above the epaxial muscles 
were removed, and wounds were then exposed to low, medium, and high volumes 
of neat HD. The agent-exposed wounds were subsequently covered with sterile 
gauze and the animal was wrapped with Ioban surgical drape. Following euthana-
sia at 72 hours post-exposure, gross macroscopic pathology of both exposed and 
unexposed wounds was evaluated and compared. Wounds were then excised 
and fixed with 10% formalin for microscopic comparison and analysis. Grossly, 
exposed wounds were superficially dry, well-demarcated, and often necrotic by 
72 hours post-exposure whereas unexposed wounds were moist, often fibrinous, 
poorly demarcated, and hyperemic. Exposed wounds were very edematous and 
had hemorrhage affecting both superficial and deeper muscle. Histologically, only 
unexposed wounds had early granulation tissue. Both exposed and unexposed 
wounds had edema, neutrophilic inflammation, perivascular neutrophilic inflam-
mation, and hemorrhage, with exposed wounds being more severe. Damage in 
exposed wounds was more extensive than in unexposed wounds; the superficial 
fascia was lost, there was severe coagulative necrosis of the superficial and deep 
adipose tissue, and the superficial skeletal muscle was largely damaged. The deep 
fascia appeared unaffected in both exposed and unexposed wounds, and skeletal 
muscle was unaffected in unexposed wounds, regardless of deep fascia thickness. 
Compared with unexposed wounds, the pathology of exposed wounds suggests 
that HD inhibits or slows healing processes. Exposure to low or medium volumes of 
HD resulted in similarly severe and extensive pathology. Exposure to a high volume 
of HD presented logistical difficulties in controlling the spread of agent and resulted 
in greater damage to the adjacent intact skin. After comparison between the three 
volumes tested, the effective minimum volume of neat HD in producing a necrotic 
lesion was identified to be the low volume. This established a swine wound model 
with which to evaluate medical interventions for battlefield wounds exposed to 
HD. The pathology presented in unexposed and exposed wounds allows for direct 
evaluation of the efficacy of decontamination products and will be valuable for 
future comparison studies between treated and untreated HD-exposed wounds.

 3052 Downsized Sinclair vs. Göttingen Minipigs: Similarities and 
Differences of Toxicological Reference Range Data in Preclinical 
Safety Studies

Y. Chen, A. Martin, Z. Patenaude, D. Brocksmith, and W. Davis. Altasciences,  
Columbia, MO.

Minipigs (MP) are recognized as offering advantages over other established non-ro-
dent models such as beagle dogs based upon substantial evidence of similari-
ties to humans with regard to anatomy, physiology, and biochemistry. Currently, 
MPs are used increasingly in nonclinical CROs and (bio)pharmaceutical industry 
to support IND-enabling toxicology studies. However, similarities and differences 
in toxicological reference data between the commonly used Gottingen and Sinclair 
breeds have not been reported. To provide scientific justification for selection of the 
most appropriate strain of MP for clients’ drug development program, and as part 
of the Altasciences Historical Control Database initiative, this study was performed 
to compare reference baseline/ background data for a battery of standard toxico-
logical parameters obtained from Sinclair and Gottingen MP studies conducted 
at Altascience’s Columbia site. Data for Gottingen MPs was extracted from 
electronic data capture system (Pristima®) and compared with the reference data 
of downsized Sinclair MPs (Book of Normals 2021; SBR), including body weight, 
clinical pathology (hematology, serum chemistry, coagulation, urinalysis), organ 
weights and histopathology background lesions of a panel of tissues from nine 
physiological organ systems. Multiple statistical analyses including mean and 
Standard Deviation (SD), range (min, max), fold difference of average, quartile, 
interquartile range (IQR) and Tukey fence (upper and lower limit) were used for data 
comparison. Body weights were similar between these two MP strains up to approx-
imately 3 months of age. There was considerable overlap of mean and statistical 
clinical pathology values between Sinclair vs Gottingen MPs, except that globulin, 
lymphocyte, and monocyte values were significantly higher (2-3-fold) in Sinclair 
MPs as compared to Gottingen MPs. In addition, brain and thymus weights for 
Sinclair MPs were higher than Gottingen MPs in both males (1.4-fold and 2.5-fold, 
respectively) and females (1.3-fold and 1.4-fold, respectively). The sex differences 
of organ weight to brain or body weight ratio were also observed, as the heart 
and adrenal weights to brain ratio were lower, while thymus weight to body weight 
ratio was higher in male (only) Sinclair MPs as compared to Gottingen MPs. The 
most common microscopic finding noted in Sinclair MPs was multifocal lympho-
histiocytic infiltration in various tissues. The detailed descriptions of differences 
as well as similarities of spontaneous histopathological findings and incidence 
rate will be reported and discussed. Based on data comparison in this study, all 
apparent differences among clinical pathology, organ weight and background 
microscopic findings between Sinclair vs Gottingen MPs were considered minor 
in magnitude and biological significance. This study, for the first time, provides 
assessment criteria for minipig strain selection, data quality control and interpre-
tation of results in preclinical toxicity studies using downsized Sinclair MPs, which 
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have similar toxicological reference data vs Gottingen, are more cost effective, and 
readily available at different ages for customized study design for the clients’ drug 
development strategy.

 3053 Challenges and Opportunities in Use of the Minipig for 
Nonclinical Pharmaceutical Development: Results of the Second 
IQ DruSafe Minipig Survey.

K. Datta1, D. Olaharski2, D. O. Clarke3, T. Flandre4, K. French5, M. W. Leach6, S. Mohr7, 
and D. Strein8. 1Bristol-Myers Squibb Company, Summit, NJ; 2Erasca, San Diego, CA; 
3Eli Lilly and Company, Indianapolis, IN; 4Novartis Institutes for BioMedical Research, 
Basel, Switzerland; 5GlaxoSmithKline plc, Collegeville, PA; 6Pfizer Inc., Cambridge, 
MA; 7F. Hoffmann-La Roche AG, Basel, Switzerland; and 8Boehringer Ingelheim 
Pharmaceuticals Inc., Ridgefield, CT.

The minipig is a valid non-rodent animal model that is infrequently utilized for 
nonclinical pharmaceutical development relative to either dog or non-human 
primate (NHP). A 2014 IQ DruSafe survey indicated minipig use was largely limited 
to studies evaluating small molecule dermal products. The 2022 survey revealed 
an incremental increase in minipig use, primarily in the development of protein 
molecules and oral small molecule products. Despite this increased usage, the 
minipig still represents relatively small percentage (generally 5% or less) of all 
non-rodents used in pharmaceutical development. Based on survey responses, key 
challenges to wider minipig use are (1) limited efficacy models in pigs compared 
to other animal species; (2) lack of/limited historical control data; (3) lack of 
relevant reagents to assess cross-reactivity, pharmacology or toxicity which leads 
to inconsistent use of minipig for assessing pharmacologic activity and immuno-
genicity risk for biologic products and (4) requirement for larger amounts of test 
article to conduct in vivo studies. IQ DruSafe companies have also expressed 
concerns regarding in-house capabilities, training and handling of minipigs as well 
as uncertainties regarding capabilities and experience of using minipig at CROs. 
The EU- and UK-based member companies commented that there are increased 
considerations of utilizing minipigs due to NHP shortage as well as ethical consid-
erations related to NHP and dog usage, but this has not translated to more routine 
minipig implementation. The results of this 2022 IQ DruSafe survey indicate that 
many of the concerns previously identified in 2014 persist. Focused, ongoing, 
industry-wide efforts to address these challenges may assist in more frequent 
consideration of minipig as a species for nonclinical pharmaceutical development.

 3054 Preclinical Safety and Efficacy Testing of a Femtosecond 
Ophthalmic Laser Using an In Vivo Rabbit Model

L. J. Kloft, J. Hill, R. Leang, and L. Huang. Johnson & Johnson Vision, Irvine, CA.

International standards and FDA Regulatory Guidance are key resources that 
guide the safety and biocompatibility testing of medical devices. Currently, 
standardized preclinical test methods to demonstrate the safety of ophthalmic 
lasers prior to clinical applications do not exist. The ISO 10993 series serves as 
a general framework in the development of biological safety evaluation plans for 
medical devices. ISO standards tailored to specific medical devices based on use 
and unique characteristics currently exist for several ophthalmic devices including 
ISO 11979-5 for intraocular lenses and ISO 15798 for ophthalmic viscosurgical 
devices. Without an understanding of regulatory expectations for demonstration 
of safety and effectiveness, manufacturers of ophthalmic lasers formulate their 
own preclinical testing plans, and consequently, the data presented in regulatory 
submissions may vary significantly between manufacturers. In the evaluation of 
a novel femtosecond laser used in corneal refractive surgery, the authors have 
successfully utilized an in vivo rabbit model to evaluate safety and effectiveness 
of refractive laser treatments that closely mimics clinical outcomes. In this testing, 
ten New Zealand Black rabbits undergo laser treatments to establish the effective 
range of use at both standard and maximum laser exposure, verification of laser 
pattern delivery, and identification of unintended damage of the laser energy on 
ocular tissue and function. Post-surgical evaluations include specular micros-
copy to measure corneal endothelial cell count, pneumotonometry to measure 
corneal thickness, corneal and retinal imaging by optical coherence tomography 
(OCT) to assess impact to collateral tissues, fluorescein angiography to examine 
retinal health, intraocular pressure measurements, and post-mortem microscopic 
examination of ocular tissues. The in-vivo rabbit model is commonly used industry 
wide in the preclinical evaluation of ocular drugs and devices due to their docile 
nature, cost-effectiveness, availability of a large normative database, and the 
similarities in size, anatomy, and function to the human eye. In the absence of 
industry and regulatory guidance in the preclinical test methods applied to ophthal-
mic lasers, the in vivo rabbit model can be a useful tool in the assessment of the 
safety and efficacy of laser refractive treatments on ocular tissue and function prior 
to human clinical trials.

 3055 Exposure to Novel Industrial Toxicant HFPO-DA and Aging in 
C. elegans

V. M. Nagam1,2, and A. Delprato1. 1Stony Brook University, Stony Brook, NY; and 
2University of California San Diego, La Jolla, CA.

Industrial toxicant hexafluoropropylene oxide dimer acid (HFPO-DA), an ammonium 
salt with trade name “GenX”, has recently been detected in the environment. 
HFPO-DA’s potential aging-related effects on organisms of higher trophic levels 
(worms, humans, etc.) have not been extensively explored. This study aims to 
quantify impact on C. elegans (free-living nematode) lifespan of HFPO-DA exposure, 
specifically via ingestion to simulate toxicant exposure mechanisms most prevalent 
in nature (through lower trophic-level organisms). C. elegans N2 (wild-type) 
samples were prepared with uracil-based medium and E. coli OP50 (food source) 
at room temperature; C. elegans in the experimental, treated sample was fed E. 
coli OP50 incubated with 280 ng/L HFPO-DA. The target gene is pqm-1, involved 
in an evolutionarily conserved aging-related insulin signaling pathway. Molecular 
biology laboratory techniques (RNA extraction, qRT-PCR, fluorescence tagging, 
etc.) were used to quantify pqm-1 expression to yield four technical replicates for 
each sample. The data was analyzed through null hypothesis t-tests, heatmaps, 
protein interactions, and gene homology tools. HFPO-DA exposure through E. coli 
caused a statistically insignificant (0.811-fold) change in pqm-1-related aging in 
C. elegans. Future work includes investigating the effects of different levels of 
HFPO-DA exposure on aging.

 3056 ToxProfiler: Toxicity-Target Profiler Based on 
Chemical Similarity

A. Wallqvist1, M. Abdulhameed2, P. Schyman2, D. Sachs2, Z. Xu2, and V. Desai2. 1US Army 
Medical Research and Development Command, Fort Detrick, MD; and 2Biotechnology 
HPC Software Applications Institute, Fort Detrick, MD.

Identifying the ability of a chemical to interact with known toxicity targets, such as 
proteins in an adverse outcome pathway, is an essential step in drug discovery and 
risk assessment. Computational approaches to evaluate chemical-toxicity target 
interaction can serve as a rapid and accurate alternative to traditional in vitro/in 
vivo screening methods. Here, we first established a chemogenomics database 
from public data sources to identify target representatives, i.e., chemicals that are 
known to interact with the selected targets. We then developed a chemical-similar-
ity-based protocol that predicts the potential of a chemical to interact with any of 
64 established toxicity targets. We evaluated prediction performance using differ-
ent similarity approaches to correctly rank known interacting compounds using an 
external evaluation set from the ChEMBL database. We found that a 2D-structure 
based approach worked the best for target prediction and, hence, we developed a 
publicly available toxicity profiler website (https://toxpro.bhsai.org/) using the 2D 
similarity-based screening approach that allows users to obtain the toxicity-target 
profile for a set of query compounds. We utilized the profiler to screen 649 known 
acute and highly toxic chemicals with a Globally Harmonized System (GHS) score 
of less than 2. In this set, acetylcholinesterase was the most frequently occurring 
target underlying toxicity. The developed toxicity profiler tool provides a rapid 
means to screen for mechanisms underlying chemical toxicity and drug activity, 
allowing for an assessment of alternative drug targets and possible re-purposing 
of drugs.

 3057 Machine Learning and AI Applications for Assessing Chemicals 
and Drugs

A. Wallqvist1, R. Liu2, M. AbdulHameed2, P. Schyman2, Z. Xu2, V. Desai2, and V. Pannala1. 
1US Army Medical Research and Development Command, Fort Detrick, MD; and 
2Biotechnology HPC Software Applications Institute, Fort Detrick, MD.

In evaluating chemicals and drugs, pharmacokinetic and toxic properties are 
important components for efficacy and safety assessments. Considerable 
progress has been made in the development of machine learning models to 
estimate such properties, yet important questions remain about their reliability and 
the limited availability of data to train such models. Here, we developed a prediction 
framework to accurately and rapidly forecast in vitro and in vivo chemical assay 
results with accuracies that are on par with experimental inter-laboratory reproduc-
ibility. We used artificial intelligence (AI) techniques based on systems toxicol-
ogy approaches combined with multi-tasking and transfer learning concepts to 
efficiently train deep neural networks when a limited amount of training data are 
available. We developed multiple in silico models and tools for pre-clinical evalua-
tion of drugs and countermeasures, such as in assessing Ames mutagenicity, hERG 
for cardiac toxicities, drug efflux via P-glycoproteins, and drug metabolism via 
cytochrome P450 enzymes. These models can predict properties for over 80% of 
all compounds with an average prediction accuracy of 85%, rivaling inter-laboratory 
assay reproducibility. We successfully applied AI techniques to predict multiple 
important pharmacological endpoints ranging from acute toxicity to specific liver 
and kidney damage, paving the way for including these capabilities in both drug 
development and threat assessments.
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 3058 In Silico Approaches in Carcinogenicity Hazard Assessment: 
Case Study of Pregabalin, a Nongenotoxic Mouse Carcinogen

A. Bassan1, A. Amberg2, L. A. Burns Naas3, J. Chambers4, K. Cross5, F. Hall4, G. Jahnke6, 
A. Luniwal7, S. Mangenelli8, J. Mestres9, A. Mihalchik-Burhans10, D. Wooley11, R. Tice12, 
and D. Keller13. 1Innovatune, Padova, Italy; 2Sanofi, Frankfurt, Germany; 3Magnolia 
Toxicology Consulting, Traverse City, MI; 4Instem, Cambridge, United Kingdom; 5Instem, 
Columbus, OH; 6Scientist, Chapel Hill, NC; 7Medline Industries, Northfield, IL; 8Nestlé 
Research, Lausanne, Switzerland; 9Chemotargets SL, Barcelona, Spain; 10ToxStrategies 
Inc., Asheville, NC; 11ForthTox, Linlithgow, United Kingdom; 12RTice Consulting, 
Hillsborough, NC; and 13ToxInsights LLC, Kennett Square, PA.

In silico toxicology protocols are meant to support computationally based assess-
ments using principles that ensure that results can be generated, recorded, 
communicated, archived, and then evaluated in a uniform, consistent, and reproduc-
ible manner. We investigated the availability of in silico models to predict the ten 
key characteristics (KC) of carcinogens for a nongenotoxic compound, pregaba-
lin, a single-species carcinogen producing only one type of tumor, hemangiosar-
comas in mice. The overall goal of this exercise is to test the ability of in silico 
models to predict nongenotoxic carcinogenicity with pregabalin as a case study. 
The established mode of action (MOA) of pregabalin is triggered by tissue hypoxia, 
leading to oxidative stress (KC5), chronic inflammation (KC6), and increased cell 
proliferation (KC10) of endothelial cells. Of these KCs, in silico models are available 
only for selected endpoints in KC5, limiting the usefulness of computational tools in 
prediction of pregabalin carcinogenicity. KC1 (electrophilicity), KC2 (genotoxicity), 
and KC8 (receptor-mediated effects), for which predictive in silico models exist, do 
not play a role in this MOA. Confidence in the overall assessments is considered 
to be medium to high for KCs 1, 2, 5, 6, 7 (immune system effects), 8, and 10 (cell 
proliferation). Development of reliable in silico models for prediction of oxidative 
stress, chronic inflammation, immunosuppression, and cell proliferation will be 
critical for the ability to predict nongenotoxic compound carcinogenicity.

 3059 Computational Analysis of Discontinued Neurological Drugs 
without Defined Primary Target Pharmacology

M. Rao, and C. Sachs. Neurocrine, San Diego, CA.

Small molecule drug discovery usually starts with the screening of large numbers of 
compounds against a therapeutic target (target-based drug discovery -TBDD) or in a 
physiologically relevant biological system (phenotypic drug discovery -PDD). Target 
based drug discovery has, during the past few decades, resulted in the discovery 
of several new molecular entities, while phenotypic drug discovery programs have 
become more popular recently. However, the identification of the physiologically 
relevant biological target during the phenotypic screening remains a major challenge, 
since small molecules often bind to several targets with varied binding strengths, 
and it is often difficult to characterize these binding events using conventional 
experimental methods. Recently, advances in the development of novel Artificial 
Intelligence/Machine Learning (AI/ML) technologies that can identify potential 
targets and off-targets that lead to favorable secondary therapeutic effects and/
or toxicities for small molecules that were identified through phenotypic screening. 
To identify potential primary and secondary targets that could lead to toxicities we 
curated 537 preclinical and clinical stage Central Nervous System (CNS) active 
small molecules with no defined primary or secondary pharmacological targets 
(i.e., phenotypic screen-derived drugs). Furthermore, these drug molecules were 
discontinued due to either unknown primary and secondary pharmacology and 
associated toxicities. Thus, we have used our internally implemented AI/ML based 
target prediction engine to predict potential primary and secondary interactions for 
537 discontinued phenotypic derived drugs that could be linked to safety issues. A 
total number of 8,000 off-target interactions were predicted for the 537 discontin-
ued drug molecules, translating to an average of ~15 interactions/drug molecule. 
These interactions are from 1085 unique protein targets, including targets from 
various classes, such as G- protein-coupled receptors (GPCR), kinase, transporters, 
nuclear receptors, proteases, and protein-protein interaction, expressing in various 
tissues including central nervous system. The integrated AI/ML computational 
approach resulted in testable target and off-target hypotheses for the preclini-
cally efficacious, but discontinued CNS drug molecules. For example, this process 
predicted therapeutic targets for some of the phenotypic drugs. These include, 
HTR2A, HTR1A, DRD2, HTR7, ADRA2A, DRD4. AR, CHRM1 and CHRM4. Of the 537 
drugs, 19 drugs were predicted to have neurotoxicity, including convulsion. Taken 
together, these results overall highlight not only adverse targets, but also repurpos-
ing opportunities for these discontinued drugs.

 3060 Using Language Model to Facilitate COVID-19–Associated 
Neurological Disorder Literature Analysis: A BERTox Research

L. Wu, J. Xu, and W. Tong. US FDA/NCTR, Jefferson, AR.

COVID-19 can lead to multiple severe outcomes including neurological and psycho-
logical impacts. However, it is challenging to manually scan hundreds of thousands 
of COVID-19 articles on a regular basis. To update our knowledge, provide sound 
science to the public, and communicate effectively, it is critical to have an efficient 

means of following the most current published data. We have launched an AI 
program at FDA to apply the modern Ai technology in toxicology, called AI4Tox. 
One of the AI4TOX initiatives is develop the most advanced AI-powered Natural 
Language Processing (NLP) to facilitate analysis of FDA documents and public 
literature for improved efficiency and accuracy of information retrieval and toxicity 
assessment. In this study, we developed a language model to search abstracts 
using the most advanced artificial intelligence (AI) to accurately retrieve articles 
on COVID-19-associated neurological disorders. We applied this NeuroCORD 
model to the largest benchmark dataset of COVID-19, CORD-19. We found that the 
model developed on the training set yielded 94% prediction accuracy on the test 
set. This result was subsequently verified by two experts in the field. In addition, 
when applied to 96,000 non-labeled articles that were published after 2020, the 
NeuroCORD model accurately identified approximately 3% of them to be relevant 
for the study of COVID-19-associated neurological disorders, while only 0.5% 
were retrieved using conventional keyword searching. In conclusion, NeuroCORD 
provides an opportunity to profile neurological disorders resulting from COVID-19 
in a rapid and efficient fashion, and its general framework could be used to study 
other COVID-19-related emerging health issues.

 3061 Development of Random Forest Model for Predicting SARS-
CoV-2 Main Protease Binders as Potential Candidates for 
Repurposing to COVID-19 Treatment

L. Xu, J. Liu, M. Chen, and H. Hong. US FDA/NCTR, Jefferson, AR.

COVID-19 is a global pandemic with millions of people infected. Although US FDA 
approved several drugs for the treatment of COVID-19, effective COVID-19 treatment 
drugs are in urgent need. The main protease of SARS-CoV-2 is a major target for 
COVID-19 drugs. In this study, we applied machine learning for repurposing FDA 
approved drugs that could bind the main protease of SARS-CoV-2 as potential 
candidates for the treatment of COVID-19. We collected 3D structures of the main 
protease of SARS-CoV-2 bound with ligands from the protein data bank. The 372 
ligands were separated from the structures and were used as binders for training. 
We then curated some 400 compounds experimentally tested in SARS-CoV-2 main 
protease binding assays from the literature. Of the curated non-binders, 188 were 
used for training. The rest compounds (both binders and non-binders) were used 
for testing. We curated 1284 FDA-approved drugs from diverse sources including 
drug labeling documents for identification of SARS-CoV-2 main protease binders 
for repurposing. Random forest algorithm was used for constructing predictive 
models based on molecular descriptors calculated using Mold2 software. Model 
performance was evaluated using 500 iterations of 5-fold cross validations and 
the testing data set. The random forest models showed 84.2% and 78.6% predic-
tion accuracy in the 5-fold cross validations and the testing, respectively. The 
random forest mode constructed from the whole training data set was used to 
predict SARS-CoV-2 main protease binders as potential candidates for repurposing 
to COVID-19 treatment. Our results demonstrate that machine learning could be an 
efficient method for drug repurposing, and thus accelerate the drug development 
targeting SARS-CoV-2. This abstract reflects the views of the authors and does not 
necessarily reflect those of the US Food and Drug Administration.

 3062 Opioid Agonist/Antagonist Database (OADB): A Database to 
Facilitate Opioid Drug Development

F. Dong, W. Guo, and H. Hong. US FDA/NCTR, Jefferson, AR. Sponsor: W. Tong.

Opioid use disorder (OUD) is a serious problem and has caused an increasing 
number of deaths in the United States for the last decade. Developing novel drugs 
that can improve the treatment of pain and OUD is urgent for fighting against the 
opioid crisis. Both opioid agonists and antagonists are important in new drug 
development for pain management and treatment of OUD. However, the opioid 
agonist and antagonist data are obtained by different labs, generated with differ-
ent formats, and stored in diverse sources, limiting their usage. We developed a 
comprehensive opioid agonist and antagonist database (OADB) to manage the 
curated opioid agonist and antagonist data from diverse sources. OADB contains 
2,056,561 agonistic and antagonistic activity data points of Delta, Kappa, Mu, and 
ORL-1 opioid receptors for 375,657 chemicals which were obtained from 8,273 
assays and six species. Quality control and standardization were applied to data 
curation. In addition to chemical structures and activity data, the related assays 
and references are also included in OADB. A web tool based on React Framework 
front-end interface and NodeJS back-end server was designed and implemented 
to support querying functions such as text search and chemical structure search, 
browsing functions such as sorting and filtering operations, and exporting functions 
for scientists to use OADB. OADB contains a comprehensive collection of opioid 
agonist and antagonist data and could be used to assist new opioid drug develop-
ment to combat the opioid crisis.
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 3063 Machine Learning Models for Rat Multigeneration Reproductive 
Toxicity Prediction

J. Liu1, W. Guo1, F. Dong1, J. Aungst2, S. Fitzpatrick2, T. A. Patterson1, and H. Hong1. 1US 
FDA/NCTR, Jefferson, AR; and 2US FDA/CFSAN, College Park, MD. Sponsor: M. Chen.

Reproductive toxicity testing is recommended by regulatory agencies during 
product development and the safety evaluation process. Traditional reproduc-
tive toxicity testing in animals, especially guideline multigeneration reproductive 
toxicity studies, is time-consuming and expensive, which makes it infeasible to 
test thousands of chemicals in animals. Therefore, machine learning, as a promis-
ing alternative approach, should be considered when evaluating the reproductive 
toxicity of chemicals. We constructed predictive models from seven machine 
learning algorithms (decision tree, decision forest, random forest, k-nearest 
neighbors, support vector machine, linear discriminant analysis, and logistic regres-
sion) using rat multigeneration reproductive toxicity data of 275 chemicals from 
Toxicity Reference Database (ToxRefDB). A consensus model was generated 
based on the seven individual models. The performances of individual and consen-
sus models were evaluated using 500 iterations of 5-fold cross-validations, and 
the external validation data set curated from the COSMOS database and the litera-
ture. The balanced accuracy of the models ranged from 58% to 65% in the 5-fold 
cross-validations and 45% to 61% in the external validations. Prediction confidence 
analysis was conducted to provide additional information for more appropriate 
applications of the developed models. The impact of our findings is increased 
confidence in machine learning models. We demonstrate the importance of using 
consensus models for harnessing the benefits of multiple machine learning models 
(i.e., using redundant systems to check validity of outcomes). While we continue to 
build upon the models to better characterize weak toxicants, there is current utility 
in saving resources by eliminating strong reproductive toxicants before investing 
in in vivo testing. The modeling approach (machine learning models) is offered for 
assessing the rat multigeneration reproductive toxicity of chemicals. Our results 
suggest that machine learning may be a promising alternative approach to include 
in the evaluation of the potential reproductive toxicity of chemicals. Disclaimer: This 
abstract reflects the views of the authors and does not necessarily reflect those of 
the US FDA.

 3064 OPERA Models Supporting Regulatory Needs

K. Mansouri1, T. Martin2, X. Chang3, A. Williams2, and N. Kleinstreuer1. 1NIEHS/
NICEATM, Research Triangle Park, NC; 2US EPA/ORD, Research Triangle Park, NC; and 
3Inotiv, Research Triangle Park, NC.

OPERA is a freely accessible standalone application based on the open-source/
open-data concept providing a suite of over twenty QSAR models for toxicity 
endpoints and physicochemical, environmental fate, and ADME properties. OPERA 
follows the five OECD principles for QSAR modeling to provide scientifically valid, 
high accuracy models with minimal complexity that support mechanistic interpre-
tation, when possible. Experimental data is thoroughly curated, and chemical 
structures standardized, prior to modeling. Recent additions to OPERA include 
models for ADME related parameters of high importance to in vitro-to-in vivo 
extrapolations such as fraction unbound to plasma protein (Fu), intrinsic hepatic 
clearance (Clint), and Caco2 permeability (logPapp). Previously, three consensus 
models developed through international collaborative projects were added to the 
suite to support regulatory assessment processes involving estrogen and androgen 
pathway activity (CERAPP and CoMPARA), as well as acute oral systemic toxicity 
(CATMoS). In the latest version, 3.0, most OPERA models including physicochem-
ical properties (logKow, water solubility, Henry’s law constant, vapor pressure, 
melting point and boiling point) and ADME parameters (Fu, Clint and Caco2) were 
updated with the latest publicly available datasets to improve their predictivity 
and applicability domain coverage and to account for highly investigated groups 
of chemicals such as polyfluorinated substances (PFAS). The largest datasets 
included in the knowledge base reached over 20,000 experimental entries for 
logKow and melting point. OPERA can generate predictions for single chemicals 
or in batch mode, and the chemical structure inputs can be processed using its 
internal QSAR-ready standardization workflow or provided via structure identifiers 
(CASRN, DTXSID, InChI Key) that are used to query its internal database of over 1M 
curated chemical structures from EPA’s DSSTox. The models’ yielded predictions 
associated with accuracy estimates, applicability domain assessments, confidence 
ranges, and experimental values when available. Technical and performance 
details are described in OECD-compliant QSAR model reporting format (QMRF) 
reports. OPERA predictions are available through EPA’s CompTox Chemicals 
Dashboard (https://comptox.epa.gov/dashboard), the National Toxicology 
Program’s Integrated Chemical Environment (https://ice.ntp.niehs.nih.gov/) and 
recently through FDA’s Precision Platform (https://precision.fda.gov/). In addition 
to the standalone command-line and graphical user interface for Windows and 
Linux operating systems that can be downloaded from the NIEHS GitHub reposi-
tory (https://github.com/NIEHS/OPERA), the OPERA application can now be run 
as a plugin within the OECD’s QSAR Toolbox (https://repository.qsartoolbox.org/). 
It is also provided as Python, C/C++ and Java libraries that can be embedded in 
other applications. This project was funded with federal funds from the NIEHS, NIH 

under Contract No. HHSN273201500010C. The views expressed in this presentation 
are those of the authors and do not necessarily reflect the views or policies of any 
federal agency.

 3065 Cumulative Risk Meets Inter-individual Variability: Probabilistic 
Concentration Addition of Complex Mixture Exposures in a 
Population-Based Human In Vitro Model

S. Jang, L. C. Ford, I. Rusyn, and W. A. Chiu. Texas A&M University, College Station, TX.

Although humans are continuously exposed to complex chemical mixtures in 
the environment, it has been extremely challenging to investigate the resulting 
cumulative risks and impacts. Recent studies proposed the use of “new approach 
methods,” in particular in vitro assays, for hazard and dose-response evaluation of 
mixtures. We previously found, using five human cell-based assays, that concentra-
tion addition (CA), the usual default approach to calculate cumulative risk, is mostly 
accurate to within an order of magnitude. Here, we extend these findings to further 
investigate how cell-based data can be used to quantify inter-individual variability in 
CA. Utilizing data from testing 42 Superfund priority chemicals separately and in 8 
defined mixtures in a human cell-based population-wide in vitro model, we applied 
CA to predict effective concentrations for cytotoxicity for each individual, for 
“typical” (median) and “sensitive” (first percentile) members of the population, and 
for the median-to-sensitive individual ratio (defined as the toxicodynamic variability 
factor, TDVF). We quantified the accuracy of CA with the Loewe Additivity Index 
(LAI). We found that LAI varies more between different mixtures than between 
different individuals, and that predictions of the population median are generally 
more accurate than predictions for the “sensitive” individual or the TDVF. Moreover, 
LAI values were generally <1, indicating that the mixtures were more potent than 
predicted by CA. Together with our previous studies, we posit that new approach 
methods data from human cell-based in vitro assays, including multiple phenotypes 
in diverse cell types and studies in a population-wide model, can fill critical data 
gaps in cumulative risk assessment, but more sophisticated models of in vitro 
mixture additivity and bioavailability may be needed. In the meantime, because 
simple CA models may underestimate potency by an order of magnitude or more, 
either whole-mixture testing in vitro or, alternatively, more stringent benchmarks of 
cumulative risk indices (e.g., lower hazard index) may be needed to ensure public 
health protection.

 3066 CTD Tetramers: A New Online Tool to Fill Knowledge Gaps about 
Environmental Health

C. J. Mattingly, R. Johnson, D. Sciaky, J. Wiegers, T. Wiegers, and A. P. Davis. North 
Carolina State University, Raleigh, NC.

The molecular and biological mechanisms connecting an environmental exposure 
to an adverse outcome often remain unknown, reflecting ‘knowledge gaps’. The 
publicly available Comparative Toxicogenomics Database (CTD; http://ctdbase.
org) is an innovative digital resource that harmonizes cross-species heterogeneous 
data for chemical exposures and can be leveraged to discover possible interme-
diary steps. CTD biocurators use FAIR controlled vocabularies and ontologies to 
manually curate chemical, gene/protein, phenotype, anatomy, disease, taxa, and 
exposure information from the published literature. In turn, this curated informa-
tion is integrated to generate novel inferences that link a variety of data types that 
span and offer potential mechanisms to resolve knowledge gaps. Previously, a 
unique complex integration strategy was described that computationally generates 
‘CGPD-tetramers’: four-unit information blocks that link Chemicals, Genes, and 
Phenotypes to a Disease. Importantly, this methodology does not require a priori 
knowledge for any of the data components. A new, online analytical tool (CTD 
Tetramers) now automatically constructs these tetramers on demand for any 
chemical-, gene-, phenotype-, or disease-of-interest. Users simply enter any individ-
ual data type (e.g., bisphenol A; tumor necrosis factor; asthma, etc.) or a combina-
tion of data-types (e.g., PFOA and liver cancer; chlorpyrifos and Parkinson disease; 
cadmium and inflammatory response, etc.), and the tool seamlessly generates all 
CGPD-tetramers that connect the user-selected parameters. In turn, these tetram-
ers can be manually assembled into chemical-disease pathways that incorporate 
molecular initiating events (chemical-gene interactions), intermediate processes 
(genes and phenotypes), adverse outcomes (disease), and population-level 
consequences (exposure details), yielding testable hypotheses that address 
knowledge gaps and inform adverse outcome pathways (AOPs). The utility of this 
new feature, combined with other CTD content, is demonstrated with examples 
from a variety of diverse environmental health issues.
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 3067 Assessing whether Expert Knowledge-Based and Statistical In 
Silico Models Can Be Used to Predict the Sensitization Potential 
of Extractables and Leachables

M. L. Chilton, and A. F. Oliveira. Lhasa Limited, Leeds, United Kingdom.

Extractable and leachables (E&L) are chemicals which can potentially pass from 
manufacturing materials, packaging materials and container closure systems into 
pharmaceutical drug products. They are also important in the context of medical 
devices, as chemicals can leach from a device into any surrounding tissue. 
In both cases E&Ls need to be assessed for their toxicological safety, with the 
major endpoints of concern being mutagenicity/carcinogenicity, sensitisation, and 
systemic toxicity. This study sought to investigate the role that in silico models, 
including expert systems and various statistical models, could play in predicting 
the sensitisation hazard and potency of E&Ls as part of a wider toxicity risk assess-
ment. 790 E&L chemical structures were collected from the published ELSIE and 
PQRI datasets, and publicly available dermal and respiratory sensitisation data was 
located for 297 of these compounds. 290 had dermal sensitisation hazard data, 
106 had dermal sensitisation potency data, and 47 had respiratory sensitisation 
hazard data. This in vivo data was used to assess the performance of various in 
silico sensitisation models and combinations thereof. To explore the predictivity 
of the available expert knowledge, the skin sensitisation structural alerts from the 
Derek Nexus expert system were investigated. When used to predict the sensitisa-
tion hazard of E&Ls, the balanced accuracy was 79% for dermal sensitisation and 
84% for respiratory sensitisation. A hybrid expert knowledge/statistical approach, 
including an alert-based k-nearest neighbours (k-NN) model and the recently 
updated Dermal Sensitisation Thresholds and High Potency Category rules, was 
able to predict whether an E&L is a non-sensitiser, a weak/moderate sensitiser, or 
a strong/extreme sensitiser with 76% accuracy and 100% coverage. To investigate 
the performance of purely statistical systems, 75 different models were built and 
evaluated, using 3 training sets, 5 algorithms and 5 chemical descriptors. The model 
algorithms investigated included self-organising hypothesis networks (SOHN) with 
2 sets of hyperparameters, random forests, k-NNs and support vector machines. 
The training sets consisted of Local Lymph Node Assay (LLNA) data, alone or in 
combination with human and guinea pig data. Principal component analysis was 
used to show that the test set had a good overlap (92-93%) with the chemical space 
of the different training sets, although there were isolated classes of E&Ls which 
were not well-represented in the training sets (e.g. phenolic antioxidants and UV 
absorbers). The balanced accuracies for these models in predicting the dermal 
sensitisation hazard of E&Ls ranged from 49 to 85%. The best performing model 
for the test set used in this study, considering both predictivity and coverage, was 
a SOHN using a circular fingerprint and trained on all available LLNA, human and 
guinea pig data. This model had a balanced accuracy of 76% and a coverage of 
73%. Combining this model with Derek Nexus in a conservative fashion led to an 
overall balanced accuracy of 80% and a coverage of 100%. As the science involved 
in the toxicological risk assessment of extractables and leachables advances, 
in silico approaches are expected to play an increasingly important role. This is 
especially pertinent in the context of the upcoming ICH Q3E guideline, which is 
hoped will bring much-needed clarity and international harmonisation to this area. 
This study has sought to investigate a wide range of expert knowledge-based and 
statistical in silico sensitisation models, to see which approaches (on their own or 
in combination) would be best placed to help assess the sensitisation risk of E&Ls 
moving forwards.

 3068 Interpretable Chemical Grouping Using an Automated 
KNIME Workflow

J. Moreira Filho1, M. Conway2, C. Schmitt2, N. Kleinstreuer1, and K. Mansouri1. 1NIEHS/
NICEATM, Research Triangle Park, NC; and 2NIEHS, Research Triangle Park, NC.

Most machine learning models published in the literature are not used by the 
community or only by those proficient in specific programming languages. Thus, 
it is crucial to democratize access to such powerful tools through user-friendly 
interfaces and guided step-by-step processes. However, building these applica-
tions can be difficult since it is time-consuming to program all tools from scratch. 
To address these issues, we used Konstanz Information Miner (KNIME), a free 
and open-source data analytics platform. The modular environment allows users 
to visually assemble and adapt the analysis flow (with minimal to no program-
ming) from building blocks called “nodes”, which are then connected through 
“pipes” carrying data or models. KNIME also integrates different programming 
languages and can be executed either locally or online using the KNIME server 
WebPortal. In this work, we designed and implemented a KNIME workflow to 
facilitate the grouping of chemicals using supervised and unsupervised machine 
learning methods in a guided and user-friendly graphical interface. First, the user 
can input chemical data with or without consideration of a specific biological 
endpoint/outcome, depending on the goal. Then, different molecular descriptors 
can be selected and calculated, including molecular fingerprints (e.g., Morgan and 
FeatMorgan) and continuous descriptors (e.g., Mordred and PaDEL-Descriptor). 
Next, dimensionality reduction methods can be applied, comprising the filtering 
of highly correlated and low variant descriptors. For unlabeled data (no specific 
endpoint), the user can perform manual and/or expert feature selection and choose 
one of the available unsupervised clustering algorithms (e.g., K-means, Hierarchical 

clustering, etc.) with automatically optimized parameters. Subsequently, Uniform 
Manifold Approximation and Projection (UMAP), Principal Component Analysis 
(PCA), or t-Distributed Stochastic Neighbor Embedding (t-SNE) can be applied to 
project the data into lower dimensions and visualize the clusters. For labeled data 
related to a specific endpoint, the feature selection is performed automatically 
using Backward Feature Elimination, Genetic algorithms, or Simulated annealing. 
Here, the user can select a supervised machine learning method that will perform 
the classification (e.g., Decision trees, Support Vector Machine, etc.). The SHapley 
Additive exPlanations (SHAP) values are calculated to determine the contribution 
of each molecular descriptor towards the modeled endpoint. The final part of the 
analysis involves the visualization of the unsupervised clusters or the supervised 
classes/categories as well as the most important molecular descriptors and 
structural features for the studied data. To showcase the workflow, we used a list 
of 2,291 chemicals with available eye irritation toxicity data as a case study. The 
implemented unsupervised and supervised approaches were applied and resulted 
in two different chemical grouping patterns where the first (four clusters) was 
based on the overall general structural similarity, while the second (two classes) 
highlighted the most important structural features that govern eye irritation (size, 
lipophilicity and electronic state). This user-friendly chemical grouping workflow 
with different machine learning approaches and tools for visualization and interpre-
tation of the results was deployed on the NIEHS KNIME Server WebPortal (https://
knime.niehs.nih.gov/knime/webportal/) and linked to other cheminformatics tools 
and workflows as part of NIEHS/DTT cyber-infrastructure. Workflow also available 
for download from GitHub and KNIME hub. The views expressed in this abstract 
are those of the authors and do not necessarily reflect the views or policies of any 
federal agency.

 3069 An Integrated Testing Strategy Based on In Vitro Phenotypic and 
Transcriptomic Data for Selecting Representative Petroleum 
UVCBs for Toxicity Evaluation In Vivo

H. Tsai1, J. S. House2, F. A. Wright3, W. A. Chiu1, and I. Rusyn1. 1Texas A&M University, 
College Station, TX; 2NIEHS, Research Triangle Park, NC; and 3North Carolina State 
University, Raleigh, NC.

Hazard evaluation of substances of “unknown or variable composition, complex 
reaction products and biological materials” (UVCBs) remains a major challenge 
in regulatory science. The chemical composition of UVCBs is difficult to ascertain 
using analytical methods. Therefore, alternative data streams have been proposed 
for grouping UVCBs and selection of potential “worst case” substances for further 
toxicity evaluation in vivo. Petroleum substances are representative UVCBs and 
human cell-based data has previously been used to both substantiate and critique 
current manufacturing process-based groupings; however, the regulatory agencies 
have questioned the utility of such data. In this study, we hypothesized that a 
combination of phenotypic and transcriptomic data on petroleum UVCBs can be 
integrated to increase confidence and make protective decisions as to selection 
of petroleum UVCBs for additional toxicity evaluation. To test this hypothesis, we 
used phenotypic and transcriptomic data obtained from testing 141 petroleum 
UVCBs comprising of 16 manufacturing categories in six human cell types (induced 
pluripotent stem cell (iPSC)-derived hepatocytes, cardiomyocytes, neurons, and 
endothelial cells, and MCF7 and A375 cell lines). Benchmark doses for gene-sub-
stance combinations were calculated, and transcriptomic points of departure 
(tPODs) and the phenotype-derived PODs (pPODs) were derived. Correlation 
analysis and machine learning were used to assess the associations between the 
phenotypic and transcriptional responses. We also determined the cell types and 
assays that provide the most informative data subset to inform a cost-effective 
integrated testing strategy. We found that hepatocyte tPODs were most concordant 
to the pPODs and polycyclic aromatic hydrocarbon 3-7 ring content. Two cell types 
- iPSC-derived hepatocytes and cardiomyocytes - contributed the most informa-
tive and protective PODs and may be used to inform selection of representative 
petroleum UVCBs for further toxicity evaluation in vivo. Overall, while the use of 
new approach methodologies to prioritize UVCBs has not been widely adopted, our 
data show that an integrated testing strategy based on iPSC-derived hepatocytes 
and cardiomyocytes can inform selection of representative “worst case” petroleum 
UVCBs from each manufacturing class for further toxicity evaluation in vivo.

 3070 Proarrhythmic Risk Assessment for Environmental Chemicals 
Using Population-Wide Human-Induced Pluripotent Stem Cell–
Derived Cardiomyocytes Testing

H. Lin, and W. A. Chiu. Texas A&M University, College Station, TX.

Proarrhythmic risk is a key concern for pharmaceuticals that is addressed through 
extensive data collection in preclinical and clinical testing as well and post-mar-
keting surveillance. However, identifying proarrhythmic risks for environmental 
chemicals is challenging due to limitations in all these types of data. With the 
development of new approach methodologies, the integration of in vitro testing and 
in silico approaches provides an opportunity to tackle this issue, but these efforts 
have focused almost exclusively on pharmaceuticals. Therefore, the purpose of 
this study is to predict the proarrhythmic risk of environmental chemicals, based 
on in vitro testing using human induced pluripotent stem cell (hiPSC)-derived 
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cardiomyocytes. Previously published population-based concentration-response 
profiles from hiPSC-derived cardiomyocytes with 56 drugs and 82 non-pharmaceu-
tical chemicals (including flame retardants, food additives, industrial chemicals, 
metal, PAH, and pesticides) were used to derive point-of-departure (POD) values 
for eight phenotypes viability and function by using Bayesian modeling. We 
constructed a probit regression model with the drug dataset, using POD values as 
predictors for inducing the risk of Torsades de Pointes (TdP) and cross-validation 
to assess model performance. Comparisons of the area under the curve (AUC) of 
receiver operator curves (ROC) demonstrated that using five of eight phenotypes 
as predictors (cytotoxicity, QT prolongation, positive chronotrope, negative chrono-
trope, and asystole), we could reasonably categorize TdP risk with an AUC 0.87, 
having similar or better performance to previously published hiPSC-based models 
for pharmaceuticals. We then applied this model, optimized for maximal balanced 
accuracy (=0.83), to non-pharmaceutical compounds, and predicted four pesticides 
(Rotenone, Deltamethrin, Tebuconazole, and Dichlorodiphenyltrichloroethane) 
and one food additive (Quinine hydrochloride dihydrate) as having potential 
proarrhythmic risk. We conclude that an integrated in vitro-in silico approach using 
population-wide hiPSC-derived cardiomyocytes, Bayesian concentration-response 
modeling, and probit regression, can provide a reasonable approach to predicting 
the potential proarrhythmic risk for environmental chemicals.

 3071 Prediction of Drug-Induced Liver Injury and Cardiotoxicity Using 
Chemical Structure and In Vitro Assay Data

D. K. Ngan1, L. Ye1, T. Xu1, Z. Liu2, J. Zhao1, S. Sakamuru1, L. Zhang1, T. Zhao1, M. Xia1, 
A. Simeonov1, and R. Huang1. 1NIH/NCATS, Rockville, MD; and 2US FDA/NCTR, 
Jefferson, AR.

Drug-induced liver injury (DILI) and cardiotoxicity (DICT) are major adverse effects 
triggered by drug candidates and some approved drugs. To provide an alternative 
to in vivo toxicity testing, the U.S. Tox21 consortium has screened a collection of 
~10K compounds, including drugs in clinical use, against >70 cell-based assays in 
a quantitative high-throughput screening (qHTS) format. In this study, we compiled 
reference compound lists for DILI and DICT and compared the potential of Tox21 
assay data with chemical structure information in building prediction models for 
human in vivo hepatotoxicity and cardiotoxicity. Models were built with four different 
machine learning algorithms (e.g., Random Forest, Naïve Bayes, eXtreme Gradient 
Boosting, and Support Vector Machine) and model performance was evaluated by 
calculating the area under the receiver operating characteristic curve (AUC-ROC). 
Chemical structure-based models showed reasonable predictive power for DILI 
(best AUC-ROC = 0.75 ± 0.03) and DICT (best AUC-ROC = 0.83 ± 0.03), while Tox21 
assay data alone only showed better than random performance. DILI and DICT 
prediction models built using a combination of assay data and chemical structure 
information did not have a positive impact on model performance. The suboptimal 
predictive performance of the assay data is likely due to insufficient coverage of 
an adequately predictive number of toxicity mechanisms. The Tox21 consortium is 
currently expanding coverage of biological response space with additional assays 
that probe toxicologically important targets and under-represented pathways that 
may improve the prediction of in vivo toxicity such as DILI and DICT.

 3072 An Endpoint-Specific Framework for Read-Across Analog 
Selection for Human Health Effects

H. Moustakas1, M. S. Date2, M. Kumar3, T. W. Schultz4, D. C. Liebler5, T. M. Penning6, 
D. T. Salvito1, and A. Api1. 1Research Institute for Fragrance Materials, Woodcliff Lake, 
NJ; 2Roivant Sciences, New York, NY; 3Mars Advanced Research Institute, Newark, 
NJ; 4University of Tennessee, Knoxville, TN; 5Vanderbilt University, Nashville, TN; and 
6University of Pennsylvania, Philadelphia, PA.

Integrating computational chemistry and toxicology can improve the read-across 
analog approach to fill data gaps in chemical safety assessment. In read-across, 
structure-related parameters are compared between a target chemical with insuffi-
cient test data and one or more materials with sufficient data. Recent advances 
have focused on enhancing the grouping or clustering of chemicals to facilitate 
toxicity prediction via read-across. Analog selection ascertains relevant features, 
such as physical-chemical properties, toxicokinetic-related properties (bioavail-
ability, metabolism, and degradation pathways), and toxicodynamic properties of 
chemicals with an emphasis on mechanisms or modes of action. However, each 
human health endpoint (genotoxicity, skin sensitization, phototoxicity, repeated 
dose toxicity, reproductive toxicity, and local respiratory toxicity) provides a differ-
ent critical context for analog selection. Here six endpoint-specific, rule-based 
schemes are described. Each scheme creates an endpoint-specific workflow for 
filling the target material data gap by read-across. These schemes are intended 
to create a transparent rationale that supports the selected read-across analog(s) 
for the specific endpoint under study. This framework can systematically drive the 
selection of read-across analogs for each endpoint, thereby accelerating the safety 
assessment process.

 3073 Toxicogenomics Data for Chemical Safety Assessment and 
Development of New Approach Methodologies: An Adverse 
Outcome Pathway–Based Approach

L. A. Saarimäki1, J. Morikka1, A. Pavel1, S. Korpilähde1, G. del Giudice1, A. Serra1, 
A. Federico1, M. Fratello1, and D. Greco1,2. 1Tampere University, Tampere, Finland; and 
2University of Helsinki, Helsinki, Finland.

Mechanistic toxicology is emerging as a powerful approach for chemical safety 
assessment and development. It focuses on the mechanisms through which 
chemicals induce their effects, hence also providing valuable insight into the 
development of safe-by-design compounds. Omics technologies are central to 
disentangling these mechanisms and are widely applied in the context of toxicog-
enomics. However, despite the immense potential of toxicogenomic approaches, 
their implementation into the regulatory framework is hindered by the lack of 
standardization, and uncertainties in the analysis and interpretation of omics 
data. At the same time, the use of mechanistic evidence in the form of Adverse 
Outcome Pathways (AOPs) is promoted for the development of New Approach 
Methodologies (NAMs) that can offer solutions to the pressing need for faster, 
cheaper, and more ethical safety assessment of chemicals. We hypothesized, 
that embedding toxicogenomics into the AOP framework would unleash the full 
potential of AOPs while also building regulatory confidence towards toxicogenom-
ics. The modelling of AOPs with molecular data would support systematic develop-
ment of NAMs and reduce the need for multiple testing strategies. Similarly, it would 
guide the translation of complex molecular signatures captured by omics technol-
ogies into meaningful biological interpretations. Hence, we developed a multi-step 
strategy to systematically annotate molecular events into AOPs through their Key 
Events (KEs) and applied it to all currently available AOPs relevant for human health 
risk assessment. Using the resulting associations, we successfully highlighted 
relevant adverse outcomes for chemical exposures from their associated gene 
signatures. Furthermore, we established the concept of an AOP fingerprint and 
showed strong in vitro to in vivo convergence with independent toxicogenomic data 
sets. Finally, we identified and experimentally validated a panel of AOP-derived in 
vitro biomarkers for pulmonary fibrosis. These results suggest that the established 
associations strongly support meaningful interpretation of toxicogenomic data and 
guide the development of data-driven computational methodologies for chemical 
safety assessment.

 3074 Physiologically Based Kinetic Modeling–Based Prediction of the 
Relative Potency of Pyrrolizidine Alkaloid N-Oxides at Realistic 
Low-Dose Levels

F. Widjaja1, Y. Alhejji1,2, J. Yangchen1,3, L. Zheng1, S. Wesseling1, and I. M. Rietjens1. 
1Wageningen University and Research, Wageningen, Netherlands; 2Qassim University, 
Qassim, Saudi Arabia; and 3Ministry of Agriculture and Forests, Thimphu, Bhutan.

Pyrrolizidine alkaloids (PAs) are plant toxins found in food and feed, often existing 
in their N-oxide form (PA N-oxides). PA N-oxides are often considered to be less 
toxic than their parent PAs because PA N-oxides first need to be reduced by liver 
CYP450 and gut microbiota to the corresponding PAs. The PAs can be converted 
to reactive pyrrole metabolites that form adducts with proteins and DNA, ultimately 
causing toxicity. In a worst-case approach, full conversion of PA N-oxides to their 
parent PAs is considered, and PA N-oxides are assumed to be equally toxic as 
their parent PAs (relative potency or REP value of 1 compared to the respective 
parent PA). On the other hand, based on experimental data from in vitro studies, 
the PA N-oxides are reported to be significantly less toxic than the corresponding 
PAs (REP value of 0.01) mainly because these in vitro studies do not consider 
reduction by the gut microbiota. In vivo studies at relatively high dose levels tend 
to show the potency of the PA N-oxides to be lower than that of their parent PAs 
with REP values varying between 0.61 and 0.88. The present study aimed to define 
the REP value of macrocyclic diester PA N-oxides compared to their correspond-
ing parent PAs at low dose levels in humans. Using in vitro- and in silico-derived 
parameters, physiologically based kinetic (PBK) models for PA N-oxides (with 
a sub-model for PAs) were built for both rats and humans. The REP value was 
subsequently calculated as the ratio of the PBK model predicted area under the 
concentration-time curve (AUC) 0-24h of the parent PA upon oral dosing of the PA 
N-oxide and the predicted PA AUC 0-24h upon oral administration of an equimo-
lar dose of the corresponding PA. In both rats and humans, the REP value thus 
obtained appeared to decrease with increasing dose levels. At low dose levels, the 
predicted REP value of senecionine N-oxide relative to senecionine was higher than 
at dose levels used in the animal experiments, amounting to 0.89 for humans and 
0.84 for rats. The modeling also confirmed the experimental observation reported 
for senecionine N-oxide that the REP value varies with the endpoint used. At the 
high dose levels used in animal experiments, the REP value based on the ratio of the 
plasma AUC 0-24h for the parent PA is higher than the REP value calculated based 
on the level of the amount for pyrrole-protein adduct formation. Incorporation of 
GSH pyrrole adduct formation in the PBK models revealed that at high dose levels, 
saturation of the GSH-dependent detoxification capacity results in relatively higher 
levels of pyrrole-protein adducts. This may happen more easily at an equimo-
lar dose of the PA than of the PA N-oxide since the plasma concentrations and 
maximum plasma concentration (Cmax) of the PA are higher upon dosing the PA 
than upon dosing the PA N-oxide. This causes a lower REP value when calculated 
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based on the amount of pyrrole-protein levels than what would be expected based 
on the plasma PA AUC levels. At low doses, saturation of the detoxification capacity 
does not occur. Thus, kinetics for pyrrole GSH and protein conjugate formation 
will be linear with the plasma PA levels, and the REP values will be independent of 
the endpoint used. Taken together, our PBK modeling provides insight into factors 
influencing the REP values of PA N-oxides relative to their parent PAs and allows 
prediction of these REP values in humans and at realistic low dose levels which 
would be experimentally less accessible.

 3075 Identification of Adverse Outcome Pathway (AOP) Network 
Leading to Pulmonary Fibrosis and Its Application to Inhalation 
Toxicants Screening: Integrative Data Mining Approach Using 
Comparative Toxicogenomics Database and AOP Wiki

J. Jeong, D. Kim, and J. Choi. University of Seoul, Seoul, Korea, Republic of.  
Sponsor: J. Meyer.

An adverse outcome pathway (AOP) framework can be applied as an efficient tool 
for the rapid screening of environmental chemicals. For the development of an AOP, 
a database mining approach can support an expert derivation approach by gather-
ing a wider range of evidence than in a literature review. In this study, data from 
various databases were integrated and analyzed to supplement the AOP leading to 
pulmonary fibrosis by analyzing additional evidence using a data mining approach 
and establishing an application domain for chemicals. First, we collected chemicals, 
genes, and phenotypes that were studied and related to pulmonary fibrosis through 
the Comparative Toxicogenomics Database (CTD). CGPD-tetramers constructed 
by linking each related chemical, gene, phenotype, and disease can provide the 
basic components for the assembly of putative AOPs. Next, an AOP network was 
established by connecting eight existing AOPs for pulmonary fibrosis developed 
by expert derivation from the AOP Wiki. Finally, the pulmonary fibrosis AOP 
network was proposed by integrating the AOP network from AOP Wiki and the 
CGPD-tetramers from the CTD. To prioritize potential chemical stressors in the 
AOP network, 61 chemicals were ranked using the relevance of the chemical to the 
AOP and chemical exposure information from the CompTox Chemicals Dashboard. 
The approach proposed in this study can guide the utilization of available evidence 
from various databases as well as the literature in constructing AOP networks 
related to specific diseases. Acknowledgement: This work was supported by a 
grant from the Korean Ministry of Environment through ‘Environmental Health R&D 
Program’ (2021003310005).

 3076 ToxRefDB V2.1: A Minor Update to the Toxicity 
Reference Database

M. Feshuk1, S. Watford2, L. Kolaczkowski1,3, and K. Paul Friedman1. 1US EPA, Research 
Triangle Park, NC; 2US EPA, Washington, DC; and 3Oak Ridge Institute for Science and 
Education, Oak Ridge, TN.

A component of building scientific confidence in new approach methodologies 
(NAMs) for toxicology is comparison to results from in vivo studies. However, these 
efforts require NAM and animal study data to be computationally accessible and 
interoperable. The Toxicity Reference Database (ToxRefDB) aggregates in vivo 
data from nearly 6000 studies for over 1000 chemicals. Developed via a manual 
curation workflow, ToxRefDB serves as a resource for study design, quantitative 
dose response, and endpoint testing status information given guideline specifica-
tions from the US EPA and National Toxicology Program (NTP). Study coverage 
includes a variety of repeat dose study designs, such as chronic, subchronic, 
subacute, prenatal developmental, and multigeneration reproductive, utilizing 
various administration routes. Many of the studies come from registrant-submit-
ted toxicity studies known as data evaluation records (DERs) from the US EPA’s 
Office of Pesticide Programs (OPP), but continued curation efforts have expanded 
ToxRefDB to include toxicity studies from additional sources, including NTP 
reports, peer-reviewed primary research articles, and pharmaceutical pre-clinical 
studies. An important component of ToxRefDB is its controlled vocabulary for 
studies and effects observed for enhanced data quality. ToxRefDB v2.1 is a data 
update of ToxRefDB v2.0 to correct issues discovered with the compilation script 
that caused some extracted values to not import properly from AccessDB curation 
files, such as failure to import some effects. No additional curation was performed 
for the v2.1 update. Although the overall number of studies and chemicals remains 
unchanged, the v2.1 update includes additional data as previously curated studies 
with extracted dose treatment groups and effects are now fully accessible. This 
added data can improve the utility of ToxRefDB as a resource for curated legacy in 
vivo information by providing more complete information of the past animal studies 
conducted. Moving forward, an application-driven workflow with the Data Collection 
Tool (DCT) will be utilized to create a more sustainable process for loading curated 
information to a database and support a more regular release cycle. Continued 
development increases ToxRefDB’s utility as a resource for retrospective analyses 
that lay the foundation for acceptance of NAMs, as well as development of new 
predictive tools. This abstract does not necessarily reflect US EPA policy.

 3077 Data Fusion by Matrix Completion for Exposome Target 
Interaction Prediction

K. Wang, N. Kim, M. Bagherian, K. Li, E. Chou, J. A. Colacino, D. C. Dolinoy, and 
M. A. Sartor. University of Michigan, Ann Arbor, MI.

Exposure to toxic chemicals presents a huge health burden and disease risk. 
Determining the molecular target(s) of toxic chemicals is key to understanding 
and predicting which chemicals cause specific toxic effects. Given that over five 
hundred new chemicals enter regulatory review each year in the US under the 
Toxic Substances Control Act, it is infeasible to perform a comprehensive safety 
assessment for all of these new chemicals due to limited resources. Thus, a robust 
computational method for discovering targets of toxicant exposures, which can 
then be used to prioritize chemicals for further analysis, is a promising direction 
for public health research. In this study, we implemented a novel matrix comple-
tion algorithm named coupled matrix-matrix completion (CMMC) for predicting 
exposome-target interactions. The low rank matrix completion problem can be 
described as predicting missing values of an incomplete un-observed/under-ob-
served or partially observed matrix. Different from previous matrix completion 
algorithms based on matrix factorization, the CMMC algorithm incorporates 
two coupled matrices in form of auxiliary information to help better optimize 
the distance metric and maintains a fast runtime. The two coupled matrices 
represent the relationships among the chemical exposures and gene targets, 
respectively, and help jointly analyze incomplete data sets. We collected and 
processed relevant data from the Comparative Toxicogenomics Database (CTD) 
as a benchmark dataset for implementing and testing our method and compared 
it to alternative prediction methods. Three benchmark datasets of different sizes 
were generated, i.e., 200 chemicals by 400 genes (200x400), 400 chemicals by 600 
genes (400x600), and 600 chemicals by 800 genes (600x800). Morgan fingerprints 
and Topological Torsion fingerprints were used to calculate the chemical-chem-
ical similarities. A Gene Ontology (GO) based method called GOSemSim was 
used to measure the gene-gene similarities. We compared out method to other 
three state-of-the-art methods, including (CMF) Collaborative Matrix Factorization, 
GRMF (Graph-Regularized Matrix Factorization), and WGRMF (Weighted 
Graph-Regularized Matrix Factorization) on the same benchmark datasets. The 
area under the ROC curve (AUC) was used to compare the performance of the 
aforementioned methods. Our CMMC achieved the highest AUCs for all three sizes 
of input datasets with a maximum average AUC of 0.893 ± 0.012 using the 400×600 
dataset. A case study with bisphenol A (BPA) and three of its structurally related 
replacements: BPB, BPF, and BPS, was used to test our method for predicting target 
genes of chemical exposures without any prior knowledge of biological effects. 
To perform a comprehensive case study, we generated 200 different datasets, 
each with 299 randomly selected chemicals (300 chemicals in total when including 
the case chemical) and 500 genes from a total 5000 chemicals and 10,000 genes 
for each case-study chemical, respectively. In all 200 chemical-gene interaction 
matrices for each case-study chemical, all known interaction values were removed 
to mimic a real-life scenario where we are assessing a new untested chemical. 
Six known target genes (i.e., ESR1, ESR2, AR, NR1I2, PGR, PPARG, and PPARD) for 
the four bisphenol chemicals were successfully predicted by CMMC. The case 
study shows that CMMC can be used to discover potential molecular targets of 
novel chemicals without any prior bioactivity knowledge. Our CMMC approach is a 
powerful method for predicting the target genes of toxicant exposures.

 3078 Integrating Adverse Outcome Pathway and Biological Pathway 
Knowledge in Interpretable Deep Learning Modeling Framework 
for Hepatotoxicity Predictions

X. Jia, D. P. Russo, T. Wang, and H. Zhu. Rowan University, Glassboro, NJ.

Current machine learning approaches to evaluate hepatotoxicity are often 
black-box and incapable of explaining toxicity mechanisms. To address this 
challenge, we developed a deep neural network (DNN) approach that utilizes the 
adverse outcome pathway (AOP) framework and the Reactome pathway hierar-
chy to construct DNN architecture for predicting compound hepatotoxicity and 
inferring potential toxicity pathway mechanisms. We curated 500 compounds with 
known hepatotoxicity classifications as the modeling set and further randomly split 
it into training (400 compounds) and test sets (100 compounds). Experimental data 
of these compounds, which represent interactions with receptors or enzymes as 
molecular initiating events in AOPs and gene expression regulations, were collected 
from ToxCast/Tox21 and L1000 programs. The structural, biological, and transcrip-
tomic data of the training set compounds were used to train a DNN model of 
hepatotoxicity using biological pathway information obtained from Reactome. The 
five-fold cross-validation using 400 training set compounds and external validation 
using 100 test set compounds showed good predictivity with the area under ROC 
curve values of 0.77 and 0.67, respectively. The resulting DNN model can predict 
new compounds as potential toxicants to the liver if they show active responses 
in the key events represented as neurons within the network. The pathway from a 
toxicant’s structure that initiates a molecular event or modulates gene expressions 
to key events that induce hepatotoxicity can reveal plausible toxicity mechanisms. 
This study provides an interpretable machine learning strategy to utilize public 
high-throughput screening and transcriptome data to characterize hazards and 
prioritize potential toxicants.
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 3079 Toward a Virtual Cornea: An Agent-Based Model to Study 
Interactions between the Cells and Layers of the Cornea under 
Homeostasis and following Chemical Exposure

J. Vanin1, J. A. Glazier1, T. B. Knudsen2, and C. Mahony3. 1Indiana University, 
Bloomington, IN; 2US EPA/ORD, Research Triangle Park, NC; and 3Procter & Gamble, 
Reading, United Kingdom.

Corneal injuries following chemical exposure differ in severity and reversibility. 
Various in vivo, ex vivo, and in vitro experimental methods attempt to predict whether 
exposure will lead to severe (corrosive), moderate, mild, or no irritancy but differ 
in their ability to prognosticate human-relevant eye irritation outcome. A detailed 
computational model of corneal injury at the multi-cellular level (depicting individ-
ual cells and biochemical processes in detail) which could predict these adverse 
outcomes would enable limitless virtual experiments. To improve the spatial 
and dynamic understanding of corneal chemical hazard, we built a multicellular 
agent-based model in the CompuCell3D modeling environment that aims to recapit-
ulate complex cell behaviors underlying homeostasis and wound healing of the 
stratified epithelial layer and the stroma. The model represents a two-dimensional 
sagittal section of the limbal area with stem and transit-amplifying cells and a strati-
fied epithelium layer keeping the same structure seen in its biological archetype, 
with a bilayer of superficial cells, two to three layers of wing cells, a single layer 
of basal cells attached to the basement membrane, and immune cells, bounded 
by virtual spaces to represent the tear layer and Bowman’s membrane. Beneath 
this epithelial membrane lies an area representing the stroma with keratinocyte 
cells. Homeostasis in the epithelial layer implements signal information (cytokines, 
growth factors) and other factors can be added to more completely simulate the 
emergent wound-healing behavior where tear composition changes after injury, 
having higher levels of EGF (proliferation and migration), TGF-α (mitogen), HGF 
(proliferation and migration, promotes wound healing), KGF (proliferation), and IGF 
(proliferation), in the regulation of composite cellular behavior and multicellular 
interactions on proliferation and cell migration to the wounded site. These changes 
in the microenvironment activate quiescent limbal stem cells to proliferate and 
differentiate into transient-amplifying cells, which also proliferate and consequently 
differentiate into the other cell types present in the stratified epithelium layer. This 
mechanism is enough to heal mild and moderate wounds that avoid damaging 
the basement membrane. In cases of severe injury, other systems, including 
vascular and myeloid, participate in the repair of the Bowman`s membrane and the 
stroma. This prototype virtual corneal model aims to define a more mechanistic 
human-relevant classification scheme, predict the time of recovery from each of 
those injuries, and offer potential explanations for the corneal anomalies (erosions 
and corneal ulcers) after severe damage and simulated responses to bioactivity 
data from various in vitro models of corneal toxicity. This will help toxicologists 
better understand critical events in cornea-chemical exposures as well as predict 
human-relevant adverse outcomes. Disclaimer: this abstract does not necessarily 
reflect US EPA policy.

 3080 Integrating In Silico Toxicological Data Gap Filling Approaches 
Using the KNIME Analytics Platform for Comprehensive 
Toxicological Risk Evaluation of Aerosol Constituents

D. Mucs1, A. Krebs2, and I. M. Baskerville-Abraham1. 1JT International SA, Geneva, 
Switzerland; and 2KNIME AG, Zurich, Switzerland.

Gathering existing toxicological data about substances for a comprehensive toxico-
logical risk assessment is often tedious and involves a lot of manual work. Some 
hurdles amongst others are the lack of programmatic access, that data is scattered 
over various different resources, databases, and organizations, and that differ-
ent sources require and use different chemical identifiers and representations. In 
previous work we have shown how we bundled various authoritative and predictive 
resources to help toxicologists to assess the risk of untargeted chemicals identified 
in emission scanning of electronic nicotine delivery systems (e-cigarettes), thereby 
prioritizing them for risk management measures. In this study, we are showing how 
we are exploring to extend the approach further using the capabilities of the KNIME 
(KoNstanz Information MinEr) Analytics Platform. This includes the integration 
of data from US EPA’s ToxValDB, for which we used the REST (REpresentational 
State Transfer) capabilities of KNIME to extend the chemical representation with 
SMILES strings. As part of this approach, a dedicated component has been created 
to ensure the validity of a chemical identifier before accessing the CACTUS (CAdd 
group Chemoinformatics Tools and User Services at NIH NCI) web service in an 
automated fashion for conversion. The extended ToxValDB data was stored in 
a PostgresDB including an RDKit cartridge to enable similarity search for query 
molecules for potential read-across purposes. This process serves as a template 
for other data resources used in this hazard screening workflow. To further improve 
the current user experience and seamless usage, we also explored the integration 
of ToxTree in “headless” mode into the existing KNIME workflow using the external 
tool node.

 3081 Designing Safer Molecules through Comprehensive Ligand and 
Structure-Based Computational Approach

A. Basu, T. Yukawa, J. Goodwin, and Y. Dragan. Takeda Pharmaceutical Company 
Limited, Cambridge, MA.

Toxicology is one of the biggest drivers for compound attrition and identifying 
toxicity signals at the early discovery stages of the project and guiding to safer 
space significantly increases the chance of its success. We present here a computa-
tional “safety by design” toolbox (deployed on Live design) for various toxicolog-
ical endpoints that can be employed during the lead generation stages. Based 
on the requirement of the projects we create global/local models in the toolbox, 
to lead molecular discovery to a chemical space likely to be safe and effective. 
Our toolbox consists of several validated machine-learning and structure-based 
models that can be used by medicinal chemists. In this presentation, we are going 
to show one case study that will demonstrate safety by design in action. We have 
chosen a kinase project for this presentation, we have leveraged historical data 
and framed hypotheses, and created local models. Our toolbox helped the project 
address selectivity against various off target kinase and prioritize chemotype in 
lead generation stage. Overall, the developed toolbox is used by medicinal chemists 
and chemical toxicologists interactively for safe and effective molecule discovery.

 3082 Evaluating Performance of In Silico Models in Predicting Dermal 
Sensitization to Support Occupational Toxicology Assessments

C. Moudgal1, F. Shaikh2, L. T. Anger1, W. Muster3, C. Johnson4, M. Chilton5, C. Modlin5, 
and J. Graham1. 1Genentech Inc., South San Francisco, CA; 2San Francisco State 
University, San Francisco, CA; 3Roche Pharmaceutical, Basel, Switzerland; 4Instem, 
Columbus, OH; and 5Lhasa Limited, Leeds, United Kingdom.

Occupational skin diseases are one of the most common workplace diseases with 
an estimated 13 million workers in the US potentially exposed to chemicals via the 
skin. Such exposures can result in irritant or allergic contact dermatitis. Therefore, it 
is important to assess dermal hazards in an occupational setting to protect worker 
health. Given the advancement in testing methodologies as well as an overar-
ching goal of moving away from conducting animal studies, it is imperative that 
alternative hazard assessment methods are utilized for assessing dermal exposure 
related hazards. The OECD 497 test guideline provides guidance on the application 
of in silico models to predict skin sensitization. In the pharmaceutical industry, 
in silico methods are especially informative when relevant in vivo data to identify 
occupational hazards such as dermal sensitization and irritation are unavailable 
for novel compounds. With this in mind, three in silico models (statistical and 
rule-based) were evaluated to determine their ability to predict dermal sensitizers in 
the Roche pharmaceutical chemical space. Eighty-nine compounds with historical 
in vivo experimental sensitization data were selected for comparison with in silico 
model predictions. Model predictions were evaluated for sensitivity, specificity, and 
balanced accuracy. An expert review was also incorporated to interpret the results. 
Model sensitivity ranged from 60-75%, and specificity ranged from 68-77%, respec-
tively. Balanced accuracy results ranged from 68-76% demonstrating good concor-
dance with in vivo outcome. Notably, the percentage of compounds outside the 
models applicability domain (17-51%), that is where a model was unable to make 
a prediction, indicated that there is room for improvement from a chemical space 
coverage perspective. This work highlights the favorable performance of dermal 
sensitization in silico models in the pharmaceutical chemical space as well as the 
need to enhance dermal sensitization models from a structural coverage perspec-
tive. Through collaboration with model developers, companies have the ability to 
assist in improving model performance and subsequent utilization for applications 
within pharmaceutical safety.

 3083 Integrating High-Throughput Toxicokinetics Data and 
Knowledge-Based Deep Neural Network (k-DNN) Methodology 
to Advance a Computational Adverse Outcome Pathway 
Framework for Assessing Hepatotoxicity

E. Chung1, X. Jia1, H. L. Ciallella2, D. P. Russo1, L. M. Aleksunes3, and H. Zhu1. 1Rowan 
University, Glassboro, NJ; 2Cuyahoga County Medical Examiner’s Office, Cleveland, OH; 
and 3Rutgers, The State University of New Jersey, Piscataway, NJ.

Traditional experimental approaches that use animals to identify hepatotoxicants 
are costly and time-consuming. Pathway-based alternatives, such as those that 
use in vitro assays, are promising for evaluating chemical toxicity. Use of these 
approaches has proven successful in the development of pathway-based models 
for simple biological pathways, such as endocrine disruption. However, hepatotox-
icants can act through multiple targets and toxicity mechanisms, many of which 
remain to be fully elucidated. For example, classic nuclear receptors (e.g., pregnane 
X receptor) and steroid hormone receptors (e.g., estrogen and androgen receptors) 
are potential off-targets for drug action leading to the development of liver injury. 
In this study, we aimed to design a knowledge-based deep neural network (k-DNN) 
for assessing hepatotoxicity. To this end, we used 869 chemicals with known 
hepatotoxicity classifications as probe compounds to search for relevant PubChem 
assay data. We then ranked the assay data by their correlation to hepatotoxicity. 
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We also obtained high-throughput exposure assay data for 56 compounds and 
implemented potential exposure calculations using a high-throughput toxicoki-
netics (httk) toolkit. The average plasma concentrations at steady state (i.e., Css), 
which were outputs of the httk toolkit, were implemented as one of the layers of the 
k-DNN approach. The underlying k-DNN architecture incorporates assay response 
information from off-target drug binding, cellular responses, and potential liver 
exposures for predicting whether a given compound is likely to be hepatotoxic. 
The hidden toxicity pathways can be revealed by identifying the molecular markers 
from the activated neurons within the network. This approach can accurately priori-
tize hepatotoxic compounds (AUC = 0.75) and provide valuable insights into the 
underlying mechanisms, such as oxidative stress and disruption of mitochondrial 
membrane potential. Furthermore, this novel approach applies artificial intelli-
gence to predict likelihood of chemical toxicity risk using integrating toxicoki-
netic, chemical, and mechanistic biological data. Supported by National Institute 
of Environmental Health Sciences (NIEHS) grants (R01ES031080, R15ES023148, 
R35ES031709, and P30ES005022) and National Center for Advancing Translational 
Sciences (NCATS) grant (UL1TR003017).

 3084 Best Combination of Machine Learning Algorithms and 
Molecular Fingerprints for Development of Target-Specific 
Bioactivity Prediction Models Using ToxCast Bioassay Data

J. Jeong, S. Bae, and J. Choi. University of Seoul, Seoul, Korea, Republic of.  
Sponsor: J. Meyer.

The development of toxicity classification models using the ToxCast database has 
been extensively studied. Machine learning approaches are effective in identifying 
the bioactivity of untested chemicals. In this study, the best models for 737 ToxCast 
assays with target information were identified to develop an effective bioactivity 
prediction model based on the ToxCast data. For each assay dataset, 30 models 
were trained by combining six algorithms (gradient boosting tree, random forest, 
multilayered perceptron network, k-nearest neighborhood, logistic regression, 
and naïve Bayes) and five molecular fingerprint representations of the chemical 
structure (MACCS, Morgan, layered, RDKit, and pattern). The synthetic minority 
oversampling technique (SMOTE) was used to balance the data. Of the 737 best 
models for each assay, 35 models with acceptable performance were selected 
based on the F1 score and accuracy. Finally, the selected models were analyzed 
according to the number and type of training data, and the type of algorithm and 
molecular fingerprints used for learning. It is important to utilize and study existing 
HTS data because biological activity data enable toxicity evaluation based on the 
mechanism of toxicity. We believe that our results can be used as a cornerstone 
for a wide range of in silico toxicity prediction studies. Acknowledgement: This 
work was supported by a grant from the Korean Ministry of Environment through 
‘Environmental Health R&D Program’ (2021003310005).

 3085 Integration of ToxCast Bioassay to Hazard Assessment by 
Comparison of Human Equivalent Doses with In Vivo Data: Case 
Study with Phthalates

D. Kim, and J. Choi. University of Seoul, Seoul, Korea, Republic of. Sponsor: J. Meyer.

The paradigm of toxicology is shifting from observative science to predictive 
science. New approach methodologies (NAMs) provide a new feasibility for replac-
ing traditional methods; however, low confidence of NAMs is the current main bottle-
neck for acceptance in regulatory decision-making. Herein, to establish confidence 
in NAMs for chemical risk assessment, we conducted a retrospective case study 
on four major phthalates including Diethylhexyl phthalate (DEHP), Dibytyl phthalate 
(DBP), Diethyl phthalate (DEP) and Di-n-octyl phthalate (DnOP). In our analysis, all 
the active ToxCast in vitro data were reviewed based on shared mode of action 
(Acute lethality, Endocrine, Cancer, Cardiotoxicity, DART) annotated by US-NTP to 
relate the biological response to in vivo apical endpoints. Bioactive concentration 
(AC50, μM) distribution of phthalates from in vitro data were converted to human 
equivalent doses (HEDs, mg/kg/day) via high throughput toxicokinetic (HTTK) data. 
These in vitro-based HEDs were compared to derived-no-effect-levels (DNELs) from 
rodent studies provided in EPA ToxValDB and exposure estimates collected from 
publicly available data. The comparison results showed that animal POD-derived 
HEDs estimates fell within the range of in vitro AC50-derived HEDs for DEHP, DBP, 
and DEP. For DnOP, the range of in vitro AC50-based HEDs were more protective than 
the animal POD-based HEDs. HEDs from the acute lethality, cancer and endocrine 
relevant assay groups could include or be close to the in vivo-based HEDs. Results 
also showed potentially low, moderate, and high concern for exposure estimates 
of DBP/DEP, DnOP, and DEHP, respectively. Overall, the current results suggest 
a potential of using ToxCast in vitro HTS data to determine a reasonable approx-
imation of HEDs in the absence of suitable animal data. Approach proposed in 
this study demonstrates how integrating a mechanistic information and generating 
bespoke in vitro data in new generation risk assessment (NGRA) framework. This 
work was supported by a grant from the Korean Ministry of Environment through 
‘Environmental Health R&D Program’ (2021003310005) and the Chemical Substance 
Safety Management Cooperation Course funded by Korea Chemicals Management 
Association (KCMA) (202109062001).

 3086 MetSim: Integrated Programmatic Access and Pathway 
Management for Xenobiotic Metabolism Simulation Tools

L. C. Groff, B. Hagan, G. Patlewicz, and I. Shah. US EPA, Research Triangle Park, NC.

Metabolic similarity is a key consideration in read-across but approaches to 
characterise and quantify the contribution metabolism plays are still evolving. A 
major challenge lies in the lack of a standardized database of human xenobiotic 
metabolism pathways for environmental chemicals. To address this issue, we 
developed a metabolic simulation framework called MetSim, comprised of three 
main components. First, we propose a harmonised graph-based representation for 
managing xenobiotic metabolism pathway information between different in silico 
tools and empirical evidence from the literature. This schema is implemented in 
a Mongo database to store, retrieve and analyze large-scale metabolic graphs. 
Second, MetSim includes a standardised application programming interface (API) 
for available metabolic simulators, including BioTransformer, the OECD Toolbox, 
and Tissue Metabolism Simulator (TIMES). Third, MetSim includes functions to 
systematically evaluate the performance of metabolism simulators using recall, 
precision and overall accuracy on benchmark data sets. Here we report on the 
overall architecture of MetSim, and performance results for two data sets: (a) 59 
drugs (mostly NSAIDs) and their 179 published metabolites, and (b) 718 diverse 
substances in the EPA Distributed Structure-Searchable Toxicity (DSSTox) 
database and their 1632 metabolites. The 59 drugs were processed with MetSim 
using BioTransformer (CypReact model with 3 cycles of human Phase I metabo-
lism), TIMES (in vivo rat simulator model) and OECD Toolbox (in vitro rat Liver 
S9), producing 11202, 590, and 539 metabolites, respectively. The recall for 
Biotransformer, TIMES and OECD Toolbox was 0.62, 0.41 and 0.52, respectively. 
For the larger DSSTox dataset, two cycles of human phase I (CypReact) and one 
cycle of phase II metabolism were modeled using BioTransformer, and both TIMES 
and OECD Toolbox using the same two rat liver models, producing 60097, 6654, 
and 5204 metabolites, respectively. The recall for Biotransformer, TIMES and 
OECD Toolbox was 0.16, 0.41 and 0.38, respectively. We summarized the perfor-
mance of these tools by data set, chemical class (using ClassyFire) and metabolic 
simulator. All tools performed well for phenanthrenes, piperadines, lactams, and 
azoles but poorly for pyrrolines, organonitrogen compounds, and nucleotide 
analogues. BioTransformer performed well for benzoxazines, benzothaizepines, 
and quinolines, but poorly for steroids, benzothiazines, and diazines. Conversely, 
TIMES and the OECD Toolbox performed well for steroids, benzothiazines, and 
diazines, but poorly for benzoxazines, diazinines and organooxygen compounds. 
MetSim provides useful data and insights on the performance and limitations of in 
silico metabolism tools, which will inform our subsequent efforts in characterising 
metabolic similarity. This abstract does not reflect EPA policy.

 3087 Mitotic Figure Detection in Rat Liver Using Supervised Deep 
Learning–Based Object Detection Models

N. Wei1, J. Kuklyte1, A. Zuraw2, O. Ghita1, L. Bertrand2, D. Rudmann2, D. O’Shea1, and 
M. Gregson1. 1Deciphex, Dublin, Ireland; and 2Charles River Laboratories, Frederick, 
MD. Sponsor: A. Zuraw, Society of Toxicologic Pathology.

Accurate identification and discrimination of small, rare findings in liver, i.e., single 
cell necrosis and mitotic figures, is critical in the routine evaluation of hematoxy-
lin and eosin (H&E) stained histological sections in toxicologic pathology studies. 
However, visual grading of those rare events can be challenging and can be aided 
with quantitative analysis. AI object detection (OD) models can be trained with 
peer-reviewed annotations of rare findings on whole slide images and can detect 
them on unseen slides and studies in an efficient and standardised manner. 
This method was applied to mitotic figure detection in rat liver tissue, showing 
high precisions and recalls. 175 whole slide H&E images of rat livers across 7 
studies were reviewed and annotated by pathologists in Patholytix Study Browser 
software. 576 annotations in the format of rectangular boxes around mitotic cells 
were created. The dataset was split into a Train/Test/Validate set with a ratio of 
70/15/15 slides respectively. OD models took these annotation boxes as inputs 
and would output prediction boxes around the rare cells to highlight them. Three 
classic OD algorithms were investigated here including FrCNN, RetinaNet and 
EfficientDet. FrCNN is a state-of-art two-stage model with a region proposed 
network while the other two are one-stage detectors. Faster R-CNN model gave the 
best performance out of the three algorithms explored based on a higher average 
precision over 0.95 than the other two models. Crossfold validation at the tile level 
showed that a good prediction performance was achieved with an average recall of 
0.98. Mitotic figures of various mitotic phases were detected reliably. This method-
ology enables reliable detection of mitotic figures in the rat liver slides, helps the 
toxicologic pathologist to focus on specific areas of interest within tissues more 
rapidly and opens up the possibility of computer-assisted object counting enabling 
exact mitosis quantification.
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 3088 Development of an In Vitro to In Vivo Extrapolation Workflow for 
Determination of Developmental Toxicity Potential

M. W. Linakis1, R. A. Clewell2, R. Gentry3, J. L. Campbell1, and H. J. Clewell1. 1Ramboll 
US Corp, Raleigh, NC; 221st Century Tox Consulting, Raleigh, NC; and 3Ramboll US Corp, 
Monroe, LA.

New approach methodologies (NAMs) to allow for the extrapolation and applica-
tion of in vitro results to in vivo exposures are being explored for both chemicals 
and drugs. However, special situations such as developmental toxicity (DevTox) 
will require additional considerations as a result of both biokinetic and biodynamic 
factors. Estimation of DevTox potential will necessitate the ability to account for 
changes occurring in maternal biology during gestation and fetal development. 
These approaches must also address whether injury occurs via direct fetal toxicity 
or indirectly resulting from maternal toxicity. Another unique concern is the timing 
of exposure with regards to development (windows of susceptibility). Therefore, 
we are developing a workflow to use for in vitro and in vivo data combined with in 
silico dosimetry to support prioritization of chemicals based on their potential for 
DevTox. This workflow, representing a first step, will account for in vitro assays 
able to estimate DevTox-specific endpoints and toxicokinetic (TK) information and 
models able to account for maternal-fetal differences over the course of gestation. 
To start, we selected 26 chemicals representing a variety of physicochemical 
properties and potential DevTox modes of action. We used the results of those 
chemicals in a panel of 5 in vitro DevTox assay families (STM_H9_OrnCyssISnorm_
ratio_dn, CCTE_Mundy_HCI, CCTE_Padilla, Tanguay_ZF, and TOX21_SBE/TOX21_
SHH) together with dosimetry and in vitro kinetic modeling using the httk R package 
to evaluate potential fetal toxicants. For this preliminary investigation, chemicals 
with at least one DevTox assay result at a 50% activity concentration (AC50) < 
cytotoxicity burst lower bound concentration were considered “possible” develop-
mental toxicants, while chemicals with at least one DevTox assay AC50 at or below 
the 5th percentile of all ToxCast assays (PODNAM) and below the cytotoxic burst 
were considered “likely” developmental toxicants. Relevant AC50 values were then 
converted to oral equivalent doses (OEDs) using httk. Using the above criteria, 4 
chemicals were classified as “likely” and 7 as “possible” fetal toxicants. Fifteen 
chemicals did not have a DevTox assay AC50 below the cytotoxic burst. The in vitro 
concentrations measured in the Stemina® assay were adjusted to free concentra-
tions using the Armitage_eval function in httk. The median estimated free fraction 
was 0.924 (range: 3.80x10-4-0.999) of the nominal concentrations for the 26 
chemicals. The median OED based on the lowest DevTox assay for each chemical 
was 0.589 (r: 0.008-2.68) mg/kg/day for females aged 16-49y. For the 7 “possible” 
fetal toxicants, the most sensitive DevTox assay concentration was 454-fold 
higher (r:1.31-1845-fold) than the PODNAM, on average, suggesting that maternal 
toxicity might occur before direct fetal toxicity in these cases. While the chemicals 
described in this project cover a variety of characteristics, additional work will be 
performed to improve the generalizability of the workflow and to further evaluate 
the validity of the results. In particular, the grouping of chemicals as likely/possible/
unlikely developmental toxicants will be refined in future iterations of this work. 
Additional updates will also include the most recent version of ToxCast chemicals 
(v3.5) which includes another DevTox assay (CCTE_Deisenroth_DEVTOX), free 
chemical concentration estimations for the other DevTox assays, and a compari-
son of high throughput approaches with more in-depth evaluations with in vivo data 
and bespoke developmental physiologically-based pharmacokinetic models. This 
work was funded by the ACC LRI.

 3089 DASS App: A Web Application for Applying Defined 
Approaches for Skin Sensitization to Predict Hazard and 
Potency Categorization

K. T. To1, J. Strickland1, A. Borrel1, J. Truax1, D. G. Allen1, and N. C. Kleinstreuer2. 1Inotiv, 
Research Triangle Park, NC; and 2NIEHS/NICEATM, Research Triangle Park, NC.

Defined approaches (DAs) are methods for evaluating data from specific informa-
tion sources to derive toxicity predictions. Guideline 497 (GL 497), Defined 
Approaches for Skin Sensitisation (DASS), issued in 2021 by the Organisation for 
Economic Co-operation and Development (OECD), was the first internationally 
harmonized guideline to describe a non-animal approach that can be used to fully 
replace an animal test to identify skin sensitizers. GL 497 describes two validated 
DAs to identify potential skin sensitizers, the 2 out of 3 (2o3) and Integrated Testing 
Strategy (ITS). A third DA, Key Event 3/1 Sequential Testing Strategy (KE 3/1 STS), 
has been accepted by the U.S. Environmental Protection Agency. The data interpre-
tation procedures implemented in these DAs vary in logical complexity and can 
be time-consuming to apply manually. Computational approaches can be used to 
apply the DAs more efficiently but require fluency in computational programming. 
We have developed an open-source web application, the DASS App, to facilitate 
application of these DAs by a wider audience. The DAs available in the DASS App 
integrate data from three in vitro assays: the direct peptide reactivity assay (DPRA), 
human cell line activation test (h-CLAT), and the KeratinoSens assay. These 
assays represent three key events within the skin sensitization adverse outcome 
pathway. The three DAs implement rule-based approaches for integrating multiple 
assay results to predict hazard and/or potency. The 2o3 predicts hazard by taking 
the consensus prediction across the three in vitro assays. The KE 3/1 STS first 
evaluates quantitative outcomes from h-CLAT to predict whether the chemical 

should be classified as a Strong or Weak sensitizer; if the h-CLAT is negative, DPRA 
results are evaluated to determine whether the chemical should be classified as 
a Weak sensitizer or Not Classified. The ITS predicts hazard identification and 
potency by scoring results from DPRA, h-CLAT, and in silico predictions. GL 497 
defines two versions of ITS, using either DEREK Nexus or OECD QSAR Toolbox 
predictions. The ITS DA also outlines a data interpretation procedure for cases 
where data are only available for two information sources. When used on a test 
set of 150 chemicals, the DASS App generated hazard predictions in less than 
one second. The DASS App enables users to implement non-animal approaches 
to evaluate chemical skin sensitization without the need for additional software or 
computational expertise. The app supports upload and analysis of user-provided 
data, includes steps to identify inconsistencies and formatting issues, and provides 
hazard predictions in a downloadable format. The DASS App is available on the 
National Toxicology Program website at https://ntp.niehs.nih.gov/go/40498. This 
project was funded in whole or in part with federal funds from the NIEHS, NIH under 
Contract No. HHSN273201500010C.

 3090 Enhancing the FAIRness (Findability, Accessibility, 
Interoperability, Reusability) of the AOP-Wiki

G. Hench1, S. W. Edwards1, T. Karschnik2, D. Villeneuve2, J. O’Brien3, and C. Wittwehr4. 
1RTI International, Durham, NC; 2US EPA, Duluth, MN; 3Environment and Climate Change 
Canada, Ottawa, ON, Canada; and 4European Commission Joint Research Centre, 
Ispra, Italy.

The AOP-Wiki provides a central repository for development of adverse outcome 
pathways (AOPs) and dissemination of AOP information without restrictions. Each 
AOP is described in narrative form with interconnected pages that house informa-
tion on the key events (KEs) and key event relationships (KERs) that make up the 
AOP. The AOP-Wiki currently houses over 400 AOPs containing over 1,500 KEs and 
2,000 KERs. KE pages contain information regarding the measurement of biologi-
cal phenotypes indicative of toxicity progression from perturbation of the molecu-
lar initiating event to manifestation of an adverse outcome. KER pages document 
the evidence supporting a causal relationship between the related key events and 
can include quantitative considerations when available. In addition to the browsing 
and search capabilities offered by the AOP-Wiki web interface, the content is also 
available for download (XML formatted files) or via an application programming 
interface (JSON or XML formats) to support the development of third-party tools 
or provide real-time data for computational analyses. While some fields within 
the AOP, KE, and KER pages are populated with tabulated content from controlled 
vocabularies, which aligns with FAIR standards, there are still several areas for 
improvement where free text fields can be made more structured. This poster 
will highlight recent and upcoming updates to the AOP-Wiki data model and user 
interface, designed to make the content more accessible and interoperable both 
interactively and programmatically. This includes more accurate representation 
of information regarding prototypical stressors and modulating factors. We have 
also developed a prototype web user interface to aid in developing an intuitive and 
useful evidence mapping submission workflow. The evidence mapping prototype 
supports evidence submission to KERs in a more structured manner that maintains 
a linkage between the evidence details and the referenced source publication. The 
KER-centric evidence submission process includes creation of linkages between 
the evidence and the KEs that are part of each KER. These enhancements also allow 
better documentation of the AOP development strategy to make the provenance of 
the knowledge more visible, which has been identified as a key requirement for 
engendering trust. A preview of upcoming features will include improvements to the 
underlying data model to promote crowdsourcing of AOP development and further 
improve transparency regarding the knowledge provenance. Finally, an overview of 
the reuse of information from the AOP-Wiki by third-party tools will demonstrate the 
added value that results from making the information freely available in a comput-
able form. In some cases, the third-party tools have further improved the FAIRness 
of the wiki data. The contents of this abstract neither constitute nor necessarily 
reflect official policies of the authors’ organizations.

 3091 New Approach Methodologies (NAM) to Characterize 
Neurotoxic Chemicals: Case Study of Four Pesticides

M. H. Silva1, and P. Iyer2. 1University of California Davis, Davis, CA; and 2California EPA, 
Sacramento, CA.

The neurotoxic pesticides: Cyfluthrin (CYF), βCYF, endosulfan (ENDO) and chlorpy-
rifos oxon (CPFO) were applied in a case study to see if the open access new 
approach methodology (NAM) tools could predict in vitro modes of action (MOA). 
It is known that CYF/ βCYF block Na+ channels in brain leading to decreased 
motor activity; ENDO blocks chloride channels in brain at GABA receptors causing 
hyperactivity and CPFO inhibits acetylcholinesterase (AChE) in brain leading to 
decreased motor activity, cognition, and motor function. The NAMs we employed 
in this study included: 1) ToxCast in vitro bioassay database from the CompTox 
Chemicals Dashboard. The focus of assay target selection was their relevance to 
neurotoxic pathways where active hit calls were reported as activity at 50% concen-
tration (AC50 µM) with AC50 s below the cytotoxicity lower limit and with two or fewer 
cautionary flags; 2) Z-Score calculations to assess chemical-target specificity.  
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3) In vitro to in vivo extrapolation (IVIVE) to calculate Administered Equivalent Dose 
(AED mg/kg/d) using the selected ToxCast neurotoxicity AC50s as data inputs. The 
AEDs were generated from the Integrated Chemical Environment (ICE) by using a 3 
compartment (3C) or a 7 compartment (physiologically based toxicokinetic: PBTK) 
model. To evaluate NAM predictions between the AEDs and reported in vivo regula-
tory neurotoxicity points of departure (POD), fold differences (FD) were calculated. 
Since the in vivo studies were performed in animals and IVIVE models were for 
humans, the in vivo PODs were adjusted for interspecies animal to human variability 
with a 10x factor. The adjusted PODs were 0.147 mg/kg/d for CYF/βCYF, 0.180 mg/
kg/d for ENDO and 0.106 mg/kg/d for CPFO. Results showed most active hit calls 
for each chemical were in 3 categories - effects on neuronal firing, bursting, neural 
network connectivity. These were directly related to the known MOA involving acute 
neuroactivity, developmental neurotoxicity, neurotoxicity and other neurotoxicity-re-
lated targets (e.g., AChE). For CYF, βCYF and CPFO, the in vitro targets supported 
depressed neuroactivity; while for ENDO, acute in vitro and in vivo neuroactivity was 
increased. βCYF however is known to have twice the toxicity of CYF in vivo but was 
less toxic in the in vitro assays (e.g., higher AC50s and no cytotoxicity lower limit). 
A default of 100 µM was used as the cytotoxicity lower limit for βCYF, compared to 
the reported 7.01 µM cytotoxicity lower limit for CYF. The reason for this difference 
is not clear but may be due to cell metabolic capability for βCYF or assay design. 
Z-Scores greater than 3 indicated chemical-target specificity. The percent assays 
with Z-Scores greater than 3 for CYF, βCYF, ENDO and CPFO were 91%, 100%, 67% 
and 64% respectively. While the AEDs over- or underestimated the in vivo PODs, the 
actual values were quite close. For example, with the ICE 3C model, a majority of 
the selected neurotoxicity assays had a FD <10 (CYF: 91%; βCYF:71%; ENDO: 76%); 
for the remaining assays that had FD of >10 they were no higher than 27. Although, 
for CPFO the PBTK model had better AED predictions than the 3C only 50% of the 
FD were <10, and the remaining with FD >10 were no higher than 20. The NAMs 
available for this case study identified the main neurotoxicity targets and the ICE 
models were highly predictive and user-friendly. The limitations for this approach 
will be discussed. Overall, the NAMs help in facilitating mechanistic insights and 
could be used in informing a point of departure in risk assessment for chemicals 
with unknown toxicity. This study is an exploratory effort that does not necessarily 
reflect the position of OEHHA.

 3092 MIEML: Predicting Molecular-Initiating Events by Integrating 
Machine Learning with Concentration Response Analysis of 
High-Throughput Transcriptomic Chemical Screening Data

J. L. Bundy, J. Rogers, K. Paul-Friedman, I. Shah, R. Judson, J. A. Harrill, and 
L. J. Everett. US EPA, Research Triangle Park, NC.

The cost of RNA sequencing has decreased considerably since its inception. 
Simultaneously, the throughput of this technology has improved, and it is now 
possible to efficiently profile gene expression changes across thousands of 
samples in a single study. The falling costs and improving scalability of these 
technologies has contributed to their proposed use in regulatory contexts for 
chemical risk assessment. However, the analysis and interpretation of large, high 
dimensional transcriptomic datasets presents a formidable obstacle for utilizing 
these data in a regulatory decision-making context. As transcriptomic chemical 
screening data accumulates in the public domain, there is a growing need to 
develop new bioinformatics approaches for extracting mechanistic insight from 
these datasets. Here, we present mieml (Molecular Initiating Event prediction with 
Machine Learning), a bioinformatic framework for using transcriptomics data to 
predict the underlying molecular initiating event (MIE) associated with a chemical 
exposure. We demonstrate the utility of this framework in predicting MIE activation 
by training models using gene expression profiles from a large bioactivity screen 
conducted in the breast cancer-derived MCF7 cell line. We trained binary classi-
fiers to predict activation of 20 distinct MIEs using transcriptomic profiles from 
reference chemicals known to be associated with each MIE. Of these, four sets 
of MIE classifiers were validated using permutation testing followed by an empiri-
cal significance analysis. Validated classifiers were then used to generate MIE 
activation predictions for 1,784 test chemicals at each concentration. Predictions 
were then used as inputs for concentration-response modeling using the tcplfit2 R 
package. Chemicals that showed concentration-responsive MIE prediction scores 
were identified as candidate activators of that MIE. For further validation, we 
compared our MIE activation predictions to the ToxCast targeted high-throughput 
screening assay dataset, revealing general agreement between ToxCast bioactiv-
ities and mieml predictions. Specifically, mieml predictions showed concordance 
with ToxCast data for estrogen receptor agonism, aryl hydrocarbon receptor 
agonism, and glucocorticoid receptor agonism. A subset of test chemicals were 
predicted to be bioactive by mieml, but were not captured by the currently available 
ToxCast data or existing literature evidence, suggesting that mieml has potential to 
identify uncharacterized MIE activators. However, these require further analysis to 
discriminate whether these predictions represent false-positives or novel putative 
MIE activators. These results show that mieml is a reproducible framework for 
predicting MIE activation from large transcriptomic chemical screens. Predictions 
generated by mieml generally agree with targeted high-throughput screening data 
and have potential to identify chemicals with novel MIE activity. Future work will 
focus on improving methods for validating MIE predictions, as well as extending 
this framework to other cell lines to identify cell-types which are better suited to 

predict MIEs that are not well-represented within the MCF7 cell line. This abstract 
does not necessarily reflect US EPA policy. Company or product names do not consti-
tute endorsement by US EPA.

 3093 Computational Associations between Urethane Exposure and 
the Development and Progression of Endometriosis

M. Su, K. Wayne, D. Badger, S. Yang, A. Chupina, and D. E. Johnson. University of 
California Berkeley, Berkeley, CA.

Endometriosis is a disease characterized by the presence of endometrial tissue 
outside of the uterus, leading to chronic inflammation and severe pain. Although 
endometriosis affects approximately 10% of women globally, the exact cause of 
endometriosis remains unknown; however, many chemical species have been 
implicated in its development and/or proliferation. Utilizing a multi-database, 
integrative analytical framework, the role of urethane, an organic compound found 
in fermented foods and alcoholic beverages, was investigated in the development 
of endometriosis. Through quantitative structure activity relationship (QSAR) 
analysis, urethane was identified as a potential mutagen. Computational analysis 
using online databases and genomic platforms also identified several pathways 
linking urethane exposure to endometriosis including the mutagenesis of KRAS and 
activation of MAPK1. Urethane was also linked to epigenetic changes in GATA2/6 
that may promote endometriosis through enhanced inflammation, cellular prolifer-
ation, and estrogen signaling. Furthermore, urethane exposure was also shown to 
broadly upregulate growth factors that play critical roles in cell growth and survival 
and downregulate factors promoting apoptosis. Clinical analysis of the identified 
chemical-gene-disease linkages broadly supported the computational linkages 
identified. Ultimately, through the modulation of several different cellular pathways, 
urethane exposure is a likely chemical progenitor and aggravate of endometriosis 
and may also be linked to the development of uterine cancers.

 3094 Integrating Structure Annotation and Machine Learning 
Approaches to Develop Graphene Toxicity Models

T. Wang1, D. P. Russo1, D. Bitounis2, P. Demokritou2, X. Jia1, and H. Zhu1. 1Rowan 
University, Glassboro, NJ; and 2Rutgers, The State University of New Jersey, 
Piscataway, NJ.

Modern nanotechnology is a prominent technology that can provide efficient and 
cost-effective nanomaterials (NMs) meeting the needs for sustainable develop-
ments. The increasing usage of NMs in consumer products arises great concerns 
regarding nanotoxicity in humans, resulting in urgent demands for risk assess-
ments of NMs. Traditional animal testing of nanotoxicity is expensive, time-con-
suming, and labor-intensive. The quantitative nanostructure activity relationship 
(QNAR) modeling studies to develop computational nanotoxicity models, such as 
those based on machine learning (ML) approaches, are promising alternatives 
to direct evaluation of nanotoxicity based on nanostructure features. However, 
NMs, including two-dimensional nanomaterials (2DNMs) such as graphenes, 
have complex structures compared to small molecules, making them difficult 
to annotate and quantify the nanostructures for modeling purposes. To address 
this issue, we constructed a virtual graphenes library using new nanostructure 
simulations and annotation techniques. The irregular graphene structures were 
generated by modifying the number of vertices, edges, and functional groups on 
virtual nanosheets. The nanostructures were digitalized from the annotated virtual 
graphenes and saved as Protein Data Bank (PDB) files. Based on the annotated 
nanostructures, geometrical nanodescriptors were computed using the Delaunay 
tessellation approach and further combined with additional surfactant descriptors 
for ML model developments. The partial least square regression (PLSR) models 
for the graphenes were built and validated using a leave-one-out cross-validation 
(LOOCV) procedure. The resulted models showed good predictivity in all available 
toxicity endpoints including cell membrane integrity, mitochondrial enzymatic 
activity, oxidative stress, and apoptosis with the coefficient of determination (R2) 
ranging from 0.558 to 0.822 obtained from cross validations. This study provides a 
novel nanostructure annotation strategy that can be applied to generate high-qual-
ity nanodescriptors for ML model developments, which can be widely applied to 
nanoinformatics studies of graphenes and other NMs.

 3095 Safety Assessment of Modifying the Blood-Brain Barrier by 
Targeting Claudin-5 in a Cynomolgus Monkey Model

T. Kuzu1, Y. Hashimoto1, E. Wakayama1, I. Nishino1, K. Tachibana1, Y. Okada1, Y. Fujio1, 
R. Hirayama1, H. Kuniyasu2, and M. Kondoh1. 1Osaka University, Osaka, Japan; and 2Nara 
Medical University, Nara, Japan.

The blood-brain barrier (BBB) is a major obstacle to drug delivery to the central 
nervous system (CNS). In the BBB, the spaces between adjacent brain microvascu-
lar endothelial cells is sealed by multiprotein complexes known as tight junctions 
(TJs). Claudin-5 (CLDN-5) is considered to be the main TJ protein in the BBB. 
Accordingly, CLDN-5 modulation by CLDN-5 binders, such as anti-CLDN-5 monoclo-
nal antibodies (mAbs), may be useful for enhancing the permeability of the BBB to 
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allow efficient drug delivery to the brain. To begin translating the benefits of CLDN-5 
binders for clinical use, studies demonstrating the safety of these binders are 
required in non-human primates with similar brain structures and functions to the 
human brain, as are proof-of-concept studies confirming that CLDN-5-targeted drug 
delivery strategies is enhance the permeability of the BBB to enable efficient drug 
delivery to the brain of non-human primates, whose brain structures and functions 
resemble those of the human brain. In this study, the in vivo safety and efficacy of 
CLDN-5 binders were examined in a non-human primate, the cynomolgus monkey, 
using anti-CLDN-5 mAbs. Rat anti-CLDN-5 mAb (R9) or rat IgG was administered 
intravenously to cynomolgus monkeys. Twenty-four hours later, the monkeys 
were intravenously administered 20 mg/kg of sodium fluorescein (FNa), and their 
cerebrospinal fluid (CSF) and plasma were collected. Administration of 3.0 mg/
kg R9 increased FNa concentrations in the CSF; however, no behavioral changes 
or changes in plasma biomarkers for inflammation, liver, or kidney damage were 
observed. A monkey that received R9 at 6.0 mg/kg experienced convulsions, and 
subcutaneous administration of the anti-inflammatory agent prednisolone at 10 
mg/kg showed no effect. The convulsions were attenuated only after the intrave-
nous administration of the intracranial hypotensive agent mannitol at 10 ml/kg/30 
min. After necropsy, histopathological examination of this animal revealed vasodi-
lation in the brain and perivascular edema in the frontal lobe; fibrin was detected 
in the subarachnoid space. A possible explanation for the toxicity of R9 at high 
doses is the induction of antibody infusion-related adverse effects, such as the 
release of inflammatory cytokines or the induction of antibody-dependent cellular 
cytotoxicity or complement-dependent cytotoxicity. Indeed, rat IgG2b, which is in 
the same subclass as R9, has been shown to induce these two forms of cytotox-
icity, suggesting that R9-bound vascular endothelial cells can become targets of 
the same immune responses. In conclusion, CLDN-5 might be a target for enhanc-
ing drug delivery to the brain; however, the therapeutic window of R9 is narrow. 
Therefore, CLDN-5-targeted strategies for drug delivery to the brain will be suitable 
for severe diseases without therapeutic options, such as traumatic brain injury and 
brain tumors.

 3096 Polo-Like Kinase 4 (PLK4) Safety Review: Distilling the Risks 
with a Rapid Augmented Intelligence Approach

F. Hall1, and B. Finney2. 1Instem, Cambridge, United Kingdom; and 2Instem, Stone, United 
Kingdom. Sponsor: K. Cross.

Polo-like kinase 4 (PLK4) is a unique member of the Polo-like family of kinases with 
an essential role in centriole duplication. PLK4 turn-over must be strictly controlled 
to prevent centriole amplification. PLK4 inhibitors have potential in cancer 
treatment; rendering cells unstable and more sensitive to chemotherapy. Using 
automated data mining techniques, together with expert curation and interpreta-
tion, which are the backbone of the technology-enabled KnowledgeScanTM Target 
Safety Assessment framework, we reviewed the safety risks associated with PLK4. 
PLK4 synonyms were used to create a corpus, from which we analysed 538 litera-
ture records and 45 expression profiles, together with data from sources such 
as Ensembl. Finally, PLK4-relevant information and risks associated with PLK4 
modulation were grouped by organ/organ-system. Consistent with the broad 
expression of PLK4, the evidence suggested potential risks in most organ systems 
(excluding haematopoietic and urinary systems). For several risks, it is possible 
to identify underlying mechanistic processes (like cell proliferation and ciliogen-
esis) which may play a key role in their pathogenesis. Augmentation of PLK4 
function suggests a risk of carcinogenesis. Supported by evidence of impacting 
DNA damage responses and hyperplasia in the pancreas, skin, and hair. Given the 
development activities on this target in the oncology space, this is unsurprising. 
Attenuation of PLK4 function was associated with potential risks of neutropenia, 
inflammation, reproductive impacts and impaired liver regeneration. Human PLK4 
mutations (e.g. loss-of-function) have been associated with microcephaly, chorio-
retinopathy and growth failure. The risks associated with modulating PLK4 are 
diverse. The KnowledgeScan workflow quickly and concisely distilled the key biolog-
ical risks, together with the intelligence surrounding known PLK4 inhibitors and 
therapies. This enabled us to logically present the collected and reviewed informa-
tion in a fully hyperlinked dossier for PLK4. Looking prospectively, the industry is 
placing more emphasis upon the importance of in silico methods coupled with 
weight of evidence reviews. In silico approaches, including the augmented intelli-
gence methodologies highlighted in this project, support the 3Rs campaign and 
enable toxicologists to make early, informed, evidence-based decisions regard-
ing safety and other toxicological concerns. This research application discusses 
the importance of methodological structure, data traceability and accountability 
enabling significant improvements to comprehensive data collection, curation 
and interpretation. The long-term impact of studies within this area, together with 
the application of “best practise” techniques, will help ensure this emerging field 
remains unbiased and comprehensive.

 3097 PKSmart: A Public Tool to Predict In Vivo Pharmacokinetics of 
Small Molecules

S. Seal1, O. Spjuth2, A. Bender1, and L. Hosseini-Gerami1. 1University of Cambridge, 
Cambridge, United Kingdom; and 2Uppsala Universitet, Uppsala, Sweden.

It is not only the biological activity of a compound that determines its mechanism 
of action but also the exposure. Drug exposure can be defined using human 
pharmacokinetics (PK) parameters that affect the blood concentration profile of 
a drug, such as steady-state volume of distribution (VDss), total body clearance 
(CL), half-life (t½), fraction unbound in plasma (fu) and mean residence time (MRT). 
Early assessment of PK properties is crucial, such as in DMTA cycles, and this 
is what we enable in this work with models needing only chemical structure as 
input. In this work, we used molecular structural fingerprints, physicochemical 
properties, and predicted animal PK data to model the human PK parameters VDss, 
CL, t½, fu and MRT for 1,283 unique compounds. First, we trained models on 372 
compounds using molecular structural fingerprints and physicochemical properties 
to predict animal PK parameters [VDss, CL, fu] for rats, dogs, and monkeys. Second, 
we trained Random Forest models on 1,283 unique compounds using Morgan 
fingerprints, Mordred descriptors and predicted animal PK parameters (obtained 
using the models above) in a Random Forest algorithm to predict human CL and 
VDss, where the model was validated using repeated nested cross-validation and 
an external test set. When using repeated nested cross-validation, human VDss 
achieved a median R2=0.54, (Geometric Mean Fold Error, GMFE=2.11), CL with a 
median R2=0.31 (GMFE=2.47), t½ with a median R2=0.30 (GMFE=2.43), fu with 
a median R2=0.55 (GMFE=2.49), and MRT with a median R2=0.28 (GMFE=2.49) 
over 25 held-out test sets for models combining Morgan fingerprints, Mordred 
descriptors and predicted animal PK parameters. According to an external test 
set validation, 60.0% of compounds for VDss, 84.3% of compounds for CL, 53.4% 
of compounds for fu, and 55.3% of compounds for t½ were within a 3-fold error of 
the observed values. The models also provide an associated fold error estimate 
(and a range of predictions) based on the similarity to the chemical space of the 
training data. We developed a web-hosted application PKSmart (pk-predictor.
serve.scilifelab.se) which users can access using a web browser with all code also 
downloadable for local use. To the best of our knowledge, this is the first work that 
releases PK models publicly that can predict human and animal PK parameters 
using inputs of chemical structure alone.

 3098 Advancing the Representation and Biological Interpretation of 
Cell Painting Readouts for Toxicity Prediction

S. Seal1, N. Dutt2, J. Carreras-Puigvert3, M. Trapotsi1, O. Spjuth3, and A. Bender1. 
1University of Cambridge, Cambridge, United Kingdom; 2University College London, 
London, United Kingdom; and 3Uppsala Universitet, Uppsala, Sweden.

Cell Painting features are a numerical representation of the morphological changes 
induced in cells that are subjected to a certain perturbation (such as exposure to 
a compound) and have previously been shown to be predictive of a compound’s 
biological activity. However, compared to structural fingerprints or features from 
e.g. gene expression experiments, Cell Painting features remain challenging to 
interpret. On the practical side, they are known to improve the performance of predic-
tive models related to safety- and efficacy-relevant endpoints and their information 
content are at least partially independent of structural descriptors. In this work, 
we developed an algorithm to improve the interpretation of a recent Cell Painting 
dataset published by the Broad Institute for toxicity prediction tasks. Toxicity 
assays (from ToxCast) representing eight biological processes, such as prolifer-
ation, oxidative stress, and mitochondrial disruption, were used in this work. We 
created matrix representations of features derived from cell morphology readouts, 
with features correlated across compound treatments placed in the vicinity. Next, 
we trained convolutional neural networks (CNN) on them that leverage neighbour-
hood correlation in the matrix representations. Subsequently, we generated visual 
explanations (information areas) using gradient-based localization (Grad-CAM), 
which was more information-rich than selecting individual features and easier to 
interpret. F1 scores for detecting toxic compounds ranged from 0.20±0.11 using 
CNN models compared to RF models 0.25±0.1, with no significant difference in 
distribution (using paired sample t-test) over the nested cross-validation for 7 out of 
8 prediction tasks. Feature matrix representations (created without endpoint data) 
showed that features were correlated across compound treatments by the measur-
ing module (intensity, granularity, radial distribution, etc.) rather than the object 
where the measurements were taken (cells, cytoplasm, or nuclei). We observed 
compounds with similar mechanisms of action exhibit similar information areas 
in the Cell Painting matrix representation. For example, microtubule disruptors 
(paclitaxel, daunorubicin, cycloheximide, parbendazole) had a similar area of 
importance in morphology space corresponding to texture features. Additionally, 
the information areas for high-level and low-level toxicity endpoints were nearly 
identical. For example, mitochondrial toxicity leads to G1 phase arrest and the 
information area for compounds causing mitochondrial toxicity was a subset of 
the information areas of compounds that inhibited cell proliferation in the G(1) 
phase (of the cell cycle). In contrast to traditional feature selection approaches, 
we are able to retain and interpret all features entirely instead of selecting subsets 
with resulting information loss and improve the interpretability of the morphology 
feature space.
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 3099 Increasing Sustainability and Reproducibility in In Vitro Toxicity 
Testing: Serum-Free Culture of HepG2 Cells

L. Pfeifer, J. Sensbach, D. Werkmann, and P. Hewitt. Merck Healthcare KGaA, 
Darmstadt, Germany.

In vitro cell, tissue and organ culture is an important tool for scientists to study 
diseases and test for the efficacy, ADME and toxicological properties of new drugs. 
With the increasing complexity of available cell culture models, much progress 
has been made to approximate the human in vivo situation, thereby reducing the 
need for animal experiments in research and development. However, despite 
being considered a major alternative for animal experimentation, in vitro cell 
culture systems often require animal supplements. Especially fetal bovine serum 
(FBS) is an important ingredient in cell culture media and the current standard 
for media supplementation. However, using FBS in cell culture is highly question-
able for several reasons. Besides ethical concerns, scientific problems arise due 
to the undefined and variable nature of FBS. Seasonal and geographical lot-to-lot 
differences might increase experimental variability and therefore contribute to the 
well-established reproducibility problems in cell culture research. Therefore, one 
strategy to maximize the reliability of in vitro research is the use of chemically 
defined or xeno-free media. In this study, HepG2 cells, a human hepatoblastoma 
cell line commonly used to study drug hepatotoxicity, were adapted to serum-free 
conditions using different commercially available media and FBS replacements. 
After transition to new culture conditions, success of adaptation was determined 
based on cell morphology and growth characteristics. Long-term culturing capacity 
for each medium was defined as the number of passages HepG2 can be cultured 
without any alterations in morphology or growth behavior. To assess functional-
ity of cells, HepG2 were treated with reference trainings compounds, specifically 
selected for their known hepatotoxicity characteristics in man (MIP-DILI, Dragovic 
et al., 2016), in different toxicological assays focusing on viability, mitochondrial 
toxicity, oxidative stress, and intracellular drug response. From 8 different commer-
cially available media or FBS replacements, 6 products supported the transfer of 
HepG2 to serum-free conditions, while for long term cultivation of HepG2 only two 
products were found suitable. Long-term culturing capacities of these media were 
comparable to standard medium containing serum while maintaining epithelial-like 
morphology and HepG2 typical growth rates. Cells assessed in standard assays 
performed during early drug development after compound treatment delivered 
comparable results, with serum-free cultured cells showing slightly higher sensitiv-
ities when treated with the MIP-DILI trainings compounds. The obtained results 
demonstrate that HepG2 can be cultured and used under serum-free conditions for 
early drug screening in in vitro toxicology.

 3100 Establishment of an MPS Model for Routine Testing of Drug 
Candidates and Their Effect on the Intestinal Barrier

P. Hewitt, S. Hoffmann, and I. Koscielski. Merck KGaA, Darmstadt, Germany.

The intestinal system of the human body is a very complex and dynamic system. 
The potential of drug-induced gastrointestinal (GI) toxicity is significant since the 
GI system is one of the first barriers which come in contact with oral drugs. In 
pharmaceutical research, the complex behavior of the cells of a body is traditionally 
investigated using only 2D monocultures, in which usually only one cell type grows 
on an optimized plastic surface under static conditions. This cultivation format 
leads often to a lack of physiological conditions, reduced viability and functionality 
of cells whereby these cells often lose their organ- and tissue-specific properties. 
To overcome these problems the development of advanced microphysiological 
systems (MPS) offer a unique opportunity to improve drug discovery and develop-
ment by increasing the predictive validity and translational value of human derived 
cell models. Compared to a widely used Caco-2 cell 2D transwell insert which 
generates two compartments and mimics the intestinal barrier, the OrganoPlate 
3-lane allows the recapitulation of the enterocyte cell layer of the intestinal barrier 
as the Caco-2 cells grow in a tubular structure through which the medium contin-
uously flows bidirectional. The Caco-2 cells are known for their capability to build 
strong tight junctions. These connections are responsible for the maintenance 
of intestinal homeostasis and can be used as an endpoint, by measuring the 
Transepithelial electrical resistance (TEER), for the investigation of drug-induced 
toxicity in enterocytes. A comparison to the 2D transwell the OrganoPlate model 
showed multiple benefits: higher throughput, faster cell growth, a 3D structure, 
the presence of an ECM and a flow of media. After an initial characterization, this 
MPS was validated as a routine test system for the early prediction of drug-in-
duced GI toxicity based on the measurement of the tightness of the cell layer by 
measuring changes in the TEER. For this validation 24 well known compounds, 
from different compound classes (NSAID, Chemotherapeutics, liver toxins, specific 
tight junction damagers, GI tract side effect inducer), were selected. The TEER value 
was measured with a specific instrument, the OrganoTEER, a measure of epithelial 
barrier function. Measurements were performed before, 4h and 24h after treatment. 
In parallel the viability (ATP) was determined after 24h to be able to distinguish 
between a cytotoxic effect or a tight junctions specific damage of a compound. 
All results were compared to already published data to determine the ability of 
the OrganoPlate in combination with the OrganoTEER to predict drug-induced GI 
toxicity. Overall, from the 24 tested compounds, 18 showed the expected outcome, 
i.e., the compounds lead to either a decrease of the TEER of at least 50% with 

the highest tested concentration, for the positive control compounds, or the TEER 
value remained stable after treatment for the chosen non-GI-toxic compounds. In 
summary this Organ on a chip system allowed the more in vivo like recapitulation 
of the human intestinal GI tract compared to the 2D transwell system resulting in a 
faster and more robust assessment of drug-induced damage in the GI tract.

 3101 Generation of Kidney Organoids as an Advance Kidney In Vitro 
Test Systems for Drug-Induced Kidney Injury Assessment

L. Wijaya, M. Hochane, L. van den Berk, K. Snijder, C. W. van den berg, T. J. Rabelink, 
B. van de Water, and S. E. Le Dévédec. Universiteit Leiden, Leiden, Netherlands.

Developing in vitro kidney injury model systems remains a challenge due to the 
high level of complexity of the organ. In this study, we adapted the Takasato 
iPSC-derived kidney organoid protocol to generate an advanced image-based 
high-throughput testing method for chemicals. The newly generated kidney 
organoids displayed a coherent formation of nephron segments including glomeru-
lus, proximal tubule, and distal tubule. Furthermore, this adapted protocol allows us 
to create large quantities of kidney organoids with high compatibility with live cell 
confocal imaging. We also established a panel of CRISPR-engineered GFP reporters 
for various cellular stress response pathways. As a proof-of-concept for applica-
tion of these reporters in kidney organoids, we first evaluated a DNA damage 
response iPSC reporter line for the biomarker protein p21 (iPSC-CRISPR-GFP-p21). 
The reporter kidney organoids showed expected cellular responses to the model 
compound cisplatin since p21 protein was clearly upregulated upon exposure in 
specific nephron regions. We anticipate that these kidney organoids can be used as 
an in vitro high throughput test system to monitor chemical-induced nephrotoxicity.

 3102 Chemical Group Safety Review: Systematic Analysis of 
Structural Alerts for a Deeper Understanding of Potential Risks 
in Pharmaceuticals

T. Takai1, A. Basu2, and T. Yukawa3. 1Takeda Development Center Americas Inc., San 
Diego, CA; 2Takeda Development Center Americas Inc., Cambridge, MA; and 3Takeda 
Pharmaceutical Company Limited, Fujisawa, Japan.

In small molecule drug discovery, potential safety issues in a molecule can be identi-
fied using structural alerts associated mostly with reactive metabolite formation. 
Chemical motifs flagged by such structural alerts can be potentially bioacti-
vated by metabolic enzymes, resulting in unexpected side effects in animals and 
humans, such as drug-induced liver injuries. A straightforward chemical strategy 
is to replace the flagged chemical motif with a safer one. However, this strategy is 
not always feasible for various reasons, such as a negative impact on the primary 
target activity. Many approved drugs contain structural alerts, which are safely 
used in many cases. Therefore, in addition to chemical modification strategies, a 
deeper understanding of the drugs having structural alerts is needed. Furthermore, 
various information on adverse events and pharmacokinetics profiles are important 
to properly address the potential risk of a drug candidate with structural alerts. In 
Takeda, structures of marketed and withdrawn drugs and their clinical safety and 
pharmacokinetic information from multiple databases were curated and integrated 
to enable a systematic analysis of drugs with structural alerts. For example, through 
an analysis of drugs having a phenol moiety, the percentage of drugs reported 
showing severe hepatobiliary disorders was 12.6% (n = 15) among the total phenol 
drugs (n = 95) in our database, which was similar to that of non-phenol drugs 
(12.8%, total n = 1055). On the other hand, the percentage of drugs showing severe 
hepatobiliary disorders was higher (24.9%, n = 60) in the analysis of aniline drugs 
in comparison with non-aniline drugs (9.6%, total n = 909), which suggests the 
potential risk derived from an aniline as a structural alert can more often manifest 
as side effects compared to phenol drugs. A deeper analysis, however, indicated 
that even among phenol drugs, the likelihood of showing severe hepatobiliary 
disorders increases with phenol drugs with a daily dose of 150 mg or higher or 
showing 1 uM or higher plasma Cmax. This type of information is essential when 
making a decision on developing such compounds having structural alerts. Several 
case studies will be presented to show the importance of chemical safety group 
review, which enables us to conduct a systematic analysis of compounds with 
structural alerts.

 3103 Development of a Novel In Vitro Assay to Assess Hematotoxicity 
for Immune-Based Modalities

D. Zhang, T. Hickman, C. Harbison, K. Szretter, G. Papadopoulos, M. Wagoner, and 
L. Gauthier. Takeda Pharmaceutical Company Limited, Cambridge, MA.

Bone marrow toxicity is one of the most frequent side-effects of many chemother-
apeutic agents. Targeted therapies have the potential to overcome many of the 
toxicities associated with traditional chemotherapeutic agents, which elicit cytotox-
icity against rapidly dividing cells. Some targeted therapies, like the CD33 targeting 
antibody lintuzumab, still encounter hematotoxicity clinically, which may be due in 
part to the target expression on hematopoietic stem cells. Developing improved 
targeted therapies will involve optimization of multiple dimensions of the immune 
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therapy, including target selection, binder comparison, construct design, and 
armoring strategy, to enable potent tumor eradication while sparing critical normal 
hematopoietic stem and progenitor cells. While assays for preclinical assessment 
of hematotoxicity for traditional (small molecule) chemotherapeutic agents are well 
established, methods to evaluate on-target off-tumor toxicity for other modalities 
are lacking. The colony forming unit (CFU) assay is considered the gold-standard 
approach to assess lineage specific hematotoxicity. However, a higher throughput 
in vitro assay would be desirable to facilitate early compound screening. Here, we 
adapted the HemaTox assay for immune-based modalities such as cell therapy 
and cell engagers. In contrast to the CFU assay, the HemaTox assay is a liquid 
culture-based stem cell differentiation assay with a high-throughput capacity and 
shorter turnaround time. It is suitable for screening multiple therapeutics at various 
concentrations and has the ability to delineate lineage-specific toxicity. During 
assay development, variables such as assay conditions (time points, concentra-
tions, media components, cell densities) and procedures (co-culture setup, effector 
cell removal, assay readout) were optimized. Autologous αβ chimeric antigen 
receptor (CAR) T cells with clinically relevant tool binders were generated and 
tested in the HemaTox assay. After 7 days of differentiation, untreated human bone 
marrow CD34+ cells yielded 13620±1640 myeloid cells, while only 93-406 myeloid 
cells were developed if cocultured with tool constructs for 24 hours at 3:1 effector 
to target (E:T) ratio. When compared with the CFU assay, the relative myelosuppres-
sion among different constructs in the HemaTox myeloid assay correlated with the 
inhibition on the granulocyte-macrophage progenitor (CFU-GM) colony develop-
ment in the CFU assay. The results of this assay informed target selection and 
construct design for novel cell therapy development. The HemaTox assay delivers 
a fast, high throughput approach for bone marrow safety assessment, enabling 
“safety by design” in early drug discovery.

 3104 Impact of Target Expression on the Adverse Event Profile of 
Antibody-Drug Conjugates (ADCs): Implications for Target 
Safety Assessments

M. Blissett, W. Humfrey, N. Coltman, S. Hammond, H. Garside, J. Sidaway, and 
R. Roberts. ApconiX, Alderley Edge, United Kingdom.

Several antibody-drug conjugates (ADCs) are already approved in oncology indica-
tions. However, expression of the antibody target in normal tissue may pose a 
potential safety risk where cytotoxic payloads are utilized. The aim of this study 
was to guide target safety assessments (TSAs) by determining if target expres-
sion data for ADCs correlates with reported clinical toxicity. TSAs use target 
biology, gene and protein expression data, genetic information from humans and 
animals and competitor compound intelligence to understand and mitigate the 
potential safety risks associated with modulating a drug target. Using publicly 
available data from drug labels for the twelve regulatory approved oncology 
ADCs, common clinical adverse events (AEs) were collated from the black box 
warnings, warnings and precautions and adverse reaction sections. The twelve 
oncology ADCs included in our study covered ten individual targets (CD33, CD30, 
HER2, CD22, CD79, NECTIN-4, TROP-2, BCMA, CD19, tissue factor). Data on target 
mRNA and protein expression levels in normal tissues were obtained from publicly 
available datasets deposited by the Human Protein Atlas consortium, categorized 
as high, medium, low or negligible expression across key organ systems. For organ 
systems where there was high or medium expression of the target, we conducted 
an analysis to determine any correlation with clinical toxicity as defined by reported 
AEs. Across all 12 ADCs, AEs occurred in 70 % of organ systems that had high 
expression of the target. Half of the instances of high target expression occurred in 
the hematologic and immune organ system. However, all twelve ADCs had hemato-
logic and immune AEs regardless of target expression level, suggesting a strong 
contribution of non-target related toxicity. Beyond the hematologic and immune 
organ system, AEs were observed in two out of five (40 %) organ systems with high 
target expression. In these two cases, target expression was high in the skin and 
skin-related AEs were documented for two ADCs (sacituzumab govitecan target-
ing TROP-2 and tisotumab vedotin-tftv targeting tissue factor). Across all ADCs, 
AEs occurred in 43 % of organ systems where there was medium target expres-
sion. Overall, as expected, commonly occurring clinically identified AEs were more 
frequent in organ systems where there was high expression of the antibody target. 
Similarly, there was concordance but at a lower level in organ systems with medium 
expression of the target. In conclusion, expression levels of the antibody target 
are associated with clinical AEs in that tissue. However, the likelihood of toxicity is 
dependent on many factors not yet assessed in this study including the distribution 
of the ADC, the expression level of the target in normal versus diseased tissue, the 
payload used and the proliferation rate of the target tissues. When considering 
TSAs for new ADCs, expression of the antibody target in normal tissues should be 
highlighted as a potential risk. However, careful experimental assessment will be 
required to determine if high levels of target expression translate into clinical and/
or nonclinical adverse effects.

 3105 Is There an Easy Way for Unraveling Drug Toxicities? 
Bioinformatics Approach Answers This Question

T. Krsmanovic1, K. Jankovic1, N. Stojkov Mimic1, G. Apic1, and R. Russel2. 1Metisox, 
Cambridge, United Kingdom; and 2Heidelberg University, Heidelberg, Germany.

For every 100 drugs entered into phase 1 clinical testing in oncology, fewer 
than 10 will ultimately receive regulatory approval, while a minority of approved 
cancer drugs provide substantial clinical benefit. The aim of this study was to 
predict potential toxicities of drug targets before they enter the clinical trials using 
preexisting data. In order to do this, we generated a comprehensive database 
and software, including internally curated and various publicly available data on 
proteins, biologically-active chemicals, their interactions, pathways and patholo-
gies. We catalogued 4 million references, supporting each database entry, with 
hyperlinked interactions to appropriate PubMed articles as support, while proteins 
and chemicals are hyperlinked to EntrezProtein and PubChem, respectively. In 
order to support data integration and capture different levels of histopathological 
observations, we developed toxicology ontology with over 2500 toxicity endpoints. 
We validated the system by exploring mTOR (mechanistic target of rapamycin 
kinase) as a potential drug candidate for cancer treatment. mTOR inhibitors exhibit 
a promising efficacy in preclinical studies and early clinical trials of advanced renal 
cell carcinoma and other types of cancer, however, some inhibitors have serious 
adverse effects in patients and have to be discontinued. Hence, elucidation of the 
putative role of mTOR in different organ systems can help in predicting adverse 
effects that may arise following mTOR inhibitors treatment. Mapping mTOR 
onto Gene Ontology (GO) knowledge base function, within the system, identified 
mTOR biological function in phosphoprotein binding, cell growth, heart trabeculae 
formation, response to nutrients pathway, protein maturation by protein folding and 
fibril organization. Analysis function within our computational tool demonstrated 
an association of mTOR with several diseases like angiosarcoma, Horton disease 
(Giant cell arteritis), and cerebral cavernous malformation in which is mTOR dysreg-
ulated and/or correspond to potential application of mTOR inhibitors. Mapping 
mTOR, together with its protein interaction network onto organ/tissue pathologies 
within our system demonstrated association with several pathologies related to 
circulatory system (hypertension, heart hypertrophy, atherosclerosis and cardiomy-
opathy) which correspond to potential toxicities induced by mTOR inhibitors; and 
reproductive system (ovary carcinoma, endometrium carcinoma, mammary gland 
carcinoma and prostate carcinoma), GI and urinary system (liver toxicity, colon 
carcinoma and kidney carcinoma) which correspond to potential application of 
mTOR inhibitors and/or their toxicity. Analyzing mTOR together with its chemical 
interaction partners (agonists and antagonists) identified mTOR role in renal cell 
carcinoma that corresponds to mTOR inhibitor therapeutic application. Indeed, 
scanning the literature identified potential cardiovascular toxicities (heart failure 
and hypertension) associated with the use of mTOR inhibitors everolimus and 
temsirolimus. In this example, we showed that our tool can contribute to a better 
understanding of therapeutic potential of a target inhibition and quick toxicology 
assessment of a target.

 3106 A Pilot Pharmacology/Toxicity Study of an Anti-SCF Monoclonal 
Antibody in Cynomolgus Macaques

A. R. Baronas1, J. M. Boyer1, K. M. McManus1, N. Rico Montanari1, D. M. Maurer2, 
A. Ejaz1, J. Harrison1, K. M. Borrelli1, C. Leite1, C. Swarce1, C. Patterson3, L. Vitale3, 
R. A. Hammond1, D. Alvarado2, T. Keler3, and L. J. Thomas1. 1Celldex Therapeutics, 
Fall River, MA; 2Celldex Therapeutics, New Haven, CT; and 3Celldex Therapeutics, 
Hampton, NJ.

Stem Cell Factor (SCF) binds to and activates KIT (CD117, c-KIT), a receptor tyrosine 
kinase required for the differentiation, chemotaxis, maturation and survival of mast 
cells. KIT is also expressed and has function in in several other cell types, includ-
ing melanocytes. This poster describes a pilot study of a neutralizing monoclo-
nal antibody to SCF in cynomolgus macaques. Prior to the initiation of the study, 
baseline samples were collected from three animals (one male, two females) which 
included blood samples for clinical pathology, buccal swabs and skin biopsies from 
each ear pinna. Test article (TA) was administered on Day 1 and on Day 8, at a dose 
level of 75 mg/kg/dose by a slow intravenous push. Longitudinal serum samples 
were collected over the 57 days of the study for pharmacokinetic analysis, hematol-
ogy, clinical chemistry and coagulation. Skin biopsies, from the ear pinna and buccal 
swabs, were again collected on day 30 and 57. The test article was well tolerated 
with no noted adverse clinical observations. Pharmacokinetic analysis revealed 
drug exposure consistent with the expected pharmacokinetics for a humanized 
monoclonal antibody. One animal developed detectable anti-drug antibodies (ADA) 
by the end of the study period. A mild transient decrease in mean corpuscular 
hemoglobin concentration (MCHC), with a corresponding slight increase in mean 
corpuscular volume, was seen at day 4, following the first dose. This brief hemato-
logic change was not seen following the second dose on day 8. Toluidine blue 
staining of ear punch biopsies revealed decreased mast cell numbers, relative 
to day 1, which partially recovered by day 57. This observation was consistent 
with Nanostring RNA analysis of mast cell genes from skin biopsies. Nanostring 
analysis of the biopsies also showed decreases in melanocyte genes consistent 
with known pharmacology of KIT inhibition in melanogenesis, as well as changes 
in the expression of several genes in RNA samples derived from the buccal swabs. 
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In conclusion, administration of a humanized monoclonal antibody to SCF, to 
cynomolgus macaques, at 75 mg/kg/dose on days 1 and 8, was well tolerated with 
observations consistent with the expected pharmacology of the molecule, with the 
lack of clinically adverse findings.

 3107 Automated High-Throughput Drug Toxicity and Efficacy Testing 
on the Hematopoietic Niche in a Bone Marrow Model

A. Georgescu1, A. Bahinski1, C. May1, J. Galarraga1, A. Kwan1, B. Udayasuryan1, 
A. Fouad1, P. Graybill1, and D. Huh1,2. 1Vivodyne, Philadelphia, PA; and 2University of 
Pennsylvania, Philadelphia, PA.

Over the last decade, New Alternative Methods (NAM), such as human-based 
microphysiological systems and organs-on-chips, have been developed to 
overcome the clinical translation and ethical issues associated with animal studies. 
However, current systems are limited by low throughput, lack of reproducibility 
and intensive manual labor. These issues limit their use to specific niches within 
preclinical efficacy and safety screening cascades and have prevented their 
widespread adoption and implementation by the pharmaceutical industry. To 
address these issues, a fully automated, high-throughput platform was developed 
for the seeding, cultivation, dosing, imaging, and analysis of thousands of indepen-
dent, functional, self-organizing, vascularized 3D human tissue models in parallel. 
As an example, an integrative bioengineering strategy was used to develop a 
vascularized, microphysiological human bone marrow model which leverages the 
ability of adult stem cells to self-organize into a complex, specialized microenvi-
ronment of human hematopoietic stem cells (HSCs). The microengineered niche 
reconstitutes key characteristics of the native human bone marrow such as HSC 
self-renewal, multilineage hematopoiesis, and complex ligand-receptor signaling 
pathways. The generation of functionally mature myeloid cells allows interrogation 
of key physiological processes of innate immunity such as neutrophil chemotaxis 
and intravascular mobilization. Receptor-ligand interaction analysis confirmed that 
intercellular signaling critical to the marrow was recapitulated, including KIT-KITLG, 
CXCR4-CXCL12, and NOTCHx-DLLx. Treatment with clinically relevant chemother-
apeutic agents demonstrated concentration dependent induction of erythropenia, 
neutropenia and thrombocytopenia as predicted in clinical studies. Subsequent 
treatment with G-CSF treatment resulted in transient increases in the quantity of 
myeloid cells. In addition to the bone marrow, the fully automated platform has 
the capability to cultivate multiple different human tissue models for the evalua-
tion of pharmaceutical agents. In summary, the platform allows generation of an 
in vitro bone marrow model which replicates native phenotypes and may enable 
new capabilities to model human hematopoiesis and immunity for biomedical and 
pharmaceutical safety and efficacy assessment.

 3108 A Novel Gene Network–Based Method for Identifying Multi-
scale Liver Translational Safety Biomarkers

B. van de Water1, G. Callegaro1, J. Schimming1, J. Pinero2, L. WIjaya1, S. Kunnen1, 
P. Trairatphisan3, L. Furlong2, J. Sutherland4, J. Mollon3, and J. Stevens1. 1Universiteit 
Leiden, Leiden, Netherlands; 2Medbioinformatics Solutions, Barcelona, Spain; 3AbbVie, 
Ludwigshafen, Germany; and 4Vesalius Therapeutics, Cambridge, MA.

Animal testing is the current standard for safety assessment of drugs and 
chemicals, but translation of hazards to human is uncertain. Testing in human 
cells in vitro can solve the species translation problem but in vitro models might 
not replicate in vivo complexity. Herein, we propose a network-based method that 
addresses these translational problems and derives biomarkers relevant for in 
vivo liver injury, but applicable to in vitro human early safety screening. We applied 
weighted correlation network analysis (WGCNA) to a large rat liver transcriptomic 
dataset to obtain co-regulated clusters of genes (modules), whose (de)activation 
could represent perturbed cellular processes involved in drug-induced liver pathol-
ogy. We identified modules statistically associated with toxicity phenotypes, includ-
ing a module enriched for ATF4-regulated genes, downstream of the integrated 
stress response (ISR), as associated with the occurrence of hepatocellular single-
cell necrosis (apoptosis) in rat in vivo. The ATF4 module was preserved in human 
liver in vitro models and the module member genes were induced similarly by the 
same compounds. We identified TRIB3 and MTHFD2 as a novel candidate stress 
biomarkers related to an adverse phenotype and previously associated with liver-re-
lated diseases. We developed BAC-eGFP HepG2 reporters and used them for in vitro 
compound screening to identify potential safety liabilities of compounds showing 
ATF4 activation. In conclusion, we demonstrate a method to derive biomarkers that 
bridge translational and multiscale gaps and suggest that the ATF4-dependent ISR 
can be monitored as an early safety signal. This work has received funding from the 
EU-EFPIA Innovative Medicines Initiative 2 (IMI2) Joint Undertaking TransQST project 
(grant number 116030) and eTRANSAFE project (grant number 777365) (This Joint 
Undertaking receives support from the European Union’s Horizon 2020 research 
and innovation program and EFPIA), the EC Horizon2020 EUToxRisk project (grant 
number 681002), the EC Horizon2020 RISK-HUNT3R project (grant number 964537) 
and the Cosmetics Europe and European Chemical Industry Council (CEFIC) Ontology 
project (project AIMT10).

 3109 Simple Cell-Based Assays for Profiling Metabolism in Cell 
Therapy Products

M. Bach, N. Karassina, D. Leippe, M. Valley, K. Sylvester, J. Cali, and J. Vidugiriene. 
Promega, Fitchburg, WI.

Cell therapy is a rapidly advancing field of research with great promise to treat 
multiple diseases. However, multiple challenges, from isolating the correct cell 
type, determining its mode of action, manufacturing and establishing appropriate 
quality control criteria, must be overcome to reach its potential. In recent years, 
cellular energy metabolism has emerged as an important consideration when 
developing cell therapies. The efficacy of CAR-T therapy and/or modulating T 
cell metabolism reprogramming has been proven crucial for their survival and 
response. Here we evaluate a set of bioluminescent cell-based assays for measur-
ing rate of metabolite uptake, monitoring activity for key metabolic pathways and 
determining changes in intracellular metabolite levels during T cell transition from 
naïve to activated to memory phenotypes. The assays developed are robust and 
well suited for miniaturization (96-, 384-well plates) and high throughput analysis. 
We show that upon activation of naïve CD8+ T cells with CD3/CD28 beads 
(anti-CD3 and anti-CD28 antibody coated beads) as the cells start to increase in 
size and prepare for rapid expansion, the changes in key metabolic pathways can 
be rapidly measured. We show that during the first 72 hours after activation, ATP 
levels in activated T cells increase by approximately 1.7-fold per cell as compared 
to naïve cells. The changes in ATP, are accompanied by a greater than 20-fold 
increase in reducing capacity of live cells measured using Realtime-Glo Viability 
Assay and differential response to metabolic pathway inhibitors. Naïve cells treated 
with 2-deoxy-glucose (2DG), a glycolytic pathway inhibitor, showed only a slight 
(less than 10%) decrease in ATP levels as compared to more than 50% decrease 
when treated with the oxidative phosphorylation (OXPHOS) inhibitors rotenone/
antimycin, indicating their dependence on OXPHOS for ATP generation. In contrast, 
activated T cells showed a greater than 50% decrease upon 2DG treatment and 
about 20-25% decrease upon rotenone/antimycin treatment, in-line with increased 
dependence on glycolysis. As activated T cells expand, they continue to retain 
increased glycolytic activity. More than a 5-fold increase in glucose uptake and 
a 6-fold increase in lactate secretion was measured in activated as compared to 
naïve cells after 10 days of expansion. Difference in metabolic phenotype of naïve 
and activated cells was also reflected in intracellular metabolite levels. Activated 
T cells showed greater than 15-fold increase in intracellular lactate, a greater than 
10-fold increase in malate and a greater than 2-fold increase in glutamate and 
BCAA. Interestingly, a more than 10-fold increase in glycogen was measured in 
activated T cells as compared to naïve, indicating that T cell activation is not only 
associated with the changes in nutrient uptake, but it is also balanced by changes 
in nutrient storage. In conclusion, understanding the processes governing dynamic 
metabolic changes during cell modification and expansion is required for next-gen-
eration cell therapy development. The developed bioluminescent cell-based assays 
provide the sensitivity, throughput and robustness required for rapid evaluation of 
such changes. The assays are applicable to different cell types including 3D models 
in addition to the T cells demonstrated here.

 3110 Application of a Renal Proximal Tubule-on-a-Chip for Assessing 
Drug-Induced Nephrotoxicity in Drug Development

T. Kiyota, M. Tseng, L. Yu, L. J. Valencia, J. D. Heidmann, C. R. Lawson, L. Leung, 
T. Arceo, M. Romero-Lopez, S. Kang, K. A. Homan, and A. M. Fullerton. Genentech, 
South San Francisco, CA.

Nephrotoxicity represents a major liability for certain drug classes, even among 
marketed products, and is a serious safety concern during drug development. 
Nephrotoxicants primarily target specific regions of the nephrons such as glomeruli 
and renal proximal tubules (PTs), and eventually induce renal injury due to various 
intracellular stresses associated with drug clearance and reabsorption processes. 
A number of compounds have even now experienced dose-limiting nephrotoxic-
ity and renal degeneration in preclinical studies. Accordingly, characterization of 
nephrotoxicity liability for new compounds is critical in preclinical drug develop-
ment. To support our portfolio, we have evaluated a 3-dimentional (3D) microfluidic 
device to generate a complex in vitro 3D PT model. 3D PTs using human renal 
proximal tubular epithelial cells exhibited differentiated gene expression profiling 
when compared to a 2D static culture. Proof-of-concept studies demonstrated 
that 3D PTs exposed with known nephrotoxicants such as polymyxin B exhibited 
reproducible outcomes of nephrotoxicity. This was assessed by various experimen-
tal parameters including mitochondrial function, necrosis, lactate dehydrogenase 
(LDH) production, kidney injury markers and inflammatory markers (e.g., kidney 
injury molecule-1, clusterin, tumor necrosis factor alpha, interleukin-6). Evaluation 
of internal portfolio compounds led to differentiated safety profiles based on PT 
damage, and production of injury and inflammatory biomarkers. Furthermore, we 
evaluated a rat 3D PT model for interspecies comparison of nephrotoxicity. The 
test compounds caused LDH production and induced necrosis, recapitulating 
renal injury observed in rodent studies. These findings suggest potential translat-
ability between in vitro and in vivo settings, improved identification of renal safety 
concerns and nephrotoxicity prediction for candidate compounds during drug 
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development. Overall, this presentation will highlight our experience in the use of 
3D PTs over the past few years, including benefits and challenges, for drug safety 
assessment in the pharmaceutical industry.

 3111 Nitrosamines and Carcinogenic Potency: Learnings 
from Druckrey

M. Kenyon, O. Dirat, C. McWilliams, and K. Dobo. Pfizer Inc., Groton, CT. Sponsor: 
J. Cook.

To limit the presence of nitrosamines (NAs) in drugs, health authorities (HAs) have 
established acceptable intakes (AIs) for numerous common NAs, many of which 
are based on read-across to the simple, potent animal carcinogen nitrosodiethyl-
amine (NDEA) for which a robust carcinogenicity study exists. Although there is 
animal carcinogenicity data available for many NAs, most studies were designed to 
explore the relationship between structure and potency, not to support quantitative 
dose response analysis. Many carcinogenicity studies employed a limited number 
of treatment groups and animals. Although much of this data cannot be used to 
derive TD50s (dose causing tumors in 50% of animals), the potency information 
about a series of NAs may be useful to help in establishing an AI when one or more 
compounds in the series has an established AI from another robust study. The goal 
of this assessment was to establish AIs for several alkyl NAs that were tested in 
rats by Druckrey et al (1967) via similar but limited study designs, and to use this 
data and structural activity relationships, such as degree of steric hindrance, to 
establish an AI for a complex drug-related nitrosamine (NDSRI) of high molecular 
weight. Data was collected for alkyl NAs including those with straight chains of 
different lengths (e.g., ethyl, methyl, propyl and butyl), as well as branched chain 
(isopropyl and isobutyl) and a piperidine. For each of the NAs, daily dose, total 
dose, and average tumor induction time data were summarized and from this data 
general potency groups were identified. These potency groups were anchored to 
AIs derived from robust animal carcinogenicity studies for NDEA, nitrosdimethyl-
amine (NDMA) nitrosopiperidine (NPIP) and nitrosodibutylamine (NDBA), which 
were also tested by Druckery. Based on the rodent carcinogenicity data published 
by Druckrey, it is possible to differentiate the AIs of alkyl NAs based on their relative 
potency. This is in contrast to many of the limits published by the HAs which often 
default to 26.5 ng/day. Methylethylnitrosamine has a similar potency to NDMA, 
while ethylbutylnitrosamine and dipropylnitrosamine were of similar potency to 
NPIP. Increased steric hindrance from the presence of one or more isopropyl 
groups decreased the potency further; ethylisopropylnitrosamine and diisopro-
pylnitrosamine were of similar potency to NDBA (TD50 = 8 mg/kg/day) and the 
presence of a t-butyl group reduced the potency even further. In the absence of 
robust animal carcinogenicity studies, the AIs for the isopropyl and t-butyl NAs were 
aligned with the threshold of toxicological concern defined in ICH M7, as was that 
for the complex NDSRI that contained a t-butyl group alpha to the NA on one side 
and a large R group on the other. The use of all available animal carcinogenicity 
data, even when not sufficient for TD50 derivation, together with an understand-
ing of how structural features affect metabolic activation of a NA to a mutagenic 
species, is important in establishing AIs for complex NDSRIs. Carcinogenicity data 
for a class of compounds all tested in experimental by a similar protocol can be 
used to gain an understanding of relative potency to aid in setting an AI that is 
protective of patients. This then allows for control and remediation efforts to be 
commensurate with the risk of the NA which may have impacts on the availability 
of important medicines.

 3112 Quantifying Mortality Risk for Rodent Carcinogenicity Studies

J. A. Hampel, S. Ma, R. Nardini, and S. J. Bulera. Charles River Laboratories Inc., 
Wilmington, MA.

Pharmaceuticals whose expected clinical use is for at least six continuous months 
may need to be evaluated for carcinogenic potential. The most common approach 
is the two-year rodent bioassay. Current trends demonstrate that Sprague-Dawley 
rats have a low potential for surviving the full 104-weeks of the study. Using a large 
historical database and machine learning tools, we developed a model that assigns 
mortality risk for animals participating in rodent carcinogenicity studies. This has 
the potential to improve animal welfare, prevent data loss, and improve study 
logistics by forecasting animal mortality risk. We developed two data pipelines 
for this study: 1.) model training applying Cox proportional hazards regression in 
MLflow to a large historical database and 2.) using these results to assign mortality 
risk for animals participating in ongoing carcinogenicity studies. For model training, 
several attributes were matched to the intended target studies, such as study 
design, species, stock, and dosing route. The training model used features such 
as body weight loss and onset of several clinical observations to quantify mortality 
risk. We then applied the results from this model to ongoing studies to generate 
probabilities for survival for each animal at various time points. The data are visual-
ized using Power BI. The results allow one to generate survival curves for animals 
at several levels of granularity: from the individual animal to across the entire 
study. The survival curves can be modified by applying different threshold levels to 
estimate how many animals will survive at different time points of the study. These 
results can be segmented by variables such as sex and dose group to plan for early 
study termination. In conclusion, we developed a tool that quantifies mortality risk 

for rodent carcinogenicity studies. It has the potential to be used to inform euthana-
sia decisions for individual animals, improve animal welfare, and prevent data loss 
from unscheduled deaths. It can also be applied to the entire study to improve 
logistics, e.g., identifying when the control group will reach a critical threshold for 
early study termination.

 3113 An IQ Consortium Analysis of Starting Dose Selection for 
Oncology Small Molecule First-in-Patient Trials Suggests an 
Alternative NOAEL-Based Method Can Be Safe while Reducing 
Time to the Recommended Phase 2 Dose

R. T. Bunch1, B. A. Jessen2, P. Cornwell3, S. Redmond4, T. Visalli5, M. Lemper6, and 
T. Hart7. 1Bristol-Myers Squibb Company, Princeton, NJ; 2Pfizer Inc., San Diego, CA; 3Eli 
Lilly and Company, Indianapolis, IN; 4AstraZeneca, Waltham, MA; 5Eisai Inc., Nutley, NJ; 
6UCB, Cambridge, MA; and 7GlaxoSmithKline plc, Collegeville, PA.

The first-in-patient (FIP) starting dose for oncology agents should be reason-
ably safe and provide potential therapeutic benefit to the patient. For late-stage 
oncology patients, this dose is often based on the ICH S9 guidance, which was 
developed primarily based on experience with cytotoxic chemotherapeutic agents 
using the rodent Severely Toxic Dose in 10% of the animals (STD10 ) or non-rodent 
Highest Non-Severely Toxic Dose (HNSTD) and an appropriate safety factor. With 
the increase in molecularly targeted chemotherapeutics, it is prudent to re-evaluate 
how the FIP dose is derived to ensure that the appropriate balance between risk and 
therapeutic benefit to the patient is achieved. Blinded data on 92 small molecule 
oncology compounds from 11 pharmaceutical companies who are members of the 
IQ DruSafe consortium were gathered to investigate if a NOAEL-based starting dose 
without a safety factor would have been tolerated in the FIP trial and if so, estimat-
ing how many dose escalation cohorts could have been reduced. Our analysis 
suggests that the NOAEL-based alternative starting dose would have been tolerated 
in most cases evaluated, with an anticipated mean reduction of 2.3 cohorts. Of the 
12 cases where the alternative approach resulted in a starting dose that would 
have exceeded the Maximum Tolerated Dose/Recommended Phase 2 Dose (MTD/
RP2D), none of the nonclinical toxicities in these cases were considered irreversible 
and would be monitorable in all but one instance. Most non-tolerated cases were 
within 2 to 3-fold of the MTD/RP2D, with the clinical adverse effects (AEs) consid-
ered manageable and mitigated by dose de-escalation. No one method of FIP dose 
calculation will likely be appropriate for all oncology small molecules and starting 
dose selection should be performed using a case-by-case approach. However, the 
NOAEL-based method that does not utilize a safety factor should be considered 
when appropriate to minimize the number of patients exposed to sub-therapeutic 
doses of an investigational oncology agent and accelerating development to RP2D.

 3114 Comparison of the Dermal Histopathological Structure between 
Bama and Göttingen Minipigs

X. Zhao, T. Zhou, S. McPherson, and X. Li. WuXi AppTec, Suzhou, China.

The use of the minipig as a non-rodent species in non-clinical research has contin-
ued to increase and although its use is still considerably less than that of the dog 
or the non-human primate (NHP), for certain areas of research, the physiological 
similarities between swine and humans make it the species of choice. A recent 
European RETHINK project has taken place to assess minipigs (in general not 
as a specific species) as models for the toxicity testing of new medicines and 
chemicals and concluded that there is great utility in their use in various areas 
of research. The minipig is often the species used for dermal studies. Swine skin 
shows many similarities to human skin. This has resulted in the extensive use of 
swine in burn and radiation research as the skin of other research animals such 
as rodents and dogs differs significantly from that of man. The epidermis of these 
animals is much thinner with a flat epidermal-dermal interface which does not have 
rete ridges and papillary projections, with relatively loose dermal structures and an 
underdeveloped vascular system. In comparison, swine skin is composed of three 
layers: epidermis, dermis, and subcutis. The epidermis contains the 5 strata seen 
in human skin while the dermis contains superficial venules and arteriolar plexuses, 
collagen, elastic fibers, hair follicles, sebaceous glands, and apocrine sweat glands 
and the subcutis contains loose connective tissue and fat tissue. A comparison of 
skin samples (H&E) taken from the back of Göttingen and Bama minipigs showed 
that the structure of the two strains was very similar. The only difference of note 
was a slight difference in thickness of the dermis (slightly thicker in the Göttingen 
animals), but this may be related to the age of the animals examined. In conclusion, 
both Bama and Göttingen minipigs have a similar skin histopathological structure 
and their structures are comparable to humans.
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 3115 A Review of the Incidence of Common Arrhythmias in Bama 
Minipigs Observed in Stand-Alone Safety Pharmacology and 
General Toxicology Studies

S. McPherson, Y. Chen, R. Wu, X. Ji, and T. Rogers. WuXi AppTec, Suzhou, China.

The use of the minipig as a non-rodent species in non-clinical research has contin-
ued to increase and although its use is still considerably less than that of the dog 
or the non-human primate (NHP), for certain areas of research the physiological 
similarities between swine and humans make it the species of choice. A recent 
European RETHINK project has taken place to assess minipigs (in general not as a 
specific species) as models for the toxicity testing of new medicines and chemicals 
and concluded there is great utility in their use in various areas of research. A 
retrospective review on the incidence of common arrhythmias in Bama Minipigs 
dosed with vehicle controls during both the conduct of stand-alone safety pharma-
cology and from general toxicology studies was performed. In stand-alone studies, 
the ECG data were continuously recorded for at least 20 hours for each animal 
by Physio Tel Digital technology of DSI Physiologic Data Acquisition and Analysis 
System with Lead II in conscious and unrestrained Bama Minipigs. In the general 
toxicology studies, the ECG data were continuously recorded for at least 11 seconds 
for each animal with a Schiller ECG machine with Leads I, II, III, aVR, aVL and aVF in 
conscious and restrained Bama Minipigs. The Bama minipigs were between 3 and 
9 months of age. The incidence of arrhythmias (Ventricular Premature and Atrial 
Premature Complexes) was compared between the two collection methods. The 
results showed that the same incidence of 1% was noted between stand-alone and 
general toxicology studies, indicating that both methods are sensitive enough to 
detect background arrythmias in the Bama minipig.

 3116 Dose Range–Finding Toxicity Study of Parathyroid Hormone 
Inverse Agonist (Pth-Ia) following Subcutaneous Administration 
in Rats

M. Durai1, W. Johnson2, H. Gaskell2, T. Gardella3, H. Jueppner3, and P. Terse1. 1NIH/
NCATS, Rockville, MD; 2IITRI, Chicago, IL; and 3Massachusetts General Hospital and 
Harvard Medical School, Boston, MA.

Parathyroid hormone Inverse Agonist (PTH-IA) is being developed for the treatment 
of Jansen metaphyseal chondrodysplasia (JMC), a rare disease affecting skeletal 
development and mineral ion homeostasis. The disease is caused by heterozy-
gous, autosomal-dominant activating mutations in the PTH receptor type 1 
(PTHR1), a G protein-coupled receptor. A toxicity study with toxicokinetics was 
conducted after 14-day twice daily subcutaneous (SC) administration of PTH-IA 
at 0, 2.5 (low), 10 (mid) and 50 or 100 (high) mg/kg in rats (N=5/sex), followed by 
a 14-day recovery period. Sodium citrate (10 mM)/ sodium chloride (150 mM) (pH 
5.0) was used as a vehicle. The parameters evaluated were moribundity/mortality, 
clinical observations and physical examination observations, body weights, food 
consumption, clinical pathology, calcium and phosphorus level measurements, 
bone markers in serum [procollagen type I N-terminal propeptide (PINP), osteocal-
cin, C-terminal telopeptide of type I collagen (CTX-1), PTH, 25-hydroxyvitamin D3 
and 1,25-dihydroxyvitamin D3], organ weights, gross necropsy and histopathologi-
cal evaluations (bone marrow, femur, kidney, liver, and spleen only). Toxicokinetic 
evaluations were performed on the first and last days of dose administration. Tmax 
of 5 to 10 minutes with mean Cmax of 80, 120 and 100 ng/mL for low, mid and 
high dose groups, respectively, were observed. Mean AUC was 50, 80 and 100 
hr*ng/mL for the low, mid and high dose groups with dose dependent decreases 
in the bioavailability (5-0.03%). There was no noticeable change in exposure levels 
between Day 1 and 14. There were no mortalities or test article-related effects 
on body weight, body weight change or food consumption seen. The high dose 
of female rats was lowered from 100 mg/kg to 50 mg/kg starting on Day 8 due 
to the skin lesions at the injection sites. Rats treated with high dose of PTH-IA 
showed statistically significant decrease in albumin (ALB) (16%), calcium (7.5%), 
total protein (8.9%), albumin/globulin ratio (11.4%), hemoglobin (11.6%), hematocrit 
(HCT) (8.5%), % lymphocytes (14%), erythrocytes (RBC) (16%) and increase in % 
reticulocytes (RETIC) (104.5%), neutrophils (55%), monocytes (MONO) (80.5%) and 
fibrinogen (FIB) (56%). In mid-dose group, statistically significant decrease in ALB 
(10.7%), HCT (4.6%), RBC (8.5%) and increase in %MONO (129%), %RETIC (37%), 
and FIB (45%) were observed. However, these changes were no longer present 
following the recovery period. Furthermore, free ionized calcium was significantly 
decreased (high dose, 1.17±0.015 mmol/L) and phosphorus levels were signifi-
cantly increased (high dose, 11.9 ± 0.79 mg/dL and mid dose, 11.8 ± 0.50 mg/dL) 
in male and female animals, respectively, at 50 minutes on Day 14. Total calcium 
was decreased in high dose females (9.9 ± 0.37 mg/dL) on Day 15. An increase in 
spleen weight was seen in both sexes at the mid and high doses after administra-
tion of PTH-IA which correlated microscopically with an increase in the number 
of hematopoietic cells. However, these changes and the skin lesions were revers-
ible in mid dose group after the 14-day recovery period but still persisted in the 
high dose group. In conclusion, following 14-day twice daily SC administration 
of PTH-IA at dose levels of 0, 2.5, 10 and 50 (males) or 100/50 (females) mg/
kg, the well tolerated dose was 10 mg/kg/dose with 107 ng/mL Cmax and 102 
hr*ng/mL AUC on Day 14. Supported by Contract No. HHSN271201700016I under 
TRND/NCATS program.

 3117 Dose Range–Finding Toxicity Study of VK4-116 following Once 
Daily Oral Administration for 14 Days in Rat and Dog

R. M. Nandre1, T. R. Moir-Savitz2, J. Wallery2, B. Sparrow3, A. H. Newman4, and 
P. S. Terse1. 1NIH/NCATS, Rockville, MD; 2AmplifyBio, West Jefferson, OH; 3Battelle, 
Columbus, OH; and 4NIH/NIDA, Baltimore, MD.

VK4-116, a novel dopamine D3R antagonist, is a potential therapeutic for opioid 
use disorder (OUD) which is associated with high rates of morbidity and mortality. 
Toxicity studies of VK4-116 were performed in 10-week-old Sprague Dawley rats (0, 
25, 250 and 1000 mg/kg/day) and 5- to 7-month-old Beagle dogs (0, 25, 150, 300 
and 1000 mg/kg/day) with once daily oral administration for up to 14 days followed 
by up to 16 days recovery period. Carboxymethyl cellulose (0.5%) was used as a 
vehicle. Dosing volume was 5 mL/kg. Six rats/sex/group were used for the core 
cohort and four rats/sex/group were used for the recovery cohort, while up to one 
dog/sex/group was used for the non-terminal dog study. The toxicity endpoints 
evaluated were mortality, clinical observation, body weight, food consumption, 
clinical pathology and anatomic pathology (organ weights and gross observations) 
in rat. In dog, the toxicity endpoints evaluated were mortality, clinical observa-
tion, body weight, food consumption, body temperature, ophthalmic examination, 
electrocardiogram, blood pressure, and clinical pathology. Toxicokinetic evalua-
tions were conducted on the first and last days of dose administration. In the 
rats, 1000 mg/kg/day dose caused mortality (9 of 20 rats) with clinical signs of 
ataxia, circling, distended abdomen, head tilt, hunched appearance, limb impair-
ment, rough coat, thin appearance, decreased activity, cold to touch, convulsions, 
nasal discharge, breathing abnormalities, lethargy, and reduced feces whereas 
the 250 mg/kg/day dose showed only rough coat and thin appearance; 1000 mg/
kg/day dose administration was stopped after Day 7 or 8. In 250 and 1000 mg/
kg/day dose groups, the significant decrease in body weight (8-37%) and food 
consumption (29-71%) with significant increases in ALT (1.8-2.8x), AST (1.3-2.7x), 
cholesterol (1.3-2.8x) and creatinine kinase (1.6-2.6x) was observed. In addition, 
enlarged adrenal glands and distended stomach were observed at necropsy. The 
increase in organ weight to terminal body weight ratios for adrenal glands, liver 
and brain were also noted. In dogs, the dose administration of 1000 mg/kg/day 
was stopped after day 4 due to severe toxicity (emesis, reduced feces and little to 
no food consumption) and 300 mg/kg/day dose showed adverse clinical signs of 
emesis, diarrhea, ataxia, and limb weakness. Recovery group animals showed trend 
towards improvement in affected endpoints. Toxicokinetic evaluation in rat and 
dog revealed dose dependent increases in Cmax and AUCs, although not in a linear 
manner. Cmax of 0.8, 6.7 and 12.1 µg/mL, and AUCs of 7.2, 136 and 227 hr*µg/mL 
at 25, 250 and 1000 mg/kg/day dose, respectively, with Tmax of 2-4 hr (25 mg/kg/
day) and 0.5-24 hr (250 and 1000 mg/kg/day) in rat were observed. In the dog, Cmax 
of 0.1, 0.3 and 2.4 µg/mL and AUCs of 0.8, 4.0 and 48.1 hr*µg/mL at 25, 150 and 
300 mg/kg/day, respectively, with Tmax of 1-8 hr and T1/2 of 3-8 hr were observed. 
Dose dependent decreases in bioavailability was observed in rat (67-11%) as well 
as in dog (1.7-0.1%). In conclusion, following 14-day once daily oral administration 
of VK4-116, 25 mg/kg (0.8 µg/mL Cmax and 7.2 hr*µg/mL AUC) dose in rat and 150 
mg/kg dose (0.3 µg/mL Cmax and 4.0 hr*µg/mL AUC) in dog were well tolerated. 
Supported by Contract No. HHSN271201700015I under HEAL/NCATS program.

 3118 Nonclinical Safety Evaluation of mRNA-Based Therapeutic 
Cancer Vaccines

H. Gille, C. Janaitis, Ö. Türeci, U. Sahin, and J. Diekmann. BioNTech SE, 
Wiesbaden, Germany.

BioNTech is developing uridine-containing, pharmacologically optimized 
mRNAs encoding tumor-associated antigens (TAAs) as therapeutic cancer 
vaccines. These are formulated with liposomes consisting of two lipid excipi-
ents, (R)N,N,Ntrimethyl2,3dioleyloxy-1propanaminium chloride (DOTMA) and 
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), as RNA-lipoplexes 
(RNA-LPXs) for intravenous injection and systemic delivery to antigen-presenting 
cells (APCs) in secondary lymphoid organs, including the spleen. BNT111 contains 
four different RNAs encoding four TAAs expressed in advanced melanoma: New 
York esophageal squamous cell carcinoma 1 (NYESO1), melanoma-associated 
antigen 3 (MAGEA3), transmembrane phosphatase with tensin homology (TPTE), 
and tyrosinase. It induces de novo TAA-specific anti-tumor immune responses 
and enhances pre-existing responses. By regulatory definition, BNT111 is a gene 
therapy classified as advanced therapy medicinal product (ATMP). The current 
regulatory landscape provides little guidance as to the appropriate nonclinical 
safety characterization for such new modalities. The RNA-LPX group of therapeutic 
cancer vaccines, of which BNT111 is a member, has been advanced into clinical 
trials based on a platform approach for the toxicological assessment as the safety 
profile is defined by the RNA-LPX format rather than the encoded antigens. The 
biodistribution of RNAs and the novel lipid excipient DOTMA were investigated in 
mice. Exposure to RNAs was transient. DOTMA was rapidly delivered to the spleen, 
and to a lesser extent the liver, after RNALPX administration. We characterized the 
safety of the RNA-LPX platform in GLP-compliant toxicity studies of ≤ 13 weeks 
duration in mice. Administration of BNT111 by intravenous bolus once weekly for 
8 weeks followed by 2 further doses once every 3 weeks was well tolerated at 
levels of up to 10 µg/dose. Lymphocyte counts were reduced, and spleen weight 
and cellularity of the white pulp of the spleen were higher at the end of the dosing 
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period in males and females receiving 2, 5 or 10 µg/dose compared to concur-
rent controls. These findings, except for the spleen weights in females, were fully 
reversible and did not impair the functionality of the organs and were therefore 
considered not to be adverse. We attribute the findings to adaptive changes of the 
immune system, in particular redistribution of lymphocytes, which were reversible 
and can be considered consistent with test article pharmacology and benign in 
nature. The No Observed Adverse Effect Level (NOAEL) for this study is the high 
dose of 10 µg/animal corresponding to 500 µg/kg which suggest a wide safety 
margin when compared to the human dose of 100 µg/patient. The data have been 
used to successfully to advance several RNA-LPX programs using different sets of 
TAAs into clinical development in different oncological indications.

 3119 Shedding Light on Lipid-Based Formulation Development on a 
BCS II Molecule Enabling an Animal Toxicology Study

A. Salvatore1, P. Piccinni2, D. Codoni1, H. Sahel1, S. Bertani2, and E. Del Vesco2. 1Evotec, 
Abingdon, United Kingdom; and 2Evotec, Verona, Italy. Sponsor: S. Bertani,  
Safety Pharmacology Society.

In recent years, an increasing number of drug candidates discovered by high 
throughput screenings are poorly water-soluble compounds and show limited 
bioavailability following oral administration (biopharmaceutical classification 
system BCS II molecules). This has sparked the interest in the design, development 
and manufacture of lipid-based formulations (LBF) to enhance the solubility and 
absorption of BCS II molecules. Advantages in permeability and efflux are well 
established for a number of LPFs, as well as increased dissolution rates which 
enhance drug absorption and oral bioavailability of lipophilic and poorly water-sol-
uble drugs. Nowadays, LBFs have been successfully applied to several commercial 
products, ranging from lipid solutions, lipid emulsions, lipid dispersions, self-emul-
sifying drug delivery systems (SEDDS) and self-microemulsifying drug delivery 
systems (SMEDDS). In particular, SEDDS and SMEDDS are comprised by mixtures 
of lipids, surfactants, and cosurfactants that disperse spontaneously in aqueous 
media to form fine emulsions (SEDDS) or microemulsions (SMEDDS). The present 
work focused on the development of orally administered lipid-based formulations 
for a BCS class II, highly lipophilic (logP 5), and neutral compound to conduct animal 
toxicology study and Phase I clinical trials. Firstly, an excipient solubility screening 
was conducted including oils, surfactants and solvents/co-solvents suitable for 
oral delivery and selected based on internal knowledge of tolerability in dogs. Based 
on the excipient screening results, twelve vehicles were designed and tested to 
identify the most stable lipid-based formulations able to self-emulsify in biorelevant 
media. Taking into consideration the self-emulsification properties and the appear-
ance of the formulations, the size of the micelles formed upon dispersion and the 
API target concentration of 50 mg/g, five prototype lead formulations were selected 
for in vitro lipolysis studies. The lipolysis study showed that formulation F12 and 
F14 were the least susceptible to digestion, F6 presented good solvent capacity but, 
it was susceptible to enzymatic digestion. F9 appeared to be the least robust as 
only 15% of the API was still in the micellar phase at last time point. As a conclusion 
of the lipid digestion testing, the formulation prototypes F6, F12 and F14 were less 
prone to enzymatic digestion and could form SMEDDS upon dispersion in water. 
Therefore, these formulations were assessed using an in vitro bi-phasic dissolution. 
Based on the robustness against the enzymatic digestion, the progressive release 
of the API during the dissolution assay and the chemical stability of the formula-
tion up to 14 days, the prototype F14 prepared at 90 mg/g concentration was 
considered an adequate prototype to conduct pharmacokinetic/pharmacodynamic 
studies (PK/PD). In addition, formulations F6 prepared at 75 mg/g was selected 
for PK studies since suitable chemical stability and the in-vitro performances were 
shown. Indeed, this formulation presented good tolerability following a 28 days tox 
study in beagle dogs and demonstrated to be stable as a liquid-filled hard capsule 
(LFHC) drug product for up to one year. Besides the tolerability concerns often 
related to the administration of high amount of lipid excipients in animals, this 
study demonstrated that through a knowledgeable design of lipid-based excipients 
a safe and successful formulation could be developed and the advantages of these 
excipients to enhance the bioavailability of a highly lipophilic compound exploited.

 3120 Evaluation of Intravaginal Toxicity of Lactobacillus plantarum 
ATG-K2 Powder in Female Rats

J. Kang1, C. Nam1, D. Park1, E. Park1, J. Kang2, K. Park3, H. Lee1, S. Song1, and S. Kim1. 
1Chemon Inc., Yong In, Korea, Republic of; 2AtoGen Co. Ltd., Daejeon, Korea, Republic of; 
and 3Gyeongsang National University, Jinju, Korea, Republic of.

Bacterial vaginosis (BV) is a microbial dysbiosis that shifts the paradigms of 
vaginal flora from lactobacilli to opportunistic pathogens. Globally, BV is treated 
with antibiotic therapy and recurrence rates are > 70 % occurring within 6 months 
due to antibiotic resistance against pathogenic bacteria. An incorporation of 
lactobacilli orally or intravaginally for the re-colonization of heathy microbes in 
vagina is the suggested course of treatment. Although lactobacilli are suggested 
as a novel therapeutic for women’s BV, evaluation of safety and toxicity have not 
been well understood previously. Therefore, in this study, we aimed to evaluate the 
safety profile of Lactobacillus plantarum ATG-K2 in subacute intravaginal animal 
toxicity under OECD guidelines and GLP regulations. Toxicological assessments 

were performed at doses of 4×109, 8×109, and 12×109 CFU/head/day in a 2-week 
intravaginal repeated-dose toxicity study of Lactobacillus plantarum ATG-K2 in 
10 female SD rats assigned per group. In addition, a local tolerance study was 
performed. No toxicological changes in clinical signs, body weights, water and 
food consumption, urinalysis, hematology, clinical biochemistry, gross findings, or 
histopathological examinations were observed in the intravaginal repeated-dose 
toxicity. And Lactobacillus plantarum ATG-K2 did not show any local tolerance study 
at the same doses as the intravaginal repeated-dose toxicity study. In conclusion, 
the no-observed-adverse-effect level (NOAEL) of Lactobacillus plantarum ATG-K2 
was 12×109 CFU/head/day and no target organ was identified in female rats. Our 
findings are the first to suggest that Lactobacillus plantarum is safe for use as an 
intravaginal treatment with no adverse effects observed in toxicological testing and 
has potential application as a therapeutic agent or for other biological uses.

 3121 Refinement of Nonrodent Restraint in Preclinical 
Inhalation Studies

M. Nantel, A. Zabaiou, M. Tellier, M. Freke, and A. Varela. Charles River Laboratories, 
Senneville, QC, Canada.

Nonrodent species restraint for the inhaled route of administration is necessary 
in nonclinical safety assessment studies. In order to minimize variability in the 
delivered dose, it is critical that animals be as calm as possible, and that the habitu-
ation process is an important part of any such study. As part of Charles River’s 
(CR) continued commitment to the 3Rs (Replacement, Reduction, and Refinement), 
refining preexisting processes and improving animal welfare is a constant focus. 
Our previous procedure in which animals needed to be habituated every day for 
increasing increments up to the intended dosing durations (which could be as 
much as 240 minutes in the case of dogs or 120 mins for NHPs) was reevalu-
ated to identify areas for improvement. Several opportunities for improvement of 
the pre-existing non-rodent masks (both dog and NHP) were identified: fit (i.e., the 
presence of leaks that could potentially result in inconsistent dose administered 
and level of discomfort) , the habituation process itself, and/or observation of 
lesions. Following the review, multiple suggestions were made; from an habituation 
session ideally not lasting more than 30 minutes regardless of intended dosing 
duration on-study, to splitting the procedure into several discrete multiple steps: 1. 
animal gaining familiarity with the device without being restrained in it, 2. restraint 
applied, 3. mask presented to the animal, 4. mask placed on the animal, and 5. 
animal brought into the laboratory for an air trial and a mock dosing. These steps 
can be performed in a single session and rewards provided to recognize desired 
behavior such as not touching the mask, staying calm, and not moving. New masks 
were also tested for each species. A custom dog mask was fabricated for CR and 
made of a certified silicone seal attached to a clear resin body. For the NHP, a 
human nasal CPAP mask (commercially available) was trialed. Each mask was 
found to create a better fit to the animal. It was noted during the validation, and 
subsequently on production studies, that animals that used the new mask and 
habituation processes were calmer during dose administration.

 3122 Procedure-Related Findings in a 13-Week Intravenous Infusion 
Study in the Rat: Comparison of Methods Using a Vascular 
Access Harness and a Vascular Access Button

J. Ducroq1, A. Tamellini1, A. Tighenifi1, V. Crocchianti1, P. Vignand1, and S. Bulera2. 
1Charles River Laboratories, Saint Germain Nuelles, France; and 2Charles River 
Laboratories, Reno, NV.

Two different implantation procedures are commonly used for the treatment of rats 
by intravenous infusion in preclinical toxicity studies: the vascular access harness 
(VAH) and the vascular access button (VAB). Since access to the implantation site 
is different, the impact of the procedure could be different. The aim of the present 
study performed in male Wistar rats was to compare procedure-related findings 
noted with both methods in a 13-week intermittent infusion study with two different 
vehicles (0.9% NaCl or 50 mg/mL mannitol) commonly used for parenteral adminis-
tration. Mannitol is a sugar-alcohol derived from mannose with an increased risk of 
bacterial contamination due to its sugar nature. In this study, four groups of 9 male 
rats were infused once daily (5 days a week) for 2 hours at 1 mL/kg/hour as follows: 
0.9% NaCl with a VAH or VAB, and 50 mg/mL mannitol with a VAH or VAB. The 
following endpoints were assessed: clinical signs, body weight, food intake, infusion 
incidents (indicative of catheter patency), clinical pathology, necropsy findings and 
histopathology. Independent of the formulation infused (0.9% NaCl or 50 mg/mL 
mannitol), 11/18 males rats equipped with a VAH had catheter obstructions that 
were resolved by flushing with saline, whereas only 3/18 males equipped with a 
VAB had a catheter obstruction. The other perfusion abnormality concerned only 
VAH animals and consisted in the disconnection of the catheter from the infusion 
line (10/18 rats). For three of these 10 rats, the extremity of the catheter retracted 
under the skin and a second surgery under anesthesia was needed to prolong and 
reconnect the catheter. Skin lesions due to the harness were noted for 3/18 VAH 
rats, correlating in 2 rats with skin ulceration and inflammation at histopathological 
examination. At terminal euthanasia, lower white blood cell counts were noted in the 
rats equipped with VAB and necropsy findings of firm consistency of the implanted 
vena cava and pale focus on the kidneys were only noted in males equipped with a 
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VAH (4/18 and 2/18 animals respectively). Microscopic findings including injection 
site thrombosis, lung thromboembolism, and renal cortex chronic inflammation 
were observed with a lower incidence and severity in animals implanted with a 
VAB than with a VAH, either infused with 0.9% NaCl or 50 mg/mL mannitol. The 
lower incidence of inflammatory findings in the VAB groups correlated with a lower 
impact on the white blood cell parameters. Moreover, the presence of intralumi-
nal bacterial colonies and degenerate neutrophils at the injection site were only 
seen in VAH equipped animals. In conclusion, in-life and post-mortem findings were 
indicative of improved tolerability with the VAB method compared with that of the 
VAH over a 13-week period, irrespective of the vehicle used. In addition, the VAB 
method permitted group housing (except during the 2-hour infusion), contrary to the 
VAH method and was therefore also beneficial from an animal welfare perspective. 
Finally, the use of the VAB method allowed to save time for animal facility staff 
since there is no need for daily check of catheter connection under the vascular 
access harness contrary to the VAH method.

 3123 Characterizing the Cytotoxicity of a Novel Methionine 
Aminopeptidase Inhibitor on Mammalian Cells

J. Loveless1, M. Alvarez1, A. Black1, J. Cerio1, R. Garza1, J. Gomez1, D. Padilla1, 
C. Romo1, H. Tawfiq1, H. Vu1, O. Olaleye2, and R. Rosell1. 1University of St. Thomas, 
Houston, TX; and 2Texas Southern University, Houston, TX.

Tuberculosis (TB), a disease that primarily affects the lungs, is caused by the 
bacterium Mycobacterium tuberculosis (Mtb). Roughly 25% of the global popula-
tion is infected with TB, and it is the second leading cause of mortality from 
infectious disease after COVID-19. Multiple difficulties in treating TB have emerged 
in recent years. Mtb has a synergistic relationship with HIV, often resulting in 
severe HIV-TB co-infections that are difficult to treat. The emergence of multi-drug 
resistant (MDR) and extensively drug-resistant (XDR) strains of TB further narrows 
treatment options. Development of novel therapies targeting TB is necessary. Our 
collaborators at Texas Southern University identified novel bacterial methionine 
aminopeptidase (MtMetAP1) inhibitors. Genetic knockout studies support the 
lethality of deletion of MtMetAP1 in Mtb. Further studies support the existence of 
an ortholog of MtMetAP1 in Homo sapiens (HsMetAP1). While the novel inhibitors 
are effective against Mtb, their cytotoxicity in mammalian cells remains undeter-
mined. The cytotoxicity of the novel MtMetAP1 inhibitor, UST-001, was tested in 
H1299 (ATCC CRL-5803™) human lung carcinoma cells. Cells were exposed to 
various concentrations of UST-001 ranging from 0μM to 750μM. Three negative 
controls were included in each replicate: DMSO (carrier), pure media, and Isoniazid 
(INH), a common clinically effective TB treatment. After incubation at 37°C and 
5% CO2 for 48 hours, cell viability was measured using flow cytometry via a MUSE 
Cell Count and Viability Kit (Luminex). Trypan Blue Assays were performed on the 
same H1299 cells for each concentration as well as the controls to corroborate 
flow cytometry results. Viability of H1299 cells was over 60% at the highest concen-
tration of UST-001 tested, 750μM. The dose response curve extrapolated from our 
data indicates that concentrations of UST-001 below 100μM induced little to no cell 
death and cell viability of 90% or higher. The high concentrations needed to induce 
significant cell death in H1299 cells may be attributed to the cells’ higher mitotic 
rates and increased repair pathways. The lack of an IC50 curve in our data despite 
such high concentrations indicates that UST-001 may not be significantly toxic to 
H1299 cells. We have begun testing the cytotoxicity of UST-001 on a second cell 
line, Mlg 2908 (ATCC CCL-206™), a non-cancerous murine lung fibroblast line, utiliz-
ing the same protocol used on the H1299 cells. We hypothesize that we will be able 
to establish an IC50 curve since Mlg 2908 cells have fewer repair pathways and a 
decreased mitotic rate compared to cancer cells. We have begun testing a positive 
control, Primisterin, to confirm that cell lines exposed to UST-001 will have minimal 
viability. Our ultimate goal is characterizing toxicity of UST-001 in mammalian 
systems, with hopes of identifying a new class of therapeutics for TB infections.

 3124 Safety Testing of Novel Phenoxyalkyl Pyridinium Oxime 
Organophosphate Antidotes: Genotoxicity and Cytotoxicity

M. Dail, and J. Chambers. Mississippi State University, Starkville, MS.

Warfare and terrorism demonstrate the need for a more effective antidote against 
nerve agents and other organophosphates which cause brain damage through 
inhibition of acetylcholinesterase (AChE). Present therapy includes pyridinium 
oxime administration to reactivate the AChE. In the USA this oxime is 2-pyridine 
aldoxime methyl chloride (2-PAM), which cannot effectively cross the blood-brain 
barrier and so fails to successfully combat excitotoxicity and the subsequent 
brain damage that can occur. Our lab has designed novel phenoxyalkyl pyridinium 
oximes (U.S. patent 9,277,937) that demonstrate the ability to cross the blood-brain 
barrier and attenuate hippocampal damage in a rat model. This project examined 
whether our 3 lead oxime candidates (15, 20, and 55) show evidence of cytotox-
icity in the lactate dehydrogenase (LDH) release assay and a cell proliferation 
assay, both using the mouse areolar fibroblast cell line, NCTC clone 929 (ATCC 
CCL-1). LDH released by membrane damage converts lactate to pyruvate via NAD+ 
reduction to NADH. Diaphorase uses NADH to reduce a tetrazolium salt to a red 
formazan product measurable at 490nm. The level of formazan is proportional to 
the amount of LDH released into the medium, which is indicative of cytotoxicity.  

The cell proliferation assay uses a novel tetrazolium compound which is reduced to 
a colored formazan product presumably by NADPH or NADH produced by mitochon-
drial dehydrogenase enzymes. The amount of formazan measured at 490nm is 
directly proportional to the number of living cells. After Oxime 20 became our lead, 
it was tested for genotoxicity in the bacterial reverse mutation assay (Ames test) 
with and without S9 metabolic activation. Five strains of bacteria (S. typhimurium 
TA1535, TA97a, TA98, TA100 plus E. coli WP2uvrA) were exposed to 5 concentra-
tions of Oxime 20 in liquid media for 100 min, then mixed with a reversion solution 
and moved to 96 well plates. After 3 days at 37°C the number of revertant individual 
wells were counted. A ≥ 2-fold increase in mean revertants/plate accompanied by 
a dose-response to Oxime 20 would be considered positive for genotoxicity. From 
5mM to 1.25nM, all 3 oximes had negative cytotoxicity values in the LDH assay (-36, 
-10, and -2 for Oximes 55, 20, and 15). The approved therapy, 2-PAM, was positive 
for cytotoxicity at 15. Oximes were significantly different from 2-PAM (P<0.00001). 
The cells had less membrane damage when our oximes were present. From 500µM 
to 2µM, all 3 oximes reduced cellular proliferation activity. Whereas 2-PAM caused 
no change in proliferation averaging 100%, cells exposed to the oximes showed 
significant (P<0.00001) declines. Oxime 55 dropped proliferation to 42%, Oxime 20 
to 51% and Oxime 15 to 66%. Bacteria exposed to known mutagens had reversion 
rates from 8 to 64% but 0% when exposed to concentrations of Oxime 20 from 
10mM to 10µM. In conclusion, Oximes 15, 20 and 55 reduced membrane damage 
but also cellular proliferation and our present lead compound, Oxime 20, is not 
mutagenic. Supported by NIH U01NS123255.

 3125 Read-Across Assessment for Potential Leachables without 
Toxicological Data

P. Parris1, M. Martin2, and K. Dobo2. 1Pfizer Inc., Sandwich, United Kingdom; and 2Pfizer 
Inc., Groton, CT.

Potential leachables from parenteral drug product container closure systems or 
product contact manufacturing components that are identified above a safety 
concern threshold may lack data for the toxicological assessment. For mutagenic-
ity, sensitization and irritation endpoints, in silico models are recognised as provid-
ing conservative predictions and can be utilized for the assessment in the absence 
of bacterial mutation and in vivo tests, respectively (ICH M7 (R1), 2017; Chilton et al, 
2022; Parris et al, 2022). For assessment of systemic toxicity, the ELSIE parenteral 
thresholds of toxicological concern (TTCs) may be applied (Masuda Herrera et al, 
2022). However, if the total daily intake (TDI) of the potential leachable exceeds 
the relevant threshold, then data is needed to conduct the toxicological assess-
ment. Potential leachables are usually present at very low levels in the ng to µg 
range; therefore, conduct of repeat dose toxicity studies contradicts the principles 
of 3R’s and alternative approaches should be explored to support the systemic 
toxicity assessment. One method involves identifying structural analogues with 
toxicity data that can be used for a ‘read across’ assessment. There is currently 
no specific regulatory guidance on how to conduct a read across assessment for 
potential leachables and this approach may be the only option for the toxicologist. 
Recommendations on selection of surrogates, would be an excellent topic in the 
ICHQ3E guidance under development, Assessment and Control of Extractables 
and Leachables (E&L) for Pharmaceuticals and Biologics, to provide a harmonised 
approach to read across assessments of potential leachables. Pfizer developed an 
in-house computational tool, JARVIS 2.0 (Just A Read-across Virtual Intelligence 
System 2.0), based on the EPA ToxValDB as referenced in Nelms et al (2019). Only 
toxicity values associated with SMILES structure representations were selected, 
providing a database of 12,549 unique chemicals as potential surrogates. The 
structure of interest is entered, scored and rank ordered based on a combination 
of structural similarity using chemical fingerprints via Tanimoto coefficient and 
structural molecular descriptors correlation (Pearson’s) followed by an adjustment 
for molecular weight discrepancies. The toxicologist can then evaluate the top 
ranked surrogates for toxicity data and perform the read across assessment. An 
opportunity to utilize JARVIS arose when a regulatory Information Request was 
received relating to the implementation of single-use aseptic connectors on the 
filling line for a sterile injectable product. An extractable study from the connector 
supplier was available, and a comprehensive toxicological risk assessment by the 
clinical route of administration (intravenous (IV) infusion) was requested for all 
extractables with a TDI >5 µg/day. There was a single extractable, hexamethylene 
diacrylate CAS 13048-33-4, with a TDI of 14 µg/day that lacked toxicological data. 
The toxicological assessment was prepared using JARVIS to identify 5 surrogate 
structures. A comprehensive review of general toxicological data available for the 
5 surrogates was conducted. The assessment concluded negligible safety risk, and 
the regulatory response was accepted and there were no delays to the implemen-
tation of the aseptic connectors in the filling line for the drug product. This case 
study exemplifies, in the absence of toxicity data, a scientifically justified read 
across assessment is a valuable tool for the toxicological assessment of low-level 
potential leachables.
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 3126 A Smooth Muscle Cell Maturation Protocol for Higher-
Throughput Analysis of Contraction Force

M. Gossmann1, J. L. Hunker1, P. Linder1, S. Stölzle-Feix2, E. Dragicevic2, B. Lickiss1, 
U. Thomas2, M. George2, and N. Fertig2. 1innoVitro GmbH, Jülich, Germany; and 
2Nanion Technologies GmbH, Jülich, Germany. Sponsor: M. Gossmann, Safety 
Pharmacology Society

Cardiovascular diseases (CVDs) are the leading cause of death globally with 1.3 
billion people of the world’s population suffering from hypertension, causing a 
tremendous public health issue. Despite this global burden, preclinical drug develop-
ment lacks a human relevant cell-based assay system employing human smooth 
muscle cells for the assessment of CVD-related hypertension. Here we assessed 
two aortic smooth muscle cell (HAoSMC) cultivation protocols and compared 
the maturation process of the cells on phenotypic level with immunostainings 
and on functional level with the FLEXcyte 96 technology. Primary HAoSMCs were 
cultured in T25 flasks for several days in recommended maintenance medium. 
After preculture, the cells were dissociated and plated on flexible membranes of 
the FLEXcyte 96 plates to ensure a human heart related physiological environment. 
Subsequently, the cells were cultured for 5 days in either maturation or maintenance 
medium before functional assessment of contractile properties. Here, compounds 
with positive inotropic effect were used. For phenotypic characterization, the cells 
were fixed and stained with Alexa Fluor 488 Phalloidin directly within the plate. 
The results demonstrate the effect of the maturation protocol on HAoSMCs with 
a stronger contraction (+30% compared to non-maturated control cells) and more 
pronounced actin structures. The assessment of an optimal preculture protocol for 
HAoSMCs ensures ideal conditions for further development. The use of HAoSMCs 
on the FLEXcyte 96 as standard cell model in near future will yield in a new standard 
cell-based assay system for the analysis of CVD related hypertension.

 3127 Role of Respiratory Uncoupling in Drug-Induced Mitochondrial 
Permeability Transition

A. Takemura, T. Sato, and K. Ito. Chiba University, Chiba, Japan. Sponsor: A. Takemura, 
Japanese Society of Toxicology.

Mitochondrial injury contributes to severe drug-induced liver injury. Particularly, 
mitochondrial permeability transition (MPT) is thought to be relevant to cytolytic 
hepatitis. However, the mechanism of drug-induced MPT is unclear and prediction 
of MPT is not adequately evaluated in the preclinical stage. In a previous study, 
we found that troglitazone, a drug withdrawn due to liver injury, induced MPT via 
mild depolarization probably resulting from uncoupling (Sato T. et al., J Toxicol 
Sci, 2019). Herein, we investigated whether other drugs that induce MPT share 
similar properties as troglitazone, using isolated mitochondria from rat liver. Of 
the 22 test drugs examined, six drugs (amiodarone, benzbromarone, diclofenac, 
nimesulide, ticlopidine, and troglitazone) induced MPT and showed an uncoupling 
effect. Additionally, receiver operating characteristic analysis was conducted 
to predict the MPT potential from the respiratory control ratio, an indicator of 
uncoupling intensity. Results showed that 2.5 was the best threshold that exhibited 
high sensitivity (1.00) and high specificity (0.81), indicating that uncoupling was 
correlated with MPT potential. Activation of calcium-independent phospholipase 
A2 appeared to be involved in uncoupling-induced MPT. Furthermore, a strong 
relationship between MPT intensity and the uncoupling effect among similar 
compounds was confirmed (thiazolidinediones anti-diabetes group, salicylic 
acid-non-steroidal anti-inflammatory drugs (NSAID) group, and fenamic acid-NSAID 
group). These results may help in predicting MPT potential using cultured cells and 
modifying the chemical structures of the drugs to reduce MPT risk. These data have 
already published in Toxicol Appl Pharmacol (Sato T., Takemura A., Ito K. Toxicol 
Appl Pharmacol, 2021, 427, 115659).

 3128 Uridine Triacetate Rescues Intestinal Toxicity by DHODH 
Inhibition in Mice

F. Jardi1, K. A. DiLoreto2, F. Kazmi2, K. Yekkala3, J. Kinyamu-Akunda2, and 
G. M. Yanochko-Hoffman3. 1Janssen Pharmaceuticals Inc., Beerse, Belgium; 2Janssen 
Pharmaceuticals Inc., Spring House, PA; and 3Janssen Pharmaceuticals Inc., San 
Diego, CA.

Recently, the interest in DHODH as a drug target for haematological malignancies 
was renewed after evidence showing the efficacy of DHODH inhibitors in preclinical 
models of acute myeloid leukemia (AML). However, one of the key challenges for 
these inhibitors is the potential for on-target off-tumor toxicities such as mucosi-
tis and myelosuppression. JNJ-74856665 is an orally bioavailable, potent, and 
selective DHODH inhibitor that mediates anti-leukemic activity in vitro and in vivo. 
As non-transformed cells can survive under DHODH inhibition by using the pyrimi-
dine salvage pathway, we hypothesized that treatment with the nucleoside uridine 
could prevent the mucosal on target toxicity by DHODH inhibition. As a proof of 
concept, we designed an investigative study in mice dosed with JNJ-74856665 at 
10 mg/kg/day PO daily for 7 days with or without uridine triacetate (UTA), an oral 
prodrug of uridine, at 2000 mg/kg TID PO daily for 7 days. Previously, we showed in 
a mouse PK study that this UTA dosing regimen resulted in an exposure to uridine 

comparable to that of IP uridine regimens preventing 5-Fluorouracil lethality in 
mice. Overall, mice dosed with JNJ-74856665 and UTA showed better tolerability 
compared to JNJ-74856665 alone, with a lower incidence of clinical observations 
(rough haircoat) and less BW loss. The intestines of these mice were examined at 
the histopathology level as a readout for the efficacy of UTA preventing mucosal 
injury after DHODH inhibition. JNJ-74856665 alone resulted in minimal to moderate 
crypt epithelial necrosis in the small and large intestines and minimal to mild villous 
atrophy in the small intestine. In contrast, no microscopic findings were noted in 
the intestines of mice dosed with JNJ-74856665 and UTA. In agreement, histomor-
phometry studies revealed that villus shortening in the jejunum of JNJ-74856665-
dosed mice was completely prevented by UTA. Finally, we confirmed by toxicokinetic 
analysis that the effects of UTA were not related to a modification of JNJ-74856665 
exposure. These preclinical results suggest that uridine treatment could potentially 
mitigate mucositis in patients treated with DHODH inhibitors. Further studies are 
required to explore best regimen of uridine treatment to protect the normal mucosa 
without compromising the anti-leukemic effects of DHODH inhibitors.

 3129 Assessment of Drug-Induced Liver Mitochondrial Dysfunction in 
Primary Human Hepatocytes Using XF MitoTox Assay

Y. Kam, L. Winer, G. W. Rogers, and N. Romero. Agilent Technologies Inc., Lexington, 
MA. Sponsor: Y. Kam, American Association for Cancer Research.

Mitochondrial dysfunction is known to play a central role in drug-induced hepato-
toxicity, and thus early detection of mitochondrial toxicity is highly desired in early 
drug development. Agilent Seahorse XF MitoTox Assay is a novel solution designed 
to screen and evaluate mitochondrial toxicity in vitro. It delivers a standardized 
quantitative parameter, the MitoTox Index (MTI), derived from the oxygen consump-
tion rate (OCR) through a customized software tool, Seahorse Analytics. This new 
parameter allows quantitative assessment of the magnitude of the toxicity while 
characterizing the modes of toxicity, inhibitor vs. uncoupler. Immortalized cell lines 
(e.g. HepG2) are widely used for the in-vitro assessment of hepatoxicity due to 
broad availability and convenience in propagation. However, cryopreserved primary 
human hepatocytes are still the standard model for drug safety screening. In this 
study, we validated the use of human primary hepatocytes in Seahorse XF MitoTox 
Assay. It includes the assay workflow optimizing FCCP concentration and seeding 
density prior to the screening assay. Determination of optimal FCCP concentration 
in the assay is critical to obtain maximal OCR measurement, a key parameter for 
MTI calculation. In addition, seeding density optimization is highly recommended 
because the metabolic status of primary cells may vary depending on the donor, 
and the rate of oxidative phosphorylation (OxPhos) of primary human hepatocytes 
is known to be higher than in-vitro cultured cells. The assay performance evalua-
tion under the optimized assay conditions satisfied the high throughput screening 
performance requirement (Z’ > 0.5) for both inhibitor and uncoupler identification. 
A small-scale proof-of-concept screening assay using four reference compounds 
successfully identified the mode of mitochondrial toxicity. It also allowed for the 
comparison of the potency of the toxic compounds by performing dose-response 
evaluations. Interestingly, this screening identified Pentamidine isethionate as a 
moderate ETC inhibitor for primary hepatocytes. In contrast, similar studies using 
HepG2 cells identified Pentamidine isethionate as a potential OxPhos inhibitor 
highlighting the contribution of the cellular model used in defining the mode of 
toxicity. These results show that Seahorse XF MitoTox Assay solution is a robust 
way to screen and evaluate mitochondrial toxicity using primary human hepato-
cytes. Moreover, it can be easily incorporated into drug safety studies in early drug 
development through the cloud-based Seahorse Analytics software.

 3130 Validation of a Serum-Free Approach to Facilitate the 
Development of High-Throughput Immunogenicity Screening 
Assays In Vitro

S. Madden1, E. Shardlow1, J. Copley1, C. Strock2, and P. Walker1. 1Cyprotex Discovery 
Limited, Macclesfield, United Kingdom; and 2Cyprotex US LLC, Watertown, MA.

The generation of anti-drug antibodies (ADA) towards a therapeutic agent can have 
severe implications in terms of drug safety and efficacy following administration 
in a clinical setting. Identification of high-risk candidates during the initial phase of 
development is, therefore, imperative in order to improve both patient outcomes 
and downstream attrition rates. As species often fail to mimic the complexity of 
the human immune system the immunogenic potency of therapeutic agents, in 
terms of their potential to elicit a human-specific proinflammatory response, can 
be grossly underestimated during traditional in vivo safety assessment. As part 
of an early de-risking strategy, we present a high-throughput, in vitro approach to 
immunogenicity screening using two distinct models: i) peripheral blood mononu-
clear cells (PBMC) and ii) monocyte-derived dendritic cells (MoDC) isolated from 
the blood of healthy human donors. The use of serum-free culture conditions was 
also explored to improve assay variability and facilitate a move towards a more 
robust screening assay. A variety of compounds were screened for immunogenic 
effects in each model, including monoclonal antibodies, small molecules associ-
ated with delayed-onset hypersensitivity reactions and oligonucleotides. Compound 
immunogenicity was assessed according to the ability of the test article to induce 
lymphocytic proliferation and cytokine release after a period of 6 days and 72 hrs, 
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respectively. For MoDC, an exposure period of 24 hrs was used to measure cytokine 
secretion. Phytohaemagglutinin (PHA), anti-CD3 monoclonal antibody and lipopoly-
saccharide (LPS), elicited a proliferative response from donor PBMC. This was 
accompanied by the secretion of the pro-inflammatory cytokines IL-6, TNF, IFN-γ & 
IL-2. Levels of IL-2, in particular, were diminished in the presence of non-autologous 
human serum and elimination of this component from the culture protocol led to an 
overall enhancement in cytokine signal. CpG oligodeoxynucleotides (ODN) induced 
diminutive levels of cell proliferation and stimulated a cytokine profile dominated by 
IL-6 and TNF in both models. None of the small molecules tested invoked a prolif-
erative response from lymphocytes under these conditions; however, some did 
induce dose-dependent cytotoxicity. These findings underscores the value of using 
plate-based assays as part of an immunogenicity assessment that can measure 
both cellular proliferation and viability in tandem. Validation of this approach has 
shown that serum-free conditions are suitable for culturing primary immune cells 
intended for downstream application in immunogenicity assays. The enhanced 
sensitivity of such methods should result in improved detection rates and allows 
early de-risking of compounds in drug discovery and development.

 3131 SynBBB Blood-Brain Barrier Models: Applications 
toward Increasing Predictability of Antibody-Triggered 
Receptor-Mediated Transcytosis and Neurotoxicity of 
CAR-T-Based Therapy

A. Jezierski1, B. Li1, J. Huang1, C. Charlebois1, G. Fewell2, B. Prabhakar Pandian3, 
S. McComb1, and D. Stanimirovic1. 1Human Health Therapeutics Research Center 
National Research Council of Canada, Ottawa, ON, Canada; 2SynVivo, Huntsville, AL; and 
3CFD Research Corporation, Huntsville, AL. Sponsor: S. Ali.

Blood brain barrier (BBB) models in vitro are crucial tools to aid in the pre-clini-
cal evaluation and selection of BBB-permeant biotherapeutics. We developed a 
3D human BBB-on-Chip co-culture model using the SynVivo microfluidic platform 
(SynBBB) and iPSC derived cells to model critical components of the BBB and 
blood-brain-tumor-barrier (BBTB). We established iBEC microvessel lumens under 
physiological in vivo shear stress conditions (5 dynes/cm2) in the endothelial 
channel of the chips, while human primary astrocytes and pericytes were cultured in 
the adjacent tissue channel separated by microfabricated 3 μm pores. We deployed 
this BBB-on-Chip model to study antibody-triggered receptor mediated transcytosis 
by perfusing the iBEC lumens with a well characterized single domain BBB-carrier 
FC5-Fc and non-crossing A20.1 control. We observed a significant increase in 
FC5-Fc transcytosis was observed under physiological shear stress conditions. 
Similar BBB crossing of FC5-Fc was observed in in vivo brain exposure experiments. 
We further deployed the SynBBB chips towards establishing a blood-brain-barrier 
tumor (BBTB) model in the pre-clinical assessment of glioblastoma- targeting 
EGFRvIII-CAR-T based immunotherapies. The BBTB model was able to discriminate 
cytotoxic efficacies of the different EGFR-CARs and provide a measure of potential 
alterations to BBB integrity. Collectively, these findings suggest that SynBBB 
technology can recapitulate the physiological characteristics of the BBB in vivo and 
offer a more predictive platform for assessing antibody transcytosis across the 
BBB and deciphering the mechanisms of CAR-T-induced BBB disruption, accompa-
nying toxicity and effector function on post-barrier target cells.

 3132 Considerations for Reduced Animal Testing for Environmental 
Risk Assessments of Pharmaceuticals

E. Danby1, D. B. Mayfield2, and F. Crawley3. 1Labcorp Early Development Laboratories 
Inc., Shardlow, United Kingdom; 2Labcorp Early Development Laboratories Inc., 
Greenfield, IN; and 3Labcorp Early Development Laboratories Inc., Eye, United Kingdom.

Environmental risk assessments (ERA) for pharmaceuticals are necessary to fulfil 
global registration requirements. The data needed to describe environmental fate 
and aquatic or terrestrial hazards can lead to large testing programs and potentially 
high vertebrate usage. For example, both acute and chronic toxicity testing and 
bioaccumulation testing in fish species are often required after being triggered 
as part of the Persistent, Bioaccumulation and Toxicity (PBT) assessment. These 
tests alone can use in excess of one thousand fish depending on study design 
and replication. When the endocrine disruption endpoint testing is also required 
(e.g., Organisation for Economic Co-operation and Development [OECD] guidelines 
230, 234, 240), this figure can increase exponentially. In consideration of the global 
goal of 3R (replacement, reduction, refinement) testing approaches, we have been 
working on strategies to provide the data required to fulfil the needs of an ERA 
while minimising animal use. In this analysis, we explore available strategies to 
limit or waive in vivo tests including: (1) literature-based weight of evidence assess-
ments, (2) modifications to acute (OECD 202) and chronic (OECD 210) toxicity 
tests, and (3) adjustments to fish bioaccumulation tests (OECD 305). In addition, 
new approach methods (NAMs) (i.e., in vitro alternatives) will be discussed. We 
demonstrate these strategies through a series of case studies such that industry 
partners and regulators can explore options to reduce the use of vertebrates and 
expedite their ERA submissions.

 3133 Validation of Brief-Access Taste Aversion (BATA) as 
a Preclinical Test for the Palatability Evaluation of 
Pediatric Formulations

C. M. Marzo, G. Scuppa, G. Calusi, C. Cora’, M. Pecoraro, P. Gatti, and M. Tessari. Aptuit, 
an Evotec Company, Verona, Italy.

The taste of an oral medication is a critical quality attribute for therapeutic 
adherence and patient compliance, especially in children. Indeed, the unpalatable 
taste is often cited as the primary cause of failure of therapeutic regimens. The 
importance of building palatability into pediatric medicines is now regulated by 
the Pediatric Investigation Plan (PIP). Palatability studies with human taste panels 
are carried out at the latter stages of formulation development if at all. Thus, there 
is a great need to develop novel strategies to assess the tasting properties of 
compounds at early stage of development. The brief-access taste assessment 
(BATA) is an in vivo screening tool with great promise in providing the assess-
ment of APIs aversiveness that may predict human taste responses. The BATA 
procedure was used to compare unconditioned licking responses to a concentra-
tion array of compounds that humans describe for example as “sweet” (sucrose), 
“salty” (NaCl), “sour” (citric acid), and “bitter” (quinine). The BATA assay operation-
ally defines aversive taste as suppression of the rate at which a rodent licks from 
sipper tubes that deliver tasting solutions or suspensions. To validate a BATA 
model in our facility, independent groups (n=14) of naïve male Sprague-Dawley 
rats were used. Different groups of animals were given access to the different 
compounds with a randomized sequence of presentation across animals. We 
performed different trials with quinine hydrochloride and sucrose. The animals 
were mildly water-deprived and then put into a special experimental cage. The 
instrument recorded the number of licks (lickometer) that the rodents make if the 
API was presented in different concentrations in several sipper tubes. Animals only 
had a very short period of time (between 5 and 10 s) to test each solution. Typically, 
a high number of licks indicated a pleasant taste whereas a low number of licks an 
aversive taste. With this procedure, a full doseresponse (concentration-aversion) 
curve of lick rate was obtained over a short period of time. The different indepen-
dent experiments performed demonstrated the validity of the model to discriminate 
increasing concentration of bitter taste using quinine hydrochloride solutions while 
no differences were found when comparing different increasing concentration of 
sucrose with water. Further experiments are still ongoing in order to expand the list 
of compounds and edulcorants.

 3134 Inhibition of Stearoyl-CoA Desaturase Causes Ocular Effects in 
Rats and Dogs

W. Cook, S. Bellum, N. Gatto, and D. Marsh. Merck & Co. Inc., Rahway, NJ.

Stearoyl-coenzyme A desaturase (SCD) is a microsomal enzyme that catalyzes the 
formation of a cis-double bond at the delta-9 position of saturated fatty acyl-CoA 
esters. The monounsaturated lipid products are major components of triglycerides, 
cholesterol esters, and membrane phospholipids. Lipids play a critical role in the 
pathology of metabolic disease, and SCD dysregulation has been implicated in 
the development of dyslipidemia, diabetes, cancer, obesity, fatty liver, and other 
metabolic disorders. Considerable effort has therefore been placed on the develop-
ment of small molecule SCD inhibitors. However, adverse effects in the skin and 
eye (dry eye symptoms) have been reported in rodents following systemic exposure 
to such molecules. Skin and eye effects due to sebaceous and meibomian gland 
atrophy have also been observed in SCD1 knockout mice. The ocular changes have 
been attributed to degeneration of the meibomian and/or Harderian glands in rats 
and mice with depletion of SCD-derived lubricating liquids for tears. Strategies to 
overcome these effects have been attempted, including liver-targeted molecules to 
reduce systemic exposure. In this regard, MK-8245, a potent, reversible, orally active, 
small molecule SCD inhibitor with a 90-fold liver to plasma ratio and low nanomolar 
potency was investigated in GLP repeat-dose oral rat and dog toxicity studies. The 
studies were 1 month in duration (rats: 0, 10, 100, 1000 mg/kg/day, 10/sex/group; 
dogs: 0, 3, 20, 375 mg/kg/day, 3/sex/group). The studies included routine ante/
postmortem parameters and determination of the lipid desaturation index (DI = 
ratio of SCD product/substrate) in the harderian gland in rats and in the tear fluid of 
dogs. Despite the liver-targeted strategy, MK-8245 produced ocular and/or adnexal 
effects at the highest dose in both species. In dogs, after 4 weeks, there were 
gross ocular findings (redness of bulbar conjunctiva and cloudy eye) and ophthal-
moscopic findings (corneal neovascularization with/without edema, and bulbar 
conjunctival hyperemia). Histomorphologic findings included meibomian gland 
atrophy with squamous metaplasia and secondary corneal erosion and neovascu-
larization in the dog, and Harderian gland degeneration in the rat. The conjunctival 
and corneal effects correlated with inhibition of the tear lipid DI, indicating that they 
were secondary to changes in tear lipid composition. Since ocular gland effects 
were seen in both rats and dogs, they were considered mechanism based.
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 3135 Ocular Imaging Followed by Microscopic Analysis of Focal 
Chorioretinal Defects in Dutch-Belted Rabbits

S. Iwabe1, S. M. Shrader2, M. Buccellato2, S. Linehan3, J. Burdick1, N. Makori4, and 
G. D. Aguirre5. 1Altasciences Preclinical Scranton, Scott Township, PA; 2StageBio, Mount 
Jackson, VA; 3TissueVision, Newton, MA; 4Altasciences Preclinical Seattle, Everett, WA; 
and 5University of Pennsylvania, Philadelphia, PA.

The objective of this study was to examine the in vivo retinal microanatomy of 
findings observed during pretest ophthalmic examination in laboratory rabbits. Five- 
to fourteen-month-old Dutch-Belted rabbits were evaluated via complete ophthalmic 
examinations that included slit lamp and indirect ophthalmoscopy, fundus photog-
raphy and confocal scanning laser ophthalmoscopy and spectral domain-optical 
coherence tomography (cSLO/sd-OCT). Normal and affected eyes were collected 
and evaluated microscopically after in vivo imaging. Five male and two female 
rabbits presented unilateral or bilateral, oval, pink hued lesions superior to the 
optic nerve head. Lesions were autofluorescent under AF mode, and OCT showed 
focal retinal detachment, autofluorescent material, likely lipofuscin, accumulated 
between photoreceptor and RPE layers. Hematoxylin and Eosin-stained histology 
sections showed retinal detachment, outer retinal atrophy, and subretinal accumu-
lation of amorphous amphophilic material. Serial Two-Photon Plus system (STP2) 
showed in 2D and 3D images the location of the lesions and detached retina with 
material accumulation in the subretinal space. In conclusion, fundus abnormalities 
often observed during pretest ophthalmic examination and broadly categorized as 
chorioretinal scars have been further characterized to identify specific microarchi-
tecture changes. This is the first report correlating in vivo microanatomical and 
histological description of these retinal findings in Dutch-Belted rabbits.

 3136 SkinEthic HCE Time-to-Toxicity: The First New Approach 
Methodology Adopted by the OECD for Discriminating on Its 
Own the Three UN GHS Ocular Hazard Categories

N. Alépée1, S. Teluob2, A. Viricel2, M. Lima1, and V. Michaut1. 1L’Oréal, Aulnay sous Bois, 
France; and 2EpiSkin SA, Lyon, France. Sponsor: G. Ouedraogo.

For more than two decades, scientists have been trying to replace in vivo rabbit 
eye irritation test with non-animal methods. So far, several in vitro new approach 
methodologies (NAM) have been implemented into regulations, however none of 
them is able to replace the test completely due to the complexity of the endpoint 
and the classification schemes applied by the regulation under the United Nations 
Globally Harmonized System of Classification and Labelling of Chemicals (UN GHS). 
Taking into account our expertise on tissue engineering on the SkinEthic™ HCE 
model (test system of OECD TG 492) and our kwowldege on associated protocols, 
the SkinEthic™ HCE Time-to-Toxicity test method was established and adopted 
by OECD as the first stand-alone NAM for discriminating the three UN GHS ocular 
hazard categories (OECD TG 492B). The test method evaluates the hazard potential 
of a chemical based on its ability to induce cytotoxicity. The method consists of 2 
protocols, one for liquids and one for solids. Based on the viability observed for the 
different exposure periods (from 5 to 120-min) a classification was assigned. The 
method, initially developed with 74 training chemicals, was challenged with 52 test 
chemicals selected on the basis of important in vivo drivers of classification (i.e., 
corneal, conjunctival and persistence effects). Then the relevance and reliability 
of both protocols have been assessed on 40 coded chemicals in a multi 3 labora-
tories trial. The within laboratory reproducibility from the 3 laboratories was 90% 
for liquids and 100% for solids while the between laboratory reproducibility was 
80% and 100%, respectively. When considering all 151 chemicals, the test method 
has a balanced accuracy of 74% with correct predictions of 79% for Cat 1, 69% 
for Cat 2 and 75% for No Cat, when compared to reference in vivo rabbit eye test 
data. In order to support the inclusion of High-Performance Liquid Chromatography 
(HPLC)-spectophotometry as a suitable measurement approach in this new 
OECD TG 492B, the applicability of this detection system for the measurement 
of formazan in the MTT-reduction assay was also demonstrated. An evalua-
tion of 10 “standard” chemicals and 10 direct MTT-reducers ± colour interfering 
chemicals was performed. Amongst those, 4 chemicals were incompatible with 
use of standard photometry whereas analysis by use of HPLC-spectrophotometry 
allowed determination of the cell viability leading to determination of their classifi-
cation. Overall, these results highlighted the relevance of both detection systems, 
independently of the protocols being performed. In conclusion, the SkinEthic™ HCE 
Time To Toxicity was recommended as a full replacement to the in vivo Draize 
acute eye irritation test for classification of substances and mixtures by indepen-
dent International experts and therefore a new OECD Test Guideline 492B has been 
adopted. The approval of this NAM opens the possibility for progress to get rid of 
animal testing to predict chemical ocular hazard identification.

 3137 Three-Phase Testing of Agrochemical Formulations: Developing 
a Defined Approach for Eye Irritation Potential

A. B. Daniel1, A. J. van der Zalm2, A. J. Clippinger2, N. C. Kleinstreuer3, and D. G. Allen1. 
1Inotiv, Research Triangle Park, NC; 2PETA International Science Consortium Ltd., 
Stuttgart, Germany; and 3NIEHS/NICEATM, Research Triangle Park, NC.

Regulators require that agrochemical manufacturers provide information about 
the harmful effects potentially caused by their products and active ingredients. 
The Draize rabbit test has historically been conducted to assess eye irritation 
potential of agrochemical formulations. A major reason for the continued reliance 
on the in vivo rabbit eye test is that the accuracy of data from new methods have 
typically been determined solely through direct comparison to results from the in 
vivo rabbit eye test, despite its demonstrated lack of reproducibility and relevance 
to humans. Ultimately, our objective is to develop defined approaches that leverage 
strengths of non-animal methods to predict the complete spectrum of eye irritancy 
potential. To achieve this, agrochemical formulations that met specific inclusion 
criteria were selected for testing in a three-phase study using a common set of 
non-animal test methods. Criteria included availability of historical rabbit data or 
ocular irritancy classification information, representation of common agrochemi-
cal formulation types, and a range of U.S. Environmental Protection Agency (EPA) 
and United Nations Globally Harmonised System of Classification and Labelling of 
Chemicals (GHS) hazard classifications. In Phase 1, six formulations classified as 
non-irritating (EPA Category IV; GHS Not Classified [NC]) or severely irritating (EPA 
Category I; GHS Category 1) were evaluated in seven in vitro or ex vivo eye irritation 
test method protocols as a proof-of-principle to determine which methods might 
be useful in the defined approach. Ten additional formulations representing the 
full range of classifications (EPA Categories I, II, III, and IV; GHS Categories 1, 2A, 
2B, and NC) were tested in Phase 2. Based on an assessment of the results and 
considering the relevance of each method to humans, four in vitro or ex vivo assays 
were selected to proceed with Phase 3 testing of an additional twelve formulations 
classified as moderately (EPA Category II; GHS Category 2A) or mildly irritating 
(EPA Category III, GHS Category 2B). Additionally, a subset of thirteen formulations 
were tested in a fifth method. A total of 29 formulations have now been tested in 
as many as five methods: Bovine Corneal Opacity and Permeability (with histopa-
thology; Organisation for Economic Co-operation and Development Test Guideline 
[OECD TG] 437), EpiOcular (OECD TG 492), SkinEthic Time-to-Toxicity (OECD TG 
492B), In Vitro Depth of Injury, and EyeIRR-IS. Data generated in this study were 
used to analyze alignment across these five non-animal methods and the rabbit 
test. Consensus predictions for each formulation were determined based on 
majority alignment among individual assay results. Consensus predictions were 
achieved for 26 and 27 of 29 formulations for EPA and GHS classification systems, 
respectively. Data were insufficient to determine consensus predictions for the 
remaining formulations. These data form the basis of ongoing work to develop a 
defined approach for assessing eye irritation potential of agrochemical formula-
tions. This project was funded in whole or in part with federal funds from the NIEHS, 
NIH under Contract No. HHSN273201500010C.

 3138 Phenylarsine Oxide–Induced Corneal Injury Involves Oxidative 
Stress–Mediated Unfolded Protein Response in Human Corneal 
Epithelial Cells and Rabbit Ex Vivo Cornea Culture Model

K. Kandhari, R. Kant, N. Mishra, C. Agarwal, and R. Agarwal. University of Colorado 
Anschutz Medical Campus, Aurora, CO.

Arsenicals are highly toxic inorganic and organic derivatives of arsenic developed 
during World War I and II that can cause severe injuries in many tissue systems 
such as the lungs, skin, liver, and eyes. Phenylarsine oxide (PAO), an analog of 
lewisite, is a highly toxic trivalent arsenical and a potential chemical warfare agent. 
PAO-induced toxicity has been studied in lung, liver, and skin tissues but not on 
ocular tissues, even though eyes are uniquely vulnerable to injury by vesicants. 
Notably, arsenical vesicants such as lewisite have been shown to cause edema 
of eyelids, inflammation, massive corneal necrosis, and blindness. Accordingly, 
we first studied PAO-induced toxicity in human corneal epithelial cells, and further 
validated the findings in the rabbit ex-vivo corneal culture model of PAO exposure. 
Human corneal epithelial cells were exposed to different concentrations of PAO 
(50-300 nM) for 6, 12, and 24 h. MTT and Trypan Blue assays revealed that PAO 
decreased the viability of human corneal cells in a concentration- and time-de-
pendent manner; concentrations of 100 and 200 nM and a time-point of 24 h were 
found to be optimal for the mechanistic studies. As arsenical-induced injuries in 
different tissues are often associated with oxidative stress, we found that PAO 
treatment induced strong oxidative stress in corneal epithelial cells, and a simulta-
neous treatment with 10 mM N-acetyl cysteine (NAC) reversed the PAO-induced 
toxicity in human corneal epithelial cells. Oxidative stress induction by PAO was 
accompanied by unfolded protein response (UPR) signaling activation. Further 
investigations using a rabbit ex-vivo cornea culture model revealed similar results 
as treatment of PAO (5 and 10 µg) for 3, 5, and 10 min caused moderate to 
extensive corneal epithelial layer degradation (~50%-90%, P<0.05) and reduced the 
epithelial layer thickness (~20-70%, P<0.05) in a dose- and time-dependent manner. 
Similar to human corneal cells, injuries by PAO in rabbit corneas were also associ-
ated with oxidative stress and UPR signaling activation as evidenced by enhanced 
expression of heme oxygenase (HO)-1 and activating transcription factor (ATF)-6 
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(P<0.05 for both). HOs facilitate heme degradation to yield carbon monoxide, free 
iron, ferritin, and biliverdin. Increased HO-1 levels indicate heightened oxidative 
stress, immune response, and inflammation. HO-1 activity has also been shown 
to facilitate corneal epithelium wound healing and thus, maybe a protective 
response to the PAO-induced injury in our model. ATF-6 is localized to the lumen 
of the endoplasmic reticulum (ER). Its roles in ER stress signal transduction as 
well as in facilitating correct folding, secretion, and membrane insertion of eukary-
otic protein are well known. Increased expression of ATF-6 indicates increased 
ER stress and dysregulation of protein folding in the PAO-exposed corneas. An 
elevated expression of cyclooxygenase (COX)-2 (P<0.05) was also observed and 
indicated oxidative stress-induced inflammation. NAC is an FDA-approved antiox-
idant with versatile functions. The reversal of PAO toxicity upon NAC treatment 
observed in our studies could be attributed to its antioxidant properties. Overall, 
these novel findings warrant future detailed mechanistic ocular toxicity studies to 
better understand the pathobiology of different arsenical vesicants including PAO. 
Supported by U01 EY030405.

 3139 Developing an Ex Vivo Human Cornea Culture Model of Nitrogen 
Mustard–Induced Injury and Exploring Dexamethasone as an 
Effective Therapeutic Intervention

N. Mishra1, R. Kant1, K. Kandhari1, D. Ammar2, N. Tewari-Singh3, M. B. Pantcheva4, 
J. M. Petrash4, C. Agarwal1, and R. Agarwal1. 1Skaggs School of Pharmacy and 
Pharmaceutical Sciences University of Colorado Anschutz Medical Campus, Aurora, CO; 
2Lions Eye Institute for Transplant and Research, Tampa, FL; 3Michigan State University, 
East Lansing, MI; and 4School of Medicine University of Colorado Anschutz Medical 
Campus, Aurora, CO.

Even a century since sulfur mustard (SM) was first used in warfare during World War 
I, threats of SM exposure are impending from stockpiles and improperly discarded 
munitions. Ocular, dermal, and inhalation are predominant SM exposure routes. 
Eyes are most susceptible to SM toxicity due to their high rate of cellular turnover 
and water content. Nitrogen mustard (NM) is a bifunctional alkylating agent and a 
potent analogue of SM that can be used in laboratory setting to study vesicant-in-
duced ocular toxicity. Previously, we have established SM- and NM-induced corneal 
injury models in rabbit corneas (in vivo and ex vivo rabbit corneal cultures). We 
have also shown that dexamethasone (DEX), a steroidal anti-inflammatory drug, 
alleviates vesicant-induced corneal injuries in these models. In the present study, 
we developed an ex vivo human corneal culture model of NM exposure and found 
new molecular mediators of DEX action. Human corneas were subjected to three 
NM exposure conditions: 100 nmol for 2 h, 100 nmol for 4 h, and 200 nmol for 2 h, 
with one eye exposed to NM and the other eye exposed only to the culture media 
(control). NM-induced injuries were assessed 24 h post exposure using biologi-
cal parameters (epithelial degradation using H&E staining). The 100 nmol for 2 h 
condition was found to be optimum for NM exposure. Both 100 nmol for 4 h and 200 
nmol for 2 h exposures caused detrimental damage to the human corneal epithe-
lium, leading to near complete denudation that was not ideal to study DEX efficacy. 
Thus, the 100 nmol NM for 2 h was used for all further studies. Histopathological 
analyses showed increased epithelial degradation (~47%) and epithelial-stromal 
separation (2-fold increase) 24 h post exposure compared to the controls (n=3-5). 
Of the 87 proteins assessed, 24 proteins had a ≥40% change in expression as 
compared to the controls, at 24 h post NM exposure. To assess treatment efficacy, 
DEX administration was initiated at 2 h post NM exposure and every 8 h thereafter 
until the study endpoint of 24 h post-exposure. Cultured corneas were exposed 
to 100 nmol of NM for 2 h (both eyes in a pair) and only one eye (left or right 
selected randomly) received the DEX 8 h treatment. Histopathological analyses 
showed decreased epithelial-stromal separation (50%) upon DEX treatment 24 
h post NM exposure. Of the 24 protein that showed ≥40% change in expression 
upon NM-exposure as compared to the controls, 6 proteins were found to have 
a significant DEX treatment effect (Student’s t-test, p<0.05) 24 h post exposure. 
These proteins were delta like canonical Notch ligand 1 (DLL1); endostatin, erb-b2 
receptor tyrosine kinase 4, fibroblast growth factor 2 (FGF basic), CD54 and 
chemokine ligand 7 (CCL7); notably, these proteins are known to play a signifi-
cant role in angiogenesis, leukocyte infiltration, inflammatory responses as well as 
cell differentiation and proliferation. Taken together, this study suggests that DEX 
targets critical pathways of wound healing, particularly reversing vesicant-induced 
neovascularization (DLL1 and FGF basic) and leukocyte infiltration (CD54 and 
CCL7), that have not been explored before and are important in understanding the 
underlying mechanism of action of DEX to CounterACT vesicants-induced injuries 
in human cornea. Supported by U01 EY030405.

 3140 Proteomics Analysis to Investigate Sulfur Mustard–Caused 
Limbus Tissue Insults and Dexamethasone Efficacy in the 
Rabbit Ocular Injury Model

R. Kant1, N. Mishra1, K. Kandhari1, L. Saba1, N. Tewari-Singh2, M. B. Pantcheva3, 
J. Petrash3, C. Agarwal1, and R. Agarwal1. 1Skaggs School of Pharmacy and 
Pharmaceutical Sciences University of Colorado Anschutz Medical Campus, Aurora, 
CO; 2Michigan State University, East Lansing, MI; and 3School of Medicine University of 
Colorado Anschutz Medical Campus, Aurora, CO.

Sulfur mustard (SM; bis[2-chloroethyl] sulfide) is a strong blistering, highly reactive, 
lipophilic chemical warfare agent known to cause toxicity to skin, respiratory 
system, and eyes. Cornea is one of the most important structures in the eye, and 
a small change in the structural integrity of the cornea can cause blurred vision. 
However, corneal exposure to toxicants like SM can cause mild to severe injury 
that may eventually lead to total blindness. Ophthalmic manifestations associated 
with SM exposure involve persistent epithelial defects, dry eye condition, mustard 
gas keratopathy, limbal tissue ischemia, limbal stem cell deficiency (LSCD), etc. 
Cornea’s unique ability to regenerate corneal epithelial layer depends upon the 
limbal epithelial stem cells (LESCs) residing in the limbal region that circumvent the 
cornea, and act as a boundary between cornea and conjunctiva. SM exposure crafts 
a void in the regenerating ability of corneal epithelial by creating LSCD; however, 
mechanism of action of SM induced injuries in the limbal region is still unknown. 
Also, whereas dexamethasone (Dex) is shown to be effective in SM-induced 
corneal injuries, its therapeutic effects in the limbal tissue have not been investi-
gated. Therefore, to better understand SM injury mechanisms in the limbus tissue 
and Dex efficacy against SM-induced injuries, proteomics analysis was performed 
on tissues obtained from the New Zealand White male rabbit eyes. Treatment 
groups: Group 1, non-treated control eyes; Group 2, SM exposed eyes; Group 3, 
SM exposed and Dex (0.1%) treated eyes. Dex was applied topical as an eye drop 
(commercially available) beginning at 2 h after SM exposure and given every 8 h 
up to 28 days (tissue harvesting time point) post SM exposure. Raw spectra were 
interpreted against Oryctolagus cuniculus protein sequences downloaded from 
UniPort. From the database of 45,894 (reviewed and unreviewed) proteins, 1868 
proteins were identified in the limbal tissue samples (FDR <0.01), one-way ANOVA 
followed by Tukey’s post hoc confirmed 83 proteins that were significantly different 
between the three groups (FDR 0.05, p<0.05). In the group wise comparison, 69 
proteins were significantly different in SM vs control, 80 proteins were significantly 
different in SM+Dex vs SM, and 15 proteins were significantly different in SM+Dex 
vs control group. Out of 33 proteins upregulated by SM exposure, 30 proteins 
were downregulated by Dex treatment, and out of 36 proteins downregulated after 
SM exposure, 35 were upregulated by Dex treatment. Top 3 predicted pathways 
generated by Ingenuity Pathway Analysis included, xenobiotic metabolism AHR 
and CAR signaling pathway, glutathione-mediated detoxification, and neutrophil 
extracellular trap signaling pathway. Associated molecules included aldehyde 
dehydrogenase 1A2 (ALDH1A2), glutathione s-transferase family proteins (GSTs), 
phosphotyrosyl phosphatase activator (PTPA), defensin proteins (DEFA), myelop-
eroxidase (MPO), and solute carrier family 2 member 1 (SLC2A1). Taken together, 
these results suggest that SM increases the oxidative stress and immunological 
responses in limbal tissue. We hypothesize that the efficacy of Dex treatments 
against SM-induced ocular injuries involves decreased oxidative stress via increas-
ing glutathione-dependent pathways as well as immune responses by decreasing 
DEFAs proteins. Supported by U01 EY030405.

 3141 Proteomic Analysis Shows Dexamethasone Targets Actin 
Polymerization Associated Pathways to Reverse Sulfur 
Mustard–Induced Toxicity in Rabbit Corneas

R. Kant1, N. Mishra1, K. Kandhari1, L. Saba1, C. Michel1, R. Reisdorph1, N. Tewari-Singh2, 
M. B. Pantcheva3, J. M. Petrash3, C. Agarwal1, and R. Agarwal1. 1Skaggs School of 
Pharmacy and Pharmaceutical Sciences University of Colorado Anschutz Medical 
Campus, Aurora, CO; 2Michigan State University, East Lansing, MI; and 3School of 
Medicine University of Colorado Anschutz Medical Campus, Aurora, CO.

Sulfur mustard (SM), a vesicating chemical warfare agent, primarily causes injuries 
to organs that are most exposed to the external environment including eyes, skin 
and respiratory system, where eyes are the most sensitive sensory organ suscepti-
ble to SM-induced corneal and conjunctival injuries. Upon exposure to SM, dry eye 
disease, persistent epithelial defects, blepharitis, cornea thinning, corneal opacity 
and ulceration, corneal vascularization, limbal tissue ischemia and limbal stem cell 
deficiency are the injuries that appear in the ocular tissues. Despite intense efforts 
from toxicologists, mechanism of action of SM-induced injuries has not been 
comprehended completely. Also, we have previously shown that dexamethasone 
(Dex, FDA approved commercially available drug) is a potent therapeutic interven-
tion against SM-induced corneal injuries; however, its mechanism of action is also 
not well known. Therefore, to investigate the obscured evidence regarding the 
mechanism of action of SM-induced corneal injuries and Dex efficacy against them, 
we used an LC-MS/MS based Accurate Mass and Retention Time (AMRT) Library 
strategy to perform protein quantitation on a 6550 Q-TOF with database searching 
in PEAKS Studio X+ and quantitation performed in Profinder v.10 software on the 
corneal tissues from rabbit eyes from three groups, namely: Group I, untreated 
control eyes; Group 2, SM exposed eyes; Group 3, SM exposed and Dex (0.1%) 
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treated eyes. Dex was administered starting 2 h post SM exposure and every 8 h 
thereafter until day 28 after SM exposure. Performing one way ANOVA post-hoc 
analysis, we found that 33, 29, and 13 proteins were statistically significantly differ-
entially expressed in the SM vs control, SM vs SM+Dex, and control vs SM+Dex 
groups, respectively (FDR<0.05, p <0.05). Ingenuity pathway analysis of the signifi-
cant proteins predicted the activation of actin cytoskeleton signaling, RHOA signal-
ing, Fcɣ receptor-mediated phagocytosis in macrophage and monocytes, regulation 
of actin-based motility by Rho proteins, and Rho family GTPase mediated signal-
ing and actin nucleation by ARP-WASP complexes, as major pathways associated 
with SM exposed corneal tissue. Major proteins associated with these pathways 
in proteomic data included cell division cell 42 (CDC42), actin related protein 2 
(ACTR2), actin-related protein complexes (ARP complexes), profilin 1 (PFN1), and 
ezrin (EZR). Importantly, actin cytoskeleton signaling, RHOA signaling, actin-based 
motility by Rho signaling, Rho family GTPase signaling, and actin nucleation by 
ARP-WASP signaling, dynamically regulate cytoskeletal synthesis and re-modelling 
of the tissue. These functions are critical for many physiological processes and 
are integral for wound healing. Thus, activation of these pathways could be an 
effort of cell/tissue to initiate repair mechanisms after SM insult to corneal tissues. 
Dex, apart from its anti-inflammatory effects, also helps in stabilizing the F-actin 
cytoskeleton, to aid epithelial wound healing. Taken together, these results suggest 
that Dex treatment helps in improving the tissue integrity along with reducing the 
inflammation in the tissue thus adding in rapid epithelial tissue wound repair follow-
ing SM-induced injuries. Supported by U01 EY030405.

 3142 Exposure Assessment of Acrolein-Induced Corneal Injury 
through Noninvasive Monitoring of Biomarkers

J. Lin, J. Luisi, N. Karediya, K. H. Merkley, B. T. Ameredes, P. Gupta, and M. Motamedi. 
University of Texas Medical Branch at Galveston, Galveston, TX.

Acrolein is the simplest unsaturated aldehyde, commonly used as a broad-spec-
trum biocide for controlling plant and mollusk growth in water systems. In addition, 
industrial applications, such as the manufacturing of metals, resins, and plastics, as 
well as pharmaceuticals and perfumes, rely on acrolein as an intermediate. Given 
its availability and prior use as a chemical weapon in World War I, acrolein has been 
recognized as a chemical of concern. However, despite the eyes being uniquely 
vulnerable to injury by exposure to chemical toxicants, there has been limited study 
on ocular injury resulting from acute acrolein exposure. While slit lamp biomicros-
copy is the standard clinical evaluation technique for ocular chemical exposures, 
our prior work indicated that high-resolution anterior segment optical coherence 
tomography (AS-OCT) was able to effectively assess chemical eye injury over time, 
providing information about structures beyond the ocular surface and allowing 
for identification and measurement of key biomarkers predicting injury progres-
sion. This study applied the same techniques, aiming to characterize the ocular 
injury and wound healing response caused by acute acrolein exposure. Following 
an IACUC-approved protocol, an acute injury model of acrolein exposure was 
performed in a mouse model through topical application of 0.5 mg/mL (n=15) and 
2.5 mg/mL (n=10) acrolein for 30 s. Anterior segment optical coherence tomogra-
phy (AS-OCT) was performed prior to the injury and up to 28 days following the 
induction of injury. In addition, fluorescein angiography (FA) was performed on 
day 28. A custom segmentation algorithm automatically measured the corneal 
thickness from AS-OCT images to track corneal edema. Acrolein exposure at 
0.5 mg/mL presented solely with minor corneal edema that resolved within 
2-3 weeks, without any lasting ocular effects seen over the observation period. 
However, exposure at the higher concentration of 2.5 mg/mL resulted in a similar 
level of corneal swelling that would not recover over 4 weeks. Corneal thickness 
measurements corroborated this observation, indicating that swelling peaked at 
day 3 with an average 20% increase in corneal thickness, which persisted into day 
7 before beginning to reduce slowly over the next two weeks. In addition, 80% of 
the mice were affected by limbal neovascularization, beginning as early as day 
14. In subsequent weeks, angiogenesis spread centrally into the cornea from the 
limbus. While there was no significant difference in corneal opacity over time, a 
trend indicating a mild 20% increase in corneal opacity was also seen. This trend 
paralleled that of corneal swelling, with a similar peak in corneal opacity at day 3 
that would gradually reduce over time. Furthermore, preliminary histology indicates 
the possibility of corneal stromal fibroblast loss and the presence of collateral 
damage beyond the anterior segment of the eye. In this study, we described the 
progression of chemical injury and wound healing following ocular exposure to 
acrolein. We demonstrated that topical exposure of the eye to acrolein leads to 
a concentration-dependent response including mild corneal edema accompanied 
by limbal and corneal neovascularization. This contrasts with observations from 
other chemical eye injury models such as mustard gas or sodium hydroxide where 
severe corneal edema, in addition to other pathologies like corneal opacification 
and Descemet’s membrane detachment, frequently preceding the development of 
neovascularization has been observed. With only mild signs of ocular injury several 
weeks before the start of neovascularization, we believe that this wound healing 
response may be the result of the formation and accumulation of DNA adducts, a 
primary mechanism of acrolein’s effects observed in other types of tissues.

 3143 EpiOcular Time-to-Toxicity Test Method for Eye 
Hazard Subcategorization

S. Letasiova1, L. Hudecova1, J. Markus1, Y. Kaluzhny2, E. Adriaens3, and M. Klausner2. 
1MatTek In Vitro Life Science Laboratories, Bratislava, Slovakia; 2MatTek, Ashland, MA; 
and 3Adriaens Consulting BVBA, Aalter, Belgium.

For the long time, assessment of a serious eye damage/eye irritation relied on the 
use of laboratory animals - in vivo Draize eye irritation test, OECD TG 405. In 2015, 
a new test guideline (OECD TG 492) was accepted which enables the use of an in 
vitro procedure based on reconstructed human cornea-like epithelium (RhCE) to 
distinguish between chemicals (substances and mixtures) not requiring classifi-
cation and those that must be labeled for eye irritation or serious eye damage. 
However, this method could not distinguish between chemicals causing serious eye 
damage and less-severe eye irritation. Recently, OECD TG 492B has been accepted 
which describes in vitro procedure allowing the identification of chemicals that: 
a) do not require labeling for serious eye damage or eye irritancy (No Category or 
No Cat), b) can cause serious eye damage (Category 1 or Cat 1), and c) are eye 
irritants (Category 2 or Cat 2) according to the UN GHS ocular hazard categories. 
The EpiOcular™ time-to-toxicity test method was developed for eye hazard identi-
fication of liquid and solid chemicals according to the three UN GHS categories. 
The method is based on the results of several specialized projects. The CON4EI 
project resulted in the prediction models for liquids and solids based on a set of 80 
chemicals (38 liquids and 42 solids). Additional chemicals were tested within the 
ALT4EI project, and another set of chemicals was added in 2022. This resulted in a 
robust final set of 144 reference chemicals - 78 liquids and 66 solids, to confirm the 
proposed testing strategy. The performance criteria established by the OECD expert 
group on eye/skin irritation/corrosion and phototoxicity for all 144 chemicals were 
met. Using proposed testing strategy for liquids, we were able to correctly identify 
78.7% of Cat 1 (N=27), 63.5% of Cat 2 (N=26) and 82.0% of No Cat (N=25). Using 
proposed testing strategy for solids, we correctly predicted 75.0% of Cat 1 (N=28), 
59.4% of Cat 2 (N=16) and 80.3% of No Cat (N=22). Overall, 76.8% of Cat 1 (N=55), 
61.9% of Cat 2 (N=42), and 81.2% of No Cat (N=47) were correctly predicted. The 
EpiOcular™ time-to-toxicity test method is a novel approach for subcategorizing 
both liquid and solid compounds. The developed prediction models have proven to 
be capable of successful distinguishing of chemicals (substances and mixtures) 
into 3 UN GHS ocular hazard categories: No Cat, Cat 2, and Cat 1.

 3144 Topical Porphyrin Antioxidant Alleviates Allergic Conjunctivitis 
in Environmental Toxin Exposure to Particulate Matter

S. Iqbal1,2, A. K. Ghosh1,2, M. Bacellar-Galdino1,2, N. E. Pappenhagen2, and S. Kaja1,2. 
1Loyola University Chicago, Maywood, IL, and 2Experimentica Ltd., Forest Park, IL.  
Sponsor: S. Yi.

Exposure to environmental toxin particulate matter (PM) is associated with the 
development of acute and chronic ocular surface disease, including allergic 
conjunctivitis. The purpose of this study was to investigate cytotoxicity and ocular 
surface pathology in response to PM exposure. We developed a novel preclinical 
PM-induced allergic conjunctivitis model in rabbits and evaluated the pharmaco-
logic efficacy of an experimental topical porphyrin antioxidant, manganese (III) 
tetrakis(1-methyl-4-pyridyl) porphyrin (Mn-TM-2-PyP) and lifitegrast (Xiidra®). 
Standardized Reference Material (SRM 2786) consisting of fine atmospheric partic-
ulate of < 4 µm diameter was obtained from NIST. Rabbit corneal epithelial cells 
(SIRC) were exposed to 1-300 µg/ml PM, cell viability and scratch assays were 
performed. New Zealand White rabbits received three times daily instillations (5 
mg/ml, 35 µl) of PM for 10 days, 10 days washout and re-induction (10 days). 
Treatment was administered after with either Mn-TM-2-PyP or ophthalmic lifite-
grast solution (5%, Xiidra®). Corneal pathology was evaluated using SPOTS system 
and by corneal fluorescein staining (CFS) graded using the Oxford scoring system 
and modified National Eye Institute (NEI) grading system. Data were analyzed by 
Two-Way ANOVA with Holm-Šídák’s multiple comparisons test. Upon exposure to 
PM, SIRC cells showed a dose-dependent loss of cell viability in the MTT (IC50 of 
13.6 µg/ml PM) and LDH release assay (EC50 of 149.1 µg/ml PM). Pre-treatment 
with Mn-TM-2-PyP (0.005% and 0.05%) demonstrated cytoprotective effects 
against PM insult. PM exposure for 24 h resulted in significantly impaired SIRC cell 
motility (79.8 ± 2.6% of baseline), which improved with Mn-TM-2-PyP treatment 
(42.0 ± 1.9%). PM exposure (10 days) in vivo caused hyperemia and increased 
median CFS (+ 3 in Oxford, +9 in NEI). The phenotype was stable for 10 days (Oxford 
CFS: median 3; NEI CFS: median 8.5). Re-induction (10 days) after washout showed 
an increased median CFS (+3 Oxford, +9 in NEI). CFS was significantly reduced 
upon treatment with Mn-TM-2-PyP (n=4 eyes, P < 0.001) and lifitegrast (n=4 eyes, 
P < 0.05). In conclusion, PM causes dose-dependent cytotoxicity and impaired 
cell motility in corneal epithelial cells in vitro. Exposure to PM in rabbits causes 
significant ocular toxicity manifesting in the development of sub-chronic ocular 
surface disease. Our data reveal the critical impact of environmental exposure to 
PM on the development of ocular surface disease and reveal a pathophysiolog-
ical role of oxidative stress. These studies provide a cytotoxic assessment, and 
preclinical model, and support the pharmacologic development of antioxidants for 
PM-induced allergic conjunctivitis.
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 3145 Progression of Chloropicrin-Induced Ocular Injury: Clinical and 
Biological Effects

O. E. Okoyeocha1, A. K. Roney1, D. G. Goswami1, S. Lundback1, J. Petrash2, D. Sledge3, 
A. M. Komaromy1, and N. Tewari-Singh1. 1Michigan State University, East Lansing, MI; 
2University of Colorado Anschutz Medical Campus, Aurora, CO; and 3Michigan State 
University Veterinary Diagnostic Laboratory, East Lansing, MI.

Chloropicrin (CP), a choking and lacrimating agent, has been used as a warfare 
chemical agent, mainly during World War I. It is currently a popular pesticide and 
fumigating agent; thereby facilitating its easy acquisition and potential use as a 
chemical threat agent in addition to its accidental and occupational exposures. 
Exposure to CP results in severe ocular injury, especially to the cornea; however, 
studies on ocular injury progression and underlying mechanisms in a relevant 
in vivo animal model are lacking. This has mainly deterred the development of 
effective therapies to treat the acute and long-term ocular CP effects. To study the 
clinical and biological effects of CP ocular exposure, we tested different CP concen-
trations in mice to develop a relevant murine ocular injury model. This model will 
aid in identifying the mechanism of CP-induced ocular injury and in efficacy studies 
to develop effective treatments. The left eye of male BALB/c mice was exposed to 
CP using a vapor cap [20% CP for 1 min or 30 sec (0.4 mg of CP) or 10% CP for 1 
min (0.2 mg of CP)], and the right eye served as a control. Mice were euthanized 
at day 25 post CP exposure, and the eyes were harvested to study the corneal 
injury further. CP-exposures caused a significant increase in corneal ulceration 
and eyelid edema, which resolved by day 14 post-exposure. However, CP exposure 
caused an unresolved significant increase in corneal opacity and neovasculariza-
tion. Development of hydrops (corneal bullae due to corneal edema) and hyphemia 
(blood accumulation in the anterior chamber) was observed as advanced CP 
effects. Histopathological analyses showed a significant CP-induced decrease in 
corneal epithelial thickness and increased stromal thickness with more pronounced 
injury, including stromal fibrosis, edema, neovascularization, anterior and posterior 
synechia and infiltration of immune cells. Loss of the corneal endothelial cells and 
Descemet membrane could be associated with the CP-induced corneal edema with 
fluid buildup causing hydrops that can contribute to cloudy vision, corneal scarring 
and eye pain. Damage to the uveal vessels from CP might be further responsible 
for corneal opacity and hyphemia. Although exposure to 20% CP for 1 min caused 
more eyelid edema, ulceration and hyphemia, other effects were similar in all CP 
exposures. These novel findings following CP ocular exposure in a mouse model 
will be helpful in ocular injury model development and pathophysiological studies to 
identify molecular targets for therapeutic interventions.

 3146 Establishment of an Ocular Irritation Safety Assessment 
Approach Using OECD 492 EpiOcular and OECD 437 Bovine 
Corneal Opacity and Permeability Methods

G. Henzell, L. Hinton, C. Stagg, K. Heywood, P. Rawlinson, E. Halkes-Wellstead, and 
M. Tate. Gentronix Limited, Cheshire, United Kingdom.

Regulatory safety assessment approaches such as EU REACH chemical registra-
tions require the assessment of chemicals and substances for the potential to 
cause eye corrosion or irritation. Historically such assessments were performed 
using in vivo models, such as the OECD 405 Draize Test conducted using rabbits. 
More recently in vitro and ex vivo approaches have gained regulatory acceptance 
and public support. One such approach is the use of the OECD 492 EpiOcular™ 
reconstructed human cornea-like epithelial model in combination with the OECD 
437 bovine corneal opacity and permeability (BCOP) test. These models are 
accepted under an Integrated Approach for Testing Assessment (IATA) for ocular 
irritation and severe eye damage potential. Gentronix undertook the establishment 
of both the OECD 492 EpiOcular™ and OECD 437 BCOP methods and generated 
data in accordance with the laboratory proficiency requirements of the respective 
OECD guidelines. EpiOcular™ tissues were sourced from MatTek and exposed to 
test items (n=2 per test item) for a period of 30 min for liquids and 6 hours for 
solid materials, following which tissue viability was measured using MTT reduction 
and compared to concurrent untreated controls. Each chemical was assessed in 
triplicate experiments and all experiments achieved the required assay acceptance 
criteria. For OECD 437 BCOP studies, bovine eyes were sourced from a local 
abattoir and quality verified by visual inspection prior to use. Corneas were excised 
and placed within cornea clamps (n=3 per test item), with test substances exposed 
for 10 min for liquids and 4 hours for solid materials. Changes in opacity were 
measured using a laser light based opacitometer (LLBO) (Peira 180) and permea-
bility was assessed using sodium fluorescein dye. Three independent experiments 
were performed. Measurements of opacity and permeability were then used to 
calculate LLBO irritancy score (LIS) and lux/7 to determine a categorisation as per 
the OECD 437 guideline. Of the 15 substances used to determine the laboratory 
proficiency for the EpiOcular™ OECD 492 assay, 14 produced the expected outcome 
for prediction as either a non-irritant (7 of 15) or not classifiable as a non-irritant 
(7 of 15) in all experiments. One material, methylthioglycolate, was identified as 
an MTT reducing agent. Corrections were subsequently made to account for this, 
and this substance then produced the expected non-classified result in the remain-
ing 2 experiments. For the BCOP test, 13 substances were used to assess labora-
tory proficiency: five category 1 eye irritants; three category 2 irritants for which 
BCOP is not suited to derive a prediction, and 5 non-irritants. All 5 of the category 1 

irritants where correctly predicted in the BCOP studies conducted at Gentronix. The 
5 non-irritants produced the expected results of no classification. All three category 
2 substances produced the expected outcome of non-standalone prediction. From 
these results, establishment as a proficient laboratory as per the OECD 492 and 
OECD 437 guidelines was achieved, enabling the use of the in vitro/ex vivo IATA for 
ocular irritation and severe eye damage safety assessments.

 3147 Intralaboratory Validation of a Robust Nonanimal Integrated 
Testing Strategy (ITS) Using the EIT and BCOP Assay to Classify 
GHS Ocular Categories

P. Vij, C. Kalimtzis, R. Koch, K. Costan, and G. DeGeorge. MB Research Laboratories, 
Spinnerstown, PA.

OECD non-animal test guidelines for identification of ocular hazards by in vitro 
test methods (OECD TG 492B) can, with low accuracy (69.2%) predict GHS Ocular 
Category 2 irritants. Based on these recognized limitations, we have evaluated an 
integrated testing strategy (ITS) combining the Eye Irritation Test; EIT (OECD TG 
492) and the Bovine Corneal Opacity and Permeability (BCOP) Test (OECD TG 437) 
to identify eye irritants vs corrosives. By using the combination of the EIT and BCOP 
test, we can accurately identify GHS Acute Eye Hazard Category 2 chemicals that 
cause reversible eye irritation. When a BCOP test rules out GHS Category 1 and 
the EIT rules out GHS No Category, analysis of these results indicates the only 
other possible designation - Category 2. Per GHS, Category 2 classification defaults 
to Category 2A, because differentiation between Category 2A and 2B cannot be 
made. After additional blinded testing, expanding our dataset to 51 chemicals, we 
correctly identified 92% of the Category 2A/B chemicals as Category 2. This novel 
EIT+BCOP based ITS resulted in an overall accuracy for predicting Category 1 from 
2, or No Category to 90%. Thus, far surpassing OECD TG 492B which has a maximal 
accuracy ranging from 55.3% to 85.4%.

 3148 An In Vivo Rabbit Model for the Simultaneous Assessment 
of Cardiovascular, Respiratory, and Skeletal Muscle Indices: 
Demonstrating Its Utility with Cisatracurium and Verapamil

S. Roof1, R. Hamlin1, and C. del Rio2. 1QTest Labs Ltd., Columbus, OH; and 2Moderna Inc., 
Boston, MA.

The simultaneous measurement of the cardiovascular and respiratory systems 
has gained recent popularity. However, due to its interdependent interaction, may 
models fail to clearly determine the contribution of each system when both cardio-
vascular and respiratory indices are altered. In this study we aimed to extrapo-
late the previously created rat model to rabbits and create an anesthetize model 
that allows for simultaneous cardiovascular and the respiratory measurements 
to determine specific in vivo liabilities for active toxic compounds. To validate the 
interdependency of the model, a known neuromuscular blocker (cistaracurioum) 
and negative inotrope/vasodilator (verapamil) were utilized. Eight anesthetized 
(isoflurane, ketamine, and fentanyl) and mechanically ventilated male New Zealand 
White rabbits were acutely instrumented to simultaneously assess systemic/left 
ventricular hemodynamics (via catheterization) as well as skeletal and diaphrag-
matic (respiratory) force (via strain gauge). In four rabbits, data were collected both 
before and during verapamil (three 0.2 mg/kg IV boluses) and cisatracurium (2 µg/
kg/min for 30 min IV or 0.01 to 0.05 mg/kg bolus). In the other four, the stability of 
the prep was tested up to 8 hours. Verapamil dose-dependently decreased systemic 
pressures, elevated filling pressures and decreased indices of both systolic (e.g., 
dP/dtmax) as well as diastolic cardiac function (slowed tau). Verapamil moderately 
depressed diaphragmatic force but had negligible effects in skeletal muscle 
function. On the other hand, cisatracurim elicited a reduction in diaphragmatic and 
skeletal muscle force by -77 ± 6% and -86 ± 5%, respectively without causing a 
change in the main cardiovascular parameters (systemic pressure, dP/dtmax, and 
Tau, etc.). Time-control experiments proved the preparation was relatively stable 
for up to 8 hours - with a slight reduction in dP/dtmax (from 3626 ± 317 to 3023 ± 
310 mmHg/s), slight increase in diaphragmatic force (from 48 ± 4 to 54 ± 7 g), a 
reduction in skeletal muscle force (from 8.2 ± 0.5 to 6.0 ± 1.4 g). Taken together, 
these results/observations demonstrate an in vivo anesthetized and mechanically 
ventilated rabbit model is capable of detecting neuromuscular (diaphragmatic and 
skeletal) and cardiovascular alterations in situ. The rabbit preparation was shown 
to be both stable and responsive to independent cardiovascular/neuromuscular 
changes triggered by either verapamil or cisatracurium. Hence, the utility of this 
model could be extended to screen toxic compounds and determine liabilities of 
both cardiovascular and respiratory systems in a species larger than a rodent.
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 3149 Toxic Metals–Induced Thrombosis in Traditional Bronze Casters 
and Environmental Cohorts in Bronze Locations in Benin City, 
South-South, Nigeria

J. O. Osakue, E. O. Osime, B. O. Eiya, E. L. Igharo, J. O. Osunbor, A. I. Aruomaren, and 
O. G. Igharo. University of Benin, Benin City, Nigeria.

Environmental and occupational hazards usually result in different health complica-
tions. Haemostatic balance is necessary for normal vascular flow which is important 
for healthy living. Toxic metals accumulations have been associated with reduced 
fibrinolysis through various interactions like oxidative stress. Whereas a balance 
between coagulation and fibrinolysis is necessary for healthy blood flow, reduced 
fibrinolysis results in thrombotic conditions like ischemia, atherosclerosis, obstruc-
tive sleep apnoea (OSA), etc. The objective of this study is to evaluate tendencies 
to thrombosis among Benin Bronze Casters (BBC), Environmental Cohorts (EC) in 
Benin bronze locations and Unexposed Participants (UP). Two hundred participants 
were recruited for the study from Benin City, South-South, Nigeria comprising of 
100 BBC, 40 age-and-sex matched EC and 60 UP. Blood levels of the toxic metals 
(Lead, chromium and cadmium and Mercury) were determined using Inductively 
Coupled Plasma Mass Spectrometry (ICPMS). Levels of Human Plasminogen 
activator inhibition-1(PAI-1) and α-2-antiplasmin (α2-AP) were also determined 
using enzyme linked immunosorbent assay (ELISA), Elabscience: E-EL-H2104 
(PAI-1) and E-EL-HO968 (α2-AP) technique. Data were analysed using ANOVA 
at α0.05. Results obtained from the study showed a significantly higher level of 
toxic metals in the bronze casters and environmental cohorts compared with the 
controls. The blood lead levels in the BBC (39.98a±1.63µg/l), EC (26.15b±0.75µg/l) 
were significantly higher than UP (8.09c±1.46µg/l), the blood mercury levels 
in the BBC (0.06a±0.02µg/l), EC (0.04b±0.00µg/l) were significantly higher than 
UP (0.01c±0.00µg/l), the blood cadmium level in the BBC (0.99a±0.29µg/l), EC 
(0.65±0.02µg/l) were significantly higher than the controls (0.19c±0.01µg/l) and the 
blood chromium levels in the BBC (27.22µg/l), EC (17.80b±0.51µg/l) were signifi-
cantly higher than UP (5.51c±0.10µg/l). Also, the levels of PAI-1 in BCC (1.04 ± 
0.14ng/ml) and EC (1.06 ± 0.14ng/ml), were significantly higher than Unexposed 
participants (0.44 ± 0.07ng/ml), the levels of α-2-antiplasmin in BBC (10327a.06 
± 659.29IU/ml) and EC (10391.23a ± 689.46IU/ml) were significantly higher than 
Unexposed participants (5587.85b ± 549.66IU/ml). The levels of PAI and α2AP 
actively correlated with the levels of toxic metals. This study revealed that BBC 
and their environmental cohorts are exposed to bronze borne toxicants which put 
them at risk of increased levels of PAI-1 and α2AP leading to suspected thrombotic 
related complications. Also worthy of note is that the environment cohort indices 
put them more at greater risk than the bronze casters themselves.

 3150 Inhalation of Emissions Generated by 3D Print with 
Polycarbonate Plastic: Cardiovascular Effects

K. Krajnak1, M. Farcas1, W. McKinney1, S. Waugh1, W. Mandler1, J. Matheson2, 
T. Thomas2, and Y. Qian1. 1NIOSH, Morgantown, WV; and 2Consumer Product Safety 
Commission, Rockville, MD.

The use of 3D printing in manufacturing settings has significantly increased over 
the last 10 years. With the advent of smaller, more affordable printers, many univer-
sities, schools and homes have acquired 3-D printers. Although a number of differ-
ent materials can be used for 3D printing, common materials used for printing 
are various plastic composites. Printing with plastics can generate fumes during 
the heating of the plastic, printing and finishing processes. A number of studies 
have found that when printers are not properly ventilated, people operating, or in 
close proximity of the printer can be exposed to printing emissions. The current 
study examined the effects of the inhalation of fumes generated while printing with 
polycarbonate (PC) feed on the cardiovascular system. Male rats were exposed to 
PC fumes (approximately 500 µg/day) or filtered air for 1, 4, 8, 15 or 30 days (6h/d, 
4d/wk.), and heart and peripheral vascular tissues were collected the day after 
the exposures. To determine the effects of 3D printer fumes on vascular function, 
dose-dependent vasoconstriction of the ventral tail artery by the α1-adrenorecep-
tor agonist, phenylephrine and vasodilation in response to acetylcholine (ACh) 
was measured and analyzed using a repeated measures analysis of variance 
(RM-ANOVA) and t-tests. Exposure to PC emissions resulted in arteries being more 
sensitive to phenylephrine-induced vasoconstriction after 8d of exposure, but not 
after any other time point. Sections of heart tissue were collected from formalin 
fixed and paraffin embedded tissue. Stereological analyses of H&E-stained tissue 
revealed that although there were no changes in cardiac tissue morphology (e.g. 
diameter of cardiac muscle, number of arteries, edema), but there was an acute 
constriction (decrease in the diameter) of coronary arteries after 1 d of exposure to 
PC emissions. However, after 15 and 30 d of exposure to PC emissions coronary 
arteries were dilated. Immunostaining of adjacent tissue sections demonstrated 
that endothelial nitric oxide synthase (eNOS) immunostaining increased after 1 d of 
exposure to PC fumes but staining in exposed animals decreased after 15 and 30 d 
of exposure. There was also an increase in nitrotyrosine (oxidative stress marker) 
immunostaining in coronary arteries of PC exposed animals after 1 and 30 d of PC 
exposure. The increase in oxidative stress and vasodilation of the coronary arteries 
could be an indication of an increase in cardiac load in PC-exposed animals.

 3151 Nonclinical QT Prolongation Assessment of Pretomanid Alone 
and in Combinations with Bedaquiline or Moxifloxacin

X. Yang1, R. Bruning-Barry1, J. L. Ambroso1, J. Dillberger2, and T. J. Yang3. 1RTI 
International, Research Triangle Park, NC; 2J. Dillberger LLC, Nashville, IN; and 3Global 
Alliance for TB Drug Development, New York, NY.

Pretomanid is a nitroimidazooxazine antimycobacterial drug approved in the United 
States and nearly 50 other countries to treat drug resistant tuberculosis as part of 
the bedaquiline-pretomanid-linezolid (BPaL) regimen. Nonclinical studies assessed 
the drug for clinically relevant QT prolongation or pro-arrhythmic potential either 
alone or in combinations with other drugs. Pretomanid alone was tested in vitro for 
inhibition of human Ether-a-go-go Related Gene (hERG) potassium channels and in 
three single-dose safety pharmacology studies in dogs or monkeys. In protein-free 
medium, pretomanid inhibited hERG channels with an IC50 of 6.1 to 7.2 μg/mL. 
In one study in monkeys, pretomanid did not affect heart rhythm but did prolong 
heart rate-corrected QT (QTc) interval clearly at ≥150 mg/kg but inconsistently at 
50 mg/kg, which produced peak plasma concentrations of unbound pretomanid 
(free Cmax values) of 3.2 and 1.6 µg/mL, respectively. In monkeys given pretomanid 
in combination with bedaquiline or moxifloxacin, drugs known to prolong the QTc 
interval, there was no effect on heart rhythm and no clear evidence of an interactive 
effect on QTc interval duration. A thorough QT study in humans showed no effect 
on heart rhythm and no clinically meaningful increase in QTc interval duration after 
single oral doses of 400 mg and 1,000 mg of pretomanid, which produced free Cmax 
values of 0.17 and 0.32 µg/mL, respectively. The slight QT prolongation observed in 
monkeys has not been observed as clinically meaningful QTc prolongation during 
clinical trials. These results suggest that pretomanid used alone or in combination 
with another QTc-prolonging drug is unlikely to increase arrhythmia risk or cause 
clinically meaningful effects on the rate of ventricular repolarization.

 3152 Development of a New Cancer Chemotherapy That Uses 
Combretastatin A4, a Microtubule Polymerization Inhibitor, in 
Combination with a BRD4 Inhibitor

R. Tochinai1,2,3, H. Orihara1, M. Ma1, Y. Nagashima1, S. Sekizawa1, D. Kato1, M. Shinada1, 
S. Aoki1, N. Fujita1, T. Nakagawa1, Y. Tsuru4, Y. Tatewaki2, T. Mutoh3,2, Y. Taki2, 
R. Nishimura1, and M. Kuwahara1. 1University of Tokyo, Tokyo, Japan; 2Tohoku University, 
Sendai-shi, Japan; 3Akita Prefectural Hospital Organization, Akita-shi, Japan; and 
4Primetech Corp., Tokyo, Japan. Sponsor: R. Tochinai, Japanese Society of Toxicology.

Microtubule polymerization inhibitors (MIs) have mitotic inhibitory effects. MIs that 
bind to microtubules via vinca alkaloid-binding sites have been used as anticancer 
agents for a long time, whereas MIs that bind to microtubules via colchicine-binding 
sites often induce cardiovascular toxicity. Clinical trials of combretastatin A4 (CA4), 
an MI that binds to microtubules via colchicine-binding sites, have been conducted 
in human and veterinary medicine. However, CA4 has not been marketed because 
the margin between the effective dose and the cardiotoxic dose is insufficient. 
Meanwhile, bromodomain-containing protein 4 (BRD4) binds to the lysine residues 
of acetylated histones and controls chromatin structure, thereby regulating the 
expression of inflammatory signals. BRD4 inhibitors have been reported to improve 
the prognosis of heart failure. BRD4 has been reported to be required for recovery 
from anti-microtubule drug-induced mitotic arrest. Based on these reports, we 
hypothesized that the combined use of CA4 and BRD4 inhibitors can attenuate 
CA4-induced myocardial damage and enhance CA4’s antitumor effect. Therefore, 
in this study, the cardiotoxicity and antitumor effect of CA4 when used in combina-
tion with a BRD4 inhibitor (JQ1) were evaluated. First, we made CA4DP-induced 
cardiac injury model rats and evaluated cardiotoxicity when JQ1 was used in 
combination. Vehicle, CA4 disodium phosphate (CA4DP; a prodrug of CA4), JQ1 
or CA4DP+JQ1 was administered to rats. JQ1 25 mg/kg was intraperitoneally 
administered once a day from Day 1, and CA4DP 100 mg/kg was administered 
on Day 3. Echocardiography on Day 6 showed that the heart rate, Cardiac Index 
(cardiac output/body surface area), and Stroke Index (stroke volume/body surface 
area) decreased in the CA4DP and CA4DP+JQ1 groups. The decrease tended to 
be greater in the CA4DP group. Histopathological examination of heart samples 
showed that degeneration/necrosis of cardiomyocytes and infiltration of inflamma-
tory cells were more severe in the CA4DP group than in the CA4DP JQ1 group. Next, 
we evaluated the antitumor effect when CA4 and JQ1 were used in combination. 
CA4 and/or JQ1 was applied to a cultured canine mammary tumor cell line (CHMp 
13a) for 72 hours and cell viability was evaluated. Both CA4 and JQ1 resulted in a 
concentration-dependent decrease in cell viability when added alone and cell viabil-
ity was further reduced by the combined use. We then transplanted CHMp 13a into 
nude mice to create a xenograft model, and vehicle, CA4DP, JQ1 or CA4DP+JQ1 
was administered to evaluate the antitumor effect. JQ1 was administered intraper-
itoneally once a day from Day 1, and CA4DP was administered on Days 3 and 
8 intraperitoneally. On Day 10, tumors were extracted and weighed. As a result, 
compared with the vehicle group, tumor weight tended to be lighter in the CA4DP 
and JQ1 groups, while being significantly lighter in the CA4DP+JQ1 group. Our 
results suggest that the concomitant use of CA4DP and JQ1 can attenuate CA4DP 
cardiotoxicity while enhancing its antitumor effect. While in vivo studies are still 
required to verify the dose relationship of CA4DP and JQ1 on the cardiotoxicity 
and antitumor effect, we were able to secure a margin between the cardiotoxic 
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dose and the effective dose by the combined use of CA4DP and this BRD4 inhibi-
tor, indicating the possibility of developing a cancer chemotherapy with reduced 
cardiotoxicity risks.

 3153 Development and Validation of an Analytical Method 
for Quantitation of Raloxifene and Its Metabolites in Rat 
Plasma and Heart by Liquid Chromatography-Tandem Mass 
Spectrometry (LC-MS/MS)

J. A. Gilliam1, J. Apoian1, M. A. Silinski1, R. A. Fernando1, and S. Waidyanatha2. 1RTI 
International, Research Triangle Park, NC; and 2NIEHS, Research Triangle Park, NC.

Raloxifene is commonly used to prevent and treat osteoporosis in postmenopausal 
women. It undergoes extensive first pass metabolism to form raloxifene-4-glucu-
ronide (R4G) and raloxifene-6-glucuronide (R6G), but the kinetics and distribution 
are not well understood. The Division of Translational Toxicology is conducting 
short-term toxicity studies to evaluate cardiotoxicity following oral exposure of 
Hsd:Sprague Dawley®SD® (HSD) rats to raloxifene. Generating systemic exposure 
data are integral to putting toxicological findings into context. However, there are 
limited methods in the literature to simultaneously quantitate raloxifene and its 
metabolites in rodent matrices without extensive sample clean-up procedures. The 
objective of this work was to develop and validate a simple LC-MS/MS method 
to quantitate raloxifene and its metabolites in rat plasma and tissues. Matrix 
calibration standards were prepared by fortifying 50 μL of rat plasma with 10 μL 
of a solution containing raloxifene, R4G, and R6G in methanol and 10 μL of internal 
standard solution (raloxifene-d10). Samples were extracted by protein precipita-
tion with acetonitrile, diluted with water, and analyzed by LC-MS/MS in positive ion 
mode. The method was successfully validated in male Sprague Dawley rat plasma 
over the concentration range 0.5/5/1 to 100/1000/200 ng/mL for raloxifene/R4G/
R6G. Calibration curves were linear (r ≥ 0.99), and accuracy, determined as percent 
relative error (%RE), was ≤ ±14.9% for standards at all levels. The limits of detection 
were 0.153, 1.35, and 0.201 ng/mL for raloxifene, R4G, and R6G, respectively. Intra- 
and inter-day precision, determined as % relative standard deviation (RSD), was 
≤ 11.1% and %RE was ≤ ±8.0% for quality control standards prepared at 1/10/2, 
5/50/10, and 50/500/100 ng/mL. The method was evaluated for HSD rat plasma 
and heart homogenate (ratio of 1:2 heart:water). For raloxifene, %RE values were 
≤ ±10.0% and %RSD ≤ 9.0% for both plasma and heart homogenate; due to matrix 
suppression of the internal standard response but not for the metabolites, the 
metabolites quantitated high in the HSD matrices, especially in the heart (%RE ≤ 
44%; %RSD ≤ 6.0%). Analyte stability in extracted plasma was demonstrated for 5 d 
at ambient and refrigerated temperatures as well as in plasma stored at -80°C for 
up to 42 d (94.3 - 112% of day 0 concentrations) for all three analytes. These data 
demonstrate that the method is suitable for the quantitation of raloxifene and its 
metabolites in rat plasma, but a more suitable internal standard should be used for 
the metabolites to compensate for matrix suppression in the heart. The method 
validated here can be adapted to other species and matrices.

 3154 High-Content Screening and High-Throughput RNA Sequencing 
Using hiPSC-CMs for the Assessment of Functional and 
Structural Cardiotoxicity

P. Walker1, A. Rosell-Hidalgo1, C. Bruhn2, E. Shardlow1, R. Barton1, S. Ryder1, 
T. Samatov2, A. Hackmann2, M. Fernandes dos Reis2, V. Galatenko2, C. Strock3, and 
R. Fritsch2. 1Cyprotex Discovery Limited, Macclesfield, United Kingdom; 2Evotec, 
Göttingen, Germany; and 3Cyprotex US LLC, Watertown, MA.

Cardiotoxicity remains one of the most commonly reported adverse drug reactions 
that leads to drug attrition during pre-clinical and clinical drug development. 
Drug-induced cardiotoxicity can affect all components of the cardiovascular 
system and may develop as a functional change in cardiac electrophysiology (acute 
alteration of the mechanical function of the myocardium) and/or as a structural 
change, resulting in damage to the cardiac tissue1. Development of non-clinical 
models with better predictive value and cutting-edge in vitro strategies are needed 
to significantly improve cardiac safety, pharmacology and clinical output. To this 
end, the effects of 42 reference compounds in human-induced pluripotent stem 
cell-derived cardiomyocytes (hiPSC-CMs) were investigated in a combined risk 
assessment strategy. hiPSC-CMs were cultured in 384-well plates for 10 days 
and treated with compounds in triplicate at an eight-point dose response range 
for acute or 24 h. Compounds were selected across several therapeutic indica-
tions and included 12 structural and 14 functional cardiotoxicants, 7 structural/
functional cardiotoxicants and 9 non-cardiotoxicants. In this study, functional 
cardiotoxicity was assessed through kinetic monitoring of calcium transients 
(CaT), while structural morphology changes and gross cytotoxicity were monitored 
using high-content imaging (HCI) and cellular ATP measurements. Additionally, 
whole genome high-throughput RNA-sequencing (ScreenSeqTM) was performed in 
matched-sister plates. Data was analysed to determine differentially expressed 
genes (DEGs) and associated perturbed pathways. A combined HCS, CaT and 
RNA-sequencing approach provided the strongest cardiotoxicity prediction metrics 
(10x Cmax: 100% specificity, 82% sensitivity, 86% accuracy; 25x Cmax: 89% specific-
ity, 91% sensitivity, 90% accuracy). RNA-sequencing revealed that cardiotoxicants 
had a stronger effect on differential gene expression than non-cardiotoxicants at 

comparable concentrations in relation to Cmax values. UMAP analysis of transcrip-
tional compound responses clustered cardiotoxicants by mechanism of action. 
Projection of HCS and CaT readouts on ScreenSeqTM UMAP clusters showed 
direct relations between compound-induced phenotypes and transcriptome state. 
Finally, the DEGs in compound-treated cells were analysed for pathway enrichment, 
and MECs for significant pathway enrichment normalized by compound-specific 
Cmax values. This analysis grouped the enriched pathways into 10 main functional 
clusters such as cardiomyocyte functionality, glycolysis and gluconeogenesis and 
mitochondrial function, amongst others. In summary, this combined multi-endpoint 
approach was capable of detecting and predicting a range diverse cardiotoxicity 
mechanisms and allows the early de-risking of New Chemical Entities (NCEs) in 
drug discovery. 1. Laverty, H. et al. (2011). How can we improve our understanding 
of cardiovascular safety liabilities to develop safer medicines? BJP, 163(4), 675-693.

 3155 Sex and Heart Health: Differential Effects of Juvenile 
2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) Exposure on 
Cardiovascular Function in Female Zebrafish

M. Kossack, L. Tian, K. Bowie, and J. S. Plavicki. Brown University, Providence, RI.

Exposure to environmental contamination is a significant factor in the global rise 
of infertility rates and is an important modifier of cardiac development and health. 
Approximately 20-30% of congenital heart disease is thought to be caused by 
exposure to environmental pollutants. Many contaminants affect multiple organs 
in the body, including 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), a potent dioxin 
congener and aryl hydrocarbon receptor (AHR) agonist, which is classified as a 
reproductive toxicant and causes lethal cardiac phenotypes in embryonic zebrafish. 
However, the mechanism by which developmental exposure to dioxins may contrib-
ute to adult cardiac dysfunction is unknown. Furthermore, it is not known whether 
TCDD-induced damage to the ovary, exacerbates TCDD-induced cardiac injuries. 
To address these important questions, we are using the zebrafish model. Zebrafish 
are a powerful model for studying cardiovascular and ovarian health as many of 
the critical genes that orchestrate heart and ovary development are evolution-
arily conserved between humans and fish. Here, we show that juvenile exposure 
to sub-lethal levels of TCDD (50 parts-per-trillion) at 20- and 50- days post-fertil-
ization results in long-term cardiac dysfunction. We monitored the cardiac health 
of exposed and control fish using electrocardiograms and echocardiograms and 
found that electrical conduction in the heart was significantly altered by TCDD 
exposure, with females being more significantly impacted than males. While 
echocardiograms showed that TCDD-exposed individuals are able to function-
ally compensate over time and maintain normal blood flow, preliminary histolog-
ical analysis suggests that juvenile TCDD exposure induces epicardial pathology 
in females. The epicardium, the outermost layer of the heart, has critical roles in 
cardiac development, disease progression, and repair. Previous work demonstrates 
that the progenitor cells which give rise to the epicardium, as well as the epicar-
dium itself, are cellular targets of TCDD. Our observations indicate that the epicar-
dium continues to be sensitive to TCDD exposure and also suggest a critical and 
uninvestigated interaction between sex and cardiovascular health in the response 
to environmental containment exposure.

 3156 Cardiac Safety of Kinase Inhibitors: Improving Understanding 
and Prediction of Liabilities in Drug Discovery Using Human 
Stem Cell–Derived Models

L. Polonchuk. F. Hoffmann-La Roche Ltd, Basel, Switzerland.

Many small molecule kinase inhibitors (SMKIs) used to fight cancer have been 
associated with cardiotoxicity in the clinic. Therefore, preventing failure in 
clinical development is a priority for preclinical discovery. Our study focused on 
the integration and concurrent measurement of ATP, apoptosis dynamics and 
functional cardiac indexes in human stem cell-derived cardiomyocytes (hSC-CMs) 
to get insights into molecular determinants of compromised cardiac function. 
Commercially available hSC-CMs hold great promises for their utilization as a tool 
in drug development bridging single receptor-based in vitro results and the clinical 
data. Cellular-based assays with hSC-CMs proved predictive for main functional 
cardiotoxicity hazards as arrhythmia, chronotropy, inotropy and kinase inhibitor 
induced functional cardiotoxicity, supporting cardiotoxicity screening during drug 
development. CardioExcyte® 96 (Nanion Technologies GmbH, Germany) is a 
screening platform combining impedance and extracellular field potential (EFP) 
recordings, which allows label-free simultaneous assessment of electrical activity, 
beating and electromechanical coupling in a variety of multi-cellular cardiac 
preparations. In the present study, we used CardioExcyte® 96 for multi-parameter 
profiling of endogenous responses to 14 SMKIs in hSC-CMs. Complementary to the 
functional effects on the cellular beat signal and dynamics in culture, measurement 
of apoptosis over the whole compound incubation time of 24 h was performed 
with the Caspase 3/7 assay and determination of the cells ATP content with the 
CellTiter-Glo Luminescent Cell Viability Assay was done after 2 and 24 hours to 
address short- and long-term effects. Ten of the fourteen tested SMKIs resulted in a 
biological relevant decrease in either beating rate or base impedance (cell number 
index), emphasizing cardiotoxicity as one of the major safety liabilities of SMKIs. 
Pearson’s correlation analysis indicated a good correlation between the different 
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read-outs of functional importance. Detailed investigation of the cellular signals 
facilitated multi-parameter evaluation allowing integrative assessment of cardio-
myocyte behavior. The resulting multiplex signatures can be used as a fingerprint 
tool to highlight changes in cardiac function and potentially to categorize drugs 
based on their mechanisms of action.

 3157 Comparing the Impact of Different Heart Rate Correction 
Methods on the Sensitivity of QTc Assessment in 
Nonhuman Primates

D. J. Leishman1, M. Bailie2, and A. Lauver3. 1Eli Lilly and Company, Indianapolis, IN; 
2Certara, Ann Arbor, MI; and 3Michigan State University, East Lansing, MI.

Assessment of rate corrected QT interval duration is an integral part of nonclinical 
safety assessment. Even in cases where there is no compound-driven effect on 
heart rate the large circadian changes in rate make correction a necessity. Any 
residual error from the rate correction model can introduce additional error into 
the subsequent statistical comparison model and impact the sensitivity of the 
overall QTc assessment. This sensitivity is a critical question in using nonclinical 
QTc evaluations to support an integrated proarrhythmic risk assessment under 
the newly released ICH E14/S7B Q&As. The current analysis used a large study (n 
= 48) that is representative of the methodology and allows multiple rate correction 
models to be compared while all other study conduct aspects were the same. All 
48 nonhuman primates (NHP) received 4 different treatments: vehicle occasion 
1, vehicle occasion 2, moxifloxacin (80 mg/kg) occasion 1, moxifloxacin (80 mg/
kg) occasion 2. Post-dose QTc interval data were recorded for 48 hours on each 
treatment. In NHP linear QT-RR corrections are commonly used. These generally 
involve determining the slope of the QT-RR relationship under predose or vehicle-
treated conditions and use this slope to correct the QT interval across all treatment 
occasions. This model assumes that while the slope is individualized to subject 
it is constant across time for all treatments. We have recently illustrated that the 
same linear QT-RR relationship can be exploited with a different assumption - 
that the intercept of the relationship is constant across time for each individual. 
The common ‘slope-based method’ assumes that any compound effect is on the 
intercept, and not the slope, of the relationship (or the subsequent QTc-RR relation-
ship would not be zero). The recently described ‘intercept-based method’ assumes 
drug effect is on the slope and not intercept. It is known that hERG blockers increase 
the slope of the QT-RR relationship suggesting an ‘intercept-based method’ may be 
most appropriate. Each of the two methods can be applied at a study (or popula-
tion) level, an individual animal level or individual treatment period level. We applied 
each method at each of these 3 levels. A fixed correction method, Bazett’s (QTcB), 
was also used as a common comparator. The minimum detectable difference 
(MDD, 80% power at p = 0.05) for the statistical treatment comparison was used 
to compare methods. The ‘intercept-based method’ was generally superior. There 
was also a trend for improved performance of correction going from study level 
to individual treatment level. In vehicle versus moxifloxacin treatment comparison 
the two most common corrections, QTcB or individual animal vehicle-slope based 
correction performed poorly. The MDD for n=4 studies using a vehicle-slope based 
correction was 10.7 ms, in contrast using a vehicle-intercept based correction the 
MDD was 8.9 ms. The smallest MDD (8.2 ms) was achieved with a treatment-inter-
cept based correction while QTcB gave the largest MDD (12.9 ms). Based on these 
data an intercept-based correction method should be used.

 3158 Comparing the Sensitivity of Crossover and Parallel Study 
Designs for QTc Assessment: An Analysis Based on a Single 
Large Study of Moxifloxacin in 48 Nonhuman Primates

D. J. Leishman1, D. Holdsworth2, D. D. Best1, and B. Roche3. 1Eli Lilly and Company, 
Indianapolis, IN; 2Charles River Laboratories, Mattawan, MI; and 3Charles River 
Laboratories, Stilwell, KS. Sponsor: D.J. Leishman, Safety Pharmacology Society.

The cardiovascular safety pharmacology (SP) study conducted to satisfy ICH 
S7A and S7B has commonly used a cross-over (X-over) study design where each 
animal receives all treatments. In an increasing number of cases X-over designs are 
not possible and parallel studies must be used. The QTc evaluation in toxicology 
studies also involves a parallel design. Parallel SP studies can seldom be as large 
as 8 animals/dose to match an n=8 X-over. Animals in parallel designs receive 
only one treatment. Thus, parallel studies will have a different sensitivity to detect 
changes. This sensitivity is a critical question in using nonclinical QTc evaluations 
to support an integrated proarrhythmic risk assessment under the newly released 
ICH E14/S7B Q&As. The current analysis used a study large enough (n = 48) to be 
analyzed both as a parallel and as a X-over design to directly compare the perfor-
mance of the two experimental designs coupled to different statistical models 
while all other study conduct aspects were the same. All 48 NHP received 4 differ-
ent treatments: vehicle occasion 1, vehicle occasion 2, moxifloxacin (80 mg/kg) 
occasion 1, moxifloxacin occasion 2. Post-dose QTc interval data was recorded 
for 48 hours on each treatment. Data were analyzed using 12 animals randomly 
selected for each treatment or as a X-over study. Different statistical models were 
used. The primary endpoint was the residual error from the models applied to 
hourly time intervals. The residual error was used to determine the minimal detect-
able difference (MDD; 80% power at p = 0.05) for the study design-statistical model 

combination. Two statistical models were applicable to either study design. They 
gave similar MDD values. In X-over designs the individual animal identification 
(ID) can be used in the statistical model. This enabled the smallest MDD value. 
Simple statistical models for analysis were identified: Treatment + Baseline for 
parallel designs and Treatment + ID for X-over designs. The statistical sensitivity of 
parallel study designs is reasonable (MDD for n=6 of 12.5 ms), and in combination 
with testing exposures higher than likely to be necessary in man could be used in 
an integrated risk assessment. When sensitivity of the in vivo QTc assessment is 
critical the X-over design enables a higher sensitivity (MDD for n=6 of 7.5 ms).

 3159 Angiogenesis and Recovery after Myocardial Infarction: 
Computational Approach to Biomarker Identification

T. Franjkic1, T. Krsmanovic1, K. Jankovic1, G. Apic1, and R. Russel2. 1Metisox, Cambridge, 
United Kingdom; and 2Heidelberg University, Heidelberg, Germany.

Post-myocardial infarction (post-MI) recovery is widely dependent on the angiogen-
esis and arteriologenesis. The major role in these biological processes, recovery, 
and improvement of coronary circulation after MI have pericytes (PCs). In this 
study, we have used the publicly available RNA seq data on primary cultures of 
post-MI human cardiac pericytes (hcPCs) isolated from three patients. The hcPC 
cultures were treated with inhibitor of ERK1/2 signaling (PD0325901, specific 
MEK1/2 inhibitor), a small molecule that induced the hcPCs differentiation into 
vascular smooth muscle-like cells (VSMC-like cells) in order to promote repara-
tive vascularization of the ischemic heart, or with DMSO control. The aim of this 
study was to predict candidate biomarkers of angiogenesis and recovery after MI 
based on given gene expression analysis. In order to help in hypothesis predic-
tion, we compiled extensive database and software that contains both manually 
curated and processed information on proteins, biologically active chemicals, 
their interactions, pathways and pathologies. We catalogued 4 million references 
supporting each database entry with PubMed hyperlinks to supply evidence to 
support the interactions. Chemicals and proteins are hyperlinked to PubChem and 
EntrezProtein. To predict candidate biomarkers, we have used dataset with 609 
differentially expressed genes. These genes were divided in the several different 
subcategories such as metabolic pathways, signaling pathways, diseases, organ 
and tissue pathologies, chemical classification, and gene function (GO) clusters. 
For the purpose of this study, we focused on genes associated with GO cluster 
“Negative regulation of angiogenesis” and signaling pathway “Acute myocardial 
infarction”. We firstly performed centrality analysis to obtain data on interaction 
between molecules. Detailed analysis of “Negative regulation of angiogenesis” GO 
cluster revealed three directly associated genes (TIE1, NPR1 and ANGPT2) and 40 
additional genes indirectly associated with negative regulation of angiogenesis. 
Review of annotated public data identified each of these genes to play a role in the 
regulation of angiogenesis. However, since NPR1 cannot be detectable in the blood 
compared to TIE1 and ANGPT2, we established idea of using of TIE1 and ANGPT2 
as potential angiogenesis biomarkers by blood sampling. We also performed 
detailed analysis of “Acute myocardial infarction” signaling pathway. Analysis 
revealed TFPI gene to be directly associated and 24 genes indirectly associated 
with acute myocardial infarction. We checked the expression of TFPI gene in the 
given RNA seq data. As expected, considering that experiment was conducted 
on the cells of post-MI patients, TFPI was down-regulated. Review of annotated 
public data identified that TFPI is already used as a potential biomarker for MI as 
elevated levels of TFPI were found in patients with MI. In addition to the previous, 
we have established idea of use of TFPI as a prognostic biomarker for recovery 
after MI - expecting decreased levels of TFPI in patients in post-MI recovery phase. 
In this example, we showed how our developed tool can help in analysis of potential 
angiogenesis and post-MI recovery biomarkers.

 3160 Inhalation of Micro- and Nanoplastics during Gestation and the 
Impairment of Pregnancy-Induced Hypertrophic Recovery

S. Adams1, D. Alder2, E. Yurkow2, and P. A. Stapleton1,3. 1Rutgers, The State University 
of New Jersey, Piscataway, NJ; 2Rutgers Molecular Imaging Center, Piscataway, NJ; and 
3Environmental Occupational and Health Sciences Institute, Piscataway, NJ.

Dynamic physiological changes occur during pregnancy to support the develop-
ing conceptus, including a reversible cardiac hypertrophy to support tissue growth 
and placental and fetal demands. When the heart fails to return to its pre-preg-
nancy size following parturition, a rare form of heart failure may develop called 
Peripartum Cardiomyopathy (PPCM). Currently, the diagnostic criteria for PPCM 
includes development of heart failure in the last month of pregnancy or up to 5 
months postpartum, absence of preexisting heart disease, an undefined cause, and 
irregular echocardiograph findings including left ventricular ejection fraction of < 
45% and fractional shortening < 30%. The etiology of PPCM is currently unknown. 
Epidemiological studies identify an association between environmental exposure 
to airborne particulate matter and the development of cardiovascular disease. We 
hypothesized that exposure to aerosolized particulate matter during pregnancy can 
impair pregnancy induced hypertrophic recovery. To investigate the consequences 
of particulate matter, specifically micro and nano plastics (MNPs), on the heart 
during pregnancy, we exposed female Sprague Dawley rats to bulk Polyamide 12 
(i.e., nylon) powder in our whole-body inhalation chamber from gestational day (GD) 
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4 to GD 20 at a concentration of 14.35 ± 6.59 mg/m3. To assess temporal develop-
ment of PPCM, animals were sacrificed at: GD 20, postnatal day (PND) 5, or PND 21. 
Exposure to these aerosolized particles resulted in significantly increased maternal 
heart weights at GD 20 (77.86 ± 2.44 mg vs 72.17 ± 1.42 mg; p = 0.046) Maternal 
coronary ultrasound revealed that at all gestational and postpartum time points 
there were anatomical and functional alterations associated with exposure to 
aerosolized MNPs. At GD20, fractional area was reduced by 11% (40.68% ± 0.93 vs 
45.74% ± 0.59, p = 0.001), left ventricular mass was increased by 42%, end diastolic 
volume was increased by 37%, and 2D ejection fraction was significantly reduced by 
10% (57.89% ± 1.46 vs 64.64% ± 0.54, p = 0.001). At PND 5, there were significant 
reductions in left ventricle epicardial length (9.92 ± 0.12 mm vs 10.70 ± 0.25 mm, 
p = 0.016) and area (68.9 ± 2.02 mm2 vs 79.0 ± 4.27 mm2, p = 0.049) in exposed 
dams during systole. Functionally, in exposed postpartum mothers, the heart rate 
increased by 10%, (338.33 ± 9.35 bpm vs 308.8 ±11.31 bpm, p=0.07), cardiac output 
was significantly increased by 18% (74.33 ±2.83 ml/min vs 63.02 ± 2.63 ml/min, 
p = 0.018) and left ventricular mass was reduced by 26%. At PND21 left ventricu-
lar volume was reduced by 19%, fractional area was significantly reduced by 12% 
(41.83% ± 2.23 vs 47.49% ± 1.16, p = 0.049), 2D ejection fraction was reduced by 
8% (58.93% ± 3.51 vs 64.02% ± 1.26, p=0.13), and cardiac output was reduced 
by 13% (60.86 ± 3.29 ml/min vs 70.28 ± 3.04 ml/min, p=0.06). Biochemical and 
transcriptional assessments will also be evaluated. Collectively these data suggest 
that exposure to Polyamide 12 aerosols during gestation impairs left ventric-
ular function and may lead to the development of PPCM. Further exploration is 
needed to elucidate environmentally induced mechanisms in the development 
of PPCM. Supported by: NIH-R01-ES031285; P30-ES005022; T32-ES007148 and 
Grover Fellowship.

 3161 In Vitro Assessment of Environmental Chemical Hazards on 
Cardiovascular Diseases

S. Ramaiahgari, S. Krishna, N. Kleinstreuer, J. Liu, S. S. Auerbach, B. Beverly, 
B. A. Merrick, and B. R. Berridge. NIEHS, Durham, NC.

Exposure to environmental chemicals have known associations with onset and 
severity of cardiovascular diseases. Identification of these toxic agents would 
help in reducing their exposure, managing their use, and mitigating their impact 
on the environment. Traditional environmental hazard assessments have not been 
enriched for cardiovascular toxicity, particularly measuring functional changes. In 
vitro methods utilizing human cells may provide unique insights into chemical-in-
duced biological perturbations relevant to potential cardiovascular hazards. Here, 
we evaluated a broad spectrum of CV-relevant cellular activities using whole cell 
patch clamp analysis, calcium transient measurements, mitochondrial membrane 
potential (MMP), cardiomyocyte contractility and field potential changes, high-con-
tent imaging for cellular phenotypic changes and cytotoxicity. We chose chemicals 
from various classes including botanicals, flame-retardants, insecticides, polycy-
clic aromatic hydrocarbons, quaternary ammonium salts and PFAS. Whole-cell 
patch clamp analysis of three main cardiac ion-channels INa (hNav1.5 peak), 
ICa (hCav1.2), and IKr (hERG) was performed. Quaternary ammonium salts showed 
significant inhibition of hCav 1.2 and hERG channel activity (up to 100%) and a lesser 
hNav 1.5 inhibition (25 - 50% maximum). Flame retardants, 2-ethylhexyl diphenyl 
phosphate and 2,2’4,4’-tetrabromodiphenyl ether, showed up to 20% inhibition of 
hCav 1.2 and hERG channels, but no hNav1.5 inhibition. PFAS chemicals showed 
minor inhibition of ion-channels at higher doses (10 µM). Calcium transients, MMP 
and multielectrode array measurements on human iPSC-derived cardiomyocytes 
(hiPSCC) aligned with whole-cell patch clamp ion-channel blockage showing 
dose-dependent changes to action-potential duration, contractility, beat rate and 
mitochondrial depolarization. Benchmark concentrations (BMC’s) derived from 
concentration-response data showed a wide safety margin (>10 to 1000X) with 
predicted human exposure concentrations. This high-throughput compatible in vitro 
screening approach identified potential agents that cause arrhythmias, mitochon-
drial damage and changes to cardiomyocyte homeostasis that could cumulatively 
increase cardiovascular disease risk.

 3162 Endothelial and Smooth Muscle Cell Dysfunction in the Thoracic 
Aorta of Mice Treated with Clinically Relevant Doxorubicin 
Doses via Time Release Pellets

A. Herrick, J. Matz, D. Moradi, M. Perera-Gonzalez, S. Rouhanifard, and C. Bellini. 
Northeastern University, Boston, MA.

Doxorubicin (DOX) is a chemotherapeutic agent with known cardiotoxic effects that 
is often used to treat pediatric and adult malignancies. Current methods for diagnos-
ing DOX induced cardiotoxicity are limited and robust markers for early detection 
are needed to prevent heart failure. Preclinical models may help screen candidate 
markers, yet they often rely on DOX injections that are unable to recapitulate equiva-
lent clinical doses. To this end, we used subcutaneous pellets for the time-release 
of DOX which promise to resolve the acute cardiotoxicity associated with DOX 
injection, while allowing for a larger cumulative dose to be delivered. We further 
investigated whether clinically relevant DOX doses caused endothelial dysfunction, 
an independent risk factor for adverse cardiovascular events. Adult male C57BL/6 
mice were randomly assigned to 7 cumulative dose groups, injection: saline, 20mg/

kg, 40mg/kg, 80mg/kg,or pellet: placebo, 80mg/kg, 160mg/kg (Innovative Research 
of America). Mice in the injection groups received 1⁄4 the total cumulative dose 
of DOX or saline once per week for 4 weeks and pellets were implanted at day 0 
and 21-day (placebo and 160mg/kg) or day 0 (80mg/kg). Body mass and blood 
pressure were measured weekly over 15 weeks. Blood was collected via subman-
dibular bleed at set time points over the first 72-hours after treatment to measure 
DOX levels via high performance lipid chromatography (HPLC). Based on survival 
and cumulative dose, the 20 mg/kg injection, 160 mg/kg pellet, and control groups 
underwent assessment of cardiovascular function after 15 weeks. Cardiac MRI was 
performed to measure left ventricular volumes and determine ejection fraction (EF). 
Endothelial function in the thoracic aorta was assessed by measuring acetylcho-
line-induced vasodilatation with and without endothelial nitric oxide (NO) synthase 
(eNOS) inhibition by L-NAME (NG-Nitroarginine methyl ester hydrochloride). We 
also evaluated vascular smooth muscle cell (SMC) contractility and relaxation in 
response to potassium chloride (KCl) and sodium nitroprusside (SNP), respectively. 
Cumulative DOX injections greater than 20mg/kg exhibited significantly lower 
survival rate than the 20mg/kg group. DOX pellet mice survived at larger cumulative 
doses compared to the highest injection groups, even though survival rate was 
significantly decreased from controls. Weekly measurements revealed a signifi-
cant reduction in body mass, but comparable blood pressure between DOX mice 
and controls. DOX levels in blood peaked 15 minutes after 5mg/kg and 10mg/kg 
injections, whereas 20mg/kg injections achieved peak dose 1 hour after treatment, 
suggesting nonlinear absorption of DOX in mice. The 20mg/kg injection and the 
160mg/kg pellet groups had significantly lower EF than their controls. DOX time-re-
lease at 160mg/kg caused endothelial dysfunction due to impaired eNOS-medi-
ated vasodilatation compared to placebo controls. Aortic samples from the same 
group further exhibited functional SMC impairment due to reduced vasodilatation 
in response to SNP and vasoconstriction in response to KCl compared to placebo 
controls. Overall, administration of DOX via time-release pellets facilitates delivery 
of clinically relevant cumulative doses, while avoiding acutely toxic levels attained 
with injections. Vasoactive data at a clinically relevant cumulative dose shows both 
endothelial and SMC dysfunction. The endothelium is not able to provide proper 
NO signaling for SMC relaxation, while SMCs themselves cannot properly relax 
in response to NO nor contract in response to KCl. While hidden under normal 
conditions, these deficiencies may prevent central vasculature from properly 
adapting in response to altered mechano-chemical stimuli. Funding provided by 
NIH/NHLBI - R21HL148747.

 3163 Bisphenol Analogues Alter Cardiac Electrophysiology and 
Intracellular Calcium Handling in Human–Induced Pluripotent 
Stem Cell-Derived Cardiomyocytes

B. L. Cooper1,2, S. Salameh1,2, D. Guerrelli1,2, and N. G. Posnack1,2. 1George Washington 
University, Washington, DC; and 2Children’s National Hospital, Washington, DC.

Bisphenol A (BPA) is a high production volume chemical, widely used to manufac-
ture polycarbonate plastics and epoxy resins, and detected in greater than 90% 
of the US general population. Of concern, higher urinary BPA levels have been 
associated with a 46% higher cardiovascular mortality and 49% higher all-cause 
mortality. There is sufficient evidence that BPA inhibits voltage-gated calcium 
channels, yet its estrogenic chemical structure points to more diverse endocrine 
disrupting properties. Manufacturers have shifted to replacement chemicals, 
such as bisphenol F (BPF) and bisphenol S (BPS). However, these analogues have 
been regarded as “regrettable substitutions” for BPA with comparable deleterious 
effects. Based on previous findings that BPA is the most potent inhibitor of L-type 
calcium current, we hypothesized that BPA exposure can alter the cardiac action 
potential and disrupt intracellular calcium handling more severely than BPF or BPS. 
To investigate the underlying mechanisms of BPA’s impact on cardiac electrophys-
iology, human cardiomyocytes were exposed to pharmacological agents alone 
or in combination with BPA. Human induced pluripotent stem cell-derived cardio-
myocytes (hiPSC-CM) were cultured on a microelectrode array (MEA) system for 
electrical recordings, and hiPSC-CM were loaded with potentiometric dye (FluoVolt, 
1:1000) or calcium indicator dye (Fluo 4-AM, 10uM) for assessment of optical 
action potentials and intracellular calcium cycling. Parameters were recorded at 
baseline and after acute (<20 min) treatment with chemical-supplemented media 
(10nM-100uM), in response to external pacing. Field potential duration (FPD), an 
analog for the QT interval, was significantly shorter after exposure to 30uM BPA 
(13% shorter, 383 vs. 335 msec), BPF (11% shorter, 395 vs. 344 msec), and estradiol 
(19% shorter, 379 vs. 314 msec). No change in FPD was observed with BPS. Action 
potential duration (APD) shortening was also observed with 30uM BPA (19%), BPF 
(18%), and estradiol (40%), as compared to pre-treatment values. No change in 
APD was observed for BPS. To investigate intracellular calcium handling, calcium 
transient duration (CaD) was compared with baseline recordings. CaD shortening 
was observed for BPA (21%), BPF (17%), and estradiol (16%). No change in CaD was 
observed for BPS. Pretreatment with a general estrogen receptor antagonist (1uM 
ICI 182,780) exacerbated FPD shortening (278 msec) compared with BPA alone 
(299 msec), while pretreatment with an estrogen receptor B-specific agonist (1uM 
diarylpropionitrile) resulted in a modest recovery of FPD (340 msec) compared 
with BPA alone (302 msec). Pretreatment with an L-type calcium channel agonist 
(10nM Bay K8644) fully recovered FPD to baseline levels (405 msec) compared 
with BPA alone (307 msec). In all, dose-dependent impairment of electrophysiology 
and calcium handling was observed in hiPSC-CM after exposure to BPA, aligning 
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with previous findings that BPA exerts an inhibitory effect on the L-type calcium 
channel current. BPA shortened FPD and APD more severely than either BPF or 
BPS, but to a lesser extent than estradiol. This study characterized the effects of 
bisphenols on cardiac electrophysiology and expanded mechanistic insights using 
a clinically relevant model. These findings can inform regulatory decisions on the 
use of replacement chemicals and provide a detailed assessment of how bisphenol 
exposure may precipitate adverse cardiovascular outcomes.

 3164 miRNA Species as Systemic Mediators of Environmentally 
Persistent Free Radical (EPFR)–Induced Endothelial Dysfunction

A. Aryal, A. Harmon, L. Khachatryan, A. Noël, A. Penn, S. Cormier, and T. R. Dugas. 
Louisiana State University, Baton Rouge, LA.

Particulate matter containing environmentally persistent free radicals (EPFRs) is 
formed by incomplete combustion of organic pollutants when organic pollutants 
are incompletely burned and chemisorbed to the surface of particulate matter 
containing redox-active transition metals. We generated EPFR particles in the 
laboratory using a combustion reactor, and to investigate dose-dependent effects 
of free radicals on vascular function, we generated particles over varying free 
radical concentrations, e.g., EPFRlo: (1e16-17 radicals/g particles) and EPFRhi: (1e18-19 

radicals/g). We first exposed C57BL/6 male mice by inhalation with filtered air 
compared to 250 µg/m3 EPFR for 4h/d for 5 d to investigate their effects on vascular 
endothelial function. Our studies demonstrated that EPFR inhalation results in a 
dose-dependent reduction in endothelium-dependent vascular relaxation. Using 
Nanostring digital transcript counting, we next conducted microRNA (miRNA) profil-
ing and identified 35 miRNAs out of 577 that were dose-dependently increased in 
the plasma after EPFR exposure. Ingenuity Pathway Analysis (IPA) showed that five 
of the 35 dysregulated miRNAs are linked with endothelial function, suggesting that 
miRNA may be a systemic mediator promoting EPFR-induced endothelial dysfunc-
tion. Our recent data also suggest that aryl hydrocarbon receptor (AhR) signaling at 
the air-blood interface in the lungs plays a critical role in EPFR-induced endothelial 
dysfunction. Thus, to definitively link miRNA release with EPFR-induced endothe-
lial dysfunction, ongoing studies are using mice deficient in AhR at the air-blood 
interface to test whether miRNA release is attenuated.

 3165 Nano-titanium Dioxide Inhalation–Induced Circulating 
Xanthine Oxidoreductase Removes Epigenetic Breaks on 
Vascular Inflammation

E. DeVallance1,2, E. Bowdridge1,2, J. Griffith1,2, M. Seman1, S. Hussain1,2, E. E. Kelley1, and 
T. R. Nurkiewicz1,2. 1West Virginia University, Morgantown, WV; and 2Center for Inhalation 
Toxicology, Morgantown, WV.

Nano-titanium dioxide (nano-TiO2) is broadly used in products from biomedical 
devices to surface coatings and inhalation exposure may occur during the life 
cycle of such products. We have previously reported elevated oxidant produc-
tion, and vascular inflammation in nano-TiO2 inhalation exposed rats. However, 
the underlying mechanisms remain poorly understood. An inflammation-related 
and oxidant producing enzyme, xanthine oxidoreductase (XOR), increases in the 
circulation following toxicant insults. It is speculated that circulating XOR can 
bind to the vasculature and promote dysfunction, but this has not been definitively 
shown to date. As such, we hypothesized that nano-TiO2inhalation elevates XOR 
in the circulation and downstream XOR binds to endothelial cells elevating oxidant 
production and causing epigenetic alterations in inflammatory gene regulation. 
Male and Female Sprague-Dawley rats 8-10 weeks of age were exposed to sham-air 
or nano-TiO2 (12±0.5mg/m3) for 3 nonconsecutive days and assessed 24 hours 
after final exposure. XOR activity measured in the plasma shows a greater than 
5-fold increase in males and a greater then 3-fold increase in females exposed 
to nano-TiO2 compared to sham-air controls (both p<0.05). Next, we aimed to 
determine if XOR could bind to the endothelial surface of mesenteric arterioles. 
Purified XOR was tagged with Alexaflur-488 via click-chemistry and perfused 
through the lumen of cannulated arterioles for 1hr showing an increase in fluores-
cence from baseline (50.9±3.6 vs 0.01±0.01), which was removed by a heparin 
flush. Moving into cultured endothelial cells, cells were treated with 5mU of XOR 
for 1hr (XOR-EC) to allow for binding then washed with PBS and culture for 24 
hours. Oxidant production was measured by CBA assay and XOR-EC showed a 
greater than 60-fold increase in production rate compared to control (p<0.05). If 
XOR-EC was removed prior to CBA with heparin or removed with heparin +XOR 
inhibition production rate was still elevated 8-Fold and 3-fild respectively above 
control (both p<0.05). Vascular inflammatory genes are potentially under epigene-
tic repression via tri-methylation of lysin 9 on histone 3 (H3K9me3). We therefore 
assessed H3K9me3 following XOR-EC and found a significant reduction in this mark 
(p<0.05). This coincided with a substantial loss in the expression of the methyl-
transferase SETDB1 and increased expression of inflammatory markers ICAM 
and TLR4 in XOR-EC compared to control (p<0.05). These findings suggest that 
nano-TiO2 inhalation exposure increases circulating XOR that subsequently binds 
to the endothelium and mediates inflammation through reduction of the epigenetic 
enzyme SETDB1. Funding (ES015022 TRN) (HL153532, DK124510, 19TPA34850089 
EEK), (GM104942 ECB) (HL152534-01 ERD) (ES031253 SH) (ES032920 JG).

 3166 Meta-analysis of General Toxicology Studies with Integrated 
Implanted Telemetry Demonstrated Minimal Impacts 
of Surgical Instrumentation on the Toxicology Data for 
Cynomolgus Monkeys

X. Fang, J. Liu, and S. D. Tichenor. Charles River Laboratories, Reno, NV.

Increasing numbers of general toxicology studies with integrated implanted teleme-
try are being conducted due to the constrained supply of nonhuman primates and 
demands for higher method sensitivity of electrocardiograms (ECG) parameters, 
especially for the QT interval, in the ICH S7B Q&A. Our previous study demonstrated 
that these integrated studies (N = 10 or 12) generally had better sensitivities for the 
ECG parameters than the stand-alone cross-over cardiovascular studies (N = 4 or 6). 
Additional advantages of the integrated design included repeat-dosing, recording at 
multiple time points, ability to correlate safety pharmacology data with toxicology 
data, and concurrent hemodynamic and body temperature measurement. However, 
there is a concern about the impact of surgical instrumentation on the quality of 
toxicology data. In this study, we collected data from 5 monkeys following > 6 
months of instrumentation of the M11 device and comprehensively reviewed the 
toxicology reports of integrated studies conducted from 2017 to 2022 at our Testing 
Facility. Results from the 5 animals indicated that there were no changes in any of 
the standard clinical pathology parameters and no signs of infection or inflamma-
tion over a 6month period with instrumentation. The meta-analysis results showed 
that the instrumentation had minimal to no impacts on clinical signs, body weights, 
food consumption, clinical pathology parameters, cytokines, immunophenotyping, 
or histopathology results in monkeys. Occasionally, there were mild fibrosis and 
regeneration of muscle proximate to the implant site, which were non-adverse, 
local, and can be clearly distinguished from the test article effects. Our refinement 
of surgical procedure from intra-peritoneal placement to intramuscular placement 
also significantly reduced the chance of device erosion. We also obtained summary 
metrics for the surgical recovery time, type of device, study duration, animal cohort 
with instrumentation, and pharmacological class of test article, which could guide 
future study designs. In conclusion, implanted telemetry integrated into a toxicol-
ogy study does not compromise the study objective, study execution, or toxicol-
ogy data interpretation and can obtain high quality telemetry data to evaluate test 
article effects on the cardiovascular system.

 3167 Evaluating Chronic Drug Treatment-Induced Cardiotoxicity with 
the Biomarker-Based In Vitro assay, Cardio quickPredict

J. A. Palmer, and E. L. Donley. Stemina Biomarker Discovery, Inc., Madison, WI.

Structural cardiotoxicity (e.g., morphological damage or loss of cellular/subcellu-
lar components) is a well-known adverse effect following chronic treatment with 
numerous drugs, including anticancer, antiretroviral, and antidiabetic drugs, among 
others. Despite this, the effects of chronic drug treatment on cardiac structure and 
function are not addressed in the ICH S7 guidelines, which largely focuses on the 
acute effects of drug exposure on individual ion channels and proarrhythmia. To 
address this limitation, the HESI Stem Cell Working Group consortium has selected 
12 reference drugs known to cause functional and structural changes in the heart 
by different mechanisms (energetics/mitochondrial toxicant, electrophysiological 
disturbance, contractility, and structural/myofilament) to evaluate in vitro tools 
employing human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-
CM). As part of this large multi-site study, we tested these reference drugs with the 
Cardio quickPredict assay, which predicts both functional and structural cardiovas-
cular liability based on changes in hiPSC-CM metabolism and cell viability following 
prolonged exposure (72 hours). The assay’s prediction model (PM) is based on the 
response of four metabolites (lactate, arachidonic acid, thymidine, and 2’-deoxycy-
tidine) and predicts the concentration at which a compound exhibits cardiotoxicity 
potential. Metabolic perturbation was observed for 10 of the 12 reference drugs 
in at least one of the concentrations tested. Each metabolite was impacted by at 
least one of the tested drugs. Additionally, each metabolite showed both increased 
and decreased secretion, depending on the drug and/or concentration, indicating 
that multiple mechanisms of action are involved in the cardiotoxic effects of these 
drugs. 2’-deoxycytidine was the most sensitive metabolite and was impacted by all 
10 drugs that caused an effect in this study. These results suggest that the Cardio 
quickPredict assay can be used to screen for cardiotoxicity potential and is a useful 
tool for identifying multiple mechanisms of toxicity. The metabolic readout of this 
assay can be combined with other assays or endpoints to provide a more compre-
hensive evaluation of a compound’s cardiovascular liability.

 3168 Exposure to Inorganic Arsenic during Pregnancy Alters 
Structure and Function of the Maternal Heart

N. Taube, O. V. Ebenebe, B. Lin, R. Kabir, H. Garbus, N. Wang, and M. J. Kohr. Johns 
Hopkins University, Baltimore, MD.

Inorganic arsenic (iAs) is a drinking water contaminant in many countries through-
out the world, including the U.S. The World Health Organization recommends a 
limit of 10µg/L iAs in drinking water yet estimates suggest that 140 million people 
worldwide consume water with iAs above this threshold. iAs is a top public health 
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contaminant of concern due to its harmful health effects and has been specifically 
established as a cardiotoxicant. The purpose of this study was to examine the 
effect(s) of iAs exposure on the maternal heart during pregnancy, with a focus 
on physiological and molecular changes using in vivo exposure paradigms. We 
sought to examine the impact of environmental insult on the maternal heart as this 
is a relatively understudied area and can highlight potential hazards for pregnant 
mothers. Pregnant female C57BL/6J mice were exposed to either 1000, 100, or 
0µg/L iAs (Control) after conception at embryonic day 2.5 (E2.5) with exposure 
ending at parturition. Dams were harvested at postnatal day 12 (P12), and while we 
previously found that the iAs-exposed pregnant dams did not show typical pregnan-
cy-induced hypertrophy compared to controls, the postpartum maternal heart 
was enlarged compared to controls as measured by heart weight / tibia length. 
Transthoracic echocardiography revealed that postpartum mice exposed to 100 
or 1000 µg/L iAs had increased ejection fraction, fractional shortening, cardiac 
output, and stroke volume compared to controls. We next examined contractility in 
isolated cardiomyocytes from dam hearts harvested at P16 by measuring calcium 
transients and sarcomere shortening using the Ionoptix system. Interestingly, we 
found that isolated cardiomyocytes from iAs-exposed dams showed a signifi-
cant decrease in calcium transient amplitude and sarcomere shortening, along 
with impaired relaxation kinetics, which contrasts with the enhanced contractile 
parameters noted in vivo with echocardiography. Together, our findings suggest 
that exposure to iAs during pregnancy affects the postpartum remodeling in the 
maternal heart, with effects noted at the level of the cardiomyocyte. Furthermore, 
these findings underscore the detrimental impact of iAs on the cardiovascular 
system, and specifically highlight potential hazards posed by iAs exposure during 
pregnancy. Supported by NHLBI T32ES007141 (NT) and RO1HL13649 (MK).

 3169 Functional Testing of Human iPSC–Derived 3D Cardiac Tri-c 
culture Microtissues

R. Vaidyanathan, S. Himmerich, M. Livingston, N. Beardsley, N. Meyer, R. Fiene, 
C. Carlson, and C. Rieger. FUJIFILM Cellular Dynamics Inc., Madison, WI.  
Sponsor: K. Kolaja.

The adult human heart is a complex organ providing highly regulated processes 
of pumping blood throughout the body. Heart tissue contains various types of 
cells, including (but not limited to) cardiomyocytes, endothelial cells, smooth 
muscle cells, and fibroblasts. Although cardiomyocytes may occupy about 75% 
of the total volume, they only constitute 40-50% of the total cell count. Recent 
publications show that 3D cell cultures of cardiac spheroids (or “microtissues”) 
enhance the maturation and functional activity of cells compared to 2D cultures 
of cardiomyocytes, thus more closely mimicking actual heart physiology. In this 
study, we developed a tri-culture model by mixing human iPSC-derived cardio-
myocytes, cardiac fibroblasts, and endothelial cells in defined ratios in ultra-low 
attachment (ULA) spheroid forming plates. Importantly, 3D microtissues were 
created by directly thawing cryopreserved vials of each individual cell type 
and culturing them together in an optimized media formulation. Cells formed 
spheroids within 48 hours and started to contract spontaneously and regularly 
after 4-5 days. Spheroid formation, size, and morphology was tracked over time 
using live cell imaging. Additionally, the different cell types in the tri-culture were 
immunostained using anti-Troponin T (for cardiomyocytes), COL1A1 (for cardiac 
fibroblasts), and VE-Cadherin (for endothelial cells) antibodies. Cardiac beating 
activity of 3D microtissues was investigated by recording the calcium oscillations 
on a high-throughput kinetic screening instrument (i.e., FLIPR Penta or FDSS/uCell). 
Pharmacological modulation of this functional activity was performed by exposing 
the cells to a set of known small molecules. Importantly, we found that compounds 
like isoproterenol and dobutamine significantly accelerated the oscillation rate or 
peak count (positive chronotropic response) and increased the peak amplitude 
(positive inotropic response). Several other compounds, including hERG inhibitors 
and ion channel blockers, demonstrated changes in the calcium oscillation patterns 
consistent with expected mode of action. The data presented here highlights the 
utility and biological relevance of using human iPSC-derived cardiac cell types in 
3D microtissues as a promising in vitro model for measuring compound effects on 
human heart tissues in high throughput format.

 3170 Effects of Cadmium on Pulmonary Arterial Hypertension

D. D. Cathey, J. Huang, L. Cai, Y. Tan, and J. Cai. University of Louisville, Louisville, KY.

Cadmium (Cd) causes toxicity by producing reactive oxygen species (ROS) within 
the body and is known to trigger the apoptotic pathway through the impairment 
of the mitochondria and several of its transport pathways. Humans are exposed 
to Cd through environmental pollution, cigarette smoke, food, and other occupa-
tional and consumer products. Past studies have shown that Cd toxicity can lead 
to vascular damage, endothelial dysfunction, increase in lipid peroxidation, and 
produce myocardial damage. Pulmonary arterial hypertension (PAH) is a cardio-
vascular disease characterized by the inflammation, proliferation, and remodeling 
of the right ventricle (RV) of the heart. There are multiple factors that might cause 
PAH such as disbalance in oxidative stress, inflammation, and repeated fibrosis 
and there is currently no definitive mechanism identified for PAH. Previous studies 
have shown the link between Cd toxicity and cardiovascular diseases (CVDs) 

and Cd may exacerbate and enhance the severity of pre-existing CVDs. Thus, the 
goal of this study is to determine the effects of chronic Cd exposure on PAH. At 
six-weeks of age, 40 male C57/6J mice were split into two initial groups: 20 which 
received 5ppm Cd in their drinking water (Cd group n=20), and 20 without any Cd 
in their drinking water (Control group n=20). After 8 weeks, transthoracic echocar-
diography was used to analyze the diastolic and systolic functions of both the 
left and right ventricles. RV free wall thickness (RVFW), tricuspid annulus plane 
systolic excursion (TAPSE), RV Outflow Tract Velocity Time Integral (RV VOTI), 
and other variables were calculated to examine the Cd effects on the heart. These 
measurements were counted as the baseline of this study (Week 0) to determine 
whether exposure to Cd alone could cause PAH and/or RV dysfunction. Our results 
showed that chronic exposure to Cd for 8 weeks did not cause RVFW, RV VOTI, 
or TAPSE changes in mice. After these baseline measurements, 10 mice within 
both control and Cd groups were given a combined treatment with VEGF inhibitor 
Semaxinib (SU5416) and 10% hypoxia for 4 weeks to induce PAH (SuHx). This was 
done to determine whether Cd exposure can worsen SuHx-induced PAH and/or RV 
dysfunction. Repeated transthoracic echocardiography measurements (Weeks 2, 
3, 4) and invasive RV pressure measurement (Week 5) were performed to quantify 
the dynamic changes in the RV and pressure in the pulmonary artery. After this, 
the mice were euthanized to collect heart and lung sample for histological and 
biochemical examinations. Current echocardiographic analysis showed that the 
RV systolic function was significantly increased in the mice exposed to Cd alone 
for 12 weeks when compared to Control. Mice with 12-week exposure to Cd plus 
4-week SuHx treatment significantly decreased RV cardiac output when compared 
to mice with SuHx treatment alone and Cd alone. Results also showed that after 13 
weeks of Cd exposure, the Cd-SuHx mice had lower RV systolic pressure (RSVP), 
an indicator of RV failure, and the Cd-SuHx mice had worse RV diastolic function. 
Therefore, our results suggest that exposure to Cd alone without PAH induction 
might stimulate RV systolic function, but Cd might worsen RV systolic function 
during the PAH pathogenesis. These cardiac structural and functional results need 
the confirmation and explanation with the ongoing histological and biochemical 
analysis. Therefore, our study will help understand how common environmental 
pollutants play a role in causing or worsening the PAH pathogenesis, which will 
provide us the potential clue for developing treatment methods. Supported in part 
by NIEHS P30ES030283.

 3171 Measuring the Local Extracellular Action Potential (LEAP) with 
MEA to Enhance Prediction of Cardiotoxicity

S. Viatchenko-Karpinski1, and C. J. Strock2. 1Cyprotex US LLC, Watertown, MA; and 
2Cyprotex US LLC, Framingham, MA.

Microelectrode Array (MEA) has been shown to be a key assay in predicting 
toxicity issues at early stages and thus in reducing the cost and time caused by 
candidate compound failure at a later stages of drug development. The regular 
and synchronous contraction of the heart requires periodic activation and inactiva-
tion of various cardiac ion channels. Any discrepancies in the cardiac ion channel 
signaling network could result in a change of membrane potential and in the shape 
of cardiac action potential (AP). These changes can modify cardiac excitation-con-
traction coupling which may lead to arrhythmias and eventually could cause patient 
death. The Local Extracellular Action Potential (LEAP) technique enables non-inva-
sive, label-free monitoring of cardiac action potential in a high-throughput real-time 
format. We used the Axion LEAP MEA assay to study the effect of various selective 
and non-selective ion channel inhibitors on cardiac AP by quantification of action 
potential morphology, repolarization irregularities, and arrhythmic risk factors such 
as triangulation. All experiments were done in FujiFilms CDI iPSC-derived cardio-
myocytes using AXION Biosystems Maestro Pro research platform. LEAP can 
provide additional information and detect toxic effects of the drugs on multiple ion 
channels. In this study, we tested inhibitors and activators of multiple cardiac ion 
channels. These include TTX, E-4031, Mexilitene, Ranolazine, Dofetilide, Verapamil, 
Nifidepine, late sodium channel activator ATX-II and beta-adrenergic agonist 
isoproterenol. The results here demonstrate that that we can separate and charac-
terize effects of drugs on different ion channels in the LEAP assay. Activation of 
the late sodium current by ATX-II prolonged LEAP duration by extension of the 
LEAP plateau, whereas Dofetilide did not change the plateau but slowed down the 
rate of repolarization. Modulation of calcium channels activity changed the shape 
and duration of LEAP. Our data showed that LEAP study of iPSC-derived cardiomy-
ocytes coupled to MEA platforms is a suitable tool for identifying the cardiotoxic 
effects of studied articles. Because of the wide variety of molecular targets and 
off-targets of reference drugs with cardiotoxic risk, the LEAP assay in IPSC cardio-
myocytes has advantages compared to single cell electrophysiological assays. 
Overall, we have demonstrated that this in vitro approach represents a promising 
translational value in identifying the cardiotoxicity of drug candidates at the early 
stages of development. The LEAP MEA assay in combination with the normal MEA 
endpoints can serve as a useful link between in vitro, in vivo, and clinical studies.
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 3172 Challenges in SEND Conversion of Embryo Fetal Development 
(EFD) Studies in Compliance with the SENDIG DART v1.1 and 
Practical Examples Addressing the CDISC SEND Conformance 
Rules v4.0

T. Anzai1,2, S. Horikawa3,2, K. Iino3,2, and M. Wasko4. 1Showa University School of 
Medicine, Hsamamatsu, Japan; 2Global SEND Alliance, Hamamatsu, Japan; 3Ina 
Research Inc., Ina, Japan; and 4Instem, Conshohocken, PA.

Submission of SEND dataset packages to FDA will be required for “Embryo-fetal 
development (EFD) Studies” starting on and after March 15, 2023 for NDAs, ANDAs 
and BLAs, and for those starting on and after March 15, 2024 for INDs. The SEND 
dataset packages of the EFD studies must be complied with the SENDIG-DART 
v1.1 as well as the CDISC SEND Conformance Rules. To understand what kind of 
differences would be made in the SEND datasets of EFD studies between species, 
we created a SEND dataset package of a rat EFD study with TK satellite groups and 
compared it to the previously created dataset package of a rabbit EFD study with no 
TK satellite groups. We also investigated the effects of the Conformance Rules v4.0 
on the SEND datasets created in conformance with the SENDIG-DART v1.1 only. 
In addition to the above-mentioned contents, we introduce 3 investigation results 
in this presentation: the population method of detailed location of findings in the 
FX domain, the differences in required DART-related domains depending on the 
pregnancy status and the changes in the number of controlled terms for FXFINDRS 
code list and the match rate to the inhouse glossary for fetal morphology findings.

 3173 Current Use of 3Rs Benefits and Barriers for Microsampling in 
Toxicology Programs: 2021 Cross-Sector Survey Results

H. Prior1, E. Passini1, and N. Spooner2. 1National Centre for the Replacement, Refinement 
and Reduction of Animals in Research, London, United Kingdom; and 2Spooner 
Bioanalytical Solutions, Hertford, United Kingdom. Sponsor: N. Burden.

A microsample is typically defined as a sample of blood that is ≤50 μl. Adoption of a 
microsampling technique can reduce or avoid the use of satellite animals (rodents) 
for toxicokinetics (TK) or other purposes and also provides refinements applica-
ble for both rodents and larger animals. Microsampling can increase the scientific 
value of data obtained from rodent studies during drug and chemical discovery and 
development, enabling multiple endpoints to be investigated and compared in an 
individual animal in the same way as non-rodents. The NC3Rs actively promotes 
the 3Rs, scientific and business benefits to microsampling, through activities of 
an international expert working group with representatives from 24 organizations 
(small and large pharmaceutical and agrochemical companies, contract research 
organizations (CROs) and UK academia). In 2021 a survey was developed to 
understand the current use of microsampling in toxicology studies across these 
sectors, with the aim of identifying the specific studies in which microsampling was 
employed and the barriers to wider uptake. Data were collected between December 
2020 and April 2021 and a total of 54 surveys were received, mainly from pharma-
ceutical (25), agrochemical (5) or CROs (8) located in UK, Europe or North America. 
87% of the surveys indicated that microsampling was used, however the extent 
varied widely. Microsampling was used most for TK purposes, commonly within 
small molecule and agrochemical toxicity studies (84% of 44 surveys; 82% of 11 
surveys respectively), but less frequently within large molecule, cell/gene therapies 
or industrial chemical studies (60% of 37 surveys; 29% of 21 surveys; 25% of 8 
surveys respectively). Microsampling was used most in rodent non-GLP studies: 
pharmacokinetic (PK) studies, discovery pharmacology/efficacy and/or toxicology 
< 4 weeks. Microsampling was also routinely used in GLP rodent studies such as 
regulatory toxicology < 4 weeks and > 4 weeks, reproductive, juvenile and carcino-
genicity studies by 35%, 55% and 80% of surveys from pharmaceutical, CRO or 
agrochemical organizations respectively. Sampling of main test animals was most 
common, but satellite animal use was still reported (with fewer animals in these 
groups). The refinements most frequently reported for rodents were reduced blood 
loss, less invasive technique/more accessible sampling site and shorter procedure 
time. A wide variety of reasons or barriers to wider use of microsampling were 
provided, typically around reticence to change from using larger samples (e.g., 
needing multiple samples for different purposes, or not wishing to validate another 
bioanalytical method). The data indicates that although some organizations have 
adopted microsampling routinely across many/all rodent toxicity studies, there are 
opportunities to further reduce and refine animal use across all sectors by wider 
adoption of microsampling for molecule types outside of small molecules and for 
more GLP studies.

 3174 Effect of Third-Party Components on Emissions from a Pod-
Style Electronic Cigarette

E. C. Hensel, N. C. Eddingsaas, C. R. Polgampola Ralalage, S. E. Sarles, G. DiFrancesco, 
and R. J. Robinson. Rochester Institute of Technology, Rochester, NY.  
Sponsor: D. Conklin.

Electronic Nicotine Delivery Systems (ENDS), also known as electronic-ciga-
rettes or vapes, have been associated with a dramatic increase in the number of 
youth becoming addicted to nicotine following decades-long decline in cigarette 

smoking uptake and with a public health emergency known as E-cigarette or 
Vaping Use-Associated Lung Injury (EVALI). The United States Food and Drug 
Administration, Center for Tobacco Products (FDA/CTP) is responsible for regulat-
ing the devices and consumable materials associated with tobacco products 
including ENDS. State and federal regulations regarding addition of flavoring 
compounds in ENDS liquids (e-liquids) may be circumvented when users and 
vendors employ refillable reservoirs with non-compliant e-liquids. The relative 
toxicant exposure potential of third-party versus manufacturer-supplied reservoirs 
is not well understood. This study investigated the effect of third-party refillable 
reservoirs, or ‘pods’ on the Total Particulate Matter (TPM) and nicotine emissions 
from a popular ENDS in comparison to the manufacturer’s provided disposable 
(not refillable) reservoirs. Emissions were collected on glass fiber filter pads using 
a Programmable Emissions System (PES) for a JUUL brand Power Control Unit 
(PCU) across a controlled variety of puff flow rates and durations, which have been 
previously demonstrated to affect TPM and nicotine yield delivered to the mouth 
of a user. Emissions samples were collected and analyzed using gravimetric and 
GC-FID techniques for JUUL manufactured disposable pods and third-party Blankz 
refillable pods. Results were analyzed to assess the impact of pod manufacturer on 
the effective operating envelope of the ENDS and compare TPM and nicotine yield 
between pods and e-liquids. Results demonstrate that emissions vary significantly 
as a function of puff duration, flow rate, e-liquid composition, and pod manufac-
turer. It was observed that the third party pod exhibited e-liquid aspiration into the 
flow stream at a puff flow rate of 65 mL/sec in comparison to the manufacturer 
pod at 85 mL/sec. The maximum TPM yield per puff was 5.6 times higher for the 
third-party pod (12.4 mg/puff) in comparison to the manufacturer’s pod (2.2 mg/
puff), while the maximum TPM concentration was over 7 times higher for third 
party (0.200 mg/mL) versus manufacturer (0.028 mg/mL) pod. The mass ratio of 
nicotine present in the aerosol (mg Nic/mg TPM) was found to be approximately 
the same as the mass ratio of the e-liquid (mg Nic/mg e-liquid) for both pods. In 
conclusion, toxicant exposure may be dramatically impacted when consumers use 
third-party pods in conjunction with ENDS devices. Furthermore, availability of refill-
able pods is a significant barrier to regulatory enforcement regarding limitations 
of potentially toxic additives to e-liquids. It is confirmed that emissions from both 
manufacturer-supplied and third-party pods depend jointly on the puff flow rate, 
duration, e-liquid composition, and pod design even when used with the same fixed 
power PCU. It is recommended that FDA/CTP require experimental characteriza-
tion of emissions of third-party pods used in conjunction with each PCU they are 
compatible with across the entire operating range of the product. Third party pods 
proposed for marketing approval should be required to demonstrate no increased 
potential toxicant exposure in comparison to manufacturer-provided pods.

 3175 An Informatics Approach to Inform a Class-Based Analysis of 
Health Effects Associated with Exposure to Organohalogen 
Flame Retardants

A. A. Rooney1, K. Mansouri1, C. Bevington2, K. Hatlelid2, K. Helmick3, R. Blain3, 
A. Hannani3, W. Tracy3, A. Peppriell3, G. Cooney3, C. Sibrizzi3, K. Taylor1, K. Shipkowski1, 
and V. Walker1. 1NIEHS/NTP, Research Triangle Park, NC; 2Consumer Product Safety 
Commission, Bethesda, MD; and 3ICF International Inc., Reston, VA.

Health assessors and regulatory agencies generally assess hazard or risk from 
environmental exposures on a chemical-by-chemical basis that is time and 
resource-intensive. However, many commercial chemicals are structurally related 
compounds that may have similar toxicological effects. As such, there is a growing 
need for class-based assessment methods. The National Academies of Sciences 
(NAS) recently published a report outlining a class-based approach for evaluating 
the toxicity of Organohalogen Flame Retardants (OFRs) within 14 chemical classes. 
Building from the NAS report, the NIEHS Division of Translational Toxicology (DTT) 
is collaborating with the Consumer Product Safety Commission (CPSC) in conduct-
ing a scoping review to inform a class-based approach for evaluating health 
effects of OFRs. The OHAT systematic review framework was followed to develop 
systematic evidence maps (SEMs) that identify and categorize available research 
on health-related endpoints for both OFRs and their analogs. More than 46,000 
potentially relevant studies were retrieved through database searching (PubMed, 
Scopus, Web of Science). After screening against inclusion and exclusion criteria 
that required OFR or analog exposure and data on a health effect, or mechanism of 
toxicity, 2199 experimental animal, 860 epidemiology, 1216 in vitro, and 82 in silico 
studies were identified and categorized across health effect categories consid-
ered broadly (e.g., neurological) and the 14 OFR chemical classes from the NAS 
report, including analogs. As expected, there were a lot of data for some classes. 
For example, 1215 studies of the polyhalogenated diphenyl ether class - which 
include the well-studied polybrominated diphenyl ethers (PBDEs) with multiple 
human, animal, and in silico studies for some health effects (e.g., neurological 
or reproductive) and nine individual chemicals within this class having over 100 
studies. Similarly, 1681 studies were categorized for OFRs with polyhalogenated 
aliphatic chains, driven mainly by studies on lindane and other analogs. In contrast, 
few studies were identified for the polyhalogenated triazines (n=15; with 11 of the 
studies either in silico or in vitro mechanistic studies) or either the polyhaloge-
nated benzene alicycles (n=2) or polyhalogenated aliphatic carboxylates (n=1). The 
resulting interactive SEMs are a resource that enables the research and regulatory 
communities to search, sort or filter published studies of OFRs and their analogs 
within and across the 14 NAS classes by critical concepts (e.g., evidence stream, 
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health effect category, specific health outcome, or individual chemical) to identify 
areas that are data-rich or data-poor and thereby inform research and policy 
decisions. The SEMs also provide a critical foundation to inform the class-based 
approach to evaluating the evidence that OFRs or their analogs are associated 
with specific health effects or mechanisms. With this well characterized evidence 
base, it will be critical to assess the evidence that chemicals within these 14 NAS 
classes are associated with similar health effects based on evidence of shared 
mechanisms and biological function, not just chemical class or structure. This work 
has not been reviewed or approved by CPSC and does not necessarily represent the 
views of DTT or CPSC.

 3176 Application of in Silico Methods for the Definition of 
Occupational Exposure Banding

M. Pavan1, C. Landolfi2, K. P. Cross3, G. J. Myatt3, and A. Bassan1. 1Innovatune Srl, 
Padova, Italy; 2ToxHub, Rome, Italy; and 3Instem, Columbus, OH.

In silico methods may complement the toxicological profile of data-poor substances 
(when toxicological information or GHS categorization are not available) to support 
an overall risk assessment. They can be employed to support hazard characteri-
zation, including assignment of hazard notations that are in turn used as input to 
assign an occupational exposure band (OEB) for data-poor substances. This is the 
range of airborne concentration levels expected to be protective of the worker’s 
health. Such an approach is a semi-quantitative methodology that involves assign-
ing the OEB based on criteria aligned with specific GHS categories and the associ-
ated airborne concentration range of the band is considered to provide adequate 
control. In this poster, first, it is noted that a unique and harmonized approach does 
not exist for banding categorization and a literature review has been conducted 
to identify available banding schemes that categorize chemicals based on their 
corresponding hazard classifications. Different banding schemes are referenced 
and presented in the poster alongside a new combined scheme that integrates 
different approaches. Secondly, a workflow that uses in silico methods is applied for 
the derivation of the banding categories of some selected data-poor substances. 
More specifically, the workflow combines in silico methods to estimate potential 
toxicity of the test chemicals including mutagenicity, carcinogenicity, skin sensiti-
zation, irritation (skin/eye), reproductive and developmental toxicity and acute 
toxicity. As a first step, evaluation of genotoxicity is conducted and this is driven by 
the principles of the ICH M7 guidance, that provides specific recommendations for 
assessing drug impurities, including the use of in silico methods to predict bacterial 
mutagenicity. A positive outcome would assign the test chemical to a low-expo-
sure banding category. A negative outcome prompts for additional in silico predic-
tions to estimate the toxicity arising from other endpoints. The endpoint-specific 
criteria of the underlying OEB schema are then used to assign the OEB category. 
The test chemicals discussed in the poster include an example (RN: 97538-67-5) 
that is predicted genotoxic. The band for a data-poor substance that is predicted 
non-genotoxic (RN: 1508261-86-6) is also estimated using predictions from in silico 
tools. How read-across (i.e., toxicity of a substance is inferred from the known 
toxicological profile of a similar compound) might support such predictions is 
also demonstrated. The results of the toxicity profiling of the chemicals show that 
the range considered safe for the workers might slightly differ depending on the 
banding scheme that is adopted. In conclusion, the analysis of the present work 
illustrates a Weight of Evidence (WoE) assessment that employs in silico methods 
for hazard identification and in some instances characterization for OEB categori-
zation. A new OEB categorization schema that integrates different approaches is 
proposed. It is, however, observed that harmonization of the approaches underlying 
categorization (i.e., the specific banding scheme to be applied) is desirable.

 3177 Evaluation of Skin Sensitization Classification Rules to Reflect 
Human Potency

M. Herzler1, J. Abedini2, K. T. To2, D. G. Allen2, A. M. Api3, D. Germolec4, J. Gordon5, 
N. C. Kleinstreuer4, H. Ko6, J. Matheson5, H. Thierse1, J. Truax2, J. Vanselow1, and 
J. Strickland2. 1Bundesinstitut für Risikobewertung (BfR), Berlin, Germany; 2Inotiv, 
Research Triangle Park, NC; 3Research Institute for Fragrance Materials, Woodcliff 
Lake, NJ; 4NIEHS/NICEATM, Research Triangle Park, NC; 5Consumer Product Safety 
Commission, Rockville, MD; and 6US FDA/CDER, Silver Spring, MD.

To support development of Organisation for Economic Co-operation and 
Development (OECD) Guideline 497 on Defined Approaches for Skin Sensitisation, 
we curated a human reference data set of 2277 human predictive patch tests 
(HPPT) for 1366 unique substances. The current United Nations Globally 
Harmonized System of Classification and Labelling of Chemicals (GHS) criteria 
were used to review evidence for each test response and assign subcategorization 
to the represented chemicals. The human evidence for classification of sensitiz-
ers into GHS subcategories 1A (strong, with at least one sensitized subject at an 
induction dose per skin area [DSA] of 500 μg/cm2 or less) or 1B (other than strong, 
with at least one sensitized subject at induction DSA greater than 500 μg/cm2) does 
not sufficiently reflect potency, as the DSA only considers the dose used and not the 
fraction of sensitized test subjects. The use of an extrapolated DSA that incorpo-
rates the number of sensitized individuals, such as the DSA at which hypotheti-
cally one individual is sensitized (DSA1+) or the DSA at which hypothetically 5% of 

individuals are sensitized (DSA05) was evaluated. The uncertainty in the potency 
classifications was accounted for by incorporating an uncertainty zone of +/- 25% 
around the 500 μg/cm2 cutoff value. All dose metrics, DSA, DSA1+, and DSA05, 
provided 605 test results as supporting classification for sensitizers and 1650 tests 
as not being supportive (nonsensitizers). The DSA1+ metric subcategorized 208 
test results as GHS 1A, while the DSA and DSA05 classified 59 and 182 test results 
as supportive of GHS 1A, respectively. The DSA1+ metric was used to classify 
substances for human skin sensitization hazard and potency as reference data for 
development of OECD Guideline 497. For substances with multiple tests, reproduc-
ibility for the DSA1+ was 97-98% for binary classification and 77-83% for classifica-
tion into GHS subcategories. Of the 200 reference chemicals for the OECD project, 
91 substances had binary GHS classifications for both HPPT and local lymph node 
assay (LLNA) data, and 87 substances had GHS potency classifications. HPPT and 
LLNA classifications were concordant for 95% (86/91) of the substances using 
binary classifications and for 86% (75/87) of the substances using potency classi-
fications. A modified GHS approach to classify and subcategorize sensitizers with 
HPPT data has addressed issues of potency and uncertainty while providing good 
reproducibility and concordance with animal reference data. The results obtained 
here have been brought to the attention of the UN GHS sub-Committee for consid-
eration in the further development of the GHS section on skin sensitization. This 
project was funded in whole or in part with federal funds from the NIEHS, NIH under 
Contract No. HHSN273201500010C. The views expressed above do not necessarily 
represent the official positions of any federal agency.

 3178 Evaluating New Chemicals in the US under the Toxic Substances 
Control Act (TSCA): A Human Health Risk Assessment 
Approach for Mixed Metal Oxides (MMOs) in Cathode Active 
Materials (CAMs) Used in Electric Vehicle (EV) Batteries

K. D. Salazar, R. A. Beardslee, L. Scarano, and A. Lowit. US EPA, Washington, DC.

The US Environmental Protection Agency’s Office of Pollution Prevention and 
Toxics (OPPT), New Chemicals Division (NCD) is responsible for conducting 
risk assessments under the Toxic Substances Control Act (TSCA). Mixed metal 
oxides (MMOs), including cathode active materials (CAMs), are a key component 
in lithium-ion batteries used in electric vehicle (EV) batteries. MMOs vary in their 
base metal content (e.g., lithium, nickel, cobalt) and may be modified with small 
amounts of other metals (e.g., aluminum, boron, tungsten) to improve EV battery 
performance. The OPPT’s NCD has developed a consistent approach to conduct 
the human health risk assessment for MMOs used in CAMs. Given that in vitro and 
in vivo human health systems indicate that the individual metal components of 
MMOs are bioavailable following inhalation exposure, the approach assumes that 
the individual metal components are bioavailable in the absence of data indicating 
otherwise. For nearly all the potential metals used in CAMs, a risk assessment 
by government agencies (e.g., US EPA, California Office of Environmental Health 
Hazard Assessment, European Food Safety Authority) is available, including some 
with cancer slope factors or inhalation unit risks. The proposed approach groups 
the individual metals into one of two bins based on whether a cancer slope factor 
or inhalation unit risk is available for the metal component. To quantify risks for 
the new chemical substance, the points of departure for each metal component 
are adjusted based on the percent composition in the new chemical substance, 
compared to the analogous MMO substances with repeated-dose inhalation or 
oral data, and the more health protective value is selected. If the MMO contains 
a metal with a cancer potency value, cancer risk is also assessed using the most 
health protective value adjusted for the metal composition in addition to calculating 
the noncancer risks. To facilitate the standardized review, EPA has developed a 
risk calculator and decision tree which will be made publicly available to increase 
the transparency of the human health risk assessment process for stakeholders. 
This abstract presents a draft approach and does not reflect views or policies of the 
US EPA.

 3179 Addressing Uncertainty: A Tiered Testing Approach to Develop 
a Biologically Based Read-Across Hypothesis for Five Branched 
Primary Alcohols

K. Goyak1, L. Maurer1, and J. Foreman2. 1ExxonMobil Biomedical Sciences Inc., 
Annandale, NJ; and 2ExxonMobil Product Solutions Company, Houston, TX.

Five branched primary alcohols, comprised of hydrocarbon chains ranging from 
C8 to C13, have been subject to ongoing regulatory reviews resulting in toxicology 
data generation in a phased approach in order to characterize the hazard profile 
of these substances. Although initial toxicokinetic and subchronic toxicity studies 
suggested that the two substances at the lowest and highest ends of the carbon 
chain length-distribution range (isooctanol and isotridecanol) elicited distinct 
toxicological effects, subsequent testing on an intermediary alcohol (isoundeca-
nol) provided key data necessary to elucidate a pattern of predictable toxicolog-
ical effects. A read-across hypothesis was developed in order to interpolate the 
findings to isononanol and isodecanol. To develop this hypothesis, data from three 
subchronic, four toxicokinetic profiling, two in vitro comparative metabolism, and 
two ex vivo liver microsomal enzyme induction studies on three alcohols have been 
integrated following a mode of action (MOA) approach to assess trends across 
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substances and evaluate the dose-temporal concordance of the major findings 
(liver and thyroid activation). The resulting read across hypothesis is that this group 
of primary alcohols elicit qualitatively similar effects after subchronic oral exposure 
in rats (i.e., effects on the liver with compensatory thyroid response), due to similar-
ity in substance identity and ADME characteristics. Similarities in biotransformation 
as observed, with metabolism occurring via oxidation and Phase II conjugation 
reactions mediated by the constitutive androstane receptor (CAR). Qualitatively, all 
three alcohols activate the liver, as evidenced by liver enlargement with correspond-
ing induction of CYP2B and CYP3A activity (enzyme activity measured in isounde-
canol and isotridecanol only) and increased incidence/severity of hepatocellular 
hypertrophy, while the thyroid was activated only by isoundecanol and isotridecanol 
(reduced serum T3 and T4, increased thyroid organ weights, follicular cell hypertro-
phy/hyperplasia). Quantitatively, the magnitude of the liver responses increases 
with increasing carbon-chain number. MOA analysis supports the hypothesis 
that markers of liver activation occur at low doses/early time points, followed in 
a dose-temporal manner by markers of thyroid activation, with med/high concor-
dance. Mechanistically, this MOA is well established, with high biological plausibility. 
Indicators of thyroid activation were absent even at high doses of the lowest end of 
the carbon-chain distribution (isooctanol), consistent with the lower incidence and 
magnitude of liver effects. The application of the read-across approach is to predict 
both systemic toxicity and reproductive and developmental toxicity associated with 
the untested substances in this group. Following the guidelines in the European 
Chemical Agency’s Read Across Assessment Framework, this read-across hypoth-
esis is considered by the authors to be “accepted with minor reservations” and 
thus can be used to fill the remaining regulatory information requirements without 
further animal testing. If successful, evidence-based read across is a pragmatic 
approach to balance scientific uncertainties with the legislative intent to use animal 
testing only as a last resort.

 3180 Demonstrating the Reliability of Metabolomics-Based Chemical 
Grouping: Toward Acceptable Practice

H. Kamp1, E. Amstalden2, T. Athersuch3, M. Bouhifd4, T. Ebbels3, V. Haake1, A. Kende5, 
P. Leonards2, G. Lloyd6, C. Sands3, T. Sobansky4, L. Swindale5, T. Walk1, R. Weber6, 
F. Zickgraf7, and M. Viant6. 1BASF Metabolome Solutions GmbH, Berlin, Germany; 2Vrije 
Universiteit Amsterdam, Amsterdam, Netherlands; 3Imperial College, London, United 
Kingdom; 4European Chemicals Agency, Helsinki, Finland; 5Syngenta, Bracknell, United 
Kingdom; 6University of Birmingham, Birmingham, United Kingdom; and 7BASF SE, 
Ludwigshafen, Germany.

Metabolomics has reached a critical point in determining its value to regula-
tory toxicology. Building on 20 years of research, the first metabolomics data to 
support grouping/read-across was recently submitted to ECHA, metabolomics 
best-practices for various applications including grouping were published in Nature 
Communications, and the OECD Omics Reporting Framework has been developed. 
Given these and other examples of its increasing relevance to chemical safety 
regulations, an assessment of the reproducibility of metabolomics in the context 
of chemical grouping is required. The aim of the Cefic-funded MATCHING study 
(MetAbolomics ring-Trial for CHemical groupING) is to determine whether this 
technology can demonstrate high reproducibility in grouping, and hence high 
reliability, or whether refinements in analytical or data analysis practices are 
needed. Through this fully blinded evaluation, the second aim is to propose ‘accept-
able practice’ for metabolomics-based grouping. The international consortium 
comprises seven industrial, government and academic metabolomics ring-trial 
partners, BASF SE, and the European Chemicals Agency (ECHA) as an independent 
advisor. First, 8 substances were selected for the trial, and all ring-trial partners 
were fully blinded to their identities, modes of action, and the number of catego-
ries. Plasma samples for the ring-trial were then derived from 28-day rodent tests 
(8 substances, each ‘low’ and ‘high’ dose, plus vehicle controls), aliquoted, and 
distributed to partners. Each metabolomics laboratory then applied their preferred 
LC-MS metabolomics workflows to acquire, process and statistically analyse the 
plasma samples. This included attempting to group the 8 substances into catego-
ries based on their metabolomics signatures, and then reporting their findings 
to ECHA to ensure the blind conditions of the trial were respected. To date, five 
ring-trial partners have reported, and all have discovered the identical grouping 
of the 8 substances into 3 unique categories (remaining two reports expected 
by December 2022). Further analyses into the metabolic biomarkers driving the 
groupings are underway. In addition, both the consistent and differing elements of 
the consortia’s metabolomics workflows are being examined to propose accept-
able practice for metabolomics-based grouping. In conclusion, the findings from 
the MATCHING study have demonstrated high reliability of metabolomics-based 
chemical grouping.

 3181 Evaluating New Chemicals in the US under the Toxic Substances 
Control Act: Application of New Approach Methods to Evaluate 
Eye Irritation

R. A. Beardslee1, K. D. Salazar1, A. van der Zalm2, I. A. Camacho1, R. Brunner1, 
H. Raabe3, D. Allen4, A. Daniel4, N. Kleinstreuer5, L. O’Dell1, A. Clippinger2, L. Scarano1, 
and A. Lowit1. 1US EPA, Washington, DC; 2PETA International Science Consortium 
Ltd., Stuttgart, Germany; 3Institute for In Vitro Sciences Inc., Gaithersburg, MD; 4Inotiv, 
Research Triangle Park, NC; and 5NIEHS/NICEATM, Research Triangle Park, NC.

US Environmental Protection Agency’s Office of Pollution Prevention and Toxics, 
New Chemicals Division (NCD) is responsible for conducting risk assessments 
under the Toxic Substances Control Act (TSCA). In 2016, TSCA (amended under the 
Frank R. Lautenberg Act) directed EPA to “promote the development and implemen-
tation of alternative test methods and strategies to reduce, refine, or replace 
vertebrate animal testing and provide information of equivalent or better scientific 
quality and relevance for assessing risks of injury to health or the environment”. 
To incorporate NAM data for eye irritation hazard identification, NCD is collaborat-
ing with colleagues from National Toxicology Program Interagency Center for the 
Evaluation of Alternative Toxicological Methods (NICEATM), Institute for In Vitro 
Sciences, Inc. and PETA Science Consortium International e.V. to develop a decision 
framework to evaluate eye irritation hazards for new chemicals under TSCA. This 
framework proposes to prioritize use of data from NAMs over in vivo studies in 
animal models for the prediction of eye irritation in humans. In using the framework, 
acceptable NAMs data on the new chemical substance from OECD test guideline 
or other acceptable studies are considered first. If information on the new chemical 
substance is not available or acceptable, a close analogue that has information 
is identified to evaluate eye irritation of the new chemical substance. Under the 
framework, all information is collected and evaluated in the following order: (1) data 
from human cell/tissue-based test methods that have been demonstrated to be 
reproducible and relevant to eye irritation; (2) data from in chemico or non-human in 
vitro and/or ex vivo test methods that have been demonstrated to be reproducible 
and provide information on the mechanisms of toxicity relevant to eye irritation in 
humans; and (3) data from in vivo animal studies. If no acceptable information on 
eye irritation is available, the framework allows for consideration of skin irritation 
data that predict irritating or corrosive properties to make inferences about eye 
irritation hazard of the new chemical substance. The decision tree framework as 
well as case studies will be presented. These views are those of the authors and 
do not reflect views or policies of the US EPA or other respective organizations. This 
project was funded in part with federal funds from the NIEHS, NIH under contract 
No. HHSN2722015000010C.

 3182 Reliability Assessment of Guideline-Based Studies Using 
Systematic Review Critical Appraisal Tools

N. Y. Choksi1, S. Fitch2, M. Harris2, C. M. Thompson2, and D. Wikoff3. 1ToxStrategies Inc., 
Cary, NC; 2ToxStrategies Inc., Houston, TX; and 3ToxStrategies Inc., Asheville, NC.

Systematic review methods and critical appraisal tools (CATs) have been 
implemented by authoritative and regulatory bodies in recent years to increase 
the transparency and data quality used in hazard and risk assessments. To assess 
(a) how well CATs capture critical elements of guideline-based toxicology studies 
and (b) how CATs that were developed for other disciplines are being modified 
to address study elements which are important to toxicology, we surveyed risk 
assessments conducted by authoritative and regulatory bodies, as well as those 
published in the literature, which used systematic review methods and included 
CATs to evaluate reliability of guideline (and similar) studies. Most assessments 
identified were issued by authoritative entities and involved assessment of environ-
mental chemicals or food ingredients; CATs included Klimisch categorization and 
risk of bias-based assessments. Using a recent evaluation of hexavalent chromium 
(Cr(VI)) as one of the case studies, results demonstrates that several studies 
conducted according to or similar to guideline studies were determined to have 
low reliability. Rationale, however, was not due to limitations with methodological 
or reporting quality - notably, the internal validity was determined to have a very low 
risk of bias, which typically would support a high level of reliability. Rather, the lack 
of reliability was based on dose selection, despite being the dose determined via 
the guideline design. Rationale was not consistent with the CAT guidance, which 
describes parameters associated with the utility of the exposure design for the 
endpoint of interest; many of the studies determined to be unreliable were designed 
specifically to evaluate the mode of action associated with occurrence of a tumors 
at the given doses and were appropriate given the context of the scientific question 
under investigation. Such apparent disconnects between CAT criteria and scientific 
context highlights the importance of subject matter expertise in assessing the 
reliability of a study in context of the needs of the given risk assessment. In other 
case studies with food ingredients and pesticides, prompting questions from other 
CATs were added to risk of bias questions to provide a more granular and directed 
assessment of each domain. These examples demonstrate many instances where 
study elements relating to construct and external validity were included into risk of 
bias questions to fit the needs of the risk assessment or, in some cases, specific 
study types or subsets of studies. In addition to investigating the applications, a 
generic comparison of guideline study designs often mandated by authoritative 
agencies was compared to CAT criteria, demonstrating that several elements 
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important to risk assessment inherent to guideline studies are not accounted for in 
standard risk of bias CATs - and vice a versa. This presents a clear paradox consid-
ering the mandate for the conduct of studies using GLP and guideline designs which 
remains unresolved. Collectively, this evaluation demonstrates the importance of 
continued refinement of critical appraisal tools designed for systematic review for 
the use in risk assessment - and in doing so, refining in a ‘fit for purpose’ manner 
to consider aspects of construct and external validity more directly, such as those 
inherent to guideline study design and conduct. Subsequently, expedient dissemi-
nation of such requirements to the research community is needed to ensure that 
any data generated using experimental animal models will be considered reliable.

 3183 Regulatory Status and Physicians’ Risk Perception of Cannabis 
Contaminants with Parkinson’s Disease

S. Griffith1, K. Conrow1, M. Go2, Z. Chan3, R. Daniulaityte4, H. Shill5, M. Nadesan1, 
and M. Leung1. 1Arizona State University, Glendale, AZ; 2University of Pennsylvania, 
Philadelphia, PA; 3University of Arizona, Tuscan, AZ; 4Arizona State University, Phoenix, 
AZ; and 5Barrow Neurological Institute, Phoenix, AZ.

Over 200 million U.S. citizens live in areas with legal access to medical and 
recreational cannabis. Exposure to cannabis and its contaminants represents a 
potentially serious health risk to susceptible patients with neurological diseases. 
Yet, due to the status of cannabis as an illicit Schedule I substance at the federal 
level, there are no unified regulatory guidelines mitigating the health risk of exposure 
to contaminants in cannabis. Pesticide and metal contamination have led to safety 
concerns and multiple recalls. Parkinson’s Disease (PD) is the most common motor 
disorder in the U.S., affecting 1% of the population over 60-year-old. Approximately 
25% of PD patients are reported to use cannabis and cannabis-related products - 
including cannabidiol - to alleviate symptoms of PD, such as anxiety, pain, sleep 
problems, and tremors. Here, we examined the state-level guidance for cannabis 
use in PD patients as well as regulatory testing requirements in the U.S. As of 
November 7th, 2022, 15 of the 38 state-level cannabis programs listed PD as a 
qualifying condition for medical use. However, organophosphate pesticides, 
pyrethroid pesticides, and metals were not required for regulatory testing by five, 
four, and one of those 15 programs. Next, we conducted an online survey of 36 
neurologists and movement disorder specialists who primarily treat PD patients. 
The response rate was 50% from eight states (AZ, CA, FL, MA, MN, WI, PA, and 
NM). When asked if they were aware of any substances other than cannabinoids 
in cannabis products, we found that 88.9% of physicians were unaware of any 
contaminants commonly found or thought there weren’t any present at all. When 
asked about their perception of the riskiness of cannabis use in PD patients, 44% 
reported that the risk is unknown, 27.8% reported low risk, 22.2% reported moderate 
risk, and 5.6% reported high risk. Toward the end of the survey, physicians were 
informed of the contaminants commonly found in cannabis products and asked to 
provide their opinions on the potential risks to their patient population and to inform 
possible policy changes. Common themes of perceived riskiness included: known 
long-term effects of pesticide and metal toxicity reported by 88.9% of participants 
and exacerbation of PD-related comorbidities reported by 55.6% of participants. 
Common themes of opinions to inform policy changes included: implementing 
strict standardized testing regimens reported by 38.9% of participants and invest-
ing in further research reported by 50% of participants. The results suggest a need 
for policy intervention - such as physician training - to improve cannabis safety in 
PD patients. Further interviews will collect physicians’ opinions on comorbidity risk, 
potential drug interaction, and education policies.

 3184 Age at First Menstrual Cycle Influences Associations of 
Phthalates/Replacements with Maternal Metabolic Factors 
in Pregnancy

L. Jolly1, D. C. Pacyga1, S. L. Schantz2, and R. S. Strakovsky1. 1Michigan State University, 
East Lansing, MI; and 2University of Illinois at Urbana-Champaign, Urbana, IL.

Phthalates or their plasticizer replacements and age at first menstrual cycle 
(menarche) each influence maternal metabolic status in pregnancy, but it is unclear 
if they interact. The study goal was to explore this interaction in 300 pregnant 
Illinois women. Exposure to 10 phthalates/replacements was estimated from 
pools of 5 first-morning cross gestation urines. Total and high-density lipoprotein 
(HDL) cholesterols, glucose, insulin, C-peptide, leptin, insulin-like growth factor-1 
(IGF-1), triglycerides (TGs), free fatty acids (FFAs), and adiponectin were measured 
in fasting plasma samples at 17 weeks gestation, and we calculated homeostatic 
model assessment for insulin resistance (HOMA-IR), low-density lipoprotein 
(LDL), and very-low-density lipoprotein (VLDL) using standard formulas. Principal 
component analysis reduced 12 metabolic factors into 4 components (PCs) 
explaining 70% of metabolic factor variability: glucose PC (glucose, C-peptide, 
leptin, IGF-1), cholesterol PC (total, HDL, LDL cholesterols); lipids PC (TGs, VLDL, 
FFAs, adiponectin), and insulin PC (insulin, HOMA-IR). Associations of PCs with 
chemicals were assessed using linear regression with an interaction to explore 
differences by age at menarche (younger: <12 years; older: ≥12 years). Overall, 
phthalates/replacements were associated with most PCs except insulin. Most 
notably, only in women with younger age at menarche, 2-fold increases in sum 
metabolites of the plasticizer replacement di(2-ethylhexyl) terephthalate (ƩDEHTP) 

were associated with 0.2 (95%CI: 0.1, 0.4; P = 0.01; Pinteraction = 0.03) higher glucose 
PC scores and -0.1 (95%CI: -0.3, 0.0; P = 0.10; Pinteraction = 0.09) lower cholesterol 
PC scores. Interestingly, in women with younger age at menarche, ƩDEHTP was 
associated with -0.1 (95%CI: -0.3, 0.0; P = 0.09) lower, but in those with older age at 
menarche, ƩDEHTP was associated with 0.1 (95%CI: 0.0, 0.2; P = 0.09) higher lipid 
PC scores (Pinteraction = 0.02). Age at menarche may alter women’s susceptibility to 
metabolic disruption in response to phthalates (primarily plasticizer replacement, 
DEHTP), but underlying mechanisms should be explored.

 3185 Systematic Evidence Mapping to Inform Class-Based Approach 
to Assessing the Impact of Personal Care Products on 
Pubertal Timing

K. Taylor1, H. Kembra1, P. Bommarito1, C. Sibrizzi2, B. Robyn2, K. Magnuson2, 
C. Lemeris2, T. Wren2, D. Baird1, J. Chandra1, S. Gaston1, C. Rider1, V. Walker1, and 
A. Rooney1. 1NIEHS, Research Triangle Park, NC; and 2ICF International Inc., Reston, VA.

Personal care products (PCPs) are consumer goods used in hygiene, personal 
grooming, or for beautification (e.g., deodorant, haircare, cosmetics). The number 
of chemicals used as ingredients in PCPs is extensive, with the U.S. EPA’s Chemical 
and Products Database (CPDat) indexing over 1,000 chemicals under the “Personal 
Care” use category. Of particular concern, many of these compounds such as phthal-
ates, parabens, and phenols are reported endocrine disrupting chemicals (EDCs). 
Although these chemicals may have short half-lives, exposure is likely chronic due 
to widespread, routine use of PCPs. Early life exposure to chemicals commonly 
found in PCPs has been linked to earlier onset of puberty, which is associated 
with increased risk of mental health problems and metabolic disease, among other 
health concerns. Assessing potential health impacts of PCPs using one chemical 
at a time presents major challenges and methods to evaluate chemicals by groups 
that consider chemical class as well as mechanism and biological function are 
needed. Given the extent of the literature in terms of the number of potentially 
relevant chemicals and the anticipated heterogeneity of exposure data (e.g., 
chemicals versus product use), we conducted a scoping review and systematic 
evidence mapping to characterize the available evidence and inform decision 
making on a class-based assessment of the relationship between PCP exposure 
and timing of puberty. We followed the OHAT systematic review framework to 
develop a systematic evidence map (SEM) that identifies and categorizes available 
research on puberty-related health measurements and personal care products and 
their chemical constituents. We identified 98 human studies and 296 experimental 
animal studies relevant to the topic. Of the 96 chemicals identified, phthalates, 
phenols, PFAS, and parabens were the most frequently evaluated chemical classes. 
The largest pockets of studies assessed the association between exposure to 
phthalates and phenols and secondary sex characteristics including thelarche, 
pubarche, menarche, and gonadarche in humans, and vaginal opening, reproduc-
tive organ weight, and preputial separation in animals. The association between 
exposure to phthalates and phenols and changes in testosterone and estradiol 
were also commonly evaluated in both human and animal studies. This SEM serves 
as a resource enabling researchers in the public health community to search, sort or 
filter published studies of PCPs by critical concepts (e.g., chemical class, evidence 
stream, outcome) and thereby identify trends, and areas that are data-rich or data 
poor to inform research and policy decisions. This SEM also provides a foundation 
to inform and direct a class-based approach to evaluate the evidence that exposure 
to phthalates and phenols are associated with puberty-related health effects. It will 
be critical to assess the evidence that chemicals within these classes are associ-
ated with similar health effects based on evidence of shared mechanisms and 
biological function, not just chemical class or structure.

 3186 Influence of Endogenous Exposure on Blood Lead Levels 
Measured in Secondary Intervention Studies

S. Thornton1, L. P. Marshall1, K. Chen2, E. Chen2, S. M. Benson1, B. Finley2, and 
M. Maddaloni2. 1Stantec (ChemRisk), Pittsburgh, PA; and 2Stantec (ChemRisk),  
New York, NY.

Half-life is the time it takes for the biomarker (usually measured in blood) of 
exposure to be reduced by half when the exposure is no longer present. However, 
lead is a ubiquitous environmental contaminant, and it is almost impossible to 
remove all potential sources of exposure to children. Only a handful of blood lead 
level (BLL) half-life studies have been conducted in children with reported half-life 
estimates ranging from days to years. There are several limitations to these studies 
and none of them address how long it takes for BLLs in children to be reduced by 
half in a real-world setting, where although lead exposure may be reduced, it is still 
present. Based on data from a recent primary intervention study it took 5.1 years 
for the geometric mean BLL in 315 children to be reduced by half from their peak 
(measured at 2 years of age). Interventions designed to reduce lead exposures 
generally fall into one or more of three categories: educational efforts, dust control 
activities, and soil abatement. However, these efforts often have low observed 
effectiveness and researchers have noted that the mobilization of endogenous 
bone lead may mask reductions in child BLLs concealing the true effectiveness of 
these interventions. Using lead intervention studies published in the peer-reviewed 
literature, we applied a model proposed by Rust et al. (1999) and supported by 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 119



the US EPA to estimate the effective half-life of blood lead in children. A search 
in PubMed on July 13, 2022, resulted in 19 publications reporting on secondary 
interventions which included pre and post blood lead levels in children who have 
not undergone chelation therapy. In order to reasonably apply study data to the Rust 
et al. (1999) model, the study must have reported at least two post-intervention 
blood lead measures and these measures must progressively decrease. Only two 
of these 19 publications met these inclusion criteria for application of the Rust et 
al. (1999) model. Using bone and blood lead kinetic inputs provided by Rust and 
actual blood lead measures from Sterling et al. (2004) and Brown et al. (2006) we 
found that the predicted true effectiveness of these interventions was higher than 
the observed effectiveness when allowing for the influence of bone lead mobiliza-
tion [observed vs. predicted true: Sterling et al. (2004) 19% vs. 27% and Brown et 
al. (2006) 45% vs. 51%]. The effective half-life of blood lead was estimated to be 
approximately 12 months using data from the Brown et al. (2006) study. However, 
the effective half-life of the Sterling et al. (2004) study could not be predicted due 
to low observed effectiveness of the secondary intervention and the relatively short 
(6 months) follow-up time. Although our analysis and the Rust et al. (1999) model 
have limitations, these results suggest that bone lead mobilization may contribute 
to the effective half-life of lead estimated from secondary intervention studies. 
Testing the Rust et al. (1999) model with additional secondary intervention study 
data with at least two post-intervention measures would help to elucidate the 
complex kinetics of lead in the blood and bone of children.

 3187 Epidemiologic Support for Challenging the Cancer Dose-
Response Value for Cobalt and Inorganic Cobalt Compounds 
Proposed by the European Chemicals Agency (ECHA)

L. P. Marshall1, M. Kreider1, A. Maier2, and G. M. Marsh1. 1Stantec (ChemRisk), 
Pittsburgh, PA; and 2Stantec (ChemRisk), Cincinnati, OH.

The European Chemicals Agency (ECHA) published their “ECHA Scientific report 
for evaluation of limit values for cobalt and inorganic cobalt compounds at the 
workplace” on April 11, 2022. In this document, ECHA presents their scientific 
evaluation to derive limit values for cobalt (Co) and inorganic Co compounds and 
the cancer exposure-risk relationship. Based on the potency ECHA proposed for 
the cancer exposure-response relationship of Co, particularly above the proposed 
“breakpoint”, it would be expected that studies in workers observe clear increases 
in cancer risk associated with Co exposures. In order to explore this hypothesis, we 
evaluated the most recent update of a cohort of hard metal workers (Marsh, et al. 
2017) to understand whether the study can observe an increased risk of cancer at 
the expected rate, assuming the exposure-response relationship proposed by ECHA 
is appropriate. Specifically, we used the study population from Marsh et al. (2017) 
to examine the excess lifetime cancer risk using the inhalation unit risk (IUR) found 
in the ECHA Scientific report. We hypothesized that the highest Co exposure group 
would have adequate power to observe the excess cancer risk associated with Co 
exposure if ECHA’s proposed IUR was accurate. Estimates of the size of the highest 
exposure group were constructed with details from the exposure assessment for 
the occupational cohort found in Marsh et al. (2017) and Kennedy et al. (2017). We 
then calculated the number of cancers that would be observed in that exposure 
group if the ECHA proposed exposure-response relationship were accurate. 
Because exposure estimates for each exposure group represented a range, we 
estimated lifetime cancer risk for several discrete estimates of central tendency 
for exposure. We followed methodology found in the literature to establish whether 
Marsh et al. (2017) was adequately powered to detect the elevated lung cancer risk 
(our calculated hypothetical SMR). Briefly, the power analysis assumed a Poisson 
distribution and used a one-sided significance level of 0.05. We estimated that 
20.6% of the occupational cohort would have been in the highest Co exposure 
group. The hypothetical SMR calculated at the minimum (0.011 mg/m3), 0.1 (0.040 
mg/m3), and 0.5 (0.156 mg/m3) of the range (0.011-0.300 mg/m3) of the highest 
exposure group are 1.34, 2.32, and 6.23 respectively. We determined that the Marsh 
et al. (2017) pooled analysis has ≥ 98% statistical power to detect a 1.5-fold or 
greater increase in lung cancer due to Co exposure and all four exposure groups 
had 100% statistical power to detect a 2.0-fold or greater increase in lung cancer 
due to Co exposure. Our results indicate that the Marsh et al. (2017) study was 
adequately powered to observe an excess cancer risk in the highest exposure group 
if the IUR proposed by ECHA were appropriate. However, their relative risk and trend 
test analyses did not reveal statistically significant findings overall suggesting no 
exposure-response in relation to exposure to Co. Although there are limitations 
in our exploratory analysis, our findings suggest that the cancer potency ECHA 
currently proposes for cobalt is overestimated and not supported by the most 
recent epidemiological data.

 3188 Scoping Report and Interactive Evidence Map on Studies 
of Environmental Exposures, Psychosocial Stressors, 
and Cardiovascular Diseases in Disproportionally 
Affected Populations

S. J. Snow1, K. Helmick2, W. Tracy1, A. Hannani2, M. Miller2, C. Lemeris2, G. Cooney2, 
D. Dixon3, and R. M. Lunn3. 1ICF International Inc., Durham, NC; 2ICF International Inc., 
Reston, VA; and 3NIEHS, Research Triangle Park, NC.

Worldwide, cardiovascular disease (CVD) is the leading cause of death, with 
two-thirds of CVD-related deaths occurring in low- and middle-income countries. 
In addition to socioeconomic status (SES), CVD rates vary by race, ethnicity, 
and place. Environmental health disparities (EHD) are predominately caused by 
systematic racism leading to higher exposure to environmental toxins, increased 
indicators of psychosocial stress, and social inequities. Our goal is to scope and 
map the literature relevant to CVD EHD in disproportionally affected populations 
(DAP) and identify research gaps. DAP included racial, ethnic, and sexual minority 
groups and people with lower SES status or living in rural areas. To target relevant 
epidemiological studies and reviews, we searched PubMed using a broad range 
of terms for DAP, environmental exposures, psychosocial stressors, and CVD 
outcomes. Using preestablished inclusion/exclusion criteria, we screened the 
studies at the title/abstract and full text level to determine relevancy. Included 
studies were reviewed and characterized by DAP, environmental exposures, 
psychosocial stressors, and CVD outcomes. Additional data (e.g., results, types 
of discrimination) were extracted for discrimination studies and the findings were 
summarized across studies. We visualized and explored the findings using six 
interactive evidence maps in Tableau. Over 2,000 primary epidemiological studies 
investigated the relationship between CVD outcomes and environmental exposure 
(N=982, ‘environmental-exposures-only studies’), psychosocial stressors (N=653, 
‘psychosocial-stressor-only studies’), or psychosocial stressors and environmen-
tal exposures (N=418). Almost 900 of these studies were conducted in DAP. The 
most studied racial/ethnic population was Black people (~400 studies), and there 
were very few studies on sexual minorities (10 studies). Most DAP studies reported 
on personal behaviors (e.g., smoking, alcohol consumption; >50%), air pollution 
(26%), SES indicators (60%), and hypertension (53%) although this varied according 
to the DAP. The impact of allostatic load and racism/discrimination on CVD in 
DAP was evaluated in 90 and 85 studies, respectively. Studies on discrimination 
reported positive associations between discrimination and biomarkers (including 
allostatic load) and hypertension; few studies were available for CVD clinical events 
or individual CVD diseases. Research gaps include limited longitudinal studies and 
few studies evaluating environmental-psychosocial stressors interactions on CVD 
outcomes in the general population and DAP. This evidence map can be used as 
a resource for community-based organizations, members of DAP, and scientific 
communities to explore the state of the science on CVD EHD and can be used to 
develop health equity solutions.

 3189 Gestational Exposure to Phthalates, Phthalate Replacements, 
and Preeclampsia Diagnosis: A Longitudinal Study

E. E. McNell1, D. R. Stevens1, E. M. Rosen2, S. E. Fenton1, A. M. Calafat3, 
J. Cook Botelho3, E. Sinkovskaya4, A. Przybylska4, G. Saade5, A. Abuhamad4, and 
K. K. Ferguson1. 1NIEHS, Research Triangle Park, NC; 2University of North Carolina at 
Chapel Hill, Chapel Hill, NC; 3CDC/ATSDR, Atlanta, GA; 4Eastern Virginia Medical School, 
Norfolk, VA; and 5University of Texas Medical Branch at Galveston, Galveston, TX.

Phthalates and their replacements are found in numerous consumer products. 
Gestational phthalate exposure may disrupt hormonal balance, contributing 
to pregnancy complications such as preeclampsia, a hypertensive disorder that 
affects 5-10% of pregnancies. Most studies assessing associations between 
phthalate exposure and preeclampsia utilize exposure biomarkers from a single 
timepoint, often in the 3rd trimester, which could miss the critical period of suscep-
tibility or result in exposure misclassification. This study aims to investigate the 
prospective association between gestational exposure to phthalates and their 
replacements throughout pregnancy and diagnosis of preeclampsia. The study 
population included 291 pregnant persons recruited between 2017-2020 within 
the Human Placenta and Phthalates Study. Urine samples were obtained at up to 8 
visits between 12- and 38-weeks gestation. Urinary metabolites of phthalates and 
phthalate replacements were quantified at each timepoint. The geometric mean for 
each metabolite was calculated from repeated measures in early- (12-15 weeks), 
middle- (16-25 weeks), late- (26-38 weeks), and overall-gestation. Logistic regres-
sion models of preeclampsia were adjusted for maternal age, body mass index, 
race and ethnicity, education level, smoking, and study site. Participants identified 
predominantly as non-Hispanic Black (43%) and were widely exposed to phthalates 
and their replacements. Incidence of preeclampsia was 8.6%. The adjusted odds 
ratios (OR) of preeclampsia were above the null but not statistically significant 
for several phthalate and phthalate replacement metabolites. Mono-ethyl phthal-
ate illustrated a pattern of increasing OR from early (OR=0.87, 95% confidence 
interval [CI]=0.57, 1.32), to middle (OR=1.31, 95% CI=0.83, 2.06), to late (OR=1.39, 
95% CI=0.91, 2.14) pregnancy. This racially diverse, U.S.-based prospective cohort 
provides insight into the temporality of associations between gestational phthalate 
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exposure and preeclampsia. Disclaimer: The findings and conclusions in this report 
are those of the authors and do not represent the official position of the Centers for 
Disease Control and Prevention.

 3190 A Systematic Analysis and Data Mining of Opioid-Related 
Adverse Events Submitted to the FAERS Database

H. Le1, H. Hong1, W. Ge1, H. Francis2, B. Lyn-Cook1, Y. Hwang3, P. Rogers1, W. Tong1, and 
W. Zou1. 1US FDA/NCTR, Jefferson, AR; 2US FDA/CDER, Silver Spring, MD; and 3National 
Taipei University, Taipei, Taiwan.

With the increasing prescription of opioid medications for various purposes, the 
opioid epidemic has become a serious national crisis which affects public health 
as well as social and economic welfare in the United States. An in-depth systematic 
analysis of opioid-related adverse events (AEs) is required to globally clarify the 
risks of the opioid exposure and the associations among various opioids. In this 
study, 92 opioids were identified from the list of all FDA-approved drugs, annotated 
by RxNorm and were classified into 13 opioid classes, including buprenorphine, 
codeine, dihydrocodeine, fentanyl, hydrocodone, hydromorphone, meperidine, 
methadone, morphine, oxycodone, oxymorphone, tapentadol, and tramadol. A total 
of 14,970,399 AE reports were retrieved and downloaded from the FDA Adverse 
Events Reporting System (FAERS) from 2004 Quarter 1 to 2020 Quarter 3. After the 
normalizations, we obtained 20,178,515 pairs of drug-AEs, originated from 69,889 
unique drugs and 22,260 AEs, including 78,874 pairs of opioid-AEs of 13 classes of 
FDA-approved opioids and 14,374 unique AEs. Empirical Bayes Geometric Mean 
(EBGM), a representative Bayesian and widely used approach for disproportionality 
analysis, was then applied to have identified 3,317 pairs of potential risk signals 
for the 13 opioid classes. Based on these potential safety signals, comparative 
analysis was pursued to global overview the status of opioid-related AEs of all 
13 classes of FDA-approved prescription opioids, and the top 10 most reported 
AEs of each opioid were listed. Both network analysis and hierarchical cluster-
ing analysis were conducted to further explore the relationship among opioids. 
The results of network analysis exhibited a close association among fentanyl, 
oxycodone, hydrocodone, and hydromorphone by sharing more than 22 AEs, and 
the much less common AEs shared among dihydrocodeine, meperidine, oxymor-
phone, and tapentadol. Furthermore, the hierarchical cluster analysis classified the 
13 opioids into two classes by comparing the full profiles of presence/absence of 
AEs. The results of network analysis and hierarchical cluster analysis were not only 
consistent and validated with each other, but also provided a better and deeper 
understanding on the association and relationships of the 13 opioids from various 
aspects. These results may be potentially applied in improving pain treatment and 
management especially on chronic pain to avoid severe AEs caused by long term 
use and co-exposure with other drugs.

 3191 Assessment of a Modified Sandwich Estimator for Generalized 
Estimating Equations with Application to Opioid Poisoning in 
MIMIC-IV ICU Patients

P. Rogers1, and J. A. Stoner2. 1US FDA/NCTR, Jefferson, AR; and 2University of Oklahoma 
Health Sciences Center, Oklahoma City, OK. Sponsor: W. Tong.

Longitudinal regression models for correlated binary outcomes are frequently 
fit using generalized estimating equations (GEE). The Liang and Zeger sandwich 
estimator is often used in GEE to produce unbiased standard error estimation 
for regression coefficients in large sample settings, even when the covariance 
structure is misspecified. The sandwich estimator performs optimally in balanced 
designs when the number of participants is large with few repeated measure-
ments. The sandwich estimator’s asymptotic properties do not hold in small 
sample and rare-event settings. Under these conditions, the sandwich estimator 
underestimates the variances and is biased downwards. Here, the performance of 
a modified sandwich estimator is compared to the traditional Liang-Zeger estima-
tor and alternative forms proposed by authors Morel, Pan, and Mancl-DeRouen. 
Each estimator’s performance was assessed with 95% coverage probabilities for 
the regression coefficients using simulated data under various combinations of 
sample sizes and outcome prevalence values with independence and autoregres-
sive correlation structures. We demonstrated in simulations with sample sizes 
of 100 subjects and an autoregressive covariance structure with higher correla-
tion settings (0.10 and 0.15) that all the sandwich estimators produced coverage 
probabilities that fell below 95%. This was not observed in our earlier simulations 
with low correlation values. As the sample sizes dropped under these same correla-
tion conditions, the Liang-Zeger continued to perform abysmally while the Rogers-
Stoner and Pan estimators adjusted. As the sample sizes decreased under a 0.10 
correlation with 10% and 5% outcome prevalences, the coverage probabilities of 
the Liang-Zeger continued to deteriorate, while the Rogers-Stoner and Pan estima-
tors recovered, almost achieving 95% coverage probabilities at 40 subjects and 
lower. In our limited simulation settings, the Rogers-Stoner sandwich estimator 
outperformed the Liang-Zeger and typically outperformed all other estimators as 
both the prevalence and sample size decreased. This approach provides a method 
for modeling rare events in finite samples on the effects of medications, drugs, 
and poisons.

 3192 RxNorm for Drug Name Normalization: A Case Study 
of Prescription Opioids in the US FDA Adverse Events 
Reporting System

W. Zou, H. Le, S. Harris, H. Fang, H. Hong, W. Ge, P. Rogers, and W. Tong. US FDA/NCTR, 
Jefferson, AR.

The US Food and Drug Administration (FDA) Adverse Events Reporting System 
(FAERS) is the largest adverse events (AEs) database containing over 16 million 
reports from 1969 to the present to support the FDA’s post-marketing safety 
surveillance program. Numerous studies have been conducted on the database to 
assess post-marketing reporting rates for drug safety review and risk assessment. 
However, the drug names in the adverse event reports from FAERS were heteroge-
neous due to a lack of uniformity of information submitted mandatorily by pharma-
ceutical companies and voluntarily by patients, health care professionals, and the 
public. Therefore, the studies using FAERS database without drug name normaliza-
tion may encounter incomplete collection of adverse event reports from non-stan-
dard drug names and the accuracies of the results might be affected. In this study, 
we demonstrated the way using RxNorm, developed by the National Library of 
Medicine, for drug name normalization in FAERS. Using prescription opioids as a 
case study, we used RxNorm API to map all FDA-approved prescription opioids from 
the collection of FAERS adverse event reports to their equivalent RxNorm Concept 
Unique Identifiers (RxCUIs) and RxNorm names. The different names of the opioids 
were then extracted, and their usage frequencies were calculated in our collec-
tion of more than 1.49 million AE reports for 13 FDA-approved prescription opioid 
classes, reported over 17 years. The results showed that a significant number of 
different names were consistently used for opioids in FAERS reports, with 2,086 
different names used at least three times and 842 different names used at least ten 
times for 92 RxNorm names of FDA-approved opioids. RxNorm API mapping was 
confirmed to be able to help reducing the heterogeneity of drug names significantly 
in the adverse event reports in FAERS. The RxNorm API is expected to have a broad 
application to different sets of drug names from any database where drug names 
are diverse and unnormalized. Further research is expected to improve the applica-
tion of RxNorm API and build up a database to strengthen drug safety review and 
assessment in pharmacovigilance.

 3193 Arsenic Exposure–Related Hypertension Is Linked to Reduced 
Circulating Nitric Oxide

K. Hossain1, N. Hauque1, M. Khatun1, A. E. Siddique2, S. Himeno3, and A. Barchowsky4. 
1University of Rajshahi, Rajshahi, Bangladesh; 2University of New York at Buffalo, Buffalo, 
NY; 3Showa University, Tokyo, Japan; and 4University of Pittsburgh, Pittsburgh, PA.

Hypertension is a major cause of death worldwide and is increasing in prevalence. 
Although arsenic exposure has been associated with the risk of hypertension, 
this association appears non-uniform due to inconsistent results from studies 
conducted in different populations and in dose-response relationships. Moreover, 
hypertension is a complex syndrome with multiple underlying mechanisms. 
Impaired production and bioavailability of vascular nitric oxide (NO) is implicated 
in the pathogenesis of cardiovascular diseases and hypertension and is sensitive 
to arsenic inhibition. Thus, we investigated the hypothesis that arsenic-promoted 
decreases in vascular NO was associated with hypertension in a Bangladeshi 
population exposed to a broad range of arsenic in their drinking water. There were 
828 participants, with 641 from high- and 187 from low-arsenic exposure areas. 
Arsenic levels in drinking water, hair, and nails of each participant were measured 
by inductively coupled plasma mass spectroscopy. Total serum nitrite concentra-
tions, reflecting NO levels, were measured by immunoassay. Hypertension, defined 
as systolic (SBP) value of ≥ 140 and a diastolic (DBP) value of ≥ 90 mmHg, was 
approximately 4.5 times higher in the high arsenic areas than that in the low-expo-
sure area. Arsenic exposure showed dose-dependent positive associations with 
blood pressure after adjusting for age, sex, BMI, education, and smoking habits. 
The increased odds ratios for hypertension were dose-dependently increased by 
arsenic even in participants with relatively low to moderate concentrations (10-50 
µg/L) of water arsenic. As we have observed in cells and mice, arsenic decreased 
NO availability, and NO levels were inversely associated with risk of hypertension. 
Additionally, causal mediation analysis showed a significant mediating effect of NO 
loss on arsenic-related hypertension. Thus, the results of this study suggest that 
arsenic exposures dose-dependently increased risk of hypertension by impairing 
vascular NO availability in this population. Supported by the grants from Rajshahi 
University [No. A-701/6-109(Research)], NIEHS (R01033519) and JSPS KAKENHI 
(No. 21KK0170).

 3194 Paraben Exposure and Adiposity-Related Measures: A Systemic 
Review of Population-Based Studies

X. Xu, H. Wu, P. D. Terry, L. Zhao, and J. Chen. University of Tennessee, Knoxville, TN.  
Sponsor: Y. Xi.

Parabens are alkyl esters of p-hydroxybenzoic acid. Human exposure to parabens 
is ubiquitous, including from using pharmaceutical and cosmetic products as 
well as from food consumption. There is a growing public health concern that 
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paraben exposure can have an adverse impact on human health. We conducted 
a systemic review of epidemiological studies published in the last five years to 
assess paraben exposure in relation to adiposity-related measures at three 
different life stages: in utero, between birth and adolescence, and adulthood. 13 
studies measured paraben exposure in pregnant women and the adiposity-related 
measures were evaluated in the newborns or up to the age of 11. Although there 
was some evidence demonstrating an association between paraben exposure in 
utero and risks of subsequent adiposity-related measures, no definitive conclusions 
can be made due to potential effect modification by factors like gender. Only six 
studies examined the association between paraben exposure and adiposity-related 
measures in adolescents. Most of the studies were cross-sectional; therefore, the 
causal interference is limited. In addition, no potential confounding dietary factors 
were considered in these studies. Foods containing the most parabens may also be 
the most caloric. The association between paraben exposure during adulthood and 
adiposity-related measures was investigated in 12 studies. One-third of the studies 
found no association between paraben exposure and BMI. Moreover, many studies 
were statistically underpowered, especially for sub-analysis by gender or other 
potential effect-modifying factors. Among the remaining eight studies, all but one 
demonstrated an inverse relationship between paraben exposure and BMI. Paraben 
exposure is influenced by age, race, and gender. The composition of paraben 
profiles in human samples is also population and/or region-specific. It is important 
to note that very few studies reviewed here were originally designed to evaluate 
the health impact of environmental chemical exposure, including parabens. The 
environmental exposure components were often added at a later research stage, 
resulting in single-spot biological samples being collected at various time points, 
which could potentially lead to exposure misclassification. This review reinforced 
the necessity for larger, long-term prospective studies with repeated measurements 
of chemical exposures across a broad range of developmental periods to elucidate 
the effects of parabens exposure on childhood and adult health outcomes.

 3195 Age-Period Cohort Analysis of Mesothelioma: Flat Incidence 
Trends for Males Entering US Workforce after 1972

A. Loccisano1, N. Udo2, and B. Kerger3. 1Exponent, Alexandria, VA; 2Optum Life Sciences, 
Los Angeles, CA; and 3Exponent, Irvine, CA.

Malignant pleural mesothelioma risk is attributed to occupational commercial 
asbestos exposure; the disease can also arise following exposures to erionite, 
non-commercial amphiboles, or ionizing radiation, and from genetic predisposi-
tion or spontaneous occurrence. In the past three decades, pleural mesothelioma 
incidence data from the US Surveillance, Epidemiology, and End Results (SEER) 
program revealed a peak male age-adjusted rate occurring in the early 1990s, with 
subsequent decline. Age-period-cohort (APC) analysis revealed that this pleural 
mesothelioma trend involved the superposition of strong age-related and birth 
cohort-related trends prominently impacted by large worker populations exposed to 
high dose amphiboles during shipbuilding in the World War II era. In contrast, perito-
neal mesothelioma is approximately ten-fold less prevalent among males than 
pleural mesothelioma. It is more specifically associated with high dose amphibole 
asbestos, and it often occurs among individuals without known asbestos 
exposures. Incidence trends of peritoneal mesothelioma among US males have 
been essentially flat for the past three decades, occurring more frequently among 
females, and at earlier onset age for both sexes. Peritoneal mesothelioma risk 
has also shown a dose-response relationship, occurring predominantly among 
amphibole-exposed workers with asbestosis and high lung fiber burdens, typically 
over 100 fibers/cubic centimeter*year. This study investigates the hypothesis 
that the US government regulations on occupational asbestos exposures, starting 
in 1972, caused an inflection point, after which mesothelioma incidence was 
essentially flat for males subsequently entering the workforce. APC analysis of the 
SEER cancer registries (1973-2018) was conducted using two-year intervals of age, 
calendar period, and birth cohort to evaluate US male incidence of all mesothelioma 
or peritoneal mesothelioma. Work cohort year was defined as birth cohort plus 
18 years for first entry into the workforce. APC rate ratio (RR) for all mesothe-
lioma was significantly elevated from 1927 through 1972 with subsequent flat 
incidence trends; similar APC analysis of peritoneal mesothelioma showed signifi-
cantly elevated work cohort RR only in 1937, 1943, and 1953 with consistently flat 
incidence trends after 1961. Exponential elevations for age-related incidence rate 
after period and cohort adjustments were observed for all mesothelioma and for 
peritoneal mesothelioma. APC analysis showed consistent downward risk trends 
for all mesothelioma but were flat for peritoneal mesothelioma. This APC analysis 
suggests that US males first entering the workforce after 1972 showed no signifi-
cantly increased risk of all mesothelioma, possibly due to regulations that reduced 
workplace asbestos exposures as well as plausible threshold-dependent risks from 
chrysotile which continued to be used through the 1990s. In contrast, the cohort of 
US males first entering the workforce after 1961 showed no significantly increased 
risk of peritoneal mesothelioma suggesting less valid attribution to asbestos 
exposure, more likely attribution to other causal etiology, and/or earlier curtailment 
of high dose amphibole exposures associated with asbestosis prevention.

 3196 Association between Urinary Glyphosate and Kidney Function 
among US Adults: NHANES 2013–2014

T. Roh, N. F. Trisha, L. Smith, N. T. Hasan, and N. M. Johnson. School of Public Health 
Texas A&M University, College Station, TX.

Chronic kidney disease (CKD) affects more than 1 in 7 adults in the US. Although 
glyphosate is the most widely used herbicide, there is limited epidemiological 
evidence that examined its potential effects on kidney functions. This study aimed 
at investigating the effect of glyphosate exposure on kidney functions among US 
adults, based on the 2013-2014 National Health and Nutrition Examination Survey 
(NHANES) datasets. The multivariable linear regression models were fitted to 
evaluate associations of urinary glyphosate with kidney function biomarkers such 
as estimated glomerular filtration rate (eGFR), serum uric acid, serum albumin, 
blood urea nitrogen (BUN), and urinary albumin-creatinine ratio (ACR). In addition, 
multivariable logistic regression was conducted to assess the association between 
urinary glyphosate and CKD. CKD was defined as eGFR < 60 mL/min/1.73 m2. 
Urinary glyphosate levels were log2-transformed before the analysis. Demographic, 
socioeconomic, health, and behavioral factors were included in the model for 
adjustment. Urinary glyphosate was positively associated with ACR (β 2.92, 95% 
CI 0.97, 4.86) and BUN (β 0.50, 95% CI 0.04, 0.95), and negatively associated with 
eGFR (β -1.64, 95% CI -2.83, -0.44), after adjusting for covariates. Each doubling 
of urinary glyphosate levels was significantly associated with an elevated risk of 
CKD (OR 1.39, 95% CI 1.12, 1.71), after adjusting for covariates. Our study showed 
that exposure to glyphosate may negatively affect kidney functions, suggesting a 
potential association with chronic kidney disease.

 3197 Phthalates Exposures Are Associated with Liver Steatosis and 
Fibrosis in Adult NHANES 2017–2018

N. Samala1, S. Yogesh2, R. Lele3, T. C. Gripshover2, B. Wahlang2, L. Jophlin2, B. McGrath2, 
J. Young2, S. Rai3, and M. Cave2. 1Indiana University, Indianapolis, IN; 2University of 
Louisville, Louisville, KY; and 3University of Cincinnati, Cincinnati, OH.

Phthalates are ubiquitous plasticizers that are widespread environmental pollut-
ants and detectable in the general population. Phthalates have been associated 
with obesity and insulin resistance, both of which are commonly associated with 
nonalcoholic fatty liver disease (NAFLD). We wanted to determine if phthalates are 
associated with risk of NAFLD. We hypothesize that phthalates are associated with 
hepatic steatosis, fibrosis, and high-risk nonalcoholic steatohepatitis (NASH) in the 
general adult population. Participants ≥18 years old from the 2017-2018 National 
Health and Nutrition Examination Survey (NHANES) were included. The exclusion 
criteria were active viral hepatitis B or C; daily alcohol consumption >21g for men or 
>14g for women; missing/unreliable elastography data; and <60% (n=4) phthalates 
detectable in the population. Vibration Controlled Transient Elastography (VCTE) 
was performed by Fibroscan®. Urinary phthalates were measured by SPE-HPLC-
TIS-MS (mono carboxyisononyl (CNP), mono carboxyisoctyl (COP), Mono-2-ethyl-5-
carboxypentyl (ECP), Mono-2-ethyl-5-carboxypentylterephthalate (ECPT) , Mono-2-
hydroxy-iso-butyl (HIBP), Mono-n-butyl (MBP), Mono-(3-carboxypropyl) (MC1), 
Mono-ethyl (MEP), Mono-3-hydroxy-n-butyl (MHBP), Mono-(2-ethyl-5-hydroxyhexyl) 
(MHH), Mono-2-ethyl-5-hydroxyhexylterephthalate (MHHT), cyclohexane 
1,2-dicarboxylic acid monohydroxy isononyl ester (MHNC), Mono-isobutyl (MIB), 
Mono-(2-ethyl-5-oxohexyl) (MOH), Mono-oxoisononyl (MONP), mono-benzyl) 
(MZP). R-software was used to conduct univariate and multivariate associations 
between exposure (phthalates) variables with the liver disease outcome variables 
using VCTE for controlled attenuation parameter (CAP), liver stiffness measure-
ment (LSM), and Fibroscan-AST (FAST) score. FAST score was calculated using 
variables LSM, CAP, and AST as previously published. The final sample size was 
1303 with median age of 48.21 ± 36.1 years and median BMI of 29.08 ± 14.7 kg/
m2. 50% of subjects were women; 36% were non-Hispanic White; and 22% were 
non-Hispanic Black. The median CAP and LSM were 262.98 ± 122.52 dB/m 
and 5.49 ± 5.33 kPa, respectively. On univariate analysis, HIBP, and MHBP was 
negatively associated with CAP; while COP, HIBP, MHHT was positively associ-
ated and MHBP was negatively associated on multivariable regression analysis. On 
univariate analysis, ECP, MHHT, positively associated with LSM; while ECP, ECPT, 
MHHT, were associated with LSM on multivariable regression analysis. On univar-
iate analysis, ECP, ECPT and MHHT were associated with FAST; while ECP and 
MHHT were associated on multivariable regression analysis. Phthalates are associ-
ated with risk of hepatic steatosis, fibrosis, and high-risk NASH. Further studies are 
needed to understand the pathophysiology of this association.

 3198 Assessing the Health Impact of Land-Applied Biosolids 
in Virginia

D. D. Flammia, A. Hayes, and R. Ellick. Virginia Department of Health, Richmond, VA.

The Virginia Department of Health (VDH) simultaneously conducted a quantitative 
microbial risk assessment (QMRA) of land applied biosolids in VA and an epidemio-
logical study of residents living near where biosolid samples were recently applied. 
Biosolids refers to solid, semisolid, or liquid materials removed from municipal 
sewage and treated to be suitable for recycling as fertilizer. Class A biosolids have 
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received a level of treatment that virtually eliminates disease-causing organisms 
and are often sold alongside commercial fertilizers. Class B biosolids have less 
restrictive standards for content of disease-causing organisms. Class B biosolids 
are considered protective of health when coupled with specific application restric-
tions, such as distance between land with biosolids and any wells and streams, 
access restrictions for people and livestock, and certain crop exclusions. Biosolids 
samples were collected from 34 application sites, four storage facilities, and 
two wastewater treatment facilities in VA. VDH contracted with the University of 
Arizona to test biosolids samples for pathogens which included seven microor-
ganisms or classes of microorganisms. Pathogens tested included bacteria, 
viruses, and helminth ova. A total of 40 biosolids samples including 39 Class B 
biosolids and one Class A biosolids samples were sent for analysis. The biosol-
ids treatment type identified for the 40 samples included: aerobic digestion (10), 
anaerobic digestion (12), lime stabilization (16), pasteurization/digestion (1), and 
thermal hydrolysis (1). Five anaerobically digested biosolids from different produc-
ers each had fecal coliforms greater than 2,000,000 MPN/g. One lime stabilization 
treated sample Salmonella content was reported as 5 MPN/4g compared to six 
aerobic and seven anaerobically digested biosolids samples that were reported 
to have Salmonella content greater than 3MPN/4g. Measurable concentration of 
pathogenic viruses were reported in five aerobic and one anaerobic digested biosol-
ids samples. Ascaris was not detected in any samples. The laboratory analysis 
shows that Class B biosolids generated by lime stabilization have fewer pathogens 
than aerobic or anaerobically generated Class B biosolids. VDH used the QMRA 
model developed by the USDA to calculate the probability of aerosol infection 
by each pathogen using the laboratory results. QMRA uses what is known about 
pathogen infectivity, human anatomy and physiology, human behavior, and air 
transport mechanisms of pathogens to quantitate risk of infection. The acceptable 
limit of infection risk from biosolids exposure used was less than 1 in 10,000. The 
risk of aerosol infection was calculated using 6.5 feet, 200 feet, and 400 feet as 
the distance from the land application site and the measured pathogen concen-
trations. There was no increased calculated risk for any of the above pathogens 
at 400 feet from the biosolids application site. In VA a resident can request that 
Class B biosolids not be land applied within 400 feet of their home. VDH mailed 
2,670 health-based surveys to addresses determined to be within 1,000 feet of sites 
where the Virginia Department of Environmental Quality received notification that 
Class B biosolids were going to be land applied. Only 68 responses were received. 
The majority (96%) of all survey participants reported that their health was fair or 
better with 29% reporting that they were ill or had symptoms in the past two weeks. 
The most reported symptom or illness in the past two weeks included runny nose 
and congestion, sore throat, and headache. Sixty-six percent reported detecting 
biosolids odor in the past two. When asked about biosolids impact on quality of 
life, 47% reported that biosolids land application affected their quality of life. The 
epidemiological survey response rate was low; however, the responses received 
suggest that the quality of life is impacted and can largely be attributed to the odor.

 3199 Hearing Loss and Urinary Trans, Trans-Muconic Acid (t,t-MA) 
in 6- to 19-Year-Old Participants of Pre-pandemic NHANES 
2017–March 2020

R. Benedict, F. Scinicariello, H. Abadin, G. Zarus, and R. Attanasio. CDC/ATSDR,  
Atlanta, GA. Sponsor: B. Szafran.

Hearing loss (HL) is a common condition in all ages. HL in children and adoles-
cents is associated with worse language development and school performance and 
psychological and behavioral problems. Ototoxic substances are one of several 
risk factors associated with HL. Exposures to solvents, among them benzene, 
have been associated with HL in adults. The general population may be exposed to 
benzene from gasoline fumes, automobile exhaust, emissions from some factories, 
and wastewater from certain industries. Exposure to benzene occurs primarily by 
inhalation, but skin and oral absorption may also occur. Cigarette smoking and 
secondhand smoke are important sources of exposure to benzene. People may also 
be exposed to benzene in contaminated drinking water and some foods. Benzene 
is formed in non-alcoholic beverages containing both benzoate salts and ascorbic 
acid. Benzene may be present in consumer products like cosmetics and personal 
care items. We examined the association of the benzene metabolite trans, trans-mu-
conic acid (t,t-MA) and HL in youth participants (ages 6-19 years) in the pre-pan-
demic National Health and Nutrition Examination Survey (NHANES) 2017-March 
2020. We used logistic regression to calculate the adjusted odds ratio associations 
between HL and urinary t,t-MA both natural -log transformed and by quartiles. The 
a priori co-variates used were age, sex, race/ethnicity, poverty income ratio (PIR), 
body weight status (normal/underweight, overweight, and obese), self-reported ear 
infection, loud noise exposure, and urinary creatinine. In sensitivity analyses, we 
added serum cotinine measurements to the model. Pure-tone average (PTA) of 
hearing thresholds at speech frequency (SF: 0.5, 1, 2, and 4kHz) and high frequency 
(HF: 3, 4, and 6 kHz) were analyzed for slight HL as PTA>15 dB and mild HL as PTA> 
20 dB. The weighted prevalence of at least slight SFHL>15dB and HFHL>15dB 
was 5.8% and 9.1%, respectively. In contrast, the weighted prevalence of at least 
mild SFHL>20dB and HFHL>20dB was 2.6% and 4.0%, respectively. Urinary t,t-MA 
was statistically significantly associated with both slight SFHL and HFHL. For each 
doubling of t,t-MA there were 42% increased odds to have slight SFHL (OR=1.42; 
95% CI: 1.05,1.92) and 31% increased odds to have slight HFHL (OR=1.31; 95% CI: 
1.03,1.66). Analyses by chemical quartiles showed that the highest quartile t,t-MA 

compared to the referent quartile was associated with increased odds to have 
slight SFHL (OR= 4.02; 95% CI: 1.04 -15.56) and slight HFHL (OR= 4.00; 95% CI: 
1.02 -15.75). Because of the lower sample size of cases, the mild HL were modeled 
using continuous log-transformed urinary t,t-MA. For each doubling of t,t-MA there 
were 60% increased odds to have mild SFHL (OR=1.60; 95% CI: 1.10, 2.32) and 45% 
increased odds to have mild HFHL (OR=1.45; 95% CI: 1.03, 2.04). To our knowledge, 
this is the first population-based report of an association between HL and the 
benzene metabolite t,t-MA in youth 6 to 19 years old. The association was found 
at both speech and high frequency levels. Continued preventative efforts towards 
reducing benzene exposures will have a positive impact in decreasing the risk of HL 
in children and adolescents. Disclaimer: The findings and conclusions in this presen-
tation have not been formally disseminated by the Centers for Disease Control and 
Prevention/the Agency for Toxic Substances and Disease Registry and should not be 
construed to represent any agency determination or policy.

 3200 Modification of the Association between PM2.5 and Heart Rate 
by Beta-Blocker Usage among Heart Failure Patients

M. N. Narain1, M. Breen2, J. Moyer3, J. Schwartz4, and C. K. Ward-Caviness3. 1University 
of North Carolina at Chapel Hill, Chapel Hill, NC; 2US EPA, Research Triangle Park, NC; 
3US EPA, Chapel Hill, NC; and 4T. H. Chan School of Public Health, Harvard University, 
Boston, MA.

Fine particulate matter (PM2.5) is associated with cardiovascular morbidity, partic-
ularly among individuals with pre-existing conditions such as heart failure (HF). 
Medications may modify the association between PM2.5 and health risks, particularly 
those that act on the same physiologic pathways as PM2.5. Using electronic health 
records (EHRs) from 26,653 HF patients observed from 2014-2016 we examined 
associations between heart rate (HR) and PM2.5 were modified by beta-blocker 
medication usage. Daily PM2.5 was measured at the nearest EPA monitor based 
on the patient’s primary residence. Linear mixed models were adjusted for age, 
sex, race, temperature, relative humidity, census sociodemographic variables, and 
a cubic spline over time since start. Associations were stratified on beta-blocker 
medication usage and examined for the day of measurement and up to 4 days 
prior as well as the 5-day moving average. A multiplicative interaction was also 
used to model the interaction between PM2.5 and HR. Results are per 10 µg/m3 
increase in PM2.5. Associations across lags were consistent, so we will report only 
the 5-day moving averages. When no beta-blocker prescription was noted in the 
health record, we observed a positive association between PM2.5 and HR (0.79, CI 
= 0.67, 0.92) with the opposite direction of association seen when beta-blockers 
had been prescribed (-0.21, CI = -0.28, -0.15; interaction P = 2.18x10-25). Medication 
usage likely has interactions with short-term PM2.5 and should be accounted for 
when possible and potentially explored for its ability to modify PM2.5-related health 
risks. This abstract does not necessarily reflect the policies of the US EPA.

 3201 A Systematic Review on the Occupational Exposure to Hair Dye 
among Hairdressers and Barbers and Risk of Bladder Cancer

R. D. Freid1, A. M. Hernandez2, N. K. Mandava3, R. K. Brewster4, L. Dobyns4, 
E. Q. Sutherland4, and D. Hollins5. 1Cardno ChemRisk, Boston, MA; 2Cardno ChemRisk, 
Houston, TX; 3Cardno ChemRisk, Boulder, CO; 4Cardno ChemRisk, Chicago, IL; and 
5Cardno ChemRisk, San Francisco, CA. Sponsor: H. Lynch.

Hairdressers and barbers may potentially be exposed to chemicals in hair dyes used 
to color or lighten hair, particularly if the appropriate personal protective equipment 
is not worn. Hair dyes manufactured prior to 1980 (i.e., legacy hair dyes) contained 
aromatic amines (e.g., benzidine or beta-napthylamine), which are possible carcino-
genic chemicals. The formulation of modern hair dyes (i.e., those manufactured 
post-1980), however, no longer contain these chemicals. The most recent system-
atic review on this topic was published in 2009. As such, an updated systematic 
review was conducted following PRISMA guidelines, to evaluate the potential 
association between occupational use of hair dye and the risk of bladder cancer, 
specifically in relation to exposure prior to or after 1980. The search identified 141 
articles, 19 of which were selected for full review based on a priori inclusion and 
exclusion criteria. These studies included nine case-control, three cohort, and seven 
cancer incidence or mortality studies. Nine studies did not stratify or report the 
association between work as a hairdresser and/or barber and risk of bladder cancer 
based on time period of employment (i.e., pre- or post-1980), and as a result were 
not included in the evaluation. Eight studies evaluated the association between 
bladder cancer risk and work as a hairdresser or barber exclusively prior to 1980. 
Of these studies, the majority (n=6) found a statistically significant increased risk 
of bladder cancer based on employment as a hairdresser or barber prior to 1980. 
Additionally, two studies that conducted stratified analyses by employment as a 
hairdresser or barber pre- and post-1980 found statistically significantly increased 
risks of bladder cancer for workers employed prior to 1980. For employment after 
1980, only one study found a statistically significant increased risk of bladder 
cancer among males only. All studies used occupation as a hairdresser or barber 
as a proxy for hair dye exposure, limiting the ability to determine the effect of any 
specific chemical agent, including those present within hair dyes, on bladder cancer 
risk. Lastly, of all 10 studies included in the review of pre- and post-1980 exposures, 
none of the studies directly adjusted for smoking, a primary risk factor for bladder 
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cancer. The results from the pre-1980 analyses indicate that legacy hair dyes may 
be associated with increased risk of bladder cancer in hairdressers and/or barbers. 
In contrast, the post-1980 study results indicate that modern hair dyes are not 
associated with an increased risk of bladder cancer in hairdressers and/or barbers. 
Overall, the available epidemiological evidence indicates that the risk of bladder 
cancer is not elevated among hairdressers and/or barbers employed after 1980.

 3202 Organophosphate Esters and Fetal Growth in the LIFECODES 
Fetal Growth Study

P. Bommarito1, B. Welch2, D. Cantonwine3, T. McElrath3, and K. Ferguson1. 1NIEHS, 
Research Triangle Park, NC; 2University of Nevada Reno, Reno, NV; and 3Brigham and 
Women’s Hospital, Boston, MA.

Organophosphate esters (OPEs), such as those used as flame retardants, represent 
emerging exposures of concern. OPEs have been associated with adverse reproduc-
tive outcomes, including changes in fetal growth. Previous studies have been 
inconsistent with respect to the direction and magnitude of these associations. 
However, this literature has been limited by small sample sizes. Using data from the 
LIFECODES Fetal Growth Study (n = 901), we estimated associations between OPEs 
and size-for-gestational age. The LIFECODES Fetal Growth Study is a case-cohort 
comprising 249 small-for-gestational age (SGA), 411 appropriate-for-gestational 
age (AGA) and 241 large-for-gestational age (LGA) births sampled from 2008 - 
2018. We measured concentrations of 8 OPE metabolites at three timepoints and 
used their geometric mean to estimate average exposures during pregnancy. We 
used multinomial logistic regression models to estimate the odds ratio (OR) and 
95% confidence interval (CI) of an SGA or LGA birth associated with an interquar-
tile-range increase in each metabolite. Of the 8 metabolites quantified, we detected 
5 frequently (> 60% of participants). The metabolites were weakly correlated with 
one another (-0.13 < ρ < 0.27) and we identified temporal trends in their concentra-
tions across the study period. For example, concentrations of bis(2-chloroethyl) 
phosphate (BCEtP) and di-n-butyl phosphate (DBuP) declined, while concentrations 
of bis(1-chloro-2-propyl) phosphate (BCPP) increased across the study period. 
After adjusting for potential confounders, both bis(1,3-dichloro-2-propyl) phosphate 
(BDCPP; OR: 1.30, 95% CI: 1.00, 1.68) and BCEtP (OR: 1.25, 95% CI: 0.99, 1.57) were 
associated with higher odds of an LGA birth. Associations with SGA births were 
null. Metabolites of several OPEs were associated with higher odds of an LGA birth. 
Though the literature is inconsistent, these findings align with previous studies 
reporting that these metabolites are associated with higher birthweights. Further 
research is needed to fully examine the relationships between OPEs and adverse 
fetal growth outcomes.

 3203 Inverse Associations of Cord Blood Mitochondrial DNA Copy 
Number with Adiposity Trajectories in Children

A. Reddam1, T. R. Bloomquist1, H. Hu1, S. E. Oberfield2, D. Gallagher2, J. Goldsmith1, 
A. G. Rundle1, A. A. Baccarelli1, J. B. Herbstman1, and A. Kupsco1. 1Columbia University 
Mailman School of Public Health, New York, NY; and 2Columbia University Medical 
Center, New York, NY.

Mitochondrial DNA copy number (mtDNAcn) is a biomarker representing the average 
number of mitochondrial genomes in a cell. Significant changes in mtDNAcn may 
indicate mitochondrial damage and dysfunction and therefore can be used as a 
measure for mitochondrial toxicity or cellular stress. Alterations in mtDNAcn 
have been implicated in dysregulated pathways associated with cardiometabolic 
diseases, diabetes, and obesity. While studies have shown inverse associations 
between mtDNAcn and adiposity, research has mainly focused on adults and not on 
children. Our study sample included a cohort of Dominican and African American 
children from Northern Manhattan and South Bronx, NY recruited from 1998 to 
2006. mtDNAcn was measured in cord blood buffy coat and dichotomized into 
low (< median) and high (> median) categories. Children were followed up with 
measurements for height, weight, and bioimpedance at ages 5, 7, 9, and 11 years. 
Mixed-effects models with random intercepts for participants were used to assess 
associations between mtDNAcn in cord blood and child BMI and BMI-z scores. 
Interactions between mtDNAcn categories and child age or child age squared were 
used to assess associations between age and BMI and BMI z-score trajectories 
at different levels of mtDNAcn. Adjusting for relevant covariates (maternal age, 
ethnicity, BMI, completion of high school, previous birth, environmental tobacco 
smoke exposure, receipt of public assistance, sex, age, age squared, and DNA input 
concentration), BMI was on average 1.1 times lower (β = -1.1, 95% CI: -1.9, -0.37) 
and BMIz was on average 0.32 times lower (β = -0.32, 95% CI: -0.54, -0.10) in individ-
uals with high mtDNAcn compared to individuals with low mtDNAcn in cord blood. 
BMI trajectories also differed by mtDNAcn level - where children beginning life with 
higher cord blood mtDNAcn tended to follow a trajectory of lower BMI and BMI 
z-scores than those with lower mtDNAcn. Similar to the literature in adults, these 
results suggest that higher cord blood mtDNAcn is associated with lower childhood 
adiposity in this cohort of Dominican and African American children. Further 
research is needed to better understand the mechanisms behind this relationship.

 3204 The Joppa Environmental Health Project: Application of 
Community-Level PM2.5 Monitoring to Evaluate the Air Quality in 
an Historic Freedmen’s Town in South Dallas

X. Day1, N. Johnson1, P. Ma1, M. O’Quinn2, J. Schermbeck2, J. McDuffie3, and 
A. Kendrick3. 1Texas A&M University, College Station, TX; 2Downwinders at Risk, Dallas, 
TX; and 3Joppa Environmental Health Project, Dallas, TX.

Racial minority and low socioeconomic status groups experience a disproportion-
ate exposure to particulate matter (PM) air pollution. Fine PM (PM2.5) pollution is 
associated with several adverse health effects, including cardiopulmonary disease, 
lung cancer, and adverse birth outcomes. As a result, there is a need to characterize 
environmental and health disparities in environmental justice (EJ) communities 
like Joppa - a predominately African American community located in South Dallas 
where concerns about air pollution from local point sources spurred the creation of 
a community-based participatory research project and subsequent installation of 
a local air monitoring network. We hypothesized that citizen-science tools, includ-
ing low-cost air monitors would provide neighborhood-level exposure data to help 
inform local air quality. In 2020, the Joppa Environmental Health Project (JEHP) 
was formed as a collaborative community-based project with a primary focus to 
evaluate the air quality in Joppa using PurpleAir (PA) monitors as a citizen-science 
tool to quantify PM2.5 concentrations in Joppa. PA-II-SD monitors were placed in 
Joppa in which the primary real-time PM2.5cf=ATM data were processed to estimate 
monthly PM2.5 averages. Presently, the Environmental Protection Agency’s (EPA) 
standard for annual average of primary PM2.5 is 12 μg/m3. Monthly averages from 
November 2021 to April 2022 ranged from 10.45 μg/m3 to 19.13 μg/m3. Based on 
these results, PurpleAir monitors are considered as an easily accessible citizen-sci-
ence tool that promotes community advocacy and informed-decision making in 
environmental justice communities such as Joppa. Moreover, JEHP have initiated 
community health surveys and airway inflammation assessments in children 
residing in Joppa. Future work will build on these partnerships in collaboration 
with the Texas A&M Superfund Research Center to assess hyperlocal VOC concen-
trations. Overall, these approaches will be vital for long-term goals of formulating 
policy-orientated neighborhood planning in Joppa and serving as a template for 
other EJ communities.

 3205 Increased Cardiovascular and Respiratory Disease—Related 
Hospitalizations and Mortality in an Area Surrounding a 
Hazardous Waste Incinerator

L. Baconguis, and S. Cormier. Louisiana State University, Baton Rouge, LA.

Clean Harbors, LLC operates a thermal treatment plant near the city of Colfax, 
LA in Central Louisiana. Its regular open burning of explosives causes consistent 
community disturbances. We hypothesized that airborne pollutants produced from 
this facility increased the disease burden of individuals residing in Colfax compared 
to surrounding areas. We gathered hospitalization and mortality rates from the 
years 2000-2017 from the Louisiana Vital Records Registry, Tumor Registry, and 
Department of Health. We found greater incidence rates of cardiovascular and 
respiratory diseases in Colfax compared to the rest of Grant Parish or Louisiana. 
The incidence rate of hospitalization for hypertension was 932.931 per 10,000, 
1.153 (95% CI: 1.13 to 1.18) times that of surrounding regions, and for asthma it 
was 99.0163 per 10,000, 1.165 (95% CI: 1.14 to 1.19) times that of surrounding 
regions. Significantly higher mortality rates were also found in Colfax for hyperten-
sion (2.060 times that of surrounding regions, 95% CI: 1.71 to 2.48) and ischemia 
(1.828 times that of surrounding regions, 95% CI: 1.59 to 2.10). Most hospitalized 
patients lived under 10km from the burn site and most lived northwest to it, consis-
tent with prevailing wind directions over the study period. Despite the small sample 
size and limited demographic information present in the dataset, we describe a 
clear trend of increased hospitalization and mortality in Colfax compared to 
surrounding areas; these are consistent with previous literature on the effects of 
long-term pollution exposure. This suggests the need for a detailed epidemiological 
study and exposure analysis within the community.

 3206 Association of Vitamin D Insufficiency with Asthma: 
Results from National Health and Nutrition Examination 
Survey, 2017–2018

L. Smith, N. Fahmida Trisha, N. Tasnim Hasan, and T. Roh. Texas A&M University, 
College Station, TX.

Asthma is a chronic condition that affects the airways of the lungs through inflam-
mation making it difficult to breathe. Over 20 million adults in the United States 
have been diagnosed with Asthma. Although asthma is one of the most well-known 
chronic conditions, the exact causation is not fully understood. Immunologic 
evidence suggests that vitamin D insufficiency is associated with a diagnosis of 
asthma. This study is aimed at investigating if an exposure to vitamin D insuffi-
ciency can lead to a higher asthma prevalence, based on the 2017-2018 National 
Health and Nutrition Examination Survey (NHANES) datasets. Logistic regression 
models were fit to evaluate associations of history of asthma diagnosis with vitamin 
D serum. Other factors were taken into consideration during the logistic regression 
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such as demographic and socioeconomic factors, BMI, diabetes, hypertension, 
history of alcohol consumption, exposure to smoke via cotinine serum, e-cigarette 
use, and family history of asthma, diabetes, and heart attack. Vitamin D insuffi-
ciency was defined as a serum value <50 nmol/L. Hypertension was defined using 
lab values of three different blood pressure tests where the systolic blood pressure 
was >130mmHg on every test or the diastolic blood pressure was greater than 
80mmHg on all three tests. Values for age were adjusted within the model to 
prevent bias. Vitamin D serum levels had a positive association (OR=1.464, 95% 
CI (1.038, 2.065)) with the diagnosis of asthma in those adults included within 
the model. Many other factors had positive associations such as family history, 
exposure to smoke, females, and those in poverty. Our study provided evidence to 
suggest that a vitamin D insufficiency may be associated with an asthma diagnosis.

 3207 Women in Toxicology in the United States

L. Melo. Ball State University, Muncie, IN.

Since the toxicology field was established, women have played a critical role in it. 
Six females from different social classes and education backgrounds were the 
pioneers of modern Toxicology. Despite these differences, they overcame similar 
obstacles in gender, politics, and scientific barriers to disseminate their research. 
This discussion will start with Ellen Swallow Richards, who, besides being the 
pioneer in sanitary engineering, founded the home economics movement that 
applied science to the home. The discussion will continue with Alice Hamilton, a 
contributor to occupational health, a pioneer in the field of industrial toxicology, and 
an example of generosity to social movements and those in need. Subsequently, 
the most famous woman we discuss in this paper is Rachel Carson, whose 
fundamental work in environmental Toxicology is evidenced in her important 
book Silent Spring. This work also features Elizabeth Miller, a biochemist known 
for her fundamental research in cancer carcinogenesis, followed by Mary Amdur. 
Nowadays much of what we know about air pollution comes due to Mary, who paid 
from her own pocket for her experimental animals to investigate Donora smog 
pollutants and their health damages. And last but not least Elizabeth Weisburger, a 
chemist who made significant contributions in carcinogenesis and chemotherapy 
drugs who worked for 40 years at the National Cancer Institute. Here, we discuss 
the aforementioned women’s careers and personal struggles that transformed 
toxicology into the field we know now.

 3208 Temporal Trends in Household Phthalate Dust Concentrations 
in an Agricultural Community Were Associated with Respiratory 
Health Outcomes

A. L. Leang1,2, M. N. Smith2, T. Workman1, W. C. Griffith1, and E. M. Faustman1. 
1University of Washington, Seattle, WA; and 2Washington State Department of Ecology, 
Olympia, WA.

Phthalates are a group of chemicals commonly found in consumer products to 
increase the flexibility/durability of plastics. They can accumulate in house dust 
as they deteriorate. Regulatory restrictions of various phthalates over the years 
may contribute to changing exposure profiles of phthalates. Analyzing household 
dust can approximate cumulative phthalate exposure mixtures. Dust data was 
analyzed from a longitudinal cohort of 97 households for a suite of 18 phthalates 
in the Lower Yakima Valley of Washington State, USA. We determined whether 
children’s product reporting requirements and regulations at the state and federal 
level are associated with longitudinal changes in phthalate concentrations. Data 
were analyzed for differences in concentrations between 2005 and 2011, and also 
seasonally. Due to high non-detection rates of 2 phthalates, a subset of 16 phthal-
ates were included in the final analyses. Significant differences were observed in 
the composition of phthalates in dust over 2005 to 2011. Significant differences 
were also observed by season for each sampling year. Additionally, recent studies 
have demonstrated an association between house dust phthalates exposure and 
development of asthma and allergic disease. Approximately 20% of the children 
in this cohort have been diagnosed with asthma, which is higher than the national 
average of 8%. Several factors can contribute to these differences, including the 
higher asthma rates seen in Hispanic populations; however, the differences seen 
are greater than would be explained by these differences and correlate with the 
increasing phthalate dust concentrations. Based on house dust samples from 97 
households with respiratory health survey data, we examined differences in total 
phthalate concentration in dust between households with and without a child with 
respiratory health issues across time, and significant differences (p<0.1) were 
found. Understanding the role of environmental exposures is an important step 
toward preventing disease development and progression. Phthalates have been 
regulated/banned in many children’s products, but children continue to be exposed 
through other unregulated products and our results suggest that exposures should 
continue to be minimized to support better respiratory health outcomes in the 
future.  This work was supported through the National Institute of Child Health and 
Human Development, National Institutes of Health, Department of Health and Human 
Services (Contract No. HHSN267200700015C and HHSN267200700023C), NIEHS 
(Award Numbers 5 P01 ES00960, 5 P30 ES0070331), 5P30ES007033-27) and US EPA 
(Grant Number RD83451401).

 3209 A Translational Model Using In Vitro and Urinary Biomarkers 
to Inform Bladder Cancer Risk from Arsenic Exposure in 
South Texas

A. E. Svetlik, T. A. Mustapha, N. T. Hasan, N. F. Trisha, N. M. Johnson, and T. Roh. Texas 
A&M University, College Station, TX.

Exposure to arsenic (As) from drinking water is a worldwide public health concern 
since As is toxic and a known human carcinogen with the strongest association to 
bladder cancer. In the U.S., 5 million people drink water with As concentration over 
the EPA standard limit of 10µg/L. Since private wells are not regulated, millions 
of people are highly exposed from this source, including rural residents in Texas. 
Texas is ranked number seven in the U.S. of people affected by As contamination. 
Moreover, bladder cancer is highly prevalent in South Texas. Based on risks for As 
exposure and bladder cancer, there is a critical need for novel biomarkers to identify 
individuals at risk and to evaluate preventive interventions in South Texas. To 
address this, a paired in vitro and human translational study was conducted. First, 
we exposed SV-HUC-1 uroepithelial cells to 0µM (control), 5µM, or 10µM of NaAsO2 
for 24 hours (acute exposure) to establish phenotypic endpoints, including cytotox-
icity, inflammation, and oxidative stress. Next, to model chronic exposure levels, 
SV-HUC-1 cells were treated 0µM, 0.1µM, or 0.5µM of NaAsO2 for 10 weeks. Urine 
samples were collected from participants in three South Texas counties (N=29) 
where the mean As level in drinking water samples was 11.2µg/L prior to household 
intervention with water pitcher filters. PDGF-BB was the most predominant cytokine 
measured in vitro and in participant urine samples. Water filtration intervention 
showed a significant decrease in urinary As levels (p<0.0001). Analysis of biomark-
ers post-intervention is ongoing. Initial findings support a combined experimental 
and field-based approach can enhance the development of biomarkers to inform 
As mitigation strategies.

 3210 Utilize Dose-Response Modeling to Advance Gene and Pathway 
Identification for Risk Estimation of Substance Use Disorder

C. Ji, and K. Shao. Indiana University Bloomington, Bloomington, IN.

Substance use disorders (SUDs) that have imposed a significant burden on 
public health are extremely difficult to treat, therefore, it is critical to understand 
the underlying etiology of SUD to advance the development of SUD prevention 
strategies. Genetic epidemiological methods and large accessible biobanks have 
built the foundation for large-scale genome-wide studies to explore the potential 
risk factors for SUD at the molecular level. The genome-wide association studies 
(GWAS) have been widely applied to identify single nucleotide polymorphisms 
(SNPs) that are potentially associated with SUD through whole genome sequenc-
ing but have difficulty providing consistent results due to the limited sample size. 
This project aims to integrate dose information of substance use to advance the 
identification of SUD-associated genes and pathways given a limited sample size, 
and further characterize the SUD risk with adequate uncertainty quantification. The 
rationale arises from a biologically plausible assumption that SUD risk and cumula-
tive dose are positively associated. Four steps are conducted for the dose-response 
modeling-based gene and pathway identification: (1) screening out invalid data and 
data not adequate for dose-response modeling using trend tests, (2) converting the 
genotype data to the dose-response data for benchmark dose (BMD) calculations 
with adjusted effects of confounders, (3) applying the BMD modeling methodology 
to estimate BMD for the identified SUD-associated SNP, and (4) estimating pathway 
BMD to derive a reasonable reference dose for the studied substance. We used 
the Study of Addiction: Genetics & Environment (SAGE) dataset (phs000092.v1.p1) 
from dbGaP containing dose levels of cigarettes/day and the nicotine dependence 
traits to validate the method. 343,038 SNPs with valid BMD estimates related to 
12,618 genes among 1 million measured SNPs of 284 subjects have been identi-
fied. The most sensitive 15 SNPs ranked by the BMD values are found directly 
related to smoking and SUD-induced diseases, for example, one of the identified 
SNP rs2139536 is related to the gene ‘CDCP1’ and the substance-related disorder 
disease. The pathways identified using the proposed method have 11 signifi-
cant ones directly related to the drug response, for example, one of the signifi-
cant pathways GO:0035690 is the cellular response to a drug. Employing the BMD 
method to utilize the dose-response information for SUD-associated gene identifi-
cation is highly innovative with two important features: requires a smaller sample 
size and is more sensitive to detect the trend. Future research will be conducted to 
derive a reference dose for the designated SUD in support of the development of 
effective prevention strategies.
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 3211 Binge Drinking among US Adults before and after the WHO 
Declaration of COVID-19 Pandemic

O. Dada1, D. Adrazgo2, E. Odame3, E. Obekpa2, M. Asare4, M. Ahuja5, D. Stewart5, 
F. Williams6, P. Timir7,8, J. Wilkerson2, P. Bhattacharjee5, and H. Mamudu5. 1Murray 
State University, Murray, KY; 2UT Health Houston, Houston, TX; 3University of Alabama 
at Birmingham, Birmingham, AL; 4Baylor University, Waco, TX; 5East Tennessee State 
University, Johnson City, TN; 6NIH, Bethesda, MD; 7University of Tennessee Health 
Science Center at Nashville, Nashville, TN; and 8Ascension St. Thomas Hospital, 
Nashville, TN. Sponsor: M. Chalbot.

Emerging evidence indicates that COVID-19-related stressors have increased 
alcohol consumption. This study aimed to: (1) estimate the prevalence of binge 
drinking before and after the COVID-19 pandemic declaration and (2) determine the 
association between binge drinking and sociodemographic characteristics among 
a nationally representative sample of noninstitutionalized adults in the United 
States (U.S). We used the 2020 Health Information National Trends Survey (HINTS), 
a cross-sectional survey. HINTS data were collected from February through June 
2020 (N = 3,865). Stratified by the COVID-19 pandemic declaration, we estimated 
the weighted prevalence of binge drinking (defined as 4 (female) or 5 (male) or more 
drinks at an event within two hours) by sociodemographic characteristics and other 
variables of interest. Weighted multivariable logistic S models were used to assess 
the association between binge drinking and participants’ characteristics before 
and after the pandemic declaration. The prevalence of extreme binge drinking (6 
or more drinks) increased during the pandemic, although overall binge drinking 
decreased by 0.82% compared to before the pandemic. However, it increased 
among specific subpopulations, including individuals aged 18-25 years (during= 
61.88% vs. before= 60.60%), males (during= 48.77% vs. before= 47.65%), Hispanic 
individuals (during= 60.61% vs. before= 55.72%), divorced/separated individuals 
(during= 49.80% vs. before= 41.10%), those with high school (during= 62.00% vs. 
before= 47.23%) or college/higher education (during= 38.66% vs. before= 36.46%), 
and current smokers (during= 64.56% vs. before= 57.57%). Multivariable logistic 
regression indicates that the odds of binge drinking were 1.02 times lower during 
the pandemic compared to before the pandemic. Simultaneously, it was found 
that Hispanic individuals (OR= 3.07, 95% CI= 1.53, 6.18), lesbians/gays/bisexuals 
(OR= 3.37, 95% CI= 1.42, 8.00), former smokers (OR= 2.16, 95% CI= 1.38, 3.39), 
and current smokers (OR= 4.17, 95% CI= 2.11, 10.53) had higher odds of binge 
drinking during the pandemic. While overall binge drinking decreased during the 
COVID-19 pandemic decreased, it increased in certain subpopulations in the U.S. 
These results indicate the importance of examining the disparate behavioral 
impact of COVID-19 on subpopulations and the need to develop more tailored and 
targeted interventions.

 3212 Effects of Methamphetamine on Gene Expression Related to 
Cardiac Function in Rat Heart

S. Kanno, M. Shams, J. Manma-Otaki, M. Fukuta, H. Kato, Y. Nakamura, and Y. Aoki. 
Nagoya City University Graduate School of Medical Sciences, Nagoya, Japan.

Methamphetamine (METH) is one of the most widely abused drugs. METH has 
been reported to induce cardiac dysrhythmia, leading to sudden death. In forensic 
autopsies of METH-abuser, several cardiac lesions, such as myocardial hypertro-
phy, are often observed. However, the mechanism of METH-induced cardiotoxicity 
has not been clarified fully. In this study, we investigated the effects of METH on 
gap junctions (GJ) and ion channels, which are associated with heart function, 
in the heart of METH-exposed rats. Rats (5 weeks, Wister, male) were injected 
intraperitoneally with either saline (Saline/METH group) or METH (METH/METH 
group, 0.25-5 mg/kg body weight, alternate days) for 12 days. After 2 days, in both 
groups, the rats were injected 10 mg/kg for 4 times (METH challenge), and then 
asphyxiated with CO2 at 0, 12, and 24 hrs. Protein and RNA were extracted from the 
hearts. The expression levels of GJ-associated protein (connexin43 (Cx43), zonula 
occludens-1 (ZO-1)), and ion channel proteins (Kir2.1 and Kir6.2) were analyzed 
by RT-PCR. The protein levels of Cx43 were analyzed by western blotting and 
immunostaining. The expression level of microRNA-1 (miR-1), a negative regula-
tor of Cx43 and Kir2.1, was also examined by RT-PCR. Rat body weight changes 
during the treatment period and heart weight at each dissection showed no differ-
ence between the two groups. RT-PCR analyses resulted in Cx43, Kir2.1, Kir6.2, and 
ZO-1 expression levels increased at 12 or 24 hrs after the METH challenge in both 
groups. The increments of Cx43 expression level were higher in Saline/METH group 
than METH/METH group. Western blotting and the quantitative analyses revealed 
that protein levels of Cx43 were remarkably increased in 12 hrs and continued until 
24 hrs by METH challenge in both groups. Immunostaining for Cx43 showed that 
Cx43 was localized in the intercalated discs of the cardiomyocyte. The fluores-
cence of Cx43 was dramatically increased in 12 hrs and continued until 24 hrs 
after METH challenge in both groups. miR-1 expression levels were significantly 
reduced at 12 hrs and returned to the baseline level at 24 hr after METH challenge 
in Saline/METH group, but not METH/METH group. In conclusion, the treatments 
of high concentrations of METH altered GJ remodeling and ion channels in the 
heart, suggesting that GJ remodeling and ion channels are associated with 
METH-induced cardiac dysfunction. Furthermore, miR-1 expression may be partially 

involved in the regulation of these changes. The responses to a high concentration 
of METH treatment were smaller in rats treated with continuous METH than in 
those treated with saline, suggesting that some feedback mechanism may regulate 
the responses.

 3213 Prenatal Fentanyl Disrupts Long-Term Social 
Dominance Behaviors

D. L. Graham, C. Uchegbu, I. Sood, K. Blankenship, T. Nguyen, and G. D. Stanwood. 
Florida State University College of Medicine, Tallahassee, FL.

In recent decades, illicit opioid use has exploded in the US, accounting for two 
out of every three drug overdoses. Moreover, the use of highly potent, synthetic 
opioids such as fentanyl has increased exponentially (over 8,802% increase 
from 2009 to 2017), and while overdose rates for other opioids have plateaued, 
fentanyl-associated overdoses increased 45% in 2016-2017 alone. Despite the 
overuse, fentanyl still remains one of the most effective pain relievers available 
to patients, and diversion of the drug from healthcare settings adds to the large 
amount of illicitly manufactured fentanyl currently in the US. Of growing concern is 
that the number of illicit fentanyl users is skewing towards people of childbearing 
age, potentially exposing the fetus to the drug. There is evidence to suggest that 
fentanyl triggers downstream pathways distinct from other opioids, and newborns 
exposed prenatally to fentanyl present with different symptoms than those exposed 
to other opioids. Considering also that chronic, developmental fentanyl exposure is 
a relatively recent phenomenon, it is unclear what to expect from exposed children. 
To fill this gap, we developed a model of prenatal fentanyl exposure that mimics 
the use patterns of human users. We hypothesized that developmental fentanyl 
exposure would alter birth outcomes as well as long-term behavior. Female mice 
were orally gavaged with fentanyl (74 ug/kg) or saline twice daily prior to breeding. 
Drug administration continued up through parturition. Fentanyl did not affect dam 
body weight during gestation; however, fentanyl-exposed litters were significantly 
smaller than unexposed litters. While pups did not differ in size at birth (postnatal 
day (P)0), fentanyl-treated males were significantly larger than all other groups 
at P30 and P120, suggesting changes in homeostatic mechanisms. Behaviorally, 
fentanyl did not significantly alter any measures of cognition, locomotor activity, 
or anxiety tested. However, fentanyl-exposed mice of both sexes performed 
significantly worse than their control counterparts in the tube test, a powerful and 
ethologically validated test of social dominance and hierarchy. Given that disrup-
tions in this test are often associated with social deficiencies, such as those 
found in autism spectrum disorder and Rett’s syndrome, it is possible that early 
fentanyl exposure may result in long-term social deficiencies later in life. Further 
testing is underway in determining the underlying neural mechanisms for these 
developmental maladaptations.

 3214 Weight of Evidence Assessment of the Ability of Measurements 
of Cocaine Metabolite Benzoylecgonine in Urine to Predict 
Cocaine Usage and Impairment

C. Y. Chan1, B. J. Kelman1, and A. Stock2. 1J.S. Held, Redmond, WA; and 2J.S. Held, New 
Orleans, LA.

Cocaine is one of the most potent naturally occurring central nervous stimulants 
and a prevalent drug of abuse in the United States. We conducted a weight of 
evidence analysis to assess whether the finding of cocaine metabolites in urine can 
predict the amount and timing of cocaine used and level of impairment. Cocaine is 
rapidly metabolized to benzoylecgonine (BZ), the primary urinary metabolite and 
the urinary metabolite most commonly tested as indication of cocaine use. The 
onset of psychotropic action of cocaine is dependent on the route of administra-
tion. Intravenous use and smoking of cocaine lead to an onset of action and peak 
activity sooner and of shorter duration than when administered by nasal insufflation 
(snorting). Bioavailability of cocaine is about 70% following smoking and about 
57% following snorting. The half-life of cocaine is about an hour while BZ is longer 
at about 6 hours. Studies were identified searching the PubMed database and 
medical/clinical textbooks for quantification of cocaine and/or cocaine metabolites 
in urine samples. Review of identified human studies indicated detectability of BZ in 
urine over time depending on the route of administration and use history. The data 
also suggests prolonged detection in urine due to accumulation in body compart-
ments and subsequent slow release and eventual excretion. Minimal concentra-
tions of cocaine may be detected in urine during the initial few hours after the last 
dose while BZ persists in urine at detectable concentrations from 2-4 days and for 
up to 10 days observed in chronic, heavy cocaine users. Biphasic urinary excretion 
patterns for BZ has also been reported after oral cocaine administration. One study 
assessed the predictability of relative concentrations of cocaine and BZ in urine 
samples to determine time of last intravenous dose. In another study, the predic-
tive value of urine measurement for acute cocaine intoxication was estimated to 
be 17.8%. The American College of Medical Toxicology concluded in their 2015 
position statement that, “Equating a positive urine test for cocaine metabolites 
to the presence of impairment at a particular time prior to the urine collection is 
without scientific merit.” Overall, data show the presence of cocaine with BZ in urine 
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drug screens is indicative of use relatively recent to sampling and the presence of 
BZ alone is typically indicative of consumption several hours before the sample 
being taken.

 3215 Characterization and Validation of Conditioned Place Preference 
Paradigm to Assess Reinforcing Properties of New Compounds 
under GLP Compliance

C. M. Marzo, G. Scuppa, G. Calusi, L. Zullino, S. Benetti, M. Pecoraro, and M. Tessari. 
Aptuit (Verona) Srl, Verona, Italy.

The Conditioned Place Preference (CPP) paradigm in rats is a method widely 
accepted for assessing the reinforcing properties of a test item, thus it is part of 
the safety evaluation program for novel compounds with the potential for abuse 
in accordance with FDA and EMA guidelines. The CPP is designed to assess 
whether an association between the subjective state elicited by a drug substance 
(e.g. feeling good) and the specific environmental stimulus presented during the 
period in which a drug substance is active (e.g. a black coloured compartment) 
can be implemented and become a conditioned stimulus. In other words, when 
conditioned place preference is established, an association between environmental 
stimuli and the effect of the drug substance is learned. In this work, we describe the 
results of CPP model validation evaluating the motivational properties of known 
abused drugs using independent groups of naïve male Sprague-Dawley rats. Our 
CPP model consisted of a 10-day schedule with three distinct phases: precondi-
tioning, conditioning, and postconditioning. After a pre-conditioning session, each 
rat was treated for 8 consecutive days with alternate injections of different compar-
ator drugs or saline and confined to the conditioning chambers. The association 
to each chamber was counterbalanced within side, treatments and days. On Day 
10, rats were tested for the acquisition (postconditioning) of CPP under identical 
conditions to those of the preconditioning phase. We performed four independent 
trials with different drugs at ascending doses: the first two trials with cocaine up 
to 15 and 20 mg/kg, the third with morphine and ketamine up to 10 mg/kg and the 
fourth with LSD and midazolam up to 0.5 mg/kg and 5 mg/kg, respectively. CPP 
data from the first experiment demonstrated that cocaine induced strong CPP for 
drug-paired compartment only at 15 mg/kg, while, in the second experiment, all the 
cocaine doses tested (10-20 mg/kg) induced CPP. Data from the third experiment 
showed that morphine induced strong CPP at 5 and 10 mg/kg, while ketamine did 
not induce place preference at any tested dose. Data from the fourth experiment 
showed no place preference in animals administered with LSD and midazolam. 
The aim of this work was to set up a conditioned place preference paradigm that 
could be used to assess the reinforcing properties of a new drug as an alternative 
method to the self-administration paradigm (especially when intravenous adminis-
tration of the test item is not feasible, e.g. due to low solubility) The results obtained 
demonstrated the reliability of this model in assessing the reinforcing properties 
of cocaine and morphine at different doses (as already reported in the literature) 
and confirmed that cocaine or morphine may be used as comparators (positive 
controls) while testing the reinforcing properties of a new drug. Negative results 
(i.e. no development of place preference) were obtained after treatment with 
ketamine, LSD or midazolam under our experimental conditions. Further studies are 
needed to test different doses and pretreatment time, in order to expand the list of 
comparators available.

 3216 Agreement between Self-Reported Recreational Drug Use and 
Detection in Plasma, Urine, and Hair in Persons with Active Drug 
Use Undergoing Hepatitis C Treatment

Y. Choi1, M. M. Morrow1, D. J. Anderson2, C. A. Reilly2, K. M. Brooks1, J. J. Kiser1, and 
J. E. Rower2. 1University of Colorado Anschutz, Aurora, CO; and 2University of Utah, Salt 
Lake City, UT.

The primary route of Hepatitis C virus (HCV) transmission is through shared 
needles, syringes, or other paraphernalia used to prepare and inject recreational 
drugs. While HCV is curable with direct acting antiviral (DAA) therapy, active drug 
use was historically considered exclusionary for DAA treatment due to theoretical 
concerns for diminished adherence and reinfection. The INCLUD trial found both 
DAA adherence and treatment success to be high in active drug users. Despite these 
findings, concerns that self-reported drug use may underestimate actual drug use 
represents a barrier to care for persons with HCV who use drugs. This sub-study of 
INCLUD compares self-reported recreational drug use against objective measures 
of recent (<48 hour) and remote (>48 hour) use to determine the utility of these 
measures and the reliability of self-report in this population. Plasma and urine 
samples and self-reported drug use were collected every two weeks, while hair 
samples were obtained every four weeks, as part of a study on DAA adherence 
in persons with HCV and active drug use (INCLUD study, NCT02573376). Urine 
samples were analyzed for recreational drugs/metabolites as part of a standard 
urine toxicology screen. Plasma and hair samples were analyzed by LC-MS/MS for 
recreational drugs/metabolites including stimulants (amphetamine/methamphet-
amine and cocaine/benzoylecgonine), opioids (morphine, heroin (as 6-monoace-
tylmorphine), oxymorphone, oxycodone, hydrocodone, codeine, and fentanyl), and 
cannabis (Δ9-tetrahydrocannabinol, cannabidiol, and their carboxy- and hydroxy- 
metabolites). Hair samples were washed to remove external contaminants 

prior to analysis. Statistical packages in R and GraphPad Prism were utilized to 
interrogate and visualize the collected data. A total of 58 individuals contributed 
392 person-visits. Self-reported stimulant, cannabis, and opioid usage across all 
person-visits were 47%, 57%, and 11%, respectively. Agreement of self-report with 
urine and plasma was high across all drug classes (>88%); supporting the reliability 
of self-report for recent drug use and the utility of these measures to objectively 
confirm drug use. Agreement between hair and either self-report, plasma, or urine 
aggregated over the prior 4 weeks was moderate (54 to 80%). Hair was more likely 
to be positive for stimulants (94%, predominantly due to detection of metham-
phetamine) vs. self-report (54%, agreement: 60%). This observation is likely due to 
the extended half-life of methamphetamine (>90 days) in hair. Cannabis use was 
detected in only 29% of hair samples, compared to 63% self-reported use during 
the same person-visits (62% agreement), consistent with prior reports of poor 
incorporation of cannabinoids into hair. Opioids were found in 28% of hair samples, 
compared to 14% self-reported use (75% agreement). These data indicate that the 
utility of hair sampling to determine remote drug use is class dependent, limiting 
the broad utility of this matrix for assessing remote drug use. The clinical success 
of DAA in persons who use drugs demonstrated in the INCLUD trial, coupled with 
our findings that plasma and urine can objectively confirm recreational drug use, 
support the use of DAA in this high-risk population.

 3217 Field Forward Collection and Analysis: Utilizing Pressure-
Sensitive Adhesive Paper Combined with Portable Mass 
Spectrometry for Detection of Threats

D. Carmany1,2, E. Dhummakupt1, and N. Manicke3. 1DEVCOM CBC, Aberdeen Proving 
Grounds, MD; 2Excet Inc., Aberdeen Proving Grounds, MD; and 3Indiana University–
Purdue University Indianapolis, Indianapolis, IN. Sponsor: T. Glaros.

Every day, dangerous illicit and synthetic drugs are shipped through the postal 
service and private carriers originating both from the United States and interna-
tionally. These opioid-based substances are contributing to an increased number 
of overdose deaths, in large part due to higher potency in comparison to cocaine or 
methamphetamines. This increase level of potency contributes to difficulties when 
detecting trace quantities and poses a threat to first responders who may unknow-
ingly expose themselves while responding to an incident. Highly sensitive and 
accurate field detection techniques are required to give first responders fast and 
actionable assessments of sites. Robust sample collection and trace threat identi-
fication in a field setting are challenges facing first responders and law enforce-
ment, but several instrumental and collection methods have been developed in 
recent years. However, detection of trace amounts of material within complex 
matrices is still challenging for these field-focused techniques. Previous research 
has shown the benefits of utilizing pressure-sensitive adhesive (PSA) coated paper, 
e.g. yellow sticky notes, for collection combined with tandem mass spectrometry 
(MS/MS) for the identification of trace amounts of small molecules. In this work, 
the analysis of fentanyl, carfentanil, and cocaine captured on a PSA substrate via 
portable instruments were examined. The BaySpec Continuity with an atmospheric 
pressure chemical ionization (APCI) source was used for this work. Collection 
surfaces consisted of solid metal/glass surfaces as well as cloth. Identification 
was determined by isolating the precursor ion of the agent and utilizing collision 
induced dissociation (CID) to fragment the ion into the product ions. Utilizing these 
sampling and analysis methods, identification of threats could be performed with 
>1µg of each analyte on a variety of surfaces such as metal or cloth. Neither mixing 
the drugs or adding cutting agents inhibit identification. The sampling method 
was shown to be robustness for various sampling schemes. Finally, a counterfeit 
oxycodone pill made up of 99% acetaminophen and 1% fentanyl was investigated 
by grinding the pill, sampling the powder, and performing MS analysis. It was found 
that the high concentration of acetaminophen did not mask or inhibit the identifi-
cation of the threat. The MS analysis required less than 10 seconds to provide an 
identification and displayed the results in an easy to interpret Red light/Green Light 
readout. This testing showed the utility of combining PSA substrate sampling with 
portable MS analysis.

 3218 Applying Wastewater Surveillance to Create a Predictive 
Model of Fentanyl Overdose Deaths and Assessing Locations 
of Interest

S. Milletich, S. Bisesi, L. Searcy, J. Bowden, N. Denslow, A. Maurelli, J. Bisesi, and 
T. Sabo-Attwood. University of Florida, Gainesville, FL.

Wastewater-based epidemiology (WBE) is an innovative and cost-effective 
approach to construct drug use trends on a community scale. The technique 
measures human excreted chemicals (parent compounds or metabolites) or 
biological surrogate molecules in wastewater that can be used as near real-time 
information about health and lifestyle behaviors of a population without the need 
for individualized surveys or testing. There is growing acceptance of WBE in the 
field of toxicology and public health to monitor illegal drugs which allows for 
analysis of temporal consumption trends in varied settings such as large urban 
communities. This approach complements traditional, yet important, self-report-
ing methods and biospecimen testing with the advantages of providing additional 
information critical to identifying ‘hot spots’, new drug emergence, and shifts in drug 
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consumption trends. Therefore, WBE can rapidly produce large temporal data sets 
at low cost which makes it an excellent real-time indicator of changing community 
drug use trends. This is particularly important for drugs, such as opioids, that are 
associated with fatal overdoses that have been on the rise in the past decade, 
with a 56% increase from 2019 to 2020 alone. While the quantitation of opioids 
such as fentanyl in wastewater is not novel, using such data to develop predictive 
overdose death models are lacking. Furthermore, while large data centers, such 
as the National Drug Early Warning System (NDEWS) Coordinating Center, collate 
illicit drug data that can be used as an early warning system, wastewater surveil-
lance is rarely included. To address these gaps, we collected weekly wastewater 
samples for nine months from three major urban cities and 1 small city. Samples 
were extracted by solid phase extraction (SPE) and run on a liquid chromatography 
mass spectrometer (LC/MS-MS) and converted to average consumption rate (mg 
fentanyl/1,000 people) for each site. Variable trends were evident between sites 
and temporally at each site ranging from 0 - 250 mg fentanyl/1,000 people. We 
then employed statistical modeling to discern whether these data were associ-
ated with current overdose deaths and could be used to predict future overdose 
deaths. Focusing on one city from our data set, we used a publicly available 
database containing fentanyl overdoses to acquire weekly death counts in three 
geographic regions of the city. Statistical modeling was used to assess the associ-
ation between the measurements and the fatal overdoses per week. Alongside 
this statistical test, cumulative reported fentanyl overdoses were collected and 
projected to begin a spatial statistics routine to determine locations of clusters at 
a census block group level. Through the usage of a negative binomial regression, 
every 10mg increase of fentanyl found in wastewater was associated with a 12% 
increase in fatal fentanyl-related overdoses in the following week. Using SatScan 
software, five statistically significant areas of high overdose rates were discov-
ered that were primarily located in census block groups with a median household 
income below $49k per year. The use of a spatial regression routine identified 
that median income level was associated with fentanyl-related overdose deaths. 
However, this relationship was non-stationary, meaning the influence varied by 
geographic location. These results suggest that wastewater-based surveillance can 
be used as an early warning tool to predict overdose deaths in a given region and 
that the use of spatial statistics identifies locations of interest that can be further 
targeted for public health interventions.

 3219 Subchronic Systemic Alcohol Exposure Results in 
Ocular Toxicity

S. Kaja1,2, R. Cesna3, D. Neverauskas3, S. Iqbal1,2, S. Ragauskas3, and A. K. Ghosh2,1. 
1Loyola University Chicago, Maywood, IL; 2Experimentica Ltd., Forest Park, IL; and 
3Experimentica Ltd., Vilnius, Lithuania. Sponsor: K. Yi.

A strong clinical association exists between acute and chronic alcohol consump-
tion and incidence of ocular surface disease. The goal of this study was to investi-
gate the toxicological and pathophysiological effects of alcohol consumption on 
the ocular surface in vitro and in vivo. Twelve-week-old male C57BL/6JRj mice 
were acclimated to ad libitum Lieber-DeCarli liquid diet for 5 days. Subsequently, 
animals received either ethanol (5% vol/vol) in the diet or remained on an isocaloric 
diet for 10 days. Corneal fluorescein staining was performed on day 10 as 
clinical readout for ocular surface damage and corneal tissue was collected and 
processed for histopathological and qPCR analyses. For in vitro studies, human 
corneal epithelial cells (HCE-T; Riken, Japan) were exposed to ethanol for 2 - 12 h. 
mRNA levels of the transcriptional regulator NRF2 and several downstream antiox-
idant enzymes were quantified by qPCR. Cellular levels of oxidative stress were 
measured by DCFDA. Cell permeability was quantified, and tight junction integrity 
was analyzed by immunocytochemistry using ZO-1 and occludin. Dietary exposure 
to alcohol resulted in significantly higher corneal fluorescein scores (median 
scores: control=2; alcohol = 3; P<0.001) and significantly thinner corneas (mean: 
control=122.8 µm, alcohol=74.4 µm). Corneal mRNA levels of multiple antioxidant 
enzymes were significantly lower in the alcohol group. Ethanol exposure in vitro 
caused a 3-fold induction of the oxidative stress marker, DCF, a 3.5-fold increase 
in mRNA expression of NRF2, associated increases in downstream antioxidant 
enzymes, and a 25% reduction of NOX3 expression. Cell permeability was signifi-
cantly increased with ethanol treatment, which was attributed to breakdown of 
tight junction integrity. This data provides the first preclinical evidence that dietary 
alcohol leads to signs of ocular toxicity manifesting clinically as ocular surface 
disease. In vitro, alcohol exposure caused activation of Nrf2-mediated oxidative 
stress pathways and disrupted epithelial barrier function.

 3220 Network-Based Digital Phenotyping of Urine Toxicology 
Screening in the Emergency Department

R. E. Owens1, K. Hansel2, S. Dudgeon2, S. Pandya2, P. Young2, T. J. Durant2, and 
W. L. Schulz2. 1University of Rochester, Rochester, NY; and 2Yale School of Medicine, 
New Haven, CT.

Structured diagnoses within the electronic health record (EHR) provide an 
incomplete picture of a patient’s presentation and clinical history. In addition, the 
reductionist nature of EHR-based data models lose important information that 
can lead to novel insights from the highly related and interconnected data that 

represent a patient’s health status. We developed a high-fidelity graph model 
to represent health status at the time of presentation to the emergency depart-
ment that included diagnoses and symptoms extracted through natural language 
processing and joined these with urine drug screen results to create a network-
based analysis of clinical toxidrome and comorbidities. These were further linked 
with the SNOMED ontology hierarchy to create a comprehensive knowledgebase 
of the clinical history for patients with and without a positive urine drug screen. 
We used retrospective data for all urine drug screening (UDS) and associated 
opiate-related confirmation testing by liquid chromatography and mass spectrom-
etry (LCMS) performed at a single tertiary care, level I trauma center. Between 
January 2021 and November 2022, 34,724 urine specimens underwent UDS testing. 
Of those that screened positive and underwent confirmation testing (n=1522), 83% 
(n=1274) tested positive for at least one pharmacologic substance by LCMS-based 
confirmation testing. Among the substances detected by LCMS, morphine 
(n=1048) and hydromorphone (n=507) were the most common substances 
detected. Multiple co-occurring substances were noted with the most common 
being morphine and hydromorphone (n=214), morphine and codeine (n=88), and 
morphine/codeine/6-Monoacetylmorphine (n=47). Knowledge graphs can be 
used to integrate data from diverse sources and create a more comprehensive 
model to represent a patient’s clinical condition and care trajectory. The work here 
demonstrates the validation of such a model by identifying known cooccurrences 
and possible interactions between clinical toxidromes. Furthermore, these models 
can also identify novel relationships and risk factors for presentation. Additional 
work is needed to develop standardized and generalizable models that can be 
implemented for computational approaches to rapid phenotype identification and 
risk prediction in the emergency department setting.

 3221 Regulation of Hepatic Xenosensor Function by HNF4alpha

M. Kotulkar, D. Paine Cabrera, D. Robarts, and U. Apte. University of Kansas Medical 
Center, Kansas City, KS.

Ligand-activated receptors, including Aryl hydrocarbon Receptor (AhR), Constitutive 
Androstane Receptor (CAR), Pregnane X Receptor (PXR), and Peroxisome 
Proliferator-Activated Receptor-alpha (PPARα) function as sensors of xenobiotics in 
the liver. Hepatocyte nuclear factor 4alpha (HNF4α) is a highly conserved member 
of the nuclear receptor superfamily that is essential for liver function. Previous 
studies indicate a signaling crosstalk between HNF4α and these hepatic xenosen-
sors. Here, we tested the hypothesis that the HNF4α function is essential for the 
activation of these major nuclear receptors. Wild-type (WT) and hepatocyte-specific 
HNF4α knockout (HNF4α-KO) mice were treated with either vehicle or mouse-spe-
cific activators of AhR (TCDD, single dose of 30 µg/kg), CAR (TCPOBOP, single dose 
of 2.5 µg/g), PXR, (PCN, daily dose of 100 µg/g), and PPARα (WY-14643, daily dose 
of 1 mg/kg). Blood and liver were obtained 3-5 days after the injections and used to 
determine changes in liver weight to body weight ratio, liver injury, liver cell prolifera-
tion, and hepatic gene expression. TCDD (AhR agonist) treatment did not affect the 
liver-to-body weight ratio (LW/BW) and serum ALT levels in the WT and HNF4α-KO 
mice. It reduced proliferation in HNF4α-KO mice. TCDD activated AhR in WT mice 
and HNF4α-KO mice, confirmed by increased transcriptional activation of its target 
genes. TCPOBOP (CAR agonist) significantly increased the LW/BW ratio, serum 
ALT, proliferation, and mRNA expression of CAR target genes in WT mice, but not 
in HNF4α-KO mice. Further, PCN (PXR agonist) significantly increased LW/BW ratio 
in both WT and HNF4α-KO mice. PCN did not affect serum ALT levels in these 
mice. It increased proliferation only in HNF4α-KO mice. PCN significantly induced 
PXR target genes only in WT mice. The treatment of WY- 14643 (PPARα agonist) 
increased LW/BW ratio in HNF4α-KO mice. WY- 14643 did not change serum ALT 
levels significantly in either WT or HNF4α-KO mice. It upregulated PPARα target 
genes in WT mice, but not in HNF4α-KO mice. Taken together, these data showed 
that activation of CAR, PXR, and PPARα but not that of AhR was disrupted in 
HNF4α-KO mice. These results demonstrate that HNF4α function is critical for the 
activation of toxicologically important hepatic xenosensors.

 3222 Cinnabarinic Acid–Induced Aryl Hydrocarbon Receptor–
Mediated Hepatoprotection against Nonalcoholic Fatty 
Liver Disease

N. Y. Patil, I. Rus, A. Mandala, J. Friedman, and A. D. Joshi. University of Oklahoma 
Health Sciences Center, Oklahoma City, OK.

The Aryl hydrocarbon Receptor (AhR) is a ligand activated-transcription factor 
known to regulate adaptive and toxic responses to a variety of chemical pollutants 
including the polycyclic aromatic hydrocarbons and halogenated aromatic hydrocar-
bons, most notably 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). Upon activation by 
TCDD, the AhR translocates into the nucleus and binds to DNA at the Xenobiotic 
Response Element (XRE) in partnership with the Aryl hydrocarbon Receptor Nuclear 
Translocator (ARNT) to drive target gene expression, most notably Cyp1a1. Our 
recent studies identified stanniocalcin 2 (Stc2) as a novel AhR target gene respon-
sive to the endogenous AhR agonist cinnabarinic acid (CA). We further showed that 
CA-induced AhR-STC2 signaling pathway can protect hepatocytes against plethora 
of ER/oxidative stressors. In the current study, we examined the ability of CA to 
protect against palmitic and oleic acid-induced in vitro and obesogenic diet-induced 
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in vivo models of non-alcoholic fatty liver disease (NAFLD). Our data demonstrates 
that CA treatment significantly attenuated hepatic steatosis, inflammation, liver 
injury and metabolic deterioration. CA regimen reduced hepatic lipid uptake and 
fatty acid synthesis by downregulating expression of genes involved in fatty acid 
uptake, and de novo lipogenesis. However, CA treatment failed to alleviate hepatic 
steatosis and triglyceride accumulation in hepatocyte specific AhR knock-out 
mice (AhR-hKO), but protected control (AhR-floxed) mice against obesogenic 
diet-induced weight gain and lipotoxicity. Additionally, the hepatocyte specific 
Stc2-knockout mouse model showed exacerbated hepatosteatosis, hypertriglycer-
idemia and elevated profile of lipogenesis and inflammatory markers indicating 
plausible role of Stc2 in CA-mediated protection against NAFLD. In summary, this 
study describes a novel hepatoprotective role of AhR in response to CA treatment 
via activation of STC2 signaling. Finally, future characterization of AhR-STC2 
pathway will be critical to highlight CA as a potential pre-clinical therapeutic against 
NAFLD. This work is supported by National Institute of Diabetes and Digestive and 
Kidney Diseases (R01 DK122028 to ADJ).

 3223 The Regulation of Bile Acid Transporters by Dopamine Receptor 
D1 (DRD1) in Human Hepatoma Cells

X. Yu, and X. Cheng. St. John’s University, Queens, NY.

Bile salt export pump (BSEP) and Sodium-taurocholate co-transporting polypeptide 
(NTCP) are the primary bile acid efflux and uptake transporters, respectively in 
the liver. Dopamine receptors, including DRD1 and DRD2 subfamily, play essential 
roles in many neurological processes as well as cell differentiation, growth, and 
metabolism. However, it remains unknown whether the activation of DRD signaling 
pathways regulate bile acid metabolism and homeostasis. In the present study, 
we determined the regulation of NTCP and BSEP expression by DRD1 in cultured 
human hepatoma cells. Our results showed that activation of DRD1 by SKF 81297 
increased mRNA expression of BSEP, but not NTCP in both Hep3B and HepG2 
human hepatoma cells. In contrast, inhibition of DRD1 by SCH 23390 decreased 
constitutive mRNA expression of BSEP and NTCP in HepG2 cells. In conclusion, the 
activity of DRD1 is required for the constitutive expression of both NTCP and BSEP 
and may contribute to the inductive expression of BSEP in human hepatoma cells.

 3224 Mechanisms Underlying Emergence of a Sub-G1 Population of 
Cells in a Mutant Xenopus laevis Line Lacking AHR1alpha

P. Milhon, W. Cole, N. Pang, and W. H. Powell. Kenyon College, Gambier, OH.

The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that 
mediates toxicity of dioxin-like compounds. In the absence of xenobiotics, AHR 
also plays roles in development and physiology, including promoting cell cycle 
progression through the G1/S checkpoint. Unlike humans and rodents, the frog 
Xenopus laevis expresses 2 paralogous AHR proteins, AHR1α and AHR1β, the result 
of a genome duplication ~17-18 mya. We recently generated mutant derivatives of 
the XLK-WG cell line lacking a functional version of either AHR1α or AHR1β. Growth 
of each strain was measured using colony formation assays and the water-solu-
ble tetrazolium (WST-8) method, each demonstrating that ahr1α-/- cells proliferate 
~30% more slowly than wild-type or the ahr1β-/- line. To investigate a potential 
mechanism underlying the slow growth phenotype, cell cycle distribution of each 
line was determined via propidium iodide staining and flow cytometry. ahr1β-/- and 
wild type lines exhibited similar distributions of cells in the various phases: ~ 55% 
in G0/G1, 30% in S, and 15% in G2. In contrast, only 16% of AHR1α-/- cells were in 
S-phase, and only 7% in G2. Further, a discrete sub-G1 population (18%) was unique 
to the ahr1α-/- line. This result indicates the breakdown of genomic DNA in these 
cells and suggests the hypothesis that this mutant line has a heightened propensity 
for apoptosis. We tested this hypothesis directly using two approaches: Annexin V 
staining with flow cytometry for fixed cells and a Caspase 3/7 assay in live cells. 
Neither approach detected increased apoptosis in ahr1α-/- cells. We next tested the 
hypothesis that ahr1α-/- cells in the sub-G1 population undergo pyroptosis, a distinct 
pathway of programmed cell death that resembles apoptosis in the breakdown 
of genomic DNA. A luminescent caspase I/inflammasome assay revealed no 
increased pyroptosis, even in wild-type cells treated with talabostat, resiquimod, or 
PAM 3CSK4, inducers of the pyroptosis pathway. We tentatively conclude that the 
slow growth and apparent degradation of genomic DNA in ahr1α-/- mutants occurs 
by a unique mechanism, as yet undetermined. Our results are nonetheless consis-
tent with a role for AHR1α in cell cycle regulation that is distinct from AHR1β. The 
vast majority of vertebrates harbor 2-5 different AHR genes. Functional differences 
between them are poorly elucidated. This study contributes to the understanding 
of the distinct functions of AHR paralogs and how their individual activities and 
expression patterns affect interpretation of data from non-mammalian toxicologi-
cal models. Grant support from NIEHS R15 ES011130 and NSF MRI 1725426.

 3225 Histopathological Characterization of Lung Injury Caused by 
Activation of the Aryl Hydrocarbon Receptor

M. Todoroki, S. Masuda, R. Mitsugi, H. Yoshimi, M. Furuya, and S. Mori. Zenyaku Kogyo, 
Tokyo, Japan. Sponsor: M. Kuwagata.

Ligand-dependent activation of the aryl hydrocarbon receptor (AhR) can result in 
a variety of toxicities especially in the lung, liver, and immune system. AFP464, 
a known AhR agonist and aminoflavone prodrug, induces lung injury in dogs and 
humans, but not in rodents. However, the pulmonary toxicities of AFP464 are 
poorly characterized and clarifying the mechanism of species-specific differences 
in pulmonary toxicities is important. To do this, we verified AFP464 toxicities in 
mice, a dog, and in human precision-cut lung slices (PCLS). To female C57BL/6J 
mice, AFP464 (0, 17.5, 35, 70 mg/kg) was administered intravenously once a day 
for 5 days. To a female beagle dog (34 months old), AFP464 (11.4 mg/kg) was 
infused once a week for 2 weeks. Evaluations included, body weight, food intake, 
blood count, blood biochemistry, histopathological examination, and immuno-
histochemical evaluation for γH2AX as a marker of DNA damage. Furthermore, 
human PCLS were cultured over 7 days in the presence of AFP464 (0.1-10 μM), 
with measurements including cell viability, cytokine levels, and histopathologi-
cal examination. In the mouse high-dose group, weight loss, liver toxicity and a 
decrease in the total number of white blood cells was observed, but lung abnormal-
ities were absent. However, the dog exhibited shallow rapid breathing 4 days after 
initial administration. Due to deterioration in the dog’s clinical condition, it was 
then sacrificed. Necropsy revealed pulmonary edema with regression failure of 
the lung lobe. Histopathological experiments presented pulmonary edema, eosino-
philic material deposition on the interstitium, and regenerative hyperplasia of the 
bronchial and alveolar epithelium. The human PCLS assays revealed an AFP464-
induced dose-dependent cytotoxicity with an increase in TNFα and IL-1β secretion. 
AFP-464 is known to induce ROS generation. Therefore, pulmonary injury is likely to 
have occurred a few days after AFP464 infusion due to ROS-mediated DNA damage 
via AhR activation. However, immunohistochemistry did not detect γH2AX-positive 
cells in the affected lung lesions. These results suggest that, in dogs, DNA damage 
may not be involved in AFP464-induced lung injury. Further study is necessary to 
clarify the mechanism and species-specific differences in lung toxicity caused by 
tumor therapeutics.

 3226 Evaluation of Newly Developed 14 Human TK6–Derived Cell 
Lines That Individually Express a Human Cytochrome P450 for 
Toxicity Studies

N. Mei, X. Li, Y. Le, X. Guo, M. G. Manjanatha, S. Chen, and L. Guo. US FDA/NCTR, 
Jefferson, AR.

In vitro genotoxicity testing has played a key role in identifying DNA-reactive 
chemicals for hazard identification. However, most mammalian cells used for 
in vitro genotoxicity testing lack effective metabolizing enzymes. We recently 
developed a battery of TK6-derived cell lines that individually express one of 
fourteen cytochrome P450s (CYP1A1, 1A2, 1B1, 2A6, 2B6, 2C8, 2C9, 2C18, 2C19, 
2D6, 2E1, 3A4, 3A5, and 3A7). The increased gene and protein expressions of each 
CYP in the corresponding cell line were confirmed by using real-time PCR and 
Western blotting, while the parental TK6 cells and empty vector (EV) transduced 
cells had negligible CYP levels. In addition, the metabolic function of CYPs in the 
stably transduced TK6 cells were determined by mass spectrometry analysis using 
their corresponding substrate. To evaluate these cell lines for toxicity studies, we 
first selected two prototypical polyaromatic hydrocarbon mutagens, 7,12-dimeth-
ylbenz[a]anthracene (DMBA) and benzo[a]pyrene (B[a]P), that require metabolic 
activation to exert their genotoxicity. When compared to EV controls, DMBA-induced 
cytotoxicity, phosphorylation of histone H2A.X, and micronucleus (MN) formation 
were significantly increased in TK6 cells with CYP1A1, 1B1, 2B6, and 2C19 expres-
sion, while B[a]P increased cytotoxicity, DNA damage, and chromosomal damage 
in TK6 cells expressing CYP1A1 and 1B1. Second, we tested three pyrrolizidine 
alkaloids (PAs) - lasiocarpine (the heliotridine-type of PA), riddelliine (the retrone-
cine-type of PA), and senkirkine (the otonecine-type of PA) − to identify which CYP 
is responsible for their bioactivating and toxicity. Among the fourteen cell lines, 
cells expressing CYP3A4 showed significant increases in PA-induced cytotoxicity 
evidenced by decreased ATP production and cell viability, and increased caspase 
3/7 activities. LC-MS/MS analysis revealed the formation of 1-hydroxymethyl-7-hy-
droxy-6,7-dihydropyrrolizine (DHP), the main reactive metabolite of PAs, in CYP3A4-
expressing TK6 cells. Three PAs induced concentration-dependent increases in 
%MN in three CYP3A variant-expressing TK6 cell lines (CYP3A4, 3A5, and 3A7). 
These results indicate that our TK6 cell system holds promise for toxicity screening 
of compounds requiring metabolic activation, identifying specific CYPs involved 
in bioactivation, and discriminating the genotoxic compounds that have different 
chemical structures.
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 3227 Genome-Wide Mapping of Nucleotide Excision Repair of 
Aflatoxin-Induced DNA Damage Reveals Heterogeneous Repair 
in 3D Genome Structure

M. Adeel, Y. Wu, and W. Li. University of Georgia College of Public Health, Athens, GA.

Aflatoxin B1 (AFB1) is the most toxic, mutagenic, and carcinogenic aflatoxin that 
causes hepatocellular carcinoma (HCC), the fourth most common cause of cancer 
death in the world. AFB1 induces hepatocarcinogenesis through a genotoxic 
mechanism including metabolic activation to an epoxide, formation of the AFB1-DNA 
adducts, and mutagenesis of genes associated with HCC. The AFB1-DNA adducts 
are removed mainly by nucleotide excision repair. The knowledge of AFB1-DNA 
adducts formation and repair is basic to understanding the mechanisms of 
mutagenesis and carcinogenesis in the development of HCC. Although many DNA 
damage and repair factors have been identified, an open question to be answered is 
how these factors regulate and/or modulate the DNA damage formation and repair 
events. Identifying the precise locations where the dynamic DNA damage formation 
and repair events occur in the genome can provide insights into the complex 
relationships between carcinogen susceptibility, DNA repair efficiency, chromatin 
structure, spatial genome organization and mutagenesis. Recently, we developed a 
translesion eXcision Repair-sequencing (tXR-seq) method by using an appropriate 
translesion DNA synthesis polymerase and generated a genome-wide repair map of 
the cigarette carcinogen benzo[a]pyrene. To better understand the hepatocarcino-
genesis caused by AFB1, we adapted the tXR-seq method to analyze genome-wide 
nucleotide excision repair of AFB1-induced DNA damage at the level of 3D genome 
structure. We generated a single-nucleotide resolution repair map of AFB1-DNA 
adducts in the human genome and identified the unique dual incision pattern for 
AFB1-induced DNA damage. We examined the role of 3D genome structure in the 
repair of AFB1-induced DNA damage and found heterogeneous repair at different 
genome organization levels. The results will facilitate our understanding of aflatox-
in-induced DNA damage and repair, mutagenesis, and carcinogenesis in human 
liver cancer.

 3228 Nitrosamine Drug Impurities Induce Genotoxicity in Human 
Lymphoblastoid TK6 Cells

X. Li1, X. He1, Y. Le1, X. Guo1, M. S. Bryant1, A. H. Atrakchi2, T. McGovern2, 
K. L. Davis Bruno2, D. Keire2, R. H. Heflich1, and N. Mei1. 1US FDA/NCTR, Jefferson, AR; 
and 2US FDA/CDER, Silver Spring, MD.

Nitrosamine impurities have been identified in various drugs, leading to massive 
drug recalls. Although nitrosamines are considered a ‘cohort of concern’ because 
of their potential human health risks, most of this concern is based on rodent 
carcinogenicity and the Ames test data. Little is known on their genotoxicity in 
human-based systems. As such, we used human lymphoblastoid TK6 cells 
transduced with human cytochrome P450s (CYPs) to evaluate the genotoxicity 
of six nitrosamine impurities (N-nitrosodiethylamine (NDEA), N-ethyl-N-nitroso-
2-propanamine (NEIPA), N-nitroso-N-methyl-4-aminobutanoic acid (NMBA), 
N-nitrosomethylphenylamine (NMPA), N-nitrosodiisopropylamine (NDIPA), and 
N-nitrosodibutylamine (NDBA)) that have been found or suspected to present in 
drug products. None of the nitrosamines induced any toxicity in wild-type TK6 cells 
without metabolic activation. On the other hand, 24-h treatments with NDEA, NEIPA, 
NMBA, and NMPA caused concentration-dependent increases in the phosphoryla-
tion of H2A.X in CYP2A6-expressing TK6 cells. NMPA is the most potent nitrosa-
mine investigated, inducing a statistically significant increase in γH2A.X at concen-
trations as low as 0.625 µM. Bioactivation of these four nitrosamines by CYP2A6 
also caused increases in micronucleus frequency as well as G2/M phase cell cycle 
arrest. In addition, nuclear P53 protein was upregulated in CYP2A6-expressing TK6 
cells exposed to NDEA, NEIPA, and NMPA. Overall, the genotoxic potency of six 
nitrosamine impurities in our test system was NMPA > NDEA ≈ NEIPA > NMBA > 
NDBA ≈ NDIPA, although the genotoxicity of NDBA should be carefully re-evaluated 
due to its poor metabolism. We provided novel information on the genotoxicity of 
nitrosamines in human cells, complementing test results generated from bacteria 
mutation assays and partially addressing the issue of the relevance of nitrosamine 
genotoxicity for humans.

 3229 Actein Contributes to Black Cohosh Extract–Induced 
Genotoxicity in Human TK6 Cells

Y. Le, X. Li, S. Chen, K. Ning, X. Guo, C. Wu, M. Manjanatha, and N. Mei. US FDA/NCTR, 
Jefferson, AR.

Black cohosh extract (BCE) is one of the most popular botanical products for 
relieving menopausal symptoms. However, recent studies indicate that BCE is not 
only ineffective for menopausal therapy but also induces genotoxicity through an 
aneugenic mode of action (MoA). In this study, the cytotoxicity of five constituents 
of BCE was evaluated in human lymphoblastoid TK6 cells. Among the five constit-
uents, actein (up to 50 μM) showed the highest cytotoxicity and was thus selected 
for further genotoxicity evaluations. Actein caused DNA damage proportionally to 
concentration as evidenced by the phosphorylation of the histone protein H2A.X 
(γH2A.X) and resulted in chromosomal damage as measured by the increased 

percentage of micronuclei (%MN) in cells. In addition, actein activated DNA 
damage response (DDR) pathway through induction of p-ATM, p-Chk1, and p-Chk2, 
which subsequently induced cell cycle changes and apoptosis. Moreover, both 
BCE and actein increased intracellular reactive oxygen species (ROS) production, 
decreased glutathione levels, and activated the mitogen-activated protein kinases 
(MAPK) signaling pathway. N-acetylcysteine, a ROS scavenger, attenuated BCE- 
and actein-induced ROS production, apoptosis, and DNA damage. These findings 
indicate that BCE- and actein-induced genotoxicity is mediated, at least partially, 
through oxidative stress. Taken together, our data show that actein is likely one of 
the major contributors to BCE-induced genotoxicity.

 3230 Pheomelanin Enhances UVB in Cyclobutane Pyrimidine Dimer 
Induction and Mutagenesis

M. Weng1, Z. Weng2, and M. Tang1. 1NYU Grossman School of Medicine, New York, NY; 
and 2Felix V. Festa Middle School, West Nyack, NY.

It is well-established that lightly pigmented Caucasians are much more sensitive 
than darkly pigmented Africans to sunlight-related non-melanoma skin cancer and 
melanoma and that sunlight induces many more photodimers in the former than 
in the latter. These results indicate that sunlight and the types and/or quantities of 
pigments play crucial roles in skin cancer and melanomagenesis. In this study, we 
used the immunochemical method with specific antibodies and T4 endonuclease V 
and UvrABC nuclease incision method to determine the effect of two major human 
pigments: eumelanin (EuM) and pheomelanin (PheM). UVB, the major sunlight 
UV spectrum that reaches the Earth’s surface, induced UV photodimer formation, 
the DNAsequence effect, and mutagenesis. We found that PheM enhances UVB 
irradiation-induced cyclobutane pyrimidine dimer (CPD) induction but has no 
effect on <6-4>pyrimidine-pyrimidone (6-4>PP) induction. In contrast, EuM reduces 
UVB-induced CPD and <6-4>PP induction. PheM also enhances UVB-induced 
mutagenesis, while EuM reduces UVB-induced mutagenesis. Mapping the CPD 
formation at the sequence level in the human B-RAF codon 600, the cutaneous 
melanoma mutation hotspot, we found that PheM enhances UVB induction of CPD 
formation at all pyrimidine-pyrimidine positions, with much more prominent effects 
on pyrimidine tracts, including the -TTTCAC-- sequence in the neighboring codon 
600. These results indicate that PheM functions as a triplet sensitizer in enhancing 
UVB-induced CPD formation and reveal the possible underlying cause of the higher 
sensitivity of lightly pigmented Caucasians compared to darkly pigmented Africans 
in sunlight related skin cancer.

 3231 A Feasibility Study to Evaluate Genotoxicity of Reference 
Combustible and Oral Tobacco Products Using In Vitro 
Regulatory and Mechanistic Genotoxicity Assays

S. Hurtado, M. Farcas, and U. Doshi. Altria Client Services LLC, Richmond, VA.

The use of in vitro mechanistic genotoxicity assays, following a positive response 
in standard regulatory in vitro genotoxicity assay, provides additional information 
on the mode of action of genotoxicity. In this feasibility study, we evaluated its 
potential application in toxicological assessment of tobacco products, including 
combustible reference cigarettes (3R4F and 1R6F) and reference oral tobacco 
products (reference snus [CRP 1.1] and reference moist snuff [CRP 2.1]) using 
mechanistic in vitro assays (MultiFlow® and ToxTracker®) as well as the in vitro 
micronucleus (MN) assay in TK6 cells. The cigarette smoke (CS) condensates 
were collected in ethanol, using ISO intense puffing regimen and all oral products 
were extracted in ethanol (10% w/v). In the MN assay, CS showed concentration 
dependent increases in micronuclei induction indicative of a positive genotoxic 
response, while the reference oral tobacco products were negative for genotoxic-
ity. In the Multiflow® assay in TK6 cells, CS showed increases in the clastogenic 
and pan-genotoxic biomarkers under metabolic activation, while the reference oral 
tobacco products remained negative for genotoxicity. In the ToxTracker® assay, 
direct DNA-interacting mechanisms were identified in response to CS, wherein 
3R4F showed positive response in both genotoxic reporters, Bscl2-GFP and 
Rtkn-GFP, and 1R6F produced an equivocal response in Bscl2-GFP and a positive 
response in Rtkn-GFP. In addition, reporters for oxidative stress (Srxn1-GFP and 
Blvrb-GFP), protein stress (Ddit3-GFP) and p53 (Btg2-GFP) were also activated, 
suggesting presence of indirect mechanisms as well. Both reference oral tobacco 
products were nongenotoxic, however oxidative stress response and protein stress 
responses were noted in CRP 2.1 and oxidative stress responses were noted in 
CRP 1.1. Overall, the in vitro mechanistic genotoxicity assays confirmed the 
direct genotoxic mechanisms of combustible cigarettes and showed absence of 
genotoxic mechanisms for reference oral tobacco products. While the results from 
the feasibility study looks promising, the dataset is limited. Further studies using 
additional tobacco products, across varying product categories and with varying 
genotoxic response in the standard in vitro genotoxicity assays, are warranted to 
create a more robust dataset and help evaluate significance of adding mechanistic 
genotoxicity assay to toxicological assessment framework of tobacco products.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 130



 3232 Cytotoxicity of Anthracyclines, DNA Topoisomerase 2 
Inhibitors, in Escherichia coli, Salmonella typhimurium, and 
Saccharomyces cerevisiae

W. J. Mackay, M. J. Bagwell, P. L. Williams, E. S. Blank, and B. Tungate. Campbellsville 
University, Campbellsville, KY.

For more than forty years, anthracyclines doxorubicin and epirubicin have 
represented one of the most commonly used classes of drugs against metastatic 
breast cancer. Anthracyclines interact with DNA in a variety of complex manners. 
The major anthracycline anti-tumor function is thought to be accomplished by an 
inhibition of DNA Topoisomerase 2 activity. Studies in our lab have shown that 
anthracyclines are mutagenic and cytotoxic in bacteria (Salmonella typhimurium 
and Escherichia coli), and can induce intrachromosomal recombination events in 
the yeast Saccharomyces cerevisiae. The objective of this study is to accurately 
access the role of DNA type 2 Topoisomerases in the presence of anthracycline 
compounds. Wild type as well as gyrA, gyrB, parC, and parE mutant cells were 
exposed to doxorubicin or epirubicin. Cell viabilities were determined for all strains. 
Experiments indicate that anthracyclines have an effect on cell viabilities for parC 
alleles compared to wild type, and these results will be discussed regarding the role 
of bacterial topoisomerases in the presence of these anticancer drugs.

 3233 Mechanisms of Nitrosamine Mutagenicity and Their 
Relationship to Carcinogenicity

G. F. Smith1, K. Cross2, L. Custer3, A. Czich4, K. L. Dobo5, J. Elloway1, N. Greene6, 
A. S. Kalgutkar5, D. J. Ponting7, D. J. Snodin8, R. E. Tennant7, A. Trejo-Martin9, and 
E. Vock10. 1AstraZeneca Limited, Cambridge, United Kingdom; 2Instem Limited, 
Columbus, OH; 3Bristol-Myers Squibb Company, New Brunswick, NJ; 4Sanofi GmbH, 
Frankfurt, Germany; 5Pfizer Inc., Groton, CT; 6AstraZeneca Inc., Boston, MA; 7Lhasa 
Limited, Leeds, United Kingdom; 8Xiphora, Bristol, United Kingdom; 9Gilead Sciences Inc., 
Foster City, CA; and 10Boehringer-Ingelheim Pharma GmbH & Co. KG, Biberach an der 
Riss, Germany.

N-Nitrosamines are a class of mutagenic carcinogens considered to be cohort of 
concern chemicals because some are highly potent. The primary mechanism of 
N-nitrosamine mutagenicity is related to the structural feature where an aliphatic 
alpha-CH-functionality next to the N-nitroso group leads to alpha-hydroxylation 
ultimately forming a highly reactive diazonium species which can then alkylate DNA. 
We set out to conduct a literature review to understand how other mechanisms 
of nitrosamine mutagenicity contribute/relate to the carcinogenic potency of 
N-nitrosamines. This involved searching for in vitro and in vivo mechanisms relating 
potency to chemical structure described in the literature as well as retrieving 
available references for all mutagenicity and carcinogenicity experimental data 
described in the CPDB, Leadscope, and Vitic (Lhasa ltd) databases. From these 
literature reviews a number of mechanisms related to N-nitrosamine mutagenicity 
and carcinogenicity were identified. Brief summaries of each of these mechanisms 
of mutagenicity and how they relate to carcinogenicity potency are provided.

 3234 Automated Analysis of Human Lymphocytes in the In Vitro 
Micronucleus Assay

A. Myhre1, S. Kellum1, S. Al Janabi1, M. Rodgers1, F. Davis1, M. Rodrigues2, R. DeMarco2, 
and R. Settivari1. 1Corteva Agriscience, Newark, DE; and 2Luminex Corporation, 
Austin, TX.

The purpose of this experiment was to evaluate the automated analysis of micronu-
clei in cultured human peripheral blood lymphocytes (HPBLs) using the Amnis® 
ImageStream®X MkII imaging flow cytometer with a 96-well plate auto-sampler. 
Although micronuclei analysis is routinely automated by flow cytometry using 
various cell lines, HBPLs are still typically analyzed by the time-consuming method 
of manual microscopic evaluation of prepared slides. In addition, standard flow 
cytometry does not allow for analysis of binucleated cells, but rather provides an 
evaluation of free nuclei and micronuclei in suspension. The ImageStream® is an 
imaging flow cytometer that captures high resolution images of individual cells 
during acquisition. It then utilizes A.I. software to analyze the images to identify and 
differentiate mononucleated, binucleated, and multinucleated cells as well as the 
presence of micronuclei in all three. The imaging capabilities of the ImageStream® 
allow for automated analysis of binucleated cells ensuring micronuclei are only 
being evaluated from cells that have divided. In this in vitro micronucleus experi-
ment, mitomycin C and vinblastine were evaluated in the absence of metabolic 
activation, and cyclophosphamide was evaluated in the presence of metabolic 
activation (phenobarbital/beta-naphthoflavone induced rat liver S9). HPBLs 
were collected from in-house donors and cultured according to the OECD 487 
test guideline. The cultured lymphocytes were exposed to the test compounds 
and solvent controls in the presence and/or absence of metabolic activation as 
indicated above. Previously established methods were utilized with modifications 
for isolation of the lymphocytes and staining for analysis on the ImageStream®. 
For each chemical, evaluation was conducted by both manual scoring of acridine 
orange-stained slides; as well as image analysis using the ImageStream® flow 
cytometer. Following acquisition, the ImageStream® images were processed 

through the Amnis®AI software using a model designed for evaluation of TK6 cells 
to better differentiate the mononucleated and binucleated cells and to improve 
the detection of true micronuclei. Despite using an A.I. model not specific for 
HPBLs, the Annis® AI analysis resulted in micronuclei percentages that were in 
concordance with those observed from the manually scored slides, as well as 
the laboratories historical control database. The results from this experiment 
indicated that the ImageStream® in conjunction with Amnis® AI was successfully 
able to detect micronuclei in binucleated cultured human lymphocytes. One area 
that could expand the usability of the instrumentation and software for use in the 
in vitro micronucleus test is further development of analysis of the cytotoxicity 
profile. Future analysis could include exploring the use of cytoplasmic staining 
to better characterize cytotoxicity profile and differentiate mononucleated cells 
from non-lymphocytes. The Amnis® ImageStream® X MkII proved to be capable 
of automated analysis of micronucleated and non-micronucleated binucleate cells 
and combines the benefits of both microscopic and flow-based analysis.

 3235 ToxTracker and In Vitro Micronucleus: A 
Comparative Assessment

S. N. Kellum, M. Rodgers, S. Al Janabi, F. Davis, E. Bianchi, and R. Settivari. Corteva 
Agriscience, Newark, DE.

Genotoxicity studies are performed to support regulatory decision-making related 
to chemical safety and human health risk assessment. A minimum base set of 
genotoxic studies such as Ames test, in vitro micronucleus test, mammalian 
gene mutation assay (typically a mouse lymphoma assay or HPRT) and an in 
vivo micronucleus test are standard requirements for global acceptance. Such 
studies are expensive, time consuming, and use a combination in vitro and in vivo 
models to generate a genotoxicity profile. Early detection of genotoxic chemicals 
can save time and may promote the development of sustainable compounds. 
The ToxTracker assay, developed by Toxys, provides a method for evaluation of 
the genotoxic properties of chemicals. Using six GFP-labeled mouse embryonic 
reporter cells lines, the ToxTracker assay can provide an assessment of direct 
and indirect genotoxic effects and provide insight into the genotoxic mode of 
action of a chemical. A modified screening version of ToxTracker based on two 
of the reporter cell lines, Bscl2 and Rtkn, has been implemented in early discov-
ery programs as a high-throughput, resource-efficient predictive model for identi-
fying compounds with potential genotoxic hazard. The Bscl2-GFP is a reporter 
for pro-mutagenic DNA lesions and DNA replication stress while the Rtkn-GFP 
marker is a reporter for DNA double strand breaks. Extensive validation work has 
shown that activation of Bscl2-GFP and Rtkn-GFP biomarkers well correlate with a 
positive AMES and in vivo micronucleus tests, respectively. In this study, correlation 
between Rtkn-GFP biomarker and in vitro micronucleus test using human peripheral 
blood lymphocytes (HPBL) was evaluated using five agrochemical compounds. 
The ToxTracker assay was conducted following the standard procedures (with 
or without phenobarbital/5-6 benzoflavone (PB/BNF)-induced rat liver S9 for a 
duration of 24-hours). The HPBL in vitro micronucleus testing was conducted with 
a short term (4-hour) PB/BNF S9-metabolically activated treatment and a contin-
uous non-activated treatment for a duration of 24-hours. The ToxTracker assay 
has been specifically designed and validated with lower S9 concentrations (0.4% 
v/v) allowing for a continuous treatment, whereas in the HPBL in vitro micronu-
cleus assay, the S9-metabolically activated treatment condition is conducted with 
a short-term treatment (2% v/v) to prevent S9-induced toxicity. Owing to the differ-
ences in cell type and procedures, notable toxicity profile differences between the 
two cell systems were observed in 4 out of the 5 chemicals. There were also differ-
ences observed in the precipitation profiles across the two models in 1 out of the 
5 chemicals. These two differences directly impacted the maximum concentration 
that was evaluated in each model. Taking these differences into account 3 out of 
the 5 chemicals resulted in correlating results between the two assays. Overall, 
our findings suggest that there is a correlation between the two assays. However, 
toxicity profile differences play a major role in the cross-compatibility of chemicals 
tested in the two systems. By expanding and conducting further cross evaluations, 
we can build a portfolio to better assess the predictivity of an in vitro micronu-
cleus assay based on ToxTracker results. In doing so, we can rely primarily on 
ToxTracker for early-stage screening of chemicals with the understanding that the 
in vitro micronucleus assay provides an adequate follow-up evaluation if deemed 
necessary. In conclusion, using the ToxTracker assay in early-stage screening 
allows for a quick, resource-efficient, reliable means to evaluate the genotoxic-
ity profile of chemicals and improve the ability of assessing genotoxicity profiles 
of chemicals.

 3236 Assessment of the Mutagenic Potential of a 
Protoporphyrinogen-Oxidase Inhibitor Herbicide

R. Landsiedel1, A. Zander1, E. Dony2, B. Williamson Riffle3, M. Frericks1, T. Seiser1, 
D. Funk-Weyer1, and N. Honarvar1. 1BASF SE, Ludwigshafen, Germany; 2ICCR GmbH, 
Rossdorf, Germany; and 3BASF Corporation, Research Triangle Park, NC.

Protoporphyrinogen-oxidase inhibitors (PPOi) is a class of herbicides, which acts 
on both chlorophyll as well as heme synthesis. Thus, a toxicological characteristic 
of PPOi herbicides is the induction of anemia in mammals to varying degrees. A 
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series of PPOi candidates showed, despite their clear negative in vitro mutagenic 
profile, enhanced micronucleus formation in rodent bone marrow. Since enhanced 
erythropoiesis is a cause of micronucleus formation, a series of investigations were 
performed in order to determine whether the micronucleus finding is attributed to a 
mutagenic effect or linked to the observed regenerative anemia. A PPOi candidate 
with the characteristics as described above was tested in a 14-day micronucleus 
assay using the liver and bone marrow of rats. The data showed that despite 
an increase in the micronucleus frequency in the bone marrow, the hepatocyte 
micronucleus frequency was not affected. In a further experiment in the mouse 
the compound was administered once. Twenty-four hours after the administra-
tion a portion of the bone marrow was assessed for micronucleus formation and 
the rest was subjected to a subpopulation separation process isolating erythroid 
(selected via their Ter119 surface expression) and non-erythroid (selected by their 
CD45 surface expression) cells, which were then assessed in a comet assay. The 
results showed a dose dependent increase in the micronucleus frequencies as well 
as in the % DNA tail intensities of the erythroid Ter119+ subpopulation. The CD45+ 
non-erythroid population of the treated mice showed similar % DNA tail intensities 
as the control animals. In conclusion, it can be stated that the observed induced 
micronucleus frequencies using the PPOi candidate is most probably a product of 
enhanced erythropoiesis and not linked to a direct DNA damaging effect.

 3237 In Silico and In Vitro Mutagenicity Evaluation of Estradiol 
Hemihydrate Impurity D: An Impurity in Estradiol

S. Kamath, A. S. Vichare, and H. Srinivasa. Abbott, Mumbai, India.

In recent times, regulatory agencies have been requesting in silico mutagenicity 
evaluation of known impurities which have been listed in pharmacopoeias for 
which mutagenicity data is not available. As a part of this exercise, an assess-
ment of genotoxic potential of all known impurities of Estradiol hemihydrate was 
performed. The European Pharmacopoeia (E.P) provides acceptance criteria of not 
more than 0.3% for four impurities viz Impurity A, B, C and D. Impurities A, B and C 
were predicted to be non-mutagenic based on DEREK and SARAH Nexus in silico 
tools. However, Impurity D also called delta 9, 11 - Estradiol contained a misclas-
sified feature. Although the in silico analysis predicted the structure to be negative 
for bacterial mutagenicity, the misclassified feature in the structure provided 
reason to doubt the prediction. This misclassified feature in the structure was a 
hexahydrophenanthrene moiety which is mutagenic in the Salmonella typhimurium 
strains TA98 and TA100 in presence of metabolic activation. Structurally similar 
substances related to the misclassified feature retrieved from the DEREK database 
were positive for mutagenicity. Hence, an in vitro mutagenicity of Estradiol Impurity 
D was investigated further using the bacterial reverse mutation test, on four 
histidine deficient mutant tester strains of Salmonella typhimurium and tryptophan 
deficient tester strain of Escherichia coli WP2uvrA (pKM101). Bacterial cultures 
were exposed to Estradiol Impurity D at concentration levels ranging from 1.5 to 
5000 µg/plate. No increase in the number of revertant colonies was observed, in 
the absence and presence of the metabolic activation system in all tester strains. 
Based on the initial test outcome, a confirmatory test was performed at Estradiol 
Impurity D concentration levels ranging from 156.25 to 5000 µg/plate in the 
absence and presence of the metabolic activation. Estradiol Impurity D did not 
induce any significant increase in the number of revertant colonies, in trials with and 
without S9 mix, in any tester strain up to the highest tested dose of 5000 µg/plate. 
These results are in line with the negative prediction by the in silico quantitative 
structure-activity relationship (QSAR) tools for the Estradiol Impurity D and provide 
good correlation of in silico and in vitro data. This study data further supports the 
safety of estradiol drug formulations.

 3238 Update on the Ongoing OECD Validation of the ToxTracker Assay 
for Genotoxic Mode-of-Action Assessment

G. Hendriks1, E. Adriaens2, A. Allemang3, J. van Benthem4, J. Clements5, G. Cole6, 
M. Engel7, A. Hamel8, D. Kidd5, S. Kellum9, D. Kirkland10, T. Kiyota6, A. Myhre9, 
V. Naëssens11, S. Pfuhler3, M. Roy8, R. Sattivari9, M. Schuler7, P. Vanparys12, and 
A. Zeller11. 1Toxys, Leiden, Netherlands; 2Adriaens Consulting, Allter, Belgium; 3Procter 
& Gamble, Mason, OH; 4Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven, 
Netherlands; 5Labcorp, Harrogate, United Kingdom; 6Genentech Inc., San Francisco, CA; 
7Pfizer Inc., Groton, CT; 8Charles River Laboratories, Senneville, QC, Canada; 9Corteva 
Agriscience, Newark, DE; 10Kirkland Consulting, Tadcaster, United Kingdom; 11Roche, 
Basel, Switzerland; and 12Consultant: Genetic Toxicology, Vosselaar, Belgium.

ToxTracker is a mammalian stem cell-based reporter assay that detects activa-
tion of specific cellular signaling pathways upon chemical exposure. ToxTracker 
contains six different GFP-tagged reporter cell lines that together allow the accurate 
identification of genotoxic substances and discrimination between induction 
of DNA damage, oxidative stress and/or protein damage in a single test. More 
recently, the assay was extended to allow the discrimination between clastogenic 
and aneugenic compounds. The ToxTracker assay is currently being evaluated in a 
large international inter-laboratory validation study, approved by the OECD. The goal 
of this prospective validation study is to explore the applicability of ToxTracker for 
regulatory applications, establish the transferability and reproducibility of the assay 
and to explore how it can be applied to improve the in vitro genotoxicity testing 

strategies. The validation has been conducted strictly following OECD guidance 
document 34. ToxTracker was transferred to seven laboratories. The validation 
labs were trained to perform the assay and tested a training set of compounds 
to show their proficiency to run ToxTracker. Next, the labs evaluated a selection 
of 64 coded, well-established genotoxic and non-genotoxic chemicals with each 
compound being tested in three labs independently. All the experimental work has 
been completed and data have been analyzed. The accuracy to predict genotoxicity, 
as well as the intra- and inter-laboratory reproducibility were determined. In this 
poster, we will give an overview how the ToxTracker validation was performed and 
the first results from this OECD validation.

 3239 Laboratory Transfer and Proficiency Establishment of the OECD 
488 Transgenic Rodent Somatic and Germ Cell Mutation Assay

K. Philp, L. Hinton, C. Collins, K. Nolan, E. Bertrand, C. Stagg, J. Haslam, L. Zolkiewski, 
J. Shaw, and M. Tate. Gentronix Limited, Cheshire, United Kingdom.

Assessment of new drugs and chemicals for their mutagenic potential and risk 
to human health and the environment is a global regulatory requirement. OECD 
488 transgenic rodent (TGR) mutation assays play a key role in determining the in 
vivo mutagenicity risk of substances that have positive in vitro mutagenicity data. 
The Big Blue® rat is listed as a suitable TGR model that allows investigation of 
in vivo mutation at the cII locus contained within the genome integrated lambda 
bacteriophage shuttle vector. Gentronix has conducted a laboratory transfer and 
proficiency assessment for detection of mutation frequency at the cII locus in 
duodenum, glandular stomach, liver, bone marrow, kidney and male seminiferous 
tubule derived germ cells from Big Blue® rats, with data compared with that of the 
previous laboratory. The exercise used frozen tissues banked during previously 
conducted Big Blue® rat studies, where a 28-day exposure period was followed 
by either 3- or 28-day (somatic tissues) or 28 day (germ cells) fixation period 
for untreated/vehicle and N-Ethyl-N-nitrosourea (ENU; positive control) treated 
animals. Genomic DNA was extracted from all tissues using the using the Agilent 
DNA RecoverEase methodology, and then packaged using Agilent Transpack 
reagents to create infectious phage particles that were then expressed using the 
G1250 E. coli strain, plated on agar. The plates were incubated at 2 temperatures: 
37°C, where both wildtype and mutated phage enter the lysogenic cycle (packaging 
efficiency); 24°C, where only cII mutated phage can enter lysogenic cycle, and the 
resulting phage plaques scored. Packaging efficiency was demonstrated across 
all tissue types with the mean number of phage screened from each DNA sample 
achieving >200,000 phage titre in both untreated/vehicle and ENU treated animals, 
in accordance with OECD 488 (2022). The ENU treatment produced a statistically 
significant increase in mutant frequencies over control for all tissues tested, with 
mean mutation frequency fold increases of: 18, glandular stomach; 16, duodenum; 
7, liver; 16, bone marrow; 8 kidney; 8, male germ cells. Absolute mutant frequencies 
for all tissues in the untreated/vehicle control groups were consistent with the 95% 
control limits of historical data generated in this assay. Together these findings 
demonstrated a successful laboratory transfer of the assay in both somatic and 
germ cells for the Big Blue® rat model. These data illustrate that Gentronix is 
proficient in the methods of transgene recovery from genomic DNA and in reproduc-
ing expected mutant frequencies for positive and negative controls in the Big Blue® 
TGR assay across both somatic and germ cell tissues.

 3240 In Vitro and In Vivo Micronucleus Assessment of 
Trifuoroiodomethane (CF3I) following 28-Days 
Inhalation Exposure

K. Sodani1, P. Horrell2, M. Boelens1, and S. Mukhi1. 1Honeywell International Inc., 
Morris Plains, NJ; and 2Labcorp Early Development Laboratories Ltd., Huntingdon, 
United Kingdom.

Trifluoroiodomethane (CF3I) is a colorless and odorless gas used primarily as a 
fire suppressant. In the EU, it has been classified - in accordance with the criteria 
under the EU Regulation 1272/2008 on classification, labelling and packag-
ing of substances and mixtures - as mutagen category 2 based on an outdated 
study design which did not follow the current OECD guideline requirements but 
had reported micronuclei formation in-vivo. An in-vitro study was conducted with 
this molecule showing non-micronucleus forming properties. This in-vitro finding 
triggered the current in-vivo experiment, to confirm in-vitro findings, following OECD 
guidelines for micronucleus assessment. In an effort to replicate previously in-vivo 
findings, a 28-days inhalation exposure to CF3I followed by micronucleus assess-
ment was performed with Wister rats following OECD guidelines 412 and 474. CF3I 
was administered as a gas to rats at target aerosol concentration of 2, 4, or 8% by 
nose-only inhalation for 4-weeks (5 days/week; 6 hours/day for 2 or 4%; 2 hours/
day for 8%). There was no statistically significant increases or trend observed in 
the group mean %MPCE (micronucleated polychromatic erythrocytes) of male or 
female rats compared with control. There was no statistically significant decreases 
or trend observed in the group mean %PCE of male or female rats compared with 
control. Thus, it can be concluded that CF3I showed no evidence of causing an 
increase in the induction of micronucleated polychromatic erythrocytes in male 
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or female Wistar rats when administered via inhalation. Both in-vitro and in-vivo 
micronucleus studies confirm that CF3I is not genotoxic, and hence the hazard 
classification as mutagen would not be warranted.

 3241 Naphthalene-DNA Adduct Formation Is Attenuated in Blood and 
Lungs of Cyp2abfgs-Null Mice Compared to Wild-Type Mice

S. L. Hannon1, L. Yin1, L. M. Tran1, I. M. Studer1, Q. Zhang1, R. Turesky2, L. S. Van Winkle3, 
and X. Ding1. 1University of Arizona, Tucson, AZ; 2University of Minnesota, Minneapolis, 
MN; and 3University of California Davis, Davis, CA.

Naphthalene (NA), a persistent environmental contaminant, is a possible human 
carcinogen. The exact mechanisms of lung tumor formation in NA-exposed 
animals are still unknown. NA and its metabolite 1,2-naphthoquinone (1,2-NQ) 
form stable and/or depurinating adducts with DNA ex vivo in rodent and primate 
airway explants, and in mouse skin following topical exposure. The tissue origina-
tion of the adducts formed in vivo has yet to be elucidated. The ability of 1,2-NQ 
to form depurinating DNA adducts in vitro have previously been characterized 
by mass spectrometry. The goal of this study is to determine the involvement of 
P450-mediated NA bioactivation in DNA adduct formation. DNA adduct formation 
in the lung (the target tissue) and blood (an accessible tissue for biomonitoring) 
was analyzed in wild-type (WT) and Cyp2abfgs-null mice, the latter have reduced 
ability to bioactivate NA. Initial studies were conducted to detect 1,2-NQ-DNA 
adducts in male and female mice injected intraperitoneally with NA at 200 or 
300 mg/kg in corn oil. Depurinating adducts were isolated from whole blood and 
lung samples after solid-phase extraction (SPE); stable adducts were isolated 
from DNA of white blood cell pellets and lung tissue, followed by SPE. Adducts 
were identified based on chromatographic retention time and mass spectral 
matching with synthetic standards and deuterated internal standards. A depuri-
nating adduct, 1,2-dihydroxynaphthalene (DHN)-guanine, and a stable adduct, 
1,2-DHN-deoxyguanosine, were detected in the blood and lungs of WT mice, but 
not Cyp2abfgs-null mice, at either NA dose, at two hours after NA exposure. This 
result confirmed that the 1,2-NQ-DNA adducts were formed via P450 mediated NA 
bioactivation. Further studies are underway to determine quantitative and qualita-
tive relationships between adducts in the lung and blood as well as to gauge the 
feasibility of using blood NA-DNA adduct levels to predict adduct levels in lung. 
The outcome of this study will facilitate further investigations on the involvement 
of genotoxic mechanisms in NA-induced lung carcinogenesis and biomonitoring. 
Supported by NIEHS grants ES020867, ES007091, and ES034268.

 3242 Micronucleated Reticulocytes and PIG-A Mutant Phenotype 
Erythrocytes as Translational Biomarkers of Genotoxicity: A 
Case Study with Hydroxyurea

J. Bemis1, D. Torous1, S. Avlasevich1, T. Howard2, R. Ware2, C. Fung3, Y. Chen3, 
D. Sahasrabudhe3, J. MacGregor4, and S. Dertinger1. 1Litron Laboratories, Rochester, NY; 
2Cincinnati Children’s Hospital, Cincinnati, OH; 3University of Rochester Medical Center, 
Rochester, NY; and 4Toxicology Consulting Services, Bonita Springs, FL.

Hydroxyurea is approved for treating children and adults with sickle cell anemia 
(SCA). Despite its proven efficacy, concerns remain about its mutagenic and 
carcinogenic potential that hamper its widespread use. This study assessed the 
utility of translating genotoxicity biomarkers from established preclinical models 
to humans. Crl:CD(SD) rats were exposed to hydroxyurea via oral gavage for 28 
consecutive days up to the maximum tolerated dose (125 mg/kg/day). Two periph-
eral blood-based endpoints of genotoxicity were studied at 2 or more time points: 
micronucleated reticulocytes (MN-RET) as an indicator of clastogenic damage and 
Pig-a mutant phenotype reticulocytes and mutant erythrocytes (MUT RET and MUT 
RBC) as indicators of gene mutation. We performed proof-of-concept translational 
studies of these endpoints in testicular cancer patients undergoing standard-of-
care chemotherapeutic treatments and demonstrated clear responses in both 
assays. This work was then extended to pediatric patients receiving hydroxyurea for 
treatment of SCA. One study used a cross-sectional design that compared 26 SCA 
patients receiving hydroxyurea to 13 SCA patients without exposure. A prospec-
tive study was also conducted with 10 SCA patients that compared pre-treat-
ment blood samples with those obtained after 6 or 12 months of therapy. In the 
rat model, hydroxyurea induced MN-RET, but not MUT RET or MUT RBC. In SCA 
patients, hydroxyurea induced MN-RET in both the cross-sectional and prospec-
tive studies. However, no evidence of PIG-A gene mutation was found in hydroxy-
urea-treated children, despite the fact that the two assays use the same rapidly-di-
viding, highly-exposed cell type. These results reinforce the complementary nature 
of MN-RET and PIG-A mutant erythrocytes and demonstrate the translational value 
of the biomarkers. The results also show that hydroxyurea was clastogenic but not 
mutagenic in young patients with SCA.

 3243 Optimization of the In Vitro Alkaline Comet Assay with Liver 
Cells for Genotoxicity Testing of N-Nitrosamines

M. A. Djuari, L. Elenschneider, M. Engelke, T. Hansen, and C. Ziemann. Fraunhofer 
Institute for Toxicology and Experimental Medicine, Hannover, Germany.  
Sponsor: A. Bitsch.

Potentially carcinogenic N-nitrosamines (NAs) are currently of high concern for 
pharmaceuticals, as NA impurities derived from active pharmaceutical ingredients 
have been found in certain products. One of the three Mutamind projects, funded 
by European Medicine Agency, aims at investigating the predictivity of the in vitro 
alkaline Comet assay (CA) for a carcinogenic outcome of NA exposure. In this 
project, three different liver cell models were enclosed as test systems i.e., human 
hepatocellular carcinoma HepG2 cells and primary rat and human hepatocytes. 
As NAs need metabolic activation for DNA adducts formation and subsequent 
mutagenicity and carcinogenicity, the liver represents one major target organ 
for NAs. The objective of the present experiments was to optimize the standard 
alkaline CA protocol for genotoxicity screening of NAs. HepG2 cells, supposed to 
exhibit some metabolic competence, were initially used as easy-to-handle human 
liver cell model. As a known carcinogen, N-nitrosodimethylamine (NDMA) at 0.1 
- 20 mM served as NA and ethyl methanesulfonate (EMS) as direct clastogenic 
positive controls for optimization purposes. Cyclophosphamide monohydrate (CP) 
was, furthermore, used as metabolic activation control. HepG2 cells were pre-cul-
tured for either 24 or 48 h and subsequently exposed to NDMA for 4, 6 or 24 h, 
with cytotoxicity determined by cell counting. A commercial 10-donor mixed batch 
of primary human hepatocytes (PHHs) served as normal, metabolic competent 
liver cell model. PHHs represent the gold standard for in vitro toxicity studies, due 
to high metabolic activity. For an initial experiment, PHHs were treated 2 h after 
thawing and plating for 2 h with 0.1 - 10 mM NDMA, 0.5 µl/ml EMS or 1 mM CP. The 
used HepG2 batch was initially characterized regarding morphology, population 
doubling time, and sensitivity towards NA-relevant solvents and standard positive 
controls i.e., EMS and CP. As HepG2 cells were not able to activate CP, S9-mix, an 
exogenous metabolic system, was included in the optimized CA treatment protocol 
for HepG2 cells. However, experiments with 4 and 6 h of incubation with NDMA 
(1, 5, 10, and 20 mM) without S9-mix, demonstrated that HepG2 cells were able to 
directly activate NDMA in a concentration-dependent manner, with a comparable 
3.1- (4 h) and 3.3-fold (6 h) increase in mean tail intensity (TI) at 20 mM NDMA, 
as compared to the respective negative controls. This effect was independent 
of the pre-culture time (24 or 48 h), and both a longer incubation period of 24 h 
and the addition of S9-mix did not markedly alter the genotoxic effect of NDMA. 
At 20 mM NDMA, a slight NDMA-mediated decrease in cell count to 75% of the 
negative control was noted. In contrast, when incubating PHHs with NDMA, a signif-
icant, and clearly concentration-dependent increase in mean TI was evident for all 
concentrations used, starting already at 0.1 mM (2.4-fold increase) and reaching a 
6.8-fold increase at 10 mM NDMA, whereas the increase amounted to only 2.5-fold 
in HepG2. In conclusion, the alkaline CA was able to clearly detect genotoxicity of 
NDMA using both HepG2 cells (even without S9-mix) and PHHs. However, since 
HepG2 cells were not able to metabolically activate CP, their overall metabolic 
competence seems limited and is currently under investigation. Thus, when using 
HepG2 cells, NAs with unknown genotoxicity/carcinogenicity should be tested ± 
S9-mix to avoid false-negative results, whereas PHHs seem to represent a highly 
sensitive, but also cost-intensive, cell model for genotoxicity screening of at least 
small NAs.

 3244 Elucidating the Mode of Action of Genotoxic Substances Using a 
Combination of GFP Reporter Genes and Duplex Sequencing

D. J. Roberts1, M. E. Hoogenboom-Geijer1, J. Castle2, G. Papoutsoglou2, A. Boswell2, 
and G. Hendriks1. 1Toxys B.V., Leiden, Netherlands; and 2TwinStrand Biosciences Inc., 
Seattle, WA.

The standard genotoxicity testing strategy typically investigates induction of 
gene mutations, chromosomal aberrations, and numerical chromosome changes. 
ToxTracker is an in vitro mammalian stem cell-based reporter assay that detects 
activation of specific cellular signalling pathways to identify direct DNA damage 
induction as well as indirect genotoxicity caused by oxidative stress and protein 
damage. The assay provides insight into the genotoxic mode of action (MOA) and 
can discriminate between clastogenic and aneugenic compounds. ToxTracker was 
shown to predict in vivo genotoxicity of compounds with a >90% sensitivity and 
specificity. The TwinStrand Duplex Sequencing mutagenesis assay uses a highly 
accurate sequencing technique that tracks both strands of the sequenced DNA 
molecules to limit sequencing errors. The mutagenesis assay can detect and 
characterize mutations induced upon chemical exposure and is supported with an 
easy-to-use bioinformatics pipeline. To combine the MoA information and accurate 
detection of gene mutations, we applied the TwinStrand Duplex Sequencing 
mutagenesis assay in the ToxTracker reporter cells to further unravel the MOA 
of genotoxic substances and determine their mutagenic potential. Providing a 
mutational fingerprint of compounds helps to further explore the MoA of genotoxic 
substances, thereby improving the in vitro genotoxicity prediction. In a pilot study, 
we have tested the genotoxic substances N-ethyl-N-nitrosourea, benzo[a]pyrene, 
and potassium bromate in ToxTracker and determined their mutational fingerprint 
using duplex sequencing.
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 3245 Incorporation of Rat Liver S9 into the Reconstructed Skin 
Micronucleus (RSMN) Assay to Address Scenarios of Expected 
Systemic Metabolism Relevance

E. Rottinger, A. Allemang, and S. Pfuhler. Procter & Gamble, Mason, OH.

The Reconstructed Skin Micronucleus (RSMN) assay is an OECD accepted 
method demonstrated to have 80% accuracy, 75% sensitivity, and 84% specific-
ity in predicting in vivo genotoxicity outcomes [Pfuhler et. al. 2021]. This assay 
has been recommended as an alternative to animal testing to follow-up on skin 
relevant compounds found to be positive in standard in vitro clastogenicity/aneuge-
nicity assays. In the context of dermal exposure, human skin specific metabolism 
has shown to be correctly reflected in RS models, especially when using extended 
exposures (e.g. 72h RSMN assay). However, there may be scenarios where 
substances penetrate the skin and undergo further metabolism in the liver. We 
therefore have evaluated the ability of rat liver S9 to complement the current RSMN 
assay. Two approaches were examined to introduce rat liver S9 into the skin model 
via the media: 1) a short exposure (4h) with a higher concentration of rat liver S9 
followed by a recovery period and 2) a continuous exposure with a low concentra-
tion of S9. Due to the known cytotoxicity of rat liver S9, cell health was monitored 
in the RSMN assay via the binucleation (BN) rate. To enable this, cytochalasin B 
was added to inhibit cytoplasmic division resulting in binucleated cells that have 
completed one mitosis. Decreases in percent BN can be used as an indicator of 
cytotoxicity and furthermore, the evaluation of micronuclei (MN) focuses on these 
cells that have divided once during the duration of the assay. The low-dose contin-
uous S9 treatment (ranging from 0.0625- 0.25% S9) resulted in a clear decrease 
in the BN rate, indicating increased cytotoxicity even at the lowest concentration 
tested. In contrast, the 4h S9 + recovery approach (ranging from 0.5- 2.0% S9) did 
not affect the %BN nor the background MN rate when compared to the without S9 
control. The 4h S9 + recovery approach using 0.5% S9 was then further evaluated 
for its ability to detect cyclophosphamide (CP). This compound is known to require 
metabolic activation to show a genotoxic effect and was previously shown to give 
a weak positive response in the standard RSMN assay (without S9) [Kidd et. al. 
2019]. Multiple concentrations of CP, up to 3.07mg/ml, were tested and statistically 
significant and dose dependent increases in MN frequency were seen (S9 control= 
0.53% MN, 3.07mg/ml CP= 4.04% MN). These are promising results indicating that 
rat liver S9 can be incorporated into the RSMN assay enhancing its ability to detect 
compounds that may require liver-specific metabolism. Further work is ongoing 
to confirm this and optimize the exposure scenario. In summary, we have shown 
that incorporation of 0.5% rat liver S9 for 4h into the RSMN assay can improve the 
efficiency with which CP is detected after metabolic activation. This protocol is 
hoped to complement the current RSMN protocol in scenarios where liver metabo-
lism is expected to be important. Pfuhler S, et al.: Validation of the 3D reconstructed 
human skin micronucleus (RSMN) assay: an animal-free alternative for follow-
ing-up positive results from standard in vitro genotoxicity assays. Mutagenesis. 
2021 Apr 28;36(1):1-17. doi: 10.1093/mutage/geaa035. PMID: 33544138; PMCID: 
PMC8081377. Kidd D, et al.: The 3D reconstructed skin micronucleus assay: consid-
erations for optimal protocol design. Mutagenesis. 2021 Apr 28;36(1):37-49. doi: 
10.1093/mutage/gez037. PMID: 31793640.

 3246 In Vitro Micronucleus Scoring by Flow Cytometry Using TK6, 
CHO-K1, and HepG2 Cell Lines: A Look into Specificity

S. Bryce, J. Bemis, S. Avlasevich, T. Pellegrin, and S. Dertinger. Litron Laboratories, 
Rochester, NY.

This laboratory has developed flow cytometric methods for the evaluation of 
micronucleus (MN) formation in cell lines, i.e. In Vitro MicroFlow. A large proportion 
of this work has been conducted with TK6 cells, and it has become clear that in 
some chemical spaces assay specificity is low, presumably due to the cells propen-
sity to apoptose. To address this issue, alternative cell lines were explored. TK6, 
hamster CHO-K1 and human HepG2 cells were exposed continuously to the follow-
ing agents: methyl methanesulfonate (MMS), carbendazim (Carb) and camptoth-
ecin (Camp) as well-established genotoxic agents, and carbonyl cyanide chloro-
phenylhydrazone (CCCP), tunicamycin (Tun), thapsigargin (Thap) as nongenotoxic 
cytotoxicants. Cells were harvested after 1.5-2.0 cell doublings and processed for 
flow cytometric analysis. In addition to MN prevalence, cytotoxicity was measured 
as relative increased nuclei counts (RINC). All compounds demonstrated dose-re-
lated increases in MN in TK6 cells at cytotoxicity limits that were consistent with 
current OECD 487 test guidelines. Examination of the same compounds in both 
CHO-K1 and HepG2 cells revealed significant elevations in MN following exposure 
to MMS, Carb and Camp. Conversely, no change from baseline were evident with 
the nongenotoxic compounds CCCP, Tun or Thap, even at the highest acceptable 
concentrations based on RINC. These data suggest that improvements to assay 
sensitivity may achieved through the choice of certain cells lines. Future work will 
examine additional chemicals, other treatment schedules, and use of exogenous 
metabolic activation.

 3247 Oxidative Stress in a DNA Repair–Defective Model Leads to 
Genomic Instability and Cellular Transformation

I. Alvarado-Cruz1, A. Nemec2,3, and J. Sweasy1. 1University of Arizona, Tucson, AZ; 2Yale 
University, New Haven, CT; and 3Florida State University, Tallahassee, FL.

Oxidative stress is linked to cancer development by the oxidation of DNA which 
results in mutations. DNA oxidations are repaired through the base excision repair 
pathway. Polymerase beta (polB) is the enzyme in charge of filling the gap once 
the oxidated base is removed. Mutations in polB can increase the mutational load, 
genomic instability, and cancer development. A large fraction of Germline genetic 
variants (GV) has been associated with cancer and interestingly, most of them 
are variants of uncertain significance (VUS), because of their low frequency, the 
reduced statistical power limits studies in humans. VUS can account for a signifi-
cant proportion of cancer susceptibility factors by acting dominantly or through the 
summation of the effects of a multiple low-frequency GV. DNA repair GV are associ-
ated with cancer and therapy response. Current genomic approaches to assess 
mutations and cancer risk are limited to somatic mutations and GV are overlooked, 
however, these variants may have a key mechanistic role in the carcinogenesis 
process. We have identified BER GV, in key enzymes that induce a carcinogenic 
phenotype when expressed in non-transformed cells. Our objective is to know the 
role of the polB P242R GV in the carcinogenesis process. P242R variant results 
in a slow polymerase that accumulates DNA gaps, therefore, we hypothesize that 
under a highly oxidative environment, DNA damage will accumulate in P242R 
expressing phenotype, inducing genomic instability and cellular transformation. 
By using immortalized non-transformed cells, we observed chromosomal aberra-
tions (fusions and fragments) and anchorage-independent growth in the absence 
of exogenous DNA damage. Interestingly, no increment in mutation frequency 
was observed indicating that this variant does not lead to a mutator phenotype. 
By treating cells with menadione to enhance reactive oxygen species, an increase 
in &#1509;H2Ax foci, a DNA damage marker, was observed, likely as a result of 
the slow gap-filling activity of P242R, which was not recovered after 6 hours. 
Furthermore, we created a mouse model carrying the P242R GV by CRISPR-Cas9 
technology and homozygous mutant mice showed an increase in the micronuclei 
frequency in peripheral blood, a marker for genomic instability. Our results suggest 
that over time, cells harboring this variant would incur more double-strand breaks 
than cells without P242R, leading to deletions and insertions if repaired by non-ho-
mologous end joining, gene fusions, or other types of genomic instability, which 
could lead to cancer. Environmental exposures and/or diagnostic procedures over 
a P242R-carrying individual’s lifetime could serve to enhance the rate or levels of 
genomic instability and perhaps decrease the latency of cancer.

 3248 Effects of Clock Disruption and UVB Exposure on Circadian 
Behavior in SKH-1 Mice

S. J. Cone, A. J. Greer, N. Kar, E. Schuetz, and S. Gaddameedhi. North Carolina State 
University, Raleigh, NC.

Over a quarter of the American population participates in night shift work, which 
entails activity during regular sleeping hours (between midnight and 5:00 a.m.). 
Our circadian clock entrains to daily environmental cues - such as sunlight - to align 
itself with the day-night cycle of the earth. This entrainment process, however, is 
disrupted by commitment to the night-active schedule, which is a common feature 
of modern society. Night shift work has further been classified as a Group 2A 
Carcinogen since 2007 and has been correlated with increased incidence of skin 
cancer (the most diagnosed type of cancer in the United States). Solar Ultraviolet-B 
(UVB) radiation is a significant source of exogeneous DNA damage in the skin, and 
though circadian disruption has been linked to increased carcinogenesis risk, the 
influence of a disrupted clock in conjunction with UVB exposure on daily rhythmic 
behavior has not been examined. We hypothesize that circadian disruption induced 
by shift work perturbs the 24-hour rhythmicity of the circadian clock in the presence 
or absence of chronic UVB exposure. Experiments were carried out using SKH-1 
hairless male and female mice with healthy (day-shift, DS), environmentally 
disrupted (rotating-shift, RS), and genetically disrupted (mPer1/2, or mutant Period 
1 and 2 genes) circadian rhythms. We treated all groups (n=16 mice of each sex per 
group) with a sub-erythemal solar UVB dose of 353 J/m2 at zeitgeber time (ZT) 09 
three times a week for a 27-week period while tracking locomotor activity rhythms 
with infrared motion sensors. For daily circadian activity, we performed a long-term 
analysis of the full 27-week time course and a short-term analysis of a 3-week 
period midway through the exposure period. As expected, daily circadian activity 
of DS and mPer1/2 mice consistently exhibited a period (described as the time 
for a complete daily cycle to occur) of 24 hours, with DS mice possessing robust 
rhythmic amplitudes (described as the difference between maximum and midline 
activity) compared with mPer1/2 group. RS mice, however, presented a significantly 
increased period (stable 25.85 hours) reflective of the delayed light-schedule and 
significantly decreased amplitudes. Chronic UVB exposure had no significant effect 
on the period or amplitude of any group across both sexes. These findings suggest 
that a long-term rotating-shift light schedule, which simulates shift work, disrupts 
circadian rhythmicity in a manner unaffected by UVB exposure. As both circadian 
disruption and UVB exposure have been identified as carcinogenic insults, these 
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results indicate that conditions simulating night shift work may have toxicological 
implications regarding increased cancer risk. Future work will determine how these 
circadian conditions influence the initiation and progression of skin carcinogenesis.

 3249 Evaluation of Cyclophosphamide at Various Dose Levels to 
8-, 10-, and 12-Week-Old Female Sprague Dawley and Wistar 
Hans Rats

M. Cockburn, J. Weinberg, R. Madrishin, V. Peachee, and J. Bultman. Charles River 
Laboratories Ashland LLC, Ashland, OH.

While 2 consecutive oral doses of cyclophosphamide at 10 mg/kg/day as a positive 
control for the in vivo micronucleus test evaluated by flow cytometry have shown 
to be appropriate for Sprague Dawley males, excessive reticulocyte cytotoxicity 
has been observed in female Sprague Dawley and in both male and female Wistar 
Han rats. Differences between each strain have been apparent, with Wistar Han 
females being slightly more sensitive than female Sprague Dawley rats, resulting in 
scoring less than 4000 reticulocytes, which is the minimum requirement according 
to the OECD 474 guideline for obtaining an accurate incidence of micronucleated 
immature reticulocytes. In addition, due to the increased addition of this assay to 
repeat dose toxicity studies, a difference in sensitivity to cyclophosphamide based 
on age has been observed. Therefore, this study was designed to determine the 
appropriate dose level that results in being able to score more than 4000 reticu-
locytes and also having a substantial increase of % micronucleated reticulocytes. 
Five female Sprague Dawley and Wistar Han rats per group were orally adminis-
tered cyclophosphamide for 2 consecutive days at dose levels of 6, 8, or 10 mg/
kg/day to induce micronuclei in peripheral blood reticulocytes. Three different ages 
(8, 10, and 12 weeks) were tested for each strain. Peripheral blood was collected 
from each animal between 36 and 48 hours following the last dose administration 
and evaluated via flow cytometry. Administration of cyclophosphamide at 10 mg/
kg/day resulted in a decrease of total reticulocytes and % reticulocytes across both 
strains at all ages when compared to lower dose levels. For both strains, % reticu-
locytes decreased with increasing dose level across all ages. Overall % micronu-
cleated reticulocytes were greater at 8 and 10 mg/kg/day when compared to the 
6 mg/kg/day dose level. Results of this study suggest that regardless of age and 
strain, cyclophosphamide dose levels of 6 and 8 mg/kg/day to rats result in an 
appropriate scorable number of total reticulocytes and % reticulocytes, while also 
showing a substantial increase of % micronucleated reticulocytes. While a dose 
level of 10 mg/kg/day may be acceptable in terms of % micronucleated reticulo-
cytes, the probability of being unable to score at least 4000 reticulocytes is greatly 
increased across both strain, which could result in an invalid study.

 3250 Usefulness of 3D HepG2 Liver Spheroid Model for Genotoxicity 
Assessment of Chemicals and Pharmaceuticals

S. Roy1, R. Kulkarni2, K. Wang1, G. Khasmba1, A. Szkudlinska1, V. Johnson-Peltier1, and 
W. Madramootoo1. 1Inotiv, Rockville, MD; and 2EMD Serono Research and Development 
Institute, Billerica, MA.

Genotoxicity testing is an essential part of hazard and safety evaluation of 
chemicals and pharmaceuticals. Although two-dimensional (2D) cell culture 
has been routinely used for genotoxicity testing, it generally lacks the in vivo-like 
morphological and physiological characteristics and could lead to misleading and 
non-predictive information of an in vivo response. In the last decade, the three-di-
mensional (3D) cell culture models have tested as a novel preclinical test system 
for safety assessment. The objective of this study was to provide a comparative 
evaluation of the genotoxicity of reference test compounds in both traditional 2D 
cell culture system and 3D HepG2 liver spheroid model. The in vitro micronucleus 
assay was performed as per OECD 487 (2016) testing guideline with two test 
systems. Aflatoxin B1, a human hepatocarcinogen that requires metabolic activa-
tion and Mitomycin C, a direct acting genotoxic compound were evaluated in this 
study. The 2D in situ cell culture was performed in two-chambered slides. The 3D 
HepG2 liver spheroid model was prepared using the hanging drop method and 8 to 
10 spheroids/concentration were treated. Aflatoxin B1 and mitomycin C were tested 
at concentrations of 0.00625 µg/mL to 0.1 µg/mL and 0.025 µg/mL to 0.4 µg/
mL, respectively. Treatment was performed for 24h followed by a recovery period 
of an additional 24h in presence of cytochalasin B. Cytokinesis-blocked prolifera-
tion index (CBPI) was used as the cytotoxicity marker and percent micronucleus 
(%MN) frequency was evaluated as genotoxicity endpoints. These endpoints are 
commonly evaluated in the in vitro micronucleus assay for regulatory submission. 
The CBPI ranged from 1.22 to 1.52 for 2D cultures and 1.19 to 1.47 for 3D HepG2 
liver spheroid models. Although a concentration dependent and statistically signif-
icant (p<0.01) induction in MN frequency was observed in both test systems, the 
magnitude of MN induction was much higher and robust with the 3D HepG2 liver 
spheroid model. For both test compounds, up to a 5-fold increase in %MN over 
vehicle control was observed in the 2D culture system whereas up to a 10-fold 
induction in %MN was observed in 3D HepG2 liver spheroid model. Slight decrease 
in the CBPI in the spheroid model compared to the 2D test system was likely due 
to the relatively decreased availability of nutrients to the inner cells of spheroid. 
Similarly, a 2-fold higher induction of %MN in spheroid model compared to the 2D 
test system indicates inter-cellular interaction in spheroid model provides better 

metabolic environment to the cells. In conclusion, the preliminary data indicates 
3D HepG2 liver spheroid model is a sensitive, easy-to-use, and cost-effective test 
system for genotoxicity evaluation of chemicals and pharmaceuticals. A compre-
hensive validation test is being planned with additional set of reference compounds 
for routine use of 3D HepG2 liver spheroid model in genotoxicity testing.

 3251 Mammalian Cell Genetic Toxicology Screening Assays for Drug 
Discovery and Lead Compound Development

L. Recio1, B. Engelward2, and C. Yauk3. 1ScitoVation, Durham, NC; 2Massachusetts 
Institute of Technology, Cambridge, MA; and 3University of Ottawa, Ottawa, ON, Canada.

Knowledge regarding the potential of new chemicals, food additives, and pharma-
ceuticals to damage the human genome and cause mutations (heritable changes 
in the cellular genome) remains critical to public health. Genotoxicity induced 
mutations are regarded as key events in the induction of cancer, birth defects, and 
neurological disease. The regulatory genetic toxicology test battery ICH S2(R1) 
required by regulatory agencies worldwide to initiate clinical trials and for registra-
tions of crop protectants, flavorings, and food additives includes bacterial and in 
vitro mammalian cell tests to assess genotoxicity and mutagenicity, and in vivo 
tests for genotoxicity; bone marrow MN assay and the Comet assay in liver. The 
in vitro chromosomal aberration and micronucleus (MN) tests done in rodent 
cells are p53 deficient cell lines have a higher false positive rate than genotoxic-
ity assessments in p53 proficient human cells such as TK6 cells. Secondly, the 
currently used cell lines used in genetic toxicology and in high-throughput testing 
programs are deficient in xenobiotic metabolizing Phase I and Phase II enzymes 
key determinants of toxicity. The liver homogenate preparations (S9) incorpo-
rated into the regulatory genetic toxicology test battery used to provide biotrans-
formation/bioactivation of xenobiotics with cells devoid of endogenous metabo-
lism does not include Phase II conjugation enzymes, and false positives due to 
CYP450 bioactivation without Phase II detoxication can cause needless animal 
testing. We have developed human-relevant non-animal genetic toxicology testing 
battery that are rapid medium throughput low cost genotoxicity assays that can be 
implemented early in pharmaceutical and lead compound to prevent failure in the 
regulatory genetic toxicology test battery. Flow-based MN assay in TK6 cells can 
be combined with the CometChip® assay to assess DNA damage, and expression 
profiling-based TgX DDI biomarker, to predict genotoxicity in “screening mode”. 
More recently we have focused on the use of metabolically competent HepaRG™ 
cells as a genetic toxicology New Approach Methodology as a testing platform 
to replace/reduce in vivo genetic toxicology testing. HepaRG™ retain many of the 
characteristics of primary human hepatocytes, including morphology, expression 
of key xenobiotic metabolizing enzymes, drug transporters, and nuclear receptors 
(CAR/PXR/AhR/PPAR) that are absent in HepG2 cells. In HepaRG™ cells, we have 
qualified the MN, CometChip® assays combined with the TgX DDI biomarker to 
determine genotoxicity outcomes in a human metabolically competent cell line 
that can replace in vitro genetic toxicology testing in p53 deficient rodent cell lines 
using rat liver S9 that are associated with a high false positive rate. HepaRG™ cell 
can measure the same genetic toxicology endpoints that are measured in vivo (MN 
and Comet assay) as required by regulatory agencies. The approach of overlapping 
genetic toxicology endpoints in human TK6 cells and in HepaRG™ cells is a modern 
21st century human-relevant non-animal genotoxicity testing paradigm aimed at 
reducing false positives and replace/reduce reliance on rodents by assess genotox-
icity directly human relevant cell lines.

 3252 Assessment of DNA Damage–Induced by 10 Nitrosamine 
Impurities Using 2D and 3D HepaRG Models

J. Seo, J. Yu, N. Mei, R. Heflich, and X. Guo. US FDA/NCTR, Jefferson, AR.

Nitrosamine impurities, which are potent genotoxic agents, have been detected 
in certain human drug products and some are classified as probable or possible 
human carcinogens based on several animal studies. Despite the genotoxic/
carcinogenic potency of nitrosamines, there are still insufficient data on their 
genotoxicity in the human systems. In the present study, we evaluated DNA damage 
of ten nitrosamines impurities using metabolically competent human HepaRG 
cells; N-nitroso valsartan, N-nitroso valsartan methyl ester, N-Nitrosodiethylamine 
(NDEA), N-Nitrosodibutylamine (NDBA), N-Cyclopentyl-4-nitrosopiperazine (CPNP), 
N-Nitroso-N-methyl-4-aminobutyric acid (NMBA), N-Nitrosoethylisopropylamine 
(NEIPA), N-Nitrosodiisopropylamine (NDIPA), N-Nitrosomethylphenylamine 
(MNPA), and N-Nitrosodimethylamine (NDMA). Since most nitrosamines require 
metabolic activation to exert their carcinogenic properties, the genotoxicity of ten 
nitrosamines was tested in both 2D and 3D HepaRG models. DNA damage was 
determined using the high-throughput CometChip assay with concurrent cytotox-
icity assessment by the ATP assay. Following a 24-hr treatment, NDBA, NDEA, 
and NDMA induced positive responses in both 2D and 3D models, while negative 
responses were observed for N-nitroso valsartan and N-nitroso valsartan methyl 
ester in both 2D and 3D models. Overall, 3D HepaRG spheroids, which express 
higher levels of CYP450 enzymes compared to 2D cultures, showed a higher 
sensitivity (80%) than 2D cultured cells (30%) in detecting DNA damage responses 
of the ten-nitrosamines. From the quantitative analysis, 3D HepaRG models provide 
more conservative estimates for benchmark dose values of nitrosamine impurities 
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compared to 2D models. Our results demonstrate that 3D HepaRG spheroids may 
be a useful in vitro model in detecting genotoxicity of nitrosamine impurities for 
risk assessment.

 3253 Evaluation of the DNA Mutagenicity of N-hydroxycytidine in 
Mouse Lymphoma Cells by HiFi and Clone Sequencing

J. Revollo, J. Miranda, P. McKinzie, and V. Dobrovolsky. US FDA/NCTR, Jefferson, AR.

Molnupiravir (MOV) has received Emergency Use Authorization by the U.S. FDA 
for the treatment of COVID-19, which is caused by SARS-CoV-2 infection. MOV is 
a prodrug of the ribonucleoside analog, N-hydroxycytidine (NHC). Upon phosphor-
ylation, NHC incorporates into nascent viral RNA during replication triggering 
“catastrophic” mutation of the viral genome. In nonclinical safety assessments, 
MOV and NHC were positive (i.e., mutagenic) in the Ames assay, and multiple other 
in vitro studies conducted in bacteriophages, bacteria, fungi, and mammalian cells 
have reported that NHC can induce DNA mutations. In this study, we evaluated 
the DNA mutagenic potential of NHC in mouse lymphoma L5178Y cells by PacBio 
HiFi sequencing and Illumina clone sequencing. The former can directly identify 
mutations from cell populations, while the latter requires the generation of single-
cell clones. Both systems are capable of detecting mutations on whole genomes. 
NHC treatment of mouse lymphoma cells for 5 days at concentrations comparable 
to those observed in the plasma of humans who received clinical doses of MOV 
resulted in dose-dependent increases in genome-wide mutation frequencies, which 
were mainly driven by accumulations of A:T>G:C substitutions. The magnitude of 
these increases and types of mutations were similar in both sequencing systems. 
Our results demonstrate that NHC can induce DNA mutations in mouse lymphoma 
cells. We speculate that NHC, like many other ribonucleoside analogs, may be 
converted to its deoxy-ribonucleotide form, which could lead to its DNA incorpora-
tion and the induction of DNA mutations.

 3254 HiFi Sequencing for Detecting In Vivo Somatic Mutation

V. N. Dobrovolsky, J. Miranda, P. McKinzie, and J. Revollo. US FDA/NCTR, Jefferson, AR.

Next generation sequencing can be used for direct detecting and characterizing 
mutations in various in vitro and in vivo models. We used high-fidelity whole-ge-
nome NGS method (HiFi Sequencing) for identifying mutations in the kidney, 
spleen, and liver of CD-1 mice exposed by gavage to a single 40 mg/kg dose of 
N-ethyl-N-nitrosourea (ENU) at 12 weeks of age. The tissues were harvested for 
mutation analyses 4 weeks post-exposure. HiFi Sequencing employs sequencing 
of tissue genomic DNA using Illumina short-read methodology (for building an 
averaged genome of the sample) and sequencing of the same DNA sample using 
PacBio highly accurate circular consensus sequencing (CCS) methodology (for 
identifying unique mutations present in the tissue sample). Up to 7-fold increase 
in the frequency of genomic DNA mutation was observed in ENU-treated mice. The 
highest increase was in the spleen and the lowest was in the liver. Most frequent 
mutations in ENU-treated mice were T>A and T>C. HiFi Sequencing may comple-
ment reporter gene-based mutation detection assays for detecting mutagenic-
ity in tissues where performing assays based on endogenous reporter genes is 
technically impossible (e.g., Pig-a assay cannot be performed in solid tissues) or 
in models where exogenous reporter transgenes (e.g., bacterial lacI, cII, or lacZ 
transgenes) are not available. HiFi Sequencing provides information on the spectra 
of mutations. Such information may be useful for characterizing genotoxicity in 
nonclinical safety assessments.

 3255 HiFi Sequencing Detects the On- and Off-Target Effects of a 
Cytosine-to-Thymine Base Editor in E. coli

J. A. Miranda, J. Revollo, and V. Dobrovolsky. US FDA/NCTR, Jefferson, AR.

Most gene editing is performed with a CRISPR-Cas9 system and user-defined 
guide RNAs (gRNAs). Base editors represent improvements from the original gene 
editing systems and are composed of a nuclease-deficient Cas9 (dCas9) fused 
to a DNA-modifying enzyme, such as cytosine deaminase. This combination can 
achieve specific cytosine-to-thymine (C>T) point mutagenesis at desired target 
sites (i.e., on-target mutations) with less DNA damage than traditional CRISPR-
Cas9 systems. Base editors, however, are not perfect and can also generate 
undesired off-target mutations throughout the genome that are very difficult to 
detect. We and others have shown that PacBio HiFi sequencing can detect genome-
wide mutations resulting from chemical mutagenesis at mutation frequencies >10-9 

mutations/base pair. In this study, we evaluated whether PacBio HiFi sequencing 
can detect the on- and off-target effects of an inducible cytidine deaminase-dCas9 
base editor targeting the LacZ gene of E. coli. Overnight (16h) induction of the 
system resulted in on-target mutations ranging from ~7% to ~68%, depending on 
the gRNA employed, and no on-target mutations were detected in controls that 
lacked the base editor. Under the same conditions, we observed a 3-fold increase 
in the frequency of off-target mutations compared to controls, irrespective of gRNA 

employed. These off-target events were composed of C>T substitutions widely 
distributed throughout the genome. Our results demonstrate that PacBio HiFi 
sequencing can be used to evaluate the on- and off-target effects of base editors 
on whole genomes.

 3256 DNA Integrity in Ionic Liquid with Indolizine Squaraine Dye

E. Y. Suh, D. S. Darlington, S. D. Pedigo, and E. E. Tanner. University of Mississippi, 
University, MS. Sponsor: K. Willett.

Luminol, the most common presumptive test for blood at a crime scene, has multiple 
issues, such as false positive results with chemical agents, no luminescence due to 
“active oxygen” cleaning agents on bloodstains, and inability to penetrate textile 
materials. A combination of indolizine squaraine dye and ionic liquid (IL), or Dye 
Enhanced Textile Emission for Crime Tracking (DETECT), has shown potential to 
address these issues. In the presence of serum albumin, DETECT increases in 
fluorescence. To ensure that the currently used tests for blood can still be used 
with DETECT, biocompatibility of DNA with IL and dye was assessed by examin-
ing the DNA’s structure and the effects of choline glycolate 1:1 IL and SO3SQ dye 
with circular dichroism (CD). The distinctive peaks present in the CD spectrum 
with only DNA were also present in the CD spectrum of DNA with IL and the dye, 
which suggests there is limited structural damage to the DNA. Based on the results, 
DETECT is a promising candidate for potentially replacing luminol while maintain-
ing the viability of the DNA. Furthermore, ionic liquids in DETECT have the potential 
to protect DNA in the presence of gene-altering chemicals, such as luminol.

 3257 Assessing the Impact of Exposure to Flame Retardant Mixture 
Firemaster 550 (FM 550) on Placental Serotonin Biosynthesis in 
Trophoblast Stem Cells

W. P. Marinello, B. H. Horman, and H. B. Patisaul. North Carolina State University, 
Raleigh, NC.

Pregnancy is a critical window of vulnerability for the fetal brain. Exposure to 
environmental pollutants including flame retardants (FRs) has long been associ-
ated with adverse neurodevelopmental outcomes. While the placenta performs a 
variety of functions to protect fetal development, disruption of placental activity 
has shown that up through mid-gestation the placenta provides the sole source 
of serotonin (5-HT), derived from maternal tryptophan, for the fetal brain and is 
essential for fetal forebrain development. Firemaster 550 (FM 550), a prevalent 
FR mixture, consisting of organophosphate (OPFR) and brominated (BFR) flame 
retardants, is used in various products including foam-based furniture and infant 
products such as strollers, mattresses, and nursing pillows. Evidence of endocrine 
disruption and neurotoxicity has raised concerns about the effects of FM 550 on 
neurodevelopment. Our lab has previously shown in rats that FM 550 has sex-spe-
cific adverse effects on placental tryptophan metabolism and, serotonergic fetal 
brain innervation, suggesting placental disruption of fetal development. It is unclear, 
however, which components of the mixture are driving the effects, and rodent work, 
albeit valuable, is animal intensive and cannot fully replicate the human conditions. 
Thus, here, we used human-derived trophoblast stem cells (TSCs) to determine 
which components within FM 550 contribute to disrupted serotonin biosynthesis in 
the placenta. The use of TSCs allow for the investigation of first trimester placental 
function and development in a simplified in vitro model. TSCs were exposed to FM 
550 components for 48 h. Cell viability was assessed with resazurin assay. TSCs 
were also assessed for the impact of exposure on the gene expression of serotonin 
transporters and enzymes responsible for the biosynthesis and metabolism of 
serotonin using RT-qPCR and 5-HT secretion using ELISA. FM 550 components 
were cytotoxic in the 1 mM-10 μM range. There were limited effects on gene 
expression in TSCs exposed to OPFRs while the studies involving BFRs remain 
ongoing. Follow-up studies will be conducted using agonist and antagonists of 
5-HT synthesis to pharmacologically block or rescue the observed effects. These 
studies both provide a novel understanding of serotonin biosynthesis in the first-tri-
mester placenta and the impact environmental exposure could have on placental 
neuroendocrine function.

 3258 Beyond the Blood-Brain Barrier in GLUT1 Deficiency Syndrome: 
Truncated GLUT1 Transporter Displays a Phenotype in Human-
Induced Pluripotent Stem Cell–Derived Astrocytes and Neurons

I. Pervaiz, and A. J. Alahmad. Texas Tech University of Health Sciences, Amarillo, TX.

The brain accounts for 20-25% of the total energy consumption. Glucose is taken up 
by facilitated diffusion via glucose transporters (GLUTs) at the blood-brain barrier 
which is mainly mediated via GLUT1 encoded by the SLC2A1 gene. From the blood 
capillaries, astrocytes take up glucose and metabolize it to lactate which is then 
transported to neurons. GLUT1 deficiency syndrome (G1D) is a neurodegenera-
tive disorder which is characterized by the early onset of seizures, gait disorders, 
and intellectual disability. Although glucose metabolism has been mostly investi-
gated from the neuronal perspective but the fate of glucose metabolism at the 
neurovascular unit (NVU) is less explored. The aim of this study is to develop and 
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characterize G1D-astrocytes and neurons by gene editing using induced pluripotent 
stem cells (iPSCs). GLUT1 deficient induced pluripotent stem cells (G1D-iPSCs) 
were developed by genetically editing iPS (IMR90)-c4, resulting in a truncation of 
GLUT1 by its 4th transmembrane domain. Two viable clones were generated: C7 
and E8 clones. Such iPSCs were differentiated into astrocytes and neurons using 
established protocols available in the literature. Cell phenotyping, glucose uptake, 
lactate release and glucose metabolism were assessed in the system. GLUT1 
deficient-iPSCs (GLUT1DS-iPSCs) were viable and showed no significant differ-
ences in terms of phenotype or growth, compared to unedited iPSCs. Differentiated 
GLUT1DS astrocytes showed reduced GLUT1 expression, both at mRNA and 
protein level to the control however, expression of other GLUT transporters (GLUT3 
and GLUT4) remains unchanged. GLUT1DS astrocytes showed reduced glucose 
uptake, increased lactate production and impaired glucose energy metabolism. 
Differentiated GLUT1DS neurons showed similar expression of GLUT3 and GLUT4 
glucose transporters and glucose uptake but reduced glycolysis compared to 
the control. Our data suggest that GLUT1DS astrocytes display reduced GLUT1 
expression and glucose uptake, increased lactate production. Given the cellular 
heterogeneity of the NVU, both GLUT1DS neurons and astrocytes showed impaired 
metabolic profiles. Taken together, our data suggest that GLUT1DS-iPSCs can be a 
potential tool to model brain energy crisis in vitro.

 3259 In Vitro Stem Cell Models to Predict Adverse Effects of 
Chemicals on Bone Development

R. Cheema, M. K. Vera-Colon, and N. I. zur Nieden. University of California Riverside, 
Riverside, CA.

About 3% of all birth defects have been linked to the prenatal exposure of 
pregnant women to environmental toxicants, which is roughly 3,600 babies per 
year. Musculoskeletal defects, which include malformations in facial and other 
bones, represent a large portion of these birth defects. Since many chemicals in 
our environment are untested for their safety, human exposure-relevant risk assess-
ment is direly needed. Current risk assessment assays that are extrapolated to 
human exposure consist of in vivo rodent model systems, in vitro embryotoxic-
ity assays, and in silico prediction programs. Yet, these methods remain in need 
of a higher predictivity rate on humans. In addition, while the above-mentioned 
methods are considered standard for screenings, they remain labor- and cost-in-
tensive and require sacrificing pregnant animals to recover embryos. With the 
advent of human pluripotent stem cell models and their application to derive bone 
cells, it has now become possible to leverage these cells for musculoskeletal risk 
assessment associated with environmental exposure. Here, I present results from 
screening a bank of 21 chemicals with known effects on the skeleton using an 
in vitro osteogenic differentiation model based on human embryonic stem cells 
(hESCs). These chemicals, including 4 reference chemicals, were selected from the 
ToxCast I library to establish reliable parameters that would allow us to statistically 
group toxicants based on their embryotoxicity. Cells were concomitantly exposed 
to the selected chemicals during differentiation to osteoblasts to obtain half-max-
imal inhibitory concentrations based on two endpoints: cytotoxicity (MTT assay) 
and matrix calcification. The latter was used to indirectly quantify the amount of 
mature, functional bone-forming osteoblasts from a calcium assay, normalized to 
the protein content of the cultures. All half-maximal inhibitory concentrations were 
then related to a half-maximal inhibitory concentration obtained from exposing fully 
differentiated fibroblasts. This was done using three Fisher functions developed 
previously. Using this biostatistical model, 23 chemicals were correctly catego-
rized based on their known in vivo embryotoxicity. A canonical plot was also able 
to categorize all chemicals based on their known in vivo embryotoxicity with the 
exception of two. Together, these hESC-based endpoints will provide a reliable 
assessment of the formation of bone-forming osteoblasts, or lack thereof, depend-
ing on chemical exposure going forward. In contrast, when the screen was repeated 
using mouse embryonic stem cells, nine chemicals were classified incorrectly. 
Among those chemicals were such that are often found in cosmetic or food 
products (ethylparaben, coumarin), clearly indicating that the human-cell-based 
screening assay seems better suited to predict the risk associated with relevant 
human exposure. Ultimately, this research will allow efficient screening of toxic 
chemicals and observe their effects on osteogenic differentiation, as the expected 
impact is to gain a better understanding of how toxicants affect embryonic 
bone development.

 3260 Combining Human Pluripotent Stem Cell–Based 
Platforms with Artificial Intelligence Technology to Screen 
Developmental Toxicants

Y. Chen1, D. Delker1, S. Birla2, and E. Tokar1. 1NIEHS, Research Triangle Park, NC; and 
2University of North Carolina at Chapel Hill, Chapel Hill, NC.

Environmental factor-induced congenital disabilities raise survivors’ risk of lifelong 
disabilities and increase the economic burden on their families and society. Of 
the 80,000 registered chemicals in the United States, only small percentage have 
undergone safety testing. Therefore, a rapid and accurate method for predict-
ing human developmental toxicants is strongly desired. Here, we combine out 
human pluripotent stem cell (hPSC)-based high-throughput platform with our 

artificial intelligence technology to screen for developmental toxicants. The use 
of hPSCs to form embryoid bodies (EBs) recapitulates many events in the early 
embryogenic process. A toxicity prediction system comprised of three indepen-
dent subordinary models was created based on the viability change, transcrip-
tional response, and morphological alteration of EBs. Thirty-four chemicals with 
confirmed teratogenicity in humans were used as standards. EBs were exposed 
to these chemicals for ten days. Twenty of the 34 chemicals impaired the viabil-
ity of EBs in a dose-dependent manner up to 100µM. The first prediction model 
was built based on the dose-response curves and showed good accuracy (76%) in 
categorizing chemicals into four risk levels (none, low, moderate, and high). Next, 
the transcriptional response of EBs to these 34 chemicals were examined by RNA 
sequencing. Forty-two genes, validated by qPCR, were selected as biomarkers to 
separate teratogens from non-teratogens. From 14 machine learning algorithms 
tested with recursive feature elimination, the Random Forest-based classification 
model showed an 81% prediction accuracy in chemical risk level categorization, 
forming the second part of the prediction system. The third part of the system is 
based on chemical-elicited structural alterations in EBs, captured by high-content 
fluorescent imaging with germ layer-specific markers (TUJ1 for ectoderm, SMA for 
mesoderm, and SOX17 for endoderm). A highly accurate (82%) prediction model 
based on ResNET deep learning technology was obtained through training with 
32760 EB images. To further validate the prediction accuracy and prove the practi-
cal value of this screening system, the teratogenicity of an additional 20 chemicals 
with limited toxicity information was assessed by this platform, and the results 
were consistent (80%) with previous studies. For example, tretinoin, was classified 
as a ‘high’ risk teratogen in humans by two subordinary prediction models and 
showed a 9.1% toxicity similar with Etretinate, a confirmed teratogen from the same 
vitamin A derivative family. In contrast, Sucrose was classified as ‘nonteratogenic’ 
by all three subordinary models and showed a 51.9% similarity to Ascorbic acid in 
affecting EB morphology. These results suggest that our screening platform shows 
great promise in its ability to identify human developmental toxicants and help 
understand their etiology.

 3261 Concentration-Response Transcriptomic Changes Induced 
by Cannabidiol in Hepatocytes Derived from Human Induced 
Pluripotent Stem Cells

X. Gao, K. Campasino, M. R. Yourick, J. J. Yourick, and R. L. Sprando. US FDA/CFSAN, 
Laurel, MD.

Cannabidiol (CBD) is a non-intoxicating cannabinoid found in the Cannabis sativa 
L. plant and is claimed to have many purported health benefits. However, available 
preclinical and clinical studies indicate that CBD may cause hepatocellular injuries. 
To date, the nature and mechanism of liver injury induced by CBD are still unclear. 
Here, we conducted a concentration-response transcriptomic study of CBD in 
hepatocytes derived from human induced pluripotent stem cells (iPSCs). Cells 
were exposed to increasing concentrations of CBD (5, 10, 15, 20, and 25 µM) for 
24 h, and gene expression changes at each concentration were characterized by 
transcriptomic profiling using microarrays. The number of differentially expressed 
genes (DEGs) with fold change > 2 and p < 0.05 increased along with the increas-
ing concentrations of CBD. At 5 µM, only 5 genes significantly changed expres-
sion, including MT1G, CYP1A1, AKR1B10, CXCL10, and CYP7A1, which suggest 
cellular stress, inflammation and adaptive response caused by CBD. At 10, 15, 20 
and 25 µM, the number of DEGs increased to 66, 115, 186 and 477, respectively. 
Interestingly, the DEGs identified at a lower concentration were largely (>95%) 
encompassed in the DEGs of the next higher concentration, indicating a progressive 
effect of CBD in the cells. Function and pathway analysis of the 477 DEGs at 25 µM 
revealed that these genes were involved in a variety of biological processes such 
as response to external stimulus, FXR/RXR activation, cellular stress response, 
oxidative stress, DNA damage, cell cycle arrest, inflammation, and apoptosis. More 
importantly, these genes were also predicted to affect liver functions such as urea 
cycle and albumin secretion and were associated with a multitude of hepatotoxic-
ities including liver hyperplasia, liver cholestasis, liver steatosis, and liver damage. 
Concentration-response modeling of the transcriptomic data showed that many of 
the genes, gene sets (or functional groups) and pathways had a point-of-departure 
concentration on the nanomolar scale. Collectively, the results of the current study 
add further evidence that exposure to high doses of CBD may cause liver injury and 
suggest that oxidative stress and the ensuing inflammation and apoptosis contrib-
ute to CBD-induced hepatotoxicity.

 3262 A Sensitive and Specific Human Primary Stem Cell–Based In 
Vitro Assay for Predicting the Gastrointestinal Toxicity Risk of 
Therapeutic Agents

J. A. Levi, J. I. Coyne, S. S. Reed, L. M. Huntress, L. Boazak, M. K. Bunger, and W. Thelin. 
Altis Biosystems Inc., Durham, NC.

Gastrointestinal (GI) toxicities are the most common drug-induced adverse events 
in human clinical trials. Pharmaceuticals that cause GI toxicity often affect the 
proliferative stem and progenitor cell populations responsible for maintaining the 
cellular composition, self-renewing capacity, and barrier function of the intestinal 
epithelium. This disruption leads to impaired GI barrier integrity, culminating in a 
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broad range of clinical symptoms, including diarrhea, inflammation, and increased 
risk of infection. Typical preclinical animal models, such as rats and mice, are 
inadequate predictors of GI toxicity. Typically, such liabilities are not discovered 
until the later stages in pre-clinical development or after the drug is released to 
the market. Furthermore, existing cell-based model systems, such as Caco-2 cells, 
are of limited predictive value as they are cancer-derived, unnatural, epithelium. As 
such, there is an unmet need for a model capable of assessing GI toxicity in early 
drug development that can directly access GI safety as a metric for compound 
optimization and lead selection. Ideally, such a model would (1) closely reprise 
natural human GI physiology and cellular composition; and (2) enables reproduc-
ible, robust, and reliable assessments of drug effects on intestinal cell prolifer-
ation and barrier function. To this end, Altis has developed an assay to assess 
GI toxicity potential using the RepliGut® Planar platform, which consists of a 
primary human stem cell-derived epithelium in a 96-well Transwell® format. 
Quantitative dose-response curves were generated for test articles utilizing EdU 
incorporation and transepithelial electrical resistance (TEER), providing quantita-
tive readouts for changes in proliferative and non-proliferative cell populations and 
barrier formation/maintenance, respectively. An initial set of marketed drugs with 
known clinical incidence of diarrhea were tested over a 6-log dose range to create 
competent dose curves, to enable modeling of the TC50. For drugs with known 
clinical GI toxicity, including Bortezomib, Colchicine, and Afatinib, the in vitro TC50 
values for TEER/barrier integrity were within 10-fold of the known human plasma 
Cmax. Furthermore, Bortezomib was equally toxic to all cell populations, while 
Colchicine and Afatinib were ~30-fold more toxic to the proliferative compared 
to non-proliferative cells. This model system provides an efficient and informative 
screen for GI toxicity that integrates sensitive and robust endpoints while providing 
unique insights into the mechanisms underlying the observed toxicity.

 3263 Next-Generation Target Organ Toxicity Risk Assessment: 
Endogenously Tagged Human Stem Cell Reporters for High-
Content Screening of Oxidative Stress Response

T. Danilyuk, L. van der Berk, K. Snijders, S. Le Devedec, P. Bouwman, and 
B. van de Water. Universiteit Leiden, Leiden, Netherlands.

Development of in vitro assays for early detection of liabilities to chemical adversity 
is crucial for the prediction of liver toxicity. Hepatocyte-like cells (HLCs) derived 
from human induced pluripotent stem cells (hiPSCs) are an attractive in vitro 
model to study mechanism-based xenobiotic toxicity. We set out to build a panel 
of fluorescent hiPSC reporters, suitable for high-content-screening of cellular 
stress response activation, upon compound exposure. We established a pipeline 
for efficient CRISPR/Cas9-mediated reporter generation and reporter’s functional 
characterization upon differentiation to relevant lineages, including HLCs. Here, 
we present the generation and application of fluorescent hiPSCs reporter lines 
for sulfiredoxin-1 (SRXN1) and pirin (PIR), direct downstream targets of Nuclear 
factor-erythroid-2-related factor 2 (Nrf2), which plays a central role in the regula-
tion of antioxidant gene expression. Oxidative stress induced by diethyl maleate 
(DEM), sulforaphane and nitrofurantoin was monitored using live-cell confocal 
imaging of hiPSC reporter lines upon differentiation into HLCs. Endogenous levels 
of eGFP-tagged oxidative stress biomarkers accumulated in the cytoplasm of 
HLCs over 24 hours window, indicating activation of the cellular adaptive machin-
ery combating oxidants induced stress. Newly established isogenic fluorescent 
reporter lines will be used i) as a tool in understanding and quantifying target 
organ specific oxidative stress response, ii) point of departure modelling to further 
capture specific lineage sensitivities towards oxidative stress and iii) ultimately, 
will be used for hazard characterization in an integrated approach to testing and 
assessment (IATA) of target organ toxicity.

 3264 Altered DNA Methylation Promotes Persistent IGF2 Expression 
in Adipose-Derived Stem Cells Leading to Early Onset of 
Metabolic Syndrome in Prenatally Arsenic-Exposed Mice

K. Koshta, A. Chauhan, and V. Srivastava. CSIR-Indian Institute of Toxicology Research, 
Lucknow, India. Sponsor: N. Tewari-Singh.

Metabolic Syndrome (MetS) is defined as the cluster of multiple pathological 
conditions including central obesity, glucose intolerance, hypertriglyceridemia, 
reduced serum HDL-C levels and high blood pressure which increases the risk of 
cardiovascular diseases, chronic kidney diseases and type 2 diabetes. Adipose 
dysfunction plays major role in progression of MetS, particularly upon exposure to 
any endocrine disrupting chemicals including arsenic. In our previous animal experi-
ments, prenatal exposure to arsenic (0.04mg/kg) resulted in early onset of MetS in 
male progeny along with adipose dysfunction. The role of arsenic in gestational 
conditioning of adipose-derived mesenchymal stem cells (AdSCs) and its contri-
bution to MetS progression needs to be assessed. The AdSCs were isolated from 
epididymal white adipose tissue (EWAT) of males, prenatally exposed to arsenic, to 
determine the effects of gestational arsenic conditioning on their proliferation and 
differentiation potential. Insulin stimulated glucose uptake (ISGU), adipokines and 
underlying cellular pathways involved in adipogenesis were examined. The prolif-
eration and differentiation potential was accelerated in arsenic exposed AdSCs. 
The protein levels of Perilipin, PPARγ and Stearoyl-CoA Desaturase 1 (SCD1) was 

significantly increased representing enhanced adipogenesis in prenatally exposed 
AdSCs. Lipophilic dye (Nile red) staining verified excess lipid accumulation which 
resulted in adipocytes hypertrophy. Pro-inflammatory cytokines were elevated 
in arsenic exposed AdSCs including Leptin and TNF-α along with Resistin which 
mediates insulin resistance. Diminished ISGU showed impairment of insulin 
signaling in arsenic exposed AdSCs. The expression of Insulin-like growth factor 2 
(IGF2) was found to be tremendously increased in arsenic exposed AdSCs. It was 
accompanied by hyperactivation of its receptor-IGF1R through phosphorylation 
and downstream activation of AKT & ERK1/2 leading to accelerated proliferation 
and differentiation. Further, methylated DNA immunoprecipitation (MeDIP) assay 
determined 4-fold reduced DNA methylation at DMRs, present in the upstream 
regulatory region of IGF2. Our findings suggest that prenatal arsenic exposure leads 
to enhanced adipogenic potential of AdSCs through epigenetic modifications at 
IGF2 promoter region. Hyperactivated PI3K and MAPK signaling cascade is found 
to be primarily responsible for this excessive lipid accumulation. The cells become 
hypertrophic to accommodate this excess lipid. To prevent further lipid deposi-
tion, adipocytes trigger insulin resistance as a defensive behavior which contrib-
utes towards ectopic lipid deposition in non-adipose tissues such as kidney, liver, 
pancreas and muscle fibers leading to early onset of metabolic syndrome.

 3265 Knocking Out the Zebrafish CYP1B1 Gene Alters Metabolic 
Profiles and Neurobehavioral Function

D. Perone1, A. Annalora1, J. Goldstone2, M. Garcia-Jaramillo1, C. Marcus1, and 
R. Tanguay1. 1Oregon State University, Corvallis, OR; and 2Woods Hole Oceanographic 
Institute, Woods Hole, MA.

Cytochrome P450 1B1 (CYP1B1) is an enzyme responsible for the metabolism of 
a broad range of xenobiotic and endogenous substrates including those vital to 
the development of the eye. Moreover, CYP1B1 mutations have been implicated 
in the onset of primary congenital glaucoma (PCG). PCG alters the vasculature 
of the ciliary bodies and trabecular meshwork surrounding the lens leading to 
poor aqueous flow. The resulting increase in intraocular pressure damages the 
optic nerve causing vision loss. Further research examining CYP1B1’s mechanis-
tic role in PCG is required to explore novel therapeutic strategies. Previously a 
CYP1B1 knockout (KO) mouse retinal endothelial cell (REC) model demonstrated 
defective capillary branch formation and altered metabolism. Capillary formation 
was rescuable in the presence of conditioned culture media from wild-type cells 
suggesting a soluble CYP1B1 metabolite may regulate REC cell differentiation. In 
the present study CYP1B1’s role in PCG was explored in vivo using CYP1B1-KO 
zebrafish by performing behavioral assays and untargeted liquid chromatography 
mass spectrometry-based metabolomics. KO zebrafish showed a significant differ-
ential response when compared to their wild-type counterparts in multiple behavior 
assays performed at larval and adult life stages. During the larval photo-motor 
response (LPR) assay KO zebrafish displayed elevated movement in response to 
both light and dark stimuli. In vision-driven adult behavioral assays, KO zebraf-
ish displayed differential responses to videos of both schooling zebrafish and a 
predator. In addition, untargeted metabolomics analysis of whole larval zebrafish 
revealed significant differences in nucleoside and amino acid compounds among 
others. Pending further validation, the CYP1B1-KO zebrafish model may be a tool 
to explore novel therapeutic strategies to treat PCG. This research was supported 
by the National Institute of Environmental Health Sciences of the National Institutes 
of Health under Award Number P30 ES030287 and the Agriculture Research 
Foundation. The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of Health.

 3266 CYP2E1 Expression in Liver Cells Impacts Lipid Storage and 
Utilization of Free Fatty Acids

Z. K. Killingsworth, E. A. Ampolini, K. R. Misare, and J. H. Hartman. Medical University of 
South Carolina, Charleston, SC.

Non-alcoholic fatty liver disease (NAFLD) involves accumulation of an excessive 
amount of fat within the liver. It is a progressive spectrum ranging from simple 
steatosis to non-alcoholic steatohepatitis (NASH), fibrosis, and cirrhosis. NAFLD 
is the most common liver disease in the global population, affecting over 25% of 
US adults. CYP2E1 is a highly regulated mammalian cytochrome P450 enzyme 
that metabolizes xenobiotics and endogenous free fatty acids and ketones. We 
and others have observed that CYP2E1 levels are elevated in human liver NASH 
biopsies in comparison to normal livers. Furthermore, CYP2E1 knockout prevented 
high-fat diet-induced steatosis and fibrosis in mice. CYP2E1 knockout mice are 
also protected against high fat diet-induced insulin resistance and increased 
glucose tolerance, both primary factors in NAFLD development. The aim of this 
study is to determine how CYP2E1 expression and subcellular targeting affects 
the cytotoxic activity and accumulation of lipid droplets in HepG2 hepatic cell lines 
under a high fatty acid load. Exogenous fatty acids, including palmitic acid, oleic 
acid, linoleic acid, and physiologically relevant mixtures were used to dose four 
HepG2-derived cell lines. The cell lines used were the HepG2 parental line and 
HepG2 cells transduced by lentiviruses to express CYP2E1 in the endoplasmic 
reticulum (ER), mitochondria (MT), or both (MT+ER). Cells were treated with FFAs 
for 24 hours and lethality was measured with propidium iodide, which is only taken 
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up and fluorescent in dead/dying cells. At the highest dose, cells expressing MT+ER 
CYP2E1 were most sensitive to lethality (75% cell death), followed by ER-CYP2E1 
(52% cell death). MT-CYP2E1 and HepG2 cells had similar cytotoxicity (~40%). 
Oleic acid did not cause significant cytotoxicity on its own, but when co-exposed 
with palmitic acid, it ameliorated the toxicity in all cell lines. Next, we studied linoleic 
acid, which was cytotoxic in all CYP2E1-expressing cell lines, potentially due to 
epoxide formation at one of the double bonds. We then measured lipid storage 
by Nile Red staining and found that when treated with oleic acid or a mixture of 
palmitic and oleic acids, lipid accumulation was dramatically increased in MT+ER 
and ER-CYP2E1 expressing cells. In follow-up experiments, we measured mitochon-
drial respiration in cells with and without oleic acid supplementation for five days. 
We found that HepG2 cells and MT-CYP2E1 cells have an oleic acid-induced 
increase in respiration that is blocked completely by expression of ER-CYP2E1 in 
the other lines. In ongoing experiments, we are investigating gene expression in 
FFA-treated cells to understand various cellular responses such as ER stress, lipid 
peroxidation, dysregulated lipid metabolism and synthesis, triglyceride synthesis, 
antioxidant pathways, and oxidative stress. If CYP2E1 is mediating initiation and/
or progression of NAFLD, it represents a potential therapeutic opportunity and thus 
understanding this role more clearly is of vital importance.

 3267 Study of the Roles of Cytochrome P450 (CYPs) in the 
Metabolism and Cytotoxicity of Perhexiline

S. Chen1, Z. Ren1, X. Qin2, F. Li2, and L. Guo1. 1US FDA/NCTR, Jefferson, AR; and 2Baylor 
College of Medicine, Houston, TX.

Perhexiline is a coronary vasodilator for angina treatment, and it enjoyed worldwide 
success before reports of severe side effects including hepatotoxicity, caused its 
withdrawal from most of the markets. In the clinical setting, cytochrome P450 
(CYP) 2D6 is considered as a possible risk factor for the adverse effects of perhex-
iline. Some patients have polymorphisms in CYP2D6 genes that resulted in the 
absence or inactivation of CYP2D6 in their liver; and thus, excess accumulation of 
perhexiline or reduced amounts of its metabolites was detected in their plasma 
when taking the drug. However, information is sparse regarding the precise roles 
of CYP-mediated metabolism in toxicity or detoxification of perhexiline, especially 
no data are available in the intact cells. Using our previously established HepG2 
cell lines that individually express 14 CYPs and human liver microsomes, we identi-
fied that CYP2D6 plays a major role in the hydroxylation of perhexiline. We also 
determined that CYP1A2, 2C19, and 3A4 contribute to the metabolism of perhex-
iline in intact cells and in human liver microsomes. In addition, we determined the 
formation of six metabolites of perhexiline in cDNA-expressed CYP bactosomes. 
The toxic effect of perhexiline was reduced in CYP2D6-overexpressing HepG2 cells 
at the concentrations of 2.5-10 μM for 24 h as measured with ATP assay and LDH 
release. Overexpression of CYP3A4 showed marginal protective effect against 
perhexilineinduced cytotoxicity. Overexpression of CYP1A2 and 2C19 played 
less role in perhexilineinduced cytotoxicity. These findings suggest that CYP2D6-
mediated metabolism protects the cells from perhexiline-induced cytotoxicity and 
support the clinical observation that CYP2D6 poor metabolizers may have higher 
risk for perhexiline-induced hepatotoxicity.

 3268 Maternal Exposure to Polycyclic Aromatic Hydrocarbons Causes 
Lung Dysbiosis in Mice Lacking the Cyp1a2 Gene: A Potential 
Protective Role

D. Narke, G. Xia, W. Jiang, and B. Moorthy. Baylor College of Medicine, Houston, TX.

Polycyclic Aromatic Hydrocarbons (PAHs) are complex mixtures of chemicals that 
are found in automobile exhaust, industrial effluents, and superfund sites. Maternal 
exposure to PAHs is known to exacerbate lung injury in neonates through the 
activation of Cyp1a/1b1 enzymes. The Cyp1a2 enzyme, predominantly expressed 
in the liver, is known to be protective against PAH-induced lung injury. However, 
little is known about the effect of prenatal PAH exposure on the lung and intesti-
nal microbiome and the role of the Cyp1a2 enzyme in modulating these microbial 
communities. We hypothesize that the Cyp1a2 enzyme protects against prenatal 
PAH exposure-induced lung injury by maintaining eubiosis. Timed pregnant 
wild-type (WT) (C57BL/6J) and Cyp1a2-null mice were orally administered a PAH 
mixture of benzo[a]pyrene (BP) and benzo[b]fluoranthene (BbF) (7.5mg/kg each) 
or the vehicle corn oil (CO) once daily on gestational days 16-19. The offspring 
were exposed to room air for 14 days after birth. Mice were sacrificed on postnatal 
day (PND) 15 and microbiome analysis was performed on the lung and intesti-
nal contents using 16S rRNA gene sequencing. Prenatal PAH exposure altered 
lung beta diversity and relative abundance of commensal bacteria in Cyp1a2-null 
mice but not in the WT mice. However, prenatal PAH exposure showed no signif-
icant change in the intestinal beta diversity and relative abundance of commen-
sal bacteria in Cyp1a2-null and WT mice. Our study suggests that prenatal PAH 
exposure may cause dysbiosis in the lung microbiome in the absence of the Cyp1a2 
gene hinting towards a potential protective role.

 3269 Functional Characterization of Allelic Variations of Human 
Cytochrome P450 2C8 (V181I, I244V, I331T, and L361F)

Y. Lee, and D. Kim. Konkuk University, Seoul, Korea, Republic of.

Cytochrome P450 2C8 is responsible for the metabolism of various clinical drugs as 
well as arachidonic acid. Therefore, its allelic variations can significantly influence 
the metabolic outcomes. In this study, we characterized the functional effects of 
four nonsynonymous single nucleotide polymorphisms from P450 2C8*15, *16, 
*17, *18 alleles, which were recently found. Recombinant allelic variant enzymes 
of V181I, I244V, I331T and L361F were successfully expressed in Escherichia coli 
and purified. Steady state kinetic analysis in paclitaxel 6-hydroxylation showed 
the significant reductions of enzymatic activity in V181I, I244V, and L361F. The 
calculated catalytic efficiency of catalytic efficiency (kcat/Km) displayed 5 ~ 25% 
of that of wild-type enzyme. This reduction of activities was due to both decrease 
kcat values and increased Km values of variants. P450 2C8 catalyzes the epoxida-
tion of arachidonic acid mainly to produce 11,12-epoxyeicosatrienoic acid (EET) 
and 14,15-EET. Three variants (V181I, I244V, and L361F) showed the significant 
reduction of epoxidation catalysis. Especially, L361F variant yielded only 4 ~ 5% of 
wild-type catalytic efficiency in ω9- and ω6-epoxidation reactions. These reductions 
were mainly due to reduction of kcat values of L361F variants. Binding titration 
analysis of paclitaxel and arachidonic acid showed that the binding affinities of all 
variants had similar values of the wild-type (10-14 μM for paclitaxel and 20-49 μM 
for arachidonic acid). The substrate docking study using the crystal structure of 
P450 2C8 suggested that the variation of L361F induced incorrect orientation of 
paclitaxel in the active site therefore the 6′C of paclitaxel was moved away from the 
productive catalysis. This study implicated that individuals carrying these P450 2C8 
allelic variations are likely to have the altered metabolism of clinical medicines and 
production of fatty acid derived signal molecules.

 3270 Novel QSAR Models for Prediction of Reversible and Time-
Dependent Inhibition of Cytochrome P450 Enzymes

S. Faramarzi1, X. Yang1, A. Bassan2, K. Cross2, G. Myatt2, D. A. Volpe1, and 
L. Stavitskaya1. 1US FDA, Silver Spring, MD; and 2Instem, Staffordshire, United Kingdom.

The FDA’s in vitro drug-drug interaction (DDI) guidance [https://www.fda.gov/
media/134582/download] states that in vivo DDIs caused by metabolites may 
be possible even if in vitro studies suggest that the parent drug alone will not 
inhibit any major cytochrome P450 enzymes (CYPs). Furthermore, the guidance 
recommends that sponsors evaluate metabolites in vitro for their inhibitory effects 
on a panel of CYPs. Specifically, an in vitro CYPs inhibition study is recommended 
if the metabolite is less polar than the parent drug and the area under the plasma 
concentration-time curve (AUC) of a metabolite is ≥ 25% of AUC of the parent, or if 
the metabolite is more polar than the parent drug and the AUC of metabolite is ≥ 
AUC of the parent drug. In addition, a lower cut-off value for the metabolite-to-par-
ent AUC ratio may also be considered if a metabolite contains a structural alert for 
potential mechanism-based inhibition (MBI) of CYPs, since such inhibition carries 
a higher risk of causing DDI due to their prolonged inhibition effect. To facilitate 
identification of structural alerts, an extensive literature search was performed, 
in a recent study, and alerts for MBI of CYPs were collected. Furthermore, in the 
present study, five quantitative structure-activity relationship (QSAR) models were 
developed to predict not only time-dependent inhibition of CYP 3A4, an enzyme 
that metabolizes approximately 50% of all marketed drugs, but also reversible 
inhibition of 3A4, 2C9, 2C19 and 2D6. The non-proprietary training database for 
the QSAR models was harvested from FDA drug approval packages and published 
literature from sources such as Binding Database, Google Scholar, PubMed, and the 
US Patent database, to give a total of 10,286 chemical structures. The cross-vali-
dation performance statistics for the new CYP models range from 69% to 79% in 
sensitivity and 73% to 91% negative predictivity. Additionally, the performance of 
the newly developed models was assessed using external validation sets. Overall 
performance statistics showed up to 60% in sensitivity and up to 67% in negative 
predictivity. The newly developed models will provide a faster and more effective 
evaluation of potential drug-drug interaction caused by metabolites.

 3271 Mechanistic Insights from Profiling Chemical-Mediated 
Transcription Factor Transactivation with the Integration of 
Cytochrome P450 Metabolism

A. Medvedev1, A. L. Karmaus2, V. Hull2, E. N. Reinke2, A. B. Daniel2, D. G. Allen2, 
N. C. Kleinstreuer3, and W. Casey4. 1Attagene, Research Triangle Park, NC; 2Inotiv, 
Research Triangle Park, NC; 3NIEHS/NICEATM, Research Triangle Park, NC; and 4NIEHS/
NTP, Research Triangle Park, NC.

Profiling chemical effects on transcription factor activity is an important new 
approach methodology (NAM) that can help characterize the mechanisms by 
which chemicals may perturb biological systems. The Attagene cis-FACTORI-
ALTM assay uses a reporter system to detect activity of 46 transcription factors 
that provides a quantitative assessment of chemical effects. A new version of 
this assay, CYP-FACTORIALTM, includes addition of nine key cytochrome P450 
(CYP450) enzymes to enable the evaluation of chemical effects on transcription 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 139



factor activity with and without CYP-mediated phase 1 metabolism. This supports 
a better understanding of whether CYP-mediated oxidation results in an altered 
bioactivity profile. The current study examined 24 expert-selected chemicals 
across four test concentrations in the cis-FACTORIAL and CYP-FACTORIAL assay 
formats. Results for this proof-of-concept study suggest that the transcription 
factors showing the greatest difference in response with CYP450 metabolism 
are those activating the estrogen receptor (ER), aryl hydrocarbon receptor (AhR), 
and oxidative stress response (nuclear factor erythroid 2-related factor 2 or NRF2) 
pathways. Comparisons of study chemical profiles to those of reference chemicals 
identified a highly conserved PAH toxicity signature involving activation of AhR, 
NRF2, and ER. Interestingly, a profile in which ER and AhR are activated but NRF2 
is not activated correlated to non-toxic compounds, suggesting the possibility of 
using differences between signatures to predict toxic outcomes. Between profiling 
approaches and the integration of metabolism into a multiplexed in vitro assay 
system, this assay platform provides insight into chemically induced bioactivity 
and thus facilitates the development of mechanistically based, human-relevant 
NAMs. This project was funded with federal funds from NIEHS, NIH under Contract 
No. HHSN273201500010C.

 3272 Aryl Hydrocarbon Receptor Activation by Retene Requires Early 
and Rapid Biotransformation

L. B. Wilson1, L. St. Mary1, K. A. Gaither2, P. M. Lalli2, K. J. Schultz2, J. N. Smith2,1, 
K. M. Waters2,1, and R. L. Tanguay1. 1Oregon State University, Corvallis, OR; and 2Pacific 
Northwest National Laboratory, Richland, WA.

Polycyclic aromatic hydrocarbons (PAHs) are a class of both natural and anthropo-
genic organic compounds. PAH exposure is of considerable concern due to their 
many sources of production, frequency of detection in the environment, as well 
as and known and suspected toxicities. Many PAHs activate the aryl hydrocarbon 
receptor (AHR), inducing expression of a battery of target genes, including xenobi-
otic metabolizing enzymes like Cytochrome P450s (CYPs). While this molecular 
initiating event is common across many PAHs, it has become increasingly clear 
that PAHs do not all act via the same mechanisms. To further classify PAHs by 
their unique activity, we screened several parent and substituted PAHs in zebraf-
ish and human in vitro AHR activation assays to definitively identify AHR ligands. 
Retene is an example of a diversity of 3-ring alkylated PAHs which, while inducing 
AHR activation in vivo, did not directly activate AHR in these in vitro assays. In this 
study, we hypothesized that one or more retene metabolites, rather than the parent 
compound, activates AHR2 in zebrafish, inducing observed developmental toxicity. 
A combination of in vitro, in vivo, and in silico tools, were used to 1) determine the 
role of key AHR target genes in retene teratogenicity, 2) assess retene dosimetry 
and chemical loss throughout development, and 3) identify potential toxic retene 
biotransformation products. Zebrafish mutant lines lacking AHR2 and Cyp1a 
were each developmentally exposed to retene beginning at 6 hours post-fertiliza-
tion (hpf). Lack of AHR2 completely eliminated developmental toxicity at 5 days 
post-fertilization, while the absence of functional Cyp1a increased apparent retene 
toxicity by reducing the EC50 value from 16.5 µM to 4.99 µM, implying that Cyp1a 
biotransforms the toxic metabolite(s), reducing toxicity. Assessment of retene loss 
over time showed an increase in body burden from 12-24 hpf, remained steady 
until 36 hpf, then steeply decreased by 48 hpf, suggesting 36-48 hpf as a key 
timepoint for metabolite formation. The program Biotransformer was then used 
to predict retene biotransformation products, resulting in >500 unique primary 
metabolites. To determine presence of these metabolites in zebrafish tissue, 
tissue extracts from 48 hpf fish exposed beginning at 6 hpf were analyzed using 
ion mobility spectrometry-mass spectrometry. Continuing work will cross-refer-
ence these data with predicted metabolites to identify candidate metabolites for 
future zebrafish exposure with the ultimate goal of recapitulating teratogenicity 
observed from retene exposure. This study highlights the value of combining 
molecular and systems biology approaches to mechanistic and predictive toxicol-
ogy and challenges assumptions of AHR activating chemicals, emphasizing the 
need for further interrogation of PAH-AHR interactions. Research reported here 
was supported by the National Institute of Environmental Health Sciences of the 
National Institutes of Health under Award Number P42ES016465, P30ES030287, and 
T32ES007060. The content is solely the responsibility of the authors and does not 
necessarily represent the official views of the National Institutes of Health. Pacific 
Northwest National Laboratory is a multi-program laboratory operated by Battelle for 
the United States Department of Energy under Contract DE-AC05-76RL01830.

 3273 Comparative Urine Metabolomics in Mice Treated with Nontoxic 
and Toxic Oral Doses of (-)-Epigallocatechin-3-Gallate

S. Hwang, I. Koo, A. D. Patterson, and J. D. Lambert. Pennsylvania State University, 
University Park, PA.

The most abundant catechin in green tea, (-)-epigallocatechin-3-gallate, has been 
studied for its potential positive biological effects. However, its toxicity at high 
concentration has been reported in both in vitro and in vivo. This study aimed to 
compare the urinary metabolite profile of male C57BL6/J mice after oral adminis-
tration of non-toxic (100 mg/kg) and toxic (750 mg/kg) doses of EGCG in order 
to gain a better understanding of EGCG metabolism by dose. EGCG metabolites, 

including methylated, glucuronidated, sulfated, and glucoside compounds, were 
tentatively identified based on their mass to charge ratio and fragment ion patterns. 
Partial least squares discriminant analysis (PLS-DA) results showed a clear differ-
ence in urine metabolite profiles between treatment groups. All of the tentatively 
identified metabolites among the first 20 metabolites with the highest Variable 
Importance in Projection (VIP) scores are glucuronidated, suggesting that glucuro-
nidation may be the key pathway to dealing with toxic doses of EGCG in mice. 
Methylation had a lower ratio of averaged peak area of toxic to non-toxic dose when 
compared to glucuronidation and sulfation, indicating that methylation is prominent 
at low doses and that the proportion of glucuronidation and sulfation goes up as 
the dose increases.

 3274 Crystal Structure of Racemic Bucetin, N-(4-Ethoxyphenyl)-3-
Hydroxybutanamide: Significance to Mechanisms of Toxicity 
of Phenacetin

J. E. Hines III1, Z. Myles1, G. Breaux1, F. R. Fronczek2, and R. M. Uppu1. 1Southern 
University and A&M College, Baton Rouge, LA; and 2Louisiana State University, Baton 
Rouge, LA.

Bucetin [N-(4-ethoxyphenyl)-3-hydroxybutanamide] is an analgesic and antipyretic 
that is similar in structure to phenacetin [N-(4-ethoxyphenyl)acetamide]. Once 
thought to be a better substitute for phenacetin, bucetin was introduced into the 
markets in Germany but was soon withdrawn from use due to renal toxicity. The 
renal toxicity of bucetin, renal papillary necrosis, is similar in nature to that induced 
by phenacetin but is somewhat less pronounced, presumably due to a difference in 
the rate of deacylation by microsomal enzymes leading to the formation of 4-ethoxy-
aniline. Thus, the renal papillary necrosis by phenacetin and bucetin appears to 
be a manifestation of the formation of 4-ethoxyaniline and the subsequent inhibi-
tory action of this putative metabolite (or its hydroxylated and/or autooxidation 
products, N-(4-ethoxyphenyl)hydroxylamine and 1-ethoxy-4-nitrosobenzene) on 
PGE2 synthesis and the possible reduction of COX-2 expression. However, unlike 
the case with phenacetin, there is limited or no information on chlorinated, nitrated, 
or other metabolites of bucetin likely to be formed in vivo through cellular oxidants, 
namely, peroxynitrite/peroxynitrous acid and hypochlorite/hypochlorous acid. 
To address this and to better understand the mechanisms of toxicity of bucetin, 
we determined the crystal structure of racemic bucetin analyzed using a Bruker 
Kappa APEX-II DUO diffractometer. Single crystals of bucetin were prepared by 
slow cooling of a nearly saturated solution of bucetin in boiling deionized water 
(resistance: 18.2 MΩ/cm). The racemic bucetin crystallizes in monoclinic space 
group P21/c with Z=4. Refinement using low temperature (100 K) X-ray diffraction 
data yielded R=0.045 for 2139 reflections and 153 parameters. The molecule is in 
an extended conformation, with 170.14(15)° C-O-C-C torsion angle in the ethoxy 
group and torsion angles C-N-C-C -177.24(16)°; N-C-C-C 170.08(15)°; C-C-C-C 
171.41(15)° in the butanamide chain. The OH group donates an intermolecular 
hydrogen bond to amide carbonyl oxygen and accepts an intermolecular hydrogen 
bond from N-H. The geometries of these hydrogen bonds are 2.7268(17) Å for 
OH...O (at 1-x, 1-y, 2-z) and 2.8611(19) Å for NH...O (at x, 1/2-y, z-1/2). The former 
thus forms 12-membered dimeric rings about inversion centers, and the latter form 
chains in the [0 0 1] direction. The overall hydrogen-bonded network is two-dimen-
sional, with no propagation in the [1 0 0] direction. Given the current understanding 
that de-acylation constitutes an important step in the expression of renal toxicity, 
and the fact that the acyl group in bucetin (3-hydroxybutyryl) is much larger in size 
compared to the acetyl group in 4-alkoxyacetanilides and has a chiral center, the 
information on bucetin crystal structure presented here may help in the develop-
ment analgesics with little or no renal toxicity.

 3275 Twinned Crystal Structure of N-(4-Methoxy-3-Nitrophenyl) 
Acetamide: A Putative Non-enzymatic Oxidation Product 
of N-(4-Methoxyphenyl) Acetanilide with Implications to 
Mechanisms of Toxicity of 4-Alkoxyacetanilides

J. E. Hines III1, O. A. Agu1, C. J. Deere1, F. R. Fronczek2, and R. M. Uppu1. 1Southern 
University and A&M College, Baton Rouge, LA; and 2Louisiana State University, Baton 
Rouge, LA.

Belonging to the class of 4-alkoxyacetanilides (4-AAs), phenacetin 
[N-(4-ethoxyphenyl)acetamide] is the first synthetic fever reducer and non-opioid 
analgesic to go on the markets worldwide as early as the 1890s. While the analge-
sic effects of 4-AAs are thought to be due to their actions on the sensory tracts of 
the spinal cord, the antipyretic effects arise as a result of their actions on the brain 
where the temperature set point is lowered. In vivo, 4-AAs most undergo oxidative 
O-dealkylation to give N-(4-hydroxyphenyl)acetamide, the clinically relevant analge-
sic, while a small portion may undergo deacylation, producing carcinogenic, 
kidney-damaging 4-alkoxyanilines. There has been extensive information on phase 
I and phase II biotransformation of 4-AAs, but little is known about their biotrans-
formation by non-enzymatic mechanisms including those mediated by nitric oxide 
(•NO)-derived oxidants (NOS; •NO2

, CO3
•- and ONOOH). Previous studies from our 

laboratory and elsewhere have shown, for instance, that N-(4-hydroxyphenyl)
acetamide forms nitrated products along with varying amounts of dimers when 
reacted with NOS under physiologically relevant conditions. We reason that similar 
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products (or their positional isomers) may be formed in the reactions of 4-AAs 
with NOS. In order to understand these processes and to shed light on molecular 
targets, we have synthesized N-(4-methoxy-3-nitrophenyl)acetamide by acetylation 
of 4-methoxy-3-nitroaniline using acetic anhydride and purified by recrystallization 
twice from water. Crystals of N-(4-methoxy-3-nitrophenyl)acetamide grown from 
an aqueous solution were analyzed ion using Bruker Kappa APEX-II Duo diffrac-
tometer. It was found that N-(4-methoxy-3-nitrophenyl)acetamide crystallizes in 
monoclinic space group P21/n with Z=4 with a disordered nitro group in twinned 
crystals. Refinement using low temperature (90K) X-ray diffraction data yielded 
R=0.059 for 1675 reflections and 160 parameters. Both the methoxy group and the 
acetamide groups are nearly coplanar with the phenyl ring, with respective torsion 
angles 0.0 (4)° for C-C-O-Me and 4.9 (4)° about the C-N bond to the ring. The C-N-C-O 
torsion angle is also insignificantly different from zero, 0.2(4)°. Overall, the 12-atom 
methoxyphenylacetamide group is coplanar to a mean deviation 0.042 Å. The nitro 
group is twisted out of this plane by about 30°, disordered into two orientations 
with opposite sense of twist. The dihedral angle between the two disordered C-NO2 
planes is 59.2°. The N-H group donates intermolecular hydrogen bonds with N...O 
distance 3.122 (4) Å to nitro oxygen at x-1/2, 1/2-y, z-1/2, forming chains in the 
[1 0 1] direction. Interestingly, the amide carbonyl oxygen atom is not involved in 
hydrogen bonding. Combined with the recent revelations of mechanisms of action 
of N-(4-hydroxyphenyl)acetamide through indirect activation of CB1 receptors by 
4-aminophenol (hydrolysis product of N-(4-hydroxyphenyl)acetamide) and endocan-
nabinoid reuptake inhibitor AM 404, the information presented here may provide 
useful insights into molecular targets for 4-AAs and their nitrated metabolites.

 3276 The Gut Microbiome Drives Methylmercury Demethylation 
and Elimination

G. Coe1, I. Krout2, M. Munro-Erlich1, D. Vorojeikina2, C. Beamish`2, D. Colman1, S. Walk1, 
E. Boyd1, and M. D. Rand2. 1Montana State University, Bozeman, MT; and 2University of 
Rochester, Rochester, NY.

Methylmercury (MeHg) is a potent neurotoxicant found in most fish and seafood. 
The level of exposure to MeHg following ingestion of contaminated food and 
subsequent toxicity are directly related to the kinetics of MeHg elimination from 
the body. Importantly, there is a large degree of inter-individual variability in MeHg 
elimination and the factors driving this outcome are poorly understood. Several lines 
of evidence suggest that MeHg demethylation by gut microbes is a rate limiting 
step in elimination, but the microorganisms responsible for this process in the 
human gut microbiome are currently unknown. Here, we examined the relationship 
between MeHg elimination, demethylation activity, and gut microbiome diversity. 
Total Hg elimination rates were quantified from hair samples collected from 27 
human volunteers following a controlled feeding protocol with tuna. Stool samples 
from each participant were sequenced and metagenomic analyses were conducted 
to test for correlations between fast elimination and microbial taxa and/or function 
(genes/protein clusters). Stool was also cultured in vitro to assess MeHg demeth-
ylation potential. Elimination half-life (t1/2 ) ranged from 30 to 89 days across 
participants. MeHg demethylation activity in stool cultures correlated with the 
overall elimination rate observed in participants. However, bioinformatic analyses 
indicated that microbiome diversity was not strongly correlated with MeHg elimina-
tion. Microbiome species were identified from metagenomic assembled genomes 
(MAGs) and the abundance of several, including Alistipes onderdonkii, was 
positively correlated with faster MeHg elimination. Despite conducting homology 
searches, the only known MeHg demethylating enzyme, MerB, was not observed 
in any MAGs. Germ-free mice were monocolonized with a representative strain of 
A. onderdonkii and exposed to MeHg, but elimination was not statistically different 
from that observed in typical germ-free mice. Germ-free mice were then humanized 
with fecal samples from two human donors; one that exhibited fast elimination 
half-life and the other that exhibited slower elimination half-life in our study. Both 
of these two humanized mice samples, regardless of donor, eliminated MeHg 
at the same rate observed in typical, conventional mice (i.e., mice with an intact 
microbiome). Finally, conventional mice were treated with an antibiotic cocktail 
to perturb the microbiome, which resulted in significantly and dramatically slower 
MeHg elimination. Together, our results confirm that the gut microbiome is indeed 
important for MeHg demethylation and elimination, yet its contribution to inter-indi-
vidual variability in elimination observed in humans needs further investigation. Our 
results also provide additional evidence that a non-MerB mediated metabolism is 
responsible for the microbiome’s influence on Hg elimination. Supported by NIEHS 
R01 ES030940, P30 ES001247, T32 207026.

 3277 Modulation of Polycyclic Aromatic Hydrocarbon (PAH)–
Mediated Pulmonary Carcinogenesis in Mice Lacking Genes 
for Cyp1a1/1a2, Cyp1a1/1a2/1b1, or Cyp1b1: Role of CYP1B1 
in Carcinogenesis

G. Xia, W. Jiang, C. Chu, G. Gastelum, L. Wang, D. Narke, N. Putluri, and B. Moorthy. 
Baylor College of Medicine, Houston, TX.

Polycyclic aromatic hydrocarbons (PAHs), a group of chemicals containing 2 
or more fused benzene rings but no heteroatoms, are reported to increase the 
risk of lung cancer in humans via inhalation exposure. After entry into the lung, 

cytochrome P450 (CYP) 1A1/2 and 1B1 will be induced by PAHs and aid the 
biotransformation of PAHs-DNA adducts. Previously, our laboratory reported that 
Cyp1a1-/- mice were less susceptible to PAH-induced pulmonary carcinogenesis, 
while Cyp1a2-/- mice were more susceptible. However, what role of CYP1B1 in PAH 
induced lung carcinogenesis, and how CYP1B1 interacts with CYP1A1/2 in this 
program is largely unknown. Here, we tested the hypothesis that mice lacking the 
genes for Cyp1a1/2 and Cyp1b1 will display altered susceptibilities to PAH-induced 
pulmonary carcinogenesis. Wild-type (WT), Cyp1a1/1a2-/- (2KO), Cyp1a1/1a2/1b1-/- 
(3KO) and Cyp1b1-/- (1KO) male and female mice were treated with 3-methylcholan-
threne (MC) and Benzo[a]pyrene (BP) for cancer initiation and tumor formation 
studies. In WT mice, CYP1A1, 1A2, 1B1 expression was induced by both acute MC 
and BP treatments. In 1KO, 2KO, and 3KO mice, there is a compelling compensa-
tory pattern regarding CYP1A1, 1A2, 1B1 expression profiles and ethoxyresorufin 
O-deethylase/methoxyresorufin O-demethylase (EROD/MROD) enzymatic activi-
ties. Unexpected, a significant sex differences were found in MC treated, but not BP 
treated mice in the chronic tumorigenesis study. Tumor multiplicity and incidence 
study followed a specific but convincing trend to show that compared with WT, 
tumor counts were significantly increased in 2KO, with a substantial decrease in 
1KO while 3KO had the lowest incidents in both male and female mice. Collectively, 
deleting Cyp1b1 is protective in PAHs induced lung carcinogenesis. Future study 
will focus on the measurements of DNA adducts and DNA repair genes/pathways 
in dissection Cyp1b1’s susceptibility to PAHs-induced pulmonary carcinogenesis.

 3278 Development of a Systematic Evidence Map Approach to 
Evaluate New Evidence for ATSDR Toxicological Profiles: 
Methylene Chloride Case Study

K. Zaccaria1, M. Riccardi1, C. Heit1, G. Casillas2, and H. Abadin2. 1SRC Inc., Liverpool, NY; 
and 2CDC/ATSDR, Atlanta, GA.

The Agency for Toxic Substances and Disease Registry (ATSDR) developed a 
systematic evidence map (SEM) approach to determine if recently published 
studies would contribute new and essential information to existing toxicological 
profiles, or support development of new profiles. The SEM approach includes: 1) 
Literature searches to identify relevant studies published since the most recent 
toxicological profile; 2) Screening of literature search results using methods consis-
tent with principles of systematic review to determine if identified studies meet 
the Populations, Exposures, Comparators, and Outcomes (PECO) inclusion criteria 
designed to capture literature relevant to assessing human health; 3) Preparation 
of interactive literature inventory figures to provide an overview of the new evidence 
that meets PECO criteria; and 4) High-level data review and extraction of studies 
identified during the updated literature search to determine if any could potentially 
address key data needs or impact existing minimal risk levels (MRLs) for the 
compound of interest. The methylene chloride (MeCl) profile, published in 2000, 
was selected as a case-study for application of the SEM approach. Literature 
searches from all bibliographic databases yielded 9,005 unique references to be 
screened in DistillerSR by two independent reviewers. Title-abstract screening 
identified 328 items that met PECO criteria; these items plus 14 citations identified 
during review of grey literature outside DistillerSR underwent full-text review. Of 
these, 257 references were identified as PECO-relevant: 33 references included 
health effects data, 218 references contained other supporting data (e.g., toxicoki-
netics, mechanistic data, secondary sources, etc.), and 6 references contained both 
health effects and supporting data. High-level data extraction was conducted on the 
33 references that included human or animal health effects data. All human data 
and 54% of animal studies focused on the inhalation route; 46% of animal studies 
focused on the oral route. The most-studied endpoints included body weight, 
hepatic, neurological, and cancer effects. While evidence from human studies is 
mixed, findings from animal studies are consistent with the existing toxicologi-
cal profile for MeCl (ATSDR 2000), indicating that the nervous system, liver, and 
kidney are potential toxicity targets of MeCl. Additional studies in animals also 
reported carcinogenic effects. All data were exported into Tableau Public to create 
an interactive literature flow diagram (https://public.tableau.com/app/profile/
eha.tableau.team/viz/LitFlowDiagram-MethyleneChloride2022/Dashboard) and 
interactive human health database inventories (https://public.tableau.com/app/
profile/eha.tableau.team/viz/DRAFTSEMDataVisualizationforMethyleneChloride/
HealthEffectsOverview). Based on the full-text review conducted during the SEM, 
very few of the studies identified during the updated literature search address the 
data needs identified in the current toxicological profile for MeCl (ATSDR 2000), 
and none of the identified studies are expected to impact the existing inhalation or 
oral MRLs. The findings and conclusions in this presentation have not been formally 
disseminated by [the Centers for Disease Control and Prevention/the Agency for 
Toxic Substances and Disease Registry] and should not be construed to represent 
any agency determination or policy.
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 3279 Environmental Metal Mixtures Exposure Prevalence in Pregnant 
Women in the United States

P. Ruiz1, P. Cheng1, S. Desai2, M. Shin1, J. M. Jarrett1, C. D. Ward1, and Y. Shim3. 1CDC, 
Atlanta, GA; 2Georgia Institute of Technology School of Biological Sciences, Atlanta, GA; 
and 3CDC/ATSDR, Atlanta, GA.

While ample research exists on the effects of single metal exposures during 
pregnancy on the mother and child, there is a paucity of information on the effects 
of exposures to metal combinations. This study aims to identify and characterize 
prevalent combinations of cadmium (Cd), mercury (Hg), and lead (Pb) in pregnant 
women who participated in the National Health and Nutrition Examination Survey 
(NHANES) in the United States. A total of 10,152 women aged 20-44 were selected 
from the NHANES 1999-2018. The blood levels of Cd, Hg, and Pb were dichoto-
mized as “high” and “low,” using the median values as cut points. The prevalence 
of the three metals’ unique combinations (singular, binary, tertiary) was calculated, 
where each metal concentration was at a “high” level. The prevalence of each 
unique metal combination was examined using multinomial logistic regression. 
Among the pregnant women (n=1,297), singular Hg was most prevalent (19.2%), 
followed by singular Cd (14.7%), tertiary combination Cd/Hg/Pb (11.0%), binary 
combinations Cd/Pb (9.8%), Hg/Pb (9.2%), Cd/Hg (7.8%), and singular Pb (5.5%). 
After adjusting for potential confounders (age, race/ethnicity, poverty income 
ratio, and serum cotinine), the odds of having the Cd/Hg/Pb (adjOR=0.49:p<0.001) 
and Cd/Pb (adjOR=0.68: p<0.0364) combinations in blood levels were signifi-
cantly lower in pregnant women than in non-pregnant women. The odds of having 
singular Pb blood levels were significantly lower in the 1st & 2nd trimesters (n=563) 
(adjOR=0.31:p<0.0001); whereas the odds were higher in the 3rd trimester (n=366) 
(adjOR=1.25: p= 0.4715) than in non-pregnant women (n=6,412). When the odds 
of having singular Pb blood levels were compared between trimesters, the odds 
were significantly higher in the 3rd trimester than in the 1st & 2nd trimesters 
(adjOR=4.00: p=0.0004). Further research is warranted to understand the relation-
ship between metal combinations exposure during pregnancy and possible adverse 
birth outcomes to inform policy, make practice-oriented solutions, and improve 
maternal and infant health. The findings and conclusions in this presentation have 
not been formally disseminated by [the Centers for Disease Control and Prevention/
the Agency for Toxic Substances and Disease Registry] and should not be construed 
to represent any agency determination or policy

 3280 Real-Life Environmental Exposures and 
Neurodegenerative Diseases

N. Jameshenry1, H. Pulido1, P. Ruiz2, and M. Mumtaz2. 1Georgia Institute of Technology, 
Atlanta, GA; and 2CDC-ATSDR, Atlanta, GA.

The structure and function of the nervous system gradually deteriorate in neurode-
generative disorders like Alzheimer’s disease (AD). Studies have been done on the 
relationships between specific environmental pollutants and AD in both animals 
and humans. At the community or individual level, knowledge of the interactions 
between environmental exposure, non-chemical stressors, cumulative effects 
and AD is limited. In this scoping review, we aim to identify potential underlying 
mechanisms and pathways related to AD that are potentially impacted by both 
chemical and non-chemical stressors and their mixtures. To identify environmental 
chemicals, social determinants of health, and AD, keywords were searched from 
2000 to the present in PubMed, national chemical libraries, and other pertinent 
sources. 26 manuscripts were retained for full-text evaluation. Information from 
these manuscripts reported an association and possible link to AD. The hypotha-
lamic-pituitary-adrenal axis (HPA axis) is linked to metals along with greater 
amyloid-β deposits tau deposits that may play a role in AD proliferation. Strong 
evidence reported that heavy metals such as cadmium, arsenic, and lead exposure 
produce oxidative stress and to some extent, interact with HPA. Animal studies 
have shown glucocorticoids increase the amount of tau-hyperphosphorylation and 
greater amyloid-β deposits in the hippocampus region. Epidemiological studies 
have linked socioeconomic factors, such as access to healthcare, food, education, 
geographic location, and income, to an increased risk of AD mainly because of 
chronic stress. These non-chemical stressors may affect biological pathways of 
inflammation, oxidative stress, and HPA activation. Thus, by altering the function 
of the HPA axis, chemical and non-chemical stressors can work in conjunction 
to increase overall oxidative stress. This could lead to an increase in the produc-
tion of free radicals, causing molecular and cellular damage and the proliferation 
of pathological traits that are frequently linked to AD. The potential combined 
molecular pathways of metals (single and mixtures) and non-chemical stressors 
implicated in the etiology of AD were emphasized by this scoping research review. 
In conclusion, these results can be extended further and used to assess communi-
ties dwelling in areas susceptible to cumulative elevated levels of environmental 
contaminants along with greater exposure to chronic nonchemical stressors, which 
are a result of their lifestyles and environment. Future studies that comprehen-
sively examine environmental exposures and their biological, social, and psycho-
logical effects on the etiology of AD and other neurodegenerative disorders might 
be beneficial. The findings and conclusions in this abstract have not been formally 
disseminated by the Centers for Disease Control and Prevention/the Agency for 
Toxic Substances and Disease Registry and should not be construed to represent any 
agency determination or policy.

 3281 A Reference Library for Suspect Nontargeted Screening 
of Environmental Toxicants Using Ion Mobility 
Spectrometry-Mass Spectrometry

D. Teri1, J. N. Dodds2, A. C. Cordova1, N. A. Aly1, E. S. Baker1,2, and I. Rusyn1. 1Texas 
A&M University, College Station, TX; and 2University of North Carolina at Chapel Hill, 
Chapel Hill, NC.

Exposure assessment is traditionally based on analytical techniques that are 
time-intensive, either due to long run times or complex extraction processes. 
In addition, these techniques are best suited for targeted analysis of individual 
chemicals but not mixtures. Ion mobility spectrometry-mass spectrometry (IMS-MS) 
is a rapid post-ionization separation technique that can be used for both targeted 
analysis of individual chemicals and nontarget analysis of mixture constituents. 
In IMS-MS, compounds are separated based on both mass-to-charge (m/z) and 
drift time (DT); the latter is used to derive collisional cross section (CCS) values for 
use in molecular and isomeric separations. A database of CCS values is therefore 
useful in identifying the presence of specific compounds in complex samples 
and mixtures. This project uses a library of over 4,000 unique chemicals that are 
part of the ToxCast Program to establish a CCS database for their assessment. 
Chemicals tested were distinguished into 13 classifications: industrial chemicals, 
color dyes, cosmetic ingredients, disinfection by-products, flame retardants, food 
additives, natural toxins, pesticides, per-/poly-fluoroalkyl substances, pharmaceuti-
cals, plastics, polycyclic aromatic hydrocarbons, and surfactants. Each chemical is 
prepared at 10 µM in 50:50 water/methanol and analyzed via IMS-MS using direct 
flow injection. All compounds are analyzed using electrospray ionization (ESI) in 
positive and negative ion modes, as well as atmospheric pressure photoionization 
(APPI) in positive mode. Agilent IM-MS Browser software is used to derive CCS 
values for chemicals ionizable by each ion mode and the analytical signal for each 
analyte is manually verified to ensure confidence in CCS values. We found that 
across all ionization modes, over 50% of the tested compounds are detectable 
and have acceptable instrumental reproducibility of CCS values within +/-1% Å2. 
Depending on the chemical class, various ionization modes will be necessary to 
conduct suspect screening of these substances. Overall, the database developed 
herein is critical for high-throughput suspect screening for contaminants in environ-
mental samples to inform rapid exposure and risk assessment.

 3282 Assessing the Concordance of In Vitro and In Vivo Protective 
Points of Departure: A Case Study of ATSDR Substance Priority 
List Chemicals

E. Lu, Z. Chen, L. C. Ford, I. Rusyn, and W. A. Chiu. Texas A&M University, College 
Station, TX.

To fulfil the promise of reducing reliance on mammalian in vivo laboratory animal 
studies, new approach methods (NAMs), including human-cell based in vitro assays, 
need to provide an actionable basis for derivation of toxicity values for regula-
tory decision-making. However, existing evaluations of their consistency have had 
mixed results, with in vitro-to-in vivo extrapolation (IVIVE) appearing protective, but 
poorly correlated, with in vivo points of departure (PODs). In this study we hypothe-
sized that improved concordance can be achieved by reducing the heterogeneity of 
in vivo PODs, increasing the human biological relevance in vitro PODs, and address-
ing species differences in toxicokinetcs (TK). For in vivo PODs, we targeted ~40 
ATSDR Substance Priority List chemicals with regulatory toxicity values, deriving 
Bayesian benchmark dose (BMD) based PODs where possible. For in vitro PODs, 
we compared the results from using active concentration 50% (AC50) values from 
ToxCast with using PODs from a compendium of human cell-based models, includ-
ing several derived from induced pluripotent stem cells (hiPSCs). Additionally, a 
combination of human and animal TK data, in vitro TK assays, and default allome-
tric body weight-scaling approaches were utilized to convert between in vivo and 
in vitro PODs. We found that utilizing BMDs and addressing species differences 
significantly improved concordance, with greater correlations between values and 
IVIVE ratios closer to 1. Additionally, among individual NAMs, population-based 
hiPSC-derived cardiomyocytes had the best concordance. Overall, we demonstrated 
an approach that increases the confidence on using NAMs, especially those based 
on human cells, to predict in vivo toxicity values, and provides a foundation for 
future risk assessment and decision making based on NAMs.

 3283 Principles and Application of Informatics Approaches from 
Systematic Evidence Mapping to Systematic Reviews in Support 
of Environmental Health Decision-Making

V. R. Walker1, K. Helmick2, R. Blain2, A. Hannani2, W. Tracy2, A. Peppriell2, G. Cooney2, 
C. Sibrizzi2, K. Shipkowski1, and A. Rooney1. 1NIEHS/NTP, Research Triangle Park, NC; 
and 2ICF International Inc., Reston, VA.

Reviews of environmental chemicals such as Organohalogen Flame Retardants 
(OFRs), are essential for identifying hazards to the health of humans and wildlife. 
Systematic reviews are the gold standard methodology to summarize and critically 
assess existing evidence on potential health risks associated with an environmen-
tal exposure. These methods provide a rigorous framework designed to minimize 
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bias and maximize transparency. However, the rigor and comprehensiveness of the 
systematic review approach is time-consuming, resource intensive and generally 
designed to address focused questions. Systematic evidence maps (SEM) and 
scoping reviews utilize the rigor of the systematic review methodology to identify 
trends in a broader evidence base, including evidence clusters and evidence 
gaps, and can support multiple decision-making scenarios. Scoping reviews and 
systematic evidence maps address public health questions that often require the 
survey of relatively broad topics to determine the extent of the evidence. SEM 
can identify research opportunities, for instance what areas need studies for 
verification, mechanism or to strengthen existing findings. SEM can also identify 
areas that could be candidates for meaningful systematic review evaluation to 
support public health decision making and regulation. Many steps of the system-
atic review process have the potential to utilize semi-automated approaches. In 
fact, considerable progress has been made to reduce the screening burden and 
the recent development of Dextr supports semi-automated data extraction of 
environmental health science literature. There are many tools that are designed 
to support systematic review methods. This work outlines a potential workflow 
designed to apply automated approaches across the systematic review process 
- which includes scoping and evidence mapping - for environmental health evalua-
tions. This approach is designed to leverage available tools, data structures and 
interoperability to support efficient information retrieval from scientific literature 
and minimize the redundancy of tasks. This poster demonstrates a workflow that 
leverages informatic approaches for systematic reviews in toxicology with a case 
study evaluating the toxicity of OFRs to demonstrate the integration, connection, 
and user verification of the various tools throughout the systematic review process.

 3284 Evaluating the Relative Responsiveness of Health Effects 
to Exposure to Polychlorinated Biphenyl (PCB) Mixtures in 
Mammalian Model Systems

C. A. Weitekamp1, D. F. Kapraun1, C. Chiang1, L. M. Carlson1, K. Christensen2, and 
G. M. Lehmann1. 1US EPA, Research Triangle Park, NC; and 2US EPA, Washington, DC.

Polychlorinated biphenyls (PCBs) are a group of chemicals that occur in the 
environment as mixtures of individual congeners. Despite an expansive literature 
documenting adverse health effects from exposure to these mixtures, the relative 
sensitivity of various health effects to PCB exposure, especially at low, environ-
mentally relevant levels, remains unclear. We used systematic review methods to 
compile dose-response information for noncancer health effects across a wide 
range of PCB mixtures. We identified 526 references that included health effect 
data for select nonhuman mammalian species (rat, mouse, monkey, mink) of any 
life stage, exposed in vivo to PCB mixtures containing four or more congeners. 
For each study, we identified and extracted lowest observed adverse effect levels 
(LOAELs) and compared the responsiveness of health effects to various PCB 
mixtures using three dose metrics: administered doses, estimated internal doses, 
and human equivalent doses. Given the lipophilicity and biopersistence of PCBs, 
internal tissue levels continually increase with repeated dosing. We addressed this 
by employing pharmacokinetic models that account for bioaccumulation, which is 
not reflected in comparisons based on administered dose alone. As such, we found 
that the apparent sensitivity of specific health effects depends, to some extent, on 
the dose metrics considered. Taken together with factors such as the strength of 
evidence available to support conclusions about causal relationships between PCB 
exposure and health effects and the relative biological significance of each effect, 
identification of the effects most sensitive to PCB exposure could provide a basis 
for prioritizing outcomes for human health risk assessment. Disclaimer: The views 
expressed in this abstract are those of the authors, and do not necessarily represent 
the views or opinions of the US EPA.

 3285 Derivation of ATSDR’s Provisional Minimal Risk Levels for 
Vinyl Chloride

B. N. Szafran, and R. T. Benedict. CDC/ATSDR, Atlanta, GA.

A minimal risk level (MRL) is an estimate of daily exposure to a hazardous substance 
that is likely to be without appreciable risk of adverse health effects over a specified 
route and duration of exposure. These substance-specific estimates, which are 
intended to serve as screening levels, are used by the Agency for Toxic Substances 
and Disease Registry (ATSDR) health assessors to identify contaminants and 
potential health effects that may be of concern at hazardous waste sites. Vinyl 
chloride is a volatile compound used almost exclusively by the plastics industry 
to produce polyvinyl chloride (PVC) and several copolymers in the United States. 
Anthropogenic sources are responsible for all of the vinyl chloride found in the 
environment. Therefore, the most likely route of exposure for the general population 
is inhalation in either the workplace or near emission sources. The most sensitive 
health effects following vinyl chloride exposure appear in the hepatic, neurological, 
immunological, and developmental systems. Limitations in the research database 
precluded the use of human studies for vinyl chloride MRL derivation, so labora-
tory animal studies were used. The database of inhalation studies was consid-
ered adequate for deriving acute- (1-14 days) and intermediate-duration (15-364 
days) inhalation MRLs but inadequate for derivation of a chronic-duration (≥365 
days) inhalation MRL. The database of oral studies was considered adequate for 

deriving a chronic-duration oral MRL. ATSDR uses the point of departure (POD)/
uncertainty factor (UF) approach to derive MRLs for hazardous substances. For the 
inhalation MRLs, the PODs were adjusted to account for continuous exposure, and 
EPA methodology (1994) was utilized to calculate the human equivalent concen-
tration (HEC) for an extra respiratory effect produced by a category 3 gas. For the 
chronic-duration oral MRL derivation, the POD was converted to a human equivalent 
dose (HED) using physiologically based pharmacokinetic (PBPK) models described 
in Clewell et al. (2001) and EPA (2000). MRLs were calculated by dividing the HECs 
and HED by uncertainty and/or modifying factors. Utilizing this approach, ATSDR 
derived provisional acute-duration inhalation, intermediate-duration inhalation, 
and chronic-duration oral MRLs for vinyl chloride. The findings and conclusions 
in this presentation have not been formally disseminated by The Agency for Toxic 
Substances and Disease Registry and should not be construed to represent any 
agency determination or policy.

 3286 Cardiovascular and Respiratory Effects of Inorganic Mercury 
Salts: A Systematic Review and Analysis

N. Keshava, B. Schulz, and K. A. Thayer. US EPA, Research Triangle Park, NC.

A systematic evidence map was developed to inform problem formulation 
for an IRIS assessment of oral exposures to inorganic mercury salts, including 
mercuric chloride, mercuric sulfide, and mercurous chloride. Population, Exposure, 
Comparator, and Outcomes (PECO) criteria were developed to focus the research 
question(s) and inclusion criteria. Systematic review methods were used to conduct 
a comprehensive literature search, study screening (title/abstract and full text), 
study evaluation, and data extraction from the studies meeting the PECO criteria. 
In addition, studies containing potentially relevant supplemental material were 
tracked and categorized. All relevant health outcomes were assessed; however, 
this presentation is focused on cardiometabolic and respiratory effects of exposure 
to inorganic mercury salts. Study evaluation and data extraction were conducted 
using Health Assessment Workplace Collaborative (HAWC), a web-based tool, and 
visualized using both HAWC and Tableau. Study confidence ratings (high, medium, 
low, uninformative) were given based on evaluation of several domains such as 
exposure measurement, chemical administration and characterization, confound-
ing factors, observational bias, sensitivity, etc. No studies were identified that 
evaluated the cardiovascular and respiratory effects of oral exposure to inorganic 
mercury salts in humans. Several animal studies (subchronic, chronic, reproductive, 
and developmental) in male and female rats, mice, and goats evaluated cardiomet-
abolic effects following oral exposure to mercuric chloride; however, animal studies 
investigating these health effects were not identified for other inorganic mercury 
salts. The relevant outcomes evaluated for mercuric chloride included organ 
weight, histopathology, cardiovascular function (e.g., blood pressure, left ventric-
ular pressure, angiotensin), and clinical chemistry parameters such as enzymes, 
hormones, lipids, and lipoproteins. Based on author-reported statistical signifi-
cance, some animal studies reported potentially adverse cardiometabolic effects 
of exposure to mercuric chloride, including decreased heart weight and histopatho-
logical findings, as well as increases in some outcomes relevant to cardiovascular 
function. Several studies also reported decreases in certain lipids and lipoproteins 
endpoints including high-density lipoprotein, low density lipoprotein, triglycerides, 
and cholesterol; the toxicological significance of such decreases is unclear. The 
database for assessing respiratory outcomes of mercuric chloride was smaller and 
included one high confidence chronic study, one medium confidence developmen-
tal study, and three subchronic medium-low confidence studies. Organ weight and 
histopathology were measured in rats, mice, and goats. Significant changes were 
reported by authors in at least one study with altered lung weight and histopatho-
logical findings in the lungs, olfactory epithelium, and nasal mucosa. Overall, this 
systematic evidence map on inorganic mercury salts provides an overview of the 
limited evidence on cardiovascular and respiratory outcomes available for mercuric 
chloride and helps to inform the usability of these data in the hazard identification 
and dose response analysis to be conducted in the forthcoming IRIS assessment of 
inorganic mercury salts. Disclaimer: The views expressed in this abstract are those 
of the author(s) and do not necessarily represent the views or the policies of the US 
Environmental Protection Agency.

 3287 Guidance Development for Safety Assessment of Food Contact 
Material Produced from Recycled PET Plastic in Thailand

C. Butryee1, R. Chunhabundit2, P. Watchalayann3, W. Wimonpeerapattana1, 
T. Likitpruekpaisarn1, S. Sangthong4, J. Wonglek4, C. Promkum1, and S. Srianujata1. 
1Mahidol University, Nakhon Pathom, Thailand; 2Mahidol University, Bangkok, Thailand; 
3Thammasat University, Pathumthani, Thailand; and 4Ministry of Public Health, 
Nonthaburi, Thailand. Sponsor: J. Manautou.

Plastics are one of the burden on the garbage management around the world. In 
order to reduce the waste and to promote circular economy, the use of recycling of 
plastic should be widely promoted. However, the safety of recycling plastic, particu-
larly PET (rPET) for food packaging is of much concern. The aims of the study were 
to develop guidance for safety assessment of food contact material made from 
rPET for the Thai-FDA approval. The safety assessment guidelines of rPET consid-
ered efficiently recycling process of PET to produce food packaging in USFDA and 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 143



EU were reviewed. Based on the data available in Thailand, Consumption Factor 
(CF) and food type distribution factor (fT) should be used to estimate the exposure 
of migrated substances for risk assessment if the packaging factors derived from 
data in country in order to be able to use, more convincingly, the USFDA’s model. 
To derive the CF value of rPET, the weight ratio of the daily diet expected to contact 
a PET packaging to the weight of all food packaged was alternatively determined 
by using information from two approaches. Market data of food and beverage 
Euromonitor and the cross-sectional study for 1,746 Thai aged 17 to more than 60 
year were conducted. The types and amounts of packaging usage in one day and 
one week were recorded in the survey. The % misused PET indicated the type of 
contamination introduced into post-consumer feedstock. The 24 h. dietary recall in 
the weight of all food contacting PET to the weight of all food in all packages was 
determined for CF.The results from Euromonitor market data and consumption 
survey showed PET has the CF level of 0.314 and 0.3894, respectively. A CF of 
0.0974 rather than 0.3894 derived from consumption survey can be used in estima-
tion exposure since up to 25% of rPET will be used in finish article. Accordingly, the 
CF of 0.0974 and fT of 1.0 could be used to calculate the maximum contaminant 
concentration of rPET to be at the level of 210 microgram contaminant/kg packag-
ing material by assuming that an individual consumes 3 kg of food per day, and a 
PET density of 1.31 g/cm3 with thickness of 0.29 mm. For considering the efficiency 
of PET recycling, the surrogate contaminants testing should be included by using 
the simulation of various chemical contaminants (a volatile nonpolar organic; a 
volatile polar organic; a nonvolatile nonpolar organic; and nonvolatile polar organic). 
The survey data showed the contamination from consumer misuse may be due 
to all types of substances such as household cleaners (9.5%); pesticides (1.9%); 
excreta (1.6%); car maintenance products and gasoline (1.2%); and bath products 
(0.7%). Another factor needed is the migration testing that represents the concen-
tration of a food contact substance which expected to migrate to food in the daily 
diet by measuring the levels in food simulants. Finally, if the proposed recycling 
process cannot be shown to remove contaminations to meet the maximum accept-
able contaminant levels under the proposed use, then additional factors or limita-
tions on use may be justified.

 3288 Using Existing Assessments for Problem Formulation in 
the IRIS Program: A Case Example for the Reassessment of 
Uranium-Induced Toxicity

X. Arzuaga, and M. B. Powers. US EPA, Washington, DC.

The IRIS Program is currently undertaking a reassessment of the noncancer health 
effects of uranium via oral exposure. The literature review and scientific analysis 
contained in ATSDR’s 2013 Toxicological Profile is being used to streamline the 
IRIS assessment. The ATSDR derived Minimal Risk Levels (MRLs) for oral exposure 
to uranium compounds are based on uranium-induced renal, developmental, and 
reproductive toxicity. The IRIS assessment will examine whether newly available 
data indicate a need to revise the conclusions for these and consider other 
potential noncancer hazards for toxicity value derivation. A systematic evidence 
map (SEM) of the uranium evidence based from 2011 to early 2022 was generated 
to explore newly available data. Epidemiological and toxicological endpoints were 
screened according to Populations, Exposure, Comparators and Outcomes (PECO) 
criteria and analyzed to determine whether newly available data indicate a need 
to update evidence conclusions and toxicity values for principal health outcomes 
from the 2013 ATSDR Toxicological Profile. PECO-relevant studies were evaluated 
to determine whether they had a “clear study limitation” which would reduce the 
confidence level in the study for use in an IRIS assessment. Any study not having 
a clear limitation that met PECO criteria was considered “possibly impactful.” The 
analysis of whether newly identified studies appeared to alter 2013 ATSDR conclu-
sions (or identified new outcomes to consider) relied on expert judgement by two 
reviewers. For identified outcomes with new data, the IRIS Program will conduct 
evidence synthesize across the new studies and the studies cited in ATSDR 2013. 
This approach leverages existing assessments to develop a literature search 
strategy and analysis that is focused on outcomes for which there is new relevant 
evidence that can inform hazard evaluation and dose-response. Disclaimer: The 
views expressed are those of the authors and do not necessarily represent the views 
or policies of the US EPA.

 3289 Development of a Database to Derive Inhalation TTC Values for 
Airborne Compounds

M. Schwarz-Zocher1, A. M. Api2, K. Joshi2, A. Giusti3,4, J. Rose5, S. Collins5, 
G. Patlewicz6, A. M. Bowden7, F. Boisleve8, M. Singal9, N. Sadekar2, and S. E. Escher1. 
1Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover, Germany; 
2Research Institute for Fragrance Materials, Woodcliff Lake, NJ; 3Cosmetics Europe, 
Brussels, Belgium; 4International Collaboration on Cosmetics Safety, New York, NY; 
5Procter & Gamble, Cincinnati, OH; 6US EPA, Washington, DC; 7Safety and Environmental 
Assurance Centre, Unilever, Sharnbrook, United Kingdom; 8Chanel, Neuilly-sur-Seine, 
France; and 9L’Oréal, Clark, NJ.

The threshold of toxicological concern (TTC) concept establishes values below 
which exposure to a specific compound is low to negligible risk to human health. 
Several authors have shown that the oral TTC concept, specifically the classification 

of non-DNA-reactive compounds using the Cramer decision tree, does not lead to 
robust thresholds for inhalable compounds. Therefore, the inhalation TTC (inhalTTC) 
project aims to define appropriate threshold values for airborne compounds based 
on structural and physicochemical considerations. For this purpose, an extensive 
curated TTC database is being constructed comprising high-quality repeated-dose 
inhalation exposure studies from three databases including RepDose (719 studies), 
Research Institute for Fragrance Materials (348 studies), and ToxVal (5576 
studies). The objective is to present the criteria developed for evaluating the quality 
of the in vivo inhalation exposure studies for finalizing the database. Approximately 
1800 potential preclinical inhalation studies with repeated exposure were first 
identified from the ToxVal database. Subsequently, studies were reviewed using 
defined inclusion criteria: repeated-dose studies of a minimum study duration 
of 28 days in rats, mice or dogs and performed after 1970. These studies were 
evaluated concerning study conduct and resulting outcomes. Exclusion criteria 
were also considered and included limited examination scope, such as single dose 
testing, overall poor documentation, or missing examinations (e.g., haematology 
or clinical biochemistry). Of the 1800 studies, 1100 met inclusion criteria and can 
be used to derive the no or lowest observed adverse effect concentration (NOAEC/
LOAEC). Currently, the observed effects and study details are being added to the 
project database. This project includes evaluating inhalTTC limit values considering 
local respiratory tract and/or systemic effects resulting from inhalation routes of 
exposure. Following derivation of an appropriate process for binning chemicals 
based on potency, the resulting inhalTTC approach will be published along with 
the curated database. This will contribute to improve risk assessment for inhalable 
substances with known structure but without sufficient experimental toxicity data. 
This abstract does not reflect EPA policy.

 3290 Pathology Risk Profiler: Separating Toxicology Findings 
from Background

B. Paisley, M. Carfagna, J. Felli, and M. Pritt. Eli Lilly and Company, Indianapolis, IN.

Data analytics in toxicology has largely been hindered by inconsistencies in vocabu-
lary and data structures. The introduction of Standard of Exchange for Nonclinical 
Data (SEND) controlled terminology (CT) to preclinical toxicity data provides a 
framework for more robust and accurate data analyses. Because historical studies 
prior to the SEND framework differed in terminology and structure, we developed 
Python code to apply SEND CT to historical data. This has enabled large-scale 
cross-study statistical analyses of all our preclinical toxicology studies. A major 
hurdle in interpreting preclinical toxicology studies is differentiating background 
control findings from treatment and vehicle related effects. Leveraging the wealth 
of historical control data, we executed two statistical approaches to elucidate 
findings that exceed background control incidences. The first strategy calculates 
odds ratios of histopathology results in treatment vs. control. Odds ratios are 
also employed to delve into how study duration impacts toxicology. The second 
approach calculates estimated population incidences to separate background 
findings from treatment-related effects and to design appropriately powered 
studies to detect findings of interest. We have created an intuitive visualiza-
tion framework for population incidences to facilitate cross-study, study design 
simulation, and treatment vs. vehicle comparisons for new toxicology studies. 
Furthermore, our novel tool enables study results to be put in context of historical 
findings for the same species, study duration, and gender to identify findings diverg-
ing from historical results.

 3291 Implementation of the Key Characteristics to Optimize 
Mechanistic Evidence Extraction and Organization 
for Ethylbenzene

I. L. Druwe1, T. Anderson1, P. Reinhart1, R. Shaffer2, S. V. Vulimiri1, and L. Dishaw1. 1US 
EPA/ORD, Research Triangle Park, NC; and 2US EPA/ORD, Washington, DC.

Since the last U.S. Environmental Protection Agency Integrated Risk Information 
System (IRIS) Toxicological Review of Ethylbenzene (EB) in 1987, hundreds of 
new mechanistic studies have been published on EB. Mechanistic studies report 
measurements related to health outcomes that inform biological or chemical 
events associated with phenotypic effects in both mammalian and non-mam-
malian model systems. They use a variety of model systems, including in vitro, 
in vivo, ex vivo and in silico models. Although these studies have the potential to 
inform mode(s) of action and support risk assessment decisions through provid-
ing evidence for chemical-induced health hazards, identification, organization, 
and synthesis of such a diverse evidence base can be challenging when many 
studies are identified. A literature search was performed to identify all the available 
studies up to the date of the search (January 2022). The literature search identi-
fied 375 mechanistic EB studies. Our goal was to employ a method that would 
efficiently organize and extract the available mechanistic evidence associated with 
EB-induced human health outcomes. Studies were categorized by health outcome 
and details were extracted based on study type (e.g., human, animal, in vitro, in silico, 
or other), human relevance, and study design. Because the “Key Characteristics 
(KCs) approach” provides a systematic method for identifying, organizing, and 
synthesizing mechanistic evidence, health outcomes were further categorized or 
mapped in DistillerSR to specific published KCs (e.g., male and female reproductive 
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effects, hepatic, cardiovascular, endocrine, and immune effects). This last step 
was not able to be performed for health outcomes for which KCs are still under 
development or unavailable (i.e., hematological, metabolic, nervous, respiratory, 
renal, and systemic effects). The available EB mechanistic evidence was mapped 
to ten health effects and further subcategorized, when applicable, into their respec-
tive KCs under immune, hepatic, endocrine health categories. Most of the 375 
mechanistic studies were not organ system-specific; 123 related to mechanisms 
of cancer and 63 informed non-cancer mechanisms. The hepatic organ system had 
the most organ-specific studies (33 of 375), while the endocrine and hematological 
systems had the least (2 of 375). This case study demonstrated utility in identify-
ing an approach to organize and extract mechanistic data that may be employed 
for use in other chemical risk evaluations. The resulting mechanistic systematic 
evidence map may help inform human health effects associated with EB exposure, 
identified data gaps in the literature, and assist in identifying studies that inform 
biological plausibility and MOA(s). Disclaimer: The views expressed are those of the 
authors and do not necessarily represent the views or policies of the US EPA.

 3292 Analysis of Liver Weight Changes Associated with 
Histopathologic Findings from Rodent Toxicity Studies

R. Mezencev1, G. Peterson2, J. Zhao3, and J. Weaver2. 1US EPA, Washington, DC; 2US 
EPA, Research Triangle Park, NC; and 3US EPA, Cincinnati, OH.

Liver weight changes in chemically exposed animals have long been recognized as 
sensitive endpoints in toxicological studies. However, their use for the derivation 
of toxicity values depends on an understanding of biologically relevant levels of 
absolute liver weight (ALW) or relative liver weight (RLW) changes for the prediction 
of the point of departure (POD). To improve this understanding, ALW and RLW 
values and associated histopathologic findings were extracted from the Chemical 
Effects in Biological Systems (CEBS) database (National Toxicology Program) for 
subchronic rodent toxicity studies. Statistically significant ALW and RLW changes 
at the lowest exposure levels were determined and analyzed based on their associ-
ation with histopathologic liver changes. ALW and RLW were found to display 
positive and negative changes. Positive ALW changes associated with histopatho-
logic changes in rats and mice ranged from 8.4% to 45.5% (median: 17.3%), and the 
difference between species was not statistically significant (Mann-Whitney two-tail 
p >0.05). Positive ALW changes not associated with histopathologic changes 
ranged from 6.3% to 31.5% (median 13.8%), and the difference between mice and 
rats was not significant. Histopathologic changes most frequently reported for 
exposures associated with significantly increased ALWs were hepatocyte hypertro-
phy/centrilobular hypertrophy, cytoplasmic alteration, hematopoietic cell prolifera-
tion, hepatocyte necrosis, and pigmentation. Decreased ALWs ranging from -11.3% 
to -26.2% were most frequently associated with inflammatory changes, hepato-
diaphragmatic nodules, and centrilobular hypertrophy combined with glycogen 
depletion. Only increased RLWs were associated with histopathologic changes for 
both rodent species. The RLW changes ranged from 5.8% to 65.7% (median: 14.3%), 
and the differences between species were not statistically significant. These 
results indicate biologically relevant ALW and RLW changes that can be used to 
inform the selection of benchmark responses (BMR) for dose-response modeling 
of liver weight data. Disclaimer: The views expressed in this document are those of 
the authors and do not necessarily reflect the views or policies of the US EPA.

 3293 New Approach to Assess Developmental Neurotoxicity 
of Agrochemicals

B. Neumann, and K. Bothe. Bayer AG, Monheim, Germany. Sponsor: K. Bothe, EUROTOX.

A clear causal link between exposure and developmental neurotoxic effects has 
been demonstrated for few chemicals and is currently being investigated by 
several research activities. For agrochemicals the developmental neurotoxicity 
assessment is triggered if indications from neurotoxicity or other studies indicate 
potential concern. Then, data are usually generated and derived from in vivo 
studies, necessary and required by regulatory authorities to assess the safe use. 
Study designs usually follow published OECD test guidelines (OECD Test No. 426 
or 443 with cohorts 2A or 2B). These studies are complex, use a high number of 
rodent animals and encompass many endpoints and observations. The relatively 
low number of studies over the last decades, the heterogeneity of test designs and 
dependence on expert knowledge for the data interpretation creates uncertainties 
which however could be addressed by methodological improvements and globally 
harmonization of data descriptions and assessments. Nevertheless, the in vivo 
data provide valuable information from physiologically intact mammalian models 
and consider inter-individual variability and account for internal exposure. Ethical 
considerations command to limit vertebrate testing, particularly if it is to get only 
a first indication of the hazard profile or to screen a large number of chemicals for 
which few data exist. Therefore, the Organisation for Economic Co-Operation and 
Development (OECD) has established a working group that drafted a guidance on 
the Evaluation of Data from a Developmental Neurotoxicity (DNT) In-Vitro Testing 
Battery (IVB) that was built from several human in vitro test methods developed 
by the intensive work of several academia groups and applied to 119 chemicals 
(Masjosthusmann et al, 2020, EFSA External Scientific Report). In this project, 
we collected and compared this and other publicly available DNT human in vitro 

data for several agrochemicals with available in vivo data from rodent studies. 
The analysis reveals inconsistencies between in vitro and in vivo outcomes 
which requires further investigations before any conclusion on the human in vivo 
DNT potential in an individual substance assessment should be drawn. Causal 
factors could be due to diverging specificity or sensitivity of human and rodent 
neurospheres, or in vitro test concentrations which do not represent the rodent in 
vivo exposure situation, or in vitro alerts that do not translate into in vivo effects as 
they might be compensated by other physiological processes, or critical pathways/
processes that are not covered by the current in vitro assay battery. Particularly the 
first hypothesis could be addressed by direct species comparison of in vitro rat and 
in vitro human data. While there is no regulatory framework in place it is posing a 
challenge to industry and authorities to integrate this and other available informa-
tion about agrochemicals to conclude on their human DNT potential. The fact that 
for almost all tested agrochemicals at least one in vitro hit was reported requiring 
follow-up activities which might include also targeted in vivo testing guided by in 
vitro results and taking exposure considerations into account.

 3294 Risk Assessment Framework to Evaluate Persistent Organic 
Pollutant Contaminations in Dietary Supplements

L. G. Yang1, J. A. Parker2, S. B. Bandara1, E. Fung2, and A. Maier3. 1Stantec (ChemRisk), 
San Francisco, CA; 2Stantec (ChemRisk), Aliso Viejo, CA; and 3Stantec (ChemRisk), 
Cincinnati, OH.

There is a growing concern regarding the presence of contaminants or hidden and 
potentially harmful chemicals in dietary supplements. Recent studies have identi-
fied detectable levels of persistent organic pollutants (POPs), such as polychlori-
nated biphenyls (PCBs) and dioxins, in fish oil-based dietary supplements. While 
finished dietary supplement products and dietary ingredients are regulated by the 
U.S. Food and Drug Administration (FDA) under the Dietary Supplement Health 
and Education Act of 1994 (DSHEA) for good manufacturing practices (GMP) 
and proper labeling, the FDA does not authorize or approve dietary supplements 
prior to the product’s release to the market. Thus, it is not under FDA’s general 
purview to evaluate the safety and effectiveness of their labeling prior to market-
ing. Rather, the manufacturers and distributors are only responsible for product 
compliance with DSHEA’s GMP and labeling regulations. In light of limited available 
guidelines and published consensus approaches, we developed a framework for 
determining potential human health risks associated with chemical contamina-
tion in dietary supplements. Specifically, the framework includes elements specif-
ically tailored to use scenarios relevant to dietary supplements. For example, the 
framework considers potential for irregular daily use patterns, impact of impuri-
ties in the context of the product matrix, and mixture effects. These elements 
were considered as modifiers to the traditional risk assessment paradigm, which 
includes hazard characterization, exposure assessment from product consumption 
as recommended by the manufacturer, and a margin of safety evaluation derived 
by comparing the exposure estimate to a benchmark of the relevant chemical(s) 
of concern. To demonstrate the applicability of the framework, seven omega-3 
dietary supplements derived from algae, fish, or shark liver oil underwent chemical 
analysis to measure the presence of polychlorinated dibenzo-p-dioxins (PCDD), 
polychlorinated dibenzofurans (PCDF), dioxin-like PCBs, and non-dioxin-like PCBs. 
The total equivalent quotient (TEQ) of PCDD/F and PCBs detected in the dietary 
supplement products analyzed ranged from 0.004 to 0.76 pg/g, and the TEQ of 
non-dioxin-like PCBs ranged from 206 to 3870 pg/g. The potential consumer daily 
exposure to the POPs was calculated based on recommended intake levels of the 
respective dietary supplement product and compared to available oral reference 
doses (RfD). Using this framework, we determined that exposure to the analyzed 
POPs from intake of the tested omega-3 dietary supplement products were orders 
of magnitudes below the average ingestion rate of PCDD/F from foods including 
fish, meats, and dairy products. While the study indicates that the tested products 
did not pose an increased health risk, it also showcases the applicability and utility 
of the framework in evaluating potential risk to contaminants, such as POPs and 
environmental contaminants, in dietary supplements and nutraceuticals.

 3295 The Importance of Expert Judgment in the Selection of 
Analogue Compounds for the Inhalation Read-Across 
Assessment of p-Isopropyltoluene

L. Lizarraga1, J. Rhoades2, J. Melia2, M. Kawa2, L. Morlacci2, and M. Odin2. 1US EPA, 
Cincinnati, OH; and 2SRC Inc., North Syracuse, NY.

The inhalation database for p-isopropyltoluene is limited and does not include 
adequate short-term, subchronic, or chronic studies for assessing the risk of 
inhalation exposure; therefore, a read-across approach was used to inform the 
health assessment. Computational tools (OECD QSAR toolbox, U.S. EPA Comptox 
Chemicals Dashboard, ChemIDplus) identified 547 unique structural analogues for 
p-isopropyltoluene (based on 80% or greater similarity). In order to refine this list 
to the most suitable candidates, expert judgment was used to develop inclusion/
exclusion criteria based on the key structural features of p-isopropyltoluene 
expected to influence its toxicokinetics and/or toxicity. Candidates were limited 
to structures having one aromatic ring with two or fewer substituents. Although 
preferred ring substituents were one methyl and one isopropyl group (as found in 
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p-isopropyltoluene), sec-butyl groups were also accepted, because they have active 
benzylic positions analogous to isopropyl groups. The carbon atoms at the benzylic 
positions are either primary (methyl) or tertiary (isopropyl or sec-butyl), because 
radicals can form at these positions. Analogues that can form similar radicals at a 
benzylic position were included, since radical formation may be part of the biolog-
ical activity of p-isopropyltoluene. The benzylic positions are sites for metabolic 
transformations, and the substitution patterns at the benzylic position can influence 
the metabolites formed. Toluene, ethylbenzene and ethyl-substituted benzenes 
were excluded as analogues due to expected differences in their metabolic 
pathways relative to p-isopropyltoluene, specifically greater metabolism by ring 
oxidation pathways and formation of more epoxides and phenols. In contrast, the 
primary metabolic pathway for p-isopropyltoluene involves extensive oxidation of 
the methyl substituent and isopropyl side chain. Ring oxidation products are not 
formed in large quantities. Xylenes were not identified as candidate analogues 
using the structural similarity tools. Based on expert judgment, they were added 
as potential analogues considering their similarity to p-isopropyltoluene in terms 
of both structure (single aromatic ring with up to two methyl or isopropyl substit-
uents) and metabolism (primary pathway is oxidation of the methyl substituents). 
The refined list of candidate analogues included 10 substances, two with inhala-
tion toxicity values: isopropylbenzene and xylene (mixed isomers). Comparisons 
of limited available toxicity data for p-isopropyltoluene with the two candidate 
analogues were performed to understand potential toxicodynamic similarities/
differences among this group of chemicals and evaluate the suitability of analogues 
for read-across. This case study demonstrates the importance of expert judgment, 
both in narrowing the list of candidates from computational tools to those most 
likely to produce similar outcomes to the target chemical, and in supplementing 
that list to include other relevant candidate analogues.

 3296 Estimating Chronic Health Effects following Acute 
Chemical Exposures

L. E. Roszell1, A. Armstrong2, C. Wood2, J. Cox3, T. E. Pennington3, and 
D. F. Glass-Mattie2. 1Defense Centers Public Health–Aberdeen, Aberdeen Proving 
Ground, MD; 2Oak Ridge National Laboratory, Oak Ridge, TN; and 3Department of 
Homeland Security, Chemical Security Analysis Center, Aberdeen Proving Ground, MD.

Currently, there are no guidelines that address long-term health risks from acute 
chemical exposures. This limitation has implications for the long-term protection 
of both civilian and military populations following acute exposures. To fill this gap, 
a toxidrome-based, Subject Matter Expert (SME) informed approach identifies and 
parameterizes current knowledge and utilizes SME inputs to fill data gaps. The SME 
likelihood estimates for long-term mild, moderate, or severe health effects were 
used to generate chemical-specific dose-response curves, which were then used 
as the basis for the Acute Exposures/Chronic Effects (AECE) tool. In the current 
work, the AECE tool has been implemented for select toxidromes to estimate: 1) the 
likelihood of long-term mild, moderate, or severe effects after acute exposure at a 
defined chemical Military Exposure Guideline (MEG) concentration or 2) the acute 
exposure concentration that would result in likelihood of 50% mild, 25% moderate, 
or 10% severe long-term effects. Since critical MEG concentrations from acute 
exposures have the potential for lethality and severe short-term health effects, 
concentrations for critical 10-minute, 60-minute, and 8-hour MEGs were modeled 
for the following toxidromes and chemicals: vesicant (sulfur mustard, nitrogen 
mustard, lewisite, phosgene oxime), upper pulmonary (ammonia, acrolein, sulfur 
dioxide, allyl alcohol, boron trifluoride, chlorosulfonic acid, diborane, hydrogen 
chloride, hydrogen fluoride, nitric acid, nitrogen dioxide, sulfur trioxide, sulfuric 
acid), lower pulmonary (chlorine, chloroform, ethylene oxide, hydrogen selenide, 
methyl isocyanate, phosgene, phosphine), and cholinergic - Organophosphorus 
ester-induced chronic neurotoxicity (OPICN) (sarin, parathion, aldicarb, VX, soman). 
The AECE tool predicted the likelihoods of ~20-30% mild, ~10-20% moderate, and 
~10% severe long-term effects after acute exposure to sulfur mustard, nitrogen 
mustard, allyl alcohol, ethylene oxide and ammonia with higher percentages for 
sulfur trioxide, phosgene oxime and chloroform; 10-12% mild effects for sarin, VX, 
soman, sulfuric acid; and <1% severe effects from allyl alcohol, nitric acid, lewisite, 
fluorine, methyl isocyanate, phosgene, sarin, and parathion. Potential for long-term 
effects increased markedly with 8-hour exposure to chloroform. The predicted 
long-term effects were concentration-dependent for allyl alcohol and chlorosulfonic 
acid and time-dependent for chloroform, ethylene oxide, and fluorine. The predicted 
acute exposure concentrations for nitrogen dioxide, sulfur trioxide, sulfuric acid, 
phosgene oxime, sarin, ammonia, and six lower pulmonary chemicals that would 
result in long-term effects were similar to or lower than the short-term critical MEGs. 
For the remaining chemicals, the predicted acute exposure concentrations that 
could potentially result in long-term effects were much greater than the short-term 
critical MEG. These results can aid the medical community in planning for the 
implications of exposure to the long-term health of civilian and military populations.

 3297 Challenges to Identifying Candidate Analogue Compounds 
in Read-Across Assessment for Compounds with Simple 
Molecular Structures: Case Study with Dimethyl Sulfide 
Demonstrating Expanded Approach to Analogue Identification

J. Dean1, K. Zaccaria2, H. Carlson-Lynch2, M. Kawa2, J. Rhoades-Hamacher2, 
L. Morlacci2, and M. Odin2. 1US EPA, Cincinnati, OH; and 2SRC Inc., North Syracuse, NY.

Read-across assessments of compounds lacking adequate data begin with identi-
fication of appropriate chemical analogues. The standard approach for the identifi-
cation of candidate analogues developed by Wang et al. (2012) utilizes automated 
tools (e.g., ChemIDPlus, CompTox Chemicals Dashboard, OECD QSAR Toolbox) to 
generate an initial list of candidate analogues based on structural similarity scores. 
However, these tools are not well-suited to identify analogues for compounds with 
very simple molecular structures. We present a case study utilizing an expanded 
approach to identify candidate analogues for a compound with a simple structure, 
dimethyl sulfide (DMS). Using the standard automated tools, a total of 44 unique 
candidate analogues for DMS were identified; however, only two (1,3-dithietane; 
1,1bis(methylthio)ethane) met the following structural criteria for a suitable 
analogue of DMS developed by a chemist with expertise in read-across: 1) Exclude 
radicals, radionuclides, and deuterated compounds, 2) Exclude compounds with 
elements other than carbon, hydrogen, and sulfur, and 3) Exclude compounds 
with molecular weight greater than twice the molecular weight of DMS. Because 
neither of the two potential analogues identified using structural similarity scores 
has an inhalation toxicity value, a strategy was developed to identify additional 
candidate structural analogues for DMS. U.S. EPA, ATSDR, and CalEPA toxicity 
value databases were searched for the terms “sulfide” and “mercaptan,” applying 
the same exclusion criteria used for automated tools. Potential analogues identi-
fied by this method were hydrogen sulfide, carbon disulfide, and carbonyl sulfide. 
Carbon disulfide and carbonyl sulfide were not considered suitable because they 
are sulfur analogues of carbon dioxide and differ from DMS in that they have sulfur 
double-bonded to carbon. Both compounds are reactive and undergo metabolic 
transformations not relevant to DMS. Hydrogen sulfide was considered a suitable 
candidate structural analogue of DMS and has an inhalation toxicity value. Hydrogen 
sulfide, however, lacks the methyl groups of the DMS molecule. To provide 
additional comparative toxicokinetic and toxicodynamic information pertaining 
to the influence of the methyl groups, two additional structural analogues were 
selected as “comparative” candidate structural analogues, even though they do 
not have inhalation toxicity values: methyl mercaptan (which has one methyl group 
on the sulfur) and dimethyl disulfide (two methyl groups and two sulfur atoms). 
Dimethyl sulfoxide (DMSO), the primary metabolite of DMS, was also included 
as another “comparative” candidate analogue with two methyl groups. Inclusion 
of these additional “comparative” analogues informed the DMS assessment by 
providing supporting evidence for selection of hydrogen sulfide as an appropri-
ate analogue for DMS. The critical effect for hydrogen sulfide, the only candidate 
analogue with an inhalation toxicity value, is nasal lesions (basal cell hyperplasia, 
olfactory neuronal loss). Among the “comparative” candidate analogues lacking 
toxicity values, two (DMSO, dimethyl disulfide) also produced nasal lesions follow-
ing repeated inhalation exposure, suggesting that nasal tissues may be a sensitive 
target for this group of compounds. Nasal cavity toxicity data were not located for 
methyl mercaptan, but pulmonary effects were observed, reinforcing the sugges-
tion that respiratory tissues may be a sensitive target for these chemicals. The 
views expressed in this abstract are those of the author and do not necessarily reflect 
the views and policies of the US EPA.

 3298 Assessing Audiology Studies for Various Ototoxic Substances

M. Bradley1, G. Zarus2, P. Ruiz2, and J. Eichwald3. 1Georgia Institute of Technology 
School of Biological Sciences, Atlanta, GA; 2CDC/ATSDR, Atlanta, GA; and 3National 
Center for Environmental Health, Atlanta, GA.

Several hazardous substances which have been associated with hearing-related 
effects have been confirmed by varying audiology studies. The Agency for Toxic 
Substances and Disease Registry (ATSDR) has developed toxicological profiles 
summarizing published material on hazardous substances. These reports focus on 
determining potential health effects based on organ systems and health endpoints 
from exposure. While less researched, ototoxicity is often reported along with other 
health endpoints. Ototoxicity describes hearing loss, vestibular effects, cochlear 
impact, and tonal alterations seen in humans and animals from exposure to 
toxic substances. These effects have been documented through epidemiologic 
studies of workers exposed to substances or specific animal studies designed 
to focus on effects observed from specific substances. Ototoxicity has been 
documented in these studies by simple surveys or by complex audiology studies. 
We examine the quality of the audiology data for 10 hazardous substances within 
the top 50 of ATSDR’s highest-priority substances. These were selected from the 
ATSDR’s toxicological profiles due to their toxicity and environmental frequency. 
This presentation will chart the ototoxic effects corresponding with occupational 
and environmental exposure to these substances. It will serve as a visual aid to 
organize the relative study of high-priority ototoxic substances. Some examples 
include animal studies using stepwise dosing over a specified period with and 
without noise and testing specific frequencies. Others involve a single dose with 
inferior auditory measures. Still, others do not differentiate between ototoxicity 
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and neurotoxicity. Worker studies involve adult individuals where they are exposed 
to unknown amounts of suspected ototoxicants along with other substances that 
may or may not be ototoxic. Ethylbenzene (a volatile organic compound, VOC) and 
cadmium (a metal) have been found to target the outer hair cells of the Organ of 
Corti. Study data for these substances individually are rich. Exposure to both could 
potentiate this ototoxic effect. In addition to cadmium, cigarettes contain nicotine, 
which is also ototoxic to hair cells—suggesting possible potentiation for ethylben-
zene-exposed smokers. Many VOCs, like N-hexane, have exposure studies that are 
not designed for discerning between ototoxic or neurologic effects. Styrene has 
been widely found to cause hearing loss because of structural modification of the 
inner ear membrane. In contrast, no study data point to the pathway of damage 
for tetrachlorethylene and chlorobenzene. Many studies referenced in VOC toxico-
logical profiles evaluate a mixture of different solvents. For example, Toluene is a 
widely known ototoxic substance and is often included in solvent mixtures. The 
presence of other solvents can contribute to seemingly contradictory ototoxicity 
findings. An animal study found that xylenes and styrene produced more ototox-
icity than toluene, one of the most ototoxic substances; however, in other studies, 
xylene alone was found to be only mildly ototoxic. In grouping and comparing 
ototoxic substance information, scientists can quickly identify similarities between 
certain exposures, confounding results of mixtures, and specific data gaps. These 
efforts are expected to increase audiologists’ user access and opportunities to 
fill research gaps. The findings and conclusions in this presentation have not been 
formally disseminated by the Centers for Disease Control and Prevention/the Agency 
for Toxic Substances and Disease Registry and should not be construed to represent 
any agency determination or policy.

 3299 Identification of Analogues and Toxicity Benchmarks for 
1,1,2-Trichloroethane for Use in Avian Risk Assessment

A. Massarsky1, D. E. Badger2, and M. L. Kreider2. 1Stantec (ChemRisk), Aliso Viejo, CA; 
and 2Stantec (ChemRisk), Pittsburgh, PA.

1,1,2-Trichloroethane is predominantly an anthropogenic chemical, which is 
synthesized via the chlorination of ethylene with chlorine or by the oxychlorination 
of ethylene with hydrochloric acid and oxygen. It is primarily used as a captive 
intermediate in the production of 1,1-dichloroethene and 1,2-dichloroethane, but 
could also be used as a solvent, especially in chlorinated rubber manufacture. In 
2019, 1,1,2-trichloroethane was designated as a high priority substance for risk 
evaluation following the process required by section 6(b) of the Toxic Substances 
Control Act (TSCA). One of the data gaps identified by the U.S. Environmental 
Protection Agency (EPA) for this chemical was its potential toxicity in birds. In 
an effort to fill this data gap, the current study aimed to identify if toxicity data 
are available for 1,1,2-trichloroethane analogues that could be used to derive 
benchmarks that can be extrapolated for use in avian risk assessment. To this end, 
we utilized Analogue Identification Methodology (AIM) and CompTox Chemicals 
Dashboard to identify analogues, searched for toxicity data for 1,1,2-trichloroethane 
and its analogues using PubMed and publicly available databases, as well as relied 
upon Web-based Interspecies Correlation Estimation (Web-ICE) to estimate median 
lethal doses (LD50s) and hazardous doses (HD5s; doses protective of 95% of avian 
and mammalian species) for 1,1,2-trichloroethane and its analogues. We show 
that while no oral or inhalation studies were identified for 1,1,2-trichloroethane, 
acute oral and inhalation toxicity data were available for 1,1,1-trichloroethane. An 
oral LD50 of >2,510 mg/kg and median lethal concentration (LC50) of >5,620 ppm 
were reported, corresponding to EPA’s toxicity categories of “practically nontoxic”, 
whereas the oral no-observed-effect levels (NOELs) were 1,590 mg/kg and 3,160 
ppm. The inhalation LC50 for 1,1,1-trichloroethane was estimated at 14,000 ppm. 
Further, a repeated dose inhalation study for hexachloroethane indicated a NOEL 
of approximately 261 mg/kg. Lastly, Web-ICE analysis showed that the estimated 
LD50s for 1,1,2-trichloroethane in avian species ranged from 10.22 to 291.52 mg/
kg, and the HD5 was 21.79 mg/kg. Collectively, the obtained data indicate that 
1,1,2-tricholoroethane is likely to have low toxicity potential in avian species. Based 
on these analyses, available data and computational models can be used to inform 
on potential avian risk of 1,1,2-trichloroethane, indicating this endpoint may not be a 
data gap necessitating empirical testing, as suggested by U.S. EPA.

 3300 Decision Tree for Meta-analysis of Short-Term Inhalation 
Exposure Studies

A. J. Prussia, and E. Demchuk. CDC/ATSDR, Atlanta, GA.

Adverse health effects caused by short-term inhalation exposures to hazardous 
chemicals may be described by the toxic load equation that involves the Toxic 
Load Exponent (TLE, also known as n-value). TLE directly follows from the probit 
model. In a single study the model is applied to the study dataset, which is 
assumed to be statistically homogeneous. When several studies are combined, 
the homogeneity of the pooled data may be broken. The analysis of combined data 
represents a challenge, because of multiple meta-analytical options that depend 
on disparities in experimental design. Recently, we reported a new meta-analytical 
framework for multiple studies. It allows accurate, scientifically sound estimation 
of TLE, even if multiple datasets are heterogenous. The meta-analytical techniques 
include categorical regression, common-effect, and random-effects models. In 

the present work, we combine these methods in an iterative decision tree with 
clear concise steps that guide one through the process using ammonia case as 
an example, which demonstrated that mice and rat studies can be used together 
very effectively. The first step in the meta-analysis is a test for homogeneity of the 
data. Then upon the result of the first step, the analysis branches into a categori-
cal regression analysis subtree and distribution of effects subtree (that includes 
a common-effect and random-effects branches). If meta-analysis is applied to 
more than two combined studies and they are heterogeneous, the procedure may 
require iterative repetition after leave-one-study-out dataset reduction, as illustrated 
by the ammonia example, which demonstrated that mice and rat studies can be 
used together effectively. Branching of the binary decision tree is determined by 
statistical tests at the nodes. These include a goodness-of-fit test for parallel probit 
planes, Cochran’s Q- and I2-statistics. In summary, the proposed decision tree 
provides straightforward methodology of conducting a meta-analysis for the TLE 
of airborne agents and enhances scientific understanding of concentration-dura-
tion relationship of short-term inhalation exposures. This decision tree is expected 
to help to increase precision and scientific rigor to public health assessments of 
adverse health effects caused by short-term exposures to airborne hazardous 
agents. Disclaimer: The findings and conclusions in this presentation have not been 
formally disseminated by the Centers for Disease Control and Prevention/the Agency 
for Toxic Substances and Disease Registry and should not be construed to represent 
any agency determination or policy.

 3301 A Proposed Risk-Based Screening Assessment Framework 
for Evaluating Exposures from Unconventional Oil and Gas 
Development Emissions

D. A. Kaden1, U. Blake2, and S. I. Sulsky3. 1Ramboll US Corp, Boston, MA; 2American 
Petroleum Institute, Washington, DC; and 3Ramboll US Corp, Amherst, MA.

While health risk assessment frameworks have existed for almost four decades, 
most are based on relatively simple paradigms in which exposures are assumed 
to not vary substantially over the lifecycle of the industry being assessed. 
Unconventional oil and gas development (UOGD) offers a clear example of a 
situation that involves multiple phases with different exposure intensities that 
may vary from hour to hour; day to day; and year to year. Because of the varying 
durations of the phases and varying intensities of emissions, it is essential to 
consider whether exposures are acute, sub-chronic or chronic, and identify the 
proper health risk benchmark. For example, applying health risk benchmarks for 
chronic health risks to the brief preproduction phases of UOGD will produce a 
demonstrably overestimated risk for the population. We provide here a framework 
for a risk-based screening assessment that accounts for a complex process 
with changes in the concentration and composition of emissions over time and 
distance from the source. Using benzene, a chemical constituent that potentially 
poses both noncancer and cancer risk, and publicly available 45-minute duration 
ambient air concentration measurements taken by the Colorado Department of 
Public Health and Environment (CDPHE) near an UOGD operation located close to 
the Bella Romero Academy 4-8 school campus in Greeley, Colorado, we developed 
a risk assessment framework. When individual benzene concentration measures 
were compared to a 9 ppb “acute” duration risk benchmarks meant to be applied 
for durations of 1-14 days (Agency for Toxic Substances and Disease Registry 
[ATSDR] acute duration Minimal Risk Level [MRL]), benzene measures exceeded the 
acute duration MRL once, with other measures approaching this value. However, 
when the multiple 45-minute measures were combined to calculate daily average 
benzene concentrations to compare with the acute duration MRL, these daily 
average concentrations were well below 9 ppb. Similarly, CDPHE compared pre-pro-
duction phase average concentrations to the ATSDR chronic duration MRL of 3 ppb. 
However, UOGD phase preproduction phases last days-to-months, and therefore 
should be compared to the intermediate duration MRL of 6 ppb, which is developed 
for exposures lasting 15-364 days. Using this risk-based screening assessment 
framework, we were able to provide context to the data collected and demonstrate 
that when temporal variability is incorporated into a screening assessment, risk 
estimates are more valid and likely lower than when default methods are applied.

 3302 Lung Exposure to Aerosolized Nitrogen Mustard Causes 
Damage to the Small and Large Intestines of Wistar Rats

D. E. Heck1, O. Su2, J. A. Meshanni2, I. M. Parzecki2, A. M. Dolon3, P. Zhou2, 
S. C. Campbell3, J. D. Laskin4, D. L. Laskin2, and L. B. Joseph2. 1New York Medical 
College, Valhalla, NY; 2Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ; 
3Rutgers, The State University of New Jersey, Piscataway, NJ; and 4Rutgers School of 
Public Health, Piscataway, NJ.

Sulfur mustard and nitrogen mustard (NM) are bifunctional alkylating agents 
synthesized for chemical warfare. Major targets for these vesicants are the 
lung, skin and eyes; all exposure routes are known to elicit systemic toxicity. 
Gastrointestinal toxicity (GI) is known to be a characteristic response of humans 
to mustard vesicants. In the present studies, we evaluated GI toxicity in Wistar 
rats following pulmonary exposure to NM. Male Wistar rats were euthanized 28 
days following administration of phosphate-buffered saline (CTL) or NM (0.125 
mg/kg) via i.t. Pencentury Microsrprayer™ aerosolization. NM caused significant 
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damage to the ileum including ulceration and inflammation of villi adjacent to a 
thinned submucosa. A significant decrease in thickness of the muscularis extrerna 
was also observed in both ileum and colon. This was associated with shortening 
and fragmentation of elastin fibers in the submucosa. Goblet cells were larger and 
more acidic in the ileum of NM exposed rats when compared to control. Expression 
of mucin-2, a gel-forming glycoprotein associated with intestinal protection and 
integrity, was downregulated in the villi and lumen after NM exposure. Extra luminal 
bile acids, which are known to exert hormone-like functions via activation of nuclear 
and membrane-bound receptors, can modulate intestinal integrity, and immunity. 
NM was found to markedly reduce total serum bile acids (65.73 ±15.65 µMol/L 
and 19.19±3.51 µMol/L for control and NM treated rats, respectively). These data 
demonstrate that NM causes damage to the intestinal villi and crypts. Combined 
with alterations in bile acid homeostasis, this likely impacts normal intestinal 
function. Further studies to determine the mechanism of vesicant induced damage 
to the gut are essential for the development of effective countermeasures against 
GI toxicity. Supported by NIH U54AR055073, ES020721 and ES005022.

 3303 Long-Term Effects of Sulfur Mustard following Whole-Body 
Exposure of Rats

S. Dachir, M. Cohen, S. Baraness, H. Gutman, V. Horwitz, and T. Kadar. Israel Institute for 
Biological Research, Ness Ziona, Israel.

Exposure to sulfur mustard (SM) may be devastating causing severe multi-organ 
injuries that take very long time to heal and often result in long-lasting pathologies. 
SM was used in many conflicts around the world including recently in Syria. The 
high incidence of late morbidities that was documented in SM victims aroused the 
need for studying SM-induced long-term effects. The current study aimed to assess 
the multi-organ late pathologies induced by whole body exposure to SM vapor in 
order to identify potential treatment strategies. Groups of rats were exposed to 
SM vapor in a whole-body exposure system. Air containing SM flowed through the 
chamber in a constant current and the concentration was continuously monitored 
using FTIR. Clinical evaluation including body weight and clinical severity score, 
blood counts, monitoring of respiratory function and histological evaluation were 
performed during six months following exposure. All rats developed typical SM 
acute intoxication symptoms such as excessive rhinorrhea, ocular inflammation, 
ronchi and wheezing, breathing difficulties and weight loss. There was a 50% 
reduction in spleen weight within one week of exposure and a significant transient 
decrease in the number of lymphocytes in the blood indicating possible involve-
ment of the immune system. Following the peak of the acute injury, there was a 
gradual healing process and within 4-5 weeks rats returned to baseline weight and 
most of the visible clinical signs were resolved. Yet, the exposed rats exhibited 
reduced body weight and reduced breath rate compared to the control rats up to 
six months as well as long-lasting corneal and pulmonary damage. The long-term 
pathologies following whole body exposure, that were demonstrated, for the first 
time in an animal model, will be the targets for future research aiming at identifying 
potential treatments to prevent or ameliorate these pathologies.

 3304 Role of the Farnesoid X Receptor (FXR) in Regulating 
Macrophage Cholesterol Homeostasis following Pulmonary 
Exposure of Rats to Nitrogen Mustard Injury

J. A. Meshanni, R. Sun, K. Vayas, G. Guo, A. J. Gow, J. D. Laskin, and D. L. Laskin. 
Rutgers, The State University of New Jersey, Piscataway, NJ.

Nitrogen mustard (NM; bis(2-chloroethyl)methylamine) is a cytotoxic vesicant 
known to cause pulmonary injury that can progress to fibrosis. This is associated 
with an accumulation of inflammatory macrophages in the lung, which have been 
implicated in NM toxicity. Farnesoid X Receptor (FXR) is a nuclear receptor import-
ant in bile acid and lipid homeostasis. It has been identified as a major regulator of 
cholesterol metabolism, which plays a central role in the development of profibrotic 
foamy macrophages. In these studies, we assessed cholesterol homeostasis in 
macrophages following NM exposure and the role of FXR in regulating this activity. 
Male Wistar rats were exposed to phosphate buffered saline (CTL) or NM (0.125 
mg/kg) via i.t. Pencentury Microsrprayer™ aerosolization. This was followed by oral 
administration of the FXR agonist, obeticholic acid (OCA) or vehicle control (peanut 
butter, 0.13 -0.18 g), 1x/day, 5 days/week beginning 2 hr after exposure. Lung tissue, 
bronchoalveolar lavage (BAL), and alveolar macrophages (AMs) were collected 28 
days later. Following NM exposure, enlarged vacuolated macrophages were evident 
in the lung in areas adjacent to fibrotic lesions; this was associated with increases in 
isolated lung macrophages staining positively for Oil Red O, indicative of profibrotic 
foamy macrophage formation and dyslipidemia. To explore mechanisms underly-
ing this response, we assessed macrophage mRNA expression of the lipid uptake 
receptor CD36 and the cholesterol synthesis protein SREBP-2; NM upregulated 
gene expression for both of these proteins. NM also caused an increase in total and 
free intracellular cholesterol in lung macrophages, and an increase in cholesterol 
efflux. Treatment of rats with OCA mitigated the effects of NM on macrophage 
foam cell formation; this was associated with decreases in CD36 and SREBP-2 
and normalization of cholesterol levels and cholesterol efflux. This was linked 
to reduced fibrosis in the lung. These findings demonstrate that FXR plays a role 
in preventing profibrotic foam cell formation following NM exposure by limiting 

cholesterol accumulation in lung macrophages. These data suggest that targeting 
FXR for activation may represent an effective therapeutic approach for prevent-
ing the development of pulmonary fibrosis after exposure to mustard vesicants. 
Supported by NIH grants AR055073, ES005022, and T32ES007148.

 3305 Nitrogen Mustard Impairs Bioenergetics and Airway Function in 
Precision-Cut Lung Slices

A. Bellomo, J. Herbert, M. J. Kudlak, A. J. Gow, J. D. Laskin, and D. L. Laskin. Rutgers, 
The State University of New Jersey, Piscataway, NJ.

Nitrogen mustard (NM, mechlorethamine hydrochloride) is a cytotoxic alkylating 
agent that causes acute lung injury which progresses to chronic disease. Injury is 
characterized by DNA damage, oxidative stress, and inflammation. Previous studies 
have demonstrated that inflammatory macrophages contribute to NM-induced lung 
injury, however, little is known about the role of resident lung cells in initiating the 
pathogenic process. In the present studies, we used precision cut lung slices (PCLS) 
to investigate functional and metabolic responses in resident pulmonary cells after 
exposure to NM. PCLS are viable slices of lung tissue, which preserve lung architec-
ture, maintain function, and can be directly exposed to toxicants. To prepare PCLS, 
C57BL/6 mice were euthanized and intratracheally instilled with low-melting point 
agarose. Lungs were isolated and lobes cut into 300 μm slices using a tissue slicer. 
One day later, PCLS were exposed to NM (50 μM) or CTL (culture medium) for 1 
h. Airway contractility and cellular bioenergetics were measured 1 d later. Airway 
contractility was assessed in cross-sectional airways incubated with increasing 
doses of the bronchoconstrictor, methacholine (MCh), by video-microscopy. NM 
blunted MCh-induced airway contraction by 18 + 2.6% and 25 + 3.1% at the higher 
doses of MCh (10-5 and 10-3 M, respectively). We next utilized an Agilent SeahorseR 
to investigate the effects of NM on glycolytic function (extracellular acidification 
rate; ECAR) following sequential treatment of PCLS with glucose, oligomycin and 
2-deoxyglucose and mitochondrial respiration (oxygen consumption rate; OCR) 
after treatment with oligomycin, FCCP and rotenone/antimycin A. Both glycolytic 
function and mitochondrial respiration were suppressed following NM exposure. 
Thus, basal glycolytic activity and maximal glycolytic activity were reduced, along 
with basal respiration and maximal respiration. These results demonstrate impaired 
pulmonary function and bioenergetics in resident lung cells after NM exposure. 
This may contribute to inflammatory cell accumulation in the lung and the develop-
ment of long-term pathology. Supported by NIH Grants AR055073 and ES005022.

 3306 Precision-Cut Lung Slices in Acetylcholinesterase Reactivator 
Research: Comparison of Colorimetrically Determined AChE 
Activity and Airway Responsiveness

F. Gölitz1,2, F. Worek1, and T. Wille1. 1Bundeswehr Institute of Pharmacology and 
Toxicology, Munich, Germany; and 2Walther Straub Institute of Pharmacology and 
Toxicology, Munich, Germany.

The recent use of organophosphorus nerve agents (OPNA) highlights the need for 
effective countermeasures. OPNA exposure renders acetylcholinesterase (AChE) 
inactive, resulting in an accumulation of acetylcholine (ACh). The subsequent 
cholinergic crisis results in bronchoconstriction due to overstimulation of 
muscarinic receptors. Precision cut lung slices (PCLS) are a suitable test system to 
investigate airway responsiveness and AChE activity after OPNA exposure ex vivo. 
Furthermore, PCLS help to reduce the numbers of animal experiments and promote 
the 3R concept. The current study investigated AChE activities in OPNA-exposed 
and reactivator-treated PCLS and correlates the AChE activity to the respective 
airway responsiveness. PCLS were prepared from lungs of male Wistar rats. After 
five washing steps, PCLS were stored in an incubator overnight and used the 
next day. AChE activity in intact PCLS was determined by a modified colorimet-
ric Ellman assay. For this purpose, four PCLS were pinned together in the middle 
of a well and were then exposed to cyclosarin (GF), sarin (GB), or VX (all 1 µM) 
for 10 minutes. To ensure a poison-free environment a phosphotriesterase was 
added after OPNA exposure. As reactivators HI-6, obidoxime (OBI) (both 30 µM), 
or NOX-6 (100 µM), an experimental non-oxime reactivator, were studied. Ellman 
reagent and acetylthiocholine (ATCh) were added to analyze AChE reactivation 
for 30 minutes at 37°C. The inhibition and reactivation rates were calculated and 
related to the AChE base activity. Airway area changes were observed by video 
microscopy with an inverted microscope every 5 minutes in an experimental setup 
comparable to the AChE activity measurements. The initial airway area (IAA) was 
set as 100%, then compared to the airway area (AA) after exposure to OPNA and 
treatment. Despite low activity of AChE in PCLS, AChE activity could successfully 
be determined for the first time, by pooling four intact PCLS. Exposure of PCLS to 
GB, VX, or GF caused an almost complete inhibition of the AChE activity (≤ 12±2%) 
and a very similar massive decrease of the airway areas (≤ 13±4%). The AChE 
reactivation after GB exposure was highest with OBI (83±6%) and HI-6 (64±1%). 
For VX-inhibited AChE an experimental non-oxime reactivator (NOX-6) was investi-
gated as well, due to previous promising human in vitro data (de Koning et al. DOI: 
10.1016/j.ejmech.2018.08.016). Reactivation data were as follows: OBI 71±3% > 
NOX-6 53±4% ≥ HI-6 51±1 suggesting that NOX-6 reactivation data was compara-
ble to the reactivation of VX-inhibited AChE by HI-6. AChE activity was lowest for 
GF-inhibited AChE reactivated with OBI (13±3%) and only slightly higher with HI-6 
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(15±3%) suggesting virtually no or only very low reactivation. Airway area changes 
were observed for selected conditions as well. Airway area of GB-exposed PCLS 
increased to 74±6% of the IAA after OBI treatment whereas no increase of AA was 
observed for OBI after GF exposure (11±3% of IAA). A comparison of the slopes of 
the AChE activity and the AA response after nerve agent exposure and reactivation 
revealed a high level of comparability. The rat PCLS AChE reactivation data are 
in line with published data of rat red blood cell AChE (Worek et al. DOI:10.1007/
s00204-002-0375-1). The results of the airway responsiveness observation support 
the AChE activity data in intact PCLS as well. So far, bronchoconstriction after OPNA 
poisoning has been mainly treated with muscarinic receptor antagonists. However, 
the current study proves a successful reactivation of inhibited AChE in PCLS and 
thus a potential role for reactivators of inhibited AChE to relieve life-threatening 
airway constriction.

 3307 Role of Surfactant Protein D in Chlorine-Induced Lung Injury 
and Inflammation

R. Malaviya, R. C. Rancourt, E. Abramova, K. Vayas, A. J. Gow, J. D. Laskin, and 
D. L. Laskin. Rutgers, The State University of New Jersey, Piscataway, NJ.

Chlorine (Cl2) gas is a cytotoxic pulmonary irritant that causes acute damage to 
the lung. Surfactant protein D (SP-D) is a pulmonary collectin, that functions to 
dampen macrophage inflammatory responses to lung injury. In these studies, we 
investigated the role of SP-D in Cl2-induced lung injury and inflammation. Male 
WT and SP-D knockout (SP-D-/-) mice were exposed to air or Cl2 (300 ppm, 40 
min) in a whole-body exposure chamber. Bronchoalveolar lavage (BAL), alveolar 
macrophages, and lung tissue were collected 24 h later and analyzed for markers 
of injury, oxidative stress and inflammation. Exposure of WT mice to Cl2 resulted in 
upregulation of heme oxygenase (HO)-1 and catalase, markers of oxidative stress. 
This was associated with lung inflammation as evidenced by increases in numbers 
of BAL cells and levels of fibrinogen, soluble receptor for glycation end product 
(sRAGE) and matrix metalloproteinase (MMP)-9 in BAL. Lung macrophage mRNA 
expression of IL-1β and the neutrophilic chemokine CCL3 were also increased, 
along with numbers of macrophages expressing cyclooxygenase (COX)-2. Whereas 
loss of SP-D had no effect on Cl2-induced oxidative stress, BAL cells and levels 
of fibrinogen, sRAGE, and MMP-9, along with CD11b+ inflammatory cells in lung 
tissue, increased. BAL levels of IgM, a marker of alveolar epithelial barrier dysfunc-
tion also increased after exposure of SP-D-/- mice to Cl2. Conversely, IL-1β and 
CCL3 mRNA expression decreased. These changes were linked to a significant 
reduction in arginase positive anti-inflammatory macrophages in the lung. These 
data demonstrate that SP-D plays a central role in regulating Cl2-induced lung 
inflammation and injury. Mechanistic understanding of the pulmonary toxicity of 
Cl2 will be important in identifying efficacious approaches for mitigating morbid-
ity and mortality of this highly toxic gas. Supported by NIH Grants U54AR055073 
and P30ES005022.

 3308 Profiling Metabolomic Changes in the Lung and Serum following 
Acute Hydrogen Sulfide Poisoning in Mice

D. Kim, C. M. Santana, C. R. Brydges, O. Fiehn, and W. K. Rumbeiha. University of 
California Davis, Davis, CA.

Hydrogen sulfide (H2S) is a potent toxic gas, and humans are typically exposed by 
inhalation. It is a mitochondrial toxin known to inhibit cytochrome c oxidase. The 
lungs, heart, and brain are its primary target organs. In the lungs acute H2S exposure 
induces pulmonary edema and acute respiratory distress though the underlying 
mechanisms are not well known. We hypothesized that H2S causes lung injury by 
altering lung metabolism and that this alteration will be reflected in changes in lung 
and serum metabolome. To test this hypothesis, C57BL/6 mice were exposed once 
to 1000 ppm of H2S or breathing air (BA) for 50 min (LCt50) and were sacrificed for 
a comprehensive untargeted metabolic profiling at 5 min, 24 h, 72 h, and 28-day 
post H2S exposure using GC-QTOF, HILIC-MS/MS, and CSH-MS/MS. Pathway 
analysis of H2S-altered metabolites was performed using MetaboAnalyst and KEGG 
platforms. Results indicated that acute H2S poisoning altered lung metabolism, 
which were time specific. Of the 226 identifiable metabolites, 80 and 87 were signifi-
cantly altered in lungs and serum, respectively, compared to the BA control group. 
Time-specific alterations in purine metabolism, pyrimidine metabolism, glycolysis, 
TCA cycle, pentose phosphate pathway, amino acid biosynthesis, and fatty acid 
metabolism were observed. At 5 min H2S significantly impacted the metabolisms of 
energy production such as TCA cycle and glycolysis, and amino acid metabolism in 
lungs. Glucose and malic acid were increased by 6- and 2-fold in lungs, respectively. 
Citric, isocitric, fumaric, and malic acids were also significantly elevated in lungs. 
Metabolisms of galactose, fatty acyl biosynthesis metabolisms, and TCA cycle 
were impacted in serum at 5 min post H2S exposure. Raffinose and oleic acids 
were increased by 7- and 2-fold, respectively, in serum while fumaric and malic 
acids were significantly decreased in serum at 5 min post H2S exposure. At 24 h the 
most notable changes were significant increases in purine and pyrimidine metabo-
lites in lungs and in amino acid biosynthesis in serum. Uridine and inosine were 
increased 4- and 5-fold in lungs, respectively. Ribulose-5-phosphate and ribose-
5-phosphate were significantly increased in serum. At 72 h there were 10-17-fold 
increases in guanosine and inosine, respectively, in lungs suggesting impact on 

purine and pyrimidine metabolism. Even 28 days post exposure we still observed a 
2-fold increase in metabolites from pentose phosphate pathway, sucrose, and fatty 
acid metabolism in lungs. Sedoheptulose 7-phosphate, palmitate, and trehalose 
were significantly elevated in lungs on day 28. However, changes in serum metabo-
lome did not consistently mirror those in lungs. This novel study shows that a 
single exposure to H2S causes significant changes in lung metabolism and this may 
contribute to H2S-induced lung injury.

 3309 Chlorine-Induced Airway Epithelial Sloughing: Role of 
Tissue Factor

S. Shakil1, I. Zafar1, M. El-Husari1, M. Alsabahi1, D. Aishah1, N. Mackman2, A. Ahmad1, 
and S. Ahmad1. 1University of Alabama at Birmingham, Birmingham, AL; and 2University 
of North Carolina at Chapel Hill, Chapel Hill, NC.

Inhalation of chlorine at high concentrations damages the airway and alveolar 
epithelium and causes pulmonary edema. Defective and impaired resolution of the 
injured epithelium causes pathogenic airway remodeling and dysfunction. Airway 
dysfunction due to impaired repair is a major cause of increased morbidity and 
mortality. Tissue factor expressing Basal cells (BCs) are the primary reparative 
cells of the airway epithelium. Whole-body chlorine gas exposure (400 ppm 30 
min) in unanesthetized adult C57BL/6J mice caused extensive airway injury and 
epithelial sloughing. Chlorine exposure caused basal cell shedding in the airway 
lumen and decreased airway basal cell TF expression. TF expression and activity 
were increased in the BALF after chlorine exposure, further suggesting loss from 
the trachea. To understand the role of TF we utilized low-TF expressing mice. Low 
TF-expressing mice had fragile airway epithelium with increased basal cells in the 
BALF. Respiratory mechanics analysis of low TF expressing mice demonstrated 
altered PV loops and increased overall resistance. Low TF-expressing mice were 
found to be susceptible to chlorine-induced airway injury and mortality. These 
mice had increased systemic hemorrhage after chlorine inhalation, and rotational 
thromboelastometry (ROTEM, FIBTEM) measurements revealed significant 
coagulopathy after chlorine exposure. Recombinant TF (rTF) supplementation in 
the lungs improved BALF return and reduced loss of BCs from the airways. The 
rTF-treated mice had reduced airway obstruction and improved tissue oxygenation 
after chlorine inhalation as observed by pulse oximetry. Therefore, TF expression in 
BCs is required to maintain airway epithelial integrity and survivability after inhala-
tion of toxic halogen gases.

 3310 Model Development of HD-Induced Lung Toxidrome in 
Swine Model

H. Mayfield1, P. Anantharam1, A. Hunziger1, K. Forsee1, E. Peters1, T. O’Neill1, 
T. Hendry-Hofer2, V. Berbarta2, and B. J. Day3. 1MRIGlobal, Kansas City, MO; 2University 
of Colorado Anschutz Medical Campus, Aurora, CO; and 3National Jewish Hospital, 
Denver, CO.

Sulfur Mustard (HD) is a vesicating chemical agent created during World War I that 
is still stored by many countries for use in chemical warfare. Inhalation of HD at 
high concentrations causes devastating pulmonary injury leading to the formation 
of airway obstructing fibrin casts, often leading to respiratory failure and death. 
No reliable therapeutic currently exists to treat the effects of HD injury. In an effort 
to close this gap, MRIGlobal has developed an intratracheal HD vapor exposure 
model in Yorkshire Pigs. Because of the similar size and physiology of their lungs 
to humans, swine have been increasingly used as a model for studying human 
respiratory disease, including the effects caused by HD inhalation. The goal of this 
study was to identify the HD dose that caused extensive lung injury in Yorkshire 
pigs and produced 70%-100% lethality over 48h. This was accomplished by using 
an up-down dose range finding study. In order to cause extensive lung injury, the 
dose needed to cause fibrin cast formation and severe clinical respiratory signs. 
Following exposure to HD, animals were monitored continuously for clinical signs 
and vitals, and once terminated, bronchoalveolar lavage fluid was collected from 
the right middle lobe to measure protein in the fluid which is indicative of damage. 
Following lavage, the rest of the lungs were fixed and dissected to identify cast 
formation. This effort resulted in a model for HD vapor exposure in Yorkshire pigs 
that reproducibly causes exposed animals to succumb to an HD challenge of 60 
µg/kg within 24 hours. Development of this model is essential to the success of 
future studies aimed at testing the efficacy of medical countermeasures against 
HD-induced pulmonary toxicity.

 3311 Characterization of Pathogenic Exosome-Like Extracellular 
Vesicles from Sulfur Mustard Analog–Exposed Rats

I. Zafar, X. Zhang, C. Wei, N. Mariappan, J. A. Mobley, S. Ahmad, and A. Ahmad. 
University of Alabama at Birmingham, Birmingham, AL.

Sulfur mustard (SM) is a potential warfare agent which has been used in the past. 
Inhalation of SM causes acute lung injury and systemic injury leading to mortality 
and morbidity. Mechanisms by which this injury progress is still not very clear. 
Previously, we demonstrated that inhaled exposure of rats to 2 chloroethyl ethyl 
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sulfide (CEES), an analog of SM, caused the release of extracellular nucleic acids in 
the blood and airway lumen, leading to increased inflammation, barrier dysfunction, 
and hypercoagulation. Growing evidence suggests that several such factors and 
damage-associated molecular patterns are carried as cargo in exosomes a type 
of extracellular vesicles (EV). The significance of EVs lies in their ability to transfer 
such key mediators or cargo (e.g., DNA, proteins, lipids, mRNAs, and miRNAs) 
to other cells, thereby influencing recipient cell function. The present study was 
undertaken to characterize the proteomic content of exosomes during the progres-
sion of disease following CEES exposure. Rats were exposed to CEES (10% in 
ethanol) or ethanol alone via nose-only aerosol inhalation. Animals were sacrificed 
after 10 h, and 24 h, and blood was collected. EVs were isolated from platelet-poor 
plasma (PPP) using size exclusion chromatography and analyzed using NanoSight, 
cryo-electron microscopy to confirm identity. The EVs were further verified by 
exosome markers: CD63 and TSG101 by western blots. There was a significant 
increase in EVs in the CEES-exposed animals compared to the control group. This 
increase persisted at a later time of the injury. EVs from PPP of CEES-exposed 
animals, when added to airway epithelial cells, increased mRNA levels of IL-1A, IL-6, 
CCL-2, CXCL-1, and TNF-a in a dose-dependent manner. EVs from CEES-exposed 
animals also increased inflammatory cytokines in endothelial and alveolar epithelial 
cells. Proteomic profiling of exosomes was also carried out using mass spectrom-
etry and analyzed using Qlucore and Ingenuity pathway analysis (Qiagen). These 
results indicate that EVs derived from CEES-exposed animals are pathogenic and 
that targeting them could potentially limit injury.

 3312 Lung Toxicity from Vesicating and Nettle Agent Phosgene 
Oxime in Rodents

M. G. Godziela1, E. Okoyeocha1, S. K. Singh1, D. G. Goswami1, S. Sharma1, O. Madadgar1, 
R. Lewandowski1, C. R. Croutch2, J. M. Brown3, J. G. Wagner1, J. Harkema1, and 
N. Tewari-Singh1. 1Michigan State University, East Lansing, MI; 2MRIGlobal, Kansas City, 
MO; and 3University of Colorado Denver, Aurora, CO.

Phosgene Oxime (CX; dichloroformoxime), an urticant categorized with vesicating 
agents, is of special interest as a chemical threat agent due to its high penetrative 
property through clothing and immediate toxic effects. CX exposure affects the 
eyes, skin, and lungs causing immediate irritation, injury, and systemic toxic effects. 
Previous studies have shown that CX exposure causes instant upper respiratory 
irritation and sinus pain at low doses. Higher doses of CX exposure could result 
in pulmonary edema, dyspnea, fibrosis, necrotizing bronchiolitis, thrombosis of 
pulmonary venules, and mortality. However, the molecular mechanisms of CX 
toxicity are understudied hampering the development of targeted treatments. In 
order to understand the mechanism of injury of CX-induced lung toxicity, we have 
studied two injury models: dermal CX exposures to SKH-1 hairless mice (10 uL 
CX exposure at 0.5 or 1.0 min timepoints using two 12 mm vapor caps on the 
dorsal skin at MRIGlobal), and direct inhalation of CX aerosol exposures to Male 
Sprague Dawley rats (1.0 or 2.5mg/min/m3 CX exposure at 10-30 min timepoints 
at MRIGlobal). SKH-1 mice were euthanized at different time intervals after CX 
exposure and lung tissue was harvested and fixed for histopathological analysis. 
Male Sprague Dawley rats were euthanized at different time intervals after CX 
exposure and bronchoalveolar lavage (BAL) fluid was aspirated for collection. We 
have shown that dermal CX exposure in SKH-1 mice causes acute skin lesions 
and reduction in physiological parameters such as breath rate, heart rate, body 
temperature. Mortality occurred at higher exposure duration. We have also shown 
that dermal CX exposure causes aggregation of RBCs in alveolar capillaries of 
the lungs. Histopathological analyses of the mouse lung tissue showed acute 
hemorrhage and tissue loss that appeared to progress over time after CX exposure. 
Extensive coagulation and loss of parenchyma was observed in lung tissues from 
mice at 8h post 1.0 min CX exposure. CX induced inflammation in lungs was further 
confirmed by increased mRNA expression of proinflammatory cytokines TNF-α, 
IL-6, and IL-1β. In the rat model, differential counting of the BAL fluid using Giemsa 
staining showed hemorrhaging and increased levels of neutrophils, indicating 
inflammation. qPCR analysis on BAL fluid showed increased mRNA expression of 
IL-1β upon exposure to 2.5g/min/m3 CX compared to control. Histopathological 
analysis of rat lung tissue showed that CX induced necrotizing bronchiolitis with 
intramural edema and hemorrhaging in submucosa. A marked exfoliation of airway 
epithelial cells and mixed inflammatory cell infiltration was also observed upon 
exposure to 2.5g/min/m3 CX. Toluidine blue staining showed an increased degran-
ulation of mast cells in the lung tissue after CX exposure. Apoptotic cell death 
was evident by TUNEL staining was observed upon CX inhalation exposure in the 
lung tissue. Together these results indicate a role of inflammation, inflammatory 
cytokines, and mast cells in CX-induced lung toxicity. 

 3313 Adaptive T Cell Responses in Constrictive Bronchiolitis 
Mediated by a Single Vesicant Exposure

R. Surolia, F. Li, K. Dsouza, H. Zeng, P. Singh, M. Gonzalez, H. Kim, A. Ahmed, M. Athar, 
and V. Antony. University of Alabama at Birmingham, Birmingham, AL.

Background and Aim: Arsenicals are a class of ‘war-threat’ agents known as 
vesicants. Stockpiles of weaponized arsenicals-based vesicants developed for 
World War II still exist. Exposure to these vesicants may occur accidently or by 

deliberate release. The exposure to the skin causes severe local blistering and 
inflammation in distal organs, such as the lung, causing injury and respiratory 
failure. There are few reports of deleterious systemic effects after exposure and 
progress to multi-organ failure and death. However, there are no animal models 
to study these possible effects. This study aimed to develop and characterize 
an animal model to study pulmonary injury after single cutaneous exposure. We 
used Lewisite to study delayed lung injury in mice. Methods: The delayed effect 
of single cutaneous exposure to various arsenicals on lungs was studied at 20 
weeks post-exposure. For the study of chronic lung injury induced by vesicant injury 
by lewisite resulted in airway constriction. Respiratory system mechanics follow-
ing increasing methacholine challenge in arsenical exposed mice were performed 
using FlexiVent, with signatures of activated adaptive T-cell response. Results: 
Cutaneous lewisite burn causes delayed effects by adaptive T-cell activation in the 
lung and the development of constrictive bronchiolitis.

 3314 Phosphorylation and Subcellular Location of NMDA and GABA 
Receptor Subunits following Sarin Surrogate Exposure and 
Novel Oxime Therapy

C. Price, and J. Chambers. Mississippi State University, Mississippi State, MS.

Nerve agents are proposed to induced seizures that are initially governed by 
hyperstimulation of the cholinergic system followed by hyperstimulation of 
the glutamatergic system, which is the main excitatory system in the brain. 
Hyperstimulation of the glutamatergic system, solely attributed to N-methyl-D 
aspartate (NMDA) receptors, leads to excitotoxicity. Excitotoxicity has been shown 
to be the cause of long-term cognition and behavioral impairments seen in the 
surviving victims of the sarin Tokyo subway attack. In addition, there is evidence of 
reduced or inactive γ-aminobutyric acid (GABA) receptor activity following cholin-
ergic-induced status epilepticus. This imbalance between excitatory and inhibitory 
systems allows for OP-induced seizures to become self-sustaining and non-respon-
sive to therapeutics. Because phosphorylation is a known regulatory mechanism 
of signal transduction, cell surface membrane expression and neurotransmission 
processes, we investigated the phosphorylation and subcellular location of import-
ant NMDA and GABA receptor subunits in critical brain regions of seizure initiation 
(piriform cortex and hippocampus) using an atropinized rat model. In this study, 
rats were challenged with a sarin surrogate nitrophenyl isopropyl methylphospho-
nate (NIMP, 0.325 mg/kg, s.c.) and patented novel oxime therapy (146 μmol/kg, 
i.m.) (US Patent 9,227,937) and then euthanized 3 hours post-NIMP challenge. 
Results using western blot techniques suggested that NIMP increased phosphor-
ylation of NMDA receptor subunit NR1 but decreased GABA (A) receptor β (2+3) 
subunit in membrane fractions. Rats challenged with NIMP and given novel oxime 
therapy resulted in opposite effects when compared to NIMP only challenged rats. 
This suggested both NIMP and novel oxime therapy could be modulating phosphor-
ylation. In addition to our novel oximes ability to enter the brain, reducing time to 
cessation of seizure like-activities, and attenuating OP-induced neuropathology, 
influencing phosphorylation of excitatory and inhibitory receptor subunits could 
be an additional neuroprotective mechanism. Supported by NIH U01NS107127 
and U01NS123255.

 3315 A Comparison of Pharmacokinetic Parameters between the 
FDA-Approved Treatment for Organophosphate Exposure, 
2-PAM, and a Novel Substituted Phenoxyalkyl Pyridinium Oxime

T. C. Burke, E. C. Meek, V. C. Langston, and J. E. Chambers. Mississippi State University, 
Starkville, MS.

Organophosphates are highly toxic acetylcholinesterase inhibitors that have the 
ability to be engineered as dangerous agents posing a global threat to our liveli-
hood and well-being. The current approved treatment after exposure to these 
agents is the acetylcholinesterase reactivator, pralidoxime iodide (2-PAM), and the 
muscarinic receptor antagonist, atropine; however, 2-PAM does not restore brain 
function as it is minimally able to cross the blood brain barrier (<10%). Our labora-
tory has developed, and patented, novel substituted phenoxyalkyl pyridinium oximes 
(US patent 9,277,937) that have displayed improved efficacy for survival of lethal 
doses of organophosphate exposure in laboratory rats in vivo and reactivation of 
inhibited acetylcholinesterase across the blood brain barrier. The lower efficacy of 
2-PAM may be associated with its pharmacokinetic properties and rapid clearance 
as compared to our novel oximes. The established half-life and Tmax of 2-PAM are 
approximately 2.9 hours and 0.63 hours, respectively, in humans, and approxi-
mately 0.7 hours and 0.27 hours, respectively, in rats (as indicated in the literature). 
Our lead novel oxime (Oxime 20) has displayed a half-life and Tmax of approximately 
10 hours and 0.08 hours, respectively, in rats using our new delivery vehicle (90% 
water/10% benzyl alcohol). Furthermore, our laboratory has begun pharmacokinetic 
studies of Oxime 20 in Gottingen minipigs and thus far have displayed a half-life 
and Tmax of approximately 6 hours and 0.08 hours, respectively. The faster Tmax 
and longer half-life of our lead oxime may contribute to its survival efficacy in vivo 
in laboratory rats both by itself or in combination with 2-PAM. Therefore, our lead 
novel oxime has promise as a new and potentially improved treatment regimen 
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for organophosphate exposure and recovery. Acknowledgements: This research 
is supported by National Institute of Health (NIH) CounterACT U01 NS107127 and 
U01 NS123255.

 3316 The Toxicity of Organophosphorus Compounds Can Be Reduced 
by Cholinesterase Activity

Z. Kovarik, D. Kolić, T. Čadež, and N. Maček Hrvat. Institute for Medical Research and 
Occupational Health, Zagreb, Croatia. Sponsor: B. Bilack.

The main action mechanism of organophosphorus compounds (OP) is the inhibition 
of acetylcholinesterase (AChE) that causes the accumulation of the neurotransmit-
ter acetylcholine and excessive stimulation of nicotinic and muscarinic receptors 
in the central and peripheral nervous system, leading to the paralysis of cholinergic 
synaptic transmission. Although BChE is generally considered as having no natural 
physiological function, the most likely function for BChE is as backup for AChE and 
protection of synaptic AChE from man-made and naturally occurring poisons. Both 
enzymes should be reactivated by strong nucleophiles such as oximes to avoid 
severe health effects after exposure to OP. However, inhibition and reactivation of 
both enzymes are fine-tuning chemical processes that depend on the structure of 
all reactants. Therefore, we evaluated the inhibition of cholinesterase activity with 
selected OP-herbicides, insecticides and newly scheduled nerve agents as well 
as reactivation of OP-inhibited AChE and BChE with click chemistry-synthetized 
oximes. Although several oximes showed reasonable potency in reactivating AChE 
and BChE conjugated with methylphosphonates, phosphorates and phosphora-
midates, a universally superior antidote was not identified. However, our results 
showed that toxicity of various OP can be reduced by efficient reactivation of 
phosphylated AChE and BChE. Our findings also offer a valuable and comprehensive 
platform for further development of antidotes and scavengers against tabun and 
related phosphoramidate exposures, such as the Novichok series of compounds. 
This research was supported by the Croatian Science Foundation (IP-2018-01-7683).

 3317 Learning and Memory Function Preserved by Delayed 
Adenosine A1 Agonist Treatment following Organophosphorus 
Agent Intoxication in Rodents as Displayed by Improved 
Performance of an Active Avoidance Shuttle Box Assay

J. A. Harkins, J. Langston, Z. Keith, C. Munoz, C. Acon-Chen, and T. A. Shih. United 
States Army Medical Research Institute of Chemical Defense, Aberdeen Proving  
Ground, MD. Sponsor: J. McDonough.

Organophosphorus agents (OPs) inhibit acetylcholinesterase (AChE), the enzyme 
responsible for hydrolyzing acetylcholine (ACh) in the nervous system. The 
ensuing buildup of ACh at cholinergic synapses and neuromuscular junctions 
causes widespread toxic effects, sustained status epilepticus (SSE), neuropathol-
ogy, and death. Previous research has shown the adenosine A1 receptor (A1AR) 
agonist N-bicyclo-(2.2.1)hept-2-yl-5’-chloro-5’-deoxyadenosine (ENBA), when given 
1 min after OP exposure, provides neuroprotection and prevents behavioral impair-
ments. Here, we tested the ability of ENBA at delayed treatment times to prevent 
behavioral impairments via an active avoidance shuttle box task (AASB) in two 
animal models. The first, a Sprague-Dawley rat model, consisted of saline and OP 
exposure conditions, each receiving standard medical countermeasures (MCM: 
atropine [A], 2-PAM [P], and midazolam [Mdz]) or ENBA+MCM at either 15 or 30 
min after SSE seizure onset, and were subjected to AASB to measure an array 
of dependent measures in response to aversive stimuli at 1, 2, 3, 7, and 14 days 
post-exposure with either a 2-day or a 14-day endpoint. The second, a humanized 
KIKO mouse model, consisted of 4 saline- and 4 OP-exposed groups receiving 
either atropine+2-PAM (AP), AP+Mdz, AP+ENBA, or AP+Mdz+ENBA, all at 15 min 
post SSE onset. The KIKO mouse is a genetically modified strain with serum carbox-
ylesterase knockout and human AChE gene knockin. They were given the same 
AASB at 7-and 14-days post-exposure with a 14-day endpoint. Results showed 
that in rats the OP/ENBA+MCM group did not differ from the OP/MCM group in 
its ability to protect cognitive functioning initially. However, the OP/ENBA+MCM 
group had a faster rate of recovery compared to OP/MCM in terms of average 
response latency, number of avoids, and number of response failures at the 14-day 
endpoint. In KIKO mice, in comparison with OP/MCM group, the OP/ENBA+MCM 
showed significant decreases in escape latency times (2.83 vs. 0.92 sec, respec-
tively) and average response latency times (9.26 vs. 5.38 sec, respectively) as well 
as significant increases in average number of avoidances (1.63 vs. 11.11, respec-
tively) on day 7. The OP/ENBA+MCM group also showed a decrease in pre-session 
crossings on day 14 vs. day 7. This result is consistent with saline control groups. In 
contrast, the OP/MCM group showed an increase in pre-session crossings on day 
14 vs. day 7. This indicated that the OP/ENBA+MCM retained their memories of the 
shuttle box environment while the OP/MCM group did not. In both animal species, 
only ENBA-treated groups showed significant improvement in inter-trial interval 
crossing at 14 days post-exposure, a metric for measuring true learning capability 
vs. movement generated by hyperactivity. Our findings suggest that ENBA, as an 
adjunct to MCMs, is capable of improving behavioral and cognitive outcomes when 
given at delayed time points after OP exposure, making it a promising candidate 
therapy for protecting cognitive ability in both immediate and delayed applications.

 3318 Organophosphorus Nerve Agent-Induced Seizure and 
Neuropathology in the Göttingen Minipig Treated with 
Medical Countermeasures

C. R. Schultz1, M. F. Stone1, D. A. Nguyen1, M. Horsmon2, N. Vincelli2, Z. N. Keith1, 
M. de Araujo Furtado3, K. A. Whitten1, F. Du4, and L. A. Lumley1. 1US Army Medical 
Research Institute of Chemical Defense, Aberdeen Proving Ground, MD; 2CCDC Chemical 
Biological Center, Aberdeen Proving Ground, MD; 3BioSEaD LLC, Rockville, MD; and 4FD 
Neurotechnologies Inc., Columbia, MD. Sponsor: L. Wright.

Organophosphorus nerve agents (OPNA) produce neurotoxicity through the 
irreversible inhibition of acetylcholinesterase, leading to a cholinergic crisis. If 
OPNA exposure is untreated or if treatment is delayed, prolonged seizure and brain 
damage may develop. Animal models are necessary for pre-clinical OPNA toxicity 
exposure assessments to extrapolate human risk and predict medical counter-
measure (MCM) efficacy. The Göttingen minipig is an increasingly used model for 
toxicological studies because of shared anatomical and physiological character-
istics with humans. Our current objective was to determine whether the minipig 
is a useful large animal model to evaluate OPNA-induced toxicity and efficacy of 
MCM (atropine sulfate, 2-pyridoxomine (2-PAM) and diazepam). Minipigs were 
exposed IM to a seizure-inducing dose of an OPNA and treated IM with an admix 
of atropine sulfate and 2-PAM within a minute of exposure. Minipigs were observed 
for toxic signs onset and treated IM with diazepam 20 or 40 minutes after onset 
of behavioral seizure onset. A subset of animals had telemetry transmitters to 
record electroencephalographic (EEG) activity and to confirm seizure. Euthanasia, 
perfusion, and brain collection was performed 72 hours after exposure. Brains were 
processed with Fluoro-Jade B and silver stain to assess neurodegeneration, and 
with an antibody against ionized calcium binding adaptor molecule 1 for analysis 
of microglial activation. Treatment with MCM increased survival, and all animals 
survived to at least 24 h after OPNA exposure. However, treatment with MCM did 
not prevent OPNA-induced neurodegeneration and microglial activation in animals 
that had moderate to severe behavioral seizure. Telemetry assessments confirmed 
EEG seizure. These findings further demonstrated the need for improved MCM 
against OPNA-induced toxicity and suggest that the minipig is a useful large animal 
model for assessing efficacy of novel therapies as adjunct to standard MCM. 
Disclaimer: The experimental protocols were approved by the Institutional Animal 
Care and Use Committee at the United States Army Medical Research Institute of 
Chemical Defense (USAMRICD), and all procedures were conducted in accordance 
with the principles stated in the Guide for the Care and Use of Laboratory Animals, 
the Public Health Service Policy on Humane Care and Use of Laboratory Animals, and 
the Animal Welfare Act of 1966 (P.L. 89-544), as amended. The research described 
was supported by NINDS 1R21NS110556-01. The views expressed are solely those 
of the authors and do not necessarily represent the official views of the CCRP, NIAID, 
NIH, HHS, USAMRICD or DoD. This research was supported in part by an appointment 
of D-N and ZMK to the DoD Research Participation Program administered by the Oak 
Ridge Institute for Science and Education (ORISE) through an interagency agreement 
between the U.S. Department of Energy (DOE) and the DOD. ORISE is managed by Oak 
Ridge Associated Universities (ORAU) under DOE contract number DE-SC0014664.

 3319 Optimization of Delivery Vehicle of a Novel Substituted 
Phenoxyalkyl Pyridinium Oxime as a Therapy for 
Organophosphate Poisoning in Rats

E. C. Meek, and J. E. Chambers. Mississippi State University, Mississippi State, MS.

A series of novel phenoxyalkyl pyridinium oximes (US Patent 9,227,937) synthesized 
and tested in our laboratories have previously been shown to cross the blood-brain 
barrier, reactivate organophosphate (OP) inhibited brain cholinesterase in in vivo 
efficacy trials and enhance survival following lethal exposures to OPs (nerve agent 
surrogates and insecticide metabolites). A lead candidate, Oxime 20, was down-se-
lected based on pharmacokinetics (PK) and efficacy data (24-hour survival follow-
ing challenge with lethal levels of OPs). Solubility of Oxime 20 in our standard test 
vehicle, multisol (48.5% water, 40% propylene glycol, 10% ethanol, and 1.5% benzyl 
alcohol), was limited, thus requiring investigation of other vehicles. Following 
solubility testing of Oxime 20 in many combinations of excipients, a new vehicle 
was selected, 90% water and 10% benzyl alcohol. While the new vehicle showed 
improved solubility over multisol at a range of temperatures, it was necessary to 
demonstrate similar or improved PK and efficacy as was previously established in 
multisol vehicle. To evaluate efficacy (24 hour survival), male and female rats were 
administered (IM) the therapeutic dosage of Oxime 20 (146 µmol/kg, human 2-PAM 
molar equivalent dosage) in the new vehicle or 2-PAM in combination with Oxime 20 
in the new vehicle following challenge with a lethal dosage of 0.6 mg/kg nitrophenyl 
isopropyl methylphosphonate, (NIMP, a sarin surrogate) or 0.5 mg/kg nitrophe-
nyl ethyl methylphosphonate (NEMP, a VX surrogate) in multisol. Additionally, all 
rats received 0.65 mg/kg atropine in saline intramuscularly (IM). This challenge 
regimen is lethal to all atropinized rats within 24 hours. Oxime 20 and atropine 
were administered at the time of initiation of seizure-like behavior (25-30 min). 
Oxime 20 in the new vehicle yielded similar survival, 60-80%, to Oxime 20 alone in 
multisol against both NIMP or NEMP in both male and female rats. Combination of 
2-PAM and Oxime 20 in the new vehicle also yielded similar survival, 70-90%, as the 
combination in multisol against both NIMP or NEMP in both male and female rats. 
Additionally, serum chemistries or body weight following treatment with the new 
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vehicle alone or with Oxime 20 were not significantly altered at 7 days following 
treatment at the therapeutic dosage. These results suggest the new vehicle has 
improved potential as a delivery vehicle for novel oximes in the treatment of OP 
poisoning. Supported by NIH U01 NS107127 and NS123255.

 3320 Blood-Brain Barrier Impairment Is Seizure-Dependent in a Male 
Rat Model of Acute Organophosphate Intoxication

P. N. Bernardino, P. Andrew, A. S. Luo, J. A. MacMahon, Y. Tsai, and P. J. Lein. University 
of California Davis, Davis, CA.

Acute intoxication with organophosphate (OP) cholinesterase inhibitors commonly 
manifests as a potentially lethal cholinergic crisis. The cholinergic hyper-stimu-
lation caused by acute cholinesterase inhibition can advance to glutamatergic 
seizures, ultimately resulting in excitotoxicity, neuroinflammation and neurode-
generation. Current standard of care targets cholinergic symptoms to prevent 
death and mitigate acute seizures, but does not prevent long-term neurologic 
consequences, such as spontaneous recurrent seizures and cognitive impairment. 
Our previous work demonstrated that blood-brain barrier (BBB) leakage is observed 
in various brain regions as early as 6 h following acute OP intoxication and persists 
up to 7 d after exposure. This observation, coupled with published data from other 
models implicating BBB leakage in epileptogenesis and impaired cognition, identi-
fies BBB function as a potential therapeutic target for prevention of OP-induced 
neurologic sequelae. While seizures and BBB impairment are causally linked in 
multiple neurologic diseases, it is not known if OP disruption of BBB function is 
secondary to seizure activity. To address this outstanding question, we used a rat 
model of acute intoxication with the OP diisopropylfluorophosphate (DFP). Adult 
male Sprague-Dawley rats, 300-350g, were administered DFP (3.75 mg/kg, sc), 
followed 1 min later by atropine sulfate (2 mg/kg, im) and 2-pralidoxime (25 mg/
kg, im), and midazolam (MDZ; 0.65 mg/kg, im) at 40 and 50 min post-DFP. Behavior 
seizures were scored using a modified Racine scale and animals with an average 
score < 2.5 in the initial 40 min were classified as low responders, i.e., minimal 
seizure behavior, while animals with a score ≥ 2.5 were classified as normal 
responders with robust seizure behavior. Tissue was collected at 1-, 3-, and 7-d 
post-exposure (DPE), and BBB leakage was assessed by quantification of albumin 
immunofluorescence in the piriform cortex, amygdala, thalamus, hippocampus, 
and somatosensory cortex. Mean pixel intensity and percentage area of albumin 
staining were calculated for each region of interest. A separate cohort of animals 
was instrumented for monitoring of DFP-induced electrographic seizures through 
implantation of dorsal hippocampal electrodes and cortical screws. A subgroup 
of instrumented animals received a high dose of MDZ (3 mg/kg, im) 30 min before 
DFP exposure to prevent occurrence of seizures - as confirmed electrographically - 
independent of cholinergic intervention. Electrographic seizures were assessed by 
quantification of spike amplitude and rate, as well as power. Initial results indicated 
that low responders presented a significantly lower percent area of albumin leakage 
in the piriform cortex and amygdala than normal responders at 7 DPE. We also 
observed a lower area and intensity of albumin staining at 3 DPE in several brain 
regions of a low-responder animal compared to normal responders at the same 
time point. Rats receiving MDZ 30 min before DFP did not show seizure activity 
throughout the first day post-exposure, at which point tissues were collected for 
further processing and analysis of albumin leakage. Our preliminary data from 
low-responders suggest that OP-associated BBB impairment is primarily driven by 
seizure activity. Further investigation will seek to confirm these initial results and 
determine if BBB function is affected by OP exposure, independent of seizures. This 
information will assist development of a timeline for therapeutic intervention to 
prevent BBB impairment with potential to improve the long-term sequelae of acute 
OP intoxication. Supported by the NIH CounterACT program (U54 NS079202 and U54 
NS127758) and the Lodric Maddox Graduate Fellowship to PNB from the UC Davis 
School of Veterinary Medicine.

 3321 Persistent Neuropathology Is Significantly Decreased in 
Adult Rats with Low Acute Seizure Behavior following Acute 
Intoxication with Diisopropylfluorophosphate

Y. Tsai, P. N. Bernadino, P. M. Andrew, J. A. Macmahon, D. A. Bruun, and P. J. Lein. 
University of California Davis, Davis, CA.

Acute intoxication with high levels of an organophosphate (OP) cholinesterase 
inhibitor can cause cholinergic crisis, a toxidrome associated with acute, life-threat-
ening seizures that can rapidly progress to status epilepticus (SE). The clinical profile 
of seizure behavior observed in humans acutely intoxicated with OPs is diverse, 
ranging from minimal evidence of seizure behavior (convulsions) to overt behavioral 
manifestations of SE. Additionally, while a positive correlation between seizure 
activity and persistent neuropathology is observed in multiple models of acute OP 
intoxication, there is evidence that anti-seizure efficacy of therapeutic interventions 
does not necessarily correlate with neuroprotection. Consistent with these observa-
tions, we previously demonstrated that acute intoxication with the OP diisopropyl-
fluorophosphate (DFP) caused significant neurodegeneration and mineralization in 
acutely intoxicated rats that exhibited little to no acute seizure activity (low respond-
ers). Specifically, the appearance of FluoroJade-C (FJC)-labeled cells was delayed, 
emerging at 4 d post-exposure in the low-responders vs. 6 h post-exposure in 

normal responders, and less persistent, subsiding by 60 d post-exposure in low-re-
sponders vs. persisting to at least 6 months post-exposure in normal responders. 
To further address the relationship between OP-induced acute seizure behavior 
and long-term neuropathology, this study examined a number of neuropatholog-
ical outcomes 3 months following acute DFP intoxication in rats with low versus 
normal acute seizure responses. Adult male Sprague Dawley rats received a single 
injection of DFP (3.75 mg/kg, sc) followed 1 min later by administration of atropine 
sulfate (2 mg/kg, im) and 2-PAM (25 mg/kg, im). Animals were monitored for 
seizure activity for 4 h post-DFP intoxication and divided into groups with low vs. 
normal seizure activity based on behavioral criteria. Neurodegeneration, neuroin-
flammation, and neuronal senescence were assessed in the amygdala, somatosen-
sory and piriform cortices, hippocampus, and dorsolateral thalamus at 3 months 
post-DFP intoxication using FJC staining and quantitative immunohistochemical 
analyses of biomarkers of astrogliosis (GFAP), microgliosis (IBA-1 and CD68), and 
cellular senescence (p16). Compared to DFP normal-responders, DFP low-respond-
ers exhibited significantly less FJC staining, GFAP immunoreactivity and number of 
cells co-labeled for IBA-1 and CD68. Lastly, neuronal senescence, as indicated by 
neuronal p16 expression, was absent in DFP low-responders at 3 months post-DFP 
intoxication, in contrast to DFP normal-responders, which displayed significantly 
upregulated neuronal p16 expression in the hippocampus and thalamus at this time 
point. Importantly, DFP low responders did not significantly differ from VEH animals 
by any evaluated histological measures. Collectively, these data revealed that DFP 
low responders did not show persistent neurodegeneration, neuroinflammation, or 
neuronal senescence in multiple brain regions at 3 months post-DFP intoxication, 
supporting the hypothesis that decreased severity of acute seizure severity results 
in faster resolution of neuropathological consequences following acute OP intoxi-
cation. Future studies of animals that experience negligible seizure activity after 
acute OP intoxication may provide insights regarding potential mechanism(s) that 
confer resistance to OP-induced seizures and uncover new therapeutic targets for 
mitigating the persistent neuropathology of acute OP exposures. Supported by the 
NIH CounterACT program (U54 NS079202 and U54 NS127758).

 3322 Natural History of Acute and Subchronic Electrophysiologic 
Responses to Acute Intoxication with the Organophosphate 
Diisopropylfluorophosphate in Male and Female Rats

P. M. Andrew, J. Macmahon, A. Izadi, J. Keiter, G. Gurkoff, and P. Lein. University of 
California Davis, Davis, CA.

Acute intoxication with organophosphorus cholinesterase inhibitors (OPs) can 
cause a toxidrome known as cholinergic crisis, characterized by parasympathomi-
metic symptoms and seizures that can progress to life-threatening status epilepti-
cus (SE). While behavioral and electroencephalographic (EEG) analyses have been 
used to characterize OP-induced SE, the field has lagged behind in application 
of high-sensitivity electrographic techniques for SE monitoring. Additionally, few 
studies have produced a natural history of acute OP-induced SE in both male and 
female animals. This is a significant data gap given the potential for OP exposures 
across diverse populations. The goal of this study is to address these deficien-
cies by leveraging invasive electrophysiologic monitoring for rigorous evaluation of 
OP-induced SE in male and female animals following acute intoxication with the OP, 
diisopropylfluorophosphate (DFP) and subsequent standard of care intervention. 
Adult male and female Sprague-Dawley rats (300-375 g) were surgically instru-
mented with sterile electrodes to record local field potentials (LFPs) from the medial 
pre-limbic cortex (PFC) and ventral hippocampus (vHPC), and cortical surface 
screws to monitor EEG activity. After 10-14 days to recover from surgery, rats were 
administered a single dose of DFP (3.5 mg/kg, sc) followed by atropine sulfate 
(2 mg/kg, im) and 2-pralidoxime (25 mg/kg, im) 1 min later. At 40 min post-DFP, 
animals were administered midazolam (MDZ, 1.8 m/kg, im). Animals were recorded 
continuously for 70 min post-DFP, and then recorded for 5 min periods at 150 min, 1 
d, 3 d, and 7 d post-DFP exposure (DPE). Data were analyzed for spikes and oscilla-
tory power across multiple frequency bands, and theta phase coherence between 
PFC and vHPC electrodes. Acute post-DFP monitoring indicated that male and 
female animals experienced SE, that power across frequency bands was elevated, 
and that while MDZ attenuated the amplitude of oscillatory activity, rats still 
experienced electrographic seizures post-MDZ intervention. Preliminary analyses 
suggest sex differences in the degree and timing of power spectra shifts obtained 
from LFP and cortical screw monitoring data following acute DFP intoxication. 
Recordings on 1, 3, and 7 DPE revealed increases in hippocampal spike rate that 
persisted throughout the monitoring period. Similarly, we observed transient shifts 
in oscillatory power and coherence that resolved by 3-7 DPE. Such data confirm 
that males and females both experience acute and subchronic responses to acute 
DFP intoxication. Further, we identify qualitative differences in data from depth 
electrode and cortical screw recordings; depth electrode recording changes are 
more pronounced and allow detection of differences not observed in EEG record-
ings. These data confirm the value of high-sensitivity depth electrode recording 
techniques for monitoring of acute OP intoxication and subsequent neurological 
outcomes. Supported by the NIH CounterACT program (U54 NS079202 and U54 
NS127758) and the ARCS Foundation (awarded to Peter Andrew).
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 3323 Improved Seizure Termination Using Allopregnanolone as an 
Adjunct Therapy to Midazolam for Treatment of Soman-Induced 
Status Epilepticus in Rats

A. S. Luo1, P. M. Andrew1, J. A. MacMahon1, X. Liu1, D. J. Harvey1, N. H. Saito1, 
K. E. Berger2, J. E. Morgan2, A. Dhir3, M. A. Rogawski3, H. S. McCarren2, and P. J. Lein1. 
1University of California Davis, Davis, CA; 2US Army Medical Research Institute of 
Chemical Defense, Aberdeen, MD; and 3University of California Davis School of Medicine, 
Sacramento, CA.

Acute intoxication with cholinesterase-inhibiting organophosphorus (OP) 
pesticides and nerve agents can trigger life-threatening seizures and causes signif-
icant neurological complications. Current standard-of-care treatment for OP intoxi-
cation is a combination of an antimuscarinic, an oxime, and a benzodiazepine to 
mitigate seizures. Acute intoxication with the OP nerve agent soman produces 
sustained status epilepticus (SE), that rapidly becomes refractory to standard-
of-care benzodiazepine treatment. The endogenous neurosteroid allopregnano-
lone (ALLO) is a mechanistically distinct therapeutic with potent antiseizure 
and neuroprotective properties that provides promise for therapeutic control of 
benzodiazepine-refractory seizures. Thus, we aimed to evaluate the efficacy of 
ALLO administration as an adjunct to standard midazolam (MDZ) intervention for 
seizure control in a rat model of soman-induced SE. Adult male Sprague-Dawley 
rats (300-430g) were surgically implanted with cortical electroencephalographic 
(EEG) electrodes 5-7 days before nerve agent exposure. On the day of exposure, 
animals were pretreated with the oxime HI-6 (125 mg/kg, i.p.) 30 minutes before 
exposure to soman (121 µg/kg, s.c.), followed by atropine methyl nitrate (2 mg/kg, 
i.m.) one-minute post-soman exposure. This paradigm elicited SE in all animals. 
20 minutes after onset of SE, animals received atropine sulfate (0.45 mg/kg, i.m.), 
2-pralidoxime (25 mg/kg, i.m.), and MDZ (0.65 mg/kg, i.m.), followed by a second 
dose 10 minutes later of either MDZ (0.65 mg/kg, i.m.) or ALLO at either 12 mg/kg, 
i.m. or 24 mg/kg, i.m. Animals were then monitored via continuous EEG recording 
for 4 hours post-exposure, at which time they were euthanized and tissues taken 
for histological analysis. Animals intoxicated with soman displayed robust and 
persistent behavioral seizures along with high-amplitude and frequency electro-
graphic activity. Treatment with MDZ at 20- and 30-min post soman exposure failed 
to control behavioral and electrographic seizures, while treatment with MDZ at 20 
min and ALLO (either 12 or 24 mg/kg) at 30 min terminated behavioral seizures 
and suppressed aberrant electrographic signaling in a dose-dependent manner. 
Histological analyses demonstrated that animals treated with both MDZ and 
ALLO had dose-dependent attenuation of soman-induced neurodegeneration and 
astrogliosis compared to animals treated with MDZ alone. These data suggest that 
ALLO has potential as an adjunct therapy to MDZ in the treatment of benzodiaze-
pine-refractory soman-induced SE and subsequent neuropathology. Supported by 
the NIH CounterACT program (NS079202).

 3324 Acetylcholine Receptor Antagonists Mitigate 
Neuropathology and Behavioral Deficits in Mouse Model of 
Diisopropylfluorophosphate-Induced Status Epilepticus 

A. B. Nguyen, X. Liu, P. Andrew, J. MacMahon, D. Harvey, N. Saito, and P. J. Lein. 
University of California Davis, Davis, CA.

Diisopropylfluorophosphate (DFP) is an organophosphate (OP) cholinesterase 
inhibitor. Acute intoxication with DFP results in excessive accumulation of acetyl-
choline (ACh) in the central and peripheral synapses that causes cholinergic 
crisis, characterized by parasympathomimetic symptoms, respiratory depression 
and seizure activity that can rapidly progress to status epilepticus (SE). Previous 
studies showed that nicotinic ACh receptors (nAChR) are involved in the initia-
tion and progression of SE in a mouse model of acute OP exposure. To determine 
whether pharmacological antagonism of nAChR not only blocks OP-induced 
seizures, but also mitigates the subsequent neuropathology and behavior 
deficits associated with acute OP intoxication, we treated adult male mice with 
the non-specific nAChR antagonist mecamylamine (MEC, 9.5 mg/kg, s.c), the α4 
subunit-selective antagonist dihydro-β-erythroidine (DHβE, 5.0mg/kg, s.c), or the 
α7 subunit-selective antagonist methyllycaconitine (MLA, 5.0mg/kg, s.c) 10 min 
after administration of DFP (9.5 mg/kg, s.c), atropine sulfate (0.1 mg/kg, i.m) 
and pralidoxime (25 mg/kg, i.m). Administration of MEC and DHβE, but not MLA, 
significantly reduced behavioral seizure activity and weight loss compared to DFP 
control. Consistent with the pharmacologic data, genetic deletion of the α4, but 
not the α7, nAChR subunit significantly reduced the behavioral seizure score and 
weight loss compared to wild-type mice. Assessment of nesting behavior showed 
that mice treated with MEC and DHβE had significantly reduced nesting deficits, 
while mice treated with MLA exhibited nesting deficits comparable to those of the 
DFP controls. Histological analysis of neurodegeneration via FluroJade C staining 
revealed that MEC- and DHβE-treated mice had significantly reduced neurodegener-
ation compared to MLA-treated and DFP control mice. Consistent with the pharma-
cologic data, α4, but not α7, nAChR knockout mice had less neurodegeneration than 
wild type mice. These collective findings suggest that prevention of OP-induced SE 
by pharmacological or genetic block of α4 subunit containing nAChR significantly 
reduces the more chronic neurological effects of acute OP intoxication. Supported 
by the NIH CounterACT program (U54 NS079202 and U54 NS127758).

 3325 Acute Exposure to Diisopropylfluorophosphate (DFP) Perturbs 
the Plasminogen Activation System (PAS) within the Plasma 
and Brain of Male Rats

J. A. MacMahon, T. Blackmon, D. Bruun, P. Bernardino, R. Hogans, D. Harvey, N. Saito, 
F. A. Gorin, and P. J. Lein. University of California Davis, Davis, CA.

Acute intoxication with cholinesterase inhibiting organophosphates (OPs) causes 
a cholinergic toxidrome that can progress to seizures, status epilepticus (SE) and 
death. Current medical countermeasures target cholinergic signaling and GABA 
receptors to terminate parasympathomimetic and seizure activity, but even when 
administered within an optimal therapeutic window, this intervention fails to 
prevent significant adverse neurological outcomes. Recent studies of early and 
robust BBB dysfunction following acute OP intoxication has implicated blood-brain 
barrier (BBB) impairment in the pathogenesis of chronic neurotoxicity. However, the 
mechanisms involved in OP-induced BBB pathology have yet to be elucidated. To 
address this gap in knowledge, we hypothesized that the PAS, known to regulate 
BBB function/dysfunction in other brain vasculopathies, becomes dysregulated 
following acute OP intoxication. To test this hypothesis, we characterized expres-
sion levels of a primary regulator of the PAS - plasminogen activator inhibitor type 
1 (PAI-1) - in a rat model of acute OP intoxication using DFP. Adult male Sprague-
Dawley rats, 300-350 g, were injected with DFP (4 mg/kg, sc) or vehicle (PBS, 
sc), followed 1 min later by administration of atropine sulfate (2 mg/kg, im) and 
2-pralidoxime (25 mg/kg, im). Seizure activity was confirmed using a modified 
Racine seizure behavior scale, and brain tissue and plasma were collected at 1-, 3-, 
7-, or 28-days post exposure (DPE). At each time point, animals were anesthetized 
with isoflurane, euthanized by transcardial perfusion with cold saline and had brains 
quickly extracted on ice. Brains were bisected sagittally into the 2 hemispheres, 
with one hemisphere snap frozen after being microdissected to collect hippocam-
pal, cortical, and cerebellar regions, and the other hemisphere sliced into 2-mm 
thick coronal sections prior to fixation in 4% paraformaldehyde for quantitative 
immunohistochemistry (qIHC). Total PAI-1 in plasma and each brain region was 
determined by ELISA normalized to total protein in the sample. PAI-1 expression 
in the brain was also assessed by qIHC and colocalized to biomarkers of endothe-
lial cells, astrocytes, or astrocytic end feet. Acute DFP intoxication significantly 
increased PAI-1 levels in the plasma at 1 DPE and induced PAI-1 expression in 
all three brain regions at 1 and 3 DPE. Further qIHC analyses corroborated ELISA 
data, demonstrating that DFP-exposed animals presented significantly increased 
numbers of PAI-1 immunopositive astrocytes at 1, 7, and 28 DPE that did not vary 
across brain regions. PAI-1 was expressed within astrocytic processes and was 
found to co-localize with astrocytic end feet, but not with brain arteriolar endothelial 
cells. These data suggest that the PAS is perturbed by acute DFP intoxication and 
support the hypothesis that PAI-1 activation contributes to the BBB dysfunction 
observed in animals acutely intoxicated with OPs. Further, these studies identify 
PAI-1 expression as a potential biomarker of BBB dysfunction. Supported by the 
NIH CounterACT Program (U54 NS079202 and U54 NS127758), the Lodric Maddox 
Graduate Fellowship from the UC Davis School of Veterinary Medicine (Awarded 
to Pedro Bernardino), and the UC Davis Pharmacology Training Program (T32 
GM099608, awarded to Ryan Hogans).

 3326 Concentration Dependent Efflux of Novel Oxime 
Acetylcholinesterase Reactivators with Blood-Brain Barrier 
Transporters P-Glycoprotein and Breast Cancer Resistance 
Protein In Vitro

D. C. Stanford, M. Dail, and J. E. Chambers. Mississippi State University, Mississippi 
State, MS.

Novel substituted phenoxyalkyl pyridinium oxime acetylcholinesterase (AChE) 
reactivators (US patent 9,227,937) that showed convincing evidence of penetra-
tion into the brains of intact rats were developed by our laboratories. A platform 
of novel oximes sorted based on percent brain AChE reactivation (24-35% and 
10-17%) following exposure of rats to the sarin surrogate nitrophenyl isopropyl 
methylphosphonate (NIMP) and approved antidote pralidoxime (2-PAM) were 
selected to determine if interactions between efflux transporters of the blood-brain 
barrier (BBB) contribute to oxime in vivo efficacy. ATP-binding cassette (ABC) efflux 
transporters p-glycoprotein (P-gp) and breast cancer resistance protein (BCRP) 
provide defense and maintain the function of the BBB. In a previous in vitro study 
using rat P-gp, it was found, however, that the 24-35% efficacy oximes had higher 
ATPase activity (i.e., were better P-gp substrates) than the 10-17% efficacy oximes 
so the reactivation difference was not explained by P-gp export alone. Suspecting 
another transporter may be involved, additional novel oximes and pralidoxime 
(2-PAM) were screened using in vitro human P-gp and BCRP membrane assays. 
The amount of Pi from ATP hydrolysis measured in the presence of an oxime is 
directly proportional to the transporter’s activity. Concentration-dependent activa-
tion and inhibition measurements of total ATPase activity were calculated for a 
serial dilution of oximes (Final concentration of 0.14, 1.23, 11.11, and 100 µM). 
Human and rat P-gp ATPase activity was compared for the oximes that overlapped 
between the two studies. Human P-gp transport was again variable among oximes. 
Oxime 55 was the only oxime transported by BCRP. Apparently, the lower efficacy of 
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the 10-17% reactivation oxime group is not due to greater P-gp or BCRP efflux. The 
explanation may lie with another transporter or an altogether different mechanism. 
Supported by NIH U01NS107127.

 3327 Reactivation and Resurrection of Organophosphorus-
Aged Acetylcholinesterase via Amidophenol Quinone 
Methide Precursors

A. R. Lovins, D. Ensey, K. A. Miller, A. K. Buck, R. K. Homoelle, R. F. Lalisse, C. S. Callam, 
C. A. McElroy, and C. M. Hadad. Ohio State University, Columbus, OH. Sponsor: 
K. Gowdy.

Organophosphorus (OP) compounds have been used as chemical warfare agents 
and pesticides, with organophosphate pesticides accounting for 220,000 deaths 
annually. OP compounds covalently inhibit acetylcholinesterase (AChE), prevent-
ing the hydrolysis of the neurotransmitter acetylcholine and leading to respira-
tory failure. Current FDA therapeutics can treat OP-inhibited AChE; however, 
these are not effective against OP-aged AChE, formed via an O-dealkylation. 
Butyrylcholinesterase (BChE) can also be inhibited by OP compounds, and thus 
can be an endogenous bioscavenger of an OP dose. Our team has observed that 
quinone methide precursors (QMPs) can recover (resurrect) the activity of OP-aged 
AChE and BChE. Early efficacious QMPs have had low binding affinities to the 
enzymes while yielding low resurrection activity. From molecular docking, amide 
linkages were suggested to increase potential binding affinity of QMPs. Moreover, 
there exists a cluster of amino acid residues that bind well to aromatic compounds 
called the peripheral anionic site (PAS). From this, we hypothesize alterations to 
the QMP framework by targeting amides and the PAS of the enzymes will lead to 
higher binding affinities and higher resurrection activities. To test our hypothesis, 
tryptoline was chosen as a ligand to interact with the PAS of AChE. Thus, a library 
of over 60 amidophenol QMPs, 12 of which use tryptoline as a PAS ligand, were 
synthesized and tested against various OP-inhibited/aged AChE and BChE - and the 
OP compounds which were tested include OP surrogates of GF, VX and VR. Efficacy 
of the QMPs was confirmed using Ellman’s assay to determine the relative activity 
of the enzymes being returned to the native state. The synthesized QMPs showed 
significant reactivation efficacy against VR-inhibited C-perl AChE after 1 hour, as 
well as the CMP- and EMP-inhibited BChE after 1 hour. The synthesized QMPs also 
showed resurrection activity against multiple OP-aged structures in both enzymes. 
The tryptoline linked amidophenol QMPs were also shown to have much higher 
binding affinities than prior QMPs. Taken together, amidophenol QMPs are effica-
cious against OP-inhibited and OP-aged AChE and BChE, and moreover, residues in 
the PAS are viable sites in order to increase binding and efficacy of future drug-like 
therapeutics for OP exposure.

 3328 Clinical Efficacy of Hexafluorine vs. Standard Prehospital 
Decontamination in Hydrofluoric Acid Exposure: An Individual 
Participant Data Meta-analysis

H. Shin1,2,3, H. Chung4, S. Oh5, A. J. Hertelendy3,6, A. Hart3,7,8, F. Issa3, and 
G. R. Ciottone3,1. 1Harvard Medical School, Boston, MA; 2Soonchunhyang University 
Hospital, Bucheon, Korea, Republic of; 3Beth Israel Deaconess Medical Center, Boston, 
MA; 4Soonchunhyang University Hospital, Seoul, Korea, Republic of; 5Chungnam National 
University Hospital, Daejeon, Korea, Republic of; 6Florida International University, Miami, 
FL; 7Hartford Hospital, Hartford, CT; and 8University of Connecticut School of Medicine, 
Farmington, CT. Sponsor: H. Shin, American Academy of Clinical Toxicology.

Hexafluorine was introduced as a first-aid decontamination agent in patients with 
hydrofluoric acid (HFA) exposure in the 1990s. There remains debate about the 
effectiveness of Hexafluorine. This study aimed to assess the clinical efficacy 
of Hexafluorine compared with existing standard prehospital decontamination 
methods in patients who have suffered hydrofluoric acid exposure. Data were 
acquired from EMBASE, PubMed, and Cochrane library. Search and collection 
of eligible studies continued until February 10, 2021. Two independent authors 
collected data according to study selection criteria as follows: (1) HFA injury, (2) 
age over 19, (3) calcium gluconate or Hexafluorine intervention, (4) clinical human 
study or case study, (5) study with reproducible data extraction. Key search terms 
included calcium gluconate, hydrofluoric acid, and Hexafluorine. Individual partic-
ipant data (IPD) on general demographic characteristics and injury-associated 
outcomes of reported cases after HFA exposure were extracted by three indepen-
dent data collecting authors from the eligible studies. Multivariate binary logistic 
regression (MBLR) analysis for meta-analysis of IPD was performed. Missing data 
were excluded from the statistical analysis. The standard prehospital decontamina-
tion group (SPDG) was defined as using water irrigation only or calcium gluconate 
with or without water irrigation. Hexafluorine group (HG) as Hexafluorine with 
or without water irrigation. The primary outcome was set as survival at hospital 
discharge. The secondary outcomes are scar formation, systemic toxicity, and 
long-term sequelae resulting in permanent functional impairment. Data sets 
from 58 case studies (N = 163 participants; HG = 35 vs SPDG = 39; missing data 
= 89) were analyzed. IPD MBLR analyses found a significant association among 
the secondary outcome as reduction of scar formation and long-term sequelae in 
HG compared with SPDG. Scar formation {Regression coefficient estimate (RCE), 
-3.7216; Standard error (SE), 1.2378; Odds ratio (OR), 0.02; [95% confidence interval 

(CI), 0.002 - 0.27], and p = 0.0026} and long-term sequelae {RCE, -3.7282; SE, 1.2177; 
OR, 0.02 [95% CI, 0.002 - 0.26], and p = 0.0022) respectively. In conclusion, IPD 
meta-analysis indicates that existing evidence supports the use of Hexafluorine for 
the reduction in scar formation and long-term sequelae. The use of Hexafluorine as 
a first-line prehospital decontamination method should be recommended.

 3329 Nitrogen Mustard Causes Disruption of Epithelial Basement 
Membrane in Rabbit Cornea Organ Cultures

L. B. Joseph1, P. Zhou1, R. A. Hahn1, M. K. Gordon1, D. E. Heck2, and J. D. Laskin3. 
1Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ; 2New York Medical College, 
Valhalla, NY; and 3Rutgers University School of Public Health, Piscataway, NJ.

Nitrogen mustard (NM; bis(2-chloroethyl)methylamine), an analog of sulfur 
mustard, is a bifunctional alkylating agent originally synthesized for chemical 
warfare. Exposure to NM is known to damage the eyes, particularly the cornea, 
causing visual impairment. In the present studies, we examined the effects of 
NM on rabbit corneas in organ culture. Corneas were treated with 100 nmol NM 
dropwise. After 2 h, the culture medium (DMEM) was removed and replaced with 
fresh medium. Corneal tissue was evaluated for injury 24 h later. NM was found to 
cause a marked increase in the expression of proinflammatory proteins IL-1α and 
cyclophilin A as measured by RT-qPCR. NM also upregulated COX-2, the enzyme 
mediating inflammatory prostaglandin production, and matrix metalloproteinase-9 
(MMP-9), a protease that degrades the basement membrane and extracellular 
matrix. Increases in MMP-9 were associated with a marked decrease in collagen 
IV in the basement membrane and upregulation of the heparan sulfate proteogly-
can, perlecan, in the basal lamina, which extended into the stroma. Transmission 
electron microscopic analysis of the basement membrane from naïve corneas 
contained uniform, tightly spaced lamina lucida/lamina densa; flattened hemides-
mosomes were observed on the distal basal epithelial cell membrane surface 
adjacent to the lamina densa of the basement membrane. Anchoring fibrils were 
barely visible projecting into the underlying stroma. NM caused noticeable bulges 
within the lamina lucida. A prominent lamina densa, hemidesmosomes and anchor-
ing fibrils were clumped and disorganized, suggesting weakening of the basement 
membrane structure by NM. Together, these data indicate that NM damages the 
basement membrane and stromal extracellular matrix, a process that can cause 
epithelial-stromal separation and corneal erosions. Inhibiting alterations in the 
epithelial basement membrane induced by mustard vesicants may represent an 
efficacious approach to mitigating ocular injury. Supported by NIH U54AR055073 
and ES005022.

 3330 Interplay between Stress-Related Signaling Pathways 
Mediating DNA Damage and Mitogen-Activated Protein 
Kinases in Nitrogen Mustard–Induced Apoptosis in Human 
HaCaT Keratinocytes

Y. Jan1, Y. An2, D. E. Heck3, and J. D. Laskin1. 1Environmental and Occupational Health 
and Justice, Rutgers School of Public Health, Piscataway, NJ; 2Pharmacology and 
Toxicology, Rutgers University, Piscataway, NJ; and 3Environmental Health Science, New 
York Medical College, Valhalla, NY.

Sulfur mustard (SM, bis(2-chloroethyl) sulfide) and nitrogen mustard (HN2, 
bis(2-chloroethyl) methylamine) are highly reactive bifunctional alkylating agents 
that cause extensive skin damage and blistering. In the present studies, we investi-
gated crosstalk between stress-activated signaling pathways and apoptosis 
induced by HN2 in HaCaT human keratinocytes. HN2 (1-100 µM) was found to 
decrease cell viability and induce apoptosis in HaCaT cells in a time- and concen-
tration-dependent manner. This was associated with increased expression of 
pro-apoptotic proteins including Bax, SQSTM1/p62, activated caspases (cleaved 
caspase-2, -3, -7, -8, -9, -10), cleaved PARP and MST1, and decreased expression 
of anti-apoptotic protein Bcl-xl. These data suggest that HN2 triggers apopto-
sis via both the extrinsic death receptor and intrinsic mitochondrial pathways in 
HaCaT cells. HN2 also activated stress-related signaling including the DNA damage 
response (DDR) proteins ATM, ATR, DNA-PKcs, H2AX and p53 and the mitogen-ac-
tivated protein kinase (MAPK) proteins p38, ERK1/2, and JNK. Co-staining of 
activated/phosphorylated molecules in both pathways with cleaved caspase 3 
confirmed that HN2-induced DDR and MAPK signaling are involved in keratino-
cyte apoptosis. Phosphorylation of DDR signaling molecules was evident 30 min 
post HN2 treatment and observed at lower concentrations of the vesicant when 
compared to MAPK signaling molecules (1 µM vs. 20-50 µM); MAPK also required a 
longer time for activation (3 h). Inhibition of DDR signal transduction with KU55933 
(an ATM inhibitor) or VE821 (an ATR inhibitor) had little or no effect on expression 
of activated caspase 3. Pifithrin-α, a p53 inhibitor, reduced expression of cleaved 
caspase 3 and attenuated HN2-induced cytotoxicity. The p38 MAPK inhibitor, 
SB203580, and the MEK kinase inhibitor, PD98059, also partially blocked apopto-
sis and mitigated HN2-induced cytotoxicity. Moreover, z-VAD-FMK, a pan-caspase 
inhibitor, effectively blocked apoptosis and selectively suppressed HN2-induced 
MAPK, but not DDR signaling. Taken together, these data suggest that HN2-induced 
DDR signaling is an upstream modulator of apoptosis while HN2-induced MAPK 
signaling is a downstream modulator of apoptosis. Understanding the interplay 
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of the stress signaling pathways in keratinocytes may aid in the identification of 
therapeutic agents that mitigate vesicant-induced cytotoxicity and tissue injury. 
Support: NIH grants AR055073, NS108956, ES005022, and ES033698.

 3331 Deletion of β2-Adrenergic Receptor (Adrb2) Gene Protects Skin 
Injuries Induced by Chemical Warfare Agents

A. Shahid, B. Andresen, K. Lutfy, and Y. Huang. Western University of Health Sciences, 
Pomona, CA.

Skin injury induced by exposure to chemical warfare agents, such as mustard gas 
or arsenicals, is a major health concern for military personnel and general popula-
tion. Previous studies indicate that the stress hormone epinephrine, which is 
released systemically and locally in response to stress, impedes healing of burn 
and excisional skin wound in mouse models. Adrenergic receptors, particularly the 
β2-adrenergic receptors (β2-ARs), which are expressed in most skin resident and 
non-resident cells, are G protein-coupled receptors that are targets of epinephrine. 
Since chemical warfare is a traumatic event leading to stress, the epinephrine-stim-
ulated β2-AR signaling may represent a common pathway that mediates skin 
injuries that are induced by different types of vesicating agents. To determine the 
role of β2-ARs in chemical skin injuries, studies were conducted in SKH-1 hairless 
mice with whole-body β2-AR gene knockout (KO) exposed to nitrogen mustard 
(NM) or phenylarsine oxide (PAO), which are experimental surrogates for sulfur 
mustard and the arsenical compound Lewisite, respectively. We firstly compared 
skin responses of β2-AR WT and KO mice to topical treatment of the surrogate 
mustard NM. Mice (males, n=4 per treatment per genotype) were topically exposed 
to a single dose of 3.2 mg NM dissolved in 200 µL acetone or acetone alone as 
the vehicle control on the dorsal skin. The skin parameters of erythema index and 
trans-epidermal water loss (TEWL) were measured at the baseline and the days 1, 3, 
5 and 7 after NM treatment and the mice were sacrificed on day 7. In the WT mice, 
the erythema index increased progressively over time, achieving the peak on day 5. 
The TEWL values also increased, modestly in the first 5 days, but arrived the highest 
on day 7. However, the KO mice showed little changes compared to their respective 
vehicle-treated controls. The skin edema of the KO mice was visibly less severe 
than those in the WT mice. Noticeably, the WT mice showed significantly more 
body weight loss than the KO mice. We next evaluated the arsenical vesicant PAO 
in WT and KO mice. Mice (males, n=5 per treatment per genotype) were topically 
treated with 100 µg of PAO dissolved in 30 µL ethanol or ethanol alone as the 
vehicle control on the dorsal skin. The skin parameters, erythema index and TEWL, 
were measured at the baseline, 6, and on days 1, 3, 5, and 7 after PAO exposure, 
and the mice were sacrificed on day 7. In the WT mice, the erythema index greatly 
increased, with peak on day 5, followed by a decline on day 7; TEWL also increased, 
reaching a peak on day 3, and then slowly declining after day 3. Compared with 
NM, PAO induced a faster and higher degree of erythema and TEWL but returning 
toward the baseline after day 5. However, the KO mice showed little changes after 
PAO exposure compared with vehicle controls. The skin necrosis of the KO mice 
was visibly much less severe than those in the WT mice. Unlike NM, the body weight 
was not significantly changed in mice of both genotypes up to 7 days following PAO 
treatment. These data altogether support a novel hypothesis that β2-AR represents 
a common pathway involved in chemical skin injuries.

 3332 4-PBA and NAC-Loaded F-F30 Foam Formulation Alleviates 
Lewisite-Induced Cutaneous Injury in Mice

S. Muzaffar1, R. K. Srivastava1, J. Khan1, A. K. Banga2, and M. Athar1. 1University of 
Alabama at Birmingham, Birmingham, AL; and 2School of Pharmacy Mercer University, 
Atlanta, GA.

Lewisite is a highly toxic arsenical compound that was developed in World War I/II 
as a chemical warfare agent. Cutaneous exposure to lewisite causes rapid stinging 
pain, inflammation, and blistering (vesication). Human exposure to stockpiled and 
buried lewisite in many countries remains a serious threat. Multiple cases of acciden-
tal exposure have been reported in China and the United States. Understanding 
the molecular mechanism of lewisite-induced injury is crucial for the development 
of efficacious antidotes against lewisite. Our previous studies demonstrated that 
lewisite causes oxidative stress, endoplasmic reticulum (ER) stress, and activation 
of unfolded protein response (UPR) in human keratinocytes as well as in mouse skin. 
Based on these observations, we used FDA-approved 4-Phenylbutyric acid (4-PBA) 
and N-acetyl-L-cysteine (NAC) as therapeutic agents to alleviate lewisite skin injury. 
4-PBA is a chemical chaperone that promotes protein folding and reduces ER 
stress, while NAC is a strong antioxidant and protects against lewisite-induced 
ROS. In the present study, we developed a foam-based formulation (batch# F-F30) 
for delivery of 4-PBA and NAC and tested it in lewisite-challenged mice. Skin bi-fold 
thickness, microvesication, and inflammation data indicated that F-F30-delivered 
4-PBA and NAC (drug formulation) protected mice against lewisite-induced cutane-
ous injury. ER stress and cell death markers like ATF4, CHOP, and cleaved caspase 
3 were significantly downregulated in mice treated with this drug formulation. It 
was also effective in removing the skin adhered unabsorbed arsenical and thereby 
providing an additional potent decontamination function. In summary, our results 
indicate that F-F30 can be highly effective for the delivery of 4-PBA and NAC as 
antidotes in lewisite-exposed animals.

 3333 Acute and Long-Term Hematological Changes from Dermal 
Exposure to Mustard Vesicating Agent in Murine Model

E. Kim1, D. Goswami1, A. K. Roney1, E. O. Okoyeocha1, S. Lundback1, D. Kuszynski1, 
R. Agarwal2, A. Lauver1, and N. Tewari-Singh1. 1Michigan State University, East Lansing, 
MI; and 2University of Colorado Denver, Aurora, CO.

Sulfur mustard (SM) and nitrogen mustard (NM) are vesicating agents that cause 
severe toxic effects, inflammation to the skin, and systemic toxicity when absorbed 
through the skin for which there are no approved therapies. Previous studies from 
acute exposures have shown that SM and NM cause toxic effects to the hemato-
logical cells and the bone marrow; specifically, it has been reported that victims 
of SM-exposure show initial leukocytosis, and later develop leukopenia. However, 
the long-term hematologic effects of skin vesicant exposure have not been fully 
characterized and investigating these effects can further our understanding of the 
mechanisms of mustard vesicant induced long-term toxicity related to systemic 
effects. Male C57BL/6 mice were topically exposed to 0.5 mg or 1.0 mg of NM 
in 100 μL of acetone or acetone alone (control). NM-exposure resulted in skin 
injury with significant increases in the skin bi-fold thickness, edema, necrosis, 
erythema, and long-term wounds. The mice were sacrificed at day 1, 7, 14, and 28 
post NM-exposure. Blood was collected and analyzed using the IDEXX ProCyte Dx 
Hematology Analyzer. Our results indicate that NM exposure caused transient toxic 
effects to the bone marrow which recovered over the subsequent days/weeks. 0.5 
mg NM caused lymphopenia, and decreases in eosinophils, RBCs, hemoglobin, 
and reticulocytes 1-day post-exposure. Lymphocytes and eosinophils recovered 
at 28-day post NM-exposure. 1.0 mg NM-exposure also caused similar decreases 
in blood cells with an additional decrease in monocytes; however, recovery was 
not observed with the higher NM dose. Increase in neutrophils was observed 
post 0.5 mg and 1.0 mg NM-exposures. Our results indicate that cutaneous NM 
induces hematologic toxicity which could be involved in NM-induced inflammatory 
responses and long-term illnesses. Furthermore, our results through mouse models 
support findings of bone marrow depression, immune suppression, infection, and 
toxicity reported in war victims of real-world SM exposures. Further investigations 
are being carried out in these murine models to fully characterize the hematologic 
toxicity and related mechanisms for identifying effective countermeasures against 
toxic effects from mustard vesicant skin exposures.

 3334 Skin and Blood Plasma Cytokine Profiles upon Cutaneous 
Phosgene Oxime Exposure in SKH-1 Hairless Mice

D. G. Goswami1, S. K. Singh1, O. Madadgar1, P. Anantharam2, C. R. Croutch2, R. Agarwal3, 
J. M. Brown3, and N. Tewari-Singh1. 1Michigan State University, East Lansing, MI; 
2MRIGlobal, Kansas City, MO; and 3University of Colorado Anschutz Medical Campus, 
Aurora, CO.

Urticant vesicating chemical warfare agent, phosgene oxime (dichloroform oxime; 
CX), is one of the most potent chemical threat agents. Exposure to CX causes rapid 
and severe dermal injury and systemic toxic effects. The mechanisms underly-
ing these toxic effects are largely unknown and there are no effective approved 
therapies. Although most dangerous among vesicating agents, CX is one of the 
least studied chemical threat agents. In this regard, our previous studies have 
shown that cutaneous CX-exposure causes instantaneous skin lesions including 
erythema, edema, urticaria, blanching, and necrosis in SKH-1 hairless mice. These 
lesions were associated with inflammation, mast cell degranulation and release 
of inflammatory mediators [cyclooxygenase-2 (COX-2), matrix metallopeptidase 
9 (MMP-9), and myeloperoxidase (MPO)] in the skin tissue. In the present study, 
we analyzed the inflammatory cytokine profile following cutaneous CX-exposure 
in the skin and plasma of male and female SKH-1 mice. CX-exposure was carried 
out for either 0.5 or 1.0 min (10 µL neat CX) using two 12 mm vapor caps on the 
dorsal skin of the mice at MRIGlobal (Kansas City, MO). Skin and plasma samples 
were collected at different time point post CX-exposure and were subjected to 
cytokine array analyses. CX-exposure caused a prominent increase in the levels of 
the pro-inflammatory cytokine IL-6 (which decreased by day 14 post-exposure in the 
female mice) and a decrease in the anti-inflammatory cytokine IL-10 (female mice 
had significantly higher IL-10 compared to control at day 14 post-exposure), in the 
skin of SKH-1 mice. Female mice also exhibited higher levels of CXCL-1, IL-5, and 
IL-13 at 24h and higher MCP-1 level at 14-day post 0.5 min CX-exposure compared 
to male mice. Increase in vascular endothelial growth factor (VEGF) levels was 
observed in both the male and female mice at 24h and 14-day post CX-exposure. 
Together, female mice showed lower levels of pro-inflammatory and higher levels 
of anti-inflammatory cytokines at 14-days post-exposure, which could explain the 
lesser severity and faster resolution of skin lesions in female mice as compared to 
male mice. Plasma cytokine analyses also showed an increase in pro-inflammatory 
cytokines (IL-6, IL-12, and MCP-1) upon CX-exposure. The rapid increase in the 
levels of these cytokines (at 30 min post CX-exposure) in the plasma suggests 
systemic toxic effects and could be responsible for the rapid and severe incapaci-
tation observed upon CX-exposure. The kinetics of CX-induced increases in these 
cytokines in the blood plasma were also variable in male and female mice. The role 
of these cytokines and related inflammatory pathways needs to be further studied 
in CX-induced dermal and systemic toxicity.
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 3335 Phosgene Oxime Skin Exposure Causes Oxidative Damage to 
Biomolecules Including Lipids, Proteins, and DNA in Murine 
Skin Models

O. Madadgar1, S. K. Singh1, D. G. Goswami1, P. Anantharam2, C. R. Croutch2, R. Agarwal3, 
J. M. Brown3, and N. Tewari-Singh1. 1Michigan State University, East Lansing, MI; 
2MRIGlobal, Kansas City, MO; and 3University of Colorado Anschutz Medical Campus, 
Aurora, CO.

Phosgene Oxime (dichloroform oxime; CX), is an urticant categorized as a vesicat-
ing agent and is a potential emerging chemical threat agent. CX exposure causes 
rapid and painful dermal injury and systemic effects leading to prompt incapacita-
tion and death; however, the mechanism of injury is still unknown. Since exposure 
to vesicants like sulfur mustard and nitrogen mustard has been shown to cause 
oxidative stress-related skin injury, we studied the oxidative stress effects upon 
CX skin exposure in mice. To elucidate this mechanism, we exposed the dorsal 
skin of both male and female hairless (SKH-1) and haired (C57BL/6) mice to 
CX vapor for 0.5 or 1.0 min using two 12 mm caps at MRIGlobal. Data from our 
studies showed an increase in exposed skin edema, erythema, blanching, urticaria, 
dermal plus hypodermal thickness, and an inflammatory response by 2 hours of CX 
exposure. These CX skin effects were found to be associated with a large increase 
in mast cell activation, proinflammatory cytokines, chemokines, and proteases as 
well as recruitment of inflammatory cell like neutrophils, and macrophages in our 
completed studies. Since immune cells like neutrophils and macrophages induce 
oxidative stress, CX exposure could result in oxidative stress via an inflammatory 
response and/or directly following exposure causing cutaneous injury and severe 
toxicity. We evaluated oxidative damage upon CX cutaneous exposure in both the 
exposed mouse strains. Our results show significantly increased oxidative DNA 
damage (8-oxo-2-deoxyguanosine; 8-OHdG) within 30 min of CX exposure in both 
SKH-1 and C57BL/6 mice. The increase in oxidative DNA damage was observed at 
all the study time points (up to 14 days) in male and female mice of both the strains. 
An increase in protein carbonylation and lipid peroxidation (4- Hydroxynonenal) 
was also observed at 30 min post CX-exposure and the increase persisted till 14 
days post-exposure. Altogether, our novel data in both the mouse strains show that 
significant and prompt oxidative damage in the skin is induced by CX-exposure, 
which could be contributing to the rapid painful skin lesions and cell toxicity. Our 
ongoing mechanistic studies using knockout mice will aid in assessing if amelio-
rating the oxidative stress directly or by targeting the mast cell related inflamma-
tory signaling pathway or both could be more effective for treating CX-induced 
skin toxicity.

 3336 Skin Injury Progression following Dermal Nitrogen Mustard 
Exposure in C57BL/6 and Mast Cell Deficient Mice

A. Roney1, D. Goswami1, E. Okoyeocha1, S. Lundback1, H. Wright1, O. Madadgar1, 
E. Kim1, J. M. Brown2, and N. Tewari-Singh1. 1Michigan State University, East Lansing, 
MI; and 2University of Colorado Denver, Denver, CO.

Cutaneous vesicant exposure results in severe skin injuries including blistering, 
which can in turn result in secondary infections, and lead to systemic toxicity at 
high doses. Sulfur mustard (SM) has been the most widely used chemical threat 
agent since World War I and remains a potential chemical threat. However, we 
lack effective therapies for SM induced skin and hematologic toxicity leading to 
systemic and long-term illnesses in exposed victims, especially from the Gulf War. 
Mast cells, innate immune cells with a regulatory role in immunity and acute inflam-
matory responses, have been implicated in mustard-induced injury in previous 
studies. However, their role has not been elucidated in mustard vesicant-induced 
acute and long-term effects in skin and systemic toxicity. Characterizing the role 
of mast cells in mustard toxicity could aid the development of effective therapies 
for SM exposure. In this study we aimed to investigate the role of mast cells by 
comparing mustard vesicant-induced skin injury in wild-type (WT; C57BL/6) and 
mast cell-deficient (MCD; B6.Cg-KitW-sh/HNihrJaeBsmJ) mice. Male WT and MCD 
mice were exposed topically to 0.5 mg of nitrogen mustard (NM, a structural analog 
of SM) in 100 mL of acetone. Survival was monitored and clinical assessments 
(body weight, skin bifold thickness, erythema, edema, and necrosis) were carried 
out at various timepoints post-exposure and images were taken. NM exposure 
caused cutaneous injury, inflammation, and increased mast cell degranulation in 
WT mice compared to controls. The post-exposure survival rate was significantly 
greater for MCD mice than WT mice, with 50% and 33% survival at 14 days post-ex-
posure, respectively. Body weight loss, edema and erythema were less severe in 
MCD mice compared to WT mice. Overall, NM exposure resulted in less severe skin 
injury, lower mortality, delayed weight loss and in lower severity of other assessed 
clinical parameters in MCD mice compared with WT mice. Overall, these results 
indicate that mast cells play a role in mustard-induced skin injury and long-term 
toxic effects; histological and molecular analyses are being carried out to decipher 
if mast cells are beneficial targets for therapeutic interventions to ameliorate 
toxicity from mustard vesicant exposures.

 3337 Structural Alterations in the Dermis of Göttingen Minipig Skin 
following Exposure to Sulfur Mustard

K. Ozkuyumcu1, P. Zhou1, C. R. Croutch2, D. E. Heck1, J. D. Laskin1, and L. B. Joseph1. 
1Rutgers, The State University of New Jersey, Piscataway, NJ; and 2MRIGlobal, Kansas 
City, MO.

Sulfur mustard (SM; bis (2-chloroethyl) sulfide) is a highly reactive bifunctional 
alkylating agent and a potent skin vesicant. In human skin, SM causes inflammation, 
epidermal erosions, and blistering. We have been investigating mechanisms of skin 
injury and wound repair in the dorsal skin of 3-month-old male Göttingen minipigs 
in response to saturated SM vapor. Two days post-SM, skin was debrided for 7 d 
with wet-to-wet saline gauze soaks. Animals were sacrificed 2, 9, 14, 28, and 60 d 
post-SM and full thickness skin biopsies prepared for histology. Using Masson’s 
trichrome, which stains collagen I/III a royal blue color, the dermis of control skin 
was homogenous with no demarcation between the papillary dermis and reticular 
dermis. By 2 d post-SM, the papillary dermal collagen meshwork showed signs of 
edema. By 9 d post-SM, frank edema was evident; disorganized collagen fibrils 
detached from the epidermis were also noted. Additionally, an inflammatory cell 
infiltrate and erythrocyte extravasation was observed. Extensive edema was still 
present 14 - 28 d post-SM, however, there was a significant increase in collagen 
deposition. By 60 d post-SM, we noted extensive repair of collagen networks within 
the papillary dermis with numerous fibrils oriented perpendicular to the epidermis. 
Orcein staining was used to visualize elastin fibers. In control skin, these fibers 
contained a central core with thin branches radiating from this structure. These 
fibers were oriented perpendicular to the dermal/epidermal junction (DEJ), which 
provides structural support for the epidermis. By 2 - 9 d post-SM, more narrow 
irregularly oriented elastic fibers as well as fragmented and thickened fibrils were 
noted. At 14 - 60 d post-SM, elastic fibers appeared in a more perpendicular orienta-
tion with branches protruding into the DEJ. Taken together, these data demonstrate 
that SM alters dermal structure which is incompletely repaired during wound 
healing. Further studies analyzing the dermal wound healing process will be import-
ant to understand SM-induced skin injury. Analyzing dermal changes following 
exposure to SM will be essential for evaluating potential vesicant countermeasures. 
Supported by NIH AR055073, ES020721 and ES005022.

 3338 Investigating the Dermatotoxicity of Mechlorethamine In Vivo 
and In Vitro 

T. Rao, G. Mao, and B. Billack. St John’s University, Jamaica, NY.

Sulfur Mustard (SM) is a chemical warfare agent that was introduced on the battle-
field more than 100 years ago. To the present time, there is no antidote to poisoning 
by SM. Mechlorethamine (HN2) is a derivative of SM which is used in anticancer 
therapy. Dermal exposure of HN2 is associated with tissue blistering (vesication) 
which limits its clinical usefulness. A major purpose of the present study was to 
investigate the dose dependent dermatotoxicity of HN2 using an in vivo mouse 
ear vesicant model (MEVM). The ears of male and female C57BL/6 mice were 
exposed to increasing doses of HN2 (0.125, 0.250, 0.500 & 1.000 micromol/ear) or 
vehicle (DMSO). Mice were then euthanized 24 hr following exposure. HN2-exposed 
ears showed an increase in wet weights, morphometric thickness and MMP-9+ 
cells (tissue remodeling marker) at all test doses when compared to control. As an 
alternative to the MEVM, we next evaluated the tissue damage caused by HN2 in a 
reconstructed human skin full thickness model. A preliminary study was performed 
using samples of T-skin™ treated topically with HN2 (1.0 micromol/tissue) or DMSO 
and biopsied 1 or 4 hr after exposure. H&E-stained samples of HN2-treated skin 
showed signs of tissue injury compared to untreated samples or those treated 
with DMSO. Decreased immunostaining of collagen IV, a marker for dermal-epi-
dermal junction was observed in the HN2 treated tissues. Further developments in 
reconstructed 3D tissues are required to more fully mimic inflammatory responses 
which can only be observed in animals and humans at the present time.

 3339 Sustained Immunotoxic and Respiratory Effects in a Mouse 
Model of Wood Smoke Inhalation

K. Malone1, and C. Migliaccio2. 1University of North Carolina at Chapel Hill, Chapel Hill, 
NC; and 2University of Montana, Missoula, MT.

The various repercussions of climate change have increased the frequency and 
range of wildfires in most ecosystems. The increase in wildfire prevalence has 
raised public health concerns regarding wildfire smoke inhalation and potential 
chronic immunotoxic impacts. In this study, C57Bl/6 mice were exposed to 
wood smoke (WS) from a mix of local wood generated and controlled to target 
concentrations of PM2.5 in the Inhalation and Pulmonary Physiology Core facility 
to simulate human exposures. Exposure concentrations were calculated to model 
PM2.5 deposition levels in residents of Seeley Lake (SL), MT during the 2017 wildfire 
event. The normalized dose for this model was 5 mg/m3 of WS-derived PM2.5, with 
control groups exposed to filtered ambient air (FAA) throughout the treatment 
period. All groups were exposed for 2 hours per day for 5 days and samples were 
taken at 24 hours, 1 month, and 2 months post-exposure. While ex vivo assays were 
conducted to analyze potential changes in alveolar macrophage functions, cytokine 
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concentrations in the lungs and in blood serum were measured to evaluate local 
and systemic WS effects. Macrophage functions, increased LPS-induced cytokine 
production (TNFα) and decreased efferocytosis, were altered in a dose and time-de-
pendent manner that indicated an increase in inflammatory potential following 
WS exposure. In addition to a sustained change in lung function similar to that 
observed in community members in SL, VEGF levels were increased in WS-exposed 
groups, suggesting a potential mechanism of remodeling following WS inhalation. 
These observations illustrate both immunotoxic and respiratory function effects 
that are sustained following WS exposures in an inhalation mouse model. This work 
is supported by NIH grants R21ES029679 and R25ES022866 and its contents are 
solely the responsibility of the authors and do not necessarily represent the official 
views of the NIH.

 3340 Effect of Metals on Wood Smoke PM2.5 Toxicity in Human 
Airway Epithelium

C. K. Chou, D. J. You, and L. A. Miller. University of California Davis, Davis, CA.

An increased frequency of wildfires in the wildland-urban interface (WUI) releases 
particulate matter 2.5 (PM2.5) that not only includes burned biomass but also 
flame retardants, heavy metals, and plastics into the toxic plume of smoke blanket-
ing adjacent areas. Previous research has shown exposure to wildfire particulate 
matter is linked to adverse lung health outcomes including dysregulated immune 
responses, but how this can cause damage to the lung is still unknown. Our study 
aims to close this gap by simulating mixed wildfire exposure in human bronchial 
epithelial cells using woodsmoke extract and metals in vitro. We hypothesize that 
a toxic synergism of woodsmoke particles and metals result in increased produc-
tion of IL-6 and IL-8 in the BEAS-2B human bronchial epithelial cell line. During the 
2018 Camp Fire in California, significant amounts of lead were found in wildfire 
PM2.5. Thus, lead acetate was chosen as a representative for metals in this study. 
BEAS-2B cells were exposed to Douglas fir woodsmoke extract (30, 60, 90 ug/
ml) and lead acetate (0.03, 0.05, 0.1, 0.2 mg/ml). 10 ug/ml of LPS was used as a 
positive control to induce production of inflammatory cytokines. After 24 hours, cell 
supernatants were collected and analyzed for cytotoxicity via LDH assay and IL-6 
and IL-8 secretion through ELISAs. Expression of IL-6 and IL-8 mRNA was examined 
through RT-qPCR. All woodsmoke particle extract and lead acetate concentrations 
showed less than 10% cytotoxicity when cells were exposed separately. IL-6 mRNA 
level was significantly upregulated for all doses of woodsmoke, and IL-6 protein 
was significantly upregulated for 30 and 60 ug/ml doses of woodsmoke extract. 
Lead acetate exposure at 0.03 and 0.05 mg/ml resulted in significant increases 
of IL-6 mRNA transcript compared to control. 0.2 mg/ml of lead acetate signifi-
cantly upregulated IL-6 protein levels compared to all lower doses and the control. 
Our result suggests that a specific dosage of either wood smoke extract or lead 
acetate alone increases IL-6 and IL-8 production at both mRNA and protein levels. 
Future experiments will investigate whether there is toxic synergism of woodsmoke 
extract and lead acetate. Our study will determine if a mixture of wood smoke 
extract and metal results in differential toxicity from wood smoke extract alone, 
suggesting that recent wildfires in the WUI may have significantly different toxicities 
from wildfires consisting of burned biomass only. Grants: California Air Resources 
Board Agreements 15-303, 10-303, NHLBI T32 HL007013, NIEHS P30 ES023365, NIH 
P51 OD011107.

 3341 Sleep Disruption Increases Cardiovascular Risk of Wildfire-
Related Smoke Inhalation in Rats

K. Martin1, M. Schladweiler2, W. Oshiro2, J. Smoot1, C. King2, W. Williams2, M. Valdez1, 
C. Miller2, D. Freeborn2, Y. Kim2, D. Davies2, I. Gilmour2, U. Kodavanti2, P. Kodavanti2, 
M. Hazari2, and A. Farraj2. 1Oak Ridge Institute for Science and Education, Oak Ridge, TN; 
and 2US EPA, Research Triangle Park, NC.

Poor sleep is associated with increased cardiovascular (CV) morbidity and mortality 
and may exaggerate sensitivity to non-specific stressors of the CV system, includ-
ing air pollution. To determine whether sleep status impacts CV responses to air 
pollution, we evaluated the effects of mild sleep loss in the form of gentle handling 
(GH; 5 s every 30 min for 5 h during rest period) on the CV responses to single 
or repeated (twice/week for 4 weeks) inhalation exposure to eucalyptus wood 
smoke (ES; 1 mg/m3 for 1 h), a key wildland fire air pollution source, in 12-week-old, 
adult, male Sprague Dawley rats. CV function, measured using blood pressure (BP) 
radiotelemetry and echocardiography, was evaluated alongside assessments of 
lung and systemic inflammation, cardiac and hypothalamic gene expression, and 
heart rate variability (HRV), a measure of cardiac autonomic tone. GH disrupted 
sleep, as evidenced by active period-like locomotor activity, increases in BP, heart 
rate (HR), and body temperature, and increases in hypothalamic expression of the 
circadian gene Per2. A single bout of sleep disruption and ES, but not either alone, 
increased HR and BP as rats transitioned into their active/awake period (lights 
off), a period that is aligned with a critical early morning stroke risk window in 
humans. These responses were immediately preceded by reduced HRV, indicating 
increased cardiac sympathetic tone. In addition, only sleep disrupted rats exposed 
to ES had increased HR and BP during the final handling period and had increased 
cardiac output and left ventricular wall thickness. Disrupted rats also had increased 
cardiac expression of genes related to adrenergic function and the regulation of 

vasoconstriction and systemic blood pressure after final ES exposure. There was 
little evidence of lung or systemic inflammation. These results suggest that mild 
sleep loss may reduce the threshold for adverse CV outcomes caused by inhaled 
air pollution, in part by increased sympathetic activity. Abstract does not reflect US 
EPA policy.

 3342 Sex-Dependent Inflammatory Sequelae and Mechanisms 
following Acute Wood Smoke Exposure

K. E. Zychowski, M. Grimes, Q. Jacquez, A. Camacho, C. Dixson, and S. Yazzie. 
University of New Mexico, Albuquerque, NM.

Episodic wildfire events are a growing global concern due to climate change 
and drier weather conditions. The full-scope of sex-dependent, inflammatory 
consequences and mechanisms following woodsmoke (WS) exposure is currently 
unknown. In this study, we exposed male and female C57BL/6 mice to either 
filtered air (FA) or WS for 4h/d for 2 d, to simulate an acute, wildfire event in a 
pre-clinical rodent model (n=8 per group). In a second set of studies, we ovariec-
tomized female mice to evaluate acute WS toxicity in a model of ovarian hormone 
depletion/menopause. Woodsmoke exposures averaged 0.575±0.12mg/m3 per 
day, with significantly increased (p<0.05) levels of Ni, Ag, W and U in analyzed WS 
particulate matter, compared to FA. In the bronchoalveolar lavage fluid (BALF), 
females demonstrated significantly (p<0.05) diminished protein expression in IL-10, 
and IL-6 following WS exposure compared to FA, whereas males did not show any 
changes. Males, however, showed significantly fewer BALF macrophages following 
WS exposure, and greater glial fibrillary acidic protein (GFAP) staining in the cortex 
compared to FA-males. There were significantly increased levels of lung mRNA 
IL-1β, TNF-α, and IL-6 in female, WS-exposed mice, compared to males. Brain 
hemispheres demonstrated elevation of genes including IL-1β, CXCL-1, TGF- β and 
IL-6 in males exposed to WS, compared to females. In addition, lipidomic assays 
indicated greater phenotypic changes in females than in males in both plasma and 
brain samples, following WS exposure. Sex and exposure (FA/WS) demonstrated 
statistically significant interactions across several biomarkers tested, based on 
2-way ANOVAs. Ovariectomized (OVX) mice exposed to WS revealed significantly 
greater inflammatory responses in lung, bone marrow and the CNS compared to 
Sham mice. These inflammatory impacts demonstrate statistically significant 
interactions, between sex and exposure treatment, which may be mechanistically 
based on ovarian presence in females.

 3343 Paternal Eucalyptus Smoke Exposure Alters Metabolic 
Responses to Heat in Offspring

H. Nguyen1, M. Moore1, M. Schladweiler2, L. Strader2, G. Klinefelter2, P. Evansky2, 
Y. Kim2, I. Gilmour2, J. Dye2, and C. Miller2. 1Oak Ridge Institute for Science and 
Education, Research Triangle Park, NC; and 2US EPA, Research Triangle Park, NC.

Paternal exposures to environmental stressors may program offspring suscep-
tibility to metabolic deficits, in part, through epigenetic germ cell alterations. 
We have recently demonstrated that laboratory-generated wildfire smoke alters 
sperm motility and non-coding sperm RNAs. Considering the expected increase 
in frequency and intensity of wildfire events, the objective of this study was to 
determine whether paternal smoke exposure alters metabolism in offspring 
exposed to heat, a prototypic metabolic stressor. 14-week-old male Long-Evans 
rats were episodically exposed to either filtered air (FA) or eucalyptus smoke (WF; 
4-5 mg/m3 PM, 10 ppm CO) for 1 hour/day over 2 weeks during sperm matura-
tion. 24 hours following the final exposure, male rats were bred with estrus-syn-
chronized female rats. Resulting offspring were litter-standardized on postnatal 
day (PND) 4 and weaned on PND 19. At approximately 5-months-old, offspring 
were exposed to either standard vivarium housing temperature (N; 72oF) or heat 
(H; 78oF) for 2 weeks. Offspring were then euthanized, and serum was collected 
for further assessments. Results revealed no significant differences in final rectal 
temperature, despite increased surface body temperature in both heat-exposed 
males and females. Individual pre- and post-heat exposure body weights were also 
not significantly different between groups. Body weight gain, however, was signifi-
cantly reduced by 31% in WFH males compared to FAN controls after 1 week, and 
was near significance at 2 weeks (p = 0.08). Furthermore, serum glucose levels 
were significantly higher in FAH (20%) and WFH (10%) males compared to FAN 
controls, suggesting that heat alone impacted offspring glucose metabolism. 
Serum low-density lipoprotein cholesterol, a marker of dyslipidemia, was also 59% 
higher in WFH compared to FAN controls. Females showed no significant differ-
ences in body weight gain or serum clinical chemistry endpoints, regardless of 
paternal exposure or temperature condition. In summary, paternal smoke exposure 
resulted in sex-specific metabolic alterations in offspring exposed to heat. Our data 
suggest that paternal exposure to air pollutants may program metabolic risk related 
to additional postnatal stressors. Abstract does not reflect US EPA policy.
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 3344 Neurotoxicity Is Sex-Dependent following Acute Wood 
Smoke Exposure

C. Dixson, Q. Jacquez, A. Camacho, S. Yazzie, R. Liu, C. Feng, and K. Zychowski. 
University of New Mexico, Albuquerque, NM.

Acute woodsmoke (WS) exposure is a growing concern due to climate change 
and the increase in episodic wildfire events. The full-scope of sex-specific, physio-
logical consequences is currently unknown, including neurological responses to 
WS. In this study, we exposed C57BL/6 male and female mice to either filtered 
air (FA) or WS for 4h/d for 2 d, to simulate an acute, wildfire event in a pre-clinical 
rodent model (n=8 per group). Woodsmoke exposures averaged 0.575±0.12mg/m3 
per day. Metals assessment in WS filters demonstrated a statistically significant 
(p<0.05) upregulation of Ni, Ag, W and U, compared to FA filters. Woodsmoke-
exposed males showed a significant increase in glial fibrillary acidic protein (GFAP) 
staining, a marker of reactive astrocytes, in the cortex and increased IL-1ß, IL-6, 
TGF- ß, and CXCL-1 mRNA gene expression in brain hemispheres, compared to 
WS-exposed females. These impacts demonstrated a statistically significant 
interaction between sex and exposure treatment, based on a two-way ANOVA with 
Tukey’s post-hoc test (p<0.01). Interestingly, targeted lipidomics analyses of both 
brain and plasma samples in males and females indicated consistent significant 
decrease in several phosphatidylethanolamine (PE) and phosphatidylcholine (PC) 
lipids following WS exposure. Furthermore, preliminary assessment of circulat-
ing small extracellular vesicles (sEVs) show significantly increased inflammation 
(CXCL-1, IL-6 mRNA) in mouse cerebrovascular cells (mCECs) driven by WS-sEVs 
and increased mCEC uptake of serum-borne WS-sEVs, in vitro, compared to the 
FA-group in both males and females (p=0.01). Data demonstrate that this effect is 
not contingent on clathrin-mediated endocytosis. In conclusion, several neurotoxic 
impacts following WS exposure are sex-dependent responses, predominantly 
based on inflammatory processes.

 3345 Neurobehavioral Consequences of Early-Life Wildfire 
Smoke Exposure

D. You, A. Rindy, E. Kinnally, and L. A. Miller. University of California Davis, Davis, CA.

Wildfire smoke is recognized by the US Environmental Protection Agency as a 
major source of particulate matter under 2.5 microns diameter (PM2.5) emissions 
which is expected to increase in the future because of climate change. There is 
an abundance of epidemiologic and mechanistic data supporting the link between 
poor air quality and respiratory health, but the biological basis for effects on mental 
health is not well understood. We hypothesized that early-life inhalation of PM2.5 
derived from wildfires can contribute to increased behavioral abnormalities and 
anxiety with maturation. To test this hypothesis, we investigated parameters of 
sleep, activity, and cortisol in an outdoor colony of rhesus macaque monkeys that 
were exposed to ambient wildfire smoke during infancy. Adult female monkeys 
were born and reared in an outdoor environment within three months prior to the 
Trinity and Humboldt County summer wildfires in 2008, which produced signifi-
cant episodes of PM2.5 within one mile of the California National Primate Research 
Center. Controls for the study were female monkeys born in 2009 that were not 
exposed to wildfire smoke during infancy. Quantitative tracking data for activity and 
sleep were obtained using CamNtech Actiwatch monitors that were recorded every 
30 seconds for one week. Activity monitors were worn by monkeys using 3D-printed 
collars; all animals remained housed in large social groups in half-acre field cages 
during data collection (n=5 for 2008 and n=7 for 2009). Serum cortisol levels were 
measured in historical samples from infant monkeys following the wildfire event 
in 2008 and 2009 animals. Adult female monkeys that were exposed to wildfire 
smoke as infants in 2008 showed significantly reduced sleep duration compared to 
controls. The average daily sleep duration for control animals was 555.7 minutes. 
The average daily sleep duration for wildfire smoke-exposed animals was 464.8 
minutes. representing a 16% reduction in sleep per day. Comparatively, wildfire 
smoke-exposed animals also showed significantly increased activity levels normal-
ized to body weight relative to controls. Wildfire smoke-exposed animals also 
showed significant evidence of cortisol dysregulation compared to control counter-
parts. Body weight for adult wildfire smoke-exposed animals was also reduced 
relative to controls. Our results demonstrate that early-life wildfire smoke exposure 
is associated with disturbances in sleep, activity, and cortisol levels compared to 
controls. Collectively, these findings suggest wildfire smoke exposure may promote 
neurobehavioral dysregulation, possibly through altered circadian rhythms. 
California Air Resources Board Agreements 15-303, 10-303, NHLBI T32 HL007013, 
NIEHS P30 ES023365, NIH P51 OD011107

 3346 Live Cell Imaging of the Oxidative Effect of Exposure of Primary 
Human Airway Epithelial Cells to Wood Combustion Emissions 
Generated in Real Time

A. Abzhanova1, J. Berntsen2, E. Pennington3, L. Dailey4, and J. Samet4. 1University of 
North Carolina at Chapel Hill, Chapel Hill, NC; 2TRC Environmental Corporation, Raleigh, 
NC; 3Oak Ridge Institute for Science and Education, Oak Ridge, TN; and 4US EPA, 
Research Triangle Park, NC.

Wildfires produce a complex mixture of particulate, gaseous, and volatile 
components that can deteriorate air quality far from their source. Approximately 2.6 
billion people worldwide are exposed to harmful byproducts of wood combustion. 
Acute and chronic exposures to wildfire smoke pose a risk of adverse impacts on 
respiratory and cardiovascular health in firefighters and impacted communities, 
especially among sensitive populations. While oxidative stress is often cited as a 
central mechanism underlying the adverse health effects of exposure to air pollut-
ants such as woodsmoke, there is little information on the compounds responsi-
ble and the molecular initiating events that mediate their action. We hypothesize 
that exposure to woodsmoke leads to a loss of intracellular redox homeostasis 
in human airway epithelial cells. To study the oxidative effects of exposure of 
the human airway epithelium to woodsmoke, we developed and characterized a 
system that permits live cell imaging of differentiated primary human airway epithe-
lial cells cultured at an air-liquid interface on semipermeable membrane support 
(HAEC-ALI) as they undergo exposure to woodsmoke generated in real time. Smoke 
from a tube furnace burning shredded Red Oak under controlled conditions is 
made biocompatible by the addition of 37oC humidified dilution air and 5% CO2. 
The system has been characterized for parameters such as particle deposition 
efficiency, particle mass concentration, particle size distribution, elemental/
organic carbon, and the concentrations of carbon monoxide, carbon dioxide, and 
nitrogen oxides. HAEC-ALI expressing the fluorogenic glutathione redox potential 
(EGSH) reporter Grx1-roGFP2 are exposed to the stream of conditioned smoke in a 
custom in vitro chamber designed for live cell imaging in a controlled atmosphere. 
Exposure of HAEC-ALI to woodsmoke induced time- and concentration-dependent 
increases in EGSH that, within specific time windows, were repeatedly shown to be 
reversible by the withdrawal of the smoke, indicating that exposure to woodsmoke 
induces oxidation of glutathione that is not associated with a loss of cellular viabil-
ity. Control experiments showed that the effects of woodsmoke on EGSH were not 
attributable to carbon monoxide exposure. These findings provide direct evidence 
of intracellular redox changes induced by exposure to whole smoke generated in 
real-time and demonstrate the utility of this novel exposure system for the study of 
molecular initiating events in a relevant in vitro model of the human airway exposed 
to real-world woodsmoke combustion emissions. Does not necessarily reflect US 
EPA policy.

 3347 Evaluating the Immunomodulatory Effects of Allostatic Load and 
Wildfire Smoke Exposure

A. M. Bailey1, A. Payton1, M. Fiamingo1, M. Hazari2, J. Rager1, and I. Jaspers1. 
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and 2US EPA, Research 
Triangle Park, NC.

Wildfires are an increasing public health concern due to worsening climate 
conditions, such as extreme heat, high winds, and drought, which favor more 
frequent and intense wildfire events. Wildfire smoke, which contains large amounts 
of fine particulate matter less than 2.5 µm in diameter (PM2.5), is strongly associ-
ated with increased risk for respiratory illness, cardiovascular disease, and mortal-
ity. However, some subpopulations, such as minorities and low socioeconomic 
status (SES) communities, are more vulnerable to wildfire smoke health risks. The 
components of low SES that may account for this susceptibility, such as living 
in lower quality housing, experiencing more chronic and under-treated medical 
conditions, having limited access to healthcare, and experiencing greater levels 
of violence and noise, likely converge on stress pathways resulting in allostatic 
load. When the body is in a state of allostatic load (AL), it is forced to adapt to 
stressors by altering ideal, homeostatic ranges to maintain abated organ function. 
As sub-clinical changes to cardiovascular, metabolic, and inflammatory systems 
persist, allostatic overload occurs in which chronic stress ultimately results in 
morbidities and mortality. Immune dysregulation is likely a key component of stress 
induced susceptibly to environmental exposures. Individually, wildfire smoke and 
stress induce immune responses that can render individuals more susceptible 
to infections, allergic responses, and premature aging. However, there is a lack 
of research on the synergistic effects of psychosocial stress and wildfire smoke 
exposure on immune pathways. To address this knowledge gap, a cohort of C57/
BL6 mice were housed in enriched (EH) or depleted (DH) housing for 20 weeks. 
DH conditions serve as a psychosocial stress model and is synonymous to built 
environments devoid of green space, a common environmental justice issue in 
urban areas. The animals were exposed to either filtered air or 0.2mg/m3 of flaming 
eucalyptus wildfire smoke for 1 hour. Mice serum was collected and used to 
analyze primary and secondary allostatic load biomarkers using specific ELISA 
assays. Computational approaches were then used to generate an individual AL 
score for each animal as a measure of their cumulative stress burden. To assess 
innate immune function, mice serum was analyzed for a panel of immune mediators 
associated with wildfire smoke exposure using specific ELISA assays. Additionally, 
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to investigate adaptive immune changes, we utilized the IFN- γ / IL-4 ratio to assess 
shifts in Th1/Th2 polarization, which is associated with a range of immune-re-
lated diseases such as asthma. A hierarchical clustering heat map was used to 
evaluate correlations between immune mediators, wildfire smoke exposure and 
allostatic load scores, stratified into “high” and “low” categories. Additionally, we 
explored associations between wildfire smoke exposure, allostatic load and Th1/
Th2 balance. Our findings include altered innate and adaptive immune responses 
to wildfire smoke mediated by allostatic load. Overall, this study provides evidence 
that allostatic load affects critical immune pathways that can produce greater 
susceptibility to wildfire smoke and may underlie environmental health disparities.

 3348 Sex Differences in Blood Pressure Responses to Wildfire-
Related Smoke Inhalation in Rats

A. K. Farraj1, W. K. Martin2, W. Oshiro1, M. C. Schladweiler1, P. Evansky1, T. Krantz1, 
W. Williams1, M. Valdez2, D. Freeborn1, U. Kodavanti1, P. Kodavanti1, and M. S. Hazari1. 
1US EPA, Research Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, 
Oak Ridge, TN.

The adverse cardiovascular effects of inhaled air pollution have been well 
documented and are notably influenced by health status, exposure level and 
duration, and source. Less is known about the role of biological sex, especially 
as it relates to its influence on cardiovascular physiology. Available data indicate 
mixed responses to single pollutants that vary by cardiac disease type, with limited 
information on sex-based differences in responsiveness to emerging sources such 
as wildland fire smoke. The purpose of this study was to compare the cardiovascu-
lar responses to acute exposure to eucalyptus smoke, a key wildland fire-related air 
pollution source, among sexes. Three-month old female and male Sprague Dawley 
rats were exposed once for 1 hour to filtered air or eucalyptus smoke generated 
using an automated tube furnace and diluted to an average fine particulate matter 
concentration of 768 micrograms/m3. Rats were monitored for heart rate and blood 
pressure before, during and after exposure using implantable radiotelemetry. Lung 
and systemic markers of inflammation and injury were also assessed one-day after 
exposure. Exposure to eucalyptus smoke increased mean arterial blood pressure 
and caused a tendency towards increased diastolic blood pressure in male, but not 
female rats, during the early part of the exposure period, whereas smoke exposure 
caused a tendency towards increased heart rate only in female rats. Eucalyptus 
smoke also increased serum C-reactive protein and whole blood mean corpus-
cular hemoglobin and decreased whole blood red blood cells only in male rats, 
whereas smoke exposure increased serum alkaline phosphatase only in female 
rats. There were little-to-no changes in lung parameters with exposure in either 
sex. In summary, preliminary data indicate that male rats may be more sensitive 
to the functional cardiovascular consequences of inhaled eucalyptus smoke 
than female rats, suggesting that intrinsic factors such as biological sex must be 
thoroughly interrogated in exposure-response determinations. Abstract does not 
reflect EPA policy.

 3349 Neuroinflammatory Temporal Dynamics and Metabolomic 
Effects of Inhaled Wildfire Smoke

D. P. Scieszka1, M. Garcia1, G. Herbert1, J. Begay1, E. Barr1, R. Hunter1, R. Kumar1, 
K. Bhaskar1, M. McCormick1, R. Gullapalli1, B. Bleske1, A. Ottens2, H. Gu3, and 
M. Campen1. 1University of New Mexico, Albuquerque, NM; 2Virginia Commonwealth 
University, Richmond, VA; and 3Florida International University, Miami, FL.

Wildland fires have become progressively more extensive over the past 30 years in 
the US, and now routinely generate smoke that deteriorates air quality for most of 
the country. We explored the impact that smoke derived from biomass has on the 
metabolomic profile of brains from older (18 months) female C57BL/6 mice acutely 
and after 10 weeks of recovery from exposures. Mice (N=6/group) were exposed 
4 hours/day every-other-day for 2 weeks (7 exposures total) to concentrations of 
wood smoke averaging 0.5 mg PM2.5/m3. One group of mice was euthanized 24 
hours after the last exposure. Other groups were then placed on 1 of 4 treatment 
regimens: vehicle; resveratrol plus NMN (Resv+NMN), senolytics (dasatinib+quer-
cetin; D+Q); or both Resv+NMN and D+Q. At sacrifice, brains were rapidly excised 
and frozen for untargeted metabolomics. Among the findings, the aging from 18 
months to 21 months was associated with the greatest metabolic shift, while 
exposure effects were relatively modest. Of the drug regimens, none were able to 
offset the full effect of aging, but the combination of Resv+NMN with D+Q exhibited 
the greatest metabolic shift. Immediately after wildfire smoke exposure, modest 
neurometabolite changes were observed (6 metabolites upregulated, 10 downreg-
ulated), but after 10 weeks a persistent difference in exposed mice could be seen 
(5 up, 12 down, including significant reductions in serotonin). The wildfire smoke 
exposure effect on serotonin was not seen in groups treated with Resv+NMN or 
D+Q. The results are preliminary and will be presented in context with pulmonary 
and cardiac findings from these groups as well as a comparison of cardiovascular 
outcomes from a young cohort.

 3350 Effects of Chronic Wildland Fire Smoke Exposure on Vascular 
Function in Male Apoe-/-Mice

J. Matz1, M. J. Eden1, M. J. Gollner2, J. M. Oakes1, and C. Bellini1. 1Northeastern 
University, Boston, MA; and 2University of California Berkeley, Berkeley, CA.

In the United States, wildland fire smoke (WFS) contributes to nearly one third of 
the respirable particulate matter (PM) and carbon monoxide (CO) in the air. The 
continuous rise in severity and size of wildland fires poses a health risk to both 
the community and wildland fire fighters (WLFFs) who live or work near the fires. 
Although epidemiological evidence supports a correlation between years of fire 
service and likelihood of developing hypertension, the cardiovascular effects of 
WFS inhalation remain vastly understudied. To complement these sparse data, 
we evaluated the cardiovascular outcomes of chronic WFS exposure in a mouse 
model of hypercholesterolemia. Lab-scale smoldering Douglas fir smoke (DFS) 
was generated using a custom-built apparatus. Male, 8-week-old Apoe-/- mice were 
exposed to DFS (N=20) or filtered room air (N=20) for 2 hrs/day, 5 days/week, for 8 
or 16 weeks. DFS emissions were monitored daily for PM (gravimetrically) and CO 
(Enerac 700). Blood pressure was measured weekly (CODA, Kent Scientific). Body 
weights were collected weekly and COHb levels were measured after the first day 
of exposure and at both endpoints (ABL80 FLEX, Radiometer). Blood serum was 
collected at each endpoint for cytokine analysis (Q-Plex, Quansys Biosciences) 
and mice were sacrificed to harvest the abdominal aorta for in vitro passive and 
vasoactive mechanical testing. Aortic samples were first pre-constricted with 
phenylephrine to probe the endothelium-dependent vasodilatation (EDV) via luminal 
administration of acetylcholine at increasing concentrations (10-9 to 10-4 M). The 
contribution of eNOS-derived nitric oxide to EDV was then evaluated following the 
same protocol but after preincubation with NG-Nitroarginine methyl ester hydrochlo-
ride (L-NAME). The constitutive parameters of aortic tissues were estimated from 
cyclic inflation-extension tests and used to predict passive stress, stiffness, and 
energy at in vivo loads. PM and CO concentrations in DFS over 16 weeks averaged 
39±13 mg/m3 and 218±46 ppm, respectively, yielding average COHb levels of 
21.2±4.8%. No PM or CO were detected in filtered air and control mice had an 
average COHb concentration of 1.7±0.9%. Inhalation of DFS stunted the growth of 
mice, with percent weight changes from baseline at DFS16wk:19±4% vs. Air16wk:24±6 
% (p<0.05) and DFS8wk: 14±5 vs. Air8wk: 20±5 % (p<0.05). Systolic blood pressure 
raised over the first 12 weeks of DFS exposure and stabilized thereafter, while it 
remained constant in controls (DFS8wk:105±1, DFS16wk:107±1, Air: 99±1 mmHg). 
There were signs of systemic inflammation at both endpoints with elevated levels 
of IL-1α, IL-5, and RANTES at 8 weeks and elevated IL-5, IL-6, IL-17, and MCP-1 
after 16 weeks. Relaxation of air exposed aortas reached 115±8% at the largest 
acetylcholine dose but was reduced to 92±5% (p<0.05) with L-NAME preincubation 
due to eNOS inhibition. No difference in maximum relaxation with (DFS8wk:86±6, 
DFS16wk:74±5%) or without (DFS8wk:79±5, DFS16wk:75±11%) L-NAME was detected, 
suggesting that WFS exposure hinders eNOS-mediated EDV. DFS exposure 
rendered the aortic wall structurally stiffer in a time-dependent manner with a drop 
in distensibility at 8 weeks followed by further decline at 16 weeks (DFS8wk:25±2, 
DFS16wk:22±2, Air: 28±3 MPa-1). Collectively, this study indicates that WFS inhalation 
contributes to cardiovascular dysfunction by stiffening the aortic wall and hinder-
ing tissue vasoactive properties that are crucial to accommodate hemodynamic 
changes. Our findings elucidate the occupational risks of wildland firefighting and 
can aid in the formulation of respiratory protective standards and preventative 
health measures. This work is supported by DHS/FEMA: EMW-2017-FP-00446 and 
NIH/NIEHS: R01E5033792.

 3351 Monitoring Exposures of Structural Firefighters to PCBs and 
VOCs with Silicone Passive Samplers

E. M. Bonner1, C. M. Poutasse1, W. S. Poston2, S. A. Jahnke2, C. K. Haddock2, 
L. G. Tidwell1, P. D. Hoffman1, and K. A. Anderson1. 1Oregon State University, Corvallis, 
OR; and  2NDRI USA, Leawood, KS.

Firefighters face complicated occupational exposures while on the job, includ-
ing high heat, particulate matter and complex mixtures or organic chemicals in 
smoke. Chemicals can form through combustion or be released from furniture, 
building materials, and home goods. These chemical mixtures can contribute to 
increased cancer risk and other adverse health effects in the firefighter community. 
Exposures of interest that may be associated with adverse effects include polychlo-
rinated biphenyls (PCBs) and volatile organic chemicals (VOCs). In this study, 
we recruited 57 firefighter participants from two fire departments in the Kansas 
City Metropolitan area to wear silicone dog-tags around their necks as passive 
samplers. Separate tags were worn while on duty, and while off duty, for a total 
of 30 days each (24 hours a day) to compare individual chemical exposures. We 
also compared exposures between fire departments, which differed by call volume 
for fire responses. We analyzed the dog-tags for 43 PCBs and 21 VOCs using gas 
chromatography, mass spectrometry. It was hypothesized that chemical concentra-
tions in paired on-duty versus off-duty tags are higher, and that the concentrations 
in the high call volume fire station tags are higher than the low call fire station tags. 
We also sought to explore correlations between questionnaire data (firefighter rank, 
number of fire attacks, etc.) and chemical concentrations in dog-tags. On- versus 
off-duty exposures to PCBs were highly individual, with no significant difference 
in concentration in relation to duty-status. Only 28% of firefighters had detectable 
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concentrations of PCBs in either sample; 40% (n=30) of high call volume station 
firefighters and 15% (n=27) of low call volume station firefighters had detectable 
PCB exposures, providing some support for the high call volume station firefighters 
having greater exposures. Additionally, 12 different PCB congeners were detected, 
with PCB 153 being the most frequently detected. Importantly, only two detections 
were of planar (dioxin-like) PCBs, which have been associated with increased health 
risks relative other PCBs. Seventeen VOCs have been detected across dog-tags, 
with no evidence of differences between on- and off-duty exposures or between 
stations. Critically, firefighters faced relatively infrequent exposures to PCBs, which 
is expected to continually decrease as we remove PCBs from our built environ-
ment. Furthermore, this study has expanded the current data on firefighter chemical 
exposures created with passive sampling in the gas phase to include more diverse 
organic chemicals ranging from low molecular weight VOCs to relatively high 
molecular weight PCBs. Beyond the compounds of interest, the ease of sample 
collection and data produced in this study also demonstrate the value of using 
silicone passive samplers as a tool in assessing firefighters’ chemical exposures, 
and more generally, occupational chemical hazards.

 3352 A Military Burn Pit Simulator for Emissions Generation, 
Inhalation Exposure, and Health Effects Studies

T. Goldsmith, T. Batchelor, A. Ranpara, S. Hussain, and T. Nurkiewicz. West Virginia 
University, Morgantown, WV.

Many US Veterans deployed in the Middle East were exposed to contaminants 
and environmental hazards created by open pit burning of waste products with jet 
fuel as an accelerant. Approximately 600,000 of these Veterans now suffer from 
“Chronic Multisymptom Illness” (CMI) with accompanying symptoms that have 
been linked with military burn pit proximity. At this point CMI is not well understood, 
and effective treatments are lacking. An automated system was designed to 
simulate burn pit combustion emissions and to analyze these emissions and their 
related health effects on rodents. Custom pellets were produced that contained 
mixtures of typical substances that were burned in the field. A commercial pellet 
stove was modified so that the feed rates of the pellets and jet fuel, combustion 
air flow and diluent air could be computer-controlled. Additionally, temperature 
sensors were placed in the burn area and in the flue where the combusted air 
was extracted. The combustion gas/aerosol was mixed with diluent air and fed 
into a sampling/exposure chamber. Exhaust air was HEPA and charcoal filtered 
then run through a mass flow controller attached to a vacuum. Real-time chamber 
pressure, temperature and humidity were also measured. A light scattering device 
and a five-gas analyzer continually sampled air from the chamber and these signals 
along with the temperature measurements were used in feedback loops to control 
chamber aerosol/gas concentrations and burn temperatures. A custom software 
graphical user interface was developed to record and control parameters during 
the exposures. Air samples were also collected from the chamber and gravimet-
ric, particle size, scanning electron microscopy, transmission electron microscopy, 
volatile organic compound and gas chromatography mass spectrometry analysis 
were conducted. Initial testing results of the system to determine the range of 
inputs achievable included: 1) pellet feed rate of 0.12-1.82 kg/hr, 2) jet fuel drip rate 
of 0.12 - 1.6 ml/min, 3) combustion air flow rate of 10-100 LPM, 4) burn tempera-
ture range of 110-454 ºC, and 5) controllable chamber mass flow concentration 
of 0.5-50 mg/m3. Particle size measurements of the combustion emissions of 
sawdust-only pellets combined with jet fuel exhibited a count median diameter 
(CMD) of 76 nm with a geometric standard deviation (GSD) of 1.79. When rubber 
and acrylic were added to the sawdust and combined with the jet fuel, the particle 
size distribution increased with a CMD of 134 nm and a GSD of 2.27. This indicated 
that combustion of pellets with varying constituents will produce different particle 
size distributions, but that the vast majority of these aerosols are respirable in 
rodents. In addition, acceptable conditions for animal comfort were achieved 
during these tests (chamber temperature 19-22 ºC, relative humidity 30-70 % and 
CO2 < 5000 ppm). Our successful validation of the burn pit simulator to produce 
combustion aerosols and gasses that mimic real-world exposures will result in 
reliable, and repeatable exposures for subsequent CMI model studies in rodents (to 
assist with the identification of mechanisms of disease).

 3353 Plastic Dominates Developmental Toxicity Responses to Burn 
Pit–Related Smoke in Zebrafish: Role for PAHs

J. Smoot1, S. Padilla2, Y. Kim2, B. Hill1, B. Knapp1, M. Lowery1, W. Oshiro2, M. Hazari2, 
M. Hays2, B. Preston3, I. Jaspers4, I. Gilmour2, and A. Farraj2. 1Oak Ridge Institute for 
Science and Education, Oak Ridge, TN; 2US EPA, Research Triangle Park, NC; 3CSS 
DYNAMAC, Durham, NC; and 4University of North Carolina at Chapel Hill, Chapel Hill, NC.

Combustion of mixed materials during open air burning of refuse and housefires 
produces emissions that worsen air quality and are increasingly associated with 
adverse health effects. Although previous studies have linked air pollution exposure 
from other sources to congenital defects, the potential developmental toxicity of 
burn pit-related emissions remains uncertain. The purpose of this study was to 
assess the developmental toxicity of extractable organic material (EOM) derived 
from burn pit-related smoldering smoke condensates from 5 fuels: plywood, 
cardboard, plastic, mixture (plywood+cardboard+plastic), and mixture plus diesel 

in zebrafish and relate responses to condensate chemistry, which was analyzed 
by gas chromatography-mass spectrometry. We hypothesized that morphologi-
cal and behavioral toxicity following developmental exposure is dependent on fuel 
type. Zebrafish larvae (n = 8/treatment group) were exposed from 6 hours post 
fertilization (hpf) through 4 days post fertilization (dpf) to 0.4% dimethyl sulfox-
ide (DMSO) vehicle or EOM (0.01-40 µg/ml; half-log intervals) from each of the 5 
smoke condensates in 96-well plates and assessed for malformations at 5 dpf. 
Zebrafish larvae (n=28 per treatment) were exposed during that same develop-
mental window to 0.4% DMSO vehicle or sublethal concentrations (0.01-1.2 µg/
ml) of all 5 smoke condensates and assessed by measuring photoinduced locomo-
tion at 5 dpf. Morphologically, all smoke condensates caused mortality at the 
highest concentration and concentration-dependent effects, including delayed 
swim bladder inflation, pericardial edema, scoliosis, tail kinks, and/or craniofacial 
deformities. Condensates from plastic and the mixture smoke caused a higher 
rate of deformities than other materials. Developmental exposure to plastic 
smoke condensates also altered locomotor responsiveness to light changes to 
the greatest extent, although plywood smoke condensates also modified respon-
siveness. Interestingly, some morphological and behavior responses strongly 
correlated with condensate concentrations of total and specific polycyclic aromatic 
hydrocarbons (PAHs). Taken together, these results suggest that material type 
and combustion chemistry impact the severity of burn pit-related smoke-induced 
developmental toxicity in zebrafish. Abstract does not reflect US EPA policy; DoD 
award #W811XWH-18-1-0731 (IJ).

 3354 Pulmonary and Systemic Toxicity of 3D Printer Emission 
Exposure in a Rat Model

S. K. Sivasubramani1,2, J. L. Stricker1,2, R. A. James1,2, S. Czyz1,2, E. A. Phillips1,2, and 
M. L. Karen1. 1Naval Medical Research Unit Dayton, Wright-Patterson AFB, OH; and 
2Leidos Inc, Reston, VA.

Additive manufacturing, also known as 3D printing technology, is gaining popularity 
in many sectors, including within the U.S. military, for the ability to produce complex 
and specifically designed objects on demand and in operating environments. Many 
agencies across public, private, and military sectors have raised concerns over 
the potential release of gases and particles during the printing process, particu-
larly in confined spaces. Concerns stem from the several types of volatile organic 
compounds (VOC) and ultrafine particles (UFP) that may be released during the 
manufacturing thermal process and if any could result in potential adverse health 
effects. We aimed to address data gaps associated with this concern and have 
characterized the VOCs and UFPs from 3D printer emissions and investigated their 
potential adverse health effects in a rodent model with exposure by inhalation. 
Three 3D printers with polyethylene terephthalate glycol filaments were used in 
this study. The particle concentrations and sizes were measured using scanning 
mobility particle sizer (SMPS) and Gas Chromatography-Mass Spectrometry 
(GC-MS) was used to identify VOCs. The pulmonary and systemic toxicities were 
evaluated in rats exposed via inhalation to printer emissions for 6h/day for 14 days 
over a period of 3 weeks and held for an additional 14 days post-exposure. The 
average particle concentration and the count median diameter ranged from 1.27 x 
104 to 7.39 x 104/cm3 and 70.7 to 144.1 nm (σg = 1.77 to 1.99), respectively. A total 
of 68 VOCs were detected by GC-MS, of which 37 were identified using the National 
Institute of Standards and Technology’s mass spectrometry library. Triethylene 
glycol (72.82 ng/L), dodecanoic acid (43.06 ng/L), tetradecanoic acid (28.06 ng/L) 
and propylene glycol (22.11 ng/L) were some of the compounds identified at the 
higher concentrations. Exposed rats were neurologically assessed by Motor activity 
(MA), for locomotion and exploratory behavior, functional observation battery 
(FOB) for gross functional deficits, and Morris water maze (MWM) for learning and 
memory. In FOB, forelimb grip strengths of the exposed animals were significantly 
greater (p=0.04) than the control group, and no significant differences were found 
with MA and MWM. Respiratory measurements, clinical chemistry, hematology, 
inflammatory markers, BALF cell counts in bronchoalveolar lavage fluid (BALF), 
and histopathology were examined. The respiratory parameters such as frequency, 
tidal volume, and minute volume followed a lower trend with time during emission 
exposure, but these were not statistically significant when compared with the 
control group. Further, there were no statistically significant differences in any 
respiratory parameters 14 days following exposure. The number of macrophages, 
neutrophils, lymphocytes, basophils, and eosinophil cell counts in BALF and inflam-
matory markers in blood plasma were also not significantly different from the 
control group. In conclusion, under the experimental conditions applied, exposure 
to 3D printer emissions caused no observed pulmonary or systemic toxicity in a 
rodent model.
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 3355 Uptake and Toxicity of Respirable Polyester Fiber Particles 
following UV Weathering

A. Neidhart1, M. Spilde1, A. Maestas-Olguin1, A. Benavidez1, A. Brearley1, G. Herbert1, 
K. Hess2, J. Gonzalez-Estrella2, J. Cerrato1, M. Campen1, and E. El Hayek1. 1University of 
New Mexico, Albuquerque, NM; and 2Oklahoma State University, Stillwater, OK.

Air pollution during the critical periods of climate change can drive the development 
of respiratory diseases by increasing oxidative stress and inflammation in the lung. 
Climate change can increase climatic stress factors (i.e. UV radiation and tempera-
ture extremes) and cause oxidative alterations to the surface physicochemistry 
of air pollutants. Respirable microplastics and fibers in air particulates may be 
subjected to such environmental weathering. The documentation of occupational 
respiratory diseases in synthetic textile workers and the recent evidence on the 
presence of fibers in human lung tissue exacerbate the concern about fibers 
cytotoxicity and inflammation in the lung. Here, we evaluated the physicochemical 
characteristics and toxicity of fiber particles from a fleece polyester fabric before 
and after UV weathering by integrating microscopy, spectroscopy, and cytotoxicity. 
Raman spectroscopy confirmed that the chemical structure of leached particles 
from the fleece blanket matches with polyester microfibers. Scanning electron 
microscopy energy-dispersive spectroscopy and Raman spectroscopy revealed 
the increase in the concentration of metals impurities (i.e. titanium and silica) on 
the surface of UV-aged particles and the decrease in the intensity of the allenes 
group respectively. Carbonyl, ketone, and carboxylic functional groups increased 
on the near-surface region of UV-aged particles as indicated by X-ray photoelectron 
spectroscopy. Both fresh and UV-aged fibers of respiratory sizes induced dose-de-
pendent cytotoxicity. UV radiation amplified fiber particles cytotoxicity by increasing 
10 % the cell mortality at 500 µg/ml particles concentration, in comparison to fresh 
fibers. Transmission electron microscopy identified the intracellular translocation 
of UV-aged particles at 50 µg/ml particles concentration. Our study highlights the 
importance of understanding the environmental health risks from fiber particles 
exposure and their implications for the inflammatory mechanisms in the lung.

 3356 Emissions from Flaming and Smoldering Plastic Disrupt 
Mitochondrial Function in Upper Respiratory Cells

E. WaMaina. Oakwood University, Huntsville, AL.

Respiratory exposure to emissions from burning plastic is an urgent and increas-
ing health concern as there is currently an estimated 6.3 billion tons of plastic 
trash in the world, with over 90% of trash being stored in landfills or disposed of 
by incineration. Annually, 70 million tons of plastic waste is incinerated globally, 
introducing over 500,000 tons of respiratory toxins into the air. Whether and how 
inhalation of emissions from burning plastics present a health hazard by interfer-
ing with essential cellular processes, such as mitochondrial function, is currently 
not well understood. We hypothesized that emissions from burning plastic would 
disrupt mitochondrial function in human nasal epithelial (HNEC) cells in vitro and 
that these effects are dependent on incineration temperature. Plastic materials 
were burned at flaming (640°C) or smoldering (500°C) temperatures in a quartz 
tube furnace system, and emissions were collected as condensates in a series of 
cryotraps. HNECs from male and female donors were cultured to confluence for 
analyses of mitochondrial function and cellular bioenergetics using the Seahorse 
XFe24 Extracellular Flux Analyzer. Cells were then exposed to either 25 or 50 ug/
cm2 of smoldering or flaming plastic emission condensates (PEC) and analyzed 
for changes in mitochondrial respiration and glycolysis. Our data suggest that 
exposure to smoldering and flaming PECs disrupt critical mitochondrial functions 
including basal respiration, ATP production, and coupling efficiency. These results 
reveal that inhalation of PECs adversely affect human respiratory cells by impairing 
mitochondria activity, likely resulting in adverse upper respiratory health effects 
and disease.

 3357 Emissions Generated from Plastic Incineration Induce Cellular 
Oxidative Stress in Upper Respiratory Cells

K. L. Rogers1, E. Wamaina2, S. Masood1, Y. Kim3, I. Gilmour3, and I. Jaspers1. 1University 
of North Carolina at Chapel Hill, Chapel Hill, NC; 2Oakwood University, Huntsville, AL; and 
3US EPA, Research Triangle Park, NC.

Respiratory exposure to emissions from plastic incineration is a problem of increas-
ing human relevance, as both primary plastic production and plastic waste creation 
have skyrocketed since their mainstream integration during the 20th century. 
Globally, plastic waste (400 million metric tons) now exceeds new production (380 
million metric tons) per year, as waste includes materials produced in previous 
years. Over 70 million tons of plastic waste is incinerated each year, introducing 
over half a million tons of toxic aerosols into the air. We have previously shown 
that emissions from plastic incineration can induce inflammation in primary human 
nasal epithelial cells (HNECs) and increases expression of electrophile response 
proteins CYP1A1 and CYP1B1. Here we hypothesized that HNEC exposure to 
emissions from plastic incineration would increase oxidative stress markers, and 
that incineration temperature would affect cellular functions. Plastic beads were 
burned at smoldering (500°C) or flaming (640°C) temperatures in a quartz tube 

furnace system and the smoke collected as condensate in a series of cryotraps. 
HNECs differentiated at air-liquid interface were treated with emission condensates 
from smoldering and flaming plastic at 20 μg/cm2 on the apical side. Cell lysates 
were collected after 1 hour to assess reactive oxygen species (ROS)-induced 
protein carbonylation. HNECs in submerged culture were assessed for mitochon-
drial respiration and glycolysis using Seahorse. In addition, human bronchial epithe-
lial cells (16HBE) genetically encoding a fluorogenic sensor sensitive to glutathione 
oxidation were used to determine the effects of pre-treatment with Vitamin E on 
oxidative stress induced by exposure to condensates. Glutathione (GSH) oxidation 
was monitored in real time using confocal microscopy. The data indicate that both 
flaming and smoldering plastic emissions increase oxidative stress in respiratory 
cells, with flaming emissions having significantly greater effects. Specifically, 
flaming temperature condensates increased carbonyl modifications, significantly 
decreased mitochondrial function such as adenosine triphosphate (ATP) produc-
tion, maximum respiration, and coupling efficiency, and significantly increased 
GSH oxidation while causing protein adduction. Treatment with Vitamin E reduced 
GSH oxidation and protein adduction. The results demonstrate that inhalation of 
emissions derived from burning plastic causes cellular oxidative stress in human 
respiratory cells. Importantly, our findings illustrate the varying degrees of respira-
tory injury and biological outcomes based on incineration temperature; a premise 
supported by distinct chemical profiles for smoldering and flaming plastic conden-
sate chemical analysis. This abstract does not reflect EPA policy; DoD award 
#W811XWH-18-1-0731 to I.J.

 3358 Inhaled Diesel Exhaust Particulate Matter, Coupled with a High-
Fat Diet, Promotes the Expression of Factors Utilized by SARS-
COV-2 for Cellular Entrance in Lungs of C57Bl/6 Male Mice, 
Which Is Mitigated through Probiotic Treatment

K. N. Nguyen, S. Daniel, D. Phillippi, and A. K. Lund. University of North Texas, 
Denton, TX.

Exposure to traffic-generated air pollution has been shown to contribute to 
COVID-19 infection rate and severity. Previous studies in our lab have shown that 
diesel exhaust particulate matter (DEP) inhalation increases inflammatory signaling 
and lung microbiome imbalance in C57Bl/6 mice, creating an environment more 
vulnerable to respiratory infections and disease. SARS-CoV-2 spike proteins are 
known to bind to the cell surface through two main pathways: by binding to neuropi-
lin-1 (NRP1) after cleavage by furin protease and by binding to ACE2 receptors 
after cleavage by TMPRSS2. Importantly, TMPRSS2 and ACE2 are regulated by the 
androgen receptor (AR). Furthermore, it has been reported that the spike proteins 
of COVID-19 can activate the toll-like receptor 4 (TLR4), leading to increased ACE2 
expression and inflammation. We hypothesize that exposure to the environmental 
pollutant, DEP, promotes increased expression of one or both of these pathways, 
which may be further exacerbated with the consumption of a high-fat (HF) diet, 
resulting in increased susceptibility to infection. Additionally, our previous reports 
show that the use of probiotics can mitigate inflammatory and immune outcomes 
in the lung following DEP exposure; thus, we investigated the potential benefit in 
these studies. For this study, male C57BL/6 mice (4-6-week-old) were fed either 
a 10% fat (LF) or a 45% fat (HF) diet and exposed via oropharyngeal aspiration to 
either 35µg DEP (NIST SRM #2975), suspended in 50µl 0.9% sterile saline or sterile 
saline only, 2x/wk for 30d. A subset of HF mice received ~0.3g Ecologic® Barrier 
849 probiotic (7.5 x 107 CFU/day) via drinking water daily. Immunofluorescence and 
RT-qPCR analyses of the lungs show that DEP-exposure promoted inflammatory 
(TNF-α) signaling and reactive nitrogen species (RNS) that was further increased 
with HF diet; however, both TNF-α expression and RNS were mitigated with probiot-
ic-treatment. Furthermore, AR, ACE2, and TMPRSS2 mRNA and protein expression 
were significantly increased in the lungs with the combined insults of DEP+HF diet; 
however, the expression of these factors was normalized with probiotic-treatment. 
DEP exposure also significantly increased TLR-4 mRNA expression in the lung, 
regardless of diet. DEP exposure did not promote the expression of either NRP1 
or furin mRNA in the lung. These results suggest that DEP exposure may increase 
COVID-19 infection susceptibility through a pathway that includes TLR-4 activation, 
TMPRSS2, and ACE2 receptors in the lung, the expression of which was reduced 
through probiotic treatment in our studies. Funded by NIEHS R15ES026795 to AKL.

 3359 Impressic Acid Attenuates the Diesel Exhaust Particles–Induced 
NLRP1 Inflammasome in Human Keratinocytes

S. Lee, G. Lee, M. Kim, J. Chae, J. Kim, and H. Jeong. Chungnam National University, 
Daejeon, Korea, Republic of.

Diesel exhaust particles (DEP), the main component of fine particulate matter 
(PM2.5), is directly exposed to the respiratory system and the skin, causing 
inflammatory diseases. The inflammasome formation caused by infection and 
cell damage induces an inflammatory response by increasing the production and 
secretion of inflammatory cytokines such as IL-1β. NLRP1 inflammasome is known 
to be expressed in the skin and is critical to inflammatory mechanisms. Impressic 
acid (IPA), a lupane-type triterpenoid isolated from Acanthopanax koreanum, have 
been reported to various physiological activities, including the protective effect 
against endothelium dysfunction, anti-oxidant and anti-inflammatory. However, 
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the inhibitory effect of IPA on NLRP1 inflammasome induced by PM2.5 has not 
been known. In this study, we confirmed the inhibitory effects of IPA on NLRP1 
inflammasome induced by DEP in human keratinocyte HaCaT cells. IPA inhibited 
DEP-induced the NLRP1 expression and the cleaved form of caspase-1 and IL-1β. 
In addition, IPA attenuated the phosphorylation of NF-κB and IκB. IPA increased 
the expression of Nrf2, HO-1 and NQO1 expression in human keratinocyte HaCaT 
cells. Furthermore, pretreatment with ML385, a Nrf2 inhibitor, reversed the inhibi-
tory effect of IPA on NLRP1 inflammasome induced by DEP. In conclusion, these 
findings suggested that IPA can prevent DEP-induced NLRP1 inflammasome by 
inducing Nrf2/HO-1 signaling pathway in human keratinocytes.

 3360 Altered Expression of Proteins Associated with Antioxidant 
Activity and Cell Death May Contribute to Nonalcoholic Fatty 
Liver Disease Pathogenesis in C57Bl/6 Male Mice Exposed 
to Traffic-Generated Emission Exposure and Concurrent 
Consumption of a High-Fat Diet

L. J. Schneider1,2, B. Penaredondo1, L. Stanley1, Y. Lin3, D. Butcher3, L. Anderson3, and 
A. K. Lund1. 1University of North Texas, Denton, TX; 2CFD Research Corporation, Dayton, 
OH; and 3National High Magnetic Field Laboratory, Tallahassee, FL.

Recent epidemiologic studies have demonstrated a correlation in exposure to 
traffic-generated air pollution to the development of nonalcoholic fatty liver 
disease (NAFLD), which currently afflicts approximately 25% of the global popula-
tion. NAFLD is characterized by the accumulation of fat within hepatocytes which 
frequently promotes inflammation, fibrosis, hepatocellular damage, and necrosis. 
Previously, we have shown exposure to mixed vehicle emissions (MVE) to promoted 
hepatocyte hypertrophy, increased lipid accumulation, and steatosis in the livers of 
C57Bl/6 mice, which was further exacerbated by consumption of a HF diet. MVE 
exposure has been well documented to promote alterations in cellular responses 
and functions, including biotransformation reactions within hepatocytes which 
often leads to the production of reactive oxygen species promoting oxidative stress 
and cell death. Thus, we investigated the hypothesis that exposure to MVE, coupled 
with concurrent consumption of a high fat (HF) diet promotes altered expression 
of proteins within the liver linked to oxidative stress and cell death responses. To 
investigate this hypothesis, 3 mo-old male C57Bl/6 wildtype mice were placed on 
either a control (LF) or HF (21% fat content by weight) diet, and randomly assigned 
for whole-body inhalation exposure to either filtered air (FA) or MVE (70 µg PM/
m3 diesel exhaust + 30 µg/m3 gasoline exhaust) for 6 hr/d for 30d. Total protein 
was isolated from liver tissue and reconstituted in solvent A (5% acetonitrile + 
0.3% formic acid). Proteins were separated by reverse-phase LC-MS/MS utilizing an 
ACUITY M-Class nano-HPLC operated at 3 µL/min with a gradient of 5-75% solvent 
B (95% acetonitrile + 0.3% formic acid) over 75 minutes and immediately ionized 
by microelectrospray ionization. Precursor (MS1) and product (MS2) ion spectra 
were collected in the ICR mass analyzer at 21T. Preliminary findings revealed 
alterations in the expression of proteins associated with antioxidant activity and 
cellular damage. These findings are further substantiated by histochemical and 
immunofluorescence analysis indicating alterations in cellular damage resulting 
from oxidative stress and cell death. Detailed analyses are underway to investi-
gate potential post-translational modifications of these proteins that may contrib-
ute to the development of NAFLD pathologies in the liver in response to inhala-
tion exposure to MVE, with concurrent HF diet consumption. Funded by NIEHS 
R00ES016586 and R15ES026795 (AKL), NSF DMR-1644779, and the State of Florida 
(National High Magnetic Field Laboratory).

 3361 Inhalation Exposure to Traffic-Generated Air Pollution Results in 
Renin-Angiotensin System Dysregulation and Increased Factors 
Associated with Alzheimer’s Disease in the Central Nervous 
System of Apolipoprotein E-/- Mice.

T. Armstrong1, I. Santiago1, and A. K. Lund2. 1University of North Texas, Denton, TX; and 
2University of North Texas, Highland Village, TX.

Numerous studies report a strong correlation between exposure to environmen-
tal traffic-generated air pollution and detrimental outcomes in the central nervous 
system (CNS), including Alzheimer’s disease (AD). Underlying disease states such 
as obesity and cardiovascular disease are also strongly associated with AD. AD is 
characterized by the accumulation of amyloid-ß plaques (Aß), neuroinflammation, 
and neurodegeneration. Aß is produced by cleavage of Aß protein precursor by 
ß-secretase (ßACE). Studies have shown that the CNS renin-angiotensin system 
(RAS) may contribute to AD through increased angiotensin II (Ang II) signaling 
through the AT1 receptor. Ang II is generated through the conversion of Ang I to 
Ang II via the angiotensin-converting enzyme (ACE). Additionally, apolipoprotein 
E (ApoE) mutations are linked to a genetic predisposition to AD. Studies of ApoE 

-/- mice with diet-induced obesity and/or cardiovascular disease show AD pathol-
ogies, such as Aß deposition in the hippocampal cornu ammonis (CA) 1 region. 
Research is limited on the interaction of genetic predisposition, such as ApoE 
mutations, and exposure to traffic-generated air pollution in pathologies associated 
with AD. Therefore, we investigated the hypothesis that exposure to traffic-gener-
ated pollutants promotes RAS signaling in the CNS, leading to increased Aβ produc-
tion and accumulation, which is further exacerbated by the loss of ApoE function. 

To test this hypothesis, 6-8-week-old male ApoE-/- mice were fed a high-fat diet and 
exposed by whole-body inhalation to either filtered air (FA) or mixed gasoline and 
diesel vehicle emissions (MVE, 200 µg PM/m3) for 6 hrs/day, 7 days/week, for 30 
days. A subset of animals from each exposure group was treated with either the 
ACE inhibitor (ACEi), captopril at 4mg/kg/day, or nothing (control) in their drinking 
water. MVE exposure resulted in a 3-fold increase in plasma Ang II, which was 
attenuated with ACEi treatment, as measured by ELISA. Immunofluorescence and/
or RT-qPCR analyses also showed that MVE exposure promoted increased CNS 
expression of the Ang II receptor, AT1, and neuroinflammation (a 2-fold increase in 
IL-1ß expression), compared to FA controls. Furthermore, expression of ßACE and 
Aß were also significantly elevated in the CA1 region of MVE-exposed Apo E-/- mice. 
ACEi treatment resulted in decreased IL-1β, AT1, ßACE, and Aß in the hippocampus 
of MVE-exposed ApoE-/- mice. ACE expression in the CA1 region was not found to 
be altered with MVE exposure; however, it was decreased with ACEi-treatment. 
Collectively, these findings suggest that MVE exposure promotes the expression 
of factors associated with AD, including Aß deposition in the CA1 region of Apo E-/- 

mice, which is attenuated through ACEi-treatment. Funded by NIEHS R15ES026795 
to AKL.

 3362 The Role of Female Hormones in Mediating the Expression 
of Vascular Factors Associated with Progression of 
Atherosclerosis following Exposure to Traffic-Generated Air 
Pollution Exposure in Female Apolipoprotein E Null Mice

V. Youngblood, J. Lucero, and A. K. Lund. University of North Texas, Denton, TX.

Several epidemiological studies reveal a correlation between menopause and the 
onset of cardiovascular disease in women, and other studies report a correlation 
between traffic-related air pollution (TRAP) and increased risk of cardiovascular 
disease (CVD), including atherosclerosis. We have previously reported that TRAP 
exposure promotes factors associated with the progression of atherosclerosis in 
the vasculature of male Apolipoprotein E (ApoE) null and C57Bl/6 wildtype mice, 
including oxidized low-density lipoprotein (oxLDL), reactive oxygen species (ROS), 
endothelin (ET)-1, matrix metalloproteinase (MMP)-9 expression and activity, 
and CYP1A1. However, relatively few studies have investigated the underlying 
mechanisms associated with TRAP exposure-related progression of atherosclero-
sis in females. We hypothesized that sex-hormone signaling mediates the protec-
tion of female mice exposed to mixed vehicle exhaust (MVE) exposure from the 
induction of vascular factors associated with atherosclerosis. To test this hypoth-
esis, we investigated the effects of inhalational exposure to MVE in the vascula-
ture of both ovary-intact (ov+) and ovariectomized (ov-) female ApoE null mice. 
Mice were randomly assigned to inhalational exposure of either filtered air (FA, 
controls) or MVE (200 PM µg/m3 generated from a mixture of gasoline + diesel 
vehicle emissions) for 6 h/d, 7 d/wk, for 30 d. Following the exposures, we analyzed 
plasma levels of oxLDL, aorta ROS production via dihydroethidium (DHE) staining, 
mRNA expression of MMP-9, ET-1, CYP1A1, and lectin-like-ox-LDL receptor (LOX-1) 
via RT-qPCR and matrix metalloproteinases (MMP)-2/-9 activity via in situ zymogra-
phy. Interestingly, we found that when compared to FA:OV+ mice, FA:OV- mice had 
significant increases in mRNA expression of vascular ET-1, CYP1A1, MMP-9, LOX-1, 
and MMP-2/9 activity but no significant changes in ROS activity. Increased mRNA 
expression of vascular ET-1, CYP1A1, and LOX-1 was even more pronounced with 
the addition of the MVE insult. When compared to MVE:OV+, we found significant 
increases in the mRNA expression of vascular ET-1, CYP1A1, MMP-9, and LOX-1, 
as well as significant ROS production in MVE:OV- mice. We also saw substantial 
oxidative stress (TBARS) in the vasculature after MVE exposure in both groups, 
regardless of ovary status; however, plasma oxLDL was only significantly increased 
in the MVE:OV- mice. These findings suggest that inhalational MVE exposure 
increases the expression of vascular markers associated with the progression of 
atherosclerosis, which is exacerbated in ovariectomized mice. Further studies will 
elucidate the possible mechanism of disrupted sex hormone signaling in driving a 
CVD phenotype. Funded by NIEHS R00ES016586 and R15ES026795 (AKL).

 3363 Harmful Air Pollutants: PM2.5 and Black Carbon in Washington, 
DC, Neighborhoods Impacted by Diesel Truck Traffic

M. A. Rondon, and S. Hsieh. Trinity Washington University, Washington, DC. Sponsor: 
S. Hsieh, American Association for the Advancement of Science.

Black carbon (BC), part of the black soot material emitted from sources that burn 
fossil fuel, is a component of fine airborne particulate matter (PM2.5). It contrib-
utes to air pollution, climate change, and environmental and health issues, and it 
is more highly associated with adverse health impacts than other types of PM2.5. 
Eckington and Brentwood are predominantly Black neighborhoods in the NE sector 
of Washington, DC that are zoned for high-density commercial production, distri-
bution, and repair activity. To begin assessing their air quality, residents hosted 
Purple Air Monitors (PA-II), to measure PM2.5, and an aethalometer, to measure 
BC. Based on collected data Eckington’s PM2.5 one-week average was 7.9 µg/m³ 
and Brentwood’s two-week average was 10.9 µg/m³. Since Purple Air monitors 
are low-cost and measure a pollutant that is regulated by the US Environmental 
Protection Agency, they are commonly used for community monitoring. At 
the beginning of the study, it was not clear as to what benefit could come from 
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monitoring BC as well. However, a lack of correlation between PM2.5 and BC hourly 
averages suggests that monitoring BC in addition to PM2.5 provides a better charac-
terization of the neighborhoods’ air quality and could be valuable for neighborhoods 
that experience similar pollution sources.

 3364 Sex-Dependent Effects of Traffic-Related Air Pollution on 
Leukocyte Recruitment in Bronchoalveolar Lavage Fluid

H. Park, M. Cheng, A. E. Valenzuela, A. Ikeda, M. Domanico, V. Brown, K. Bein, 
L. S. Van Winkle, and P. J. Lein. University of California Davis, Davis, CA.

Traffic-related air pollution (TRAP) is a significant contributor to ambient outdoor 
air pollution and both epidemiologic and preclinical evidence has associated 
TRAP with increased risk of neurological disease. However, it is unclear how TRAP 
promotes pathological changes in the brain or which components of TRAP perturb 
brain health. The latter question is important because TRAP is a complex mixture 
of gases and particulate matter (PM), the specific composition of which varies 
between different types of motor vehicles, and identifying which components 
contribute to adverse health effects is critical for developing effective regula-
tory approaches. To address these data gaps, we are leveraging a unique rodent 
exposure facility immediately adjacent to a major freeway tunnel that provides 
realistic near-roadway TRAP exposures that we previously showed promoted 
Alzheimer’s disease (AD) phenotypes in rats. The overall study is designed to test 
the hypothesis that TRAP promotes AD phenotypes in rats that express human AD 
susceptibility genes (the TgF344-AD rat) via microglial cell activation secondary 
to lung inflammation. In addition to testing this mechanistic hypothesis, we are 
comparing the brain and pulmonary effects of gaseous and/or PM fractions from 
light-duty vehicle emission only (LDV) vs. a mixture of light- and heavy-duty vehicle 
emission (LDV+HDV). The focus of this abstract is on the pulmonary response. 
Male and female TgF344-AD rats were transported to the tunnel facility at 1 month 
of age and randomly divided into 6 different exposure groups: gas, PM, or both from 
either LDV exhaust or LDV+HDV exhaust. Controls were exposed to filtered air (FA). 
After 3 months of exposure, animals were brought back from the tunnel facility to 
UC Davis and lung and bronchoalveolar lavage fluid (BALF) were harvested at 1-, 
2-, 3-, or 4-days post-exposure. BALF differential staining was manually counted 
by a single blinded experimenter. Outliers were excluded with Grubb’s test (=0.05) 
and all statistical analyses were done using one-way ANOVA (n=6 animals). At 2 
days post-exposure, BALF macrophage count was significantly reduced in females 
exposed to PM/LDV (p<0.01). On the contrary, males with the same exposure had 
significantly increased BALF macrophages on 3 days post-exposure (p<0.05). 
Males exposed to PM+Gas/LDV+HDV also had increased BALF macrophages on 
3 days post-exposure (p<0.05) while females from the same exposure group had 
no significant changes on 2 days post-exposure. Sex differences in TRAP-induced 
leukocyte recruitment were also observed for neutrophils. Amongst females, 
only the Gas/LDV+HDV-exposed group had increased neutrophils (p<0.05, 2 days 
post-exposure), while in males, only the PM/LDV group had increased neutrophils 
(p<0.05, 3 days post-exposure). To further assess inflammation in specific regions 
of the lung, fold-changes in inflammatory genes were measured in microdissected 
trachea, proximal airway, distal airway, and parenchyma using qRT-PCR. There 
was differential expression of pro-inflammatory IL1β across regions of the airways 
with the alveoli-containing parenchymal compartment having the highest level of 
expression. However, there were no significant TRAP-induced changes in IL1β gene 
expression. These data suggest that chronic exposure to TRAP elicits sex-depen-
dent pulmonary immune responses that differ by TRAP components. Supported 
by NIA (grant # RF1 AG074709) and a predoctoral NHLBI fellowship to HP (grant # 
T32 HL007013).

 3365 Proinflammatory and Oxidative Stress–Related Effects of 
Particulate Air Pollution from Xinxiang, China, on Human Nasal 
Epithelial Cells

A. W. Barber1, S. Brocke2, and I. Jaspers2. 1North Carolina Central University, Durham, 
NC; and 2University of North Carolina at Chapel Hill, Chapel Hill, NC.

Xinxiang, like many densely populated cities in China experiences high levels of 
ambient air pollution, specifically particulate matter (PM). Ambient PM levels 
in areas of the United States have worsened in recent years due to increased 
prevalence of wildfires. Particulate matter, especially fine PM (less than 2.5 um in 
diameter), causes upper and lower respiratory diseases as well as cardiovascular 
disease. Our previous studies showed diesel exhaust particles induce oxidative 
stress in human airway epithelium and whole woodsmoke exposure prior to 
influenza infection altered proinflammatory mediator gene expression. We thus 
hypothesized that PM exposure from Xinxiang, China would be cytotoxic to human 
nasal epithelial cells (HNECs) in vitro and would induce proinflammatory/oxidative-
stress responses comparable to PM derived from woodsmoke and diesel exhaust. 
Filters with particulate matter were sent directly from Xinxiang, China and particles 
were extracted. HNECs were exposed to Xinxiang PM or extract from blank filters 
(22 ug/cm^2) suspended in culture medium or control for 2 hours. The exposure 
was then removed. Samples were collected at 8, 24, 48, and 72 h post exposure. 
Our LDH assay concluded that the cytotoxicity of Xinxiang PM is low at a range 
of doses, similar to the cytotoxicity of PM derived from woodsmoke and diesel 

exhaust at the same doses. However, we found that Xinxiang PM has proinflam-
matory effects at 8 and 24 h post exposure. Specifically, IFN-g, IL-6, IL-13, and 
TNF-a were upregulated at these early timepoints due to Xinxiang PM exposure. 
Xinxiang PM did not cause oxidative stress gene expression changes in HMOX-1 or 
NQO1. To further expound upon this study, we will examine to see if there is correla-
tion between PM exposure and viral infection susceptibility. I Also since Xinxiang 
has seasonal PM differences, there will be a future study to contrast the effects 
between wintertime and springtime PM.

 3366 Pneumotoxic Potential of Respirable Particulate Matter (PM2.5) 
Derived from Lakebed Sediments of the Receding Great Salt 
Lake (Utah)

J. Cowley, J. Lamb, S. Serna, M. Almestica-Roberts, C. Deering-Rice, and C. Reilly. 
University of Utah, Salt Lake City, UT.

Contraction of Lake Bonneville ~15-20,000 years ago formed the Great Salt Lake 
(GSL) in Salt Lake City, Utah. The GSL is fed by rivers originating in local mountains 
that now run through densely populated and industrialized areas. Lakebed 
sediments therefore represent a complex mixture of natural and man-made materi-
als that have deposited over time and have the potential to be toxic to humans. 
In the summer of 2022, the GSL reached historic lows, exposing immense areas 
of lakebed that can be resuspended as respirable dust (GSLD) during high wind 
events. Local news stories highlighted the possibility that GSLD may be harmful, but 
few if any studies have evaluated the toxicological potential of these materials. This 
study tested the hypothesis that respirable GSLD would be pneumotoxic. Lakebed 
material was collected from five locations near the GSL state marina/state park, 
Saltair, and Kennecott Copper sediment settling ponds and dried at 40oC for 10 
days. The dried material was then resuspended in a sealed Erlenmeyer flask using 
filtered compressed air and the dust separated by size using an Anderson Cascade 
Impactor. The PM2.5 was a combination of materials 0.43-3.3 μm. C57BL/6 mice 
were treated via the oropharyngeal route with a suspension of GSLD in saline at 2.5 
and 10.0 mg/kg. After 24h, lung lavage was performed, and the lungs harvested. 
Analysis of the lavage fluid revealed dose-dependent neutrophilia, while histolog-
ical analysis showed numerous inflammatory foci and occasional parenchymal 
damage. Analysis of lung tissue revealed the induction of Cxcl1, 2 and 10 as well 
as Ccl2 and Muc5ac mRNA. Treatment of human bronchial airway epithelial cells 
(HBEC3-KT) in vitro also stimulated IL6 and IL8 gene expression and caused acute 
cytotoxicity (LD50 ~1.0 mg/mL or 625 μg/cm2), which was ~10-fold lower than that 
of a similar material, coal fly ash. Both PM contained Ca, Si, Fe, and Al salts and 
oxides; GSLD also contained Na, Mg, K, Li and Cu and other toxic metals including V, 
Cr, Mn, As, Sr, Ba, Cs, Pb. Finally, GSLD contained lipopolysaccharides and activated 
human and mouse transient receptor potential vanilloid-1 (TRPV1) = melastatin-8 
(TRPM8) > ankyrin-1 (TRPA1); ion channels that mediate pulmonary inflammation 
and injury triggered by common combustion-derived PM, and for which polymor-
phic variants associate with variable asthma symptom control among children 
residing in the Salt Lake City area. These data suggest that GSLD may pose a risk to 
human health via multiple mechanisms. Support: ES017431 and ES027015.

 3367 Species Differences in TRPM8 Affect Pulmonary Sensitivity to 
Chemical and Particulate Matter Agonists

C. Deering-Rice, J. G. Lamb, and C. Reilly. University of Utah, Salt Lake City, UT.

Exposure to air pollution is often unavoidable and mechanisms leading to short- 
and long-term adverse effects are not fully understood. Particulate matter (PM) in 
air pollution has many origins. Coal fly ash (CFA), diesel exhaust, cigarette smoke, 
calcium oxide, and wood smoke are examples of PM. Activation of transient 
receptor potential (TRP) channels is one mechanism by which PM can trigger 
adverse effects in the lungs, including asthma exacerbation. Notably, TRPA1, 
TRPV1 and TRPM8 have been linked to the initiation of inflammation and cell injury. 
Initial findings using human airway epithelial cells have shown that activation of 
TRPM8 by CFA and CaO nanoparticles triggers cytokine gene expression and 
secretion, which was not replicated in mice. We hypothesized that species-specific 
differences in TRPM8 activation by PM may underlie this difference. Alignment 
of human and mouse TRPM8 revealed three differences in the amino acid 
sequence of the putative pore-loop domain. Mouse and human TRPM8 plasmids, 
and mutants thereof, were prepared and transiently transfected into GcAMP6-
overexpressing HEK-293 cells; calcium flux assays were then performed. Mutation 
of mouse Trpm8 to incorporate the corresponding human residues conferred 
varying levels of sensitivity to PM agonists, with the S921->G and S927->A mutants 
resulting in comparable responsiveness to the human receptor using CFA and CaO 
as agonists. Reciprocal mutations confirmed amino acid 927 as critical PM for 
sensitivity. Transgenic “humanized” C57BL/6 mice were engineered to express 
Trpm8 S927A, and the effects on pulmonary inflammation, mechanics and lung 
morphology were evaluated basally and following oropharyngeal aspiration delivery 
of CFA. In general, humanized mice demonstrated higher basal levels of pro-inflam-
matory IL6 and Cxcl8, altered respiration and lung mechanical properties consis-
tent with an inflamed lung, and evidence of alveolar edema relative to wild-type 
C57Bl/6 mice, which were comparably affected by CFA exposure. Follow-up studies 
using isolated mouse DRG neurons and primary mouse tracheal epithelial cells 
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complimented the in vivo data and suggested a role for CFA-sensitive TRPV1 in 
regulating responses to CFA in vivo. Identification of specific PM-sensing sites on 
TRP channels furthers our knowledge of mechanisms by which TRPs are activated 
by PM, reveal potential limitations in standard animal models for assessing roles of 
TRP channels in particle toxicity and translation of findings to humans, as well as 
advance our understanding of mechanisms by which PM promote lung inflamma-
tion, injury, and disease. Support: ES017431, ES027015.

 3368 Computational Analysis of PM2.5 and Its Effects on COVID-19

M. Khan, P. Zhou, S. Allaparthi, A. Dwivedi, and D. E. Johnson. University of California 
Berkeley, Berkeley, CA.

Richmond, California has been affected by a disproportionately high rate of 
COVID-19. This can be potentially attributed to the Chevron Richmond Refinery, 
which releases large amounts of Particulate Matter 2.5 (PM2.5) into the air, as well 
as to the higher rate of asthma that affects the city which has been debated to be 
a risk factor for COVID-19. The goal of this project was to perform a computational 
analysis of PM2.5 and its impact on exacerbating asthma and COVID-19. Potential 
connections between the inflammatory signaling of asthma and COVID-19 were 
investigated. Online databases were used to analyze the gene interactions 
of PM2.5 and to build a chemical-gene-disease pathway. PM2.5 upregulates 
Toll-like receptor 4 (TLR4), which increases expression of the angiotensin convert-
ing enzyme-2 (ACE2) receptor and mediates SARS-CoV-2 entry into the cell, as 
well as activating inflammatory signaling. It was found that PM2.5 increases the 
expression of Interleukin-13, Interleukin-4, and Interleukin-1β, which have crucial 
roles in both asthma and COVID-19 pathogenesis. IL-13 induces the expression 
of Hyaluronan Synthase 1 (Has1), which produces hyaluronan (HA), a cellular 
matrix component that builds up in asthma-associated inflammatory lesions and 
is found at higher levels in severe COVID-19 patients. In addition, Vascular Cell 
Adhesion Molecule 1 (VCAM-1) and Intercellular Cell Adhesion Molecule 1 (ICAM-1) 
were identified as being upregulated by PM2.5. These mediate transendothelial 
leukocyte migration, which can lead to asthma complications and COVID-related 
mortality. Overall, this project helped identify key connections between asthma and 
COVID-19 and the impact that PM2.5 exposure has on the contraction of COVID-19 
in asthmatic individuals.

 3369 Arsenic (+III Oxidation State) Methyltransferase Is an Important 
Mediator of Arsenite-Induced Hematotoxicity in Male Mice

L. V. Santos-Medina1, H. Zhang2, Z. A. Yee1, K. J. Martin1, G. Wan2, A. M. Bolt2, X. Zhou2, 
M. Stýblo3, K. J. Liu2, and S. Medina1. 1New Mexico Highlands University, Las Vegas, NM; 
2University of New Mexico, Albuquerque, NM; and 3University of North Carolina at Chapel 
Hill, Chapel Hill, NC.

Human exposures to environmental metals such as arsenic are a worldwide public 
health concern. Chronic exposures to arsenic are linked to many health effects 
including anemia. Epidemiological studies in populations chronically exposed 
to arsenic have shown that methylation capacity, mediated by the arsenic (+III 
oxidation state) methyltransferase (As3MT) enzyme, is associated with elevated 
disease risk. Arsenic metabolism has an important role in detoxification, but it also 
generates bioactive intermediates with toxicity that may be greater than the parent 
inorganic arsenicals. Many studies suggest that the metabolites generated though 
the biotransformation of arsenite (AsIII), including monomethylarsonous acid 
(MMAIII), may be the primary arsenicals responsible for toxicity in vivo; however, 
few studies have been performed to directly evaluate this. In the present study, 
we used male As3mt-knockout (KO) and wildtype, C57BL/6J, mice to evaluate the 
role of arsenic biotransformation in the development of anemia following drinking 
water exposures to AsIII. We found that exposure to 1 mg/L (ppm) AsIII for 60 
days resulted in the significant reduction of red blood cell counts, hematocrit, and 
hemoglobin levels in the blood of wildtype, but not As3mt-KO mice. In support, we 
also observed significantly elevated levels of circulating erythropoietin in the serum 
of wildtype mice. Collectively, results from this study suggest that the process of 
arsenic biotransformation may have a critical role in mediating the hematotoxicity of 
arsenic. This work was supported by the National Institutes of Environmental Health 
Sciences (NIEHS) Grant Number RO1 ES029369, R01 ES029369-03S1; National 
Institute of General Medical Sciences(NIGMS) of the National Institutes of Health 
(NIH) Grant Number 1R16GM146669-01, P20 GM130422, Institutional Development 
Award (IDeA) P20 GM103451; NIEHS and UNM METALS Superfund Research 
Program Grant Number P42 ES025589; UNM Center for Metals in Biology and 
Medicine (CMBM) through NIH, and the National Science Foundation Louis Stokes 
Alliance for Minority Participation, Undergraduate Research Scholars Program.

 3370 Longitudinal Study of Carcinogenic Metals in Navajo Children 
from the Navajo Birth Cohort Study

R. Vue1, T. Daniels1, L. Luo2, E. O’Donald1, J. Lewis1, D. MacKenzie1, and 
N. BCS Team3,2,1. 1University of New Mexico Health Sciences Center, Albuquerque, NM; 
2University of New Mexico Comprehensive Cancer Center, Albuquerque, NM; and 3Navajo 
Department of Health, Navajo Nation, NM.

There are over 500 abandoned uranium mines across the Navajo Nation, exposing 
communities to environmental metals known to act as carcinogens. Exposure 
to carcinogens at early-life stages have been shown to increase the likelihood of 
developing cancer later on. Children are at a developmental stage in life where 
they may be more susceptible to effects later in life. The current study identified 
and analyzed metal exposures in longitudinal samples from 556 children enrolled 
in the Navajo Birth Cohort Study (NBCS). Concentrations of uranium (UUR), total 
arsenic (UTAS), dimethylarsinic acid (UDMA), monomethylarsinic acid (UMMA), 
and arsenous III acid (UAS3) were assessed longitudinally between birth to 5 years 
of age. The goals of this study were to (i) compare metal concentration levels in 
children to the national average found in adults, (ii) identify the changes in metal 
concentrations overtime, (iii) identify the overall distribution of metal concentra-
tion, and iv) determine patterns of exposure (i.e. chronic or acute) in longitudinal 
samples. Findings demonstrate early life exposures to metals known to contrib-
ute to cancer incidence. Overall trends show increasing metal concentrations of 
uranium, arsenic, dimethylarsinic acid, monomethylarsinic acid, and arsenous III 
acid in children over the time period tested. It is especially concerning that the 
measured metal concentrations are at or approaching average adult concen-
trations as reported by the National Health and Examination Survey (NHANES). 
These results can guide future health initiatives in Navajo communities as well as 
to initiate research to better understand exposure sources and identify mitigation 
approaches to reduce early life exposures to toxic metals.

 3371 Novel Discovery of the Choroid Plexus (CP)–Subventricular 
Zone (SVZ) Regulatory Axis: Evidence from Small-Sized 
Extracellular Vesicles Released from the CP to Altered Adult 
Neurogenesis in SVZ and Implications in Manganese-Induced 
Nonmotor Syndromes

L. L. Liu, and W. Zheng. Purdue University, West Lafayette, IN.

The choroid plexus (CP) in brain ventricles secretes cerebrospinal fluid (CSF) that 
contains health- and growth-promoting factors. Immediately adjacent to the CP 
is the subventricular zone (SVZ), the largest adult neurogenic region that harbors 
neural stem cells (NSCs) and supplies newborn neurons to the olfactory bulb 
(OB) for normal olfaction. However, the relationship between the CP and SVZ 
adult neurogenesis remained elusive. Exposure to manganese (Mn) is known to 
cause anosmia/hyposmia (lost/decreased sense of smell) in the early stage of 
manganism, preceding in decades the Mn motor deficits. Since Mn accumulates 
extensively in the CP upon overexposure, we designed this study to explore whether 
the CP plays a role in regulating SVZ neurogenesis and how alteration of such 
a role by Mn may contribute to Mn-induced smell dysfunction. By characterizing 
the surface markers (CD63 and TSG101) for small-sized extracellular vesicles 
(sEVs) (diameter < 200 nm), we found that the CP produced abundant sEVs. These 
sEVs, but not other fractions from CP secretome, stimulated NSC’s migration and 
neuronal differentiation in an established SVZ neurosphere model in vitro. By isolat-
ing fresh CP tissues from male CD-1 mice chronically exposed to Mn (ip. injection 
of 6 mg Mn/kg for 4 wks; controls with saline) and culturing CPs in medium for 24 
hrs, we collected the CP-conditioned medium and obtained CP-derived sEVs from 
control (Ctrl-sEVs) and Mn-exposed mice (Mn-sEVs) via ultracentrifugation. These 
sEV preparations were then stored in osmotic pumps and infused into the lateral 
ventricle for 4 days via intracerebroventricular (ICV) infusion. With BrdU lineage 
tracing, our immunofluorescent staining for BrdU/NeuN showed that Ctrl-sEVs 
increased the newborn neurons in the OB by 28.9%, whereas Mn-sEVs decreased it 
by 13.8%, compared with PBS-infused controls (p<0.05), indicating a likely presence 
of a sEV-driven CP-SVZ regulatory axis that modulates the olfaction. To better 
understand this putative axis, we used adeno-associated virus serotype 5 (AAV5), 
a viral vector with specific tropism towards choroidal epithelial cells, to knockdown 
sphingomyelin phosphodiesterase 3 (SMPD3) that catalyzes the cellular process 
critical to sEV biogenesis and release. One month after ICV injection, mice infected 
with AAV5-shRNA(Smpd3) had a significantly decreased SMPD3 protein level in the 
CP and, importantly, a reduced sEV concentration in the CSF by 76.6%, compared 
with AAV5-shRNA(Ctrl). Consequently, infection with AAV5-shRNA(Smpd3) signifi-
cantly downregulated the proliferating NSCs in the SVZ by 19.4% (p<0.05). Three 
months following the ICV injection, the newborn neurons in the OB were decreased 
by 44.2% in the AAV5-shRNA(Smpd3) group compared with AAV5-shRNA(Ctrl). 
A battery of neurobehavioral tests was further conducted to assess the olfaction 
in these mice three months after the initial viral infection. Results revealed that 
in comparison to AAV5-shRNA(Ctrl), mice infected with AAV5-shRNA(Smpd3) 
displayed an increased latency in finding the hidden food pellet (food-finding test), 
reduced sensitivity towards female urine (olfactory attractant test), and decreased 
avoidance behavior in response to 2-methylbutyric acid (olfactory avoidance test). 
Collectively, these observations provide first-hand evidence to support the novel 
concept of the CP-SVZ regulatory (CSR) axis, which, through the signals carried by 
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CP-derived sEVs, regulates adult neurogenesis in the SVZ and ultimately modulates 
the olfactory function. Mn exposure seems likely to impair the normal function of 
the CSR axis, leading to anosmia/hyposmia. NIH/NIEHS R01ES027078.

 3372 Soluble Mercury Exposure Risk of Tibetan Medicine Zuotai 
Containing HgS and Its Compounding Preparations

Y. Xiao1, F. Yuan2, J. Duo3, M. Zhang1, H. Yang1, H. Bi1, L. Wei1, Y. Du1, W. Zhou1, L. Yuan1, 
and C. Li1. 1Chinese Academy of Sciences, Xi‘ning, China; 2Qinghai Jinke Tibet Medicine 
Pharmaceutical Co. Ltd., Xi‘ning, China; and 3Qinghai Institute of Tibetan Medicine, 
Xi‘ning, China.

Mercuric sulfide (HgS) is used throughout history by many ethnic medicine 
systems. Zuotai is a classic Tibetan medicine containing HgS, which is believed 
to have the effects of reducing toxicity and enhancing efficacy. Mercury toxicity 
is closely related to its chemical form and bioaccessibility. So far, the risk assess-
ment of traditional medicines containing HgS is generally based on the total 
mercury. However, HgS is a typical insoluble covalent sulfide. Therefore, it is 
unreasonable to take the total mercury of HgS as soluble inorganic mercury. The 
present research is aimed to establish an in vitro biomimetic approach to evaluate 
the real Hg exposure risk of Zuotai and its compounding preparations. Our previous 
research found the mercury leaching ratio of Zuotai in artificial gastric juice and 
artificial intestinal juice was about 276:1, so the contribution of artificial intestinal 
juice to the bioaccessibility of soluble mercury in Zuotai can be ignored. Based on 
this, we determined the leaching mercury of Zuotai and its compounding prepara-
tions in artificial gastric juice, then converted them into the exposure dose and 
the daily total exposure amount of soluble mercury for adults. We found that the 
soluble mercury exposure doses of 17 batches of Zuotai and 13 batches of its 
compounding preparations at clinical doses range from 0.0009 -1.1181 μg/kg bw, 
and the average is 0.1240 ± 0.2065 μg/kg bw, less than the RfD value (0.3 μg/kg bw, 
EPA, US) of soluble inorganic mercuric salt. Only 2 batches of Zuotai (0.3618 and 
1.1180 μg/kg bw) exceed this limit. The daily total exposure amounts of soluble 
mercury from these Zuotai and its compounding preparations at clinical doses 
range from 0.2297 - 31.9037 μg/day, and the mean value is 4.4743 ± 6.4020 μg/day, 
less than the permitted daily exposure (PDE) value (30 μg/day, International Council 
for Harmonisation of Requirements for Pharmaceuticals for Human Use) of soluble 
inorganic mercuric salt. Only 1 batch of Zuotai (31.9037 μg/day) exceeds this PDE. 
The above shows Zuotai and its compounding preparations probably don’t cause 
mercury-derived risk when taken at clinical doses, but the quality of Zuotai needs to 
be strictly controlled to reduce batch-to-batch variability. And the research provides 
a new strategy to assess the real exposure risk of soluble mercury for traditional 
medicines containing HgS.

 3373 Urinary Arsenic, Polycyclic Aromatic Hydrocarbons, and Metal 
Exposure and Risk of Stroke

H. H. Rahman1, S. P. Sheikh2, and S. H. Munson-McGee3. 1New Mexico State University, 
Las Cruces, NM; 2University of South Florida, Tampa, FL; and 3Data Forward Analytics 
LLC, Las Cruces, NM.

Exposure to chemicals or metals from various environmental and occupational 
settings has been associated with adverse health conditions such as cardio-
vascular diseases, pulmonary diseases, and cancers. Exposure to environmen-
tal chemicals can occur from contaminated food, water, inhalation (lung), and 
absorption (skin). Stroke is one of the primary causes of morbidity and mortality 
worldwide. In addition, Stroke is a leading cause of death and long-term disabil-
ity in the United States. Limited studies are conducted to assess the impact of 
polycyclic aromatic hydrocarbons, arsenic, and other metals exposure and their 
association with the risk of stroke. This study aimed to assess seven species of 
urinary arsenic (arsenous acid, arsenic acid, arsenobetaine, arsenocholine, dimeth-
ylarsinic acid, monomethylarsonic acid, and total arsenic), seven types of urinary 
polycyclic aromatic hydrocarbons (PAHs) compounds (1-hydroxynaphthalene, 
2-hydroxynaphthalene, 3-hydroxyfluorene, 2-hydroxyfluorene, 1-hydroxyphenan-
threne, 1-hydroxypyrene, 2 & 3-hydroxyphenanthrene) and 14 types of urinary metals 
(cadmium, barium, cobalt, molybdenum, mercury, cesium, manganese, antimony, 
lead, tin, strontium, tungsten, thallium, and uranium) and their association with 
those who reported having been told they had had a stroke by a medical profes-
sional. We performed a cross-sectional analysis using the 2011-2012, 2013-2014, 
and 2015-2016 National Health and Nutrition Examination Survey (NHANES) data. 
Data from approximately 5,537 adults aged 20 years and older were analyzed using 
logistic modeling of the complex weighted survey design. R version 3.6.3 software 
has been used to conduct the analyses. Among demographic variables, age 45 
years and above, being a college graduate, a depression score of 5-9, and more 
than 100 lifetime cigarettes smoked were significantly associated with greater 
risks of stroke among the study population. A family income to poverty ratio of 1.5 
and above, being born in a country other than the US, being uninsured, and being 
never married were inversely associated with having had a stroke. Four species 
of urinary PAHs, including the third quantiles of 1-hydroxynaphthalene [odds ratio 
(OR): 2.327, 95% confidence interval (CI): 0.961-5.632], 2-hydroxynaphthalene [OR: 
2.449, 95% CI: 1.067-5.622] and 3-hydroxyfluorene [OR: 2.289, 95% CI: 1.077-4.861] 
and the second quantiles of 3-hydroxyfluorene [OR: 2.201, 95% CI: 1.115, 4.346] and 

1-hydroxypyrene [OR: 2.066, 95% CI: 1.037, 4.114] showed a positive correlation 
with increased odds of stroke. Among metals, the third [OR: 3.566, 95% CI: 1.370, 
9.280] and fourth [OR: 2.844, 95% CI: 0.947, 8.543] quantiles of urinary manganese 
showed a positive correlation with increased odds of stroke. The study observed 
that urinary PAHs and manganese are significantly associated with stroke. Future 
studies in humans are suggested to support or refute this finding.

 3374 Chronic Arsenic Exposure Upregulates the Expression of Basal 
Transcriptional Factors and Increases Invasiveness of the 
Nonmuscle Invasive Papillary Bladder Cancer Line RT4

A. Mehus, N. Bergum, P. Knutson, S. Shrestha, M. Kalonick, X. Zhou, S. Garrett, D. Sens, 
M. Sens, and S. Somji. University of North Dakota, Grand Forks, ND.

The bladder is a target organ for inorganic arsenic, a carcinogen and common 
environmental contaminant found in soil and water. Urothelial carcinoma (UC) 
is the most common type of bladder cancer (BC) that develops into papillary or 
non-papillary tumors. Papillary tumors are mostly non-muscle invasive (NMIUC), 
easier treated, and have a better prognosis. Urothelial carcinoma can be molecu-
larly sub-typed as luminal or basal, with papillary tumors generally falling into the 
luminal category and basal tumors exclusively forming muscle invasive urothe-
lial carcinomas (MIUC). It is unclear why some UCs develop more aggressive 
basal phenotypes. We hypothesized that chronic arsenic exposure of a papillary 
luminal bladder cancer would lead to the development of basal characteristics 
and increase in invasiveness. We treated the human papillary bladder cancer cell 
line RT4 with 1 µM arsenite (As3+) for twenty passages. Throughout the study, key 
luminal and basal gene/protein markers in the exposed cells were evaluated and 
at passage twenty, the cells were injected into athymic mice to evaluate tumor 
histology and measure protein markers using immunohistochemistry. Our data 
indicates that chronic As3+- treatment altered cellular morphology and decreased 
several luminal markers in cell culture. The histology of the tumors generated 
from the As3+-exposed cells was similar to the parent (non-treated) however, they 
appeared to be more invasive in the liver and displayed elevated levels of some 
basal markers. Our study demonstrates that chronic As3+ exposure is able to 
convert a non-invasive papillary bladder cancer to an invasive form that acquires 
some basal characteristics.

 3375 Prenatal Exposure to Metals Alters the Inflammatory Proteome 
in a Sex-Dependent Manner in the Placentas of Children Born 
Extremely Preterm

A. N. Freedman1, K. Roell1, C. Bulka2, K. C. Kuban3, L. Herring1, P. J. Parsons4, T. O’Shea1, 
and R. C. Fry1. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; 2University 
of South Florida, Tampa, FL; 3Boston Medical Center, Boston, MA; and 4New York State 
Department of Health, Albany, NY.

Prenatal exposure to toxic metals is associated with altered placental function 
and adverse health outcomes, both acute (e.g., preterm birth and low birthweight) 
and long-term (e.g., altered neurodevelopment). It is also well established that 
associations between toxicant exposures and adverse pregnancy outcomes such 
as preterm birth are sex-specific. Although the placenta serves as a physical barrier 
between maternal and fetal tissues, it is imperfect, such that toxic metals pass 
from mother to fetus. While the underlying molecular mechanisms linking in utero 
toxic metal exposures with later-in-life health remain unclear, placental inflam-
mation is posited as a potential driver. Here, we sought to understand whether in 
utero metal exposures are associated with alterations in the placental proteome, 
hypothesizing that metals levels would be positively associated with the altered 
expression of inflammation-associated pathways and that sex-specific patterns 
would be observed. Within the Extremely Low Gestational Aged Newborns (ELGAN) 
cohort (n=230) placental and umbilical cord tissue samples were collected at birth 
for male (n= 131) and female (n= 99) infants. Arsenic (As), cadmium (Cd), and lead 
(Pb), selenium (Se), and manganese (Mn) concentrations were measured in umbili-
cal cord tissue samples via ICP-MS/MS, and protein expression was examined in 
placental samples (n= 350) using LC-MS/MS-based global, untargeted proteom-
ics analysis. To examine placental protein expression, we fit separate multivari-
able linear regression models for each metal, with umbilical cord tissue metal 
concentrations as the independent variables. Models were adjusted for infant sex, 
maternal pre-pregnancy body mass index, maternal socioeconomic status, and 
maternal cigarette smoking during pregnancy. In the non-sex-stratified analysis, 22 
metal associated proteins (MAPs) displayed significant altered expression in the 
placenta in relation to cord tissue metal concentrations. When stratifying by sex, 
90 MAPs were differentially expressed in female placentas, and 42 MAPs were 
differentially expressed in male placentas. Notably, many of these MAPs are known 
to be involved in inflammatory-related processes, highlighting the linkage between 
prenatal metals exposure and an altered placental proteome, with implications for 
altering the trajectory of proper fetal development.
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 3376 Arsenic Disrupts Extracellular Vesicle–Mediated Signaling in 
Regenerating Muscle Cells

Z. J. Clemens1, K. Wang2, B. Qian1, F. Ambrosio2, and A. Barchowsky1. 1University of 
Pittsburgh, Pittsburgh, PA; and 2Harvard Medical School, Boston, MA.

Sensorimotor impairments and muscle atrophy related to chronic inorganic 
arsenic exposure affect over 10 million individuals worldwide. Despite the central-
ity of muscle health to systemic metabolism and overall health, muscle-specific 
effects of arsenic exposure are a relatively understudied area. Reduced skeletal 
muscle regenerative capacity is a hallmark of arsenic exposure studies in mice, 
however, mechanisms remain elusive. The role of intercellular communication via 
extracellular vesicles (EVs) during regeneration has become increasingly evident 
but studying cell-specific arsenic effects on muscle cell paracrine signaling is 
made challenging by the complexity of the muscle environment. Therefore, we 
developed and employed a novel 3D muscle construct to investigate the hypothe-
sis that arsenic can disrupt cell-autonomous paracrine communication in regener-
ating muscle progenitor cells (MPCs), impairing recovery from injury. Muscle 
constructs exposed to arsenic then injured with cardiotoxin recapitulated in vivo 
structural and functional impairments during muscle regeneration, attesting to the 
validity of the model. We observed similar regenerative deficits when constructs 
were treated with arsenic-conditioned media and arsenic-conditioned EVs (rather 
than arsenic itself), lending to support to our hypothesis. Mass spectrometry of 
arsenic-conditioned media identified 153 differentially abundant secreted proteins, 
which were related to several pathways integral to MPC differentiation. Collectively, 
these results demonstrate the important role of cell-autonomous arsenic effects in 
disrupting EV-mediated intercellular communication during muscle regeneration. 
They demonstrate the further need for investigating both the mechanistic drivers of 
these outcomes and their importance in the context of arsenic impacts in the full 
regenerative niche. Supported by NIEHS grant R01ES033519.

 3377 Arsenic Exposure Induces Glucose Intolerance in Mice via Gut 
Microbiome–Bile Acid–FXR Signaling Pathway

Y. Yang, Y. Hsiao, C. Liu, H. Zhao, J. Feng, and K. Lu. University of North Carolina at 
Chapel Hill, Chapel Hill, NC.

Arsenic (As) is a widespread toxic metalloid in environment and contributes to a 
number of human diseases, including diabetes. The association between inorganic 
As and diabetes has been established in numerous epidemiological studies. Gut 
microbiome plays a fundamental role in human health by regulating metabolic, and 
thus emerges as a promising target for therapeutic treatment for human health. 
Studies have suggested the role of the gut microbiome and Farnesoid X receptor 
(FXR) in the pathogenies and prevention of diabetes in both animals and humans. 
However, how the inorganic As (iAs) altered gut microbiome affects diabetes risk 
remains to be determined. Here, we exposed 1 ppm and 50 ppm As to C57BL/6 
mice and FXR-/- mice from drinking water for 6 months and investigated whether 
As exposure induces glucose intolerance and whether arsenic exposure affects the 
bile acid homeostasis. Mice were fasted for 14 h overnight, orally administered 2 g/
kg of body weight glucose and measured glucose levels before and 15, 30, 60, 90, 
and 120 min after glucose administration. We found that As treatment can signifi-
cantly increase blood glucose levels in both wildtype and FXR-/- mice. At same 
dose level (0, 1 and 50 ppm As), larger relative glucose changes were observed 
in FXR-/- mice than wildtype mice, indicating more severe glucose intolerance in 
FXR-/- mice than in wildtype mice. Using LC-MS, we observed perturbed bile acid 
homeostasis in liver and serum following arsenic exposure. We found that arsenic 
exposure caused the decline of major unconjugated primary bile acids in sera. 
However, the hepatic level of several primary bile acids, including TβMCA, βMCA, 
TCA, was significantly increased in arsenic-treated mice. Secondary bile acids were 
consistently decreased both in sera and livers by arsenic treatment. To prove the 
role of gut microbiome in inducing glucose intolerance, we transplanted As-treated 
male mice cecum feces to germ-free C57BL/6 male mice and measured the blood 
glucose levels at 7 days and 1 month after fecal transplantation. In transplanted 
mice, we found the glucose intolerance phenotype was transferred after microbi-
ome transplantation. In conclusion, our results further underscore the key role of 
microbiome-bile acid-FXR axis in iAs-induced diabetes and highlight the potential 
role of microbiome modulation in reducing iAs toxicity.

 3378 In Vivo Toxicity Comparison of Surrogate Metal Oxide Mixtures 
from Welding Fumes

P. C. Zeidler-Erdely, V. Kodali, S. S. Leonard, J. M. Antonini, R. Salmen, 
T. Trainor-Dearmitt, L. Grose, E. Betler, and A. Erdely. NIOSH, Morgantown, WV.

Occupational exposure to welding fumes (WF), a Group 1 carcinogen (carcinogenic 
to humans), is a complex metal mixture commonly composed of iron (Fe), nickel 
(Ni), and chromium (Cr). The objective was to assess the acute in vivo toxicity of 
different metal oxide combinations (Cr + Ni; Fe + Ni; Fe + Cr; Fe + Cr + Ni), in propor-
tions representing those found in stainless steel WF to understand which combina-
tions contribute to acute toxicity outcomes. Using a block design, male A/J mice 
were exposed by a single oropharyngeal aspiration to a low- and high-dose of the 

four different metal mixtures or saline (vehicle control). Surrogate metals used 
were as follows: iron (III) oxide (Fe2O3); chromium (III) oxide and sodium dichro-
mate dihydrate mixture (Cr2O3/Na2Cr2O7·2H2O); and nickel (II) oxide (NiO). Whole 
lung bronchoalveolar lavage (BAL) was done at 1,7,28, and 84 days post-exposure 
to assess lung inflammation and toxicity. BAL fluid lactate dehydrogenase (LDH) 
activity was measured as a marker of general lung cytotoxicity and recovered BAL 
cells were counted and differentiated under light microscopy to assess lung inflam-
mation and cell influx. The acellular oxidative potential of the metal mixtures was 
determined by electron paramagnetic resonance. Both low- and high-dose exposure 
to all the metal mixtures groups increased LDH levels and polymorphonuclear 
leukocytes in the BAL fluid at 1,7, and 28 days. By 84 days, the low-dose exposure 
groups had returned to control while the Fe + Cr and Fe + Cr + Ni high-dose groups 
remained increased. Overall, the order of in vivo toxicity was Fe + Cr + Ni ≥ Fe + Cr > 
Fe + Ni > Cr + Ni. Acellular oxidative potential, in general, followed this same order. 
The results suggest that Fe, the most abundant metal component of commonly 
used WF contributed the most to the toxicity while other metals were additive. 
When Fe was removed from the mixture, the Cr + Ni group, toxicity was found to be 
the lowest. Despite the well-known toxicities of these metals, Fe may be the primary 
driver when given in proportions found in WF aerosols. 

 3379 Chronic Arsenic Exposure Reduces ATM Pathway Activation in 
Human Keratinocytes

A. N. Nail, L. Montero, A. P. Ferragut Cardoso, M. Banerjee, and J. States. University of 
Louisville, Louisville, KY.

Inorganic arsenic (iAs) is a class I human carcinogen. Approximately 225 million 
people, including >2 million in the U.S., are exposed to high iAs concentrations 
(>10 μg/L) by drinking contaminated water. Skin is a major target organ of iAs, 
and chronic iAs exposure results in hallmark skin lesions including iAs-induced 
skin cancer. iAs is also well-recognized as a clastogen; iAs exposure is associated 
with increased DNA double-strand break (DSB) accumulation in human populations 
and in vitro. Structural chromosomal instability (CIN), characterized by DSBs, is a 
hallmark of cancer. Since iAs does not directly interact with DNA, it is likely that 
other mechanisms, such as inhibition of DSB repair and signaling, may be respon-
sible for iAs-induced CIN. Our hypothesis is that chronic iAs exposure results in 
CIN by suppression of ATM pathway activation in human keratinocytes. Passage-
matched, quadruplicate cultures of human keratinocytes (HaCaT or Ker-CT cells) 
were chronically exposed to media containing 0 or 100 nM iAs. Protein lysates 
collected at 7 (HaCaT) or 8 (Ker-CT) weeks were examined by immunoblotting for 
DNA damage response (DDR) proteins (i.e. MRE11-RAD50-NBN (MRN) complex, 
ATM and downstream signaling proteins, ATR) and phosphatases which resolve 
DDR signaling. Additionally, neutral COMET assays were performed to assess 
DSBs. Dose-response and time course experiments with neocarzinostatin (NCS) 
were used to analyze ATM activation kinetics in Ker-CT cells either unexposed or 
chronically exposed to iAs. Appropriate statistical tests (unpaired two-tailed t-test, 
One or Two-Way ANOVA), depending on the nature of the data, were performed with 
GraphPad Prism software; p-value <0.05 was considered significant. Significantly 
increased DSBs and decreased phosphorylated ATM and CHEK2 occurred concom-
itantly in both human keratinocyte cell lines chronically exposed to iAs indicat-
ing that chronic iAs exposure significantly reduced ATM pathway activation in 
both cell lines. Our conclusion is that chronic iAs exposure impairs ATM pathway 
signaling, possibly through reduced initial DSB detection and activation of the MRN 
complex. These results suggest that homologous recombination (HR, error-free) 
repair is likely repressed in iAs exposed cells and preferential use of non-homol-
ogous end joining (NHEJ, error-prone) repair could contribute to iAs-induced CIN 
and carcinogenesis.

 3380 Translating Particulate Hexavalent Chromium–Induced DNA 
Damage and DNA Repair Impacts from Human Lung Cells to 
Lung Tissue

H. Lu1, S. S. Wise1, G. Hoyle1, J. H. Toyoda1, R. M. Speer1, T. J. Croom-Perez1, I. Meaza1, 
A. Williams1, J. P. Wise Jr.1, J. Kouokam1, J. L. Young1, L. Cai1, C. Zhu2, K. Kondo3, 
T. Zheng4, L. T. Haber5, and J. P. Wise Sr1. 1University of Louisville, Louisville, KY; 
2Sichuan University, Chengdu, China; 3Tokushima University, Tokushima, Japan; 4Brown 
University, Providence, RI; and 5University of Cincinnati, Cincinnati, OH.

Particulate hexavalent chromium [Cr(VI)] is a well-established human lung carcin-
ogen, but how Cr(VI) induces lung cancer is poorly understood. Chromosome 
instability (CIN), a hallmark of lung cancer, is considered a major driving factor in 
Cr(VI)-induced lung cancer. Studies in cultured human lung cells show particulate 
Cr(VI) induces DNA double strand breaks in the late S and G2 phases of the cell 
cycle when homologous recombination (HR) repair is the main repair pathway for 
fixing the breaks. At the same time, our previous data show that Cr(VI) suppresses 
HR repair by targeting RAD51, a key protein in HR that facilitates the search for 
homologous sequences and invasion of template DNA strands. The combination 
of breaks with failed repair results in CIN. However, these observations have only 
been reported in cell culture studies. We translated these outcomes to rats, as this 
species develops Cr(VI)-induced lung tumors. 12-week-old male and female Wistar 
rats were exposed to either zinc chromate particles in a saline solution or saline 
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alone by oropharyngeal aspiration. There were two timepoints: a single dose for 24 
hours and a single dose repeated once weekly for 90 days. Cr was found in every 
rat lung lobe with more Cr found in the right lung. We found both DNA double strand 
breaks and HR repair increased in a concentration-dependent manner in rat lungs 
after 24-hour Cr(VI) exposure. However, after 90 days of exposure, we found DNA 
double strand breaks increased, but HR repair decreased. Notably, these effects 
were distinct in bronchioles and more muted in alveoli. We also considered these 
outcomes in Cr(VI)-associated human lung tumors, and found DNA double strand 
breaks increased and RAD51 levels decreased in lung tumor tissue compared to 
adjacent normal lung tissue. Thus, Cr(VI)-induced DNA double strand break and 
HR repair inhibition translates from cells to experimental animals, normal human 
lung tissue, and Cr(VI)-associated human lung tumors. Our findings establish 
a mechanism for Cr(VI)-induced DNA double strand break and HR repair inhibi-
tion in Cr(VI) carcinogenesis. This work was supported by the National Institute 
of Environmental Health Sciences [R35ES032876 and ES016893 to JPW] and the 
University of Louisville School of Medicine Basic Grants Program (SSW).

 3381 Metal Exposure Associated with Use of Soil and Fertilizer 
Products in a Commercial Greenhouse Setting with Comparison 
to Proposition 65 Safe Harbor Levels

D. A. Drechsel, M. Lumpkin, and T. McMullin. CTEH, Golden, CO.

Agricultural products such as soils, fertilizers, soil conditioners, and pest control 
agents may contain varying levels of metals. This assessment was conducted 
to quantify potential occupational exposures to metals (e.g. arsenic, cadmium, 
chromium, lead, among others) from use of such products in a commercial 
greenhouse setting. The exposures were compared to established or derived 
Safe Harbor Levels to determine product warning requirements for California 
Proposition 65 regulations. An exposure analysis was conducted for a variety of 
metals based on the intensity, frequency, and duration of typical exposures associ-
ated with commercial use. For a given product, relevant routes of exposure (e.g. 
oral, inhalation, dermal) were determined based upon product formulation (solid vs. 
liquid) and intended use. Exposure scenarios considered in the assessment were 
based upon potential direct contact with solid or liquid product, contact with diluted 
or dissolved liquid product, and contact with soil to which product was applied. For 
screening-level purposes, bioavailability and form of each metal in the products 
were generally not considered. Where appropriate, exposure estimates were based 
upon parameters described by USEPA human health risk assessment guidelines 
for heavy metals in contaminated soils and agricultural fertilizers, CalEPA regula-
tions, and USEPA Exposure Factors Handbook. Liquid fertilizer products were 
associated with highest potential metal exposure followed by soils and dry fertilizer 
products, which were greater than pest control products, with soil conditioners 
showing the least contribution to exposure. The oral route was the highest contrib-
utor to exposure followed by inhalation and dermal routes for all metals, with the 
exception of arsenic. As an example, assuming that a given product contained 
cadmium at a concentration of 10 mg/kg, estimated daily exposure from a given 
product ranged from 0.2 to 0.6 µg/day. Meanwhile, product-specific estimated 
exposures to arsenic were generally higher, ranging from 0.4 to 4.8 ug/day, based 
on higher contributions from dermal exposure due to greater skin absorption of 
arsenic compared to other metals. Based on the specific routes of exposure for 
each product, maximum allowable metal concentrations were determined to permit 
compliance with Proposition 65 Safe Harbor Levels and warning requirements. For 
cadmium, product-specific maximum allowable concentrations were 118 mg/kg 
for soils and dry fertilizers, 79 mg/kg for liquid fertilizers, 77 mg/kg for pest control 
agents, and 782 mg/kg for soil conditioners. The approaches of this screening-level 
assessment are adaptable to a variety of product types and exposure scenarios. The 
results can be used to estimate occupational and consumer exposures, determine 
compliance with relevant guidelines or regulatory standards, set product specifica-
tions, identify sources of exposure control, or further assessment if required.

 3382 Cytotoxicity of Simulated Gastric Leachates of 3D Printer Metal-
Containing Filaments in Rat and Human Intestinal Models

M. F. Hughes1, H. M. Clapper2, G. E. Tedla2, and K. M. Rogers1. 1US EPA/ORD, Research 
Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Research Triangle 
Park, NC.

Printer filaments that contain metal particles (metal-fill) are commonly used to 
manufacture a variety of 3D-printed objects. Exposure to these objects may pose 
health risks to individuals, possibly due to the release of toxic metals. This study 
investigated the cytotoxicity of print object leachates in rat (IEC-6) and human 
intestinal (EpiIntestinal) cells. Copper-, bronze-, and steel-fill filament print objects 
were incubated for 2 hr at 37 oC in serum-free cell culture media acidified to pH 
2. Leachates were then adjusted to pH 7, serum (10% final concentration) was 
added, and delivered to cells for 4 or 24 hr. Concentration- and time-dependent 
decreases in viability of rat and human cells were observed using a colorimetric 
assay (MTS assay, rats; MTT assay, human) and confirmed using microscopic 
imaging. Copper- and bronze-fill leachates were more toxic to rat and human 
cells than the steel-fill leachate. ICP-MS data showed the metal with the highest 
concentration was copper in copper-fill leachates followed by bronze-fill leachates. 

Steel-fill leachates consisted primarily of iron. Subsequent studies focused on 
the copper-fill print object. A 4-hr exposure to CuSO4 (25-1000 µg/ml), resulted 
in concentration-dependent decreases in rat cell viability. Addition of the copper 
chelator, bathocuproine disulphonate (1mM), to CuSO4 (250 µg/ml) and copper-fill 
leachate restored rat cell viability to levels comparable to untreated cells, suggest-
ing that decreased viability was a result of copper ion exposure. Glutathione levels 
in rat cells decreased following a 4-hr exposure to copper-fill leachate, suggesting 
the formation of reactive oxygen species. Hydrogen peroxide levels increased in rat 
cells exposed for 4 hr to copper-fill leachate. Overall, our data indicate that metals 
released from the simulated gastric acidic exposure of print objects using metal-fill 
filaments, especially copper, are toxic to rat and human intestinal cells in a concen-
tration- and time-dependent manner. Metals ions, particularly copper, released from 
metal-fill printer objects by this exposure may form reactive oxygen species leading 
to cytotoxicity. This abstract does not represent US EPA policy.

 3383 Alterations in Mitochondrial Lead (Pb2+) Uptake with 
Co-exposures to a Mitochondrial Uncoupler and a Mitochondrial 
Calcium Uniporter (MCU) Inhibitor

P. D. Lalwani, D. E. King, N. Rivera, and J. N. Meyer. Duke University, Durham, NC.

Lead (Pb2+) is a metal to which many people are exposed, and which causes 
developmental toxicity. The mitochondrial calcium uniporter (MCU) imports 
calcium ions, and it is believed that this complex is also responsible for the influx of 
lead into the mitochondria, via molecular mimicry. Since our environment contains 
mixtures of toxic agents, it is important to consider multi-chemical exposures. In 
this study, HepG2 cells were exposed to lead alone and in mixtures with other 
mitochondria-damaging chemicals, including carbonyl cyanide-p-trifluoromethoxy-
phenylhydrazone (FCCP), a mitochondrial uncoupler, and Ruthenium Red (RuRed), a 
dye that inhibits the MCU. We examined cell viability by analysis of dose-response 
curves at various concentrations. After 24 hours, lead alone, the mixture of lead 
and RuRed, and the mixture of lead and FCCP caused no decrease in cell viabil-
ity. However, the mixture of all three exposures lead to a significant decrease 
(34%, p=0.0256) in cell viability at elevated lead concentrations. After 48 hours, 
the co-exposure to elevated lead concentrations and FCCP caused a significant 
35% decrease (p=0.0111) in cell viability, and the mixture of all three showed a 
clear dose-response curve with significant decreases in cell viability across a range 
of lead concentrations. With calcium supplementation at 48 hours, there was a 
mild rescue of loss of cell viability at lower lead concentrations. Current work 
aims to assess lead uptake into the mitochondria via ICP-MS following the same 
exposure paradigms. This research provides a mechanistically-based framework 
for understanding lead toxicity in mixtures with mitochondrial toxicants and 
mechanisms through which it can directly impact mitochondria.

 3384 Arsenic Acts as a Co-mutagen by Affecting the Somatic 
Mutations Imprinted by Ultraviolet Light

R. M. Speer1, S. P. Nandi2, K. L. Cooper1, X. Zhou1, H. Yu1, Y. Guo1, L. G. Hudson1, 
L. B. Alexandrov2, and K. Liu3. 1University of New Mexico, Albuquerque, NM; 2University 
of California San Diego, San Diego, CA; and 3Stony Brook University, Stony Brook, NY.

Although arsenic alone induces cancers in the lung, bladder, kidney, and skin, it is 
also a potent co-carcinogen. Studies suggest arsenic enhances UVR skin cancer, 
but the mechanisms are not fully understood. One proposed mechanism is inhibi-
tion of the nucleotide excision repair (NER) pathway, which is responsible for 
repairing cyclobutane-pyrimidine dimers (CPDs), a type of UVR DNA damage that 
results in mutations found in UVR skin cancers. Carcinogenic mechanisms can be 
explored using mutational signatures analysis, a novel whole genome sequencing 
approach that associates mutation patterns with specific molecular mechanisms. 
UVR mutational signatures are well defined, but no studies have used mutational 
signatures to investigate co-carcinogenesis. In this study two models, human skin 
cells and SKH-1 mice, were co-exposed to arsenic and UVR to investigate arsenic-al-
tered mutation patterns of UVR exposure. Arsenic alone did not induce mutations, 
but significantly increased UVR mutations and altered the spectra of select UVR 
mutational signatures. The proposed UVR indel mutational signature, ID13, is only 
found in a subset of skin cancers. As the first study to investigate co-carcinogen-
esis we found ID13 in arsenic-UVR co-exposed groups but not UVR alone groups 
indicating ID13 may be unique to arsenic-UVR co-exposure and may serve as a 
biomarker of arsenic and UVR co-exposure. These findings show arsenic alters 
select mutational processes of UVR carcinogenesis and demonstrates mutational 
signatures is a novel tool to investigate metal carcinogenesis.
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 3385 Meconium as a Repository of In Utero Metal Exposures Defines 
Neonatal Metabolic Associations

H. Zhong, D. Huhman, H. Wang, V. Ivanov, and J. Fernandes. University of Oklahoma 
Health Sciences Center, Oklahoma City, OK.

Meconium serves as a repository of in-utero exposures, as it forms in the fetal gut 
starting the 12th gestational week and is not passed until birth. The influence of 
metal mixtures on endogenous metabolites in meconium remains unknown. In 
this study, we analyzed metal signatures within meconium that might influence the 
early metabolic landscape reflective of fetal life exposures. A cross-sectional pilot 
study was conducted on 20 first-pass meconium samples collected from random 
healthy newborns delivered at Oklahoma Children’s hospital. Collection, transport, 
and storage of all samples were performed consistently. Samples were digested 
using the nitric acid/ peroxide method in a microwave digestor and 25 metals 
were measured by inductive coupled plasma mass spectrometry using iCAP-TQe. 
Metabolites including bile acids, amino acids, polyamines, and energy metabolites 
from the TCA cycle were measured by liquid chromatography-mass spectrometry 
using TSQ Quantis. Results showed a significant association between metals and 
metabolites using a multivariate regression method such as sparse partial least 
squares regression (sPLS) at correlation threshold |r|> 0.49 and P<0.05 Metals and 
metabolites such as bile acid, amino acid, and polyamines clustered into 4 specific 
groups. Cluster 1 comprised the nutritional metal magnesium that was associated 
with amino acids such as tryptophan and phenylalanine, both of which form import-
ant components of neurotransmitters. Clusters 2 and 3 included metals associ-
ated with bile acids indicative of cholesterol elimination. While cobalt was associ-
ated with bile acid glycoursodeoxycholic acid in cluster 2, cluster 3 included both 
toxic (cadmium and antimony) and nutritional metals (molybdenum and selenium) 
that were associated with multiple conjugated bile acids taurochenodeoxycholic, 
tauroursodeoxycholic, glycocholic and taurocholic acid. Cluster 4 showed copper 
and nickel associated with polyamine metabolism including urea, and creatinine, 
which are protein breakdown products. In conclusion, implications for risk assess-
ment could be determined using meconium as a source of in-utero exposures. 
Metal composition of meconium may further inform on causative agents in meconi-
um-associated complications in neonates such as meconium aspiration syndrome, 
asthma, and brain injury.

 3386 Arc1, a Regulator of Synaptic Plasticity, Rescues DOHaD Effects 
of MeHg on the Motor Unit in Drosophila

C. R. Beamish, J. Becker, and M. D. Rand. University of Rochester Medical Center, 
Rochester, NY.

Methylmercury (MeHg) is a persistent environmental toxicant which poses great 
concern to human health and has consistently been ranked third on the U.S. Agency 
of Toxic Substances and Disease Registry priority list of hazardous substances. 
High level poisonings have demonstrated that MeHg acts primarily as a develop-
mental neurotoxicant, producing neuromuscular symptoms. Young children 
exposed to MeHg in utero exhibited cerebral palsy-like symptoms, muscular hypoto-
nia, and deficits in fine motor skills. Less well understood is how MeHg impacts 
later-life outcomes such as muscle recovery and aging when the fetus is exposed 
to lower doses through maternal fish consumption. Using the Drosophila model, 
we have found that exposure to MeHg at the larval/pupal stages induces deficits 
in adult flight and causes shorter lifespan at levels that don’t perturb development 
appreciably. These later life outcomes caused by early life exposures effectively 
constitute latent effects consistent with a Developmental Origins of Health and 
Disease (DOHaD) model. To better understand the contribution of gene expression 
changes to DOHaD of MeHg toxicity, we performed whole transcriptomic analysis 
via RNAseq of MeHg-exposed Drosophila at pupal and adult stages. We isolated 
components of the motor unit which include the indirect flight muscles (IFM) and 
motor neurons in the ventral nerve cord (VNC). We have previously shown that 
these tissues contribute to neuromuscular disfunction seen with MeHg exposure. 
From this screen, Arc1 produced a profile of interest, showing high induction upon 
MeHg exposure during development. MeHg induction of Arc1 was also seen in 
adults at a point where MeHg had cleared the system. Arc1 was the only such 
gene to produce this profile in both the VNC motor neurons and IFM myocytes. 
Arc1 is an early response gene capable of regulating synaptic plasticity in flies and 
mammals. Arc1 carries out a unique trans-synaptic communication via extracellu-
lar vesicles that ultimately modulate postsynaptic architectu.re. We investigated 
the impacts of altered Arc1 gene expression on the developmental outcome of 
eclosion and on later life outcomes of flight and mortality. Arc1 overexpression in 
muscles was found to produce a rescue in later life outcomes without showing an 
effect on eclosion. Targeted knockdown of Arc1 in muscle showed no effects on 
MeHg induced toxicity nor did altering motor neuron expression of Arc1. Future 
studies will focus on mechanisms by which Arc1 may rescue latent effects of 
MeHg exposures occurring early in life. Supported by NIEHS P30 ES001247, T32 
207026, T32 GM007356.

 3387 Arsenite Exposure Induces Fibroblast Premature Senescence in 
Fibroblasts and Its Association of Tumorigenesis

K. Okamura, T. Suzuki, and K. Nohara. National Institute for Environmental Studies, 
Tsukuba, Japan.

Inorganic arsenic exposure is known to induce cancer in various organs. However, 
the mechanisms are still unclear. Cellular senescence, including premature 
senescence, is an irreversible growth arrest refractory to exogenous mitogens. 
Senescence-associated secretory phenotype (SASP) associated with cellular 
senescence is known to be related to cancer development. Notably, fibroblasts 
senescence is reported to contribute tumorigenesis of epithelial cells. In this 
study, we examined whether arsenite exposure induces premature senescence 
followed by SASP induction in human fibroblast cells. Human hepatic stellate cell 
line LX-2 and LI-90 as liver fibroblasts, and human fore skin derived fibroblast cell 
line HFb16d were exposed to sodium arsenite. At first, arsenite at 0-100 μM were 
exposed in each cell line to determine the concentration at which cell proliferation 
was inhibited. Based on the results, LX-2 cells were exposed to sodium arsenite 
around 5 μM, LI-90 cells at 20 μM, and HFb16d cells at 10 μM in subsequent 
studies. After the exposure for 144 hours, morphological changes were observed 
by microscopy, mRNA levels of senescence markers (P21, LAMINB1) and SASP 
factors (MMP1, MMP3, IL-1β, IL-8 and CXCL1) were quantified by using Real-time 
PCR normalized by the expression levels of housekeeping genes (HPRT1 for LX-2 
cells, 18S rRNA for LI-90 and HFb16d). Since cellular senescence is defined by 
irreversible growth inhibition, cell proliferation assay was performed up to 72 hours 
after cessation of arsenite exposure. As a result, enlarged morphology, one of 
the senescence features, was observed in LX-2 and LI-90 cells after the arsenite 
exposure. Gene expression level of P21 was significantly increased and LAMINB1 
was decreased after arsenite exposure in LX-2, LI-90, and HFb16d cells. In addition, 
cell proliferation was inhibited even after cessation of arsenite exposure in all three 
cells. Furthermore, gene expression level of all SASP factors we examined was 
significantly increased by arsenite exposure in the three cell lines. These results 
suggested that arsenite exposure induces premature senescence in fibroblasts that 
promote production of SASP factors. Thereafter, further analysis was performed 
in hepatic stellate cell line LX-2 cells. Protein levels of MMP1 detected by Western 
blotting were significantly increased by arsenite exposure. Cytokine array analysis 
showed that protein level of IL-8 was prominently increased after arsenite exposure. 
wound healing assay revealed that the conditioned medium from LX-2 cells with 
arsenite-induced senescence increased the migration activity of cells of the human 
hepatoma cell line, Huh-7. Moreover, gene expression data of liver cancer samples 
from the Human Protein Atlas showed that high expression levels of the SASP 
factors that were upregulated in the cells with arsenite-induced senescence were 
strongly associated with a poor prognosis. Our findings indicated that arsenite 
exposure induces premature senescence followed by increased production of 
SASP factors in fibroblasts. Our data also suggested that the SASP factors from the 
senescent cells promote tumorigenesis in epithelial cells in liver.

 3388 Effects of Low-Level Lead and Cadmium Exposure on Blood 
Pressure in a General Population in Brazil

M. M. Paoliello1, A. C. Martins1, A. B. Almeida Lopes2, M. H. Carvalho3, M. L. Buzzo3, 
M. Aschner1, M. R. Urbano2, and E. K. Silbergedl4. 1Albert Einstein College of Medicine, 
Bronx, NY; 2State University of Londrina, Londrina, Brazil; 3Adolfo Lutz Institute, São 
Paulo, Brazil; and 4Johns Hopkins University, Baltimore, MD.

Population-based studies are important for screening population exposures and 
evaluating associations with adverse health effects. The goal of this study was 
to examine the association of blood lead and Cd levels with blood pressure and 
hypertension in a population-based study in a city in Southern Brazil. Using a 
census-based design, a total of 959 adults, aged 40 years or older, were randomly 
selected. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were 
measured according to the VI Brazilian Guidelines on Hypertension. Blood Pb and 
Cd levels were measured by ICPMS technique. Multiple linear and logistic regres-
sion models were performed to evaluate associations of blood lead levels with 
SBP and DBP, and with the chance of hypertension. Ratio (95% CI) of the geomet-
ric means of blood cadmium levels (μg/L) and SBP, DBP and hypertension was 
estimated. The geometric mean (GM) (95%CI) of blood lead and Cd levels were 
1.97 (1.90-2.04) μg/dL and 0.25 (0.22, 0.27) μg/dL, respectively. The adjusted OR 
for hypertension was 2.54 (95% CI, 1.17-5.53), comparing the highest to the lowest 
blood lead quartiles. Compared with participants in the 10th percentile of blood 
lead, participants in the 90th percentile had higher OR for hypertension (OR: 2.77; 
95% CI, 1.41 to 5.46). Higher GM (95%CI) of blood Cd levels were found in partic-
ipants with higher DBP (≥ 90 mm Hg) comparing to lower DBP (< 90 mm Hg). 
However, SBP, DBP and hypertension were not associated with blood Cd levels 
in the multivariable analysis. At low concentrations, BLL were positively associ-
ated with the odds for hypertension in adults aged 40 or older. It is important to 
enforce lead exposure monitoring and the enactment of regulatory laws to prevent 
lead contamination in urban settings. Regarding Cd, our results should encourage 
additional research on the relationship between environmental exposure to Cd and 
its effects on blood pressure, both in Brazil and globally.
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 3389 Assessment of Beryllium Exposures during Abrasive Blasting 
and Cleanup Operations

K. Guth, R. Han, M. Bourgeois, and R. Harbison. University of South Florida College of 
Public Health, Tampa, FL.

Occupational exposure to beryllium can cause Chronic Beryllium Disease (CBD) and 
cancer. Workers involved in abrasive blasting and support personnel are exposed to 
beryllium through inhalation, dermal contact, and inadvertent ingestion when using 
abrasives that contain beryllium in the slag. The 2017 Beryllium in Construction 
Standard included dermal contact and airborne exposure above the action level 
as a trigger for the implementation of occupational risk management strategies 
to prevent adverse health outcomes. However, OSHA’s revised final rule in 2020 
excluded dermal contact as a trigger without providing exposure studies justify-
ing its exclusion. The purpose of this pilot study was to measure beryllium in the 
air, on workers’ skin, worksite surfaces, and workers’ respirators to gain insight 
into the exposures experienced by abrasive blasters and support personal during 
abrasive blasting with slag abrasives; and, to help develop improved risk manage-
ment strategies for this at-risk population. Exposures were assessed for two days 
in August 2022 during abrasive blasting structural steel with coal slag blast media 
in an abrasive blast yard. Four personal breathing zone air samples, 24-skin wipe 
samples, 12-surface wipe samples and four- bulk samples were collected and 
analyzed for total beryllium via EPA method SW846 3050B/6010D. We measured 
2.0 parts per million of beryllium in the bulk blasting media; however, no detectable 
beryllium transfer was measured to skin and surfaces indicating minimal risk to 
workers. Additional exposure assessments using much lower detection limits are 
needed to confirm no beryllium exposure risk.

 3390 Discovery of Phytochelatins in Human Urine and Their Impact 
on Cadmium Distribution and Excretion

Z. R. Jarrell, K. H. Liu, M. R. Smith, X. Hu, X. He, V. T. Tran, M. L. Orr, G. S. Martin, 
D. P. Jones, and Y. Go. Emory University, Atlanta, GA.

Phytochelatins [PyCs; (γEC)nX] are metal binding peptides formed from glutathi-
one. They are used by plants and some invertebrates to transport and sequester 
heavy metals, notably cadmium (Cd). PyCs are present in nearly all plant material 
and present in nearly all human diets, but their route of excretion is unknown. 
Individuals with higher consumption of plant-derived foods have shown decreased 
Cd burden, suggesting that PyCs derived from the diet could alter Cd uptake and 
excretion. The aims of this study were to determine the metabolic fate of dietary 
PyCs and to determine their impact on Cd uptake and excretion. High-resolution 
metabolomics using LC-MS and ICP-MS-based Cd quantitation was performed on 
urine samples from a subset of healthy adults from Emory/Georgia Tech Predictive 
Health Institute’s Center for Health Discovery and Well-Being cohort. Urine was 
searched for PyCs and matches confirmed using MS/MS and an authentic chemical 
standard. PyC standards were incubated with gamma-glutamyltransferase (GGT) 
and carboxypeptidase A1 (CPA) to demonstrate mammalian metabolism of PyCs, 
and human urine metabolomics data was searched for the enzyme-derived metabo-
lites. PyCs, PyC metabolites, and Cd were tested for correlations using Spearman’s 
rank correlation. The impact of PyCs on Cd reuptake was studied further using 
cultured renal proximal tubule epithelia (RPTEC and TKPTS cell lines) exposed to 
CdCl2 with or without PyC2-Gly [((γEC)2G]. The effect of PyC on Cd distribution was 
tested by exposing female C57BL/6 mice to CdCl2 with or without PyC2-Gly for 
16 weeks through drinking water and analyzing multiple organs by ICP-MS for Cd 
content. Cell and animal experiments were analyzed by one- and two-way ANOVA 
as appropriate. PyC2-Gly, was detected in urine from 129 of 143 individuals, with 
concentrations ranging from 0.7 to 46.9 μM, with a mean concentration of 10.7 μM 
and a median concentration of 7.7 μM. Numerous demonstrated metabolites were 
found to correlate with PyC2-Gly, and urinary Cd correlated with PyC2-Gly (ρ = 0.30; 
p = 0.0034). PyC2-Gly was found to decrease Cd reuptake in mouse proximal tubule 
epithelia (TKPTS; p = 0.0299), and PyC2-Gly exposure decreased Cd accumulation 
in the lungs of exposed mice (p = 0.0287). The results show that PyCs are absorbed 
from the diet and metabolized. Correlation of urinary PyC and urinary Cd suggests 
that dietary intake of PyCs influences uptake and/or excretion of Cd, and results 
from cell and animal experiments show that PyCs both protect against Cd deposi-
tion into bodily tissues and discourage reuptake of Cd from the urine. These results 
suggest that the capacity of PyCs for heavy metal interactions is not lost after 
absorption from the diet. PyCs may serve as a diet-derived source of protection 
against dietary heavy metal exposures.

 3391 Associations of Stool Metal Exposures with Childhood Gut 
Microbiome Multi-’omics in a Prospective Birth Cohort Study

F. Gao1, Y. Shen1, H. Wu1, H. E. Laue2, F. K. Lau1, V. Gillet3, Y. Lai1, M. J. Shrubsole4, 
D. Prada1, G. Martinez3, J. Zhu5, W. Zhang6, Z. Liu1, J. P. Bellenger3, L. Takser3, and 
A. A. Baccarelli1. 1Columbia University, New York, NY; 2Dartmouth College, Hanover, NH; 
3Université de Sherbrooke, Sherbrooke, QC, Canada; 4Vanderbilt University, Nashville, TN; 
5Health Canada, Ottawa, ON, Canada; and 6Northwestern University, Chicago, IL.

Metal exposures are closely related to childhood developmental health. However, 
the effects of metal exposures in childhood on gut microbiome, which also impacts 
health, are largely unexplored, particularly using multi-omics methods. Hence, we 
investigated these relationships using stool samples collected from 8-12-year-
old children participating in the GESTation and Environment (GESTE) prospective 
birth cohort study. We assessed the gut microbiome using shotgun metagenomics 
sequencing for bacterial species and metatranscriptomics sequencing for actively 
expressed bacterial pathways. Concurrent Stool concentrations of 19 metals, 
including cadmium (Cd), manganese (Mn), zinc (Zn), lead (Pb), Barium (Ba) were 
quantified (N=113). We used multiple linear covariate-adjusted statistical models to 
determine the associations of metal concentrations with gut microbiome multi-om-
ics profile, corrected for multiple comparisons. We identified multiple significant 
associations between the metal exposures and bacterial species and active 
functional pathways. For instance, Zn was positively associated with Turicibacter 
sanguinis (coef = 1.40, q-value = 1.90E-4, 95% Confidence Interval [CI] = [0.69, 2.10]) 
and negatively associated with Eubacterium eligens (coef = -0.80, q-value = 4.49E-4, 
95% CI = [-1.23,-0.37]). Higher fecal Cd concentrations were associated with lower 
Eubacterium eligens (coef = -0.93, q-value = 3.10E-5, 95% CI = [-1.35, -0.51]) and 
Streptococcus salivarius (coef = -0.73, q-value = 3.08E-4, 95% CI = [-1.11, -0.35]). 
More than 200 functional pathways belonging to various MetaCyc super classes 
such as biosynthesis and degradation/utilization/assimilation were identified, 
corresponding to different functions including amino acid synthesis and carbohy-
drate degradation. Our findings suggest the associations between metal concen-
trations and childhood gut microbiome composition as well as active functional 
pathways. Future work will further explore their relations with childhood health.

 3392 Hexavalent Chromium Induces Homologous Recombination 
Repair Failure in Human Cells but Not in Alligator Cells

A. R. Williams1, R. M. Speer2, C. Browning3, I. Meaza1, J. Toyoda1, H. Lu1, S. S. Wise1, 
C. J. Kouokam1, and J. P. Wise Sr.1. 1University of Louisville, Louisville, KY; 2University of 
New Mexico, Albuquerque, NM; and 3US EPA, Gaithersburg, MD.

Hexavalent chromium [Cr(VI)] is a metal known to cause human lung cancer however 
its carcinogenic mechanism is uncertain. Due to its heavy industrial use, Cr(VI) 
is prevalent in the air and water, causing exposure risks to humans and wildlife. 
Alligators skin samples show high levels of Cr(VI) accumulation, but alligators have 
few reports of cancer. Our study examines the mechanism of Cr(VI) carcinogenesis 
in human and alligator lung cells using our One Environmental Health philosophy. 
Cr(VI) is known to induce chromosome instability (CIN), but the mechanism for 
how it induces CIN is poorly understood. We focused on hexavalent chromium as 
a representative metal as it is a known human lung carcinogen that induces DNA 
double strand breaks while simultaneously inhibiting the repair of those breaks 
resulting in CIN, an early event in lung cancer. The homologous recombination 
(HR) repair pathway plays a key role in preventing CIN by repairing DNA double 
strand breaks. Cr(VI) targets RAD51, a key effector protein within the HR pathway, 
and prevents its loading onto a nucleoprotein filament, but how it prevents this 
loading is unknown. Five classical RAD51 paralogs help orchestrate RAD51 loading 
and function through two distinct protein complexes: the BCDX2 complex, which 
consists of RAD51B, RAD51C, RAD51D and XRCC2 and the CX3 complex, which 
consists of RAD51C and XRCC3. The effects of Cr(VI) on these paralogs are poorly 
understood and largely uninvestigated. Thus, we hypothesize Cr(VI) disrupts RAD51 
paralog complexes, which alters RAD51 filament loading and inhibits HR repair 
in human lung cells. We measured the effects of Cr(VI) on RAD51D and XRCC3 
to represent the BCDX2 and CX3 complexes, respectively. Cells were exposed to 
acute (24 h) and prolonged (120 h) Cr(VI) treatments at 0.1, 0.2, and 0.3 ug/cm2, 
using immunofluorescent foci formation for DNA repair, western blot for protein 
levels, and qRT-PCR for mRNA levels. In human lung cells, 24 and 120 h exposure 
to Cr(VI) induced decreased levels of RAD51D foci formation, protein amounts, and 
mRNA levels, implicating this protein is potentially the primary target in contribut-
ing to the loss of RAD51 filament formation and failure of the HR repair response. 
However, we found Cr(VI) minimally affected XRCC3 of the CX3 complex further 
suggesting RAD51D as a part of the BCDX2 complex may be the key initial target in 
Cr(VI)-reduced RAD51 function and HR repair inhibition. In contrast, alligator lung 
cells showed elevated RAD51D foci formation indicating HR repair is active after 
24 and 120 h exposure. Completion of this study will identify key mechanisms for 
how hexavalent chromium causes CIN and lead to new ways to avoid or treat lung 
cancer. Supported by NIEHS grants R01ES016893 and R35ES032876 (J.P.W.) and 
T32ES011564 (A.W. and J.P.W.).
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 3393 Chronic Exposure of Arsenic Affects Stromal Cell Signaling in 
the Small Intestine

S. W. Ventrello, N. Mcmurry, and L. J. Bain. Clemson University, Clemson, SC.

Arsenic is a toxicant that is ingested through drinking water and food, exposing 
nearly 140 million people in fifty countries to levels above the acceptable guideline 
concentration of 10 ppb. Studies have shown that arsenic affects stem cells, but 
the mechanisms by which arsenic alters differentiation and formation of adult 
cells in the small intestine is not understood. Adult Sox9tm2Crm-EGFP mice were 
exposed to 0, 33, and 100 ppb sodium arsenite in their drinking water for 13 weeks, 
and sections of duodenum were examined for changes. Flow cytometric analysis 
indicated that arsenic exposure significantly decreased overall Sox9 expression 
in the small intestine, with dose-responsive reductions seen in Sox9-Lo transit 
amplifying cells and Sox9-SubLo intestine stem cells. Control of intestinal cell 
differentiation relies on signaling from stromal cells in the villi and crypt. Telocytes 
produce bone morphological proteins (BMPs) that maintain a region of differentia-
tion in the villi, while trophocytes secrete BMP-antagonists, like Grem1, maintaining 
stemness in the crypt. So, markers of specific stromal cells were examined. The 
telocyte marker Gli1 was downregulated by 1.4- and 2.3-fold in the 33 and 100 ppb 
exposure groups, respectively, while the trophocyte marker Grem1 was upregulated 
by 1.3 and 2.3-fold. Examining protein levels by IHC revealed that the expression of 
Pdgfra-Lo (trophocyte marker) was significantly upregulated by 3.4-fold in males 
from both exposure groups and downregulated by 8.3- and 10-fold in females. 
These alterations suggest that chronic arsenic exposure impairs stromal cell 
signaling in the small intestine, potentially leading to changes in cell differentiation.

 3394 As3MT-Dependent Proteomic Changes in Mouse 
Embryonic Fibroblasts

A. Little1, C. Guilbert2, and K. Mann1,2. 1McGill University, Montréal, QC, Canada; and 
2Lady Davis Institute, Montréal, QC, Canada.

The public health concern posed by arsenic toxicity is underscored by the 
pernicious effects of chronic arsenic exposure: cardiovascular disease, neurode-
velopmental disorders, cancer, and diabetes. The primary metabolic pathway of 
arsenic is its methylation by arsenic (3) methyltransferase (As3MT). As3MT has 
only one known function—arsenic methylation—which serves to increase the rate of 
whole-body arsenic clearance. Fitting with this framework, As3MT knockout mice 
exhibit impaired arsenic methylation and slower whole-body arsenic clearance. 
Under basal conditions, As3MT-/- cells curiously exhibit a stress response and 
divide at a slower rate. Together with the arsenic-independent association of the 
As3MT locus with ischæmic heart disease and schizophrenia among humans, 
these observations give rise to the hypothesis that As3MT possesses at least 
one alternate function. Thus, we aimed to explore possible alternate functions of 
As3MT by studying differences in cell functions associated with loss of As3MT 
expression as well as its interaction with arsenic-induced changes. We compared 
basal and 1.0 μM inorganic arsenic-induced protein expression changes in wild type 
versus As3MT-/- mouse embryonic fibroblasts (MEFs) after 24 hours using liquid 
chromatography mass spectrometry. Preliminary analyses indicate broad differ-
ences in the protein expression of As3MT-/- MEFs with respect to cell adhesion, 
cytoskeleton, endocytic trafficking pathways—the preeminent pathways identified 
by pathway enrichment analysis. The mass spectrometry data and immunoblot 
validation suggested that the As3MT-/- fibroblasts show pronounced downregu-
lation of vimentin and β-catenin. Further validation will be performed to assess 
protein expression in liver homogenates of wild type and As3MT-/- mice. These data 
suggest that As3MT may have a physiological function beyond arsenic methylation.

 3395 Characterization of an Arsenic 3 Methyltransferasefloxed/floxed 
Mouse Model

C. Guilbert1, A. Zengin2, M. Mouradian2, N. Gagnon1, B. Jackson3, and K. K. Mann2,1. 
1Lady Davis Institute, Montréal, QC, Canada; 2McGill University, Montréal, QC, Canada; 
and 3Dartmouth College, Hanover, NH.

Arsenic 3 methyltransferase (As3MT) is the key enzyme in arsenic biotransforma-
tion, where it methylates arsenic, the only known target, using S-adenosylmethionine 
as a cofactor. Polymorphisms in human As3MT are linked to changes in enzyme 
efficiency and pathological outcomes. Mice lacking As3MT are significantly compro-
mised in arsenic methylation. However, the relative contribution of tissue-specific 
As3MT expression to arsenic methylation and toxicity is unknown, although liver 
As3MT is considered the most important contributor. Here, we describe the genera-
tion of As3MT floxed mice. LoxP sites were inserted into the introns upstream of 
exon 3 and downstream of exon 5. Successful recombination generates the same 
exon deletion as in the previously described As3MT knock-out mice, where the 
methyltransferase domain is excised. We have shown that in vitro, Cre recombinase 
addition results in successful recombination of DNA from mice containing both 
LoxP sites. Further, breeding of As3MTfl/fl with albumin-Cre containing mice results 
in recombination in the liver, but not in tail or lung DNA. Mice are viable and born at 
similar expected ratios. As3MTfl/fl mice grow similar to controls and are alive after 
5 weeks of 200 ppb sodium arsenite exposure given in the drinking water. We will 

present data showing histology of liver and other tissues, as well as arsenic methyl-
ation profiles in urine and liver in both male and female mice. These mice will be 
important tools in dissecting the role of tissue-specific As3MT in arsenic toxicity, as 
well as potentially identifying alternative As3MT functions.

 3396 Elevation of MEG3 Gene Expression by Isorhapontigenin 
Suppresses Migration and Invasion of Cr(VI)-Transformed Cells

S. Shi, J. Li, Z. Zhang, H. Tu, and M. Costa. New York University, New York, NY.

Chronic exposure of human bronchial epithelial BEAS-2B cells to hexavalent 
chromium (Cr(VI)) causes malignant cell transformation. These transformed cells 
exhibit increases in migration and invasion, accompanying by increased Slug and 
reduced E-Cadherin, two markers of epithelial-mesenchymal transition (EMT). 
Maternally expressed gene 3 (MEG3), a long noncoding RNA, functions as a tumor 
suppressor. The results from the present study showed that MEG3 was lost in Cr(VI)-
transformed cells. Neuronal precursor of developmentally downregulated protein 9 
(NEDD9), a multidomain scaffolding protein, was upregulated and β-catenin was 
activated in Cr(VI)-transformed cells. Overexpression of MEG3 decreased NEDD9 
expression and β-catenin activation, resulting in inhibition of invasion and migration 
of those Cr(VI)-transformed cells. Isorhapontigenin (ISO), a phytopolyphenol, 
is a derivative stilbene from Chinese herb gnetum cleistostachyum. Our results 
showed that ISO treatment in Cr(VI)-transformed cells decreased migration and 
invasion. Similar results were observed in human lung cancer cell lines A549, H23, 
and H1299. Further study indicated that treatment of Cr(VI)-transformed cells with 
ISO elevated MEG3 expression level. ISO treatment also increased E-Cadherin and 
reduced expressions of both Slug and NEDD9. This treatment reduced expres-
sion of SRY (sex determining region Y)-box 2 (SOX2), a transcription factor and 
essential for maintenance of stem cell self-renewal, which was increased in Cr(VI)-
transformed cells. DNA methyltransferases (DNMTs) turn off MEG3 gene expres-
sion through hypermethylation in its promoter. Our results showed that ISO reduced 
expressions of DNMT3b and DNMT1, two members of DNMTs. The present study 
demonstrated that ISO increased MEG3 gene expression through reduced levels 
of DNMT3b and DNMT1, resulting in inhibition of β-catenin activation, reduction of 
NEDD9 expression, and downregulation of EMT, leading to suppression of invasion 
and migration of Cr(VI)-transformed cells. This study implicates that ISO is a potent 
chemotherapeutical agent for clinical application.

 3397 Effects of Molybdenum Exposure on Zebrafish Development

S. J. Garey, and B. S. Carter. University of Wisconsin–Eau Claire, Eau Claire, WI.

Molybdenum (Mo) is an essential trace element for human health due to its 
many metabolic roles in the molybdenum cofactor complex. The molybdenum 
cofactor complex is essential for catalyzing a diverse array of metabolic enzymes. 
Well water in southeast Wisconsin contains Mo levels notably higher than the 
Environmental Protection Agency’s (EPA) lifetime health advisory level of 40 μg/L, 
with one in five wells exceeding 90 μg/L. These high Mo concentrations are caused 
by the unique geological composition of the region. The biological consequences 
from variations in Mo exposure are not fully understood and have not been charac-
terized in the context of early development, though limited studies have reported 
gout-like symptoms with overexposure. This study aims to investigate the impacts 
of molybdenum on early development using zebrafish. Zebrafish embryos were 
exposed to different concentrations of molybdenum during development (Vehicle, 
1 μg/L, 3 μg/L, 10 μg/L, 30 μg/L). The initial exposure occurred at 5 hours post 
fertilization (hpf) and solutions were subsequently refreshed daily. These zebrafish 
were screened and imaged using brightfield microscopy for various developmental 
morphological phenotypes at 24 hpf, 48 hpf, and 72 hpf. These phenotypes include 
survival, head edema, yolk sac edema, pericardial edema, and spinal curvature. 
Qualitative measures of each phenotype were taken from 3 biological replicate 
experiments. Quantitative measurements of phenotypes were made using Noldus 
DanioScope image analysis software. The given phenotypes appear to indicate 
dose-dependent responses to Mo that vary by phenotype. The most frequent and 
severe phenotypes appeared in 30 μg/L and the dose-dependent relationship 
continues until 3 μg/L. These findings can inform further research on the biological 
influence and toxicology of Mo and can assist with informing various environmental 
and health safety regulations.

 3398 Low-Dose Cadmium Exposure Results in the Release of 
Proinflammatory Extracellular Vesicles That Induce Chronic 
Inflammation and Vascular Dysfunction in Neighboring 
Healthy Cells

A. Stavrou, A. Ortiz, and M. Costa. New York University Grossman School of Medicine, 
New York, NY.

Cadmium (Cd) is a toxic heavy metal, ubiquitous in the environmental from both 
natural (i.e., volcanos) and anthropogenic sources, such as industrial activity. 
Cd has is present in the ground water, air and soil, posing a serious environmen-
tal health concern due to its long half-life in humans after consumption (20-30 
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years). Cd is listed 7th in the ATSDR (Agency for Toxic Substances and Disease 
Registry) top 20 list of toxic substances with most immediate threat to human 
health. Numerous studies have shown a link between low dose Cd exposure and 
inflammatory diseases such as COPD and emphysema. In lung epithelial cells, 
Cd has been shown induce inflammation via the release of pro-inflammatory 
cytokines and chemokines, as well as altering gene expression associated with 
inflammation such as NF-kB. Extracellular vesicles (EVs) are released by all types 
of cells and play a vital role in cell-cell communication in both healthy and diseased 
organisms. EVs, depending on their cargo can induce inflammation in recipient 
cells. This study investigates the role of EVs derived from human bronchial lung 
epithelial cells (BEAS-2B) that were either treated for 24 hours with 0.4 μM or 1.6 
μM of Cadmium chloride hemipentahydrate (CdCl2.2.5H2O) or transformed by 
chronic exposure to 1.6 μM CdCl2.2.5H2O, in inducing inflammatory responses 
and vascular dysfunction to neighboring healthy endothelial and epithelial cells. 
Indeed, our study showed that both human umbilical vein endothelial cells (HUVEC) 
and BEAS-2B cells treated with Cd-Transformed (Cd-T) derived EVs for 4 hours had 
an increased expression of Interleukin 8 (IL-8) and Interleukin 1β (IL-1β) pro-in-
flammatory cytokines. Increased expression of genes associated with inflamma-
tion such as MMP1 (Matrix Metallopeptidase 1), VWF (Von Willebrand factor) and 
TEK receptor tyrosine kinase. VWF and MMP1 genes are also associated with 
coagulation and plaque formation, thus overall contributing to vascular dysfunc-
tion. overall contributing to vascular dysfunction. Overall, this study shows a novel 
mechanism by which exposure of BEAS-2B cells to low doses of Cd promote the 
release of pro-inflammatory EVs that induce continuous inflammatory responses 
by infecting neighboring healthy cells, and thus result in inflammatory disease 
states that continuously progress and never resolve. Finally, these EVs can also 
contribute to cancer progression and metastasis via the induction of inflammation 
and vascular dysfunction, as several cancers have been associated with chronic 
inflammatory conditions.

 3399 In Vitro and In Vivo Approaches to Assess Atherosclerosis 
following Exposure to Mixtures of Low-Dose Arsenic 
and Cadmium

N. Subramaniam1, N. Gagnon1, M. Mouradian2, K. Makhani1,2, N. Kukolj2, B. Alakhtar2, 
R. Bakadlag1,2, V. Fruh3, J. Melliker4, and K. K. Mann1,2. 1Lady Davis Institute, Montréal, 
QC, Canada; 2McGill University, Montréal, QC, Canada; 3Boston University School of 
Public Health, Boston, MA; and 4Stony Brook University, Stony Brook, NY.

Arsenic (As) and cadmium (Cd) increase the risk of cardiovascular diseases, includ-
ing atherosclerosis. Atherosclerosis is a vascular disease characterized by the 
accumulation of fibro-fatty plaques within arteries. Both metals individually induce 
pro-atherosclerotic activities, however their combinatorial effect remains unknown. 
Here, we hypothesized that co-exposure to both metals will further increase athero-
sclerosis beyond the individual metals. To test this hypothesis, we’ve utilized a 
combination of in vitro and in vivo approaches to study effects of exposure to 
mixtures of low dose As and Cd to investigate mechanisms of metal-induced 
atherosclerosis. First, we investigated early pro-atherogenic changes in two key cell 
types found at atherosclerosis plaques: macrophages and endothelial cells. These 
assays include generation of reactive oxygen species, markers of endothelial cell 
activation and lipid accumulation assay. We used a range of metal concentrations 
that reflect the blood levels identified in humans and/or previously utilized in vitro. 
We cultured RAW 264.7 murine macrophages with metal mixtures for 1 hour and 
assessed the superoxide production by high content imaging. Then, we measured 
vascular cell adhesion molecule-1 (VCAM-1) expression in murine C166 endothelial 
cells after 4- and 24-hour metal exposures. No significant changes were observed 
in the reactive oxygen species level in RAW 264.7 cells and in the VCAM-1 expres-
sion in C166 cells at either exposure time after low dose As and Cd exposure. We 
then extended our analysis to an in vivo model. We’ve utilized the well-character-
ized apolipoprotein E knock-out (apoE-/-) murine model. ApoE-/- mice spontaneously 
develop atherosclerotic lesions even on normal diet, providing a suitable model for 
this study. Starting at 4 weeks of age, male and female ApoE-/- mice were given 
low As/Cd chow (AIN-76 diet). Mice were exposed to tap water containing As (5 
or 50 ppb), Cd (1.5 or 5 ppb) or the combinations for 13 weeks, a time at which we 
have previously shown As-induced lesion formation. The size of the atherosclerotic 
lesion and lipid content in the aortic sinus was assessed by oil red O staining. 
Likewise, the size of the atherosclerotic lesion in the aortic arch was determined. 
Notably, all the plaques were smaller than those observed with higher concentra-
tions of arsenic and/or high-fat diet with some significant changes in plaque size 
in females. Few changes were observed in lipid content in females. Lipid content 
within the plaque changed without an increase in macrophage content suggesting 
that macrophages were retaining more lipid intracellularly. The collagen content in 
the atherosclerotic plaque was visualized by picrosirius red staining, as an indicator 
of plaque stability. In general, there were very few changes in smooth muscle cell 
and collagen content in both sexes. In addition, the size of the necrotic core in the 
atherosclerotic plaque was assessed and there were no changes in size observed. 
Overall, both the in vitro and in vivo studies demonstrate that the combinations of 
low dose As and Cd, reflective of our human cohort exposures, are not significantly 
worse than either metal alone with very few changes in plaque constituents.

 3400 Bioavailability and Toxicity Mechanisms of Co(II) and Ni(II) and 
Their Interactions in HepG2 Cells

A. Thiel1, V. Michaelis1, M. Simon1, T. Schwerdtle2, M. Aschner3, and J. Bornhorst1. 
1University of Wuppertal, Wuppertal, Germany; 2Bundesinstitut für Risikobewertung (BfR), 
Berlin, Germany; and 3Albert Einstein College of Medicine, Bronx, NY.

The two metals cobalt (Co) and nickel (Ni) are highly abundant in the environment, as 
they are a common part of alloys, pigments and catalysts used in the industry. Their 
joint occurrence in lithium-ion batteries of electric vehicles, e.g. scooters, bicycles 
or cars, is particularly leading to a higher release into nature and consequently to 
an uptake by humans, e.g. via food and drinking water. Besides occupational and 
environmental causes, medical exposure is a major source, with metal-on-metal 
(MoM) hip implants providing the highest concentrations. Both metals are associ-
ated with adverse health effects in humans in case of overexposure. Ni(II) is known 
to have carcinogenic potential, while Co(II) has been linked to neurological diseases 
and cardiomyopathy. In various human cell types, both Co(II) and Ni(II) have 
shown cytotoxic effects, but the adverse consequences and underlying toxicity 
mechanisms of combined exposure are still unclear. To elucidate the cell viabil-
ity, cytotoxicity tests were performed in HepG2 cells, using the DNA-intercalating 
fluorescent dye Hoechst 33258. The total cellular metal content upon exposure was 
quantified by inductively coupled plasma-optical emission spectrometry (ICP-OES). 
To investigate potential oxidative stress induction, two different endpoints were 
evaluated. The intracellular formation of reactive oxygen species (ROS) was 
determined using the oxidation-sensitive fluorescent probe 6-carboxy-2’,7’-dichlo-
rodihydrofluorescein-diacetate (Carboxy-DCFH-DA). Additionally, alterations in 
cellular glutathione levels (reduced and oxidized glutathione) were quantified via an 
analytical liquid chromatography-tandem mass spectrometry (LC-MS/MS) method. 
After single exposure (0 to 750 µM Co(II) or Ni(II) for 24 or 48 h), both Co(II) and 
Ni(II) showed a dose- and time-dependent decrease in cell viability. For combina-
tions, a fixed concentration of 25 µM Co(II) or 150 µM Ni(II) (subtoxic in single 
exposure) and various concentrations of the respective other metal were incubated 
for 24 h. There was only a slight decrease in the viability of HepG2 cells compared 
to single metal exposure. Cellular metal content increased only concentration, but 
not time-dependent after an incubation time of 24 or 48 h, whereas the combina-
tion resulted in higher cellular Co(II) and reduced cellular Ni(II) compared to single 
exposure. Only Co(II) exposure at concentrations higher 100 µM led to increased 
ROS generation, consistent with elevated GSSG formation. These effects could also 
be observed after combined treatment of 25 µM Co(II) with 150 µM Ni(II), while the 
respective concentrations alone failed to elicit significant alterations in oxidative 
stress markers. The presented data indicate interactions between Co(II) and Ni(II) 
in HepG2 cells, specifically regarding bioavailability. The difference in causing 
cellular oxidative stress suggests that different mechanisms impart toxicity, which 
will be addressed in future studies.

 3401 Dietary Folate Intake Does Not Affect Arsenic Metabolism 
in Wild-Type C57BL/6 Mice or in C57BL/6 Mice Carrying the 
Human BORCS7/AS3MT Locus

C. Douillet, M. Miller, B. Shang, Q. Shi, P. H. Cable, S. A. Krupenko, T. Liu, F. Zou, 
F. Y. Ideraabdullah, R. C. Fry, and M. Styblo. University of North Carolina at Chapel Hill, 
Chapel Hill, NC.

Arsenic methyltransferase (AS3MT) methylates inorganic arsenic (iAs) using 
methyl groups from the folate-dependent one-carbon metabolism pathway. 
Evidence from population studies suggests that dietary folate intake may stimulate 
iAs metabolism and decrease iAs toxicity. The goal of the present study was to 
determine if folate intake affects iAs metabolism in mice and if the impact of folate 
on iAs metabolism is more pronounced in mice expressing human AS3MT. Male 
and female wild-type (WT) C57BL/6 mice and C57BL/6 mice expressing the human 
BORCS7/AS3MT locus (Hs) were fed folate deficient (FD, 0 mg folic acid /kg), folate 
adequate (FA, 2 mg folic acid /kg), or folate supplemented (FS, 10 mg folic acid /kg) 
diets for 6 weeks, followed by exposure to 0 ppb (control) or 400 ppb iAs (arsenite) 
in drinking water for 5 weeks, while on the same types of diet. Plasma folate levels 
were measured before and after the exposure using Folate AccuBind ELISA Kits. 
Concentrations and proportions of iAs and its mono- and di-methylated metabolites 
(MAs and DMAs) were determined in urine and livers using hydride generation-cry-
otrapping-ICP-MS. Kruskal-Wallis test with Dunn’s multiple comparisons post-test 
and Welch unequal variance t-test were used to evaluate differences in measures 
of folate and arsenic species between the treatment groups. Plasma folate levels 
differed significantly among mice fed different types of diet regardless of mouse 
strain, sex, or iAs exposure. The pattern of iAs metabolism in Hs mice differed 
from that in WT mice and was characterized by lower proportions of DMAs in urine 
and higher retention of iAs and MAs in livers. Total arsenic levels (i.e., sum of iAs, 
MAs, and DMAs) were generally higher in livers of female Hs mice as compared 
to Hs males. Total arsenic levels in urine of Hs male and female mice exposed to 
iAs correlated positively with the folate intake and the plasma folate levels, but this 
trend was not statistically significant. Folate intake had no effect on proportions of 
iAs, MAs and DMAs in urine of Hs or WT mice. Similarly, no statistically significant 
differences were found in total arsenic levels or in proportions of arsenic species 
in livers of Hs or WT mice fed different types of diet. This is in contrast with results 
of human studies that linked increase in folate intake to an increased secretion 
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of total arsenic and/or higher proportions of DMAs in urine. Thus, iAs metabo-
lism in Hs mice appears to be less sensitive to folate intake than iAs metabolism 
in humans.

 3402 Exposure to Mercury in Wild Birds from Forests Near a Gold 
Mining Area in Colombia

L. Ricardo-Navarro, L. Sierra-Marquez, W. Peñates-Hernandez, W. Martinez-Beltran, and 
J. Olivero. Universidad de Cartagena, Cartagena, Colombia.

Artisanal and small-scale gold mining is the activity with the highest mercury (Hg) 
emission to the environment. This heavy metal is a hazardous environmental pollut-
ant, causing damage to biota. In Colombia, a biodiversity rich country, the numbers 
species of birds (>1900), is one of the largest in the world. The aim of this work 
was to evaluate the levels of total Hg (T-Hg) in feathers of wild birds from the San 
Martin de Loba Mining District (SMDL), Bolivar. Specimens were safely captured 
with mist nets in forest areas located near mining sites in SMDL, and also from 
Mahates and Pueblo Bello, these last sites without mining activity. Morphometric 
parameters were measured, and chest feathers collected before releasing each 
specimen, from a total of 121 birds. The feathers were washed and dried and T-Hg 
analysis was performed using a direct mercury analyzer. The mean concentration 
of T-Hg in feathers from SMDL (n=52), Mahates (n=48), and Pueblo Bello (n=21), 
were 2.14±0.41, 0.71±0.07, and 0.41±0.19 µg/g, respectively. Total Hg levels varied 
according to bird diet, with the highest concentration found in piscivores (2.25±0.71 
µg/g), followed by insectivores (1.69±0.28 µg/g), nectarivores (0.37±0.28 µg/g), 
frugivores (0.34±0.06 µg/g) and granivores (0.26±0.06 µg/g). The species that 
showed the highest levels of T-Hg was Campylorhynchus griseus (insectivore) with 
an average of 11.5±0.85 µg/g, while Leptotila sp. (granivore) presented the lowest 
(0.03±0.01 µg/g). These results suggest mercury in birds depends on diet, with gold 
mining being a pivotal factor on Hg accumulation in these animals. Biodiversity 
protection requires the abolishment of Hg use as well as new mining alternatives 
for gold extraction, as established in the Minamata Convention. UniCartagena 
(Support to Research Groups and Doctoral Programs, 2020-2022, Grant 155/2019); 
MinCiencias (Young Talent 826/2020 and Doctoral formation, 647/2014).

 3403 Dietary Folate Supplementation Enhances Effects of Inorganic 
Arsenic Exposure on Gene Transcription in Oocytes of BORCS7/
AS3MT Humanized Mice

B. Shang, C. Douillet, T. Liu, M. Miller, Q. Shi, P. H. Cable, F. Zou, S. A. Krupenko, 
F. Y. Ideraabdullah, R. C. Fry, and M. Styblo. University of North Carolina at Chapel Hill, 
Chapel Hill, NC.

Previous study from the Styblo lab has suggested that preconception exposure to 
inorganic arsenic (iAs) may contribute to development of diabetic phenotypes in 
mouse offspring by altering transcriptomic profiles in parental germ cells. Arsenic 
methyltransferase (AS3MT) methylates iAs using methyl groups from the folate-de-
pendent one-carbon metabolism. Evidence from population studies has shown that 
dietary folate intake modifies iAs metabolism and toxicity. We hypothesized that 
folate intake would alter effects of iAs exposure on transcriptome of oocytes by 
modifying iAs metabolism, and that the impact of folate would be more pronounced 
in mice expressing human AS3MT, that manifest impaired capacity to methylate 
iAs. To test these hypotheses, male and female wild-type (WT) C57BL/6 mice 
and C57BL/6 mice expressing the human BORCS7/AS3MT locus (Hs) were fed 
folate deficient (FD, 0 mg /kg), folate adequate (FA, 2 mg/kg), or folate supple-
mented (FS, 10 mg/kg) diets for 6 weeks, followed by exposure to 0 ppb (control) 
or 400 ppb iAs (arsenite) in drinking water for 5 weeks, while on the same types of 
diet. RNA-sequencing was used to characterize genome-wide transcriptomes in 
oocytes. Pairwise comparisons were carried out to identify genes that were differ-
entially expressed in response to diet or iAs treatment. Strain effect was examined 
by pairwise comparison between Hs and WT mice at each iAs exposure and folate 
levels. Pathway and functional protein networks associated with differentially 
expressed genes were analyzed using Search Tool for the Retrieval of Interacting 
Genes/Proteins (STRING). RNA sequencing carried out in oocytes of Hs mice fed 
FA and FD diet found only 4 and 5 gene transcripts, respectively, that were signifi-
cantly altered by iAs exposure. In comparison, 1902 transcripts were altered by 
iAs exposure in oocytes of Hs mice fed FS diet. Only minor effects of iAs exposure 
on transcriptomes were found in oocytes of WT mice: 2 and 6 transcripts were 
altered in FD and FS groups, respectively, and no effects were found in the FA 
group. The pathways that were most enriched for differentially expressed genes 
in oocytes of iAs-exposed Hs mice fed FS diet were associated with “Negative 
regulation of oocyte development”, “Postsynaptic actin cytoskeleton”, and “Meiotic 
spindle proliferation”, as well as “Insulin signaling pathway” and “PI3K-Akt signal-
ing pathway”. Genes encoding for core proteins within the insulin resistance 
functional network, including Insr, Irs1 and Foxo1, were upregulated in response to 
iAs exposure. A functional network of DNA methylation and demethylation was also 
significantly enriched, with Dnmt1, Zfp57 and Dnmt3l downregulated, suggesting 
potential effects on epigenetic mechanisms regulating gene expression in oocytes. 
Pairwise comparisons of gene expression patterns in oocytes from iAs-exposed 
WT mice with different folate intakes found 26 (FS vs FA), 5 (FS vs FD) and 3 (FA vs 
FD) differentially expressed genes, but only 2 genes were differentially expressed in 

oocytes of iAs-exposed Hs mice in FA vs FD comparison. Finally, pairwise compar-
ison of iAs-exposed Hs and WT mice with the same folate intake identified 7 differ-
entially expressed genes in FA, 6 genes in FD, and 1528 genes in FS group. The 
same comparisons among the unexposed mice found 6, 4, and 15 differentially 
expressed genes, respectively. Thus, iAs exposure had a major effect on oocyte 
transcriptome of Hs mice, but only in presence of FS diet. Only minor effects were 
found in oocytes of WT mice regardless of folate intake. This data suggests an 
interaction between iAs exposure and folate intake in Hs, but not WT mice.

 3404 Attenuation of Gut Dysbiosis by Naringenin against Cobalt 
Toxicity in Rats

M. Alabi1, A. Salami1, A. Oyagbemi1, O. Olagoke2, T. Iyiola1, U. Akpamu1, C. Omeonu1, 
and S. Olaleye1. 1University of Ibadan, Ibadan, Nigeria; and 2Harvard Medical School, 
Boston, MA.

Gut microflora plays an important role in detoxifying ingested heavy metals which 
is essential to intestinal homeostasis. Gastrointestinal exposure to heavy metals 
such as cobalt chloride (CoCl 2) can destabilize the balance of the gut microbial 
community and cause systemic metabolic stress. Cobalt has been documented to 
be selectively absorbed at high doses, it elicits gastroprotective activities at lower 
doses (25mg/kg and 62mg/kg) however, 300, 600, and 650mg/kg CoCl 2 have been 
documented to be toxic to the cardiac and renal system. Naringenin (Nar) chelates 
heavy metals to form flavonoid-metal complexes thus reducing toxicity. However, 
the activities of these complex on gut microflora is vague. This study investigates 
the activities of cobalt and co-administration with naringenin on the intestinal 
microbiome. Fifty male Wistar rats were grouped into 10: animals treated with 
CoCl 2 (25, 62, 150, and 300mg/kg), with or without Nar (50mg/kg), another group 
received Naringenin (50mg/kg) alone, Control group (received neither CoCl 2 nor 
Nar). By the eighth day, excised cleaned intestinal tissue was assayed for biochem-
ical activity, and microbial studies were carried out on collected fecal samples per 
group using 16S rDNA gene sequencing amplified by PCR. Data were analyzed 
using Two-way Analysis of Variance (ANOVA), p ≤ 0.05 was significant. CoCl 2 
significantly increased intestinal mucin levels (150mg/kg > 300mg/kg > 62mg/kg 
> 25mg/kg) compared with control or Nar alone groups. Co-administration with 
Nar significantly reduced mucin content in CoCl 2 (150mg/kg) but increased in 
other CoCl 2 treated groups (300mg/kg > 25mg/kg > 62mg/kg) compared with 
CoCl 2 groups. CoCl 2 (150mg/kg > 25mg/kg > 300mg/kg) and CoCl 2 (62mg/
kg > 300mg/kg > 25mg/kg > 62mg/kg)+Nar significantly increased Lactobacillus 
casei compared with Nar. CoCl 2 (25mg/kg > 150mg/kg) and CoCl 2 (300mg/
kg > 25mg/kg > 150mg/kg)+Nar significantly increasedPediococcus damnosus 
counts compared with other groups. Enterobacter aerogene significantly increased 
in CoCl 2 +Nar groups while, Pseudomonas aeruginosa significantly increased in 
CoCl 2 (300mg/kg)+Nar alone but reduced in CoCl 2 (150mg/kg), Nar and CoCl 2 
(62mg/kg)+Nar. CoCl 2 (150mg/kg)+Nar had no Klebsiella aerogenes. CoCl 2 had 
significantly reduced Enterococcus faecalis compared with all other groups. Cobalt 
chloride facilitated the growth of probiotics (Lactobaccillus casei and Pediococcus 
damnosus) probably through enhanced intestinal mucin levels while co-adminis-
tration with Naringenin attenuated the growth ofPseudomonas aeruginosa, thus 
ameliorating intestinal dybiosis.

 3406 Synergistic Effects of Chronic Low-Dose Exposures of Cadmium 
(CLEC) and Hyperglycemia on Insulin Resistance in an In Vitro 
Hepatocellular Model

R. Kumar, and R. Gullapalli. University of New Mexico, Albuquerque, NM.

Hepatocellular carcinoma (HCC) is the sixth commonest cancer and third leading 
cause of cancer-related mortality worldwide. The incidence of HCC is rising rapidly 
here in the US, particularly among Native American and Hispanic populations of 
the southwest US for unknown reasons. HCC has strong risk association links with 
obesity and diabetes, the mechanism of which is currently unclear. Cadmium (Cd), 
a frequent food and water contaminant and a component of cigarette smoke, is one 
of ten substances deemed to pose a severe threat to human health according to the 
World Health Organization (WHO). Cd exposure is associated with obesity, diabetes 
and metabolic liver changes, including nonalcoholic fatty liver disease (NAFLD). We 
hypothesize chronic, low-dose exposures of Cd (CLEC) may enhance the cumula-
tive life-time risk of HCC by driving the hepatic insulin resistance and dysfunctional 
insulin signaling. This in vitro toxicology study aims to understand CLEC risks on 
dysfunctional insulin signaling, glucose metabolic changes, and insulin resistance. 
We used the epithelial liver cancer cell lines (HepG2 and HUH7) as our model 
cell lines. These two cell lines were grown under differential glycemic conditions 
(normoglycemia-5.5 mM and hyperglycemia 15 mM) with measured cadmium 
chloride (CdCl2) exposures (0 nM, 200 nM and 1μM). Cells were cultured under 
these conditions for a total duration of 24 weeks. We then systematically assessed 
various parameters such as cell viability curves, cell proliferation characteris-
tics, ROS production levels, glucose uptake kinetics via 2-NBDG assay, glycolytic 
pathway gene expression and the insulin-PI3K-Akt pathway signaling using Western 
blots as our experimental measures. We observe the CLEC exposure paradigm 
induced an enhanced cell proliferation in the HepG2 and HUH-7 cell lines at the end 
of 24 weeks of Cd exposure. We observed a differentially elevated baseline ROS 
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production, an increased glucose uptake of 2-NBDG fluorescent analog and dysreg-
ulated pAKT pathway signaling in the cells grown under hyperglycemic conditions 
(15mM) with cadmium chloride (1 uM > 200 nM). In summary, our invitro CLEC 
exposure paradigm shows specific long-term effects of Cd on dysregulated glucose 
metabolism in HepG2 and HUH-7 cells. Physiologically relevant CLEC exposures 
used in our study suggest a non-trivial impact of altered insulin-PI3K-Akt signaling 
as a key mechanism by which Cd leads to hepatic insulin resistance. Long-term, 
low-dose effects of Cd on chronic liver dysfunction have not been studied in detail 
thus far. Our invitro CLEC exposure paradigm lays the foundation for future studies 
using animal models to improve our understanding of the role of Cd exposure on 
metabolic bioenergetic and signaling pathway dysfunction.

 3407 Investigating the Environmental Risk Factors of Diabetes 
Epidemic with a Focus on Heavy Metal Exposure

C. H. Zhang, M. Kong, B. Guinn, and L. Cai. University of Louisville, Louisville, KY.

Diabetes, especially type 2 diabetes (T2D), has become a major public health 
problem in the United States (U.S.) and worldwide in recent decades due to its rising 
prevalence. In the U.S., according to CDC’s latest report, over 37 million Americans 
had diabetes and 96 million adults had pre-diabetes as of 2022. Kentucky ranks 
among the states with the highest adult diabetes rates and environmental pollution 
is a major health concern in the state. While a growing number of studies have 
explored the effects of environmental risk factors on diabetes, inconsistent results 
have been reported with respect to the effects of exposure to toxic heavy metals on 
diabetes. In light of the pervasiveness of diabetes and the complexity of its environ-
mental risk factors warrant additional studies to explore the spatial disparities in 
diabetes and its associations with exposures to toxic heavy metals. This study 
attempted to investigate the geographical inequalities in diabetes and its environ-
mental risk factors including exposure to arsenic, cadmium, lead, and mercury using 
innovative spatial statistical approaches. The data for diabetes used in our analysis 
were obtained from U.S. Centers for Disease Control and Prevention (CDC)’s 
national Behavioral Risk Factor Surveillance System (BRFSS) survey in 2019. 
The primary data on ambient concentration of heavy metals were extracted from 
Environmental Protection Agency (EPA)’s newly released 2018 Air Toxics Screening 
Assessment database. Both diabetes and metal exposures were aggregated to the 
geography of census tracts. First, we used geographic information systems (GIS) 
to examine the spatial patterns of diabetes across Kentucky’s census tracts and 
then used multiple regression analyses to investigate the associations between 
diabetes and the selected four types of heavy metals while accounting for other 
sociodemographic confounding factors. We found that diabetes prevalence has 
a remarkable uneven geographic distribution across the state ranging from 2.0% 
to 25.6%. Geographically contiguous census tracts that had significantly higher 
prevalence rates than the state average (i.e., hot spots), were mainly observed in 
the eastern Appalachian Mountain region, part of the “diabetes belt” in the eastern 
U.S. prior studies have identified. Moreover, hot spots of neighborhoods were 
also noticeable in urban communities (e.g., Louisville) that are disproportionately 
represented by low-income and minority populations. The results of regression 
models indicated that arsenic (b = -6563.794, p = 0.045), cadmium (-12276.087, p 
= 0.040), lead (r = -69.981, p = 0.007), and mercury (-329.015, p = 0.572) all showed 
negative associations with diabetes prevalence, which contradicted our hypotheses 
about the detrimental effects of heavy metals. Building on the latest advances in 
environmental health research, this article investigated the associations of diabetes 
and environmental risk factors including exposure to toxic heavy metals. Applying 
innovative geospatial techniques to the analysis of statewide data for diabetes and 
heavy medal exposures permits us to gain new insight into the spatial heterogene-
ity of diabetes in relation to environmental risk factors. Findings of this study could 
contribute to the existing literature on the etiology of diabetes and inform public 
health policies and community intervention strategies to save lives and cut the 
skyrocketing costs due to diabetes. The ecological nature of the aggregate data 
for both diabetes and heavy metal exposure limited the applicability of this study, 
which can be improved using individual level data for diabetes and more direct 
measures of meatal exposure in future research.

 3408 Composite Nanobulges for Anticoronaviral Treatment of 
Air Filters

J. Byeon. Yeungnam University, Gyeongsan, Korea, Republic of. Sponsor: J. Meyer.

Coronavirus disease (COVID-19) is still ongoing despite the vaccination of a 
considerable number of people worldwide. The filtration of indoor air has been 
proven to be an effective intervention to suppress the spread of COVID-19 because 
humans spend approximately 90% of their time indoors. The deposition of the 
contagious viruses on air filter surfaces has led to the adoption of antiviral coatings 
to reduce the spread of viral infections from this type of fomite. This has further 
caused issues regarding the deterioration of the antiviral performance during 
filter operation as well as nano- and bio-hazard (from the release of toxic metallic 
ions or viable viruses) from the discarded filters. The development of a plug-in 
safe-by-design antiviral coating is required to regenerate antiviral functions period-
ically and inactivate the infectiousness conveniently of the viruses collected before 
discarding the used filters. Although installing ultraviolet radiation devices near the 

filter unit was proposed as a rapidly implementable alternative to suppressing this 
fomite-mediated transmission, there are problems of limited radiation coverage for 
deep bed and cartridge filters as well as the photodegradation of filter materials. 
Another issue faced when applying exothermic material coatings on filters includes 
the need for temperature control, flame retardancy, and biosafety. To resolve these 
difficulties, this study developed a compact system of in-flight nanobulge manufac-
ture to confer antiviral functions in-place on the filter surfaces by simply plugging in 
a system to inactivate coronaviruses collected on the surfaces rapidly while retain-
ing biosafety, thereby increasing the effectiveness of the air filtration in preventing 
the transmission of coronaviruses. A single-pass aero-blading and -sintering Fe 
containing ultrafine particles (<5 nm) on SiO2 nanobeads (ca. 130 nm) enabled 
the formation of surface roughness for their effective interaction with coronavirus 
spikes to generate reactive oxygen species and Fenton-mediated hydroxyl radicals, 
resulting in comparable antiviral activity to similar-sized individual Zn, Ag, or Cu 
particles despite the significantly smaller fraction of the metallic component.

 3409 Mentholated Fourth-Generation E-cig Aerosols Induce 
Ventricular Arrhythmias and Early Repolarization Defects 
in Mice

R. Paily1, C. Kucera2, A. Ramalingam2, P. K. Lorkiewicz2, S. Srivastava2, A. Bhatnagar2, 
and A. P. Carll2. 1University of Louisville, Louisville, KY; and 2University of Louisville 
School of Medicine, Louisville, KY.

Millions of young adults and adolescents in the United States use e-cigarettes 
(e-cigs). We recently found that acute exposure of mice to menthol-flavored 
aerosols from 1st generation e-cig devices induces ventricular arrhythmia while 
altering early repolarization on the electrocardiogram (ECG). In this study, we 
investigated the cardiac impacts of various e-cig aerosols generated by a contem-
porary 4th generation device and discerned their mediation by nicotine and/or 
flavors. Male C57BL/6J mice (n=4) were exposed to air or e-cig (JUUL) aerosols 
using propylene glycol: vegetable glycerin (PG:VG, 30:70) as vehicle for 4.5 hours, 
with fifteen 9-minute puff sessions (18 puffs per session, 270 puffs total). In 
addition to vehicle-derived aerosol, mice were also exposed to nicotine-containing 
aerosols from PG:VG, JUUL Menthol, and JUUL Virginia Tobacco e-liquids (all 5% 
nicotine benzoate). ECG signals were acquired continuously throughout exposure 
via radiotelemetry and analyzed by software for changes in morphology and 
occurrence of arrhythmias. Only exposure to JUUL Menthol aerosol induced S wave 
depression and J wave elevation (both p<0.05 vs. Air), indicating changes in early 
repolarization consistent with our prior findings with 1st generation devices. JUUL 
Menthol aerosol was also the only to robustly increase ventricular premature beat 
(VPB) frequency and to augment post-exposure heart rate (both p<0.05). Liquid 
mass spectrometry revealed that all nicotine-containing aerosols (PG:VG+nicotine, 
JUUL Menthol, and JUUL Virginia Tobacco) similarly increased urinary total nicotine 
equivalents. Thus, differences in nicotine intake may not underlie the arrhythmo-
genicity of e-cig aerosols. Overall, the unique impacts of JUUL menthol aerosol on 
electrophysiology suggest that changes in early repolarization may underlie the 
arrhythmogenic effects of mentholated e-cig aerosols. Our findings warrant future 
studies to determine the causality between menthol and ventricular arrhythmias, 
and to systematically assess in humans the cardiac risks of e-cig flavors.

 3410 Elucidating the Role of Inducible Nitric Oxide Synthase in 
E-cigarette Toxicity Using Precision-Cut Lung Slices

M. J. Kudlak1, J. Herbert1, A. Bellomo1, A. J. Gow1, J. D. Laskin2, and D. L. Laskin1. 
1Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ; and 2Rutgers, The State 
University of New Jersey, Piscataway, NJ.

Although e-cigarette (e-cig) use has continuously increased, little is known about 
its acute toxicity. Using the ex vivo Precision Cut Lung Slice (PCLS) model we 
previously showed that menthol-flavored e-cig condensate exposure increases 
mitochondrial dysfunction and oxidative stress while decreasing lung function. 
Inducible nitric oxide synthase (iNOS) is a key enzyme mediating nitric oxide 
production in macrophages; it is also known to drive proinflammatory signaling. 
In the present study, we analyzed the role of NO in e-cig toxicity. E-cig conden-
sates were collected by aerosolizing e-liquids containing vehicle, nicotine only, 
and nicotine+menthol. Condensate exposure doses were normalized to glycerol 
content. For PCLS preparation, iNOS-/- and WT mice were euthanized, tracheot-
omized, and the lungs filled with agarose. Lung lobes were isolated and 300 μm 
thickness PCLS prepared using a Krumdieck Tissue Slicer. After 24 hr incubation at 
37°C, PCLS were treated with vehicle, nicotine, or nicotine+menthol condensates at 
concentrations of 10 mM to 150 mM, and ciliary beat frequency (CBF) was recorded 
using video-microscopy. Acute cytotoxicity was measured using a lactate dehydro-
genase (LDH) assay. Exposure of PCLS to nicotine+menthol condensate caused a 
decrease in CBF and an increase in acute cytotoxicity in both WT and iNOS-/- mice. 
In iNOS-/- mice, CBF was significantly reduced at doses of 25 mM and 50 mM 
nicotine+menthol, whereas the same doses did not affect CBF in PCLS from WT 
mice. Similarly, acute cytotoxicity in PCLS from iNOS-/- mice was more pronounced 
at 100 mM and 150 mM in comparison to WT, indicating higher susceptibility to 
e-cig toxicity when iNOS is absent. Nicotine only and vehicle had no effect on ciliary 
function or cytotoxicity in both WT and iNOS-/- PCLS. These data suggest that the 
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presence of iNOS has a protective role in e-cig toxicity by reducing the toxic effects 
on ciliary function and pulmonary cells. Further studies will investigate the effects 
of iNOS depletion in PCLS on oxidative stress, airway contractility, and nitrite/
nitrate metabolism and will thus contribute to elucidating the mechanism behind 
e-cig toxicity in the lung. NIHES005022.

 3411 Testing the Toxicity and Virus Infectivity of Tobacco-Flavored 
E-cigs in Human Bronchial Epithelial Cells

G. Kaur, and I. Rahman. University of Rochester, Rochester, NY.

E-cigarette use has become prevalent recently amongst youths and adolescents 
alike. While the health impacts of cigarette smoke and increased susceptibilities of 
smokers towards viral infections is well known, there are contradictory evidences 
with regards to the toxicity and health impacts of e-cig use in humans. Considering 
this, we studied the toxicity and viral infectivity of differently flavored e-cigs on 
human bronchial (BEAS2B and 16-HBE) epithelial cells. To test this, 16-HBE and 
BEAS2B cells were grown in 6-well plates and exposed to varying doses (3 or 
5 sessions of 30 sec puff duration with 10 sec interval, for a total of 10 min) of 
tobacco flavored (Virginia tobacco (JUUL): 3% and 5% nicotine; JUNO: 48mg/mL 
nicotine) e-cig aerosols. Cell media and cell pellets were collected to perform ELISA 
and other assays in the future. Since, ACE2 (SARS-CoV2 receptor) and Furin (associ-
ated protein) have been known to be upregulated amongst smokers making them 
more susceptible to a potential COVID-19 infection, we tested the activities of ACE2 
and Furin in the cell lysates from e-cig aerosol treated human bronchial epithelial 
cells. Our results indicate, a dose-dependent differential response in the cytokine 
(IL6 and IL8) production, on exposing human lung epithelial cells (BEAS2B and 
16-HBE) to e-cig aerosols from both the brands (Virginia Tobacco (JUUL) and JUNO 
Tobacco) of vape pods. Interestingly, no change in the ACE2 activity was observed 
in the cell lysates from human brochial epithelial cells exposed to varying doses 
and nicotine content of tobacco flavored (Virginia Tobacco) vape pod. We further 
observed a dose dependent decline in the ACE2 activity on exposing BEAS2B cells 
to varying doses of e-cig aerosols from JUNO tobacco. Furin levels were found to 
increase in cells exposed to varying doses of aerosols from vape pods, but none of 
these changes were significant. Future work will test the SARS-CoV2 infectivity of 
e-cig aerosol treated human lung and bronchial epithelial cells to better understand 
the mechanism of viral infectivity to lung cells amongst e-cig users. Supported by 
WNY Center for Research on Flavored Tobacco Products (CRoFT) # U54CA228110, 
and CRoFT pilot award (GK).

 3412 Evaluation of Respiratory Tract Organ Toxicity and 
Carcinogenicity of E-vapor Aerosols in an 18-Month Inhalation 
Study in AJ Mice

E. Wong1, K. Luettich2, L. Demenescu2, A. Kondylis2, J. Zhang3, D. Sciuscio2, M. Peitsch2, 
K. Lee3, and P. Vanscheeuwijck2. 1Philip Morris International, Singapore, Singapore; 
2Philip Morris International, Neuchâtel, Switzerland; and 3Altria Client Services LLC, 
Richmond, VA.

There is limited toxicological information on the long-term inhalation exposures of 
e-vapor aerosols containing various flavors, humectants, and nicotine. Following 
Organisation for Economic Co-operation and Development (OECD) Test Guideline 
453, A/J mice were used to evaluate respiratory tract organ toxicity as well as lung 
tumor incidence and multiplicity upon life-time exposure to cigarette smoke (CS) 
or to aerosols from a prototype e-liquid formulation containing 38 selected flavors. 
Mice were exposed via whole-body inhalation for 6 h/day for 5 days/week for up 
to 18 months to air; aerosol from propylene glycol (PG) and vegetable glycerol 
(VG); PG/VG with nicotine (N, 2% [w/w]); PG/VG/N with flavors (F) at low, medium, 
and high concentrations (1.2 to 18.6% [w/w]); PG/VG/F-High; or CS from the 3R4F 
reference cigarette. Histopathological evaluation, lung function and morphomet-
ric measurements were the key endpoints to evaluate respiratory tract toxicity 
and carcinogenicity. Plasma nicotine and cotinine were measured to confirm the 
systemic exposure. Exposure to e-vapor aerosols resulted in minimal or no changes 
in respiratory rate, lung function, lung inflammatory and emphysema parameters, 
as well as lung tumor incidence and multiplicity compared to the Sham group. In 
contrast, exposure to CS suppressed the respiratory rate, altered lung function, led 
to pulmonary inflammation and emphysematous changes, and―at terminal dissec-
tion―increased lung tumor incidence and multiplicity compared to the Sham group. 
In addition, histopathological evaluation of the respiratory tract showed severe 
changes and papilloma development in the larynx. In contrast, laryngeal histopatho-
logical changes were only observed in the high flavor e-vapor groups and showed 
significantly lower severity and incidence compared to the CS groups. Nasal and 
pulmonary changes when present in the e-vapor groups also showed lower severity 
and incidence compared to the CS groups. In summary, chronic exposure to 
e-vapor aerosols under the tested conditions showed consistently reduced toxicity 
and carcinogenicity responses in the respiratory tract compared to CS, supporting 
its potential role in tobacco harm reduction.

 3413 Variances in Vaping Behavior Contribute to Adverse Periodontal 
Health Effects

J. Jeon1, A. Shinde2, P. Chepaitis1, P. Cushenan1, Q. Zhang1, S. Weaver3, R. Luo3, 
M. Black1, J. Shannahan2, and C. Wright1. 1Chemical Insights Research Institute, 
Marietta, GA; 2Purdue University, West Lafayette, IN; and 3Georgia State University, 
Atlanta, GA.

The electronic nicotine delivery systems (ENDS) market has shown remarkable 
growth and design evolution aimed at enhancing vaping experience and consumer 
preferences. The continual shift in ENDS technology has outpaced safety assess-
ments, creating a significant challenge when developing regulatory guidance 
necessary for protecting public health. Alongside the mounting concerns over 
potential adverse respiratory effects, a knowledge gap pertaining to how vaping 
behavior may contribute to poor oral health continues to grow. Several studies 
have associated negative oral health effects due to ENDS usage, yet there is lack of 
clinical studies that fully characterize how variances in vaping behavior contribute 
to and modulate oral health outcomes. Within this study, we utilized a multidisci-
plinary approach consisting of surveys, real-time puffing topography assessments, 
aerosol exposure characterization, molecular epidemiology, and clinical oral exams 
for comprehensive evaluation of early periodontal disease indicators elicited by 
ENDS use. We hypothesized early indicators of ENDS-mediated adverse periodon-
tal effects can be identified and explained by variations in ENDS behavior/usage, 
and initiation of specific biological mechanisms. A total of 60 subjects (35 current 
exclusive ENDS users and 25 never-established tobacco users/controls) within the 
age range of 18-35, were recruited, provided saliva, and completed oral clinical 
exams to identify biomarkers of gingival inflammation and injury. At the visit, ENDS 
users’ inhaled and exhaled emissions were characterized revealing correlations 
between vaping behavior, particulate/chemical exposure levels and clinical /
molecular oral health outcomes. Data from our puffing topography studies showed 
puff volume and flow rate as sex- and brand-independent exposure mediators, 
which allowed participants to be subdivided into low (80 mL, 30 mL/sec), medium 
(160 mL, 45 mL/sec), and high (280 mL, 62 mL/sec) average puff volume/flow 
rate groups. The increasing puff volumes/flow rates caused linear increases in 
total deposited particulates, aldehydes, and volatile organic compounds, such 
as formaldehyde and ethyl benzene. Likewise, levels of toxic metals including 
chromium and zinc were also elevated due to variances in puff volume and flow 
rate. Our community periodontal index of treatment needs (CPITN) assessment 
determined higher levels of calculus, gingival bleeding and pocket depth in current 
exclusive ENDS users compared to the never-established tobacco users (p<0.05). 
Evaluation of participant saliva showed differential metabolite and cytokine profiles 
between never-established tobacco users and current exclusive ENDS users with 
917 metabolites increased and 511 decreased (p<0.05) in ENDS users. When 
saliva metabolite data were stratified into exposure mediator groups (low, medium, 
and high), exposure-dependent alterations were identified in saliva metabolites. 
Specifically, as exposure increased from low to high, 258 metabolites were 
increased while 541 were decreased in exposure-dependent manners. For example, 
1-methyladenosine, a proposed marker of cancer progression, and nicotine were 
increased while energy metabolism markers (coenzyme A, carnitine, and others) 
were decreased. Pro-inflammatory cytokines including IL-6, IL-8, TNF-α, and IL-1β 
were significantly increased in ENDS users in comparison to controls. This work 
demonstrates the potential for vaping to cause oral injury and inflammation while 
highlighting the importance of addressing consumer behaviors in exposure assess-
ments, which may drive pathological changes leading to periodontal disease.

 3414 Genotoxicity and Metabolic Reprogramming of Immune 
Response by Menthol- and Tobacco-Flavored E-cigarette 
Exposure Associated with Immunosuppression and PI3K/Akt-
p70S6k-mTOR Axis in Mouse Lung

T. Muthumalage, and I. Rahman. University of Rochester Medical Center, Rochester, NY.

Electronic nicotine delivery systems (ENDS) use have prevalent among adoles-
cents and smokers who wish to quit combustible cigarettes. Menthol and tobacco 
flavors are available for almost all tobacco products; although there are limited 
research studies on acute and chronic effects of exposure to these flavors, there 
are no comparative studies of the same flavor by different brands/vendors. We 
hypothesized that due to the most common flavoring compounds found in specific 
flavors (e.g. menthol - levomenthol, tobacco - ethyl maltol) the two brands of the 
same flavor produce distinct/differential or identical pro-inflammatory responses 
upon acute exposure. Comparative toxicity of e-liquids of flavors (PG/VG, menthol, 
and tobacco) with and without nicotine for their inflammatory, genotoxic, and 
metabolic effects. Two strains of mice, C57BL/6J (Th1-mediated) and Balb/
cJ (Th2-mediated), were exposed to PG/VG, menthol 0 mg nicotine, menthol 6 
mg nicotine, tobacco 0 mg nicotine, and tobacco 6 mg nicotine) 2h/day for three 
consecutive days. Subsequently, the inflammatory response was measured by 
differential cell counts and cytokines/chemokines in bronchoalveolar lavage fluid 
(BALF), genotoxicity parameters (ATR, p21, MDM2, and H2AX protein abundance), 
inflammation and metabolic processes associated-gene expression by Nanostring 
codesets panels in lung tissue, and proteomics on lung tissue to elucidate 
comparative inhalation toxicity. We found increased neutrophils and differential 
T-lymphocyte influxes in BALF. Contrary to our initial hypothesis, Brand A menthol 
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flavor induced significant immunosuppression, while Brand A tobacco elicited an 
allergic inflammatory response. Overall, menthol flavor caused an allergic inflam-
matory response with increased RANTES levels in BALF compared to tobacco 
flavor with marginal strain dependence. Genotoxicity markers were p21, H2A.X, 
MDM2, and ATR, significantly increased by both brands, including PG/VG, in lung 
tissue. These inflammatory and genotoxicity responses-associated with destabi-
lized NOD-, LRR- and pyrin domain-containing protein 3 (NLRP3) inflammasome 
and transient receptor potential anjyrin1 (TRPA1) by menthol flavor. The presence 
of nicotine decreased surfactant protein D (SP-D) and elevated plasminogen activa-
tor inhibitor 1 (PAI-1) menthol and tobacco flavors, respectively, suggesting acute 
lung injury. Integration of inflammatory and metabolic pathway gene expression 
analysis showed immunometabolic regulation in T- cells. Cellular signaling protein 
kinases, p38 and p70S6K, were elevated by all aerosols. Proteomics analysis 
suggested that suppressed immunity or the allergic immune response may be due 
to metabolic reprogramming of T-lymphocytes via Pi3k, Akt, and mTOR signaling. 
This study provides insights into the comparative toxicological effects of the same 
flavor by various brands and the need to conduct these toxicological parameters 
and report for appropriate premarket authorization for e-cigarette products. This 
study was supported by K99ES033835 and U54CA228110.

 3415 Comparative Repeated Exposure Studies of Extracts from 
Combustible Cigarette Smoke and Heated Tobacco Vapor Using 
In Vitro Organotypic Cultures of Bronchial Epithelial Cells

S. Ichikawa, S. Muratani, A. Mori, K. Erami, and S. Ito. Japan Tobacco Inc., 
Yokohama, Japan.

Organotypic three-dimensional (3D) models are widely used for drug screening 
and toxicological assessment because they resemble human tissues. Air Liquid 
Interface (ALI) cultures of airway epithelial cells are a 3D model that reproduces 
the airway epithelium structure and function with a long shelf life. Therefore, 
it is expected that these models will help investigate the cumulative effects of 
repeated exposure to stimuli. The cumulative effect of cigarette smoke (CS) is 
considered a cause of chronic diseases including chronic obstructive pulmonary 
disease. Recently, novel tobacco products such as heated tobacco products have 
emerged in the market. We previously reported that exposure to DT3.0a, a novel 
heated tobacco product, vapor extract (Aerosol Collected Mass, ACM) caused 
less acute toxicity compared with CS. However, the potential effects of chronic 
exposure to DT3.0a ACM are unclear. In this study, we assessed the long-term 
biological effects of repeat exposure of 3D human bronchial epithelial cells (HBEC) 
to DT3.0a ACM and compared it with the total particulate matter of cigarette smoke 
(TPM). 3D cultured HBEC were exposed to TPM (5, 25, or 100 µg/mL) or ACM (25, 
100, 500, or 2000 µg/mL) three times a week for 6 weeks continuously or intermit-
tently. In the continuous exposure experiments, cells were exposed to TPM or ACM 
throughout the experimental period whereas intermittent exposure experiments 
consisted of 4-hour exposure periods followed by a 44-hour recovery period with 
TPM- or ACM-free medium. Secreted interleukin (IL)-8 and matrix metalloprotein-
ase (MMP)-9, factors associated with CS-inducible inflammation, were measured 
over time in the supernatants. A statistically significant dose-dependent increase 
in IL-8 secretion was observed in the continuous exposure to TPM group through-
out the experimental period, even at 5 µg/mL, whereas ACM group significantly 
increased IL-8 only at 2000 µg/mL. A dose-related increase in MMP-9 secretion 
was observed after exposure to TPM or ACM, but the peak concentration was 
observed when incubated with 25 µg/mL TPM. MMP-9 secretion was increased 
over time by TPM (day 14-28) and ACM (day 14-42); however, the minimum dose 
to achieve this cumulative effect was 2000 µg/mL ACM and 5 µg/mL TPM. In the 
intermittent exposure experiment, TPM or ACM had similar effects during the 
exposure period. However, dose-dependent increases in IL-8 and MMP-9 were 
observed during the recovery period of TPM exposure, suggesting the exposure 
effects were retained for at least 44 hours. DT3.0a ACM exposure also induced 
a dose-dependent increase of IL-8 during the exposure period, although this was 
diminished in the recovery period, suggesting the rapid clearance of the exposure 
effects. Overall, these results suggest DT3.0a vapor is potentially less harmful than 
CS, even after repeated exposure, and the effect of a single exposure to DT3.0a 
vapor is temporal. In addition, we showed the usefulness of in vitro continuous 
and intermittent exposures to investigate the accumulation and persistency of the 
effect, respectively.

 3416 RNA-Seq Analysis of Macrophage-Mediated Endothelial 
Dysfunction in Vasculature-on-a-Chip

S. Ito, K. Ohashi, A. Hayashida, and A. Nozawa. Japan Tobacco Inc., Yokohama, Japan.

Endothelial dysfunction is one of the primary triggers of atherosclerosis, an increas-
ing cause of worldwide deaths. Impaired barrier integrity, upregulation of adhesion 
molecules, and monocyte recruitment to the endothelial surface are found in 
dysfunctional endothelium and considered indicators of early-stage atherosclero-
sis. Oxidative stress and inflammation resulting from various lifestyle habits, such 
as an unhealthy diet and smoking, are known mediators of endothelial dysfunction. 
Cigarette smoke (CS) is known to contain thousands of chemicals, a part of them 
are considered harmful and potentially harmful constituents (HPHCs). However, 

vascular cells are not directly exposed to CS, because the respiratory tissues play 
a critical role as the first line of defense against inhaled chemicals. Vascular cells 
would rather interact with the exposed cells in the respiratory tissues. We hypothe-
size that immune cells such as tissue resident macrophages have important roles 
in eliciting CS-inducible oxidative stress and inflammation in the vasculature. We 
previously reported that the culture supernatant of macrophages exposed to CS 
effectively induced expression of an adhesion molecule on endothelial cells and 
monocyte-endothelial adhesion in an in vitro vascular-on-a-chip model. Here, we 
used RNA seq analyses to further investigate the perturbation of gene expression 
profiles in endothelial cells directly or indirectly exposed to CS via macrophages. 
We also evaluated our proprietary heated tobacco product, Direct-Heating Tobacco 
System Platform 3 Generation 3 Version A (DT3.0a), because we previously 
reported that multiple toxicological endpoints including oxidative stress were less 
induced in the airway cells by exposure to DT3.0a vapor than CS, thus it is expected 
also less biological impact in vascular cells. Ingenuity pathway Analysis (IPA) 
revealed that differentially expressed genes (DEGs) in indirectly exposed cells were 
significantly enriched for the “atherosclerosis signaling” pathway. However, DEGs 
in response to direct exposure were related to inactivation of various canonical 
pathways in IPA, suggesting direct exposure of CS to the vascular-on-a-chip model 
is unsuitable for the detection of endothelial activation. Indirect exposure was 
predicted to accelerate pro-inflammatory responses of macrophages associated 
with the “macrophage classical activation” pathway in IPA, which can exacerbate 
macrophage-mediated inflammation in the vasculature. DT3.0a showed similar 
effects for both direct and indirect exposure, although a much higher concentration 
was needed to produce these effects, as expected. Thus, we demonstrated the 
effectiveness of macrophage-mediated exposure to assess the potential risk of 
endothelial dysfunction using in vitro testing. Recapitulation of late-stage athero-
sclerosis, such as plaque formation, with this in vitro system is a natural next step.

 3417 Cigarette Smoke Extract Enhances IL-13–Induced Goblet Cell 
Hyperplasia In Vitro

A. Mori, S. Ito, and K. Ishimori. Japan Tobacco Inc., Yokohama, Japan.

The overproduction of mucus produced by goblet cells is an important pathophys-
iological characteristic of chronic obstructive pulmonary disease (COPD). 
Interleukin (IL)-13 is mainly produced by immune cells and is a key inducer of 
goblet cell hyperplasia in the human airways. In our previous studies, goblet cells 
were increased when three-dimensional cultured-normal human bronchial epithe-
lial (3D-NHBE) cells were exposed to IL-13. Cigarette smoke is a risk factor for 
COPD; however, cigarette smoke extract (CSE) did not induce goblet cell hyperpla-
sia in 3D-NHBE cells. To investigate the influence of CSE on goblet cell hyperpla-
sia, 3D-NHBE cells were exposed to CSE with IL-13 for 2 weeks in this study. We 
evaluated goblet cell hyperplasia by measuring the area of mucus that was periodic 
acid-Schiff staining positive. The concentrations of CSE used were from 0 to 50 
μg/mL and the concentrations of IL-13 were from 0 to 1 ng/mL in the medium of 
3D-NHBE cells. We found that the area of mucus increased relative to the IL-13 
concentration and was not increased by CSE as previously observed. Interestingly, 
goblet cell hyperplasia was enhanced by co-exposure to IL-13 and CSE. The concen-
tration of CSE that maximized the area of mucus was 12.5 μg/mL and concentra-
tions higher than 12.5 μg/mL of CSE exposure reduced goblet cell hyperplasia. 
Morphological changes of 3D-NHBE cells were observed after CSE exposure, which 
might explain why goblet cell numbers did not increase with higher CSE concentra-
tions that might have been cytotoxic. To elucidate the mechanism of the synergy 
between CSE and IL-13, expressions of the IL-13 receptors, IL-13Rα1 and IL-4R, 
were measured immuno-histologically by measuring the intensity of immunofluo-
rescence staining using antibodies for each IL-13 receptor. Although exposure to 
IL-13 only did not increase the expressions of IL-13Rα1 and IL-4R in 3D-NHBE cells, 
co-exposure to IL-13 and CSE increased the expressions of both IL-13 receptors 
regardless of the IL-13 concentration. The expressions of IL-13 receptors were 
increased in a CSE concentration-dependent manner. Therefore, this suggested 
that CSE induced the expression of IL-13 receptors and, as a result, enhanced 
goblet cell hyperplasia by IL-13. Previous studies reported that goblet cell hyperpla-
sia depended on the amount of IL-13 and/or other cytokines produced by immune 
cells. It was also reported that IL-13 production by immune cells was induced by 
cytokines including IL-33 released from stimulated epithelial cells. Based on these 
findings, the co-culture of epithelial cells and immune cells should be appropriate 
to assess goblet cell hyperplasia in vitro. However, co-culture with different types 
of cells is not always possible and optimization of the culture conditions requires 
considerable time because cells have different optimal culture conditions. In this 
study, we found that CSE increased the sensitivity of epithelial cells to IL-13, which 
might be involved in the mechanism of goblet cell hyperplasia. In addition, the IL-13 
experiments used here can be used as a simple method to test goblet cell hyperpla-
sia induced by cigarette smoke and other environmental materials.
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 3418 Exposures to Nicotine Salt Tobacco-Flavored Electronic Nicotine 
Delivery System (ENDS) Aerosol during Adolescence Affect 
Lung Structure and Function in Male Mice

A. Noel1, N. Black-Ocken1, M. Schexnader2, and A. Penn1. 1Louisiana State University, 
Baton Rouge, LA; and 2IDEXX Laboratories, Westbrook, ME.

New fourth generation electronic nicotine delivery system (ENDS) devices contain 
high levels of nicotine salt and are the most popular form of devices use by youth 
and young adults who vape in the United States. Despite the high prevalence of 
vaping, little is known regarding pulmonary effects associated with inhaling 
nicotine salt-rich ENDS aerosols during adolescent development. The goal of 
this study was to investigate how 3-month of exposure to Vuse ENDS aerosols 
affected lung structure, function and biochemical responses in juvenile male mice. 
Starting at 4 weeks of age, male BALB/c mice were whole-body exposed to either 
air or Vuse golden tobacco-flavored aerosols (24 mg/mL of nicotine) (aerosol total 
particulate matter: 0.40 mg/puff) 1-hr/day for 3 months. Mice were sacrificed either 
immediately after the 3-month exposure or following a 2-week recovery period. 
The Vuse exposure resulted in elevated levels of serum cotinine in the exposed 
mice (54.2 ± 6.3 ng/mL; p < 0.05). Also, while the body weight of Vuse-exposed 
mice was decreased during the exposure (p < 0.05), following the recovery 
period, Vuse-exposed mice had similar body weight as controls, demonstrating 
a temporary reduced weight gain Vuse exposure effect. Morphometric analyses 
revealed that even after the recovery period, lungs of Vuse-exposed mice had 
increased mean linear intercepts (p < 0.05) compared to respective controls. Thus, 
Vuse aerosol exposure in juvenile mice can affect lung structure by significantly 
enlarging lung airspaces, an effect that does not return to control levels 2 weeks 
after vaping cessation. In addition, lung function testing showed that immedi-
ately after the 3-month exposure, inspiratory capacity of Vuse-exposed mice was 
decreased (p < 0.05) compared to the respective air controls. Inspiratory capacity 
returned to baseline levels following the 2 weeks of recovery, suggesting a transient 
effect of Vuse aerosol on lung function. Although we observed changes in lung 
structure and function, no alteration in the broncho-alveolar lavage (BAL) cytology 
was found; thus, Vuse exposure did not result in cellular inflammation in the lungs. 
Despite this, we observed an increase in the BAL concentration of 8-isoprostane (p 
< 0.05), a marker of lipid peroxidation and of oxidative stress. These BAL effects 
in Vuse-exposed mice were further supported at the molecular level by significant 
upregulation of Hmox1, a gene involved in oxidative stress responses, while genes 
related to inflammatory responses were significantly downregulated (Il-6; Il-10; Il-13; 
Ccl11) when compared to the respective air control group. Overall, our results in 
juvenile male mice exposed during adolescence to Vuse aerosol for 3 months show 
that nicotine salt-rich tobacco-flavored ENDS aerosols can affect lung structure and 
function, in addition to inducing molecular changes in the lungs, without causing 
overt pulmonary inflammation. Also, 2 weeks after exposure cessation, lung 
structure is still impacted, while the lung function recovers. Since adolescence is a 
critical window of lung development, affecting the maximal lung capacities reached 
in adulthood, our results highlight that young people vaping nicotine salt-based 
products may negatively affect the trajectory of their respiratory health.

 3419 TRAIL Regulates Influenza-A Virus Infection in Human 
Precision-Cut Lung Slices Exposed to Electronic Cigarettes

H. A. Agraval, N. Schaunaman, B. J. Day, and H. W. Chu. National Jewish Health, 
Denver, CO.

Electronic nicotine dispensing systems (ENDS), also known as electronic cigarettes 
(EC), are marketed as a safer and less harmful alternative for traditionally used 
tobacco cigarettes. The use of EC is common in young adults with limited 
knowledge about the detrimental effects on lung pathologies, particularly during 
viral infections. Tumor necrosis factor (TNF)-related apoptosis-inducing ligand 
(TRAIL), a protein of the TNF family involved in cell apoptosis, is upregulated in 
patients with chronic obstructive pulmonary disease (COPD) and during influenza 
A virus (IAV) infections, but its role in viral infection of human distal lungs exposed 
to EC remains unclear. The goal of this study was to determine the effect of EC 
on TRAIL release and the role of TRAIL in regulating IAV infection in a human lung 
precision-cut lung slice (PCLS) model. PCLS obtained from the lungs of healthy 
human donors (n=5) without smoking history were exposed to EC juice and IAV 
for up to 3 days for TRAIL and viral load measurement in the tissue and culture 
supernatants. TRAIL neutralizing antibody and recombinant TRAIL were used to 
determine the contribution of TRAIL to viral infection during EC treatments. EC juice 
exposure significantly increased viral levels (~1.6 fold vs. alone IAV treatment), 
TRAIL release (~3 fold vs. alone IAV treatment), TNF-α production (~2.5 fold vs. 
alone IAV treatment), and cytotoxicity (~1.7 fold vs. alone IAV treatment). TRAIL 
neutralizing antibody significantly increased tissue viral load (~2.1 fold vs. IgG 
control) but reduced viral release (~53%) into supernatants of PCLS treated with 
EC juice. Recombinant TRAIL significantly decreased tissue viral load (~64%) but 
increased viral release (~1.6 fold) into supernatants of PCLS treated with EC juice. 
Further, recombinant TRAIL enhanced the expression of interferon-β (~1.5 fold) and 
interferon-λ (~2.3 fold) induced by EC juice exposure and IAV infection. Our results 
suggest that EC exposure increases human distal lung viral infection. Up-regulation 

of TRAIL release by EC during IAV infection may serve as a mechanism in determin-
ing the severity of viral infection. Maintaining an appropriate level of TRAIL in 
human lungs exposed to EC would be important to control viral infection.

 3420 Toxicological Assessment of Aerosols Emitted by Three 
Cannabis Inhalation Methods: Joints, Vaporizers, and Electronic 
Non-nicotine Delivery Systems (ENNDS)

N. Sambiagio1, R. Auer2,1, M. Wittwer3, A. Schoeni2, and A. Berthet1. 1University of 
Lausanne, Lausanne, Switzerland; 2University of Bern, Bern, Switzerland; and 3Federal of 
Public Health, Bern, Switzerland.

Cannabis is mainly consumed by smoking joints, exposing users to high concen-
trations of various toxicants. Users are increasingly interested in potential safer 
inhalation alternative methods to consume cannabis, including cannabis vaporizers 
and electronic non-nicotine delivery systems (ENNDS) using e-liquid containing 
cannabinoids, in order to reduce their exposure to toxicants. However, very few 
studies investigated the toxicological profiles of these alternatives in laboratory 
conditions and compared them to joints. Therefore, this study aimed to character-
ize the toxicity of cannabis aerosols emitted by vaporizers and ENNDS in compar-
ison to cannabis smoke (without tobacco). Emissions were generated using a 
smoking machine and the concentrations of 91 compounds in emissions were 
quantified. Three cannabis vaporizers, three ENNDS, and three different e-liquids 
containing cannabinoids were tested. The three vaporizers consisted of one 
convection-based device and two devices using a combination of convection and 
conduction, including a medical-grade device. The following six chemical groups 
were quantified in emissions of each cannabis product tested: aldehydes, volatile 
organic compounds (VOCs), phenolic compounds, polycyclic aromatic hydrocar-
bons (PAHs), aromatic amines, and heavy metals. In addition, cannabinoids were 
quantified in each tobacco products and in emissions to compare the efficiency of 
Δ9-THC delivery for each device. A significant reduction of the toxicant concentra-
tions were observed in emissions of cannabis vaporizers and ENNDS compared to 
joints. However, few irritants and carcinogens are still released, and high aldehyde 
concentrations were observed for one of the three tested e-liquids, due to an 
overheating of the ENNDS resistance. No differences in toxicant concentrations 
were observed between the two heater systems (i.e., convection-based device 
or hybrid system), and the emissions of the medical device were comparable to 
the two other vaporizers in terms of toxicants. The efficiency of Δ9-THC delivery 
was the highest in emissions of ENNDS (>99%) compared to joints (36%) and to 
cannabis vaporizers (18%). Overall, the results show that consumers who use 
vaporizers and ENNDS as alternatives to joints are exposed to a reduced quantity 
of toxicants. However, the ENNDS device and the e-liquid containing THC must be 
carefully chosen to avoid overheating of the coil. For vaporizers, their low efficiency 
of Δ9-THC delivery may dissatisfy users. Further studies on use of these electronic 
devices will be actually needed to determine real puffing regime and to confirm the 
results obtained in laboratory conditions.

 3421 Comparative Toxicity Evaluation of Oral Nicotine Pouch 
Products to Combustible Cigarettes and Oral Tobacco 
Comparator Products in Human Gingival Fibroblasts Using In 
Vitro Mechanistic Assays

M. Khazaee1, X. Cao2, M. T. Farcas2, U. Doshi2, M. Zhang2, Y. V. Prepelitskaya2, and 
K. M. Lee2. 1Eurofins Lancaster Laboratories PSS, Lancaster, PA; and 2Altria Client 
Services LLC, Richmond, VA.

Oral nicotine pouches (NPs) are potential reduced risk alternative to cigarettes. 
These NPs are tobacco leaf-free and thus, most of the harmful and potentially 
harmful constituents found in tobacco and tobacco smoke are absent or present at 
substantially lower levels compared to traditional tobacco products. However, there 
is limited data on the local toxicity profiles of NPs in comparison with cigarettes and 
other oral comparators. In this work, we used primary human gingival fibroblasts 
(HGF) as a clinically relevant in vitro test system to study the potential local toxicity 
responses following exposure to 12 test NPs (four on!® nicotine pouch products 
[Original and three flavors] at three nicotine levels [2 mg, 4 mg, and 8 mg]) and 
comparator products (combustible reference cigarettes [3R4F and 1R6F], reference 
moist smokeless tobacco [CRP2.1], reference snus [CRP1.1], and four market snus 
products). Cigarette smoke (CS) condensates were collected in ethanol, using ISO 
intense puffing regimen, while all oral products (smokeless tobacco products and 
NPs) were extracted in the enzyme-free artificial saliva using product to solvent 
ratio of 10% (w/v). Primary HGF cells were exposed to eight concentrations (up to 
333.7 μg/mL nicotine) of each test material for 24 hours. Concentration-dependent 
decrease in cell viability (IC50 <12.0 μg/mL nicotine), induction of oxidative stress 
(increase in malondialdehyde [MDA] and decrease in glutathione [GSH], and GSH/
GSSG ratio), and changes in the levels of inflammatory and tissue damage markers 
(increase in interleukin-8 [IL-8] and matrix metalloproteinase-1 [MMP-1] and 
decrease in tissue inhibitor of metalloproteinase-1 [TIMP-1]) were observed in cells 
exposed to CS. While variable, most oral products exhibited minimal or no cytotox-
icity even when tested at higher nicotine concentrations in comparison to CS. All 
oral products did not exhibit substantial changes in GSH and GSH/GSSG levels, 
while some of these products showed increases in MDA, but to a lesser extent and 
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at higher concentrations than CS. Most test NPs did not induce notable changes 
in inflammation and tissue damage markers, while the reference smokeless 
tobacco products and market snus showed increases in MMP-1 and IL-8 but only 
at higher nicotine concentrations than CS. In summary, the mechanistic in vitro 
testing using primary HGF cells showed that the test NPs have an overall lower or 
comparable toxicity potential to other oral tobacco comparator products under the 
test conditions, while all oral tobacco products exhibit substantially lower toxicity 
potential (oxidative stress and inflammation) compared to cigarettes, supporting 
their reduced risk potential.

 3422 Immunophenotypic Differences in the Pulmonary Response of 
BALB/c and C57BL/6 Mice to E-cigarette Aerosols

S. Paoli1, D. H. Eidelman1, K. K. Mann2,1, and C. J. Baglole1. 1McGill University, Montréal, 
QC, Canada; and 2Lady Davis Institute, Montréal, QC, Canada.

E-cigarettes are battery-powered devices that aerosolize a liquid composed of 
nicotine, flavouring agents, propylene glycol and vegetable glycerin (PGVG). In 
recent years, e-cigarette use (‘vaping’) has become prevalent among teens and 
young adults, raising concerns over its potential adverse effects in youth. Although 
data from animal studies suggest that e-cigarettes promote lung inflammation, 
these studies have produced some conflicting evidence with regards to the effects 
of e-cigarettes on typical indices of lung inflammation, such as leukocyte recruit-
ment and cytokine production. Current vaping studies in animal models differ in 
fundamental ways, including the type of device used, exposure conditions, and 
strain of inbred mouse. Two commonly used inbred mouse strains in respiratory 
health research are BALB/c and C57BL/6, which display inherent differences in their 
immune response due to a bias towards a TH2- and TH1-type response, respec-
tively. This affects their susceptibility to experimental allergic airway inflamma-
tion and cigarette-smoke induced emphysema, for example. We hypothesized that, 
due to intrinsic differences in immune response, pulmonary inflammation follow-
ing exposure to an e-cigarette aerosol will differ between BALB/c and C57BL/6 
mice. BALB/c or C57BL/6 male and female mice (5-7 weeks) were exposed to an 
aerosol derived from a mint flavoured e-liquid (18mg/mL nicotine, JUUL); control 
groups were exposed to air only or PGVG only. Nose-only inhalation exposures 
were performed using the SCIREQ® inExposeTM system for one hour per day, for 14 
consecutive days. The lung tissue was collected to characterize immune cells via 
flow cytometry and measure gene expression via RT-qPCR. There were few differ-
ences in the cellularity of the lung tissue between air-, PGVG- and JUUL-exposed 
mice. However, pulmonary tissue eosinophils were significantly increased in 
JUUL-exposed BALB/c mice compared to the air-exposed group; no differences 
in lung eosinophils were observed in C57BL/6 mice. CD8+ T cells were unchanged 
in BALB/c mice but were decreased in JUUL-exposed C57BL/6 mice. Lung mRNA 
levels of cytokines and oxidative stress response genes differed between the two 
strains, with Tnfa being significantly upregulated in JUUL-exposed BALB/c mice but 
downregulated in C57BL/6 mice. These results suggest that e-cigarettes differen-
tially affect the pulmonary immune response of BALB/c and C57BL/6 mice reflect-
ing genetically determined intrinsic differences. Future experiments will investigate 
the effects of JUUL exposure on the proteome of these two strains. In addition to 
providing perspective on animal models exploring the toxicology of e-cigarettes, 
these findings raise the possibility that vaping may induce relevant inflammatory 
responses in susceptible individuals.

 3423 Vaping Flavoring Agents Induce Cellular Stress Responses in 
Human Proximal Tubule Epithelial Cells

A. Cox1, K. Brown1, C. Bender2, and M. A. Valentovic1. 1Marshall University School of 
Medicine, Huntington, WV; and 2West Virginia Wesleyan College, Buckhannon, WV.

Vaping and e-cigarette usage has become increasingly popular, especially among 
teenagers and young adults. Unfortunately, very little regulation exists for flavoring 
agents in e-liquids resulting in wide variability in concentrations and purity. The 
cellular impact and cytotoxicity of inhaled flavoring agents is not well character-
ized. It is estimated that there are over 7,000 different flavoring liquids available on 
the market. Vaping flavors have been reported to cause adverse effects to the lung 
altering function and immune response. Once flavoring aldehydes are absorbed 
from the lung, the flavoring agents distribute to other organs including the kidney. 
Cinnamaldehyde (CIN) is a reactive alpha, beta-unsaturated aldehyde that is one of 
the most commonly used flavorings in vaping e-liquids. The goal of this study is to 
evaluate CIN cytotoxicity in renal proximal tubular epithelial cells. All studies were 
conducted using human renal proximal tubular cells (HK-2). Cells were obtained 
from ATCC and cultured according to vendor specifications.HK-2 cells were plated, 
equilibrated for 48 h, and treated with 0 (DMSO) or 5-100 uM cinnamaldehyde for 24 
or 48 h. Viability was quantitated using the MTT assay and conversion to formazan. 
Cell Countess was performed to evaluate trypan blue exclusion and cell membrane 
leakage. Western blot analysis probed for oxidative stress as 4-hydroxynonenal 
(4-HNE) adducted proteins. Cell stress was evaluated as protein expression of: 
LC3B-I, LC3B-II, CHOP, Caspase-3, and OXPHOS cocktail. Mitochondrial function 
was evaluated using an Agilent XFp Seahorse analyzer. Results were from at least 
4 independent experiments using different cell passages. Statistical differences 
between groups were analyzed using One Way ANOVA followed by post hoc Tukey 

test at a 95% confidence interval. CIN was cytotoxic relative to control at 25-100 uM 
based on MTT assay (p<0.05) for both 24 and 48 h exposures (p<0.05). Countess 
trypan blue exclusion assay showed no significant difference between groups at 
all concentrations and time points. No difference in the oxidative stress biomarker 
4-HNE was noted via Western blot between groups at 24 or 48 h exposure. 
Autophagy was evaluated as the ratio of LC3B-II to LC3B-I. The ratio of LC3B-II 
to LC3B-I was significantly increased at 24 h (p<0.05). The endoplasmic reticu-
lum (ER) stress marker CHOP was not significantly induced at 24 h. CHOP was 
induced at 48 h by CIN concentrations of 75 uM or less. CHOP was significantly 
decreased (p<0.05) relative to vehicle control at 100 uM CIN by 48 h. Apoptosis 
probing showed cleaved caspase-3 was increased (p<0.05) by 100 uM CIN at 
24 h. Mitochondrial respiration complex probing showed that complex V (ATP 
synthase) was significantly decreased (p<0.05) by 100 uM CIN at 24 and 48 h, and 
complex II expression was significantly decreased (p<0.05) at 100 uM compared 
to non-control groups at 48 h. Seahorse analyzer assay of mitochondrial oxygen 
consumption rate (OCR) showed that both maximal respiration and spare capacity 
were significantly decreased (p<0.05) at 24 h compared to vehicle control. The 
findings for this study were that CIN was cytotoxic to HK-2 cells within 24 h. CIN 
activated the apoptotic pathway as indicated by increased caspase-3 cleavage. 
CIN exposure decreased mitochondrial function as assessed by OCR and protein 
expression of complex proteins. Maximal OCR and spare capacity were decreased 
by CIN within 24 h. Protein expression of ATP synthase (Complex V) was decreased 
by CIN which confers with the alterations in mitochondrial function. Supported by 
NIH Grant P20GM103434; A.C, was supported by a West Virginia NASA Graduate 
Research Fellowship.

 3424 Influence of Electronic Cigarette Operating Conditions on 
Induced Primary and Secondhand Aerosol Toxicity: Cell Viability 
and Membrane Integrity

K. Fabrice Kapiamba1, H. Chuang2, W. Hao1, L. Chen3, Y. Huang2, and Y. Wang1. 
1University of Miami, Coral Gables, FL; 2Missouri University of Science and Technology, 
Rolla, MO; and 3New York University, Tuxedo, NY.

Characterizations of electronic cigarette (EC) aerosols have revealed consid-
erable amounts of chemicals, including carbonyls, aromatic VOCs, and metals. 
Many in vitro studies showed that exposure to EC aerosols induces reactive 
oxidative species, DNA damage, and cell death in vascular endothelial cells and 
tissue explants. However, the combinatory effects of EC device parameters on EC 
aerosol toxicity remain relatively understudied. Moreover, few studies assessed 
the toxicity of secondhand EC aerosols because of the complex ethical compli-
ances required for human subjects. Our recently designed filter-based simulated 
respiratory system was able to generate representative secondhand EC aerosols, 
potentially simplifying the studies on the physiochemical and toxicological proper-
ties of secondhand EC aerosols. Herein, we examined the cell viability and cell 
membrane integrity of the human lung adenocarcinoma A549 cells exposed to 
primary and secondhand EC aerosols. We exposed cells to EC aerosols through 
an air-liquid interface (ALI) and used two popular EC devices (VUSE and VOOPOO). 
Cell membrane integrity was examined by measuring the transepithelial electrical 
resistance (TEER) of the ALI culture after exposure. The effects of nicotine (0 mg/
ml and 6 mg/ml) in the e-liquid and the EC power settings (10W and 60W) were 
compared. Compared to the control groups, significant cell death (p < 0.05) was 
observed in the cells exposed to the primary and secondhand aerosols of both 
brands used at the default power setting (VUSE) and 10W (VOOPOO), respectively, 
regardless of nicotine concentration in the e-liquid. Specifically, compared to the 
control group, exposure to the VUSE primary aerosols resulted in 84 ± 2% cell viabil-
ity, lower than secondhand aerosol exposure at 90 ± 2% (p < 0.05). Similar results 
were observed for the VOOPOO brand set at 10W, with primary aerosol exposure 
yielding 73 ± 3%, whereas secondhand exposure resulted in 80 ± 2% cell viability. 
In addition, considering e-liquid with no nicotine to assess the sole effect of power, 
we observed cell viabilities of 45 ± 1% and 42 ± 2% at higher powers of 35W and 
60W (VOOPOO), respectively, compared to 73 ± 3% at 10W. Using e-liquid with 
nicotine at 6 mg/ml showed a significant decrease (p < 0.01) in cell viability for 
samples using high VOOPOO power of 35W and 60W (35 ± 1% and 29 ± 1%), hinting 
at a combinatory effect of power and nicotine on cell viability. Similar trends were 
observed for the TEER value examination. The primary aerosol exposure reduced 
the TEER value to 59 ± 8% and 48 ± 13% relative to the control for the VUSE and 
VOOPOO (10W), respectively. Exposure to aerosols from VOOPOO with 6 mg/ml 
nicotine reduced TEER values to 47 ± 9% and 46 ± 11% for 10W and 60W power 
settings, respectively. Collectively, the toxicity of primary and secondhand aerosols 
is a function of device power setting, nicotine content, and interaction between 
nicotine and power. It is possible that, aside from nicotine, at higher power settings, 
chemicals in e-liquid, such as metals, carbonyls, and derivatives of the organic 
components, may impose additional toxic effects. Our study adds value to the 
current knowledge of the toxicology of EC aerosols under more realistic testing 
conditions. It also shows that inhaling secondhand aerosols can result in potential 
health effects on bystanders.
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 3425 Hyperacute Exposures to Electronic Cigarettes Modulate HRV

J. A. Castellanos1, C. G. Cornett2, K. Luna2, L. Li1, D. H. Gonzalez2, H. R. Middlekauff2, 
R. Gupta2, M. C. Jordan2, D. C. Ruenger2, Y. A. Zhu1, X. Shao2, K. P. Roos2, and 
J. A. Araujo2. 1University of California Los Angeles, Los Angeles, CA; and 2David Geffen 
School of Medicine at UCLA, Los Angeles, CA.

Despite a lack of empirical data, an unprecedented rise in electronic cigarettes 
(ECs) has been widely perceived as safe. Multiple studies support a causal link 
between tobacco cigarette (TC) use and cardiovascular (CV) diseases; however, 
there is a lack of data with EC use. We have previously shown that chronic and 
acute EC use decreases heart rate variability (HRV) in humans, likely via increased 
sympathetic nervous system activation. We aimed to evaluate HRV effects induced 
by brief EC exposures utilizing an in-vivo model for freely moving C57BL/6 mice. 
Telemetry devices were implanted in the abdomen of six 10-week-old C57BL/6 mice 
to monitor electrocardiographic activity continuously. Mice underwent an exposure 
protocol designed to reflect human vaping topography with two EC exposures, each 
lasting 15-min (4-sec puff/ 26-sec Air) followed by 45-min post-exposure periods. 
Air (primary control) and PBS (secondary control) were also included, each with 
their own post-exposure events. Physical and chemical composition of EC aerosol 
revealed an enrichment in fine and ultrafine particles, with high concentrations 
of total aldehydes and nicotine. During EC exposures, we observed bradycardic 
effects in heart rate (HR) with the standard deviation of NN intervals (SDNN), root 
mean square of successive differences (RMSSD), and the proportion of adjacent 
normalized RR intervals that differed by more than 6 ms (pNN6) significantly (p< 
0.05) altered as compared to Air exposures. Frequency domain parameters also 
indicated significant changes in HRV; the low frequency (LF) and high frequency 
(HF) bands showed marked increases during the EC exposures, while the log (LF/
HF) ratio remained relatively unchanged, suggesting a possible coactivation of both 
parasympathetic and sympathetic branches of the autonomic nervous system. EC 
exposures also significantly increased lymphocyte counts in the bronchoalveolar 
lavage fluid without changes in the redox potential. Short-term EC exposures lower 
heart rate and alter HRV in mice in a hyperacute manner, suggesting that ECs may 
not be safe as previously assumed.

 3427 Development of Organotypic Air-Liquid Interface Cultures as 
Models for Smoking-Related Lung Disease Endpoints

P. Makena1, R. Rayner2, E. Cormet-Boyaka2, G. Prasad3, and S. Baxter1. 1Reynolds 
American Inc., Winston-Salem, NC; 2Ohio State University, Columbus, OH; and 3Prasad 
Scientific Consulting, Winston-Salem, NC.

In vitro models that replicate the structural integrity and functional responses of 
the lung inform of the toxicological and biological effects of inhaled toxicants and 
mechanisms of multi-dimensional diseases such as lung cancer and COPD. Such 
mechanistic models are critical for the development of novel alternative methods to 
replace animal testing for regulatory purposes. Here, we describe an application of 
a novel organotypic air-liquid interface (ALI) cellular model of lung airway cells for 
the evaluation of perturbed lung physiology and the potential risk of lung diseases 
from the usage of tobacco products. Normal bronchial epithelial cells were isolated 
from donors (with no identifiers, exempt status from the Institutional Review Board), 
and cultured at ALI. These cultures display pseudostratified epithelium of basal, 
ciliated, and goblet cells and phenotypic endpoints of ion channel function (CFTR 
protein and ENAC), which are key for the fluid homeostasis of ion and fluid balance, 
and mucociliary clearance. Thus, the ALI cultures replicate select structural and 
functional features of human lung epithelium. Whole smoke-conditioned medium 
(WS-CM) and total particulate matter (TPM) from 3R4F reference cigarettes, and 
aerosol-conditioned medium (ACM) from a commercial electronic nicotine delivery 
system (ENDS) were used as test products. Non-cytotoxic, single exposures for 2h 
of WS-CM, TPM, and ACM did not impact the structural integrity of ALI cultures, 
alter Airway Surface Liquid (ASL) or ciliary beat frequency. However, significant 
declines in ion channel (CFTR and ENAC) function were detected by treatment 
with the two combustible tobacco preparations (WS-CM and TPM), but not with 
the ENDS-derived ACM. This suggests that disruption of ion channel function 
is one of the earlier perturbations from exposure to cigarette smoke toxicants. 
Repeated exposures of WS-CM, and ACM over 10 days, were not cytotoxic, and 
differentially impacted several endpoints. Treatment with WS-CM, not ACM, 
significantly inhibited ENAC and CFTR functions and reduced ASL, pointing out 
disruptions leading to aberrant fluid homeostasis. Further, at the molecular level, 
several markers of oxidative stress were also higher in WS-CM treated cultures. For 
example, the expression of ferritin heavy chain (FTH1), hemeoxygenase (HMOX1), 
glutathione peroxidase-2 (GPX2), glutamate-cysteine ligase catalytic subunit 
(GCLC), and peroxiredoxin-1 (PRDX1) were elevated in WS-CM treated cultures, 
indicating a tilt towards an overall pro-oxidative state on exposure to combusti-
ble tobacco preparations. Global transcriptomic profiles revealed that single and 
repeat-dose treatments of WS-CM markedly enhance the expression of genes 
involved in xenobiotic metabolism, oxidative stress, cell proliferation, tumorigen-
esis, and mucociliary clearance, among others. In addition, gross morphological 
changes in the tissue architecture were induced by WS-CM as evident from the 
increased thickness of epithelia, goblet cell hyperplasia, and markers of cellular 
transformation (ki67 and carcinoembryonic antigen) within 10 days of treatment 
with cigarette smoke preparations. Collectively, we demonstrate that ALI cultures 

exposed to cigarette smoke preparations manifest early phenotypic and functional 
changes involved in the progression to COPD and lung cancer. Thus, the ALI cultures 
are a tractable model for assessing the re qlative harm from tobacco products.

 3428 Role of DAMPs in TLR-4/RAGE Signaling: 
Vaping-Induced Inflammation

R. Begum, S. Thota, A. S. Abdulkadir, S. Batra, and D. Kambiranda. Southern University 
and A&M College, Baton Rouge, LA.

Host-derived danger-associated molecular patterns (DAMPs) contribute to 
immune/inflammatory responses during exposure to various environmental pollut-
ants or pathogens. High mobility group box 1 (HMGB1) and heat shock protein 
70 (HSP70) are two such DAMPs that serve as extracellular pro-inflammatory 
mediators which promote inflammation. Interestingly, HMGB1 has recently been 
proposed as a promiscuous receptor that can amplify immune/inflammatory 
responses initiated by pattern recognition receptors. Based on the earlier reports 
we hypothesized that HMGB1 and HSP70 play important role in regulating TLR-4/
RAGE-dependent inflammatory responses during exposure of cells to tobacco 
flavored (TF)-electronic cigarette vapor condensate± nicotine (TF-ECVC±N). Since 
the U.S. FDA has banned all other flavors from the market, we used tobacco flavors 
for the study. TF-ECVC was prepared by bubbling e-cig vapor through an FBS-free 
medium using the CSM-eSTEP e-liquid puffing machine (CH Technologies, NJ, USA) 
at a flow rate pressure of 10 psi for 30 minutes. An optical density of 0.5 was consid-
ered as 100% TF-ECVC concentration, which was diluted with complete culture 
media to obtain the desired concentrations. Human type II lung alveolar epithelial 
cells commonly called A549 cells were exposed to filtered air or e-cigarette conden-
sates consisting of (1%) TF-ECVC±N (6 mg/ml) for 24hrs. Our preliminary findings 
revealed: a) an increase in the transcription of membrane-bound TLR-4 and RAGE 
(≥2.0 fold); b) augmented levels and/or activation of transcription factors NF-кB 
(>1.75 fold) and STAT3 (>1.5 fold) which function downstream of TLR-4 and RAGE; 
c) an increase in the production of pro-inflammatory cytokine- IL-6 (>1.3 fold) and 
chemokine- IL-8 (>1.4 fold); d) translation induction of DAMPs like-HMGB1 protein 
(≥1.5 fold) and HSP70 (≥1.6 fold); e) increased content of extracellular HMGB1 
(>1.75 fold) and HSP70 (≥2.0 fold); f) extracellular HSP70 mediated regulation of 
CCL2 and NF-κB transcription; and g) increase in the exosomal HSP70 levels (≥1.9 
fold) in TF-ECVC±N challenged A549 cells compared to controls. Interestingly, our 
in-silico molecular docking results provide evidence of a strong interaction between 
nicotine-bound TLR-4 with HSP70 (-17286.1 KJ/mol) and HMGB1 (-1195.46 KJ/
mol), compared to the interaction of the unbound receptor with HSP70 (-542.358 
KJ/mol) and HMGB1 (-364.228 KJ/mol). Our results provide critical information 
about the possible molecular mechanisms associated with the release of DAMPs 
and downstream signaling events during ECVC-induced toxicity and inflammation.

 3429 Global Proteomics from Rat Bronchoalveolar Lavage Suggest 
Diluents Being the Primary Drivers of the Biologic Responses in 
E-cigarette Aerosol Exposures

C. J. Johnston. University of Rochester, Rochester, NY.

The use of e-cigarettes remains a major public health crisis. Most e-cigarette 
liquids consist of diluents, such as propylene glycol (PG) and vegetable glycerin 
(VG), with nicotine and flavoring chemicals added. The majority of published 
literature surrounding the health effects of e-cigarettes emphasize the toxicity of 
certain flavoring chemicals added to the e-cigarette liquids. Much less attention 
has been given to the potential health effects of the diluents. The purpose of these 
inhalation exposure studies was to provide a comprehensive view of the acute 
biologic effects of e-cigarette aerosol exposures in rat bronchoalveolar lavage 
(BAL) with and without nicotine or flavoring using unbiased global proteomics. 
Rats were exposed to e-cigarette aerosol for 3 hrs/day for 3 consecutive days via 
a nose-only exposure system at 2 puffs per minute for 60 min exposure sessions. 
(Scireq system, Montreal, CA). Exposure groups included: 50% propylene glycol / 
50% vegetable glycerin (PG/VG) or PG/VG + 2.5mg/ml nicotine (PG/VG+2.5%N), 
PGVG+2.5%N+33mg/ml vanillin (PG/VG+3.3%V) (n=8 rats/group). Right lung lobes 
were lavaged for collection of BAL. Immunocytochemistry (ICC) assessed citrulli-
nated histone H3 (citH3) and myeloperoxide (MPO) on BAL cytospins. Supernatants 
of extracellular BAL samples were prepared for global proteomics using liquid 
chromatography-tandem mass spectrometry and for measurement of S100A9 by 
ELISA. Rats exposed to PG/VG aerosol alone showed the greatest relative change 
in number of proteins significantly altered in extracellular BAL compared to air 
control samples. Biological pathways enriched in PG/VG exposed BAL included 
acute phase responses, extracellular trap formation, and coagulation. The top three 
proteins upregulated in greatest magnitude with PG/VG exposures included MPO, 
S100A8 and S100A9, which associate with extracellular trap formation (‘etosis’). 
The addition of nicotine to PG/VG resulted in significant changes in protein expres-
sion compared to air controls, however did not differ significantly from that of PG/
VG alone. The addition of vanillin to PG/VG+2.5%N increased BAL neutrophilia with 
‘acute phase response’ as the most perturbed pathway identified by proteomics. To 
validate global proteomics, S100A9 levels were measured by ELISA, and ICC was 
assessed for citH3, a marker of etosis. S100A9 concentration increased signifi-
cantly for both PG/VG and PG/VG+2.5%N BAL samples compared to the control. 
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For ICC, the number of citH3 positive cells in BAL also increased significantly in PG/
VG and PG/VG+2.5%N samples compared to air controls. Global proteomics of rat 
BAL support exposure to e-cigarette aerosols containing PG/VG alone has the most 
significant effect on lung biologic responses independent of nicotine or vanillin 
flavoring with new findings of extracellular trap formation, acute phase responses, 
and coagulation significantly upregulated after exposure.

 3430 The Cytotoxic Effects of Unvaped VUSE-Alto and JUUL E-liquids 
on Human Osteoblast-Like Cells MG-63 Cells

A. A. Mohamed, K. M. Lee, M. M. Villarreal, F. D. Wavreil, and S. J. Heggland. College of 
Idaho, Caldwell, ID.

Electronic cigarettes (e-cigarettes) were introduced in the US as smoking cessation 
devices. In recent years however, manufacturers such as JUUL and VUSE have 
employed marketing strategies that are more appealing to adolescents than 
long-time smokers attempting to quit. These pod-based e-cigarette systems are 
highly addictive. According to the 2022 National Youth Tobacco Survey, 30.1% of 
high school students use e-cigarettes daily. There has been limited research on the 
impacts of vaping on bone health. More than 90% of an individual’s lifetime bone 
mass is acquired by age 18. Our previous in vitro work demonstrates flavor-de-
pendent osteotoxicity due to e-cigarette liquids (e-liquids). Therefore, this study 
focuses on three e-liquid flavors from the pod-based brand, VUSE Alto—Golden 
Tobacco, Menthol, and Rich Tobacco—containing 1.8% and 5% nicotine. We 
also investigate two e-liquid flavors from the historically popular JUUL—Virginia 
Tobacco and Menthol—containing 5% nicotine. The osteoblast-like cell line MG-63 
was exposed to unvaped VUSE e-liquids (concentrations between 0.0001% - 2%). 
Cytotoxicity was determined using the MTT assay after 24-hour exposure. As we 
have previously reported that cinnamon flavored e-liquids can induce oxidative 
stress in MG-63 cells, we examined reactive oxygen species formation in this study. 
Oxidative stress was assessed using the reactive oxygen species (ROS) assay 
after 18-hour exposure. MTT experiments in both pod systems indicated that the 
Menthol flavors were more cytotoxic than the tobacco flavors. Preliminary studies 
suggest increased ROS formation only in response to Menthol exposure at the 
highest concentration (2%) in both brands. In addition, there were no significant 
differences between e-liquids with or without nicotine in any flavor category. Thus, 
our study demonstrates that in vitro exposure to VUSE and JUUL e-liquids results 
in flavor and not nicotine dependent osteotoxicity. Further research is needed 
to determine the effects of vaping on bone health. This research is supported by 
an Institutional Development Award (IDeA) from the National Institute of General 
Medical Sciences of the National Institutes of Health under Grant #P20GM103408.

 3431 How Vitamin E Could Have Been Responsible for the 2019 THC 
Vaping Outbreak

M. H. Haron. University of Mississippi, University, MS. Sponsor: K. Willett.

Vitamin E acetate was found in the tetrahydrocannabinol (THC) e-cigarettes or 
vaping products and detected in broncho-alveolar lavage (BAL) samples from 
most patients with the e-cigarette or vaping product use associated lung injury 
(EVALI). Hence, vitamin E acetate is considered to be a prime suspect by the CDC 
for the 2019 EVALI outbreak. However, the clinical findings from the EVALI cases 
provided few data explaining how vitamin E acetate could have contributed to the 
outbreak. The aim of this study was to conduct in vitro, molecular modeling and in 
vivo studies to investigate the possible role of vitamin E /acetate in the 2019 EVALI 
outbreak. Our data showed evidence that vitamin E/acetate when inhaled with THC 
caused a reduction in THC-CB2R binding which could cause reduced THC-CBR2 
mediated anti-inflammatory response in the lungs. Vitamin E/acetate also 
decreased THC-CB1R binding which may lead to decrease in THC psycho effects in 
the brains, this proposes a possibility for increased vaping tendency when THC is 
smoked with vitamin E acetate. This likely increase in vaping frequency in addition 
to reduced inflammatory response may result in increased smoke exposure-related 
injury and subsequent healing by fibrosis in the lungs. Taken together, vitamin E 
acetate could have been the underlying causative agent in the 2019 vaping (EVALI) 
outbreak cases and fatalities by creating a sequela of pulmonary-cardiovascular 
effects. Lung inflammation, pulmonary hypertension and possibly congestive heart 
failure may have occurred that in some cases were sever enough to cause death.

 3432 Fatal Hypoglycemia Associated with Dipping Tobacco Use: A 
Case Report

N. Badrane1, T. Dendane2, A. Khalid2, and A. A. Zeggwagh2. 1Centre Antipoison et de 
Pharmacovigilance du Maroc, Rabat, Morocco; and 2Service de Réanimation Médicale et 
de Toxicologie Clinique Université Mohammed V Souissi, Rabat, Morocco.

There are limited and conflicting data as to whether nicotine induces severe 
hypoglycemia. In fact, there are very few studies available investigating nicotine on 
endpoints other than cancer, cardiovascular effects, reproductive effects, and local 
effects. We discuss the hypothesis of the impact of nicotine in the occurrence of 
hypoglycemia by reporting a case of fatal hypoglycemia in a consumer of dipping 

tobacco known, in Morocco, under the name «LKALA». Case report: A 32-year-old 
male, was found unconscious at home. His medical history included active polysub-
stance abuse of benzodiazepines, alcohol and dipping tobacco. At the emergency 
department, his blood pressure was 110 mmHg /60 mmHg, pulse rate 110 beats 
per min, respiratory rate 22 breaths per min, SpO2 100 % on room air and tempera-
ture 37.5 °C. He was unconscious with Glasgow coma score of 7of 15 and bilateral 
areflexical mydriasis. A severe hypoglycemia was diagnosed and treated with 500 
mL of 30 % glucose. Computed tomography scans showed diffuse brain edema. 
Bilateral aspiration pneumonia was found on the chest X-ray. Drug screening was 
positive for benzodiazepine and phenobarbital and was negative for other drugs. 
A routine blood investigation showed normal results. The magnetic resonance 
imaging of the brain showed multiple bilateral signal changes along caudate, lentic-
ular nuclei and parahippocampal gyrus suggested hypoglycemia brain injuries 
Electroencephalography showed slowing of brain waves without physiological 
activity. Despite intensive medical treatment, the neurologic condition failed to 
improve. The patient developed nosocomial infections, but no more hypoglyce-
mic episodes were observed. The patient died of central respiratory failure on day 
90. Within the limits of laboratory tests and radiological exams performed in our 
patient, we have eliminated other causes of hypoglycemia. We draw attention, 
through this case, the eventual unknown danger of dipping tobacco which is largely 
consumed by Moroccan young people.

 3433 Electronic Cigarette Wattage Used during Maternal Vaping 
Impacts Cerebrovascular Function in Offspring

A. Mills, S. Nassabeh, J. Frazier, M. Robinson, P. D. Chantler, and I. Olfert. West Virginia 
University, Morgantown, WV.

Electronic cigarettes (E-cigs) entered the market over 15 years ago since then, 
they have been marketed as a safer alternative to smoking even during pregnancy. 
Emerging studies find cerebrovascular dysfunction in offspring with in-utero E-cig 
exposure, but to what effect the wattage setting on the E-cig device has on this 
dysfunction is unknown. We hypothesize that maternal vaping at 30-watts will 
have a greater effect (vs. 5-watts) on cerebrovascular dysfunction in offspring and 
that the addition of nicotine would not further impact cerebrovascular function. 
Female Sprague Dawley rats (N=25) were time-mated, and once pregnant, the 
dams were randomly assigned to one of 5 groups (n=5 dams/group). E-cig groups 
comprised of a 5-watt setting with either 0 mg or 50 mg/ml nicotine (i.e. E-cig0-5w 
and Ecig50-5w) and a 30-watt condition with either 0 mg or 50 mg/ml nicotine (i.e. 
E-cig0-30w and Ecig50-30w). Ambient air exposed dams served as controls. E-cig 
exposure consisted of 60 puffs (1.5hr/day, 5 days/week) and began on gestational 
day 2-4 using whole-body chambers. E-liquid used was 50% vegetable glycerin 
(VG), 50% propylene glycol (PG) and did not contain flavoring. One male & female 
offspring per dam are reported at 1- and 3-months of age, where the middle cerebral 
artery (MCA) was isolated, and reactivity assessed using dose-response (10-9M to 
10-4M) to acetylcholine (ACh), serotonin (5-HT), and sodium nitroprusside (SNP) 
via pressure myography. In 1-month offspring, maximal MCA dilation to ACh was 
impaired in both Ecig0, 5- and 30-watts compared to air (33±3%, 50±3%, respec-
tively, p<0.05) with 30-watt having a greater impairment than 5-watt (p<0.05). The 
Ecig50 offspring had similar impairment with ACh challenge (Ecig50-5w 34±3%, 
Ecig50-30w 57±4%, p<0.05) compared to air controls, and wattage again affected 
the severity of dysfunction (p<0.05). SNP-induced dilation in Ecig0-5w and -30w 
also showed blunted responses (20±6%, 39±4%, respectively, p<0.05) with 30w 
further impaired compared to 5w (p<0.05). SNP response in Ecig50 group were 
also impaired (5w=18±6%, 30w=27±3%, p<0.05) compared to controls, with 30w 
greater than 5w (p<0.05). Vasoconstriction response to 5-HT was blunted in both 
the Ecig0-5w and -30w (37±3%, 47±3%, respectively, p<0.05) and Ecig50-5w and 
-30w (25±6%, 27±7%, respectively, p<0.05) with only Ecig0-30w showing greater 
effect than Ecig0-5w (p<0.05). In 3-month-old offspring, ACh responses were also 
impaired with Ecig0 (5w=32±3%, 30w=44±2%, p<0.05) and Ecig50 (5w=31±3%, 
30w=50±2%, p<0.05) groups compared to controls. But here only Ecig50 (and 
not Ecig0) showed an effect of wattage (p<0.05). SNP response also showed 
impairment for both Ecig0 (5w=19±4% vs 30w=25±2%, p<0.05) and Ecig50 
(5w=18±2% vs 26±4%, p<0.05), where only Ecig50 had greater 30w effect than 5w. 
Vasoconstriction was also blunted in Ecig0 (5w=51±5% vs 30w=40±3%, p<0.05) and 
Ecig50 (5w=13±3% vs 30w=20±4%, p<0.05), but no difference based on wattage 
was observed. These data show, regardless of the presence of nicotine, both 5w 
and 30w vaping conditions significantly impaired MCA reactivity via endotheli-
al-dependent and -independent pathways in adolescent and young adult offspring. 
Although the magnitude of impaired vasodilation was greater with maternal vaping 
at higher compared to lower wattage, the relatively low maternal exposure (only 
60-puffs/day - even from just 5w) indicates the threshold in triggering harm to the 
offspring is very low.
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 3434 Exposure to Menthol-Flavored Tobacco-Derived and Synthetic 
Nicotine Salt ENDS Products Differentially Alter Lung 
Inflammation in Mice

T. Lamb, T. Muthumalage, and I. Rahman. University of Rochester, Rochester, NY.

Electronic nicotine delivery systems (ENDS) are typically composed of propylene 
glycol (PG), vegetable glycerin (VG), nicotine, and flavoring chemicals. New ENDS 
products have begun to be brought to the market that utilizes synthetic nicotine, 
a racemic mixture of both R and S isomers of nicotine compared to the previous 
tobacco-derived nicotine, which is only composed of the S isomer. There is limited 
data about the health effects of the inhalation of synthetic nicotine, highlighting 
the need for research on the effects. We hypothesize that exposure to synthetic 
nicotine ENDS products will result in greater inflammation in the lungs of mice 
compared to tobacco-derived nicotine-containing ENDS-exposed mice. An equal 
number of male and female C57BL/6J mice, 8 - 12 weeks old, were exposed for 1 
hour utilizing a nose-only exposure system to air, PG/VG (50/50), PG/VG (50/50) 
with 50 mg/ml tobacco-derived nicotine salt, and PG/VG (50/50) with 50 mg/ml 
synthetic nicotine salt, Menthol-Mint with 50 mg/ml tobacco-derived nicotine salt 
and Menthol-Mint with 50 mg/ml synthetic nicotine salt ENDS product for 5 days 
and were sacrificed 2 hours after the final exposure. Total cell counts were collected 
using acridine orange and propidium iodide stain and inflammatory cytokines were 
measured using Luminex (M60009RDPD, Bio-Rad) in bronchoalveolar lavage fluid. 
Mice exposed to PG/VG with synthetic nicotine significantly increased total cell 
counts compared to both air-exposed and PG/VG with tobacco-derived nicotine. 
Mice exposed to PG/VG or PG/VG with tobacco-derived nicotine did not alter total 
cell counts compared to air controls. Mice exposed to all exposures significantly 
decreased TNF-α, IFN-γ, MCP-1, and KC levels compared to air-exposed mice. 
Mice exposed to PG/VG, PG/VG with synthetic nicotine, and Menthol-Mint with 
tobacco-derived nicotine significantly decreased IL-6 levels compared to air-ex-
posed mice. Although contrary to the initial hypothesis, exposure to both flavored 
and unflavored synthetic and tobacco-derived nicotine ENDS products resulted 
in differential effects on pro-inflammatory cytokines in the BALF indicating the 
potential for inflammatory/immunosuppressive effects of aerosol exposures.

 3435 The Effects of Flavored and Unflavored Electronic 
Cigarette–Generated Aerosol on Biofilm Formation of Oral 
Commensal Bacteria

A. Brenk1, J. Hecker1, A. Kusumanchi1, G. Cuadra2, and D. Palazzolo1. 1Lincoln Memorial 
University, DeBusk College of Osteopathic Medicine, Harrogate, TN; and 2Muhlenberg 
College, Allentown, PA. Sponsor: D. Palazzolo, American Physiological Society.

The use of electronic cigarettes (ECIGs) is a public health issue of growing concern. 
Several studies reveal that ECIG fluids (E-liquids), especially flavored E-liquids, 
can induce inflammation and oxidative stress in respiratory epithelial cells, but 
less is known concerning the oral microbiome. Recently, we reported that 24-hour 
exposure to menthol or cinnamon flavored E-liquids are detrimental to the growth 
of oral streptococcal bacteria. Since these bacterial strains are considered import-
ant early colonizers for maintenance of healthy oral biofilms, the aim of this investi-
gation is to monitor their biofilm formations after exposures to aerosolized E-liquid 
± flavors in puff-fashion. Overnight cultures of four strains of oral commensal 
bacteria (Streptococcus gordonii, Streptococcus intermedius, Streptococcus mitis 
and Streptococcus oralis) were started, and 96-well plates were pretreated with 
saliva. The next day, bacteria were standardized (optical density 1.0 at 595 nm), 
seeded in the saliva-treated plates and incubated (37°C, 5% CO2) for one hour. 
After incubation, plates were placed in an acrylic chamber and exposed to 15, 30 
or 45 puffs of air (control) or aerosolized E-liquids ± flavors. One plate was left 
outside the chamber as the 0-puff control. E-liquids were comprised of propylene 
glycol and vegetable glycerin (50:50) and were fortified with either 25% menthol 
or cinnamon flavorings. Cig-a-like ECIGs equipped with cartridges pre-filled with 
E-liquids delivered aerosol to the chambers using a peristaltic pump (two 3-second 
puffs/minute at 1.1 L/minute). Following aerosol exposure, bacteria were incubated 
(37°C, 5% CO2) for 24 hours. The next day, bacteria were stained with crystal violet 
and destained with 95% ethyl alcohol. The 95% ethyl alcohol in each well was 
transferred to corresponding wells in clean plates and absorbance readings (index 
of biofilm biomass) were determined at 595 nm. E-liquid aerosol ± flavors have 
no effect on biofilm formation between exposure groups, except for S. interme-
dius exposed to cinnamon flavored aerosol which decreased 42 % from control. 
In contrast, comparisons between exposure groups at various puff numbers 
reveals more significance. Flavorless E-liquid aerosol decreases biofilm formation 
in S. intermedius and S. oralis. Similarly, menthol flavored aerosol lowers biofilm 
formation in S. intermedius, S. mitis and S. oralis and cinnamon flavored aerosol 
attenuates biofilm formation in all bacterial strains tested. Toxicologically, these 
results indicate the potential for aerosolized E-liquid ± flavors, chiefly cinnamon, 
to diminish biofilm formation of individual oral streptococcal bacteria, especially 
S. intermedius. Currently, work is underway investigating biofilm architecture using 
confocal microscopy.

 3436 The Upper Airway Exposomics Associated with E-cigarette Use

C. Cobos-Uribe, Y. Hsiao, A. D. Payton, N. Tucker, C. Liu, C. Robinette, N. Knight, K. Lu, 
J. Rager, and M. Rebuli. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Electronic cigarettes (e-cigarettes) deliver nicotine to the user by heating and 
aerosolizing a complex mixture of chemicals. The wide variety of e-cigarette 
products in the market adds complexity to this chemical mixture, with differ-
ing chemical constituents, heating temperatures, and product features, which 
represents a significant research challenge. While many studies have examined the 
toxicity and effects of e-cigarette chemical constituents such as nicotine, propyl-
ene glycol, glycerin, and flavorings, fewer have assessed the aerosolized mixtures 
and which components land and interact in the airway. To address this gap, we 
utilized nasal sampling and an exposomics approach to help us identify what 
aerosolized e-cigarette chemicals reach and interact with the respiratory mucosa 
and potentially alter cellular metabolism. In this project, samples from the nasal 
epithelial lining fluid (NELF) of healthy e-cigarette users (n=32) and nonsmokers 
(n=27) were obtained. These samples were analyzed via untargeted high-resolu-
tion liquid chromatography-mass spectrometry (HRLC-MS). Using this methodol-
ogy, we extracted 89,125 molecular features (MFs) and successfully annotated 
101 significantly different features between our two study groups, nicotine and its 
metabolites being among the most abundantly detected compounds in e-cigarette 
users. Interestingly, 9-aminononanoic acid, commonly used in the polymer industry, 
was also among the most abundant compounds in e-cigarette user samples. Using 
a computational prediction model, we also identified the top 15 MFs associated 
with e-cigarette use. Further analysis will include annotating the missing MFs 
using public metabolomics/exposomics databases and pathway enrichment and 
cluster analyses to identify metabolomic differences between e-cigarette users and 
nonsmokers. So far, these results indicate that the NELF is a valuable sample for 
respiratory exposomics analyses and that there are several significantly different 
MFs between e-cigarette users and nonsmokers that require further analysis using 
exposomics/metabolomics tools to characterize the exposome associated with 
e-cigarette use.

 3437 Assessment of the Cell Transformation Assay Using Traditional 
and Next-Generation Tobacco Products

R. McRae, T. Shutsky, and K. Szeliga. Risk Assessment Information System,  
Winston-Salem, NC.

Given its ability to simulate the oncogenic stages of in vivo initiation and promotion 
of cell transformation leading to carcinogenesis, the in vitro Bhas 42 cell transfor-
mation assay (CTA) represents a useful method for assessing the (non-geno-
toxic mediated) carcinogenic potential of chemicals and complex mixtures that 
would not be detected using traditional in vitro genetic toxicology assays such 
as Ames or in vitro micronucleus. Upon exposure to transformation-inducing 
stimuli, the contact inhibited Bhas 42 cells may change morphologically to form 
discrete, altered colonies (transformed foci) on top of the confluent cell monolayer. 
Comparable to the features of tumor transformation in vivo, transformed foci are 
characterized by deep basophilic staining, random cell orientation, increased cell 
density, and invasive growth into the surrounding cell monolayer (OECD, 2016). 
The potential transformation promotion activity of TPM (total particulate matter) 
test samples prepared from combustible cigarettes, a heated tobacco product 
(HTP), and an electronic nicotine delivery system (ENDS) product were individu-
ally assessed using the CTA assay. The purpose of these studies was two-fold: 
(1) to assess new contract research laboratory vendors for performing the CTA 
promotion test and (2) to demonstrate its reproducibility, reliability, and fit-for-pur-
pose by testing the transformation promoting potential of a variety of traditional and 
next generation tobacco products. Results reproducibly showed a transformation 
promoting effect of the combustible test sample. Conversely, neither the ENDS nor 
the HTP test samples showed transformation promotion activity. Furthermore, the 
consistency of the assay results demonstrated by the vendors verified their ability 
to reproducibly perform the CTA. Taken together, these results add to the weight of 
evidence from multiple studies showing that HTP and ENDS products are less toxic 
compared to traditional combustible products. These results demonstrated that 
CTA is reproducible and reliable and could be a useful tool for the assessment of 
next generation tobacco products.

 3438 Acute Electronic Cigarette Exposure Alters Polyunsaturated 
Fatty Acid Metabolism and Metal Homeostasis in C57BL/6 Mice

D. H. Gonzalez1, J. Castellanos1, R. Gupta1, S. Dutchover1, A. Louie1, E. Kang1, 
A. J. Ghio2, and J. A. Araujo1. 1University of California Los Angeles, Los Angeles, CA; and 
2US EPA, Chapel Hill, NC.

In recent years, The United States has seen a surge in electronic cigarette (EC) 
use, particularly in adolescents. Despite a lack of empirical data, EC use has been 
widely perceived as a safer alternative to tobacco cigarettes. Adverse pulmonary 
and cardiovascular health effects associated with oxidative stress and inflamma-
tion have been linked to EC use. Yet the molecular mechanisms responsible for the 
prooxidative and proinflammatory effects of EC use are not well understood. We 
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aimed to assessed changes in free polyunsaturated fatty acids (PUFAs) and metal 
metabolism in C57BL/6 mice following acute inhalation exposure of EC aerosol. 
Utilizing in vivo exposure chambers, freely moving C57BL/6 mice were exposed 
to EC aerosol (N=5) or air (N=5) for two hours per day for three consecutive days. 
Mice underwent an exposure protocol designed to mimic human vaping behavior 
with two EC or air (control) exposures, each lasting 15-minutes (4-sec puff/ 26-sec 
air) and 45-minute post-exposure periods in between. Mice were sacrificed 24 
hours after their last exposure and harvested for bronchoalveolar lavage fluid 
(BALF), plasma, lung, liver, and spleen. Levels of free arachidonic acid (AA), linoleic 
acid (LA), and their oxidized metabolites, HETEs and HODEs respectively, were 
assessed in the BALF and plasma via liquid chromatography-mass spectrome-
try (LC-MS). Metal concentrations in lung, liver, and spleen were determined via 
digestion in 3 N HCl/10% trichloroacetic acid followed by quantification with 
inductively coupled plasma - optical emission spectrometry (ICP-OES). BALF from 
EC exposed mice exhibited significant two-fold increases in 9-HODE (P<0.05) and 
13-HODE (P<0.05) accompanied by a three-fold increase in 15-HETE/AA (P<0.05) 
compared to controls. EC exposure resulted in a 35% reduction in plasma free AA 
(P<0.05) compared to controls. Additionally, there were significant increases in 
9-HODE/LA (p<0.01) and 13-HODE/LA (p=0.05) in plasma of EC-exposed mice. In 
the pulmonary tissue, EC exposure resulted in increased Zn (P=0.05), Cr (P=0.06), 
and Pb (P<0.05) but decreased Ni (P=0.05). EC-exposed mice exhibited increased 
hepatic Zn (P<0.05) and Ca (P<0.01) whereas splenic non-heme Fe (P=0.07), Zn 
(P<0.05), and Cr (P<.001) were reduced. In conclusion, merely three days of EC 
exposure led to increased oxidation of linoleic acid in BALF, decreased circulating 
AA, and altered pulmonary, hepatic, and splenic metal content. Increased 9-HODE 
and 13-HODE in BALF suggest activation of lipoxygenase pathways. Decreased 
circulating free AA observed here is consistent with our previous observations 
in human EC users. Alterations in pulmonary, hepatic, and splenic metal levels 
indicate that acute EC exposure may disrupt systemic metal homeostasis. Hepatic 
Ca exhibited the greatest magnitude increase (~50%) of all metals compared to 
controls. Taken together, this work shows that acute EC exposure results in prooxi-
dative effects in the lungs and systemically altered PUFAs and metals.

 3439 Effects of Melatonin and Vaped Melatonin Aerosols on Bronchial 
Epithelial Cell Transcriptome in an In Vitro Model of Asthma

K. D. Schichlein, C. A. Love, P. W. Clapp, and I. Jaspers. University of North Carolina at 
Chapel Hill, Chapel Hill, NC.

Non-nicotine vaping products designed to deliver aerosols containing vitamins and 
nutraceuticals, such as melatonin, vitamin B12, and caffeine are growing in popular-
ity. A recent survey of adolescents, young adults, and adults found that after tetrahy-
drocannabinol (THC) and cannabidiol (CBD), melatonin is the most used substance 
in non-nicotine vaping products. The FDA released a consumer update warning 
about these “wellness” vaping products being mislabeled as inhalers, diffusers, 
and aromatherapies and making unproven claims about health benefits. Melatonin 
vapes are advertised as safe and effective sleep aids that provide a faster time-to-ef-
fect than orally administered formulations; however, there are limited data regarding 
the pulmonary effects of inhalation exposures. Interestingly, several in vitro studies 
have shown melatonin to attenuate mucus hypersecretion at the level of the airway 
epithelium. These findings suggest that inhalational delivery of melatonin aerosols 
may have therapeutic value for treating pulmonary conditions characterized by 
mucus hypersecretion, such as congestion, asthma, and COPD. Here, we assessed 
the transcriptional response of primary human bronchial epithelial cells (hBECs) to 
melatonin and melatonin aerosols. Primary hBECs (n = 3 donors) were differenti-
ated at an air-liquid interface (ALI) to a mucociliary phenotype. Prior to melatonin 
exposure, hBECs were treated with IL-13 or vehicle control for 5 days to induce 
mucus cell metaplasia. Cells were then treated with apically delivered melatonin 
(100uM) or 40 5-second puffs from a commercially available melatonin vape 
using the UNC Vaping Product Exposure System (VaPES), a novel in vitro e-ciga-
rette exposure system previously developed by our lab. Total RNA was collected at 
24 hours for assessment of gene expression using TempO-Seq. Differential gene 
expression was analyzed via DESeq2 using the Wald test and significant differ-
entially expressed genes (DEGs) were defined as having an adjusted p-value < 0.1 
and absolute log2 fold change > 1. Treatment with melatonin alone resulted in 39 
DEGs while melatonin vape exposure resulted in 1601 DEGs, compared to vehicle 
control. In the IL-13 model, melatonin and melatonin vape treatment resulted in 
26 and 440 DEGs, respectively. Gene Set Enrichment Analysis (GSEA) was used 
to identify relevant biological pathways, diseases, and functions based on Kyoto 
Encyclopedia of Genes and Genomes (KEGG), Wikipathways, and Hallmarks gene 
sets. Melatonin vape exposure alone downregulated inflammatory and interferon 
responses and upregulated reactive oxygen species pathways. Both melatonin and 
melatonin vape treatment downregulated pathways associated with mitochon-
drial respiration and upregulated NF-κB signaling. The IL-13 model successfully 
upregulated levels of MUC5AC, the mucin responsible for pathogenesis of asthma 
and COPD, and pathways associated with reactive oxygen species. When treated 
with melatonin, anaerobic respiration pathways were upregulated, and exposure to 
melatonin vape aerosols upregulated anaerobic respiration, oxidative stress, NF-κB, 
and Nrf2 pathways. These data indicate that melatonin may affect mitochondrial 
bioenergetics and melatonin vapes induce an inflammatory response. Overall, this 
study provides results on the effects of melatonin and melatonin vaped aerosols 
on the airways through analysis of transcriptional changes. Future studies should 

investigate both the toxicity and potential therapeutic effects of melatonin in the 
airways, especially in the context of inflammatory lung diseases and environmen-
tal exposure, as well as other non-nicotine vaping products containing caffeine, 
vitamin B12, vitamin C, and essential oils, among others.

 3440 Chronic Exposure to E-cigarette Aerosols Increases the 
Structural Stiffness and Impairs the Vasoactive Response of the 
Mouse Aorta

Y. M. Farra, J. Matz, J. Oakes, and C. Bellini. Northeastern University, Boston, MA.

Electronic cigarettes (e-cigs) have recently emerged as popular alternatives to 
combustible cigarettes for both current and former smokers but continue to attract 
novice users alike. The long-term effects of e-cig use are unknown and will take 
decades to observe in humans. Animal models are therefore necessary to identify 
the health hazard of this practice. We exposed adult, female Apoe-/- mice to either 
filtered air (N=10) or e-cig aerosols (tobacco flavored JUULTM pods, 3% nicotine; 
N=10) daily, 5 days/week, for 24 weeks. Blood pressure was tracked weekly. 
Mice were sacrificed at endpoint to dissect the abdominal aorta for mechanical 
characterization. Inflation/extension tests were performed to estimate constitu-
tive parameters and predict passive stiffness at systolic pressure. Acetylcholine-
induced vasodilatation with and without endothelial nitric oxide (NO) synthase 
(eNOS) inhibition by L-NAME (NG-Nitroarginine methyl ester hydrochloride) was 
measured to evaluate endothelial function. Vasorelaxation following sodium 
nitroprusside (SNP) administration was quantified to assess smooth muscle 
cell (SMC) function. RT-qPCR, histology, and immunofluorescence were used to 
quantify microstructural composition and probe endothelium and SMC functional 
signaling pathways. Circulating IL-6 levels were measured to assess systemic 
inflammation. Systolic blood pressure increased modestly with daily inhalation of 
e-cig aerosols (air: 110±2 mmHg vs. e-cig: 127±1 mmHg, p<0.05). The aorta of mice 
exposed to e-cig aerosols was thicker (air: 39±1 μm vs. e-cig: 49±1 μm, p<0.05) 
and less distensible (air: 20±1 MPa-1 vs. e-cig: 12±1 MPa-1, p<0.05) compared to 
control. Wall thickening was primarily associated with collagen deposition in both 
media and adventitia, with noted transcriptomic upregulation of genes involved 
in fibrosis and collagen remodeling (Col1a1, Tgfβ1, and TIMP1) in aortic tissues 
from e-cig mice, with respect to controls. Comparison of the response to acetyl-
choline with or without preincubation with L-NAME showed significant contribu-
tion of eNOS-produced NO to the endothelium-dependent dilatation in the control 
aorta but revealed a deficit in the e-cig aorta. Inhalation of e-cig aerosols did not 
impair the SMC response to NO, as vasodilatation following administration of 
SNP remained at control levels. Expression of both the eNOS gene and the eNOS 
protein were downregulated in the aorta of e-cig mice, with respect to controls. 
DHE staining revealed elevated superoxide levels in e-cig vessels, compared to 
control. Preincubation with the eNOS blocker L-NAME reduced superoxide staining, 
suggesting that uncoupled eNOS contributed to elevated reactive oxygen species 
(ROS) levels in the e-cig aorta. Decline in aortic DHE fluorescence upon pre-incuba-
tion with the NOX2 inhibitor GSK indicated that activation of NOX2 in endothelial 
cells augmented ROS levels and contributed to eNOS uncoupling in aortic samples 
from mice exposed to e-cig aerosols. Concentration of circulating IL-6 was higher 
in mice exposed to e-cig aerosols compared to controls, the IL-6 gene was upregu-
lated in aortic tissues, and the IL-6 protein was overexpressed throughout the aortic 
wall. The oxidative burden and the abundance of IL-6 were accompanied by signif-
icant infiltration of CD4+ helper T cells in aortic tissues from e-cig mice, suggest-
ing that inflammation plays a role in vaping-induced cardiovascular disease. In 
summary, chronic vaping promotes oxidative stress and inflammation, which 
result in endothelial dysfunction and collagen-driven remodeling of the aortic wall. 
Impairment of endothelium-dependent vasodilatation may compound the thicken-
ing and stiffening of tissues to raise blood pressure and increase the workload on 
the heart. Work supported by NIH/NHLBI: R03 HL142472 and NSF GRFP.

 3441 Effect of E-cigarette Aerosol Exposure on Mutagenesis in the 
Big Blue (LacZ) Mouse Tongue in the Presence and Absence of 
the Tobacco Carcinogen Benzo(a)pyrene

M. M. Gress1, D. Chhaya2, W. Kosinska1, A. Raja2, T. Gordon2, and J. B. Guttenplan1. 
1New York University College of Dentistry, New York, NY; and 2New York University 
School of Medicine, New York, NY.

Electronic cigarettes (e-cigarettes) came on the market over the last decade and 
have been progressively advertised as an alternative smoking product to conven-
tional cigarettes, with fewer carcinogenic effects. Previous studies have found 
that the e‐liquids and aerosols of e‐cigarettes have potentially harmful chemical 
components, and their use is still controversial. The data about e-cigarettes’ effects 
on human oral health are scarce, especially for dual smokers/users. Conventional 
cigarette smoking has been shown to be a major risk factor for head and neck 
cancer, especially oral cancer and it is unknown what the effects of co-exposure to 
e-cigarette vapor are. The purpose of this study is to determine whether exposure to 
e-cigarette aerosol (ECA) induces mutagenesis in mouse tongue and other pooled 
oral tissues and whether it enhances mutagenesis induced by the tobacco carcin-
ogen, benzo(a)pyrene (BaP). Three groups of twelve Big Blue ® (BB) transgenic 
(LacZ) homozygous C57Bl/6 mice (6M & 6 F) were exposed to either: HEPA Filtered 
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Air (Air), Aerosolized Vegetable Glycerin/Propylene Glycol (VG/PG) (1:1) (average 
concentration = 111.08 mg/m3), or Aerosolized Vegetable Glycerin/Propylene 
Glycol containing 24mg/ml Nicotine (VG/PG/NIC) (average concentration = 133.44 
mg/m3) aerosols for 4 hours/day, 5 days/week for 3 months. Another three groups 
of mice were identically exposed and received 2 doses of BaP via gavage. The first 
dose of BaP (50mg/kg BW) was administered after 15 days of ECA exposure, and 
the second dose (100mg/kg BW) was administered after 2.5 months of exposure. 
One month after the last dose of BaP, the mice were euthanized, and tongues and 
other pooled oral tissues (palate & gingival mucosa) were excised and frozen. 
Mutagenesis assays have been carried out for tongue tissue from about half of the 
animals thus far. Mutagenesis was determined in the cII gene, which is contained 
within the lacZ transgene vector in all cells of the BB mice. DNA was extracted 
from the tongue tissue and packaged into lacZ phages. By infecting an appropriate 
strain of E. coli and comparing the numbers of phage plaques obtained at 270C 
for mutants and 370C for nonmutants, we obtained a measure of mutagenesis, 
the mutant fraction (MF) in the cII gene of DNA. The results obtained thus far (in 
mutants/105 non-mutants) were Air, 3.5 ± 2.1; VG/PG/NIC, 3.3 ± 1.1; Air + BaP, 4.1± 
1.0; VG/PG + BaP, 3.7 ± 1.0; VG/PG/NIC + BaP, 5.3 ± 1.5. The results thus far in the 
project indicate the ECAs alone were not observably mutagenic, after 3.5 months of 
exposure, but mutagenesis in the VG/PG/NIC + BaP group was higher than that in 
the Air + BaP group (p = 0.065, one-tailed t-test). This result suggests that co-expo-
sure to ECA poses an increased risk for mutagenesis in the tongues of users of 
smoked tobacco products. Supported by NIH grant # DE029711.

 3442 Effect of E-cigarette Exposure on Parameters of Distal Lung 
Injury Using Nonhuman Primate Alveolospheres

K. A. Thongphanh, D. Shrestha, A. Rindy, and L. A. Miller. University of California Davis, 
Davis, CA.

The prevalence of electronic cigarette (e-cigarette) use in adolescents is of concern 
due to the potential for long-term detrimental impacts on alveolar growth in this 
age group. It is hypothesized that adolescent alveolar epithelium may be more 
vulnerable to the inflammatory and cytotoxic effects of e-cigarette use. To test 
this hypothesis, primary cultures of rhesus macaque monkey organotypic alveolo-
spheres were established to determine the mechanisms of cellular injury in alveolar 
epithelium following exposure to e-cigarette liquid. Primary juvenile rhesus monkey 
(~3-4 years old, N=4) airway epithelial cells were isolated by FACS sorting of lung 
homogenates immunostained with an antibody against epithelial cell adhesion 
marker (EpCAM). FACS sorted cells were cultured in 3D Matrigel domes with 
serum-free media supplemented with growth factors to direct differentiation 
toward alveolar epithelium. Cultures were validated for presence of alveolar epithe-
lial type II (AT2) markers (Surfactant protein-C, Solute carrier family 34 member 2) 
and lack of alveolar epithelial type I (AT1) and proximal airway markers (Keratin 
5 and 17, Mucin 5B, Aquaporin 5) via RT-qPCR and immunofluorescent staining. 
Alveolospheres were treated with 3% JUUL e-cigarette liquid (Virginia Tobacco + 5% 
nicotine), 55% propylene glycol and 45% vegetable glycerin e-liquid vehicle, or media 
control (N=4 for each group) for 6 hours, and cytotoxicity was assessed via lactate 
dehydrogenase assay and gene expression analysis for inflammatory mediators 
IL-6 and IL-8. 3% JUUL e-cigarette liquid exposure resulted in significantly increased 
IL-6 mRNA (8-fold greater than control), and IL-8 mRNA (3-fold greater than control) 
compared to vehicle and control exposed cultures. JUUL exposed cultures showed 
significantly higher LDH release (20% increase over control) compared to vehicle 
and control. Overall, our findings indicate that in vitro treatment of alveolar organoid 
cultures can elicit acute inflammatory and cytotoxicity in response to e-cigarette 
liquid exposures. Future studies will examine comparative responses in large 
airway epithelium and assess for age-dependent effects. NIH U01HL134766, NIH 
P51OD011107, TRDRP T3IP1946, NIH T32 ES007059.

 3443 Maternal Vaping Effects on Aortic Function in 
Adolescent Offspring

S. Nassabeh, A. Mills, J. Frazier, M. Robinson, P. D. Chantler, and I. M. Olfert. West 
Virginia University, Morgantown, WV.

Cigarette smoking during pregnancy is a major risk factor for complications in 
fetal development. Within the last 15 years, electronic cigarettes (Ecigs) have been 
marketed as safer alternatives to traditional cigarettes. However, there are a wide 
range of devices and settings that can be used. It has been reported that maternal 
vaping is associated with greater cardiovascular dysfunction in offspring, but the 
long-term health effects from maternal vaping at different wattages on offspring 
health remains poorly understood. This study tested the hypothesis that there 
would be an increase in aortic dysfunction with increasing wattage of the Ecig 
device that persists in early and adolescent life, and that the addition of nicotine will 
further impair aortic function. Female Sprague-Dawley rats (N=25) were time-mated 
and randomly placed into the following groups (N=5 dams per group): Ecig 
exposure with 5W and 30W without nicotine (i.e. 0mg/ml nicotine; Ecig0-5W and 
Ecig0-30W) or Ecig with 50mg/ml nicotine (Ecig50-5W and Ecig50-30W). Control 
dams were exposed to ambient air. Exposure was in a whole-body chamber system 
with an intermittent 60-puff protocol (over 1.5hr/day, 5-days/wk) from gestational 
day (GD)2-4 to GD21. E-liquid was 50:50 vegetable glycerin:propylene glycol with 

no flavoring. Two offspring (1 male/1 female) per dam were assessed for aortic 
reactivity using a wire myograph at 1- and 3-months of age. The thoracic aorta 
was excised, cleaned, and cut into 2 mm sections to be hung in a well containing 
Krebs-Henseleit buffer solution. Segments were then treated with serial dilutions 
(10-9-->10-4) of methacholine (MCh) to examine endothelial-dependent responses 
and sodium nitroprusside (SNP) to examine endothelial-independent responses. In 
1-month old offspring, there was no difference in MCh dilation between air controls 
and 5W or 30W groups, with or without nicotine (air= 89±2%, Ecig0-5W= 83±4%, 
Ecig0-30W= 89±2%, Ecig50-5W= 82±2%, Ecig50-30W= 80±2%). SNP dilation also 
showed no difference between air controls and 5W or 30W, with or without nicotine 
(air= 98±2%, Ecig0-5W= 96%±2%, Ecig0-30W= 100±2%, Eig50-5W= 89%±2%, 
Ecig50-30W= 96%±2%). At 3-months of age, impairment was seen in Ecig0-30W 
compared to controls (73±9%vs 94±2%, respectively; p<0.001). There was no 
difference in MCh dilation between air and Ecig0-5W (85±3%) or Ecig with nicotine 
(Ecig50-5W=86±3%, Ecig50-30W=85±3%). SNP dilation showed no differences at 
this age between any of the groups. This data suggests that there is a wattage-de-
pendent decline in endothelial-dependent aortic function in adolescent offspring 
with a history of in utero exposure due to maternal vaping. Vaping without nicotine 
produced worse vascular outcomes than vaping with nicotine.

 3444 Development of the In Vitro Micronucleus Test for Exposure to 
Whole Aerosol and Gas Vapor Phase from Cigarettes

I. Crooks1, R. Leverette2, D. Thorne1, and M. Hollings3. 1British American Tobacco 
(Investments) Ltd, Southampton, United Kingdom; 2RAI Services Company, Winston-
Salem, NC; and 3Labcorp Early Development Services Ltd., Harrogate, United Kingdom.

The in vitro micronucleus test is one of the core assays recommended as part of 
a battery for the detection of genotoxic substances and an OECD Test Guideline is 
available (OECD 487). In the genotoxic assessment of tobacco products, traditional 
approaches involve capturing the fractions of the aerosol, such as pad-collected 
total particulate matter (TPM) and/or gas-vapour phase (GVP) samples extracted or 
trapped in solvents and applied to cell cultures. These fractionated approaches may 
miss or under-represent the complex and dynamic interactions of the whole aerosol 
(WA). The exposure of cell cultures to WA at the air-liquid interface (ALI) mitigates 
the need for this fractionation. The potential of WA and GVP from the reference 
cigarette, 1R6F to induce micronuclei was explored in this study. Chinese hamster 
lung fibroblasts (V79 cells) were used in the absence of metabolic activation to 
assess the genotoxic potential of WA and GVP from 1R6F. 1R6F was smoked to 
the ISO regime (ISO 3308, 2012; 35 mL puff volume, taken over 2 seconds, every 60 
seconds, 0% vent blocking) to generate the aerosol. To achieve the GVP exposure, 
a Cambridge Filter Pad (CFP) was placed between the end of the cigarette and the 
exposure module to remove the particulate matter. WA and GVP exposures used 
a Vitrocell® VC10® smoking robot and the 6/48 exposure module. V79 cells were 
seeded onto 24 mm Transwell® culture inserts and were exposed to the WA or 
GVP on a puff-by-puff basis, up to 28 puffs in total. A series of range-finder experi-
ments were conducted to identify the optimal diluting airflow, based on cytotoxicity, 
ranging between 1 to 6 L/min. Following exposure, the Transwells® were removed 
from the exposure module and had a 24-hour recovery period prior to using Litron® 
microflow kits to stain the cells and subsequent analysis of micronuclei induction 
by flow cytometry. 10,000 cells per Transwell® were scored unless excessive 
toxicity was observed. In addition to the WA and GVP exposures, controls consisted 
of air only exposed Transwells® (i.e. air flowing over the cells, but no WA or GVP), 
incubator controls and the positive control consisted of apically applied Mitomycin 
C at a final concentration of 0.3 µg/mL. The results demonstrate that the 6 L/min 
diluting airflow provided the optimal concentration-response in cytotoxicity without 
being overtly cytotoxic (>60%) for both WA and GVP. The WA exposures showed a 
dose related increase in the induction of micronuclei that exceeded the concurrent 
and historic vehicle control ranges and were reproducible in three independent 
experiments. Conversely, no reproducible dose related increases in micronuclei 
were observed following exposure to GVP in two independent experiments. These 
initial experiments indicate that, under these experimental conditions, the WA of a 
cigarette induced dose-related increases in the induction of micronuclei, whereas 
the GVP from the same cigarette did not. This may potentially indicate that most of 
the genotoxic properties of a cigarette predominantly originate from the particulate 
phase, however there may also be synergistic interactions between the particulate 
and vapour phase.

 3445 Electronic Cigarette Exposure in Mice Triggers 
Alterations in Genomic DNA Methylation That Modulate 
Inflammatory Responses

C. Awada, C. G. Klein, T. Gordon, A. Veerappan, and J. T. Zelikoff. NYU Grossman School 
of Medicine, New York, NY.

Indisputable evidence revealing the devastating health effects of conventional 
cigarettes has led to a change in tobacco smoking behavior in the past decade. 
The increasing popularity of electronic cigarettes (E-cigs) is due in part to their 
promotion as less harmful alternatives to cigarettes. In 2018, an estimated 8.1 
million adult Americans were current E-cig users, and in 2022, 14% of high school 
students and 3% of middle school students reported E-cig use. These products 
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usually contain vegetable glycerin and propylene glycol (PG/VG) as humectants, as 
well as nicotine and added flavors. While epigenetic outcomes related to cigarette 
smoking-mediated inflammatory responses have increased, the same is not true 
for E-cigs. During inflammation, contaminant-induced epigenetic changes influence 
the specificity and duration of gene transcription. Our previous mouse studies 
demonstrated altered PPARγ gene expression in the hypothalamus of young adult 
offspring exposed perinatally to E-cig aerosols, with and without nicotine. PPARγ 
plays a fundamental role in the immune response through its ability to inhibit the 
expression of inflammatory cytokines. Thus, characterizing the effects of E-cig 
aerosols on DNA methylation associated with lung inflammation contributes to our 
understanding of the pathophysiology of E-cig related pathologies. We hypothesized 
that whole-body inhalation of E-cig aerosols (3hr/d; 5d/wk) for 1- and 3-mo trigger 
alterations in genomic DNA methylation that modulate inflammatory responses 
in the lung. In this study, C57BL/6 and FVB/NJ male mice were exposed to either 
filtered air or PG/VG (50:50) with (18mg nicotine/ml) and without nicotine. Animals 
were euthanized immediately after exposure and the right caudal and middle lung 
lobe were harvested. After a 1-mo exposure, alterations in DNA methylation in the 
right lung of both strains were analyzed using the Illumina Infinium MethylationEPIC 
kit. Sequences for 866,836 CpG probes were obtained from illumina and aligned 
to the NCBI NIH mouse genome. Results of this study demonstrated significant 
hypermethylation in the lungs of the PG/VG plus nicotine exposure group in both 
strains of mice, compared to their filtered air control counterparts. The methylation 
pattern has been reported in enhanced systemic inflammation as seen in previous 
animal models. This study is of significant clinical and biological importance, as 
E-cig use continues to increase, particularly among adolescents. To our knowledge, 
this is the first study demonstrating that exposure to E-cig aerosols induces altered 
DNA methylation in relation to adverse inflammatory response. Such findings, while 
more research is needed, could provide for greater and more relevant therapeutic 
treatments/intervention for E-cig related diseases.

 3446 Organic Acids Influence E-cigarette–Induced Cardiac 
Conduction Defects and Autonomic Imbalance

A. R. Ramalingam, A. Bhatnagar, and A. Carll. University of Louisville, Louisville, KY.

E-cigarette (e-cig) use remains a public health concern in the U.S. despite its associ-
ation with adverse cardiopulmonary outcomes. Organic acids such as benzoic acid 
are frequently added in e-liquids for formation of nicotine salts to enhance nicotine 
delivery. Despite the fact that these organic acids are approved for ingestion, few 
studies have examined the risks of their inhalation upon heating. We examined the 
acute cardiac effects of e-cig aerosols containing nicotine ± benzoic acid in differ-
ent proportions. Adult C57BL/6J mice (n=4/sex) were exposed to e-cig aerosols 
from a third-generation e-cig device (three 9-minute puff sessions) from propylene 
glycol and vegetable glycerin (PG:VG, 30:70) containing 1.2% nicotine ± benzoic 
acid in a cross-over design. Benzoic acid was added to nicotine at a high (1:1) 
or low (1:4) concentration. Electrocardiograms (ECGs) acquired by radiotelemetry 
were analyzed for heart rate (HR), HR variability (HRV) and ECG morphology. Mean 
changes from baseline (±standard error) were compared to Air and reported where 
significant (p<0.05, repeated measures two-way ANOVA). Nicotine + benzoic acid 
e-cig aerosol increased HR in both sexes during washout (+45±4 and +59±5 BPM 
in females and males, respectively; both p<0.05), but only males had significantly 
reduced HRV, measured by standard deviation of RR intervals (SDNN, -2.6±0.5 
ms, p<0.05), suggesting sympathovagal imbalance. Male ECG waves also showed 
enlarged J area (+27±9%, p<0.05) and an increased index of T area alternans 
(+23±8%, p<0.05), indicating enhanced electrical instability. E-cig aerosols with low 
benzoic acid caused a modest HR increase during washout (+12±5 and +10±4 
BPM in males and females, respectively; both p<0.05) but failed to significantly 
change SDNN, J area or T area alternans in either sex. Similarly, benzoic acid-free 
e-cig aerosol did not alter these parameters from Air despite a modest HR increase 
during washout (+32±7 and +11±4 BPM in males and females, respectively; both 
p<0.05). Overall, our data suggest that addition of organic acids to improve appeal 
of e-cigarette may also modify cardiovascular toxicity of these products and it is 
crucial to systematically evaluate inhalation toxicity of different organic acids used 
in the preparation of commercial e-liquids. Further studies are also warranted to 
investigate the long-term toxicity of inhaling e-cig aerosol containing organic acids.

 3447 Enumeration of Total Bacteria, Yeast, and Mold of Smokeless 
Tobacco Products Using Artificial Saliva

M. Scian1, K. Hughes2, J. Meekins3, A. Bhatnagar1, G. Freeman1, B. G. Coffa1, and 
L. McFadden1. 1Enthalpy Analytical, Richmond, VA; 2Virginia Polytechnic Institute and 
State University, Blacksburg, VA; and 3Virginia Commonwealth University, Richmond, VA.

Modern Oral Nicotine Products (MONPs) have been gaining popularity as a reduced 
harm product. Stability studies to determine product shelf require microbial viabil-
ity determinations over time. The Bacteriological Analytical Manual provides 
guidance for determining the bioburden of these products and is recommended 
by FDA. In this study, a market map of MONPs was conducted for the determi-
nation of enumeration of total aerobic microbial content (TAMC) and total yeast 
and mold count (TYMC). Comparisons were made between traditional phosphate 
buffered saline and artificial saliva without enzymes using extracts of the CORESTA 

reference smokeless tobacco product, CRP2.1, for selection of the extraction 
solvent. As statistically significant differences were not observed between the 
extraction solvent, artificial saliva without enzymes was selected for MONPs 
extractions due to physiological relevance. The types of oral nicotine products 
tested included nicotine pouches, tobacco pouches, and snuff, including flavors 
such as Wintergreen, Blood Orange, Peach, and others. Many of the MONPs tested 
had no detectable bacterial colonies, resulting in <1x103 colony forming units 
(CFU)/g product. Three nicotine pouches tested had between 1-4 bacterial CFU, 
resulting in a maximum of <2.5x104 CFU/g product. The total bacterial results for 
tobacco pouches ranged from 3.77x104 CFU/g product to 2.16x107 CFU/g product. 
The total bacterial results for snuff products ranged from <1x103 CFU/g product 
to 1.94 x106 CFU/g product. The yeast and mold results for all products had a 
maximum of <1000 CFU/g product (i.e., not detectable). This indicates that the 
microbial content of tobacco leaf products is higher than that of nicotine products. 
While this study was a single point in time, it is important to determine microbial 
viability over time for shelf-life justification. As products sit after manufacturing 
and prior to use, it is important to determine the microorganism stability of these 
reduced-harm products.

 3448 Impact of Maternal Electronic Cigarette Exposure on 
Inflammation, Oxidative Stress, and Mitochondrial Function in 
Postnatal Brain

S. Rahman Archie, A. Sifat, Y. Zhang, and T. Abbruscato. Texas Tech University Health 
Sciences Center, Amarillo, TX.

Electronic nicotine delivery system (ENDS), also commonly known as cigarette 
(e-Cig) is considered as a safer alternative to tobacco smoke and therefore has 
become extremely popular among all age groups and sex. Around 15% of pregnant 
women are now using e-Cig in the US which keeps increasing at an alarming rate. 
Harmful effects of tobacco smoking during pregnancy are well documented for 
both pregnant and postnatal health however there is lack of preclinical and clinical 
studies exist to evaluate the long-term effects of prenatal e-Cig exposure on postna-
tal health. In this study, we have evaluated the consequences of maternal e-Cig 
use on postnatal neuro-inflammation, oxidative stress, hypoxia and mitochondrial 
function at different age including both male and female offspring. In our study, 
pregnant CD1 mice (E5) were exposed to e‐Cig vapor (2.4% nicotine) till postnatal 
day (PD) 7. Immunobead assay was performed to measure the level of pro-inflam-
matory cytokines at PD7, PD23, PD45 and PD90. The expression level of oxidative 
phosphorylation or OXPHOS Complex (I, II, III, IV and V), hypoxia inducible factor 
(HIF-1α), antioxidant glutathione (GSH), mitochondrial protein TOM20, Manganese 
superoxide dismutase (MnSOD), EGRI and NRF2 were analyzed in offspring brain 
using western blot at PD7 and PD23. Significantly increased expression of OXPHOS 
complexes and HIF-1α and reduced expression of MnSOD, GSH and NRF2 were 
observed in prenatally e-Cig exposed offspring compared to control (P <0.05). 
However, no difference was observed in expression level of TOM20 and EGR1. 
Additionally, prenatally e-Cig exposed offspring had higher level of pro-inflamma-
tory cytokines (IL-6, TNF- α) at PD7, PD45 and PD90 (P<0.05). Our findings suggest 
that prenatal e-Cig exposure induces neuroinflammation and oxidative stress 
on neonatal brain by increasing cytokines level, oxidative stress and disrupting 
mitochondrial function which may alter fetal brain immune function and mitochon-
drial activity that make such offspring more vulnerable to brain insults. Currently, 
we are evaluating mitochondrial activity and measuring reactive oxygen species 
(ROS) in primary neuron from prenatal e-Cig exposed offspring. Support: NIH 
R01DA049737 and R01DA02912.

 3449 Characterizing Sex-Dependent Effects in an HDM-Induced 
Asthma Mouse Model Exposed to Menthol-Flavored 
E-cig Aerosol

V. Ng, A. Adamcakova-Dodd, X. Jing, and P. S. Thorne. University of Iowa, Iowa City, IA.

Epidemiological surveys have associated e-cigarette (e-cig) use with asthma 
diagnosis and exacerbations, with more severe asthma symptoms in asthmatics 
who vape. While some studies have demonstrated that e-cig exposure increases 
mucin production, inflammation, and induces airway hyperresponsiveness, few 
have examined this effect in animal models of allergic asthma, especially by using 
outbred mice and including both sexes. The aim of this study was to test the 
hypothesis that an outbred mouse model of allergic asthma would demonstrate 
sex-dependent effects in response to inhaled menthol-flavored aerosol (Juul Labs, 
Inc.). 7-8-week-old female and male ICR CD1 mice (Envigo, Inc.) were sensitized 
twice to either house dust mite (HDM) extract (1 mg/ml, Citeq Biologics B.V.) 
or sham-sensitized to saline by subcutaneous injections a week apart prior to 
exposure. They were then exposed to menthol-flavored aerosol (714 ± 251 mg/
m3) or filtered air for 1 hour daily for 15 consecutive days in a nose-only inhalation 
system (InExpose chamber, SCIREQ). The menthol-flavored aerosol was generated 
with JUUL-brand pods and devices at 3 puffs/min, with a 4-sec puff duration and 
36.4 ml puff volume, for a total of 180 puffs/day. Intranasal challenges of either 
HDM (0.5 mg/ml) or saline occurred throughout days 6-15 of exposure within 2 
h after exposure. Mice were necropsied 24 h after last exposure/challenge and 
underwent either pulmonary mechanics measurements with methacholine 
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challenge (Flexivent, SCIREQ) or bronchoalveolar lavage (BAL). Flexivent data 
showed that baseline dynamic respiratory resistance differed between sexes of 
HDM-sensitized mice that were exposed to menthol-flavored aerosol, with females 
being significantly higher than males (0.72 ± 0.05 vs. 0.54 ± 0.04 cmH2O.s/ml). In 
addition, total cell counts of macrophages, neutrophils, lymphocytes, and eosino-
phils in BAL fluid from HDM-sensitized/menthol-exposed mice were higher than 
HDM-sensitized/air-exposed mice (4.9 x 105 vs. 3.9 x 105 cells/ml) and differed 
in magnitude and proportion between the sexes. Interestingly, while “asthmatic” 
males showed elevated levels of the inflammatory cytokines KC and RANTES in 
BAL fluid in response to menthol aerosol vs. air (20.6 ± 4.9 vs. 15.4 ± 4.6 pg/ml 
and 16.4 ± 9.2 vs. 5.6 ± 0.9 pg/ml, respectively), females did not show this trend 
(18.1 ± 5.2 vs. 22.5 ± 2.9 pg/ml and 17.7 ± 6.8 vs. 27.1 ± 7.7 pg/ml, respectively). 
Total immunoglobulin E (IgE), an indicator of allergic response, was higher overall 
in menthol-exposed HDM groups than in air-exposed HDM groups, with females 
having higher serum values (7,710 ± 2,002 ng/ml) than males (3,026 ± 1,024 ng/
ml) in the menthol-exposed HDM groups. Data from anti-HDM antibody assays 
and lung histopathology evaluation are in progress. Together, these data suggest 
increased allergen-induced airway hyperreactivity and inflammation in response to 
subacute exposure to menthol-flavored JUUL aerosol, which differed by sex. This 
type of exposure could potentially exacerbate airway hyperreactivity in those with 
already diminished lung function. Future directions include looking at mucin- and 
immune-related genomics. This work was funded by NIH P30 ES005605.

 3450 Cooling Agents Exacerbate E-cigarette–Induced Cardiac 
Arrhythmias and Sympathetic Dominance in Mice

C. Kucera1,2,3, A. Ramalingam1,4,2,3, A. Bhatnagar1,4,3, and A. P. Carll1,2,4,3. 1University 
of Louisville School of Medicine, Louisville, KY; 2Center for Cardiometabolic Science, 
Louisville, KY; 3Christina Lee Brown Envirome Institute, Louisville, KY; and 4American 
Heart Association Tobacco Regulation and Addiction Center, Louisville, KY.

Cooling agents can add minty or ‘icy’ attributes to e-cigarettes (e-cigs) and have 
become increasingly popular. Although these coolants can be toxic in vitro, their 
toxicity in vivo remains unknown, especially for synthetic coolants WS-3 and WS-23. 
To determine the potential for coolants to promote cardiac dysfunction, we tested 
the electrophysiologic and autonomic effects of e-cig aerosols with varying concen-
trations of menthol, WS-3, and WS-23. Mice (n=8 male C57BL/6J) were exposed 
to filtered air (Air) or e-cig aerosols from propylene glycol and vegetable glycerine 
(PG:VG, 30/70) + 2.5% nicotine benzoate alone (Vehicle) or with menthol, WS-3, or 
WS-23. On each exposure day, mice underwent a period of three puff sessions (9-min 
puffing then 9-min washout) per coolant level, increasing from 0.25%, to 1%, to 
2.5% in e-liquids, with time-matched periods for Air and Vehicle controls. Telemetry-
derived electrocardiograms were analyzed for ventricular premature beats (VPBs), 
heart rate (HR), and HR variability (HRV, i.e., standard deviation of RR [SDNN] and 
root means squared of successive differences [RMSSD]). Baseline-normalized 
minute averages of HR and HRV were analyzed by mixed models, and VPBs were 
analyzed by generalized estimating equations, with p < 0.05 for all reported differ-
ences. Vehicle decreased HR relative to Air during all puffing phases. During all 
washout phases, Vehicle modestly depressed HRV (RMSSD and/or SDNN) vs. Air, 
suggesting sympathetic dominance. Menthol at 1% uniquely decreased HR during 
puffing and washouts relative to both Air and Vehicle. Similarly, during puffing WS-3 
and WS-23 both at 1% and 2.5% increased RMSSD from Air and Vehicle, suggesting 
parasympathetic dominance. Conversely, during washouts 0.25% WS-3 increased 
HR, and 2.5% Menthol decreased SDNN and RMSSD, vs. Vehicle and Air. Further, 
during washouts WS-23 at both 1% and 2.5%, and WS-3 at 2.5%, not only increased 
HR but also decreased SDNN and RMSSD relative to Vehicle and Air, firmly indicat-
ing sympathetic dominance. Notably, only 2.5% WS-23 significantly increased VPBs 
relative to Air and Vehicle, although 2.5% WS-3 increased VPBs vs. Air. Coolants 
significantly modified the association of VPBs with HR and with SDNN among all 
e-cigs such that VPBs correlated with HR positively and with SDNN inversely for 
coolant exposures, but not for Vehicle. Cooling agents may enhance the cardiac 
risks of vaping by promoting sympathetic excitation and ventricular arrhythmia in 
a concentration-dependent manner. If further validated, these observations may 
justify the regulation of specific cooling agents in e-cigarettes to lessen the adverse 
impacts of vaping on public health.

 3451 Does Primary and Secondhand Exposure to E-cigarette Aerosols 
Impact Lung Function and Respiratory Symptoms?

R. R. Majumder, S. I. Stowe, R. S. Jani, and R. Vilcassim. University of Alabama at 
Birmingham, Birmingham, AL.

The rapid increase in electronic cigarette use (vaping) is a major public health 
concern. E-cigarette aerosols (vape) may contain toxic compounds that can cause 
adverse respiratory outcomes. Previous studies that have compared lung function 
of primary vapers to non-vapers have shown mixed/inconclusive results on the 
effects of vaping on lung function. Importantly, very little is known about the impacts 
on secondary exposed individuals. Therefore, the objective of this proposed study 
is to investigate the impact of vape exposure on lung function and symptoms, 
with a focus on comparative effects between primary and secondhand exposed 
individuals. This ongoing study aims to recruit a total of 30 individuals, consisting 

of 10 vapers, 10 non-vaping/non-smoking individuals (living in the same residence 
as vapers), and 10 non-vaping/non-smoking individuals not exposed to vape 
(control group). Only participants ≥19 years old without any respiratory conditions 
were included. Repeated lung function measurements and questionnaire-based 
symptoms of the three groups will be obtained at three different time-points (within 
a period of 6 months at month 1, 3 and 6) and compared. Lung function measure-
ments of n=14 participants have been obtained for the first month and analyzed. 
Pulmonary function test (PFT) measurements including forced expiratory volume in 
the first second (FEV1) and forced vital capacity (FVC) were taken for three consec-
utive days. Forced oscillation technique (FOT) resistance measurements were also 
obtained. Vaping/smoking status was confirmed using a urinary cotinine test and 
an exhaled carbon monoxide test. The participant mean age was 27.2 and the mean 
(SD) FVC, FEV1, and FEV1/FVC ratio were 3.7(0.7), 4.3(0.9), 0.86(0.06) respectively. 
The percent predicted PFT values for FVC ranged from 75-128% amongst partic-
ipants. A general linear model analysis of the FEV1/FVC ratio demonstrated that 
vaping status was statistically significant. A post Tukey comparison showed that 
the mean FEV1/FVC ratio of primary vapers was significantly lower than the mean 
ratio of control participants (p<0.05). Due to the limited sample size, a Kruskal-
Wallace nonparametric test was conducted which further confirmed that there 
was a significant difference between the FEV1/FVC ratios of primary vapers and 
controls. Our preliminary results indicate that vapers have a significantly lower 
FEV1/FVC ratio compared to controls. The FEV1/FVC ratio of the secondhand 
exposed group were also lower compared to controls, however due to the small 
sample size (n=4) further analyses were not conducted. FEV1/FVC <0.07 is used to 
diagnose obstructive respiratory diseases such as chronic obstructive pulmonary 
disease (COPD). Ratios below 0.7 were not observed for any study participants, 
but a statistically lower mean ratio in vapers compared to controls may suggest 
possible early onset of airway obstruction amongst vapers. Further studies are 
needed to explore this phenomenon. Other PFT measurements such as percent 
predicted for FEV1 and FVC were considered; however, these measurements are 
affected by varying heights and BMIs. Further analyses are being conducted includ-
ing symptoms and particularly FOT measurements to understand the impact on 
small airways.

 3452 Extracellular Vesicle Signature Changes in the Urine of 
E-cigarette Users

J. Hess, K. Farrell, A. Ortiz, and T. Gordon. New York University, New York, NY.

Despite growing scientific evidence showing that e-cigarettes yield their own 
unique, detrimental health effects, e-cigarettes are marketed as a safer alternative 
to tobacco cigarettes. Use of e-cigarettes, also known as vaping, has been shown 
to have negative cardiopulmonary effects, induce chronic inflammation, and may 
cause oral and bladder cancers. Extracellular vesicles (EVs) are a novel mediator 
of intercellular communication that participate in both homeostasis and disease 
progression. Since their complex cargo reflects the physiologic condition of the 
cells from which they originated, EVs are valuable biomarkers that can be isolated 
from any biofluid. Traditionally, EVs are isolated from serum which can only be 
harvested in small quantities, limiting the diagnostic and prognostic capabilities of 
the EVs. The purpose of this study is to identify differences in urine EVs (uEVs) of 
exclusive e-cigarette users, cigarette users, and non-smoker/non-vaping individuals 
and elucidate how uEVs altered by e-cigarettes contribute to chronic inflamma-
tion and vascular dysfunction. We found that cigarette smokers (positive control) 
had a higher concentration of uEVs compared to non-smoker/non-vapors (negative 
control) and e-cigarette users. Cigarette smokers’ uEVs were on average larger than 
those found in both e-cigarettes and non-smokers (p≤0.01). Importantly, the uEVs 
of e-cigarette users were also larger and more concentrated than in non-smoker/
non-vapors (p≤0.05). In addition to these differences, uEVs from cigarette and 
e-cigarette users were explored for pathophysiological properties, i.e., RNA, miRNA, 
and proteins that are associated with inflammation and cardiopulmonary diseases.

 3453 Assessing Inflammatory Risk among Different Categories of 
Tobacco Product Use in New York City

K. R. Farrell, E. Karey, M. Weitzman, and T. Gordon. NYU Grossman School of Medicine, 
New York, NY.

The use of e-cigarettes (e-cigs), called vaping, is a serious public health problem. 
While the literature on the adverse effects of vaping continues to expand, at the 
present time, the long-term effects of using e-cigs are unknown and thorough 
research and longitudinal findings related to vaping are limited. Furthermore, many 
existing studies fail to adequately characterize vaping individuals as those with or 
without a history of smoking in their analyses. There is a strong link between cigarette 
smoking and systemic inflammation/oxidative stress, thus evaluating the associa-
tion between vaping and systemic inflammation is needed. From November 2021 
to November 2022, we recruited a cohort of tobacco product users in NYC (N=135) 
in order to assess whether or not primary users of combustible and electronic 
cigarettes present elevated systemic inflammation and demonstrate increased 
inflammation with sustained product use. Urine, nasal epithelial cells, and dried 
blood spot (DBS) samples were collected from this cohort of exclusive cigarette 
smokers, exclusive e-cig users, and dual users of both products. High throughput 
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analyses were competed via Meso Scale Discovery system to determine whether a 
broad panel of inflammatory biomarkers (C-reactive protein (CRP), IL-6, IL-8, IFN-γ, 
TNF-α, etc.) differs between the three tobacco use groups for the separate biospe-
cimen samples. Salivary cotinine levels and exhaled carbon monoxide (CO) levels 
measured via coVita Smokerlyzer were also compared among groups. Efforts to 
determine whether inflammatory biomarker levels increase between baseline and 
follow-up visits 6 months later as a result of sustained product use are ongoing. 
Mean exhaled CO levels were highest in the exclusive smoking group (18.3 ppm), 
followed by the dual use group (13.3 ppm), and finally the exclusive vaping group 
(5.1 ppm). Average salivary cotinine concentrations were found to be highest 
among the exclusive smoking group (216.8 ng/mL), then the exclusive vaping 
group (193.1 ng/mL), the dual use group (149.8 ng/mL), and finally the tobacco-
free control group (1.3 ng/mL). Of the tobacco product use groups, the dual users 
presented the highest urinary CRP levels, followed by the exclusive vaping group, 
and the exclusive smoking group. These differences were not statistically signifi-
cant. Similarly, minimal differences were observed in additional urinary proinflam-
matory cytokines assessed. The vaping group presented the highest average IFN-γ 
and IL-2 levels, dual users presented the highest average IL-13 and IL-1β levels, and 
the smoking group presented the highest average IL-6, IL-8, and TNF-α levels. Our 
team previously found that nasal inflammation was elevated among e-cig users, 
but not cigarette smokers. The present study attempts to validate those findings. 
These results indicate exclusive e-cig users present the highest mean levels for the 
following cytokines in nasal samples: IL-10, IL-12p70, IL-13, and IL-8. Dual users 
present the highest average for IL-6 for nasal samples. This data highlights the 
importance of further categorizing e-cigarette use in order to better understand the 
impact of vaping with and without concurrent smoking on human health, as dual 
users are a unique group often overlooked in the literature. DBS samples will soon 
be used to validate these initial findings regarding elevated biomarkers of systemic 
inflammation in the urine of tobacco product users.

 3454 Mitigating Electronic Cigarette–Induced Inflammatory Response 
and Oxidative Stress Using Caffeic Acid Phenethyl Ester

Y. B. Twum1, K. L. Marshall2, and W. Gao1. 1West Virginia University School of 
Public Health, Morgantown, WV; and 2West Virginia University School of Medicine, 
Morgantown, WV.

The use of electronic cigarettes (e-cigs) has seen an upsurge over the years 
following the introduction on the United States market in 2006. E-cig devices are 
proposed and advertised as a safer alternative to combustible tobacco products. 
However, the use of e-cigs has been proven to result in the induction of inflamma-
tory responses, oxidative stress, and alteration of molecular signaling in primary 
airway epithelial cells. Natural therapeutic products such as caffeic acid phenethyl 
ester (CAPE) may present themselves as protective agents, with minimal toxicity, 
to ameliorate e-cig aerosols induced oxidative stress and inflammatory responses. 
In fact, studies report that CAPE has antioxidative and anti-inflammatory effects 
on lung epithelial cells. Therefore, this study aims to address the significant gap 
in current knowledge about the use of natural therapeutic agents and reducing 
e-cig aerosols induced effects. BEAS-2B human lung epithelial cells were cultured 
and exposed to e-cig aerosols at an air-liquid interface (ALI) employing a Vitrocell 
exposure system together with commercially available, tank-style e-cig device 
(Joyetech, Exceed D19 atomizer, 8-14W). Using the ISO 20768 protocol, VG/PG 
(70:30) ± CAPE (5uM) were exposed to e-cig aerosols. A forced-air exposure group 
acted as an ALI control. The duration of exposure was a total of 240 puffs following 
these three strategies at a 1:3 e-cig aerosol to air dilution: 1) 240 continuous puffs 
(one-day exposure), 2) 120 puffs/day for two consecutive days (two-day exposure), 
and 3) 60 puffs/day, every other day (four-day exposure). For the CAPE experi-
mental BEAS-2B group, cells were pretreated with CAPE (5 uM) for an hour prior to 
e-cig exposure. MTT assay and flow cytometry were used to evaluate cell viability. 
RT-PCR was used to identify oxidative, inflammatory, and apoptosis related molecu-
lar changes following the exposure. Analysis of Variance (ANOVA) was performed 
to test the effects of CAPE on VG/PG and air control groups for cell viability and 
gene expression. All analyses were performed using Stata and GraphPad Prism 
9.MTT assay showed that CAPE was non-toxic at doses as high as 60 uM follow-
ing incubation of 1-4 hrs. However, as CAPE showed dose-dependent cytotoxicity 
24 hrs after treatment, 5uM was chosen. Flow cytometry analysis showed that 
the cell cycle distribution was unchanged for cells exposed to e-cig for one-day 
exposure. However, the proportion of cells at PreG1 was significantly increased in 
e-cig group as compared to air control, and this change was reversed by pre-treat-
ment with CAPE. A total of 20 genes involving in different molecular pathways 
were analyzed for four-day exposure. Among these, six genes showed significant 
changes, including increased expression of pro-inflammatory genes (TNFS10 and 
COX2) and increased expression of ROS-related genes (NRF2 and NFkB) in e-cig 
exposed group as compared to air controls. However, these changes were subdued 
by CAPE pre-treatment. CAPE also significantly decreased apoptotic-related genes 
(BAX and BCL-2) which was unique to this treatment group. Altogether, our findings 
suggest that the e-cig vehicle constituents VG/PG deteriorate normal lung epithelial 
cell function through different signals, and these could be ameliorated by CAPE. 
Future studies will involve co-culture, lung organoids, or 3D culture using epithelial 
cells with fibroblast or macrophages to evaluate the toxic effects of e-cig aerosols 
and assess the protective effects of natural products such as CAPE.

 3455 Vaping during Pregnancy Causes Aortic Dysfunction and 
Arterial Stiffening in 12-Month-Old Adult Rat Offspring

J. Frazier, S. Nassabeh, A. Mills, M. Robinson, P. Chantler, and I. M. Olfert. West Virginia 
University School of Medicine, Morgantown, WV.

Electronic cigarettes (e-cigs) are commonly viewed as a healthier alternative to 
traditional cigarette smoking; yet the long-term health consequences of vaping, 
particularly in the context of pregnancy, are still under investigation. Our previous 
findings have shown that vaping without nicotine during pregnancy, with low- or 
high-wattage, causes increased arterial stiffness (AS) and aortic endothelial 
dysfunction in the adolescent and young-adult life of offspring. In this study, 
we investigated the effects of varying e-cig device wattage levels with maternal 
vaping during pregnancy on the vascular function of middle-aged offspring. Adult 
female Sprague Dawley rats were time-mated to allow for maternal e-cig exposure 
beginning on gestation day 2-4 until birth. E-cig exposure occurred for 1.5 h/day, 
5 days/wk using a whole-body chamber system (60-puff sessions). E-cig aerosol 
was generated using a D19 Joytech atomizer with nicotine-free (0 mg/mL, Ecig0) 
with 50:50 VG:PG e-liquid without flavoring. Puff topology was 83 mL with 5-second 
duration. Pregnant dams were randomly assigned to control (Air), Ecig0-5watts or 
Ecig0-30 watts exposure groups. Rat offspring (n=2/dam) were studied at 1-year 
after birth, where in vivo pulse wave velocity (PWV, an index of AS) was measured 
using a VisualSonics Vevo F2 ultrasound. Upon sacrifice, cleaned thoracic aortas 
were cut into 2mm rings for wire myography (DMT, AD instruments). Vessel 
rings were challenged with serial dilutions of methacholine [MCh 10-9 to 10-5 M] 
and sodium nitroprusside [SNP 10-9 to 10-5 M] to assess endothelial-dependent 
vasodilation (EDD) and endothelium-independent vasodilation (EID), respectively. 
A second serial dilution of MCh was administered, following acute incubation with 
4-Hydroxy-TEMPO [TEMPOL 10-4] to assess the role of superoxide (O2

•-) on EDD. 
Maximal aortic EDD responses to MCh were lower with Ecig0-5W (79±12%, p < 0.05) 
and Ecig0-30W (81±11%, p < 0.05) groups compared to Air controls (90±6%). No 
differences in EDD responses were seen between Ecig0-5W and -30W groups (p = 
0.71). Acute incubation with TEMPOL resulted in the restoration of dysfunctional 
EDD in both Ecig0-5W (84±6%) and -30W (92±7%) groups to control levels. Maximal 
aortic EID responses to SNP were not different between any of the groups. PWV 
was increased in both Ecig0-5W (4.54±0.28 m/s, p < 0.001) and -30W (4.80±0.27 
m/s, p < 0.001) groups compared to Air controls. No differences in PWV were seen 
between 5W and 30W groups (p = 0.13). These results show that Ecig exposure 
during pregnancy is not safe to the offspring, and causes vascular endothelial 
dysfunction and increased AS; which is rescued by a O2

•- dismutase mimetic and 
suggests that oxidative is plays a key role. These negative health consequences are 
seen 1-year after birth, indicating the effects are likely lifelong and may increase risk 
of offspring to theroteoment of cardiovascular disease.

 3456 Toxicological Assessment of Oral Nicotine Pouch Products 
Relative to Combustible Cigarettes and Smokeless Tobacco 
Products Using Regulatory In Vitro Cytotoxicity and 
Genotoxicity Assays

M. T. Farcas, U. Doshi, M. Zhang, Y. V. Prepelitskaya, and K. M. Lee. Altria Client Services 
LLC, Richmond, VA.

Oral nicotine pouches (NPs) are tobacco leaf-free products and therefore contain 
none or substantially lower levels of the harmful and potentially harmful constit-
uents found in tobacco and tobacco smoke. Thus, NPs may present a potential 
reduced risk alternative to cigarettes. The goal of this study was to perform toxico-
logical assessment of 12 test NPs (four on!® nicotine pouch products [Original and 
three flavors], each at three nicotine levels [2 mg, 4 mg, and 8 mg]) and compare 
results to combustible reference cigarettes (3R4F, 1R6F) as well as smokeless 
tobacco products (reference moist snuff [CRP2.1], reference snus [CRP1.1], and 
four market snus products) using a regulatory in vitro assay battery (MTT for 
cytotoxicity, Ames for mutagenicity, and micronucleus [MN] for genotoxicity). 
Cigarette smoke (CS) condensates were collected in ethanol, using ISO intense 
puffing regimen. All oral products (NPs and smokeless tobacco products, including 
snus) were extracted in enzyme-free artificial saliva (10% w/v). In the MTT assay, 
CS was cytotoxic (IC50 of < 5 μg/mL nicotine), while all tested oral products were 
non-cytotoxic, even when tested at >10-fold higher nicotine concentrations. In 
the Ames assay, CS was mutagenic (strain TA98+S9, TA1537+S9), while all oral 
products were non-mutagenic even when tested at >50-fold higher nicotine concen-
trations. In the MN assay, CS was genotoxic at ≥1-2 μg/mL nicotine. The CRP1.1 
and market snus were non-genotoxic under the testing conditions. The CRP2.1 
and some test NPs were positive or equivocal for genotoxicity but only at concen-
trations above the OECD-recommended limit of 5 mg/mL mass for noncytotoxic 
mixtures and had substantially lower genotoxicity in comparison to CS (genotox-
icity only at >20-fold higher nicotine concentration). In summary, test NPs and all 
oral products exhibit substantially lower toxicity profiles than cigarettes, supporting 
their reduced risk potential.
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 3457 Quinones Generated from Vaping CBD and Δ8-THC in the 
Presence of Pro-oxidant Impurities Alter the Human Lung 
Cell Transcriptome

C. A. Love1, H. H. Kim2, K. A. Tallman2, N. A. Porter2, P. W. Clapp1, and I. Jaspers1. 
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and 2Vanderbilt University, 
Nashville, TN.

When the 2018 Farm Bill legalized non-psychoactive cannabidiol (CBD), 
it also opened the door to intentional chemical conversion of CBD to 
Δ8-tetrahydrocannabinol (Δ8-THC) by manufacturers. Δ8-THC is an unregulated 
psychoactive isomer of Δ9-THC, the main component of marijuana, and is now sold 
legally across the U.S. Since they were legalized, CBD and Δ8-THC vaping products 
have rapidly grown in popularity; however, little is known about their respiratory 
health effects. Based on their oxidation potentials and the high heat associated 
with vaping, CBD and Δ8-THC are likely to oxidize to reactive electrophilic quinones 
when vaped, a process that may be catalyzed by vaping product impurities. To 
determine the link between vaping-induced oxidation and potential respiratory 
health effects, we first explored whether pro-oxidant constituents of vaping liquids 
drive CBD and Δ8-THC oxidation towards CBDq and Δ8-THCq and then compared 
transcriptomic alterations induced by CBD, Δ8-THC, and their oxidation products 
in human lung cells. Cannabinoids in vaped condensates from CBD and Δ8-THC 
commercial oils (750-900 mg/mL) and strawberry flavored juices (16.7 mg/mL) 
were compared to lab-made juices (16.7 mg/mL) using liquid chromatography 
mass spectrometry (LC-MS). The pro-oxidant potential of vaping product constit-
uents including heavy metals and flavoring chemicals were tested by measuring 
fatty acid oxidation products in a liposome system. Metal-induced oxidation was 
also determined by analyzing quinone formation after addition of metals FeCl3 and 
CuCl2 to lab-made CBD and Δ8-THC juices. To identify biological pathways altered 
by CBD and Δ8-THC oxidation products, bulk RNA-sequencing was performed 
on human bronchial epithelial cells (16HBEs) exposed to CBD, CBDq, Δ8-THC, 
or Δ8-THCq (8.5 µM) for 12 or 24 hours (n=3 passage numbers). We observed 
that vaporization of commercial, but not lab-made, CBD and Δ8-THC liquids 
generated CBDq and Δ8-THCq, indicating that impurities may be driving oxidation. 
In the liposome system, potential vaping product constituents iron (FeCl3) and the 
strawberry flavoring chemical furaneol generated 30-50% more oxidation products 
than the control. After one hour of incubation at room-temperature, lab-made CBD 
juice containing FeCl3 had significantly more CBDq (0.044 nmol/mg) than juice 
with only CBD (0.007 nmol/mg). Addition of both FeCl3 and CuCl2 to Δ8-THC juice 
increased Δ8-THCq formation (0.029 and 0.020 nmol/mg respectively) versus the 
control (0.001 nmol/mg). While CBD and Δ8-THC did not significantly alter gene 
expression (≤1 gene altered per condition), CBDq and Δ8-THCq respectively altered 
209 and 414 genes at 12 hours and 108 and 2360 genes at 24 hours (padj<0.05, 
log2FC>1). Pathway analysis revealed significant activation of the Keap1-Nrf2 
stress response pathway by CBDq and Δ8-THCq, indicating reactivity of CBDq and 
Δ8-THCq towards cysteine residues. In addition, predicted upstream activation 
of multiple pro-inflammatory cytokines was seen in all conditions, and pathways 
of ciliary dysfunction were induced by Δ8-THCq. Together, these data indicate 
that vaping-induced oxidation of cannabinoids generates reactive electrophilic 
quinones, that flavoring chemicals and potential metal contaminants contained in 
commercial vaping products enhance this process, and that these products have 
significant effects on human lung cells.

 3458 Noncombustible Next-Generation Products Induce Lower 
Toxicity Than Combustible Tobacco in an Alveolar-Immune 
Co-culture Model

M. Stevenson1, E. Hoffman2, A. Martin2, E. Trelles Sticken3, R. Wieczorek3, S. Pour3, 
F. Chapman1, and L. Simms1. 1Imperial Brands, Bristol, United Kingdom; 2ImmuONE, 
Hatfield, United Kingdom; and 3Reemtsma Cigarettenfabriken GmbH, Hamburg, Germany.

Immune cells are a critical component of the lower airways, however there is a 
lack of in vitro models available which can assess the interaction of immune cells 
with alveolar cells. Here we assess a commercially available co-culture model, 
ImmuLUNGTM (ImmuONE Ltd), which roteome alveolar epithelial and alveolar 
macrophage-like cells. We exposed the model to combustible tobacco smoke or 
non-combustible next generation product (NGP) aerosol fractions and determined 
the resulting biological response. Test samples included a 1R6F reference 
cigarette, a heated tobacco product “Pulze” (HTP), and an e-vapour product 
“myblu” (EVP). Cigarette smoke and HTP/EVP aerosols were bubbled through a 
series of impingers containing PBS, generating stock solution concentrations of 
1.8 puffs/ml and 4.8 puffs/ml for the 1R6F and EVP/HTP samples, respectively. 
ImmuLUNG cultures were treated with 5 or 10% v/v bPBS (bubbled PBS) per test 
article for either 24 or 48 hours, and subsequently were stained with antibodies / 
dyes to investigate the impact on macrophage health and morphology using high 
content screening technology. Macrophage phagocytic activity (using intracellular 
accumulation of 1 μm Carboxylate-Modified Microspheres) was assessed using 
flow cytometry. Finally, the alveolar epithelial barrier properties were determined 
using TEER. Concentrations of 10% 1R6F bPBS significantly affected macrophage 
health by reducing number of viable cells, decreasing their mitochondrial activity, 
and increasing theirroteomee permeability. At 5% concentration, 1R6F reduced 
the number of cells and increased cell vacuolation and phagocytic activity. There 

was limited to no impact of HTP/EVP bPBS on macrophage health or morphology. 
HTP bPBS caused slight impairment to phagocytic activity, and alveolar membrane 
integrity with increasing concentrations, whilst EVP bPBS did not alter either 
endpoint at both concentrations under the conditions of the test. These results 
further substantiate the tobacco harm reduction potential of the NGPs assessed 
relative to continued use of combustible tobacco.

 3459 Noncombustible Next-Generation Products Induce Lower 
Biological Activity Than Combustible Tobacco on a Human 
Cardiovascular Model-on-a-Chip

F. Chapman1, L. de Haan2, L. Gijzen2, E. Trelles Sticken3, R. Wieczorek3, S. Pour3, 
L. Simms1, and M. Stevenson1. 1Imperial Brands, Bristol, United Kingdom; 2MIMETAS, 
Oegstgeest, Netherlands; and 3Reemtsma Cigarettenfabriken GmbH, Hamburg, Germany.

Smoking combustible cigarettes is a cause of serious diseases in smokers, includ-
ing heart disease. Atherosclerosis is reportedly responsible for the development of 
most heart diseases. Atherosclerosis develops through a pathway of endothelial 
dysfunction, lipid infiltration, macrophage recruitment and vascular remodelling. In 
the present study we sought to assess the cardiovascular impact of combustible 
cigarettes and next generation products on Human Coronary Artery Endothelial 
Cells (HCAECs) cultured on a OrganoPlate®2-lane chip (Mimetas BV). THP-1 
monocytes were pre-incubated with smoke or aerosol bubbled PBS (bPBS) from 
combustible cigarettes (1R6F), Heated Tobacco Product (HTP) “Pulze” or E-Vapour 
Products (EVP) “myblu”. bPBS was generated by passing cigarette smoke or HTP/
EVP aerosols through a series of impingers containing PBS, generating stock 
solution concentrations of 1.8 puffs/ml and 4.8 puffs/ml for the 1R6F and EVP/
HTPs, respectively. Following exposure of monocytes with bPBS, the resulting 
conditioned medium was then added to the HCAEC vessels. After this exposure, 
glutathione depletion (measured 4 hours post exposure), ICAM-1 expression 
(measured 24 hours post exposure), and monocyte adhesion (measured 24 hours 
post exposure) were determined for each of the test articles. Glutathione levels 
were depleted by 5% 1R6F bPBS samples. Whilst the HTP and EVP samples did not 
cause any significant glutathione depletion up to 20% concentrations. The 1R6F 
test article caused a significant induction of ICAM-1 expression in the HCAECs at 
5% concentration, whilst HTP or EVP samples caused no induction to a maximum 
concentration of 20%. The 5% 1R6F conditioned media significantly increased 
the levels of monocyte adhesion to the HCAECs. HTP conditioned media also 
caused significant monocyte adhesion but at a higher (4 fold) concentration. EVP 
conditioned media did not cause any significant adhesion up to a maximum test 
concentration of 20%. The results from this study suggest that next generation 
products exhibit a marked reduction in biological activity in the early key events of 
atherosclerosis when compared to combustible cigarette.

 3460 Integrated ‘Omics Analysis of Long-Term Effects of Cigarette 
Smoke Exposure and an Indirect Heating Tobacco System 
Platform 1 Vapor on Oxidative Stress of Mouse Lungs in a Six-
Month Inhalation Study

M. Matsuda, and H. Suzuki. Japan Tobacco Inc., Yokohama, Japan. Sponsor: S. Ito.

Cigarette smoking is one of the risk factors for the development of chronic obstruc-
tive pulmonary disease (COPD). Cigarette smoke contains a number of constitu-
ents, some of which are known to induce oxidative stress, a major predisposing 
factor for COPD. An In-Direct heating Tobacco System Platform 1 (IT1) is a product 
with low-temperature heating technology, which produces aerosol with a smaller 
amount of these constituents than combustible cigarettes. In this study, we investi-
gated the effect of mainstream cigarette smoke (MCS) and IT1 vapor on oxidative 
stress in a mouse COPD model by integrated omics analysis. Six-month inhalation 
study was conducted with female C57BL/6 mice exposed to filtered air (sham), 
MCS from the K3R4F reference cigarette, or IT1 vapor. Some mice were first 
exposed to MCS for two months and then switched to IT1 vapor or filtered air for 4 
months. After six months of exposure, mouse lungs were subjected to proteomic 
and metabolomic analyses. Six-month MCS exposure increased the amount of 
Reduced Glutathione (GSH) and Oxidized Glutathione (GSSG), which are represen-
tative oxidative stress markers, and perturbed the proteomic canonical pathway 
of Nrf2-mediated oxidative stress response. In contrast, these effects were not 
observed in IT1 group. These results suggest that chronic MCS exposure increased 
GSH and GSSG to protect against reactive oxygen species (ROS). Both switched to 
IT1 vapor and filtered air groups perturbed the canonical pathway without increas-
ing GSH or GSSG. To gain further insights into the underlying mechanisms, we 
constructed an Nrf2- and ROS-related integrated omics network with differentially 
expressed proteins and metabolites by Ingenuity Pathway Analysis (IPA) software. 
In MCS exposed group, the molecular activity predictor analysis predicted that Nrf2 
and ROS were activated and inhibited respectively, and GSH and GSSG contributed 
to these activities in this network. In both switched to IT1 and filtered air groups, 
such activations were not predicted, and the network scales were smaller than 
those in MCS group. In conclusion, this study indicates that MCS exposure induces 
an oxidative stress response through Nrf2 activation for ROS inhibition by increas-
ing GSH and GSSG in mouse lungs, and IT1 vapor exposure doesn’t induce the 
oxidative stress response as well as filtered air exposure.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 186



 3461 Nrf2 Responses in a 3D Human Airway Model Exposed 
to Whole Aerosol from Combustible Cigarettes or Heated 
Tobacco Products

B. M. Keyser1, J. Wertman1, M. Hollings2, and K. Jordan1. 1RAI Services Company, 
Winston-Salem, NC; and 2Labcorp Early Development Laboratories Ltd., Harrogate, 
United Kingdom.

The nuclear factor erythroid 2-related factor 2 (Nrf2) signaling pathway, activated 
in human lung cells by cigarette smoke, regulates genes involved in the antioxida-
tive stress response. Here, we evaluated whole smoke/aerosol from two marketed 
combustible (full flavor and menthol) cigarettes (CC), 1R6F reference cigarette, 
four HTP (glo™) styles, and a marketed HTP comparator on cell viability and Nrf2 
response in a 3D human airway model (EpiAirway™) transfected with a luciferase 
Nrf2 promoter. EpiAirway™ tissues were exposed at the air liquid interface to whole 
smoke or aerosol generated on a Vitrocell® VC10®. Whole smoke/aerosol doses 
were controlled using dilution airflows of 0.5 to 8 L/min for CC, and undiluted to 
5 L/min for glo™ and the marketed comparator. Eighteen hours post-exposure, 
luciferase activity and cell viability were measured. Relative luciferase activity 
was expressed as fold change over the air exposed control. Post-exposure, whole 
smoke/aerosol deposition was quantified using chemical analysis (e.g., glycerol, 
nicotine, carbonyls). Differential Nrf2 activation was observed following exposure 
to CC whole smoke compared to the glo™ and the marketed comparator HTP 
aerosols. Maximum Nrf2 fold increase occurred at the undiluted dose for the HTPs 
versus 3 L/min for the CC. Moreover, the minimum exposure-correlated nicotine 
concentration required to induce a >2-fold increase (threshold response) in Nrf2 
activation was >30x lower for CC than the HTPs. These data show that the 3D Nrf2 
EpiAirway™ in vitro model can be used to assess and discriminate responses for a 
biomarker (oxidative stress) from disease pathways associated with smoking (e.g., 
respiratory and cardiovascular disease).

 3462 Cytotoxicity Assessment of Heated Tobacco Product and 
Combustible Cigarette Aerosols Utilizing Whole Aerosol 
Exposure in the Neutral Red Uptake Assay

T. Shutsky1, R. Leverette1, K. Jordan1, and R. Payne2. 1RAI Services Company, 
Winston-Salem, NC; and 2Labcorp Early Development Laboratories Ltd., Harrogate, 
United Kingdom.

In vitro toxicological methods are used to assess the biological activities of 
combustible and next generation tobacco products (NGP), including Heated 
Tobacco Products (HTP). Historically, toxicological testing of combustible 
cigarettes (CC) involved pad-collected total particulate matter (TPM) and/or 
gas-vapor phase (GVP) samples prepared in liquid solvents and applied to cell 
cultures. Exposure to freshly generated unfractionated whole aerosol (WA) at the 
air liquid interface (ALI) eliminates the generation of separate particulate and gas 
phase preparations. The WA cytotoxicity from four HTP (glo™) styles, a marketed 
HTP comparator, two marketed combustible cigarettes (nonmenthol and menthol) 
and the 1R6F Kentucky Reference cigarette was assessed with the Neutral Red 
Uptake (NRU) assay. WA exposures utilized a Vitrocell® VC10® robot connected to 
a 6/48 exposure module. H292 cells seeded on Transwell® culture inserts (24mm) 
were exposed (ALI) to either combustible or HTP aerosols. Liquid traps within the 
exposure module allowed quantification of delivered WA nicotine and carbonyl 
constituents. The CC’s delivered 24 - 54 µg nicotine per 24-minute exposure, the 
HTPs 620 - 2751 µg nicotine per 180-minute exposure. WA from the CC’s was 
cytotoxic, with IC50 values of 2.03 ± 0.51, 1.81 ± 0.17 and 1.68 ± 0.56 µg nicotine 
for the nonmenthol, menthol, and reference CC, respectively. HTP aerosols were 
cytotoxic; however, their IC50 values ranged from 26.88 ± 13.61 to 134.76 ± 97.12 
µg nicotine, which were up to 80 times less cytotoxic, on a per nicotine basis, when 
compared to the CC. These results add to the weight of evidence from multiple 
studies on the harm reduction potential of HTPs when compared to CC, further 
supporting the tobacco harm reduction paradigm of NGPs.

 3463 Genotoxicity Assessment of Combustible Cigarette, Heated 
Tobacco Product (HTP), and Electronic Nicotine Delivery 
Systems (ENDS) Aerosols and Modern Oral (MO) Nicotine 
Product Extracts in the Ames and In Vitro Micronucleus Assays

R. Leverette, J. Wertman, T. Shutsky, R. McRae, K. Szeliga, and K. Jordan. RAI Services 
Company, Winston-Salem, NC.

In vitro genotoxicity assessment of tobacco products is an essential piece of the 
premarket tobacco product application (PMTA) process. Next generation tobacco 
products (NGPs) include Electronic Nicotine Delivery Systems (ENDS), Heated 
Tobacco Products (HTP), and Modern Oral (MO) nicotine products. The genotox-
icity of combustible cigarette (CC), HTP and ENDS aerosols and MO extracts 
was determined using the Ames and in vitro micronucleus (IVMN) assays. Test 
samples from CC, HTP and ENDS included pad-collected total particulate matter 
(TPM: CC & HTP) or aerosol collected material (ACM: ENDS) and gas vapor phase 
(GVP) preparations, all generated under ISO conditions. MO products were tested 
using complete artificial saliva (CAS) extracts. TPM/ACM and GVP were tested 

either separately (ENDS) or combined (CC, HTP) 1:1 (v:v). The Ames assay utilized 
Salmonella tester strains TA98, TA100, TA102, TA1535 & TA1537 (±S9). The three 
standard exposure schedules were performed in the IVMN and an additional 
long-term exposure with a recovery period (24-hr, -S9, with 24-hr recovery) for 
HTP and MO samples was incorporated into the assessment. CC (TPM+GVP) 
was genotoxic in both the Ames and IVMN assays. ENDS (ACM and GVP) and MO 
(CAS) tested negative in both the Ames and IVMN, while the HTP (TPM + GVP) 
was non-mutagenic in the Ames but genotoxic in the IVMN, albeit less toxic (slope 
comparison, p<0.0001) at ~10X higher delivered nicotine concentrations compared 
to CC (TPM + GVP). Overall, the results from this series of studies provide data 
supporting the tobacco harm reduction paradigm, with a decrease in genotoxicity 
over a correlated panel of different representative tobacco product types along a 
decreasing risk continuum compared to combustible cigarettes.

 3464 Genotoxicity Assessment of Heated Tobacco Product and 
Combustible Cigarette Aerosols in the Ames and In Vitro 
Micronucleus Assays

K. Szeliga1, J. Wertman1, I. Crooks2, D. Davani3, D. Lakshmanan3, and K. Jordan1. 1RAIS, 
Winston-Salem, NC; 2BAT, Southampton, United Kingdom; and 3LabStat International LLC, 
Kitchener, ON, Canada. Sponsor: R. Leverette.

In vitro toxicological methods are used to assess the biological activities of combus-
tible and next generation tobacco products (NGP), including Heated Tobacco 
Products (HTP). To determine the genotoxic potential of aerosols generated 
from four HTP (glo™) styles, a marketed HTP comparator and three combustible 
cigarettes (CC), the bacterial reverse mutation (Ames) and in vitro micronucleus 
(IVMN) assays were conducted using test sample preparations of total particu-
late matter (TPM) combined with gas vapor phase (GVP). Equal volumes of the 
TPM and GVP fractions were combined (HC T-502) to represent “whole aerosol/
smoke” from each product and used for Ames and IVMN exposures. Ames preincu-
bation assays utilized tester strains TA98, TA100, TA1535, TA1537 and TA102 
(±S9; HC T-501/OECD 471). For the IVMN assay, CHO cells were exposed under 
four schedules (3 Hr±S9 and 24 Hr-S9 with and without 24h recovery; HC T-503/
OECD 487, Thorne et al, 2019). In the Ames assay, all CC were mutagenic based 
on positive responses in 3 of 5 test strains, while the HTP were negative across 
all strains and test conditions (±S9) when tested at nicotine equivalent doses up 
to 10-fold greater than CC. In the IVMN assay, all CC produced positive genotoxic 
responses under all exposure schedules as indicated by dose-related increases 
in micronuclei. In contrast, genotoxic responses of only some HTP demonstrated 
positive genotoxicity under certain treatment. Additionally, nicotine-equivalent 
doses required for positive HTP genotoxicity ranged from 7.5-10x that of the CC. 
These results add to the weight of evidence from multiple studies showing that 
HTPs are less genotoxic/potentially harmful compared to CCs and align with the 
established tobacco harm reduction paradigm of NGPs.

 3465 In Vitro Cytotoxicity Assessment of Whole Aerosol/Smoke 
Generated from Heated Tobacco Products and Combustible 
Cigarettes in the EpiAirway Tissue Model

J. Wertman1, T. Shutsky1, B. M. Keyser1, M. Hollings2, and K. Jordan1. 1RAIS, 
Winston-Salem, NC; and 2Labcorp Early Development Laboratories Ltd., Harrogate, 
United Kingdom.

This study exposed EpiAirway™ tissues to whole aerosol/smoke generated from 
four styles of a gloTM Heated Tobacco Product (HTP), a market comparator HTP, 
two marketed combustible cigarettes (CC) and the 1R6F Kentucky Reference 
cigarette. A Vitrocell® VC10® robot was used to generate whole aerosol/smoke with 
the Health Canada Intense (HCI) or modified HCI (market comparator HTP only) 
smoking regimen. Whole aerosol/smoke was diluted with clean air at increasing 
air flows (L/minute) to achieve the delivered dose range. The exposure conditions 
were 5.0 - 0 L/min (undiluted) for the HTP and 10 - 0.5 L/min for the combusti-
ble cigarettes. Liquid traps containing PBS within the exposure module allowed 
aerosol/smoke dosimetry via nicotine quantification. Cell survival/viability was 
assessed with the MTT assay. The whole smoke generated from the two market 
CC was found to be cytotoxic at the 6 L/min dilution and below, as measured by 
the MTT assay with calculated IC50 values of 29.59 and 33.10 µg nicotine/mL. 
Mainstream aerosol from the HTP test articles induced observed cytotoxicity in 
the MTT assay at the 1 L/min dilution and below. The calculated IC50 values for the 
HTP test articles (ranging from 140.78 - 192.30 µg nicotine/mL) compared to the 
CC were significantly different requiring almost 5-fold higher concentration levels 
to induce an IC50. These results help support the tobacco harm reduction paradigm 
of HTPs.
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 3466 Analytical Approaches for the Evaluation of Data Deficient 
Simulated Leachable Compounds in ENDS Products: Case Study

C. Smith, M. Lyndon, K. Carter, H. Chevva, F. Ayala-Fierro, D. Cook, M. Oldham, and 
I. G. Gillman. JUUL Labs Inc., Washington, DC.

Leachable investigations are routinely undertaken across a range of sectors 
(e.g., pharmaceuticals, medical devices, etc.) to determine if any chemicals from 
a container closure system can migrate or leach into a product. For Electronic 
Nicotine Delivery Systems (ENDS) that includes all materials in contact with the 
e-liquid that is aerosolized and subsequently inhaled by the user. Although there is 
no specific guidance for conducting leachable studies for ENDS products, there is 
general guidance for pharmaceuticals, more specifically orally inhaled drug products 
(United States Pharmacopeia, Chapters 1663 & 1664; ISO-10993-18, Product 
Quality Research Institute - Best Practices for Extractables and Leachables in Orally 
Inhaled and Nasal Drug Products, etc.). Based on existing guidance, leachable study 
conditions and analytical protocols are fairly straightforward, however, risk assess-
ment of the analytical results can be challenging and may require additional data. 
Herein, we present a case study of the analytical investigation of two leachable 
compounds with little, if any, toxicological information (data deficient) that were 
found in simulated leachable studies using JUULpods filled with flavorless base 
formulation (PG/VG/nicotine/benzoic acid). Advanced LC-MS/MS methods and 
spectral interpretation proved critical in providing structural information for further 
elucidation of the data deficient compounds that allowed for tentative identifica-
tion in the e-liquid. For one compound, additional structural information provided 
valuable insight into the source of the compound which allowed toxicologists to 
appropriately classify the data deficient compound as a nicotine-related impurity, 
i.e., reaction product. For both data deficient compounds, no commercial authentic 
standards were available, and no reasonable synthetic route was found due to 
the molecular size and structural complexity of the compounds which prevents 
classical analytical approaches for the quantitation of these compounds. Analysis 
of the aerosol from the closed pod-based ENDS showed that the transfer efficiency 
of both data deficient compounds from e-liquid was minimal (<2% based on experi-
mentally determined LOQ), which provided necessary analytical data pertinent to 
the route of exposure. Prior to experimental measurement of transfer efficiency, 
100% transfer from e-liquid to aerosol was the conservative approach for exposure 
assessment. Overall, the advances in analytical instrumentation allow toxicologists 
to utilize creative approaches that ensure the most accurate health risk assess-
ments can be conducted to meet the public health standards needed for ENDS 
consumer products.

 3467 External Factors Modulating Vaping-Induced Thermal 
Degradation of Vitamin E Acetate

A. Canchola, S. Langmo, R. Meletz, M. Lum, and Y. Lin. University of California Riverside, 
Riverside, CA.

Since their introduction, exposure to vaping emissions has become a major public 
health concern in the United States. Previous studies have shown that e-liquids 
readily decompose during the vaping process into alkenes, long-chain alcohols, 
carbonyl-containing compounds, and other electrophilic species that may induce 
oxidative damage to exposed lungs. Vitamin E acetate (VEA) in particular has been 
found to decompose into potentially toxic compounds such as duroquinone (DQ) 
at vaping temperatures below 200 °C. While most models simulate the thermal 
degradation of e-liquids under pyrolysis conditions, numerous factors - including 
device construction and the surrounding environment - may impact the thermal 
degradation process. In this study, we used VEA as a model e-liquid to investigate 
the role of the presence of molecular oxygen (O2) and transition metals in promot-
ing thermal oxidation of e-liquids, resulting in greater degradation than predicted by 
pure pyrolysis at low temperatures. Thermal degradation of VEA was performed in 
inert (N2) and oxidizing atmospheres (clean air) in the absence and presence of Ni-Cr 
and Cu-Ni alloy nanopowders—metals commonly found in the heating coil and body 
of e-cigarettes. VEA degradation was analyzed using thermogravimetric (TGA) and 
gas chromatography/mass spectrometry (GC/MS) analyses. While the presence 
of O2 was found to significantly enhance degradation of VEA at both high (356 °C) 
and low (176 °C) temperatures, the addition of Cu-Ni in oxidizing atmospheres was 
found to greatly enhance VEA degradation, resulting in the formation of numerous 
degradation products previously identified in VEA vaping emissions. O2 and Cu-Ni 
nanopowder together were also found to significantly increase the production of 
OH radicals, which has implications for e-liquid degradation pathways as well as 
the potential risk of oxidative damage to biological systems in real-world vaping 
scenarios. Ultimately, the results presented in this study highlight the importance 
of oxidation pathways in VEA thermal degradation and may aid in the prediction of 
thermal degradation products from e-liquids.

 3468 Assessment of Feasibility for an Alternate Transport Mode of 
ENDS Pods

F. Ayala-Fierro, H. Chevva, Q. Liang, M. Lyndon, D. Cook, R. Weil, and M. Oldham. JUUL 
Labs, Washington, DC.

The JUUL®System is a pre-filled (closed pod) electronic nicotine delivery system 
(ENDS) that delivers nicotine via an inhalable aerosol generated by heating the 
nicotine containing e-liquid. The JUULpods contain the liquid storage tank, wick, 
a heating coil wrapped around the wick, gasket, absorbent pads, airpath tube and 
a mouthpiece; these are manufactured overseas and shipped empty to the U.S. 
where they are filled with e-liquid prior to distribution. Because environmental and 
handling conditions during shipping of the empty pods may impact product quality 
and product integrity, studies aimed to evaluate conditions related to seasonal 
differences in temperatures (winter and summer) and shipping routes (air and 
ocean) were conducted. To this end, simulated leachable studies were conducted 
on pods shipped empty by air and ocean, during winter or summer, and the 
leachable results were compared (percentage difference for organic compounds 
and two-sample t-test analysis for inorganic compounds) between both shipping 
modes. Simulated leachable studies were conducted on a neutral flavor-free 
e-liquid, utilizing semi-quantitative methods (GC-MS & LC-MS with positive and 
negative ion mode) to identify volatile and non-volatile organic compounds; and 
quantitative methods (ICP-MS) to identify inorganic compounds. Leachables were 
reported based on method-specific analytical evaluation threshold (AET) calculated 
with a dose-based threshold (DBT) of 1.5 µg/day. Shipping mode differences were 
determined based on percent change (>100%) for non-targeted organic compounds 
and based on p-value (<0.05 as significant) calculated by two-sample t-test for 
metals selected as targeted compounds. In case of leachables exclusive to 
ocean-shipped pods, levels were compared to the method-specific AET and default 
TTC threshold of 0.75µg/day, assuming two-pods per day. In both seasons one 
volatile and two non-volatile organic compounds (positive ion mode) had a percent-
age change >100% and were subjected to risk analysis. First (Q)SAR was used to 
detect alerts for toxicological endpoints including mutagenicity and sensitization, 
then chemical-specific permissible daily exposures (PDE) or TTC-derived thresh-
olds for inhalation exposures, based on Cramer Class were determined. Finally, 
the margin of exposure (MOE) was estimated. None of the identified leachables 
exceeding the acceptable change between both shipping modes were classified as 
mutagenic or sensitizers. The risk assessment resulted in MOEs greater than unity 
indicating no toxicological concerns. Four (4) elemental impurities with statistically 
significant difference values (p-value<0.05) were observed and reviewed according 
to USP <232> proposed inhalation PDE limits and were found not to exceed these 
limits. The assessment of uniquely identified leachables were found to be accept-
able. In general, comparing results of both modes of transportation across the two 
seasons indicate that only a few compounds are changed, show statistical differ-
ence, or are uniquely identified in ocean shipped pods. Overall, the risk assessment 
indicate minimal impact from ocean shipping on pod quality and integrity when 
compared to air shipping.

 3468a Vaping-Induced Transformation of Terpene Additives 
in Cannabis Vape Products and Its Impacts on Cell 
Membrane Integrity

S. L. Langmo, A. Canchola, and Y. Lin. University of California Riverside, Riverside, CA.

The outbreak of vaping-induced lung injuries and deaths in late 2019 through-
out the United States demonstrated the potential health risks of vaping. Multiple 
studies have shown thermal degradation of vaping additives are a potential cause 
of lung injury. Terpenes, often used as flavoring agents and diluents in commer-
cial e-liquids, may undergo chemical transformation resulting in the formation of 
potentially harmful products. This study investigates the chemical transformation 
of terpene additives during vaping and the resulting impact on the cell membranes 
of human epithelial cells (BEAS-2B). We hypothesize that terpenes undergo thermal 
oxidation and degradation, forming amphiphilic biosurfactants during vaping. 
Similar to detergents, these transformed terpenes and terpenoids will increase 
the membrane permeability of lung epithelial cells. To determine the transforma-
tion products and impact on the cell membrane, four model terpenes have been 
selected for study: limonene, α-pinene, β-myrcene, and β-caryophyllene. These 
terpenes are vaped in medium-chain triglyceride (MCT) oil at various concentrations 
(5-20%) and analyzed using gas chromatography/mass spectrometry to determine 
their oxidation and thermal degradation products. BEAS-2B cells are exposed to 
the vaping emissions for 24 hours, and the resulting cell membrane integrity is 
assessed using the Lactate Dehydrogenase (LDH) assay. This assay was used to 
create cytotoxicity dose-response curves for each of the model terpenes to show 
their impact on the release of intracellular LDH. The chemical analysis of the vaping 
emission samples showed that all the model terpenes transform into oxidized 
products during the vaping process (i.e., limonene oxide and α-pinene oxide), in 
addition to the breakdown of β-caryophyllene into oxygen-containing terpenes. 
The vaping emissions also had an increased abundance of MCT oil degradation 
products when terpenes are present. When exposed to lung epithelial cells for 24 
hours, the cell exposed to emissions from MCT oil with terpenes had increased 
intracellular LDH levels post-exposure, a sign that the integrity of cell membranes 
are being compromised. The increase in LDH levels with the presence of terpenes 
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show that the oxygenated terpenes behave similarly to biosurfactants and other 
detergent like products resulting in decreased membrane permeability. The results 
of this study show the changes that terpenes undergo during vaping and how they 
induce the formation of more degradation products of the e-liquid solvents, which 
leads to increased membrane permeability. Terpene additives increase membrane 
permeability through oxidation of terpenes and increased degradation products of 
MCT oil. These findings are a steppingstone to better understanding the cytotoxic 
effects of terpenes in vaping products.

 3469 Toward Developing Novel Prostate Cancer Recurrence 
Suppressors: Acute and Subchronic Toxicity of Pseurotin A, an 
Orally Active PCSK9 Axis–Targeting Small Molecule, in Swiss 
Albino Mice

O. C. McGehee1, H. Ebrahim1, A. Rad1, K. Abdelwahed2, E. Mudhish1, I. Helal3, J. King4, 
S. Meyer1, and K. El Sayed1. 1University of Louisiana at Monroe, Monroe, LA; 2Al-Azhar 
University, Gaza, Palestinian Territory; 3Mansoura University, Mansoura, Egypt; and 
4Belmont University, Nashville, TN.

Proprotein convertase subtilisin kexin type 9 (PCSK9) emerged as a therapeutic 
target of great interest in cancer and cardiovascular diseases due to its ability to 
induce LDL-cholesterol by preventing LDL receptor (LDLR) recycling. Preliminary 
studies revealed that pseurotin A (PSA), a spiro-heterocyclic γ-lactam alkaloid 
from several Aspergillus and Penicillium species, can modulate the oncogenic role 
of PCSK9 in breast and prostate cancers progression and recurrence due to its 
dual ability to suppress PCSK9 expression and protein-protein interaction (PPI) 
with LDLR. Thus, a preliminary assessment of PSA acute toxicity represents an 
important step to developing PSA as a novel orally active PCSK9 axis-modulating 
cancer recurrence inhibitor. Male and female Swiss albino mice administered by 
oral gavage PSA single doses of 10, 250, and 500 mg/kg for the acute toxicity study 
and daily doses at 10, 40, and 80 mg/kg over 3 months for the sub-chronic study 
versus vehicle controls. Mice continuously observed over the experiments course 
to monitor any abnormalities in their behavioral, neuromuscular, and autonomic 
responses. Mice sacrificed at each study end, their body and organ weights recorded 
and collected. Mice plasma samples subjected to comprehensive hematological 
and biochemical analyses. Collected mouse organs histopathologically analyzed. 
No morbidity detected following any PSA oral dosing. The Up-and-Down method-
ology determined PSA LD50 value of >550 mg/kg. No observed histopathological 
abnormalities in liver, kidney, brain, and heart, suggesting a high safety profile as 
a prospective valid lead for future use as a first-in-class small molecule prostate 
cancer recurrence suppressor via PCSK9 axis modulation.

 3470 Evaluation of the Effect of Orally Administered Histacel Extract 
on Respiratory Functions on Anaphylactic Shock in Male 
Wistar Rats

R. Verma1, H. Nath1, K. Hadiya1, V. Bhimani1, M. Patel1, and M. Venkataranganna2. 1JRF 
Global, Gujarat, India; and 2Celest Pharma Labs Private Limited, Bangalore, India.

Anaphylaxis is a life-threatening form of hypersensitivity characteterised by 
the activation of mast cells and basophils, resulting in release of biochemical 
mediators that influence vascular permeability. The present study was undertaken 
to explore the antiasthmatic activity of histacel extract (poly herbal extract). This 
study was conducted to evaluate the effect of histacel extract on the respiratory 
function in conscious male rats following repeated gavage administration for 14 
days using whole body plethysmography. The test item and Montelukast were 
administered once daily through gavage for 14 days to rats belonging to three 
treatment groups (G3 - G5) and a positive control (G6) group, respectively. Rats (G2 
to G6) were immunised by 0.5 mL SC injection of dTpa vaccine and horse serum. 
Rats belonging to the vehicle and the sensitised control groups received RO water. 
Rats were observed daily for mortality and clinical signs. Respiratory parameters 
like respiratory rate, tidal volume, minute volume, etc., were recorded after the 
treatment on days 0, 7, and 14 for 3 hours, 1 hour, and 30 minutes respectively. Rats 
were challenged on treatment day 14 by a 1 mL IV injection of horse serum. Rats 
were observed for respiratory functions immediately after the challenge injection 
for 20 minutes. The test item at mid (250 mg/kg b. wt./day) and high (500 mg/kg 
b. wt./day) doses caused an increase in the tidal volume, minute ventilation, and 
a decrease in the frequency of respiration, post-challenge with horse serum. Thus 
improving the respiratory function in the anaphylactic shock-induced male Wistar 
rats. Similar effects were observed in the respiratory function for the Montelukast 
(positive control) administered group, post-challenge with horse serum. The 
findings of the study suggest that histacel extract has an anti-anaphylactic activity 
as it improves the respiratory functions in the experimental models, similar to 
Montelukast, a known anti-allergic compound.

 3471 Toxicity of the Insensitive Explosive FOX-7 in Sprague Dawley 
Rats via Oral Gavage

M. Bohannon, L. Crouse, and B. Guigni. Army Public Health Center, Gunpowder, MD.

The insensitive explosive 1,1-diamino-2,2-dinitroethene (DADNE, referred to as 
FOX-7) is a bright yellow, crystalline powder developed by the Swedish military in 
the late 1990s. Compared to the legacy explosive RDX, FOX-7 shows significant 
improvements in response to impact and friction stimuli while maintaining nearly 
equal performance. A complete oral toxicological test series in rats is currently 
being performed to assess the toxicity of FOX-7 prior to its use by the U.S. Army. 
Acute oral studies yielded estimated median lethal doses of 875 (708-1082) mg/kg 
in male rats and 805 (668-971) mg/kg in female rats. Gross pathological evaluation 
indicated delayed clearance and moderate irritation throughout the gastrointestinal 
tract at higher doses. To determine subacute oral toxicity, rats were repeatedly 
exposed to FOX-7 at 0, 6.25, 12.5, 25, 50, 100, 200, and 400 mg/kg-d for 14 days 
via oral gavage. No rats in the 200- and 400-mg/kg-d groups survived. Weight loss, 
irritability, lethargy, and porphyrin staining were frequently observed prior to death 
or moribund euthanasia. Distended stomachs and evidence of moderate to severe 
irritation throughout the gastrointestinal tract were found in the majority of the 
pre-term deaths. Body weight gain in the male 100 mg/kg-d group was lower than 
controls throughout the treatment period although food consumption was only 
decreased from days 0 through 7. Kidney and spleen weights were elevated in 100 
mg/kg-d males and females. Differences in clinical pathology parameters were 
mainly confined to the 100 mg/kg-d group. Blood urea nitrogen/creatinine ratios in 
male rats and alkaline phosphatase concentrations in female rats both exhibited 
dose-dependent increases. The micronucleus assay was performed on 25, 50, and 
100 mg/kg-d male rats, and the results indicated that FOX-7 is not genotoxic in 
rat peripheral blood at the doses tested. The FOX-7 subchronic oral study has not 
been initiated to date, but limited results should be available for the conference. 
These studies are critical to determining safety thresholds for use of FOX-7 by US 
Army soldiers.

 3472 Evaluation of Antioxidant Activities of Brown Macroalga 
Bifurcaria bifurcata Extract

A. Anadon1, M. Martínez1, I. Ares1, B. Lopez-Torres1, J. Maximiliano1, M. Martínez1, 
M. Martínez-Larrañaga1, M. Cueto2, and M. Hortos3. 1Universidad Complutense de 
Madrid, Madrid, Spain; 2Instituto de Productos Naturales y Agrobiología, La Laguna, 
Spain; and 3Institut de Recerca i Tecnologia Agroalimentaries, Monells, Spain.

Research in natural products of marine algae has made significant advances in 
recent years and marine algae have been proven to produce a variety of compounds 
and some of them have been shown to possess biological activity of potential 
nutritional and medicinal value. Epidemiological evidence demonstrated that the 
consumption of marine algae has lowered the occurrence of chronic diseases, such 
as hypertension, type 2 diabetes, hyperlipidemia, and coronary heart disease which 
are in part caused by oxidative stress. The aim of this research was to evaluate the 
response of brown seaweed Bifurcaria bifurcata extract to an oxidative stressor, 
tert-butyl hydroperoxide (tert-BOOH), in Caco-2 cells. Selected seaweed represents 
common specie in northern Atlantic coasts of Spain. This study demonstrates that 
seaweed B. bifurcata extract has the ability to protect human colon carcinoma 
Caco-2 cells against oxidative insult by modulating reactive oxygen species (ROS) 
generation, malondialdehyde (MDA) production, antioxidant enzymes [NADPH 
quinone dehydrogenase 1 (NQO1), glutathione S-transferase (GST)] activities, and 
caspase 3/7 essential enzyme during apoptosis. These results show that treatment 
of Caco-2 cells in culture with B. bifurcata extract confers a significant protection 
against an oxidative insult and suggest that the seaweed B. bifurcata extract can 
be used as a natural antioxidant in the food industry as well as dietary supple-
ment against oxidative damage. This work was supported by the Project Ref. PID 
2020-15979RR-C33 from the Ministerio de Ciencia e Innovación, Spain.

 3473 In Silico Occupational Exposure Banding Framework for Data-
Poor Compounds in Biotechnology

E. S. Fung1, A. Massarsky1, and A. Maier2. 1Cardno ChemRisk, Aliso Viejo, CA; and 
2Cardno ChemRisk, Cincinnati, OH.

Occupational exposure limits (OELs) and occupational exposure bands (OEBs) 
are exposure benchmarks intended for the protection of worker health. OEBs are 
typically assigned when there is not sufficient data to derive a quantitative OEL. 
OEB assignments are typically based on defined methodology and industry best 
practices often relying on empirical data. However, there is no harmonized method-
ology available to assign OEBs for compounds with little to no data. Thus, an in 
silico framework approach for OEB assignment was developed for compounds 
lacking in vivo toxicology data. Existing tools, including quantitative structure-ac-
tivity relationship (QSAR) tools and the NIOSH occupational exposure banding tool, 
were adapted and used in sequence to assign OEBs to data poor compounds. 
Briefly, two QSAR tools were used to evaluate standard toxicological endpoints and 
the results were assigned a reliability rating based on agreement between the QSAR 
tools. Subsequently, a hazard category per Global Harmonization System (GHS) 
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definitions was assigned based on the reliability rating. Finally, the hazard catego-
ries were input into the NIOSH occupational exposure banding tool and OEBs for 
each individual endpoint as well as an overall OEB were assigned. To demonstrate 
the practical use of this framework, 6 unknown compounds with little to no experi-
mental data and 4 control compounds with established OELs were evaluated using 
this methodology. The 6 unknown compounds were assigned to overall OEBs C, D, 
and E, corresponding to exposure limits of > 1 to 10 ppm, >0.1 to 1 ppm, and ≤ 0.1 
ppm, respectively. The 4 control compounds were assigned to overall OEBs D and 
E. In addition, to accommodate the possibility of molecules with specific indicators 
of high potency, an additional category F was added. The OEBs that all 4 control 
compounds were assigned to were equal to or more protective compared to the 
established OELs. These results demonstrate that the OEBs assigned using this 
framework were adequately or more protective when compared to the established 
OELs. While little may be known known about a compound in the early stages 
of biotechnology application, this framework can ensure that worker health is 
protected. As additional data becomes available, the compound may be de-risked 
using harmonized approaches for deriving OEBs or OELs. This approach provides a 
tool to bridge the existing banding tools available for industrial chemicals (NIOSH 
OEBs) and pharmaceuticals (that have their own banding to reflect high potency). 
Together, this analysis demonstrates that this framework provides a practical 
methodology for evaluation of data poor biotechnology compounds and shows that 
the output of this framework is adequately protective of work health.

 3474 Evaluation of Complex Compounds in the UV-Vis Absorption 
Spectra Method

K. Bouchard, T. Supit, and A. Hilberer. Institute for In Vitro Sciences, Gaithersburg, MD.

An ultraviolet-visible (UV-Vis) spectral analysis is one of the first steps in a 
photosafety assessment to determine absorption of light by test compounds. 
Adopted in 1981, OECD Test Guideline (TG) 101 provides guidance on evaluation 
of compounds with defined molecular weight and solubility in water or methanol, 
and analysis using an absorbance reader with a cuvette. Since its adoption over 
40 years ago, the types of compounds used in varying industries now include 
complex compounds like botanicals, extracts, and other complex mixtures 
without defined molecular weights and limited solubility need photosafety evalua-
tion. We evaluated compounds using an adaptation of the procedures described 
in TG 101 to incorporate a 96-well high throughput format, and we investigated 
additional solvents for test compound preparation and potential filter effects. Test 
compounds were prepared at multiple concentrations in three different solvent 
buffer systems (acidic, basic, and neutral), added to a quartz 96-well plate and then 
absorbance (OD) determined at wavelengths of 230 to 800 nm in 2 nm increments 
using a Tecan® Infinite M Nano+. Spectral scans and OD values of selected 
peaks were analyzed using Magellan™ Tracker Software, and Molar Extinction 
Coefficient (MEC) values were determined using peak absorbance and molarity. 
Compounds with MEC values >1000 L mol-1cm-1 are considered to have signifi-
cant light absorption and may require further photosafety testing. For compounds 
without defined molecular weights, an alternative evaluation using an absorption 
threshold of OD ≥ 1.0, as described in Nishida, et al. 2015, was incorporated. To 
investigate this alternate absorption threshold, fragrance compounds, p-methoxy-
cinnamaldehyde and acetovanillone, with MEC values of >1000 L mol-1cm-1 were 
also prepared as several weight:volume dilutions. The peak OD values at 0.1 mg/
mL for p-methoxycinnamaldehyde (308 nm) and acetovanillone (306 nm) were 2.45 
and 0.613, respectively, supporting that a higher concentration would be needed 
for some compounds for appropriate evaluation. Further considerations were also 
needed for the concentrations evaluated by Nishida, et al., the limitations of the 
plate reader, and limitations of solubility. The solubility of test compounds were 
initially evaluated in methanol, water, hexane, acetone, acetonitrile, DMSO, HBSS, 
ethanol, 30% methanol in water, and/or 30% acetonitrile in water. Chlorpromazine, 
a compound with significant absorption, was investigated in all solvents. The 
solubility and results were impacted by the solvent chosen: when diluted at 0.003 
M in methanol (completely soluble) or hexane (insoluble), MEC values of 1978.2 
L mol-1cm-1 and 53.6 L mol-1cm-1, respectively, were determined at a 316 nm peak. 
To further investigate test compounds with limited solubility or those that may 
have a “filter” effect (e.g., producing flat lined responses with higher OD values 
with expected shifts in absorbance as concentrations decreased), we prepared a 
sunscreen formulation at 8 concentrations in methanol. At concentrations ≥ 9.54 
mg/mL, the absorbance exceeded the limit of the plate reader (e.g., OD ≥ 4.0) to 
~400 nm and then remained flat through 700 nm. A peak at 306 nm was visible 
at 2.98, 0.93, 0.29, and 0.09 mg/mL concentrations, resulting in OD values of 3.30, 
1.60, 0.84, and 0.49. UV-Vis analysis is an important first step for screening of 
test compounds prior to evaluation in more complex and costly test systems. As 
industry testing needs have evolved, the approaches in testing also need to evolve. 
We have further adapted the initial guidance to address throughput, materials of 
limited solubility, and evaluation of complex compounds.

 3475 DOD Fit-for-Purpose Integration of Photosafety: Application of 
the OECD 432 Phototoxicity Assay

K. M. Camargo1, D. M. Harris2, and M. J. Quinn Jr.1. 1Defense Centers for Public Health, 
Aberdeen Proving Ground, MD; and 2Oak Ridge Institute for Science and Education, Oak 
Ridge, TN.

Photosafety assessments are conducted to assess the photoreactivity of a 
candidate chemical. Once a chemical is exposed to ultraviolet (UV) light, its level 
of photoreactivity may induce an acute tissue response of variable photoirritation 
(phototoxicity) and/or an immune-mediated response (photoallergy). Integration 
of photosafety assessments for military-relevant chemicals identifies potentially 
photoreactive candidate chemicals that may lead to a phototoxic response once 
exposed to simulated UV. The BALB/c 3T3 mouse fibroblast cell-line is used to 
simulate an acute tissue response to UV, which is relevant for military-candidate 
chemicals that become a part of occupational or outdoor products. Available 
international standards, OECD 432 and ICH S10, provide guidance to establish 
protocols for fit-for-purpose assessments. A dose of 5 J/cm2 simulated sunlight 
(UVA) exposure is recommended, but it can be as high as 20 J/cm2 depending 
on the UV-source. The CPS+ Suntest was selected to simulate UV-exposures with 
our first experiment testing guidance as recommended with an irradiation setting 
of 251 W/m2. A second experiment assessed the effects of mid to higher irradi-
ation settings (269, 314, 443 W/m2) on cell viability and optical densities (OD). 
Results from these two experiments showed a range of cell viabilities with the 
fibroblasts clustering in the center and edges of the well. These results suggested 
cellular loss and/or detachment likely occurred during one or all of the following 
steps: 1) plating, 2) aspiration/washes, and 3) UV-exposure. To assess plating 
techniques, a third experiment compared cell viability between a plate left in the 
biosafety cabinet 60 minutes post-plating versus a plate immediately placed in 
the incubator. Results showed waiting 60 minutes post-plating improved cellular 
adherence. A fourth experiment assessed the effect of a vacuum aspirator versus 
a manual multi-channel pipette aspiration, where the latter technique improved OD 
values and cell viability. A fifth experiment assessed the effect DPBS with glucose, 
calcium, magnesium, and sodium pyruvate on OD and cell viability as our first two 
experiments using EBSS or DPBS without calcium and magnesium as a solvent 
vehicle. These experiments yielded low OD values and viability. Even though DPBS 
with supplements improved cell-attachment and viability, our sixth experiment 
confirmed the utility of having supplements in the solvent vehicle. This final experi-
ment combined previously described findings and a range of irradiation settings 
(251, 269, 403 W/m2). Except for the highest irradiated plate, all the dark plates 
consistently maintained an average OD of 0.37 indicating our adapted protocols 
improved OD readings and promoted cellular attachment and viability. None of 
the irradiated plates had improved ODs; therefore, additional optimization experi-
ments are needed to develop a fit-for-purpose application to assess military-rele-
vant chemicals for photoirritation. Disclaimer: The mention of any non-federal entity 
and/or its products is not to be construed or interpreted, in any manner, as federal 
endorsement of that non-federal entity or its products.

 3476 Rheum palmatum L., Rhamnus purshiana DC, Rhamnus frangula 
L., Cassia senna L. Extracts: Absence of Genotoxicity in OECD 
487 Micronucleus Assay In Vitro

G. Melzi, C. L. Galli, and M. Marinovich. Università degli Studi di Milano, Milan, Italy.

Anthraquinones are natural substances contained in several botanical species. 
Among these species there are Rheum palmatum L., Rhamnus purshiana DC, 
Rhamnus frangula L., and Cassia senna L.. The extracts of different parts of these 
plants are commonly used as nutritional supplements or in traditional medicines, 
mainly for their laxative properties. The above-mentioned botanical species have 
among their components hydroxyanthracenes as aloe-emodin and emodin, which 
were considered as genotoxic by the 2018 EFSA-ANS Panel due to the related 
possible risk factor for colon-rectal cancer development.The aim of this research is 
to evaluate the genotoxic potential with the micronucleus assay (OECD 487) in vitro 
of the extract of Rheum palmatum L., Rhamnus purshiana DC, Rhamnus frangula L. 
(bark) e Cassia senna L. (fruits) obtained following the European Pharmacopeia.
The test was conducted on human lymphocytes obtained from donors’ whole 
blood. Treatments were performed 48 hours following Phytohaemagglutinin (PHA) 
stimulation, during the cell proliferation phase. Two different protocols were applied 
with 3 hours and 28 hours of exposure. In the first type of treatment, cytochalasin B 
was substituted to the extract after 3 hours and cells were analysed after 25 hours, 
while in the second type of treatment, cytochalasin B was added in the medium 
at the same time as the extract. S9 mix was used as well in the 3-hours treatment 
samples, 28-hours treatment was done only in absence of S9. Concentration ranges 
evaluated were from 0 to 2000 µg/mL for Rhamnus purshiana DC, from 0 to 5000 
µg/mL for Cassia senna L., from 0 to 2500 µg/mL. for Rhamnus frangula and Rheum 
palmatum L.. Cytokinesis-block proliferation index (CBPI) was calculated to obtain 
information about the possible cytotoxicity induced by the treatments.The content 
of hydroxyanthracenes varies between 0.06% and 0.23% for aloe-emodin, and 
between 0.07% and 0.16% for emodin and rhein. No cytotoxicity was detected at the 
tested concentrations. The results obtained with the micronucleus assay showed 
lack of genotoxicity for all the extracts at all the concentrations tested. These 
results demonstrate that the Rheum palmatum L., Rhamnus purshiana DC, Rhamnus 
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frangula L., and Cassia senna L. extracts do not induce micronuclei’s formation 
in human lymphocytes in vitro following the tested concentrations. This project 
was funded by the Italian Society of Toxicology (SITOX), we also thank TWINALT-EU 
project 952404 for the support.

 3477 Integration of New Approach Methodologies and Next-
Generation Risk Assessment in Safety Assessment of 
Naturally Sourced Cosmetic Ingredients: A Case Study 
of Skin Compatibility Assessment of Botanically Sourced 
Cosmetic Ingredients

S. Kim1, Y. Ferreira2, E. Bauza2, I. Garcia2, C. Capallere2, L. Zhang3, H. Ryan4, J. Johnson5, 
I. Imbert2, and T. Schatz6. 1Ashland, Lincoln, CA; 2Ashland, Sophia Antipolis, France; 
3Ashland, Ossining, NY; 4Ashland, Wilmington, DE; 5Ashland, Merry Hill, NC; and 6Ashland, 
Bridgewater, NJ.

Due to the rising consumer interest and demand for naturally sourced products, 
botanical and other naturally sourced ingredients are increasingly used in cosmetic 
formulations. Many naturally sourced ingredients being isolated and prepared 
as cosmetic ingredients are new and novel and require evaluation for their safe 
use by consumers. For a new ingredient where a safety assessment did not 
previously exist, traditionally, animal studies had to be conducted to prove that it 
is not toxic to human health. With the implementation of animal testing ban on 
cosmetic products and their ingredients and on the sale of cosmetics that rely 
on new animal test data in many countries, however, it became apparent that the 
animal studies can be no longer used in the cosmetics or their ingredients safety 
assessment. For this reason, we have used New Approach Methodologies (NAMs) 
and Next Generation Risk Assessment (NGRA) approaches in the safety assess-
ment of naturally sourced cosmetic ingredients. For our purpose, NAM is defined 
as non-animal-based approaches, such as in silico, in chemico and in vitro assays, 
used to support the chemical hazard and risk assessment. These new approaches 
also include integrated testing and assessment, chemical grouping, and read 
across. NGRA is defined as an exposure-led, hypothesis-driven risk assessment 
approach that integrates NAM. As an example of NAMs and NGRA approaches in 
the safety assessment of naturally sourced cosmetic ingredients, we are present-
ing a case study of skin compatibility assessment of botanically sourced cosmetic 
ingredients. These approaches involve: (1) review of documented historic use of 
botanicals in comparison to existing and/or intended products (considering the 
effect of processing/extraction), (2) characterization of the intended finished 
product categories and consequent exposure, (3) in vitro assessment of irritation 
and sensitization potential, and (4) confirmation of skin compatibility with human 
volunteers. For addressing the skin sensitization potential, in particular, we have 
focused on: (1) review of history of use, (2) identification of potential sensitizer(s) 
of concern, and (3) if practical, selected elimination of identified potential sensitiz-
er(s) of concern from botanical extracts. The utility of in vitro irritation battery 
testing, together with historic use data review, as a useful screening tool in the skin 
compatibility evaluation of botanical ingredients was demonstrated from confirma-
tory human patch testing (total number of volunteer panelists > 3,000; number of 
botanically sourced cosmetic ingredients = 20).

 3478 Read-Across and New Approach Methodologies Applied in a 
10-Step Framework for Cosmetics Safety Assessment: A Case 
Study with Homosalate

G. Ouedraogo1, M. Burbank1, A. Riu1, A. Moustié1, S. Grégoire1, N. Golbamaki1, 
A. Noel Voisin2, N. Hewitt3, A. Detroyer1, and F. Gautier2. 1L’Oréal Research & Innovation, 
Aulnay-sous-Bois, France; 2L’Oréal Research & Innovation, Clichy, France; and 3Cosmetics 
Europe, Brussels, Belgium.

Read-across is a data gap filing approach commonly used when suitable 
analogues with robust legacy data are available. When uncertainties are identi-
fied, new approach methodologies -NAMs- can be used to address confidence in 
the read-across and perform a safety assessment based on an internal margin 
of exposure. A 10-step framework, developed in Cosmetics Europe’s long range 
science strategy, was used to assess the safety of homosalate. Homosalate has 
been used for several years as a UV-filter in sunscreen products; up to 10% in 
Europe and 15% in US. This work aimed to explore how NAMs could support a 
safety assessment based on read-across considering the use of homosalate at 
15% for the face and body products. The maximum systemic exposure in this use 
scenario is estimated to be 2.39 mg/kg/d for a healthy adult, with 2 daily applica-
tions, considering dermal absorption of 5.3%. This systemic exposure exceeds the 
threshold of toxicological concern for homosalate; which belongs to Cramer class 
I (0.03 mg/kg/day). Analogues were sought using structural and functional proper-
ties using the OECD QSAR Toolbox, ChemTunes, ChemID and a literature review. 
Starting with 70 structurally related compounds, 4 analogues (isoamyl salicylate, 
butyloctyl salicylate, cyclohexyl salicylate and ethylhexyl salicylate) were identified. 
The list was further assessed and refined to 2 suitable analogues (cyclohexyl salicy-
late and ethylhexyl salicylate) for the read-across. A refinement was performed 
using ADME/toxicokinetics and toxicodynamic properties using in silico and in vitro 
tools. The physico-chemical properties considered were: pKa, aqueous solubility, 
melting point and vapor pressure. Metabolism was investigated by measuring the 

half-life and clearance in liver S9 or primary human hepatocytes. Clearance of the 
main metabolite formed -salicylic acid- was also investigated in human hepato-
cytes. Other properties considered were: Caco-2 permeability ; stability in plasma 
& gastro-intestinal fluid; gene expression (transcriptomics in MCF7, HepG2 and 
HepaRG cells), in vitro pharmacology profiling (83 radioligand and binding target 
assays); endocrine bioactivity (estrogenicity, anti-androgenicity, steroidogenesis 
and thyroid effects); and cellular stress (in HepG2 cells with a panel of 9 fluorescent 
reporters). In vivo legacy data for the analogues point to reproductive toxicity and 
non-specific hepatotoxicity as most critical toxicological effects. Estrogenic activity 
was observed with the esters, which disappeared in the presence of metabolic 
activation. Transcriptomic data confirmed that the salicylates were all inducing 
pathways related to estrogenicity and inflammation. No significant activity was 
observed in thyroidogenic assays (thyroid receptor binding (TTR-TRβ), TR transac-
tivation (TRβ CALUX) and human thyroperoxidase inhibition) nor in steroidogene-
sis (H295R ± rat liver S9). All properties investigated confirmed similarity between 
homosalate and the analogues. Three formulations with 10 or 15% homosalate 
were considered. Published data for human concentrations for formulas sold in US 
were used to compare the simulated values. Cmax values were used to determine 
a range of margin of internal exposure. The minimum rat Cmax was estimated to 
be 1.19 ug/ml. Maximal deterministic consumer exposure ranged from 0.0088 to 
0.00996 ug/ml. The margins of safety obtained are protective of human health. 
This study demonstrated that NAMs can help identify and assess analogue similar-
ity and contribute to a quantitative risk assessment. More cases might help build 
confidence in this approach.

 3479 Biological Action Mechanism-Based Safety Assessment of 
Raspberry Ketone in Cosmetics

S. Kim1, I. Garcia2, C. Oleschkewitz3, F. Wu4, R. Hamilton5, and C. Capallere2. 1Ashland, 
Lincoln, CA; 2Ashland, Sophia Antipolis, France; 3Ashland, Hamburg, Germany; 4Ashland, 
Bridgewater, NJ; and 5Ashland, Wilmington, DE.

Advances in cheminformatics, bioinformatics, quantitative structure-activity 
relationship (QSAR), and in vitro assays in the context of biological systems are now 
at a point that these tools can be applied to mechanism-based cosmetic ingredi-
ent safety assessment and prediction. These integrated efforts will also require 
active collaboration of non-animal-based approaches, such as in silico, in chemico 
and in vitro assays, as well as chemical grouping and read-across approaches. 
Here, we describe the approaches for the mechanism-based cosmetic ingredi-
ent safety assessment of raspberry ketone in cosmetics. In cosmetics, raspberry 
ketone has been used as a skin conditioning or fragrance ingredient. The use 
of raspberry ketone as a multifunctional antimicrobial ingredient in cosmetics 
is relatively new. Raspberry ketone is structurally similar to rhododendrol that is 
known to cause leukoderma. The chemical leukoderma caused by rhododendrol 
is an acquired hypopigmentation caused by repeated exposure to rhododendrol 
damaging to epidermal melanocytes. Rhododendrol is a good substrate for tyrosi-
nase and causes a tyrosinase-dependent cytotoxicity to melanocytes through the 
tyrosinase-catalyzed oxidation to cytotoxic o-quinones. An analysis is conducted 
to confirm that no significant or detectable level of rhododendrol is present in 
raspberry ketone (rhododendrol is not detectable at detection limit of 50 ppm). In 
addition, comparative cytotoxicity and melanin quantification assays have been 
conducted in order to assess the relative potency of raspberry ketone to cause the 
depigmentary disorder (or leukoderma). The results of these studies demonstrate 
that: (1) raspberry ketone is less cytotoxic compared to rhododendrol and (2) 
the relative potency of raspberry ketone to cause chemical leukoderma is low 
compared to that of rhododendrol. In the case of chemical leukoderma associated 
with phenolic and catecholic derivatives, symptoms of contact dermatitis, such as 
itching, erythema, edema, or vesicle formation, are present before the occurrence 
of depigmentation. No symptoms of contact dermatitis at 1%, 5%, 10% and 12% 
raspberry ketone in multiple and repeated-exposure human patch tests conducted 
in accordance with Good Clinical Practice [48-Hr Human Patch Testing (N = 30) and 
Human Repeat Insult Patch Testing (N = 204)] provide favorable clinical evidence 
that the raspberry ketone can be safely used as a multifunctional antimicrobial 
ingredient in cosmetics at < 1% wt.

 3480 A Tiered Approach for Assessing the Safety of Polymeric 
Ingredients in Cosmetics and Personal Care Products

L. Brown1, D. McMillan2, J. Urban3, and A. Mihalchik4. 1ToxStrategies Inc., Ann Arbor, MI; 
2ToxStrategies Inc., Cincinnati, OH; 3ToxStrategies Inc., Austin, TX; and 4ToxStrategies 
Inc., Research Triangle Park, NC.

Polymers are commonly used in cosmetic and personal care products as 
film-formers, emulsifiers, thickeners, conditioners and more, given they can be high 
performing and cost-effective substances. From a human health safety perspec-
tive, polymers can sometimes be classified as PLC (polymers of low concern) due 
to their unique physicochemical attributes, such as the potential to be minimally 
absorbed by the skin. However, conducting safety assessments on polymers can 
pose unique challenges due to their large size, the monomers from which they are 
synthesized, impurities in the ingredient and the potential for residuals in the final 
product. Consequently, there is a need for a holistic, evidence-based method that 
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addresses these various aspects of a safety assessment for polymeric ingredients. 
The objective of this work is to propose a tiered approach that can been used for 
the safety assessment of polymers used in cosmetics and personal care products. 
Through practical application by toxicologists who are expert in cosmetic safety 
assessment, read-across, QSAR and risk assessment, the approach was developed 
to be fit-for-purpose for cosmetic and personal care product scenarios. The result 
of this work is a method which begins with understanding the physical chemical 
properties of the polymer (e.g., average molecular weight and molecular weight 
distribution, water solubility, logP, presence of residual monomers) and progresses 
from a more simplistic (confirming PLC) to increasingly complex (calculating 
multiple margins of safety for individual constituents within a polymer) evaluation. 
To demonstrate the proposed process and the complexity of such an assessment, 
a case study was implemented for a polymeric ingredient (MW > 10,000 Daltons) 
which contained low levels of residual monomers and impurities, several of which 
are not well studied, that also needed to be evaluated. The case study highlights 
when tools, such as the threshold of toxicological concern, read-across and QSAR 
modeling are (and are not) appropriate to use in the evaluation. Through this work, 
a framework for the questions, considerations and data requirements needed for 
an evidence-based safety assessment for polymeric ingredients in cosmetics and 
personal care products has been developed.

 3481 Safety Assessment of Artificial Fogs Containing Mineral Oil in 
Theatrical Presentations

B. J. Kelman1, A. Stock2, and C. Y. Chan1. 1J.S. Held, Redmond, WA; and 2J.S. Held, New 
Orleans, LA.

Stage fog (also referred to as theatrical haze, smoke, fog, or mist) is generated by 
releasing a chemical solution as an airborne aerosol. Chemicals commonly used in 
artificial fog are glycols, glycerin, and highly refined mineral oil. The current 8-hour 
TWA for highly refined mineral oil (CAS # 8012-95-1 and 8042-47-5) is 5 mg/m3 
as inhalable particulate matter with an STEL of 10 mg/m3. A NIOSH health hazard 
evaluation of theatrical performers found oil mist concentrations were less than 
0.13 mg/m3 with no evidence theatrical smoke caused occupational asthma. A 
study sponsored by the Equity-League Pension and Health Trust Funds concluded 
there was no evidence of serious health effects associated with exposure to 
mineral oil haze at a mean total mineral oil concentration of 0.74 mg/m3 and wide 
daily subject averages. A series of Canadian studies found no significant associ-
ation between acute symptoms and exposure to mineral oil fogs and non-physio-
logically significant declines in lung function after 4 hours exposure. The average 
breathing zone aerosol concentration of mineral oil of all productions were between 
0.41-1.21 mg/m3. A Norwegian study of television productions found mineral oil 
mist concentrations on stage ranged 0.2-4.3 mg/m3. The calculated proportion-
ate mortality ratio (PMR) from the National Occupational Mortality Surveillance 
(NOMS) database for “white, male“ “broadcast equipment operators & media 
communicators, photographers” and “diseases of the respiratory system”, “chronic 
obstructive pulmonary disease,” “lung conditions due to solids, fumes, vapors, 
radiation - excluding food inhalation”, “respiratory conductions due to chemical 
fumes, vapors, oils, essences & solids,” and “respiratory conditions due to chemical 
fumes and vapors” were 94, 78, <5, <5, and <5, respectively. A PMR greater than 
100 indicates a particular cause accounts for a greater proportion of deaths in the 
population of interest (here, white, male, broadcast equipment operators & media 
communicators, and photographers) than is expected based on the proportion 
of deaths due to this cause in all workers. A PMR less than 100 indicates these 
worker populations are less likely to die of these respiratory diseases than U.S. 
workers in general. Thus, studies conducted to assess stage fog exposure and 
health effects find limited respiratory irritation from acute exposure and respiratory 
symptoms with little or no toxicological significance from chronic exposure. No 
studies find that theatrical smoke-generating systems exposed workers to mineral 
oil concentrations that exceed a TWA of 5 mg/m3 as inhalable particulate matter. 
We conclude that exposure to mineral oil fogs in theatrical productions at 5 mg/m3 

have not been shown to injure performers.

 3482 Can Electrically Heated Waterpipes Reduce the Toxicity of 
Waterpipe Emissions?

J. Lauterbach. Lauterbach & Associates LLC, Macon, GA.

The reported growth in waterpipe (WP) use has created increased concern about 
the adverse health effects on users of waterpipe tobacco (WPT). Part of toxicity of 
the aerosol generated from WP use comes from the combustion products of the 
charcoal used to heat the tobacco during use. Literature reports have indicated that 
electric heating reduces such toxicants by about 90%, and such reductions were 
obtained with both experimental heaters and with heaters designed for consumer 
use. Other toxicants such as the thermolysis products of glycerol and sugars 
were increased over the level when charcoal was used. Based of those reports 
it appears that several errors were made including using a WPT unlike others 
contemporary products available to consumers (Nakhla Two Apples), especially 
those who prefer WPT based on dark air-cured tobaccos, not using the correct bowl 
(waterpipe tobacco holder), failure to use two pieces of perforated aluminum foil 
between the heater and WPT when using ceramic bowls, overheating the WTP in 

order to increase deliveries to match those obtained with charcoal, and failure to 
characterize the residual WPT after heating. To help correct these problems we 
evaluated three electric heaters electric heater/bowl combinations: Hady Large 
E-Shisha Smokepan (combined heater and bowl), Ren Headstream (RH) Global First 
Electronic Shisha Charcoal in combination with Tangiers Small Phunnel Bowl, and 
RH Hookah-Shisha Heater. 10 g samples of Nakhla Two Apples WPT were used as 
the main test substance as well as other commercial and surrogate WPT. The test 
atmospheres were generated using a Mya QT WP and a constant vacuum puffing 
engine fitted with a microprocessor-controlled solenoid valve to provide 3 s puffs 
ever 20 s for a total of 180 puffs per run. A Hanmetek HM 305 digital regulated DC 
power supply was used to power the heaters. The RH Hookah-Shisha heater was 
dropped from the study when we found that it would not hold a 10 g sample and 
when a 4.5 g sample was used in accordance with the instructions, the mixture 
of glycerol and sugar syrup in the WTP, leaked out of the device when the WTP 
was heated. The other RH device when used with two layers of perforated Al foil 
and the Tangiers phunnel bowl gave a weight loss of 37% at 15.5 VDC (46 W) with 
a maximum WTP temperature of 194-degree C. The Hady device with one layer 
of perforated Al foil gave a weight loss of 27% with a maximum temperature of 
146-degree C. HPLC of the residues with a Phenomenex Luna Omega Sugar column 
showed that the main change on heating was due to both loss of glycerol and 
water. This research showed that consumer electric WP heaters have the potential 
to reduce the toxicity of the eliminating charcoal combustion products.

 3483 A Thyroid Function Developmental Neurotoxicity Testing and 
Assessment Scheme (Thyroid-DNT-TAS) to Evaluate Endocrine 
Disruption Potential

S. Marty1, P. Botham2, A. Charlton2, R. Ghaffari3, S. Jacobi4, H. Marxfeld5, 
S. Melching-Kollmuss6, U. Sauer7, L. Sheets8, and B. van Ravenzwaay9. 1Dow, Midland, 
MI; 2Syngenta, Jealott’s Hill, Bracknell, United Kingdom; 3Corteva, Newark, DE; 4Albemarle 
Corporation, Louvain-la-Neuve, Belgium; 5BASF SE, Ludwigshafen, Germany; 6BASF SE, 
Limburgerhof, Germany; 7Scientific Consultancy–Animal Welfare, Neubiberg, Germany; 
8Bayer CropScience, Chesterfield, MO; and 9Environmental Sciences Consulting, 
Altrip, Germany.

A stringent hazard-based assessment of endocrine disrupting properties against 
defined criteria is or will be required for pesticides, biocides and chemicals in 
Europe. As outlined in the European Food Safety Authority (EFSA) / European 
Chemicals Agency (ECHA) Guidance Document, substances inducing thyroid 
histopathological and/or thyroid hormone (TH) effects in rodents should be further 
investigated as possible thyroid function disruptors. Due to the complexity of the 
thyroid modality, uncertainties around adverse outcome pathways (AOPs) leading 
to neurodevelopmental toxicity and lack of robust methodologies to investigate 
thyroid mechanisms, a conclusive testing and assessment scheme has not yet 
been established. Further, humans and rats are known to differ with respect to 
TH metabolism and excretion; in particular, there is increased breakdown of TH 
following liver enzyme induction in rats. The European Centre for Ecotoxicology and 
Toxicology of Chemicals (ECETOC) Thyroxine Task Force (TF) conducted extensive 
literature searches and evaluations to develop a science-based testing strategy to 
identify TH disruptors with relevance to humans. In-depth reviews addressed (1) 
available human/epidemiological data on TH-related neurodevelopmental toxicity, 
(2) key events of relevant AOPs, and (3) the evaluation of all thyroid- and brain-re-
lated data collected in 51 rat studies that included in utero / lactational exposure, 
which was sorted by 4 case studies (thyroid peroxidase inhibitors, sodium-iodide 
symporter inhibitors and iodine deficiency, increased TH clearance, deiodinase 
1 activity). The key observations from the four case studies were that offspring 
serum TH appears more relevant than maternal TH and that offspring serum 
T4 and T3 decrements of approximately ≥50%/60% and ≥ 20% and statistically 
significant, respectively, were often associated with an increased likelihood for 
neurodevelopmental effects. Currently a thyroid testing and assessment scheme 
(Thyroid-DNT-TAS) is proposed to enhance clarity on how to establish whether a 
substance meets the EU Endocrine Disruption Criteria for the thyroid modality. Tier 
0 begins with a weight-of-evidence assessment of all available in vivo, in vitro and 
in silico data. Depending on the outcome of Tier 0, the Thyroid-DNT-TAS is initiated 
and a mode-of-action (MoA) and human relevance assessment is conducted. If 
the human relevance assessment remains inconclusive, further data on species 
differences can be generated, including, e.g., in vitro comparative liver enzyme 
induction studies, comparative modelling of serum TH concentrations in rat vs 
humans or data generated using microphysiological systems. Also, additional MoA 
data might be needed to conclusively assess the substance’s thyroid (hormone) 
disruption potential. Only if necessary, higher-tier animal studies addressing 
offspring serum (and brain) TH concentrations and/or developmental neurotoxicity 
can be conducted. The Thyroid-DNT-TAS therefore provides an evidence-based 
approach to integrate thyroid and neurodevelopmental data for determination of 
the endocrine disruptor potential of pesticides, biocides and chemicals.
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 3484 Application of a Human In Vitro Testing Battery for Endocrine 
Disruption (ED)–Induced Developmental Neurotoxicity (DNT) to 
Refine EDC Hazard Assessment

E. Fritsche1, K. Schlüppmann1, S. Hüsken1, L. Stark1, A. Dönmez1, N. Förster2, A. Mosig2, 
and K. Koch1. 1IUF—Leibniz Research Institute for Environmental Medicine, Düsseldorf, 
Germany; and 2Ruhr-Universität Bochum, Bochum, Germany.

Endocrine-disrupting chemicals (EDCs) have been intensively studied regarding 
their harmful effects on human brain development. Despite increasing evidence 
that early developmental EDC exposure causes developmental neurotoxicity (DNT), 
regulatory EDC risk assessment does not feature DNT endpoints. Therefore, the 
incorporation of DNT testing strategies into the risk assessment of EDCs is urgently 
required. Currently, the identification of chemicals causing adverse neurodevelop-
mental effects is based on animal studies. However, insufficient test throughput, 
species differences, and ethical concerns demand alternative in vitro models with 
high predictivity for humans. Therefore, a DNT in vitro testing battery has been 
assembled including a multiplexed high-content assay based on human neural 
progenitor cells (hNPCs), the Neurosphere Assay. To identify hormone-sensi-
tive neurodevelopmental key events for ED-DNT in vitro assays development, we 
investigated the effects of hormone receptor agonists and antagonists targeting 
14 nuclear hormone receptors on key neurodevelopmental processes modeled 
within the human Neurosphere Assay including NPC proliferation, migration, and 
terminal differentiation into neurons and oligodendrocytes. In addition, RNASeq 
analyses were performed to confirm hormone receptor target gene activation and 
cell type-specific gene modulation. Strikingly, oligodendrogenesis was especially 
sensitive to endocrine modulation, being influenced by activation of the aryl 
hydrocarbon receptor (AhR), liver X receptor (LXR), retinoic acid receptor (RAR), 
peroxisome proliferator-activated receptors (PPARs), progesterone receptor (PR), 
prostaglandin E2 receptor (PGE2R) and vitamin D3 receptor (VDR). By incorpora-
tion of both male and female NPCs of human and rat origin in our testing strategy, 
we identified several neurodevelopmental key events impacted by hormones in 
a species- or sex-specific manner. Since hormone-regulated neurodevelopmen-
tal processes provide putative targets for EDCs, the established ED-DNT in vitro 
assays will be used to screen libraries of known and putative EDCs and identify 
ED-induced DNT. Therefore, one of the ED-DNT assays, the NPC1_RAR_GR assay 
is currently under validation at the French ED-validation platform PEPPER for future 
OECD application. Due to the dramatic consequences of DNT for human develop-
ment, testing putative EDCs for their developmentally neurotoxic potential is of the 
highest importance for different stakeholders including regulatory bodies, industry, 
and the civilian population.

 3485 Comparison of the Sensitivities of Histopathological and 
Immunohistochemical Analyses and Blood Hormone Levels 
for Early Detection of Antithyroid Effects in Rats Treated 
with Thyroid Peroxidase Inhibitors and Thyroid Hormone 
Metabolism Promoters

H. Akane1, T. Toyoda1, K. Matsushita1, T. Morikawa1, T. Kosaka2, H. Tajima2, H. Aoyama2, 
and K. Ogawa1. 1National Institute of Health Sciences, Kawasaki, Japan; and 2Institute of 
Environmental Toxicology, Joso, Japan.

The Organisation for Economic Co-operation and Development test guideline for 
repeated-dose toxicity studies was updated in 2018 and requires measurement 
of blood triiodothyronine (T3), thyroxine (T4), and thyroid-stimulating hormone 
(TSH) levels. Although these hormone levels are useful for detection of antithy-
roid chemicals in rodent toxicity studies, they are highly variable depending on 
blood sampling conditions. Thus, more effective detection methods are still 
required. Here, we compared histopathological and immunohistochemical findings 
in thyroid and pituitary glands with blood hormone levels to identify parameters 
for efficient evaluation of antithyroid effects in short-term studies. Six-week-
old male and female Sprague-Dawley rats (5 rats/group) were treated with four 
antithyroid chemicals, including two thyroid peroxidase inhibitors (propylthioura-
cil [PTU], 0.03-3 mg/kg/day and methimazole [MMI], 0.3-10 mg/kg/day) and two 
thyroid hormone metabolism promoters (phenobarbital sodium salt [NaPB], 10-100 
mg/kg/day and nicardipine hydrochloride [NCD], 15-150 mg/kg/day), by gavage 
for 28 days. Serum T3, T4, and TSH levels; organ weights; and histopathological 
findings in the thyroid and pituitary glands and liver as well as immunohistochem-
ical findings for T4 in the thyroid gland, TSH in the pituitary gland, and UGT1A6 in 
the liver were assessed. Significant decreases in serum T3 and T4 and increases 
in TSH were observed in the > 1 mg/kg PTU and > 3 mg/kg MMI groups, with 
increased thyroid weight and pituitary TSH+ area. Increased serum TSH was also 
detected in the 0.3 mg/kg PTU group. Histopathological and immunohistochemical 
examinations revealed that follicular hypertrophy and decreased T4 expression in 
the thyroid gland were induced in the lower dose groups (> 0.1 mg/kg PTU and > 0.3 
mg/kg MMI). Administration of thyroid hormone metabolism promoters decreased 
serum T4 levels in the 100 mg/kg NaPB and 150 mg/kg NCD groups. A signifi-
cant increase in TSH was detected in the 150 mg/kg NCD group, with increased 
pituitary TSH+ area. Hepatocellular hypertrophy in the liver was detected in lower 
(> 10 mg/kg NaPB) or same (> 50 mg/kg NCD) dose groups in which follicular 
hypertrophy was observed in the thyroid. Immunohistochemistry revealed signifi-
cant increases in UGT1A6+ area in the liver in the > 30 mg/kg NaPB and > 50 mg/kg 

NCD groups, whereas no obvious changes were observed in thyroid T4 expression. 
Overall, follicular hypertrophy in the thyroid gland was detectable at lower doses 
than those at which significant changes in serum T4/TSH levels were observed, 
suggesting that histopathological analysis can be a more sensitive parameter 
for detecting antithyroid effects, regardless of the mechanism. Similarly, signifi-
cant increases in thyroid weight and pituitary TSH+ areas were detected at doses 
comparable to those at which changes in serum T4/TSH levels were observed, 
indicating that these parameters are also useful for evaluation of antithyroid 
effects. Immunohistochemistry for T4 was more sensitive than serum hormone 
levels for detection of thyroid peroxidase inhibitors and was useful for distinguish-
ing them from thyroid hormone metabolism promoters. Hepatocellular hypertrophy 
and significant increases in UGT1A6+ area in the liver were found in lower dose 
groups, and histopathological examination and UGT1A6 immunostaining could be 
used to detect thyroid hormone metabolism promoters.

 3486 A Proposal for the Use of a Modified Comparative Thyroid Assay 
with Reduced Number of Animals and Additional Parameters

T. Yamada1, and H. Aoyama2. 1Sumitomo Chemical Co. Ltd., Osaka, Japan; and 2Institute 
of Environmental Toxicology, Joso, Japan.

Some xenobiotic substances disrupt thyroid homeostasis including effects 
on thyroid hormone (TH) synthesis, signaling, metabolism and excretion. Thus, 
a concern has been raised that TH disrupting chemicals may have potential to 
interfere with the developing brain since THs are essential for normal brain develop-
ment in humans and animals. Since standardized studies to identify developmental 
neurotoxicity requires significant resources, a simple screening test for investigat-
ing whether maternal chemical exposure reduces brain THs levels in offspring (a 
necessary precursor event for brain developmental disorders) would be valuable. 
The comparative thyroid assay (CTA) is a screening test for TH disruptors in 
peripheral blood of offspring (US.EPA, 2005), but it requires several animals and is 
criticized as reliant on peripheral THs alone as predictive markers of brain malfunc-
tion being inadequate. Recently, we began verifying the sensitivity, feasibility and/or 
reliability of a modified CTA with reduced numbers of rats and additional parame-
ters such as examination of brain THs levels and brain histology. We showed that 
the modified CTA detected 10 ppm 6-propylthiouracil (6-PTU)-induced severe 
(>70%) suppression of serum THs in dams, with >50% suppressed serum/brain 
TH levels in offspring and brain heterotopia in PND 21 pups. It also detected 1000 
ppm sodium phenobarbital (NaPB)-induced mild (<35%) suppression of serum THs 
in dams, with mild (<35%) reduction of serum/brain TH levels in fetuses but not in 
pups, and no increased heterotopia formation. Within lab repeatability of the results 
was confirmed by a follow-up study in which the previous findings at 1000 ppm 
NaPB were again detected. The NaPB data indicate that mild reduction of THs in 
maternal rats by enzyme inducers may have little impact on brain development 
of offspring in contrast to the 6-PTU-like phenotype in brain THs and morphology, 
although further studies may be needed to evaluate the assay’s reproducibility by 
using other chemicals having NaPB-like effects. Since our findings suggest that 
the modified CTA may have potential as a screening test for offspring brain TH 
disruptors, we propose using the modified CTA as a screening test for develop-
mental neurotoxicity. This research is partly supported through a grant of LRI (The 
Long-range Research Initiative, #20-3-02) by Japan Chemical Industry Association.

 3487 Comparison of In Vitro Thyroxine (T4) Metabolism between 
Wistar Rat and Human Hepatocyte Cultures

A. Baze1, L. Wiss1, L. Asselin1, L. Horbal2, K. Biemel2, and L. Richert1. 1Kaly-Cell SAS, 
Plobsheim, France; and 2Pharmacelsus GmbH, Saarbrücken, Germany.

In response to increasing regulatory attention to the potential “endocrine disruption 
(ED)” issues, exhaustive research efforts have been initiated to better understand 
the way in which these chemicals interact with their targets. There is strong support 
for the conclusion that chemically induced thyroid hormone (TH) perturbations, 
specifically those for which the mode of action (MoA) is mediated via hepatic 
enzyme induction and increased biliary excretion, are only relevant in rodents, 
especially in rats, with little or no relevance for human exposures. The objective 
of the present study was to further investigate peculiarities of T4 metabolism in 
2D-sandwich-cultured cryopreserved primary (Wistar) rat (PRH) and human hepato-
cytes (PHH) following daily exposure to reference hepatic enzyme inducers up 
to 7 days. We confirm that in the previously described long-term culture config-
uration (Parmentier et al. 2013, 2017), both PRH and PHH efficiently respond to 
specific reference inducers beta naphthoflavone (BNF, in PRH/PHH), pregnenolone 
16α-carbonitrile (PCN, in PRH), rifampicin (RIF, in PHH) and phenobarbital (PB, in 
PRH/PHH), activators of AhR, PXR and CAR nuclear receptors, respectively. Specific 
CYP mRNA induction and increases in related enzyme activities are proofed in the 
above-mentioned induced cells. In addition, we confirm the prominent induction of 
UGT2B mRNA in PRH and of UGT1A1 in PHH by these inducers as we previously 
reported (Wiemann et al., in revision). Altogether, induction responses of PRH were 
much stronger than PHH. With respect to thyroxine (T4) metabolism, glucuro-
no-conjugates (T4-G), sulfo-conjugates (T4-S), 3,3’,5-triiodothyronine (T3) and 
reverse T3 (rT3) were identified. The obtained results indicate that T4 transforma-
tion rate was much higher in PRH (363 pmol/106 cells/24h) compared to PHH
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(40.1 pmol/106 cells/24h). In both PRH and PHH, T4-G was by far the major 
metabolite formed (99.1 % in PRH and 69.7 % in PHH) followed by T4-S (0.7 % in 
PRH and 18.1 % in PHH) and T3/rT3 (0.2 % in PRH and 12.2 % in PHH). The results 
with PRH are consistent with in vivo and in vitro studies indicating that glucuroni-
dation may be a predominant pathway for hepatic TH metabolism in rats. Although 
previous studies have suggested that sulfation or deiodination may be the preferred 
pathways for TH metabolism in humans (Richardson et al., 2014 and Kester et 
al., 1999, 2003), we find that glucuronidation of T4 is also the favoured pathway 
in PHH. Daily treatment of PRH with reference compounds BNF, PCN or PB for 7 
days induced an additional increase in T4 metabolism over control (572, 586 and 
188 pmol/106 cells/24h relative increases, respectively), which is caused only by 
additional T4-G formation. The metabolism of T4 was also, however to a much 
lesser extent, increased in PHH, by BNF, RIF and PB (45.6, 47.6 and 48.5 pmol/106 
cells/24h relative increases, respectively) and consisted mainly in T4-G formation, 
between 88 and 96 %.Overall, this in vitro system is a useful supporting tool to 
evaluate the human relevance of the rat liver mediated TH disruption induced by 
environmental chemicals, as required in the new European regulations.

 3488 Effects of Sodium Phenobarbital in a Downsized Comparative 
Thyroid Assay with Additional Examination of Brain Thyroid 
Hormone Levels and Brain Histology

K. Minami1, H. Suto1, A. Sato2, K. Ogata1, T. Kosaka2, H. Hojo2, N. Takahashi2, 
N. Tomiyama2, H. Aoyama2, and T. Yamada1. 1Sumitomo Chemical Company Ltd., 
Osaka, Japan; and 2Institute of Environmental Toxicology, Ibaraki, Japan.

Since thyroid hormones (THs) are essential for normal brain development in 
humans and animals, concern has been raised that TH disrupting chemicals 
may have potential to interfere with the developing brain. In contrast to strong 
anti-thyroid agents such as 6-propylthiouracil (6-PTU), suppression by liver enzyme 
inducers (e.g., phenobarbital, PB) is generally mild. Effects of mild suppression 
of maternal THs on neonatal brain development are not fully understood. Since 
standardized studies to identify developmental neurotoxicity requires significant 
resources, a simple screening test for investigating whether maternal chemical 
exposure reduces brain THs levels in offspring would be valuable. Recently, we 
began verifying the feasibility of the Comparative Thyroid Assay (CTA) by downsiz-
ing the number of rats but with additional examination of brain THs levels and brain 
histology. We had shown that the modified CTA could detect 10 ppm 6-PTU-induced 
severe suppression of serum THs in dams, with suppressed serum/brain TH levels 
and brain heterotopia in offspring. The modified CTA also detected 1000 ppm 
NaPB-induced mild suppression of serum THs in dams, with mild reduction of 
serum/brain TH levels in fetuses but not in pups, and no increased brain heteroto-
pia formation. Here we investigated the suitability of the dose tested and within lab 
repeatability of the findings induced by NaPB. 1000 and 1500 ppm NaPB were fed to 
10 pregnant rats/group (1) from gestational days (GD) 6 to 20, and (2) from GD6 to 
lactation day (LD) 21, with no treatment at birth due to neonatal deaths. THs levels 
and brain histology were examined in the offspring. The previous findings at 1000 
ppm were reproduced well. Compared to 1000 ppm, 1500 ppm revealed similar or 
slightly more potent THs suppression but was an excessive dose as evidenced by 
neurological signs in all dams and reduced pup survival. The NaPB data indicate 
that mild reduction of THs in maternal rats by enzyme inducers may have little 
impact on brain development of offspring in contrast to the 6-PTU-like phenotype 
in brain THs and morphology. However, it is unclear if the lack of increased brain 
heterotopia is biologically relevant, or if it is a spurious false-negative due to lack of 
exposure during the critical window of heterotopia formation (GD19-LD2). Overall, 
our findings suggest that the downsized CTA with additional examination of brain 
THs levels and brain histology may have potential as a short-term in vivo assay for 
offspring THs disruptors, but further studies to evaluate reliability of the heterotopia 
effect is needed. This research is partly supported through a grant of LRI (#20-3-02) 
by Japan Chemical Industry Association.

 3489 Interpretation of Thyroid-Relevant Bioactivity for Comparison 
with In Vivo Exposures

K. T. Truong1, R. S. Judson2, and K. Paul Friedman2. 1Oak Ridge Institute for Science 
Education, Oak Ridge, TN; and 2US EPA/ORD, Research Triangle Park, NC.

There are 92 thyroid-relevant assay endpoints from the ToxCast/Tox21 project 
that can be mapped to molecular initiating events (MIEs) within the thyroid adverse 
outcome pathway (AOP) network. However, a synthesis and interpretation of the 
data across MIEs and at the tissue level is currently lacking. We aimed to determine 
which substances have the most in vitro high-throughput screening support for the 
MIEs and for which exposures would yield potentially bioactive concentrations in 
vivo. One MIE group of interest is the inhibition of deiodinase (DIO) enzymes which 
are responsible for converting thyroid hormone between active and inactive forms. 
Data from 4 cell-free assays, each measuring inhibition of a different deiodinase 
enzyme, are available for >1800 chemicals in single concentration screening and 
302 chemicals in multi-concentration screening. Applying a selectivity metric that 
compares 20% inhibitory concentrations with cytotoxic concentrations yielded 160 
chemicals demonstrating selective inhibition of at least one DIO enzyme. We found 
through an enrichment analysis using ClassyFire structural descriptors that lipids 

are also enriched in the positive chemical space, particularly those used as surfac-
tants. We considered surfactants to be false positives that likely interfered with 
the protein-based assay. Considering these two factors increased our confidence 
in a final list of 101 chemicals with bioactivity for at least one enzyme. Finally, 
the in vitro bioactivity data were used to predict administered equivalent doses 
(AEDs) using high-throughput toxicokinetic models for in vitro to in vivo extrapo-
lation. These AEDs reflect the predicted steady-state plasma concentration from 
the most sensitive 95th percentile of the human population. These AEDs were then 
compared to predicted exposure levels in humans from the ExpoCast program to 
estimate margin of exposures (MOEs). Of the 66 chemicals with available MOEs, 
about 40% have MOEs below a factor of 1000, and 60% have MOEs above a factor 
of 1000, informing further prioritization of chemicals specific to the deiodinase MIE 
group. Future work will explore how internal doses in a maternal-fetal physiological-
ly-based toxicokinetic model compare to bioactive concentrations from thyroid-re-
lated assay endpoints. This work suggests an extensible approach to other MIE 
groups of thyroid-related bioactivity data from ToxCast. A broad analysis of all 
ToxCast assays for MIEs in the thyroid AOP network may provide the weight of 
evidence necessary to connect MIEs to potential adverse outcomes in susceptible 
human populations. This abstract does not necessarily reflect US EPA policy.

 3490 In Vitro Screening of 149 PFAS Chemicals for Potential 
Inhibition of the Sodium Iodide Symporter (NIS)

T. E. Stoker1, J. Wang2, A. S. Murr1, J. Bailey2, and A. R. Buckalew1. 1US EPA, Research 
Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.

There is increased concern for environmental chemicals that can target various sites 
within the hypothalamic-pituitary-thyroid axis to disrupt thyroid synthesis, transport, 
metabolism and/or function. One well known thyroid target that has been described 
in both humans and wildlife is the sodium iodide symporter (NIS) that regulates 
iodine uptake into the thyroid gland, the first key step of thyroid hormone synthesis. 
Our laboratory pre-validated a radioactive iodide uptake (RAIU) high-throughput 
(HTP) assay using a stably transduced human NIS cell line (hNIS-HEK293T-EPA) 
to identify chemicals that have the potential to inhibit NIS activity. We previously 
used this RAIU to test more than 2000 chemicals (US EPA’s ToxCast chemical 
libraries PI_v2, PII and e1K) and identified a subset of those chemicals that signifi-
cantly inhibited iodide uptake. Here, we used this HTP screening assay to evaluate 
a new test set of 149 unique per- and polyfluoroalkyl substances (PFAS) chemicals 
(ToxCast PFAS library) for potential NIS inhibition. In the current evaluation, the 149 
blinded chemicals were screened using a tiered-approach, first in a single-concen-
tration (≤100µM) RAIU assay and subsequent evaluation of the active chemicals 
(≥20% iodide uptake inhibition) using multi-concentration (MC) response (0.001µM-
100µM) testing in parallel RAIU and cell viability assays. Of the chemicals tested 
in the MC assay, 38 of the PFAS chemicals inhibited iodide uptake by at least 20% 
and 25 of the chemicals showed over 50% inhibition as compared to the control 
wells. To further prioritize the most potent PFAS NIS inhibitors in this set, chemicals 
were ranked based on iodide uptake and concurrent cytotoxicity and normalized to 
perchlorate, the known positive. We repeated our previous findings that both PFOS 
and PFHxS were potent NIS inhibitors, but also identified novel PFAS chemicals 
in this test set that inhibited NIS activity. Although further studies are needed to 
confirm these effects in vivo, this initial screening effort identifies NIS as a potential 
molecular target for thyroid disruption by several persistent and structurally diverse 
PFAS chemicals. This abstract does not necessarily represent the views or policies 
of the US Environmental Protection Agency.

 3491 Identifying Thyroid-Active Chemicals Using 
High-Throughput Screening

S. A. Eytcheson1, A. D. Zosel1, M. W. Hornung2, and S. J. Degitz2. 1US EPA/ORD, Duluth, 
MN; and 2US EPA, Duluth, MN.

High-throughput screening (HTS) assays allow for rapidly testing many chemicals 
for bioactivity at specific molecular targets. One goal of HTS is to reduce the 
time and cost of generating data to support evaluation of chemicals for potential 
endocrine disruption. Data from these assays can be used to develop a framework 
to predict in vivo effects with the goal of reducing animal testing. The US EPA’s 
Toxicity Forecaster (ToxCast) has a library of HTS data which can be used to priori-
tize chemicals of concern. Further, HTS can be used to identify potential molecu-
lar initiating events (MIEs) within adverse outcome pathways (AOPs). One gap in 
thyroid-related HTS includes the thyroid hormone carrier proteins transthyretin 
(TTR) and thyroxine-binding globulin (TBG) as potential MIEs of thyroid system 
disruption. TTR and TBG maintain the levels of free versus bound thyroid hormone 
and serve as circulating hormone transport proteins to deliver thyroid hormone to 
target tissue. To address this gap, a fluorescent high-throughput assay has been 
developed to assess inhibition of TTR or TBG. 8-Anilino-1-naphthalenesulfonic acid 
ammonium salt (ANSA) is a probe which fluoresces when bound to TTR or TBG. In 
the assay, displacement of ANSA from the protein by inhibitory chemicals results 
in a loss of fluorescence. A two-tiered approach was utilized to rank and prioritize 
chemicals for further testing. The first tier consisted of screening approximately 
1800 chemicals from the ToxCast phase 1, phase 2, and e1k libraries for activity 
at a single high concentration. The total number of active chemicals in each assay 
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(i.e., greater than 20% activity) were 777 in the TBG assay and 969 in the TTR assay. 
Chemicals with activity above the 80% threshold in the TBG assay (154 chemicals) 
and above the 95% threshold in the TTR assay (184 chemicals) were moved on 
to concentration response screening to define the IC50 values. Results from the 
assays will support ranking and prioritization of chemicals to be tested in vivo and 
will aid in the development of a framework to predict in vivo effects from in vitro 
HTS data. The contents of this abstract neither constitute, nor necessarily reflect, 
US EPA policy.

 3492 Characterization of Maternal Liver Enzyme Induction Effects on 
Thyroid-Related Endpoints in Offspring

R. Ghaffari, M. Biven, A. Albert, and J. Dong. Corteva Agriscience, Newark, DE.

Adequate supply of maternal thyroid hormone (TH) is essential for normal brain 
development. Since maternal TH comprises a significant portion of the fetal 
TH supply, the fetal brain is potentially susceptible to chemical exposures that 
impair the mother’s thyroid resources. There has been a public health concern 
to protect the fetus from potential neurodevelopmental health risks posed by the 
maternal exposure to chemicals. Thus, TH endpoints have been incorporated into 
many regulatory guideline studies used for safety testing of chemicals. However, 
there are many uncertainties regarding the relationship between TH changes and 
neurological development. These uncertainties prevent us from fully understanding 
the impact of TH endpoints collected in regulatory guideline studies. To better 
understand the effects of changes in maternal TH level on offspring, this study 
focuses on characterizing the dose-response effects of a classical liver enzyme-in-
ducer compound, phenobarbital, on thyroid homeostatic endpoints in dams and 
in fetuses. In this study, pregnant Sprague-Dawley rats were dosed with different 
concentrations of phenobarbital (15, 25 and 80 mg/kg/day) from gestation day 
(GD) 6 to 20, followed by thyroid related endpoints assessment in both dams and 
fetuses. Dams displayed dose-response increase in relative liver-to-body weight 
ratio (by 30%), upregulations in hepatic Phase I (Cyp2b1 by 52-fold and Cyp3a2/3 
by 8-fold) and Phase II (Ugt2b1 by 3-fold) enzyme gene expressions, the induction 
in hepatic T4-glucuronidation activity (80% increase), and reductions in serum 
T3 and T4 levels (39% and 25%, respectively), when compared to the untreated 
control group. On the other hand, fetuses displayed similar regulatory responses to 
phenobarbital; upregulations in hepatic Phase I (Cyp2b1 by 6-fold and Cyp3a2/3 by 
5-fold) and Phase II (Ugt2b1 by 9-fold) enzyme gene expressions, and reductions 
in serum T3 and T4 levels (30% and 29%, respectively), when compared to the 
untreated control group. However, no change in T4-glucuronidation activity level 
was observed in fetal liver, suggesting that reduced T4 levels observed in fetuses 
are mainly secondary effect due to maternal T4 reduction. Furthermore, fetal brain 
TH levels will be analyzed via LC-MS/MS to determine the quantitative relationship 
between serum TH level and what is reaching the fetal brain. This work provides 
information on the sensitivity of offspring to thyroid hormone disruption and 
downstream key events following maternal gestation exposure to a prototypical 
liver enzyme inducer. This data is important for contextualizing serum TH data 
collected across guideline toxicity studies.

 3493 Validated In Vitro Assays for Identification of Chemicals with 
Direct Effects on Thyroid Function

L. Asselin1, A. Baze1, C. Parmentier1, L. Horbal2, K. Biemel2, and L. Richert1. 1KaLy-Cell, 
Plobsheim, France; and 2Pharmacelsus GmbH, Saarbrücken, Germany.

Thyroid hormone (TH) homeostasis depends upon the coordination of multiple key 
events including iodide uptake, hormone synthesis, metabolism, and elimination 
to maintain proper TH signaling. Perturbation of TH signaling has been linked to 
abnormal brain development, cognitive impairments, and other adverse outcomes 
in humans. These perturbations can occur via several mechanisms, which include 
inhibition of the sodium/iodide symporter (NIS) that enables uptake of iodide to 
the thyroid, inhibition of the enzyme thyroid peroxidase (TPO) that incorporates 
iodine into tyrosine residues from thyroglobulin to produce TH, and inhibition of 
iodothyronine deiodinase types I, II, or III (DIO1, DIO2 or DIO3, respectively), which 
regulate the levels of TH via removal of specific iodine substituents. To increase 
chemical safety screening efficiency and better understand the direct effects of 
chemicals on thyroid function, we developed and validated three functional in vitro 
assays: (1) the NIS (2) the TPO, and (3) the DIO inhibition assays. These assays are 
simple, sensitive, inexpensive, robust, and highly reproducible. Furthermore, they 
give the possibility to screen many compounds in a short time. The NIS inhibition 
assay allows to identify NIS-inhibiting chemicals by assessing iodide accumulation 
in cells, using a spectrophotometric assay based on the Sandell-Kolthoff reaction. 
We first compared the iodide uptake capacities of three cell lines: the rat thyroid-de-
rived cells (FRTL-5) and HEK293 stably transfected cells overexpressing human 
(HEK-hNIS) or rat NIS (HEK-rNIS). We found that HEK-hNIS and HEK-rNIS incorpo-
rated iodide in greater amounts and in a more reproducible way than FRTL-5 cells. 
Thus, we validated HEK-hNIS and HEK-rNIS cell-based assays using known positive 
control sodium perchlorate (NaClO4) and negative controls 6-N-Propyl-2-Thiouracil 
(PTU) and sodium fluoride (NaF). NaClO4 inhibited NIS function as previously 
shown in the literature, while PTU and NaF did not have any effect, as expected. The 
TPO inhibition assay allows to identify TPO-inhibiting chemicals by assessing TPO 

activity in rat and human thyroid microsomes, using the TPO-mediated conversion 
of the Amplex UltraRed (AUR) substrate to a fluorescent product. We validated 
both rat and human test systems using known positive control PTU and negative 
control NaClO4. As previously described in the literature, PTU inhibited rat and 
human TPO activity, while NaClO4 did not have any effect. Finally, the DIO inhibi-
tion assay allows to identify DIO-inhibiting chemicals by assessing DIO activity in 
HEK293 stably transfected cells, overexpressing human, or rat DIO1, DIO2, and 
DIO3 using the DIO-mediated conversion of thyroxine (T4) substrate into triiodo-
L-thyronine (T3) by DIO1 and DIO2, and into 3,3’5’-triiodo-L-thyronine (reverse T3, 
rT3) by DIO3. We validated both rat and human test systems using known positive 
controls Aurothioglucose (GTG) and PTU for DIO1 and GTG for DIO2 and DIO3, 
and negative controls NaClO4 for the three DIOs and PTU for DIO2 and DIO3. Both 
GTG and PTU inhibited rat and human DIO1 activity, while NaClO4 did not have any 
effect. GTG inhibited both rat and human DIO2 and DIO3 activities, while PTU and 
NaClO4 did not affect them. All these results were consistent with those reported 
in the literature. The above-mentioned assays, successfully validated in both rat 
and human test systems using specific positive and negative controls, represent 
valuable support tools that allow to quickly identify potential chemical-mediated 
changes in thyroid function as required in the new European regulations.

 3494 Transcriptomic Signatures of Thyroid Hormone Disruption in the 
Rat Liver

N. Davidsen1, L. Ramhøj1, B. Evrard2, M. Axelstad1, F. Chalmel2, and T. Svingen1. 
1National Food Institute, Danmarks Tekniske Universitet, Kgs. Lyngby, Denmark; and 
2L’Université de Rennes, Rennes, France.

Thyroid hormone (TH) signaling is critical for metabolism and mammalian develop-
ment, including neurodevelopment. Disrupting TH regulation and action can thus 
have severe consequences. A number of environmental chemicals, for example 
pentabromodiphenyl ether (PentaBDE, DE-71) and octyl-methoxycinnamate (OMC), 
can disturb the TH system by lowering circulating TH levels without a compensa-
tory increase in thyroid stimulating hormone (TSH). This effect pattern in response 
to certain chemicals is poorly understood, but emerging evidence suggests that 
the liver plays a role. For instance, in the liver DE-71 exposure affects expression of 
genes related to phase I and phase II enzymes, transporters and ion channels. In this 
study, we sought to investigate how chemicals disrupting the TH system by differ-
ent mechanisms of action affect the liver transcriptome in rat pups after develop-
mental exposure. Pregnant rats were exposed from gestational day 7 to postnatal 
day 16. The treatment groups were either control (corn oil, n = 14); propylthiouracil 
(PTU, 1 and 2.5 mg/kg/day, n = 8-10); methimazole (MMI, 8 and 16 mg/kg/day, n = 
11); amitrole (AMI, 25 and 50 mg/kg/day, n = 11); OMC (375 and 500 mg/kg/day, n 
= 6-8); or DE71 (20 and 40 mg/kg/day, n = 8-10). The livers were collected from rat 
pups at postnatal day 16 and RNA isolated for Bulk-RNA-Barcoding and sequenc-
ing (BRB-seq). PTU, MMI and AMI were included to characterize the signature of 
“classic” hypothyroidism; i.e. decreased TH levels and increased TSH. However, 
only 3 differentially expressed genes (DEGs) were found to be shared between 
PTU, MMI, and AMI. Notably, PTU displayed a unique signature in the liver despite 
a comparable thyroid disrupting mode of action to MMI and AMI. This difference 
can possibly be attributed to different levels of TH decrease in PTU versus MMI 
and AMI exposed animals. A total of 77 DEGs were shared between MMI and AMI, 
many of which were related to the TH system, as well as phase I and phase II 
metabolism. Using this signature, the transcriptional effects of DE-71 and OMC 
were characterized and compared against the aforementioned three substances. 
Initial analysis showed that DE-71 targets the liver, with 928 differentially expressed 
genes (DEGs), compared to 309 DEGs for AMI, 127 for MMI, 104 for OMC, and 54 
for PTU. For DE-71, 44 genes were shared with MMI and AMI; however, the general 
expression pattern was uniquely distinct from the other chemicals. The transcrip-
tional profile of OMC was most similar to DE-71, with 68 shared DEGs. However, in 
a clustering analysis the expressional pattern of OMC more closely resembled PTU. 
DEGs that were common between DE-71 and OMC were related to processes such 
as phase II metabolism and ribosomal function, among others. Our study suggests 
that DE-71 and OMC have a different effect on the liver than chemicals which 
classically disrupt the TH system through the thyroid. While DE-71 displayed some 
similar effects with the positive control compounds (PTU, MMI, AMI) as regards 
liver transcriptome changes, OMC did so to a much smaller degree. Taken together 
these data suggest that different chemicals have distinct transcriptional footprints 
in the liver, but also that there are similarities between compounds which may be 
attributed to TH deficiency.

 3495 Proarrhythmic Toxicity of Low-Dose Bisphenol A and Its Analogs 
in Human iPSC–Derived Cardiomyocytes and Human Cardiac 
Organoids through Delay of Cardiac Repolarization

J. Ma1, N. Y. Wang2, and H. Wang1. 1University of Cincinnati College of Medicine, 
Cincinnati, OH; and 2The Seven Hills School, Cincinnati, OH.

Bisphenol A (BPA) and its analogs are common environmental chemicals with 
many potential adverse health effects. These chemicals are extensively used in 
the manufacturing of plastics and consumer goods, and human exposure to these 
chemicals is widespread. We previously reported that BPA had pro-arrhythmic 
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toxicity of BPA in rodent hearts, and that such toxicity of BPA was shared by bisphe-
nol S, a BPA analog. However, the impact of environmentally relevant low dose BPA 
on human heart, including cardiac electrical properties, is not known. Perturbation 
of cardiac electrical properties is a key arrhythmogenic mechanism. In particular, 
delay of cardiac repolarization can cause ectopic excitation of cardiomyocytes and 
malignant arrhythmia. This can occur as a result of genetic mutations (i,e., long QT 
(LQT) syndrome), or cardiotoxicity of drugs and environmental chemicals. In this 
study, we examined the impact of low dose (1 nM) BPA on the electrical properties 
of human induced pluripotent stem cell-derived cardiomyocytes (hiPSC-CMs) using 
patch-clamp and confocal fluorescence imaging and compared the pro-arrhythmic 
toxicity of BPA and its analogs in human cardiac organoids. Acute exposure to 1 
nM BPA delayed repolarization and prolonged action potential duration (APD) in 
hiPSC-CMs through inhibition of the hERG K+ channel. In nodal-like hiPSC-CMs, 
BPA acutely increased pacing rate through stimulation of the If pacemaker channel. 
Existing arrhythmia susceptibility determines the response of hiPSC-CMs to BPA. 
BPA resulted in modest APD prolongation but no ectopic excitation or arrhythmia 
in baseline condition, while rapidly promoted aberrant excitations and tachycar-
dia-like events in myocytes that had drug-simulated LQT phenotype. In hiPSC-CM-
based human cardiac organoids, we found the effects of BPA on APD and aberrant 
excitation were shared by its analog chemicals, which are often used in “BPA-free” 
products, with bisphenol AF having the largest effects. Our results reveal that BPA 
and its analogs have pro-arrhythmic toxicity in human cardiomyocytes and potential 
harmful impact on human heart health, particularly in vulnerable individuals such 
as LQT syndrome patients. The toxicity of these chemicals depends on existing 
pathophysiological conditions of the heart and may be particularly pronounced in 
susceptible individuals. An individualized approach is needed in risk assessment 
and protection.

 3496 Immune, Metabolic, and Renal Effects of Post-Wean BPF 
Exposure in BUF/Mna Female Rats

V. A. Wagner1, K. Holl1, K. C. Clark1, J. J. Reho1, M. Dwinell1, L. C. Solberg Woods2, 
H. Raff1, H. Lehmler3, J. L. Grobe1, and A. E. Kwitek1. 1Medical College of Wisconsin, 
Wauwatosa, WI; 2Wake Forest School of Medicine, Winston-Salem, NC; and 3University of 
Iowa, Iowa City, IA.

Exposure to endocrine-disrupting chemicals (EDCs) increases the risk of obesity 
and related cardiometabolic disorders. Bisphenol F (BPF), an EDC that affects the 
thyroid, reproductive health, and immune cell functions, is a common substitute 
for bisphenol A (BPA) and is used in manufacturing polycarbonates and consumer 
products. EDC exposure effects likely vary in the population, indicating gene x EDC 
interactions; however, genetic risk factors interacting with EDCs are unknown. In 
vivo toxicity studies performed in isogenic or genetically undefined outbred models 
may obscure or overemphasize exposure outcomes and do not address significant 
variability in population-level effects. These limitations can be avoided by studying 
the N/NIH Heterogeneous Stock (HS) rats, an outbred population derived from 
eight founder inbred strains readily amenable to genetic study. We hypothesize that 
BPF-induced metabolic disease has underlying genetic risk, which can be identi-
fied using HS rats and their founding inbred strains. We previously demonstrated 
that post-wean BPF exposure increases body growth and adiposity in male HS 
rats. We evaluated the metabolic impact of post-weaning BPF exposure in BUF/
Mna rats, one of the HS-founding inbred strains that has genetic risks for thymic 
hyperplasia and focal segmental glomerulosclerosis. Weanling littermate pairs of 
male and female BUF rats were randomly exposed to either vehicle (0.1% EtOH) or 
1.125 mg BPF/L in 0.1% EtOH for 10 weeks in drinking water. Metabolic measures, 
tissues, urine, and feces were taken. Males exposed to BPF did not differ from 
vehicle control. In females, BPF exposure did not change body composition or body 
weight gain; however, examination of two metabolic cage time points found that 
BPF females had decreased energy efficiency (weight gained/calorie absorbed) 
compared to vehicle control. There was an energy balance disruption in BPF 
females with increased 24 hr distance traveled and decreased resting metabolic 
rate compared to vehicle females. Also, BPF females had increased thymus and 
kidney mass compared to vehicle females. Our preliminary data indicate that 
post-wean BPF exposure affects immune, metabolic, and renal phenotypes in 
BUF rats in a sex-specific manner. These results suggest that BPF exacerbates 
inherent organ dysfunction in a genetically susceptible HS-founding inbred strain. 
This work supports BPF exposure as a metabolic disease risk factor and indicates 
that the HS rat will be a useful model for dissecting gene x BPF interactions on 
metabolic health.

 3497 Lignin-Derivable Alternatives to Bisphenol A with 
Potentially Undetectable Estrogenic Activity and Weaker 
Developmental Toxicity

X. Zhang, J. S. Mahajan, J. Zhang, L. T. Korley, T. H. Epps,III, and C. Wu. University of 
Delaware, Newark, DE.

Lignin-derivable bisguaiacols/bissyringols are potential alternatives to commer-
cial bisphenols; however, current bisguaiacols/bissyringols [e.g., bisguaiacol 
F (BGF)] have unsubstituted bridging carbon between the aromatic rings, which 
makes them more structurally similar to bisphenol F (BPF) than bisphenol A (BPA) 

- both are suspected endocrine disruptors. Herein, we investigated the estrogenic 
activity (EA) and developmental toxicity of dimethyl-substituted bridging carbon-
based lignin-derivable bisphenols [bisguaiacol A (BGA) and bissyringol A (BSA)], 
as platforms toward safer BPA replacement efforts. The molecular docking results 
revealed that BGA exhibited similar binding affinities to estrogen receptors as BPA, 
whereas BGF and BSA had lower binding affinities. Notably, per the in vitro MCF-7 
cell proliferation assay for EA, BSA had undetectable EA at all seven test concen-
trations (from 10-12 M to 10-6 M), and BGA had undetectable EA at four test concen-
trations. As expected, estradiol (a natural estrogen hormone) had detectable EA 
at all test concentrations, and BPA had detectable EA at five concentrations (from 
10-10 M to 10-6 M). The undetectable EA for BSA is likely due to the presence of 
two methoxy groups on each aromatic ring that may increase steric hindrance 
around phenolic hydroxyl groups and thus reduce interactions with binding pockets 
on the estrogen receptors. Furthermore, the gene expression study suggested 
that all the lignin-derivable monomers had significantly lower fold changes (from 
~1.81 to ~4.41) of ApoII in comparison to that of BPA (~11.51), which is indica-
tive of a lack of estrogenic response for these compounds in chicken fetal liver. 
Therefore, increased methoxy-group content on lignin-aromatics can be crucial in 
designing “EA-free” BPA alternatives. Interestingly, the in vivo chicken embryonic 
assay results revealed that BGF and BPF had similarly low developmental toxicity 
in comparison to the vehicle control. BGA, BSA, and BPA had slightly higher but not 
significant developmental toxicity. Altogether, the lignin-derivable building blocks 
reported in this study can be potential, safer alternatives to BPA while maintaining 
major structural similarities.

 3498 Influence of Bisphenol A on Leptin Receptor Signaling Pathways 
in Dopaminergic Neurons

I. Ngoka, S. Black, A. Ishaque, and A. Elnabawi. University of Maryland Eastern Shore, 
Princess Anne, MD.

Bisphenol A (BPA) is an endocrine disrupting chemical. Early life exposure is known 
to result in various adverse health effects. Several studies have demonstrated 
that BPA altered the endocrine-metabolic pathways in adipose tissue, increasing 
the risk of metabolic diseases and obesity. Genetic, environmental, behavioral, 
social, and economic factors all have a role in obesity. It is well known that the 
central nervous system’s hypothalamus regulates food intake and energy balance 
to keep the body’s physiological needs met. An extensive body of evidence has 
demonstrated that endocrine regulators such as leptin mainly act on the hypothal-
amus to regulate food intake and body weight. In addition, expression of leptin 
receptors in other regions of the brain such as the dopaminergic (DA) neurons 
suggests that leptin signaling can act on other brain regions to mediate the reward 
value of nutrients. Recent studies have indicated the midbrain dopaminergic 
neurons as a potential site for leptin’s action on mediating feeding behaviors and 
therefore affecting energy balance. Emerging evidence supports the hypothesis 
that environmental contaminant exposure, particularly those occurring in early-life, 
may interfere with homeostatic control and induce or exacerbate obesity. The aim 
of this study was to investigate the effects of BPA on leptin signaling pathways 
in dopaminergic neurons using human neuroblastoma SH-SY5Y cells. Leptin or 
BPA were administered to cells in varying concentrations either separately or in 
combination. Cell viability, leptin receptor protein expression, orexigenic agouti-re-
lated peptide (AgRP) levels and signal transducer and activator of transcription 
(STAT3) protein expression were assessed. Low concentrations (0.01-50µM) of 
BPA showed no significant effect on cell viability. Exposure to leptin (0.1-100nM) 
resulted in concentration-dependent increase in STAT3. NSC74859, a selective 
STAT3 inhibitor, blocked this activation by leptin. Similar to leptin, BPA induced 
protein phosphorylation of STAT3. In co-treatment, STAT3 protein phosphoryla-
tion represented an additive effect of BPA and leptin treatment. BPA increased 
the level of leptin protein secretion in neuronal cells. Significant increase in leptin 
receptor protein expression was observed following treatment with BPA. Exposure 
to BPA enhanced the orexigenic neuropeptide AgRP levels whereas leptin reduced 
it. These effects may contribute to the development of leptin resistance, a contrib-
uting factor to obesity. Thus, BPA could be a risk factor for obesity. Supported by 
Title III.

 3499 Acute Exposure to Low-Dose Bisphenol A Delays Cardiac 
Repolarization in Female Canine Heart: Implication for 
Proarrhythmic Toxicity in Large Animals

J. Ma, P. J. Niklewski, and H. Wang. University of Cincinnati College of Medicine, 
Cincinnati, OH.

Bisphenol A (BPA) is a common environmental chemical with a range of potential 
adverse health effects, including cardiac toxicity. The impact of environmentally-rel-
evant low dose of BPA on the electrical properties of the hearts of large animals 
(e.g., dog, human) is poorly defined. Perturbation of cellular cardiac electrical 
properties is a key arrhythmogenic mechanism in the heart. In particular, delay of 
ventricular repolarization and prolongation of the QT interval of the electrocardio-
gram (EKG) are well-understood as a marker for the risk of malignant arrhythmias 
and are a major form of cardiac toxicity of chemicals. In this study, we examined 
the acute effect of low dose (10-9 M) BPA on the electrical properties of female 
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canine ventricular myocytes and tissues. Exposure to 10-9 M BPA rapidly delayed 
action potential repolarization and prolonged action potential duration (APD) by 
an average of ~30 ms. The dose response curve of BPA on APD was nonmono-
tonic with an inverted-U shape. At the ionic current level, BPA rapidly inhibited 
the IKr K+ current and caused a small suppression of the L-type Ca2+ current (ICaL). 
Computational modeling indicated that the effect of BPA on APD can be accounted 
for by its suppression of IKr. At the tissue level, BPA acutely prolonged the QT 
interval in 4 left ventricular wedges examined using surface EKG recorded. The 
acute effects of BPA on ventricular repolarization were blocked by ICI 182,780 
and mimicked by the ERβ agonist DPN. Our results demonstrate that BPA has 
QT prolongation liability in female canine hearts and have potentially important 
implication for the proarrhythmic cardiac toxicity of BPA in large animals.

 3500 Disruption of Glucocorticoid Signaling by Exposure to 
Endocrine-Disrupting Compounds Induces Gastric Inflammation 
and Preneoplastic Lesions

M. T. Morris, J. L. Pascoe, S. R. Druffner, B. C. Duncan, and J. T. Busada. West Virginia 
University, Morgantown, WV.

Gastric cancer is the 5th most common cancer worldwide and is the 4th leading 
cause of cancer-related deaths. Almost all cases of gastric cancer are associated 
with Helicobacter pylori infection. Inflammation induced by this bacterium drives 
gastric cancer development. Factors that increase the gastric inflammatory tone 
likely synergize with the infection to increase gastric cancer risk. Previous work 
in our lab has shown that glucocorticoids are master regulators of gastric inflam-
mation, and systemic depletion of endogenous glucocorticoids through adrenal-
ectomy results in spontaneous and severe inflammation in the stomach. In this 
study, we investigated how disruption of glucocorticoid signaling through exposure 
to endocrine-disrupting compounds impacts gastric inflammation. GR-disrupting 
compounds were identified by a glucocorticoid-responsive luciferase assay. We 
identified several compounds that impede glucocorticoid signaling in vitro, includ-
ing the herbicides DDT and metolachlor. Next, we tested the effects of GR disrup-
tion by exposure to these xenobiotics. Mice were exposed to metolachlor in their 
drinking water for up to 1 month, and the GR antagonist RU486 was used as a 
positive control. Mice exposed to metolachlor through their drinking water for up 
to 1 month displayed increased gastric immune-cell infiltration. Moreover, gastric 
inflammation was associated with pyloric metaplasia development, a potentially 
preneoplastic lesion. Surprisingly, neither metolachlor nor RU486 appeared to 
affect systemic glucocorticoid signaling, potentially indicating that the hypotha-
lamic-pituitary-adrenal axis is resilient to the influence of endocrine-disrupting 
chemicals. This study demonstrates that the stomach is vulnerable to glucocorti-
coid disruption through ingested endocrine disrupting compounds.

 3501 The Kisspeptin System in the Developing Zebrafish and 
Differential Gene Alterations following Two Exposure Periods to 
the Agricultural Herbicide Atrazine

S. C. Stradtman, J. Swihart, and J. Freeman. Purdue University, West Lafyette, IN.

Atrazine is an herbicide used to control broadleaf and grassy weeds on agricul-
tural fields in the US but this herbicide has been banned from use in the European 
Union since 2003, based mainly on risk of contamination of surface and ground-
water. Atrazine is categorized as an endocrine disrupting chemical (EDC), altering 
release of luteinizing hormone from the pituitary through gonadotropin-releasing 
hormone in the hypothalamus. The specific mechanism that leads to this disrup-
tion is not yet clearly defined. In this study, molecular targets in the kisspeptin 
signaling system within the neuroendocrine system were explored to elucidate a 
mechanism that coincides with the multiple observed adverse health outcomes 
along the endocrine axes. Using the zebrafish model, expression of genes associ-
ated with the kisspeptin system (kiss1, kiss2, kiss1ra, kiss1rb) were first examined 
during different stages of development (24, 48, 72, 96, or 120 hours post fertiliza-
tion, hpf) using qPCR. Expression of the four genes significantly increased through-
out development (p<0.05). Second, it was determined if a developmental atrazine 
exposure perturbed expression of these genes using qPCR comparing two develop-
mental exposure periods [1-72 hpf or 72-120 hpf]. Atrazine treatments included 
0, 0.3, 3, or 30 ppb (µg/L) to represent concentrations around the current US EPA 
regulatory level in drinking water of 3 ppb. Results indicated a preferential increase 
in kiss1 and kiss2 expression from the embryonic (1-72 hpf) atrazine exposure 
(p<0.05) with no changes observed for the receptors (kiss1ra, kiss1rb) (p>0.05). 
Future studies are needed to further investigate the association of the kisspeptin 
signaling system and atrazine endocrine disruption.

 3502 Altered Tryptophan Metabolism and Lipid Homeostasis 
following Exposure to Naphthenic Acid Fraction Components

L. Jamshed1, S. Jamshed1, C. Ruan1, R. A. Frank2, L. Hewitt2, P. J. Thomas3, and 
A. C. Holloway1. 1McMaster University, Hamilton, ON, Canada; 2Water Science and 
Technology Directorate Environment and Climate Change Canada, Burlington, ON, 
Canada; and 3Wildlife and Landscape Science Directorate Environment and Climate 
Change Canada, Ottawa, ON, Canada.

The potential toxicity of bitumen extraction on water quality and wildlife health in 
the Alberta Oil Sands Region (AOSR) is not yet fully understood. The extraction of 
surface-mined bitumen produces large quantities of oil sands process affected 
water (OSPW) which are then stored in large tailings ponds. Chemical constitu-
ents found in OSPW can impact endocrine signaling and result in aberrant lipid 
accumulation and altered glycemic control. There is now evidence demonstrating 
that some environmental xenobiotics known to affect glucose and lipid homeosta-
sis can also alter serotonin production and key components of the tryptophan-ky-
nurenine (TRP-KYN) pathway. While there is little known regarding the role of TRP 
metabolism following exposure to bitumen-derived organics, there is evidence 
of linkages between xenobiotic-induced metabolic perturbations and altered 
TRP enzymes and KYN metabolites. The goal of this study was to determine the 
effects of exposure to naphthenic acid fraction components (NAFC), a subgroup 
of bitumen-derived dissolved organics, on enzymes involved in TRP metabolism 
and lipid profiles. McA-Rh7777 cells, a rat hepatocellular carcinoma cell line, were 
exposed to NAFC (Frank et al., 2006) for 24h at environmental concentrations 
[1.25,25,125mg/L]. We assessed the mRNA expression of key enzymes involved in 
TRP metabolism: Tdo2, Ido2, Tph1 by RT-qPCR. Given recent evidence suggesting 
the role of TRP enzymes and KYN metabolites in hepatocellular carcinomas, we 
also determined invasive capacity and caspase 3/7 activity. Additionally, genes 
involved in glucose and lipid homeostasis: Fasn, Accα, Cpt1α, G6pase, Pgc1α, Cd36, 
and Angptl4 as well as lipid accumulation was assessed. We further investigated if 
PPARα signaling contributes to the NAFC-induced changes in gene expression and 
cancer phenotype. NAFC treatment [125mg/L] significantly increased Tdo2 expres-
sion. This increase in Tdo2 occurred in association with a significant increase in 
caspase 3/7 activity and a significant reduction in triglyceride output. The reduction 
in triglyceride level at 125mg/L NAFC matched decreased expression of the lipogen-
esis genes, Fasn and Pgc1α. Interestingly, NAFC exposure increased expression of 
PPARα regulated lipid mediators: Cpt1α, Cd36, and Angptl4. Moreover, both NAFC 
and WY14643 (PPARα agonist) induced increases in Cpt1α were partially blocked 
by GW6471 (PPARα antagonist). These data suggest that NAFC exposure disrupts 
transcriptional regulators of lipid homeostasis resulting in decreased triglyceride 
output. Moreover, the increase in Tdo2 expression and increased caspase 3/7 
activity suggests that NAFC exposure may be inducing a pro-cancer phenotype 
in our model. Given altered hepatic lipid regulation is important to overall energy 
homeostasis and organism health, this study provides a potential mechanism by 
which bitumen-derived organic compounds may be affecting wildlife health.

 3503 Lestaurtinib Induces DNA Damage That Is Related to 
Estrogen Receptors

M. Ooka1, S. Yang1, L. Zhang1, R. Huang1, K. Hirota2, S. Takeda3, and M. Xia1. 1National 
Center for Advancing Translational Science, Rockville, MD; 2Tokyo Metropolitan 
University, Tokyo, Japan; and 3Shenzhen University, Shenzhen, China.

Numerous environmental chemicals pose potential risks to human health due to 
their ability to mimic hormones and disrupt endocrine homeostasis. As recent 
research indicates that estradiol damages DNA by activating estrogen receptors 
(ER), it is possible that environmental chemicals that act as hormones in the 
human body, particularly those that can mimic estradiol, may also damage DNA. 
Additionally, BRCA1, whose mutations have been associated with breast cancer, 
is responsible for repairing estrogen-induced DNA damage. Therefore, ER-related 
DNA damage is of great concern to females with BRCA1 mutations. In this study, 
we developed a high-content imaging assay measuring γH2AX, a biomarker for 
DNA damage, and used this assay to test a subset of 907 compounds from the 
Tox21 10K compound collection in ER-expressing MCF7 human breast cancer 
cells. The assay showed satisfactory performance with a Z-factor of 0.67. From the 
screening, we identified 128 compounds that induced γH2AX. To examine which 
chemicals’ genotoxicity depended on ERα, we tested the effect of an ER inhibi-
tor, tamoxifen, on genotoxicity. Tamoxifen treatment suppressed the induction 
of γH2AX by four compounds, indicating that these compounds induced γH2AX 
that was related to ERα activation. These four compounds were further studied 
to assess their ERα activating capability and their induction of c-MYC, a target 
gene of ER signaling. Only lestaurtinib, a tyrosine kinase inhibitor, was found to 
activate ERα, which was confirmed by both an ERα lactamase reporter gene assay 
and molecular docking analysis. Lestaurtinib also increased c-MYC expression, as 
measured by quantitative PCR. These data suggest lestaurtinib can act as a DNA 
damage inducer through ERα activation. We established a high-throughput screen-
ing method with follow-up assays for DNA damage-related compound screening 
and identified a novel compound, lestaurtinib, that mimics estradiol and has the 
potential to promote breast cancer by activating ER and inducing DNA damage.
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 3504 Jet Fuel Impacts on Estrogen Receptor Activation as a Potential 
Mechanism for Endocrine Disruption and Reproductive Toxicity

W. R. Howard1, J. G. Rohan1, K. S. Yeager2, C. P. Gut1,3, K. A. Frondorf1,3, N. M. Gargas1,3, 
and K. L. Mumy1. 1Naval Medical Research Unit Dayton, Wright-Patterson AFB, OH; 
2Abbott, Columbus, OH; and 3Leidos, Reston, VA.

The toxicity associated with fuels is normally considered in terms of inhalation of 
vapors and gases from neat fuel and combustion products, or dermal exposure 
to liquid fuel in occupational settings. However, accidental leaks and spills can 
occur that could result in the contamination of drinking water, thereby present-
ing risks of oral exposure. Recent events where drinking water was found to be 
contaminated with jet fuel have shown that we need a better understanding of the 
effects of ingestion of jet fuel. To this end, based upon the structural similarity 
of jet fuel components to human steroids, we used an in vitro human hormone 
receptor activation assay to identify the military jet fuels Jet Propellant (JP)-5 and 
JP-8 as positive regulators of the human estrogen receptor under the concen-
trations and conditions tested. We also performed a reproductive study in a rat 
model using relatively high concentrations of jet fuels via oral exposure to screen 
for potential adverse outcomes that might warrant further study. While additional 
studies would be needed to ascertain the physiologic relevance of our observa-
tions, statistically significant observations under the conditions tested in this study 
revealed: a reduction of ~30% in weight gain percentage for male rats exposed 
to JP-8; a reduction of ~22% in weight gain percentage for female rats exposed 
to JP-5; a negative effect on absolute body weight in male rats of ~15% for those 
exposed to JP-5, of ~12% for those exposed to JP-8, and of ~5% for those exposed 
to a plant bio-based jet fuel that is used as a blend of JP-5 with a fuel derived from 
camelina oil; a reduction of ~21% in weight gain for pregnant rats; a higher propor-
tion (59.31%) of female pups following parental JP-5 exposure; and a decrease of 
~34% in estradiol levels for female rats exposed to JP-5/camelina-derived fuel. 
Further observations that were not statistically significant under the conditions 
tested included: a decrease in estradiol and progesterone levels in female rats 
exposed to JP-5; an increase in testosterone levels in female rats exposed to JP-5/
camelina-derived fuel; an increase in dehydroepiandrosterone (DHEA) levels in 
female rats exposed to JP-5/camelina-derived fuel; and a decrease in DHEA levels 
in male rats exposed to JP-5 and JP-5/camelina-derived fuel. The results of this 
preliminary study suggest that jet fuels JP-5 and JP-8 may regulate the estrogen 
receptor and that rats exposed to jet fuels JP-5, JP-8 and JP-5/camelina-derived 
fuel demonstrated effects that are consistent with endocrine disruption, with 
activation of the estrogen receptor as one potential mechanism of action.

 3505 Experimental Evidence for the Absence of (Anti-)Estrogenic 
and (Anti-)Androgenic Activities of Lavender Essential Oil Main 
Components Linalool and Linalyl Acetate

L. Hareng, S. Kolle, C. Gomes, S. Schneider, and M. Wahl. BASF SE, Ludwigshafen, 
Germany. Sponsor: M. Wahl, EUROTOX.

Linalool (Lin) and linalyl acetate (LinAc) are acyclic linear monoterpenes, that occur 
in nature as constituents of various essential oils such as lavender oils. In recent 
years, a potential endocrine activity of lavender oil as well as Lin and LinAc as major 
constituents has been discussed in literature. Premature thelarche and prepubertal 
gynecomastia was associated with lavender product use and mechanistic in vitro 
studies suggested an underlying estrogenic and anti-androgenic mode of action for 
Lin and LinAc. To follow-up on these critical findings reported, a testing strategy 
was designed, in which Lin and LinAc were tested in estrogen and androgen 
receptor (ER and AR) related tests in vitro and confirmatory tests in vivo. In screen-
ing tests using yeast cells transformed with human ER and AR (YES/YAS assay) 
and in related reporter gene in vitro assays (i.e. Estrogen & Androgen Receptor 
Trans Activation assays, ERTA & ARTA according to OECD TG 455 and 458), no 
anti-/ER and AR mediated activity was observed. Findings in the YAS screening 
assay suggested an anti-androgenic activity for both substances, which could not 
be confirmed in the respective mammalian cell-based assay (ARTA). To further 
clarify the findings observed in vitro, mechanistic in vivo studies (Uterotrophic and 
Hershberger assays according to OECD TG 440 and 441) were conducted in rats, 
using Lin as representative lead compound and hydrolysis product of LinAc. Lin 
did not show significant dose related changes in estrogen or androgen sensitive 
organ weights up to the limit test dose, thus revealing no agonistic estrogenic and 
anti-/androgenic activities in vivo. Furthermore, a repeated dose & reproductive 
screening study according to OECD 422 showed no evident Lin related effects on 
sex steroid hormone sensitive reproductive organ weights (epididymides, seminal 
vesicles, ovaries, prostate, testes, uterus) at doses up to 800 mg/kg body weight/
day. Associated histopathological examinations did not reveal Lin related adverse 
findings in these organs and sperm parameters were not altered by treatment 
with Lin. Estrous cycling and mating/fertility indices were not affected in parental 
animals and no evident Lin related steroid hormone dependent effects were found 
in the offspring for e.g., anogenital distance, nipple retention and timing of puberty 
(vaginal opening and preputial separation). Overall, the initial concerns from litera-
ture were not confirmed. Findings in the yeast screening test were not verified in 
mammalian cell based in vitro tests and in vivo studies conducted in accordance 
with current OECD guidelines, showing no ER/ AR agonistic or antagonistic activi-
ties of Lin and LinAc. Furthermore, the repeated dose and reproductive screening 

study performed further supports the absence of sex steroid hormone, related 
activities and respective adverse effects of Lin. As a conclusion, the confirmation 
of putative E-, A-, or S-modalities should not rely on single mechanistic in vitro test 
results but consider follow-up confirmatory studies in vitro and in vivo in a weight 
of evidence.

 3506 The Interactions of Maternal Diet and Exposure to Flame 
Retardants on Offspring Metabolism and Behaviors

S. Z. Anthony1, S. L. Adams1, A. Yasrebi2, L. Aleksunes1, and T. A. Roepke1. 1Rutgers, 
The State University of New Jersey, Piscataway, NJ; and 2Rutgers, The State University of 
New Jersey, New Brunswick, NJ.

We previously demonstrated that maternal exposure to organophosphate flame 
retardants (OPFRs) alters adult offspring metabolism and behavior. Maternal 
obesity can also alter offspring behavior. The goal of this project is to understand 
the potentially synergistic interactions of maternal obesity and OPFR exposure 
on development programming in the offspring leading to greater metabolic and 
behavioral disruption in adult offspring. We fed dams either a low-fat or high-fat 
diet for 8 weeks prior to metabolic phenotyping - body weight, fat mass, glucose 
tolerance - after which all dams were mated with untreated males and dosed with 
OPFRs (TPP, TCP, TDCPP, 1 mg each/kg) from GD7 to PND14. One male and one 
female neonate (PND0) and juvenile (PND14) were randomly selected for hypotha-
lamic and hepatic tissue collection. The remaining pups were allowed to mature 
until 8 weeks before behavioral and metabolic phenotyping began. Metabolic 
phenotypes were predominantly altered by sex with maternal diet effects observed 
in increased lean mass and suppressed glucose clearance and insulin-induced 
glucose clearance. In the Y-maze, male mice from HFD-fed dams exhibited elevated 
locomotion spending more time in the start arm. In the light-dark box, male mice 
from HFD-dams entered the light zone and transition zone and exited the dark more 
often than male mice from LFD-fed dams. There were no effects in the elevated 
plus maze or open field test. Furthermore, we found interactions between sex and 
maternal diet on hypothalamic genes involved in reproduction and metabolism 
including Pomc, Npy, Agrp, Kiss1, Tac2, Esr1, Lepr, and Ghsr. Our studies charac-
terize the dual influence of maternal EDC exposure and obesity on offspring 
physiology and behavior, which is necessary as humans are exposed to both during 
development in the modern world. Current studies are characterizing the same 
effects in a control-exposed group of offspring.

 3507 Meta-analysis of the Transcriptomic Effects of Endocrine-
Disrupting Chemicals on the Liver and Association with 
Cardiometabolic Disorders

Z. O. Zamora, G. Diamante, S. Wang, Y. Chen, and X. Yang. University of California Los 
Angeles, Los Angeles, CA.

Cardiometabolic diseases (CMD) and disorders are growing public health 
problems across the globe. Among the known cardiometabolic risk factors are 
chemical compounds that induce endocrine and metabolic dysfunctions, such 
as endocrine disrupting chemicals (EDC). To date, the species- and dose-spe-
cific influence of EDCs on molecular programs and cardiometabolic risks has not 
been fully elucidated. To this end, we use a new data-driven analytical approach 
to comprehensively study publicly available human, mouse, and rat liver transcrip-
tomic datasets for 4 EDCs, namely bisphenol A (BPA), bis(2-ethylhexyl) phthalate 
(DEHP), tributyltin (TBT), and perfluorooctanoic acid (PFOA), to better capture the 
trends of genes and pathways perturbed by these chemicals that could not be 
detected by single studies. Transcriptome signatures from 32 individual datasets 
were uniformly processed and clustered to assess shared and distinct patterns 
of genes, pathways, regulatory genes and CMD associations across EDCs, doses, 
and species. We found that the BPA cluster composed of human studies showed 
distinct patterns from rat BPA studies, with the human cluster having fewer CMD 
associations and altered metabolic pathways. The DEHP and PFOA studies yielded 
highly consistent transcriptomic signatures and key regulators such as peroxisome 
proliferator-activated receptor gamma (PPARγ) with one another and across doses 
and species, suggesting similar mechanisms of action and/or key driver genes. 
TBT exposure studies demonstrated highly divergent gene signatures from the 
other EDCs, as no significant CMD associations were observed, and very few key 
regulators and pathways were shared. Our work lays the foundation for future 
studies that leverage a streamlined workflow to compare tissue-specific molecu-
lar mechanisms of environmental chemicals to better understand the underlying 
connections between EDCs and cardiometabolic disease and risk.
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 3508 Perfluorooctanoic Acid Acts as Specific Competitive Inhibitor 
of the Androgen Pre-receptor Regulator Aldo-Keto Reductase 
Family 1 Member C2

A. Andress, A. Chung, K. A. Sharp, and T. M. Penning. University of Pennsylvania, 
Philadelphia, PA.

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women, 
affecting 8-13% of women of reproductive age. The syndrome is characterized by 
hyperandrogenism, polycystic ovaries, and failure to ovulate. Current treatment 
for hyperandrogenism in PCOS patients targets androgen production by the 
ovaries. However, a large proportion of patients do not see androgen reduction 
with this treatment, suggesting an alternate source. White adipose tissue (WAT) 
is an obvious candidate since it produces and secretes steroid hormones. Within 
WAT, a family of metabolic enzymes, the aldo-keto reductases (AKRs) regulate 
androgen production. A screen for competitive inhibitors of these enzymes was 
performed to detect potential endocrine disrupting chemicals in the context of 
PCOS. Perfluorooctanoic acid (PFOA), a known toxicant, was identified as a hit. 
Interestingly, epidemiological data from PCOS patients have shown higher levels 
of serum PFOA compared to non-PCOS individuals. Our data shows that aldo-keto 
reductase family 1 member C2 (AKR1C2), which predominantly converts the potent 
androgen dihydrotestosterone to the less potent androgen 3α-androstanediol, to 
be potently inhibited by PFOA, yielding an observed IC50 value = 212 nM and Ki 
value = 90 nM. The inhibition was specific for AKR1C2 whereas PFOA did not inhibit 
the highly related isoforms AKR1C1 and AKR1C3. This inhibition could lead to an 
androgen increase in adipose tissue and could potentially contribute to hyperandro-
genism in PCOS. The inhibition of AKR1C2 was computationally modeled to detect 
residue interactions and steric considerations that lead to inhibitor specificity. This 
modeling was corroborated by in vitro structure activity relationships. Interestingly, 
the only residue in the steroid binding cavity that is different in AKR1C2 is V54 
which is replaced by L54 in AKR1C1 and AKR1C3. We conducted site directed 
mutagenesis and found that the AKR1C2 V54L could no longer be inhibited by 
PFOA, highlighting the importance of the residue in binding PFOA. Supported by 
P30-ES013508 awarded to TMP and T32-ES019851-11 awarded to AA.

 3509 Bioinformatic Analysis Reveals Endocrine-Disrupting 
Chemicals’ Effects on the Molecular Pathology of Poor Prostate 
Cancer Prognosis

D. Alwadi, Q. Felty, D. Roy, and A. Deoraj. Florida International University, Miami, FL.

Early prevention plans, diagnosis, and treatment methods for patients with Prostate 
Cancer (PCa) are limited due to a poor understanding of Endocrine Disruptive 
Chemical (EDC) -induced molecular pathogenesis. The research aims to identify 
EDCs that may affect the transcription activity of signature Hub Genes, increas-
ing prostate cancer etiology severity with higher Gleason scores. Six PCa gene 
expression microarray datasets from the NCBI, GSE46602, GSE38241, GSE69223, 
GSE32571, GSE55945 and GSE26126/GEO were analyzed utilizing the GEO2R tool. 
The selection criteria for the Differentially Expressed Genes (DEG) were established 
on |log2FC| (fold change) ≥ one and an adjusted P-value of < 0.05. Volcano plots 
indicated median fold change and p‐value using GraphPad Prism version 9.0. The 
functional enrichment analysis was conducted using DAVID.6.8, gene ontology 
(GO), and KEGG. Further, the protein-protein interaction (PPI) network was 
constructed by STRING (version 11.5). The Hub Genes’ functional identification 
utilized MCODE, CytoHubba, and GeneMANIA after establishing their DEG analysis 
on TCGA-PRDA. The identified Hub Genes were subjected to gene expression level 
analysis for prognostic survival, Gleason Score, Overall Survival (OS), and Disease-
Free Survival (DFS) by implementing UALCAN and GEPIA2. We used Comparative 
Toxicogenomic Database (CTD) to investigate the interaction between 22 environ-
mental chemical exposures and the identified Hub Genes and how these chemicals 
may increase the severity of PCa prognosis. We identified 369 overlapping DEGs 
genes (109 up-regulated and 260 down-regulated genes) from the patient microar-
ray dataset analysis. The identified DEGs were functionally associated with cell 
division, responsive to estradiol, p53 signaling pathway, peptide hormone process-
ing, long-chain fatty acid transport, calcium signaling pathway, metabolic pathways, 
Rap1 and Ras signaling pathways, and PCa pathways. The MCODE, Cytohubba, 
and GeneMANIA analysis revealed 12 Hub Genes from the PPI network (NCAPG, 
MKI67, TPX2, CCNA2, CCNB1, CDK1, CCNB2, AURKA, UBE2C, BUB1B, CENPF, 
RRM2) genes. The transcriptional expression levels of NCAPG, MKI67, CCNA2, 
CDK1, UBE2C, and CENPF, were validated using TCGA-PRDA and potentially can 
be developed as reliable biomarkers of complex EDCs exposures and PCa prognos-
tic indicators of PCa severity in 60-80 years of patient’s age (Gleason score ≥ 7). 
CTD analysis using mammalian systems revealed 22 overlapping environmental 
chemicals influencing the identified differentially expressed 12 PCa Hub genes. 
Further investigation revealed that 17 EDCs from the chemical list affect the 12 
hub genes responsible for increasing the severity of PCa prognosis. This observa-
tion suggests a significant influence of identified EDCs on the molecular pathol-
ogy of exacerbated conditions of PCa patients and their disease-free survival. Our 
comprehensive bioinformatic analysis revealed environmental chemical-induced 
12 unique Hub Genes (5 Up-regulated and 7 Down-regulated) in PCa patient 
tissues, potentially influencing the poor prognosis of PCa. Only EDCs-responsive 
Hub genes (NCAPG, MKI67, CCNA2, CDK1, UBE2C, and CENPF) were validated 

using TCGA-PRDA, which can be potentially developed as molecular biomarkers as 
indicators of EDCs exposure risks on the poor PCa prognosis in patients with high 
Gleason score (>7). his audit.

 3510 Characterizing the Endocrine-Disrupting Potential of Chlorinated 
Paraffins In Vitro

M. B. Melchiors, M. Tran, T. Svingen, and A. K. Rosenmai. Technical University of 
Denmark, Kongens Lyngby, Denmark.

Chlorinated paraffins (CPs) are widely used across a wide range of industrial 
applications. Consequently, they have been reported in various human matrices, 
with exposure prevalent at all life stages. CPs are divided into three subgroups 
based on their carbon chain length: short (C10-13), medium (C14-17), or long 
(C18+). Short chained CPs (SCCPs) have been listed as persistent organic pollut-
ants (POPs) since 2017 due to their persistency, bioaccumulation potential, and 
long-range transport. There are indications that some CPs have endocrine disrupt-
ing (ED) properties, but studies are limited and mainly relate to the SCCPs. The 
scientific literature on medium-chained CPs (MCCPs) and long-chained CPs 
(LCCPs) is sparse, hence it remains uncertain if they could harbor ED activities. 
In this study, we investigate a chemically broad group of CPs for their potential 
ED activities using a battery of in vitro assays. The test battery includes assays 
for steroid hormone synthesis and receptor activity, retinoid signaling, and assays 
related to the thyroid hormone system. In a transthyretin (TTR) protein binding 
assay, the TTR-ANSA displacement assay, there is no indication that the included 
CPs can bind to TTR and disrupt the transport of T4. Potential activities in estrogen 
receptor (ER), androgen receptor (AR) or retinoic acid receptor (RAR) reporter gene 
assay are currently being tested to explore the potential ability of CPs to agonize or 
antagonize the nuclear receptors. The overall aim is to provide a broad picture of 
the ED potential of CPs.

 3511 Endocrine- and Metabolic-Disrupting Effects of Organic and 
Inorganic Pollutant Mixtures on Developing Zebrafish

R. Berube, M. K. LeFauve, and C. D. Kassotis. Wayne State University, Detroit, MI.

Humans are chronically exposed to endocrine disrupting chemicals (EDCs), which 
are able to disrupt normal hormonal action and to contribute to adverse health 
risks. We are exposed to mixtures of these chemicals by the food and water we 
consume, but also from household dust, which has been demonstrated to contain 
chemicals leaching from consumer products and building materials in the home. 
This study focused on two perfluoroalkyl substances (PFAS; PFOA and PFOS), two 
brominated flame retardants (BFRs; PBB-153 and BDE-47), and three inorganic 
contaminants (lead, arsenic, and cadmium), alone and in mixtures, including an 
environmentally relevant mixture comparable with house dust concentrations. We 
examined the effects of each of these chemicals and mixtures on adipogenesis 
using human mesenchymal stem cells and murine pre-adipocytes and on nuclear 
receptor activation/inhibition using reporter gene assays. All nine contaminants 
promoted triglyceride accumulation and/or pre-adipocyte proliferation in human 
mesenchymal stem cells. Five individual contaminants exhibited significant activa-
tion of PPARg, with three mixtures exhibiting significantly greater effects than 
component contaminants. Each of the organic mixtures promoted greater than 
expected effects relative to component chemicals, whereas the addition of inorgan-
ics appeared to mediate the effects. This project now aims at understanding the 
effects of these chemicals and their mixtures on development and metabolic health 
in vivo using zebrafish embryos, exposed from 1-day post-fertilization (dpf) to 6 
dpf. Energy expenditure and locomotor responses were measured and compared 
among treatments. So far, these results suggest that PBB-153 at 10 and 100 nM 
as well as cadmium at 10 nM increased significantly the metabolic activity of 
developmentally exposed zebrafish. We also observed an increased locomotion 
during the dark period by both PBB-153 and the environmental mix at 100 nM. We 
also revealed significantly increased body weights at 30 days in the BFR mix and 
environmental mix-exposed animals, suggesting chronic metabolic health disrup-
tion for these treatments. The relative expression of genes in adipogenesis (Fabp1, 
Fabp4, Plin1), diabetes-related (Glut1, Cidec, Irs2) and many others (Il1b, AhR, GPx, 
TRb, TNFa, etc.) are underway. Globally, our results support further testing of more 
realistic and complex contaminant mixtures in vivo to better reflect environmental 
exposures, which often exhibit greater than anticipated responses. This project 
provides insights into the molecular disruption by common environmental contami-
nants and their impact on metabolic health issues, which are increasing worldwide.

 3512 Putative Artificial Turf Bioactivity for Nuclear 
Hormone Receptors

K. R. Siegel, and C. D. Kassotis. Wayne State University, Detroit, MI.

Artificial turf is widely used as a playing surface substrate and, increasingly, in 
residential environments. Approximately 12,000-13,000 artificial turf sports 
fields are currently installed in the U.S., with >1,500 new installations each year 
and an estimated 40-45 million square feet as of 2014. In addition to college 
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and professional athletes, children 5-15 are estimated to spend up to 12 hours 
a week playing organized sports on natural or artificial turf fields, demonstrating 
a consistent exposure source across early development. Artificial turf has also 
expanded into residential installations, particularly in areas of high drought. As 
such, exposures to chemicals associated with turf are anticipated through both 
recreational and residential use. Artificial turf consists of synthetic fibers, infill, and 
base materials made to mimic natural grass fields. Inclusion of multiple plastic 
species within artificial turf, including crumb rubber (commonly for infill material), 
suggests potential endocrine disruptive effects comparable to other plastics. Since 
prepubescent and pubescent children play on artificial turf, possible turf-mediated 
endocrine disruption could produce age-specific effects on developing children. 
However, general endocrine disrupting capabilities of artificial turf (inclusive of 
the filler, but also base materials, synthetic fibers, and backing) have not been 
well-characterized. Our assayed sample set included 15 artificial turf samples (10 
factory-produced and ordered directly from the manufacturer, 5 field collected from 
playgrounds of varying age in the northeastern U.S.) and non-turf grass from a 
larger set of 47 turf-associated product samples. Samples were solvent extracted 
in the laboratory, dried down, and reconstituted for bioassay testing in estrogen 
receptor alpha (ERα), androgen receptor (AR), aryl hydrocarbon receptor (AhR), 
thyroid receptor beta (TRβ), and peroxisome proliferator activated receptor (PPAR) 
assays. Turf extracts exhibited varied effects on ERα activity. Two of the 15 of 
samples exhibited activity at < 30% of the maximal 17β-estradiol (E2)-induced 
response, while two others weakly agonized ERα (< 4%). One sample significantly 
antagonized E2-mediated activation (< 54%). One turf sample exhibited weak, but 
significant, TRβ agonism (< 5%) and another moderate agonism (> 45%) compared 
to maximal triiodothyronine (T3) responses. Strikingly, the latter sample induced 
significant additive agonism with EC50 doses of T3 (> 50%). A different sample also 
exhibited additive T3-mediated TRβ agonism at the highest tested concentrations 
(> 45%); another factory sample significantly antagonized TRβ activity (> 50%). 
Testing is ongoing for turf-mediated disruption of AR, AhR, and PPARs. Our results 
indicate that extracts from some artificial turf materials can affect nuclear hormone 
receptor activity. Thus, artificial turf warrants further study as an emerging source 
of endocrine disruptors and, based on identified additive agonism for multiple 
samples, particularly in the context of complex mixture exposures.

 3513 Preconceptional and Gestational Exposure to a Real-Life 
Environmental Chemical Mixture Disrupts the Maternal Steroid 
Milieu in Sheep

S. Thangaraj1, M. Bellingham2, K. D. Sinclair3, R. Lea3, N. P. Evans2, R. J. Auchus1, 
and V. Padmanabhan1. 1University of Michigan, Ann Arbor, MI; 2University of Glasgow, 
Glasgow, United Kingdom; and 3University of Nottingham, Nottingham, United Kingdom.

Humans are exposed to a mixture of environmental chemicals (EC) in everyday 
life, some of which are believed to contribute to a range of non-communicable 
diseases. While the adverse health impacts of exposure to individual ECs have been 
extensively investigated, studies on the effects of real-world exposures, charac-
terized by chronic low levels of mixtures of chemicals, are only recently emerging. 
Biosolids derived from human wastewater treatment exemplify both the array and 
concentration of chemicals humans are exposed to in real-life and represents a 
novel model to investigate the risk posed by exposure to a mixture of ECs. Previous 
studies on the offspring of sheep exposed to biosolids during the pre-concep-
tional and gestational period showed sex-specific disruptions in reproductive and 
metabolic phenotypes such as altered bone mineral density, increased thyroid 
organ weight, spermatogenic and oocyte abnormalities. Since steroids are major 
programming agents in mediating offspring outcomes and several ECs have been 
shown to disrupt maternal steroid milieu, we hypothesized that biosolids exposure - 
a real-life source of EC mixture, disrupts the maternal steroid milieu. EasyCare ewes 
(Ovis aries) were maintained from 1 month before mating and during gestation 
on pastures fertilized with either biosolids (BTP), or inorganic fertilizer supplying 
equivalent amounts of nitrogen (Control). A panel of 19 steroids were measured 
by liquid chromatography/tandem mass spectrometry from plasma of blood 
collected mid-gestation from twin pregnancies (Control, n=15; BTP, n=15). The 
steroid variables were log-transformed, and values below limit of detection were 
set at their respective threshold levels. Statistical significance was assessed by 
unpaired t-test for difference between control and BTP groups. ANOVA was used 
to test for difference between groups based on fetal sex from ewes carrying same 
sex twins. P values < 0.05 were considered significant. The concentrations of the 
mineralocorticoids - deoxycorticosterone (1.48-fold), corticosterone (2.35-fold) 
and the glucocorticoids - deoxycortisol (3.24-fold), cortisol (2.18-fold), cortisone 
(1.58-fold) were higher in the BTP group compared to controls. Similarly, the sex 
steroids - androstenedione (1.13-fold), dehydroepiandrosterone (18.48-fold) and 
16-OH-progesterone (2.62-fold) - a metabolite of progesterone were also higher in 
the BTP group compared to controls. Higher testosterone levels were seen in ewes 
carrying male fetuses only (1.52-fold in controls, 1.58-fold in BTP) while the interac-
tion between fetal sex and biosolids exposure was insignificant. These findings 
suggest that pre-conceptional and gestational exposure to ECs in biosolids disrupts 
the maternal steroid milieu, likely contributing to the aberrant phenotypic outcomes 
seen in the offspring of the BTP sheep - a translationally relevant precocial model. 
The relative contribution of elevated levels of stress hormones and androgens, 

important fetal programmers, remains to be determined. These results gain 
importance with the widespread use of biosolids in agricultural lands and consump-
tion of plants and animals raised on these pastures.

 3514 Utilizing a High-Throughput Assay in the Nematode C. elegans 
to Rapidly Assess the Potential Reproductive Effects of 
Industrial Chemicals

G. Ulaganathan1, N. Canio1, H. Jiang1, D. Abrahamsson2, J. Lam2,3, J. F. Robinson2, 
J. C. Fung2, J. Varshavsky2, T. J. Woodruff2, and P. Allard1. 1University of California Los 
Angeles, Los Angeles, CA; 2University of California San Francisco, San Francisco, CA; and 
3California State University, East Bay, Hayward, CA.

Humans are estimated to be exposed to over 80,000 chemicals, some of which 
have been shown to be strongly associated with cancers and reproductive and 
developmental outcomes. However, testing the vast majority of these chemicals for 
complex endpoints, such as reproduction, is inherently costly and challenging using 
conventional models since germ cell development unfolds over many months to 
years in mammals. Therefore, a tractable and scalable approach for assessing the 
potential reprotoxicity of chemicals is needed. Here, we apply an innovative assay 
called “Green Eggs and HIM” in the well-established toxicological model: C. elegans. 
This model shows a high degree of conservation in the critical steps of germ cell 
development. The assay uses a fluorescent reporter approach (xol-1::GFP) which 
turns on in the event of chromosome segregation errors, specifically of the X 
chromosome, during germ cell development, which generates male C. elegans (i.e. 
the High Incidence of Males phenotype). Therefore, this approach can be used 
to identify chemicals that are reproductive toxicants and cause aneuploidy. We 
previously reported the development of the assay as a high-throughput platform. 
We applied this approach to testing 133 industrial chemicals found in maternal 
and blood cord sera for their reprotoxicity. These chemicals were tested at four 
different concentrations: 10 uM, 30 uM, 50 uM, and 100 uM to mimic physiologically 
relevant conditions. After high-throughput and high-content imaging, we analyzed 
over 6,000 images for the number of positive events in worms following exposures 
and calculated for each chemical the fold change over DMSO control. We identified 
44 chemicals ≥ 1.5-fold induction and 17 chemicals ≥ 2.0-fold induction, which 
we classified as positive. The fold-change extended from ‘0.4’ to as high as ‘25.5’ 
when we considered all chemicals, showing high variability in chemical potency. 
Our work highlights the value of leveraging a rapid, high-throughput assay to 
identify reprotoxic chemicals and provides an avenue for future work to illustrate 
the mechanisms through which these chemicals impair reproduction.

 3515 Use of Zebrafish Embryotoxicity and Reprotoxicity Tests to 
Assess Human Pharmaceutical’s Effect on Reproduction 
and Development

A. Weiner, M. P. Gallego, I. Irrijalba, C. Rummel, C. Quevedo, and A. Muriana. Biobide, 
Cambridge, MA.

The ICH S5 (R3) guideline on reproductive toxicology that applies to all pharmaceu-
ticals for which reproductive and/or developmental toxicity studies are appropriate, 
proposes the use of alternative assays as part of an integrated testing strategy to 
minimize the use of animals. The guide provides a list that contains 29 Reference 
Compounds that have been shown to induce specific malformation or embryo-fetal 
lethality plus 3 Negative Compounds that can be used to support the qualification 
of an alternative assay. Our research focused on the predictivity of the zebrafish 
developmental and reproductive toxicity assays. Zebrafish is a highly popular model 
in toxicology and provides an ethically acceptable small-scale analysis system with 
the complexity of a complete organism. This model enables continuous develop-
mental monitoring as well as simple adult testing and has been widely used for the 
generation of relevant answers on mammalian developmental and reproductive 
hazards. Our goal is to further validate this model for its regulatory use by testing 
the compounds indicated in the ICH S5 guideline. To determine the teratogenic risk 
of these chemicals, the presence of morphological alterations in zebrafish embryos 
is analyzed at two different stages and the teratogenic indexes (TI) are established 
as the ratio between LC50/EC50 for each stage. A total of three replicates have 
been conducted to study the reproducibility of the assay as well as the evaluation 
of the chemistry concentration in the external medium and internal in zebrafish 
embryos. As this assay is performed in externally fertilized embryos, some of the 
listed compounds are tested in adult zebrafish males by the in vivo sperm quality 
assessment, to complement the developmental toxicity with the effect on the male 
reproductive system. In this assay, the development and maturation of gametes is 
evaluated by assessing the sperm quality (progressive motility, curvilinear velocity, 
and linearity) by CASA analysis and the expression of specific marker genes 
(ziwi, sycp3l, and shippo1) by qPCR. The developmental zebrafish assay gives an 
Accuracy of 88%, Sensitivity of 80%, Specificity of 100%, and Repeatability of 100% 
compared to mammals; therefore, this is a well-integrated strategy to minimize the 
use of mammals to predict developmental and reproductive toxicity effects, both in 
the zebrafish model.
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 3516 Optimization of Lipid Uptake and Protease Activity Assays with 
Developmental PFOS Exposure Using Zebrafish (Danio rerio)

C. K. Gridley, M. C. Tompach, and A. R. Timme-Laragy. University of Massachusetts 
Amherst, Amherst, MA.

Perfluorooctanesulfonic acid (PFOS) is an environmental contaminant that, despite 
being voluntarily phased out of production in the early 2000s, is still persistent 
in the environment. Previous zebrafish studies demonstrated that developmental 
PFOS exposure affects exocrine pancreas structure and function, shown through 
reduced pancreas length and reduced expression of genes encoding for key 
digestive enzymes. However, the effect of PFOS on exocrine pancreas function 
in relation to metabolism, lipid uptake, and digestive enzyme activity is not well 
understood. This work aims to optimize the analysis of lipid metabolism in vivo 
and enzymatic activity in zebrafish developmentally exposed to PFOS. To test the 
effect of PFOS on lipid metabolism, fish were exposed to PFOS from 3-96 hours 
post fertilization (hpf), grown to 6 days post fertilization (dpf) in clean water and 
fasted as feeding can lead to autofluorescence in the gut. Fish were exposed to 
16 μM PFOS and fed an egg yolk emulsion, made by sonicating 1 mL chicken egg 
yolk in 19 mL Danieau’s, containing a fluorescent fatty acid analog, BODIPY FL-C12, 
for 6 hours. Fluorescence intensity was measured on a plate reader. When fish 
were exposed to 16 μM PFOS, survival was low and swim bladder inflation was 
minimal. Survival rates increased when PFOS concentrations were reduced to 4 and 
8 μM, however swim bladder inflation rates remained low. Given that swim bladder 
inflation is important for scavenging for food, this may affect the amount of BODIPY 
FL-C12 the PFOS-exposed fish consume. To assess the effect of PFOS exposure on 
proteolytic enzyme activity, a protocol using a quenched casein, BODIPY TR-X, was 
optimized for use in zebrafish. Upon proteolytic cleavage of the casein substrate, 
fluorescent cleavage products are produced. To validate the assay in zebrafish, 
phenylmethylsulfonyl fluoride (PMSF) was used as a positive control for protease 
inhibition. Briefly, 6 dpf fish were pooled in groups of 3, sonicated and incubated 
with 10 μg/mL BODIPY TR-X for 1 hour. Fluorescence was analyzed with a plate 
reader. Results show a reduction in fluorescence with PMSF, indicating reduced 
protease activity. To test enzymatic activity in vivo, a feeding study using the 
BODIPY TR-X quenched casein is also being optimized. Fish were grown to 6 dpf 
and placed in 20 μg/mL BODIPY TR-X for 3 hours in groups of 5, 10, or 15 followed 
by imaging via fluorescence microscopy. Images were analyzed by measuring 
mean fluorescence intensity of the intestines and gallbladder. Preliminary studies 
do not show a difference in mean fluorescence based on the number of fish per 
tube, but there is increased variability in mean fluorescence in fish without inflated 
swim bladders. Further optimization and application of these protocols will allow 
for a better understanding of how PFOS exposure affects the exocrine pancreas. 
This work was supported by R21ES033532.

 3517 Potential Recovery of Exocrine Pancreas Growth following 
Embryonic PFAS Exposure in Zebrafish (Danio rerio)

I. Boyack, S. Conlin, and A. Timme-Laragy. University of Massachusetts Amherst, 
Amherst, MA.

Perfluorooctane sulfonic acid (PFOS) and perfluorobutane sulfonic acid (PFBS) 
have been used in non-stick and stain-resistant coatings in widespread applications. 
Both compounds have raised concern about their long-term toxic effects on health 
and embryonic development. Previous studies found zebrafish embryos (Danio 
rerio) exposed to PFOS, PFBS, and the pro-oxidant tert-butyl hydroperoxide (tBOOH) 
had a truncated pancreatic tail at 4 days post fertilization (dpf). As zebrafish have a 
high regenerative capacity, the objective of this study was to assess the persistence 
of this truncated pancreas phenotype in larvae at 15 (dpf). Zebrafish embryos 
(Tg(ptf1a:GFP)) were exposed daily to PFBS (0 (DMSO 0.01%), 16 and 32 µM PFBS; 
24-96 hpf), PFOS (0 (DMSO 0.01%), 8 and 16 µM PFOS; 24-72 hpf), or tBOOH (0, 77.6 
and 776 µM tBOOH; 10-minutes at 72 hpf). At 5 dpf through 15 dpf the fish were 
reared in 6L tanks in a recirculating system and fed gemma pellets twice a day. At 
15 dpf, fish were imaged using brightfield microscopy to quantify body length and 
were then fixed in 4% PFA. The exocrine pancreas was imaged using a Nikon A1 
fluorescent confocal microscope and NIS Elements software was used to calculate 
the pancreatic volume (µm3) and length of the x-, y-, and z-axis (µm). A significant 
decrease in fish length was observed in the 32 µM PFBS group compared to the 16 
µM PFBS group, and the 77.6 µM tBOOH group in comparison to both 0 and 776 µM 
tBOOH. No significant differences were observed in fish length in the PFOS treated 
group. No significant differences were observed in the exocrine pancreas volume 
in any of the treatment groups. 16 µM PFBS significantly decreased y-axis length 
when compared to 32 µM PFBS, but no significant changes were seen in the PFOS 
or tBOOH groups. Lastly, x- and z-axis length remained unchanged following PFOS, 
PFBS, or tBOOH exposures. To further examine the effects of these compounds, 
the incidence of hypomorphic (<10th percentile) and hypermorphic (>90th percen-
tile) pancreata was determined. There was a significant increase in hypomorphic 
pancreata in the 77.6 µM tBOOH and in hypermorphic pancreata in 776 µM tBOOH. 
No significant increase in hypo- or hypermorphic pancreata was seen in the PFBS 
treated groups. These results suggest that oxidative stress can have long-term 
impacts on pancreas growth in some individuals but overall, the size of the exocrine 

pancreas may be able to recover over time following these exposures. This may 
indicate catch-up growth of this organ within this developmental time frame. This 
work was supported by R21ES033532.

 3518 Perfluorooctanesulfonic Acid (PFOS) Exposure Impairs 
Enzyme Activity of Exocrine Pancreas Proteases in Zebrafish 
(Danio rerio)

M. C. Tompach, C. K. Gridley, and A. R. Timme-Laragy. University of Massachusetts 
Amherst, Amherst, MA.

Exocrine insufficiency is a condition in which the exocrine pancreas does not 
produce an adequate amount of digestive enzymes for appropriate digestion and 
absorption of nutrients. There is evidence that exposure to the persistent environ-
mental contaminant perfluorooctanesulfonic acid (PFOS) can lead to indicators 
of exocrine insufficiency: previous research in zebrafish has shown that develop-
mental exposure to 32 μM PFOS from 3 hours post fertilization (hpf) to 4 days post 
fertilization (dpf) and 3 hpf to 7 dpf leads to a shortened exocrine pancreas as well 
as reduced expression of genes encoding for digestive enzymes at 4 dpf. However, 
whether PFOS affects exocrine pancreas function has yet to be elucidated. Here, 
we used transgenic zebrafish Tg(ptf1a:GFP) to identify a concentration of PFOS 
below that which affects morphology of the pancreas (4 μM), and assessed specific 
impacts on exocrine pancreas function. Fish were developmentally exposed to 0 
(0.01% DMSO, control) or 4 μM PFOS from 3 hpf to 4 dpf, washed, and maintained 
individually in clean water until 6 dpf. Fish were imaged live with fluorescence 
microscopy at both 4 and 6 dpf and images were analyzed for body length and 
exocrine pancreas length. Morphological analysis at 4 and 6 dpf indicated that fish 
exposed to 4 μM PFOS did not differ in body or exocrine pancreas length compared 
to controls, in contrast to what had previously been demonstrated with exposure 
to higher PFOS concentrations. To assess exocrine pancreas function, activity 
of digestive proteases, one of three classes of digestive enzymes produced by 
the pancreas that act to break down proteins prior to intestinal absorption, was 
measured at 6 dpf. Protease activity was measured with BODIPY TR-X, a quenched 
casein that fluoresces upon cleavage, used as a proxy for protease activity. Fish 
were homogenized, incubated with BODIPY TR-X for 1 hour, and fluorescence 
was quantified using a plate reader. Larvae exposed to 4 μM PFOS had a signif-
icant reduction in relative fluorescence (57%) compared to controls, indicating 
reduced protease activity. To determine whether protease activity was lower due 
to impaired gene expression vs. direct interference with enzyme activity, qPCR was 
used to measure relative gene expression of pancreatic digestive proteases try, 
ctrb1 and ela. Exposure to 4 μM PFOS significantly increased expression of the 
three proteases examined, indicating a compensatory but ineffective transcrip-
tional upregulation mechanism. Together, these results indicate that with exposure 
to 4 μM PFOS, there are functional modifications to the exocrine pancreas enzyme 
activity independent of morphology or impaired gene expression changes. This 
work is supported by R21ES033532.

 3519 Embryonic Exposure to Perfluorooctane Sulfonate (PFOS) 
Disrupts Development of the Visceral Vasculature in 
Larval Zebrafish

L. Tian1, M. C. Tompach2, A. R. Timme-Laragy2, and J. S. Plavicki1. 1Brown University, 
Providence, RI; and 2University of Massachusetts Amherst, Amherst, MA.

Per- and polyfluoroalkyl substances (PFAS) are a complex class of highly stable, 
ubiquitous contaminants that adversely affect the health of multiple organ systems. 
Embryonic exposure to the prevalent PFAS congener perfluorooctane sulfonate 
(PFOS) disrupts pancreatic development in larval zebrafish. Given that vascular 
development is a critical modifier of organogenesis, we sought to determine if 
embryonic PFOS exposure also alters the vascularization of the pancreas, and if 
so, if impaired vascularization contributes to the previously reported pancreatic 
phenotypes. During organogenesis, the developing zebrafish pancreas is vascular-
ized by the sub-intestinal venous plexus (SIVP), a bilateral vascular network that 
initially transfers nutrients from the yolk to the developing embryo. The SIVP 
ultimately is remodeled to form the vasculature of the digestive system and 
provides vascular support for the pancreas, liver, and gut. To determine if embryonic 
PFOS exposure disrupts development of the SIVP, we exposed embryonic zebrafish 
carrying transgenic reporters that mark the vasculature to a chronic, non-renewed 
14 uM PFOS solution. We used in vivo confocal microscopy to collect images of the 
developing SIVP in control and PFOS-exposed embryos and larvae at 48-, 72-, 120-, 
and 144-hours post-fertilization (hpf). Embryonic and early larval PFOS exposure 
did not impair the development of the posterior cardinal vein, which is the initial 
source of angioblasts from which the SIVP is formed, or the intersegmental vessels 
of the trunk. However, PFOS exposure altered SIVP development and produced 
SIVP phenotypes in larval zebrafish at 72, 120, and 144 hpf. Together, these studies 
advance our understanding of how developmental PFAS exposure can disrupt 
fundamental components of organogenesis and may increase the incidence or 
modify the severity of digestive and metabolic disorders such as inflammatory 
bowel diseases and diabetes.
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 3520 Pharmacological Suppression of the Sweet Receptor T1R3 
Impacts Pancreatic Islet Development and Gene Expression in 
the Zebrafish Danio rerio

C. S. Cho, and K. E. Sant. San Diego State University, San Diego, CA.

“Artificial,” or Non-Nutritive Sweeteners (NNS) are ubiquitous not only in the modern 
human diet, but also in the environment due to their resistance to breakdown both 
in the human body and in wastewater treatment processes. In this project, we 
examined the sweet receptor as a potential biological mechanism for NNS affecting 
development of pancreatic islets. Sweet receptors are a class of G-protein coupled 
receptors that bind ‘sweet’ compounds such as sugars and NNS to stimulate 
intracellular processes such as metabolism and signaling. Sweet receptors have 
been found not only in the taste buds but also in the pancreas, and stimulation 
of sweet receptors in the pancreas has been associated with glucose stimulated 
insulin secretion. We hypothesized that NNS, while nutritionally inert itself, could 
activate the sweet receptors of the pancreas and induce changes on a transcrip-
tional and ultimately morphological level. In addition, these changes would be most 
apparent during development, when the pancreas may “taste” these sweeteners 
with sweet receptors and respond to these signals and adapt to its nutritional 
environment by adjusting pancreatic islet formation. We tested if the sweet 
receptor is necessary for the adaptive development of the pancreas by blocking 
the sweet receptor and observing if that is sufficient to disrupt the development 
of the pancreas. Zebrafish (Danio rerio) embryos were exposed to (0mM, 0.1 mM) 
Lactisole, an inhibitor of the sweet receptor, along with (0 mM, 1 mM) glucose along 
with feed from 4-9 days post fertilization (dpf). This period reflects larval transition 
from endogenous nutrition (e.g., yolk) to exogenous nutrition, where the larvae may 
begin to adapt to nutrients available in the environment. Larval growth, as well as 
islet size, morphology, and count were assessed in Tg(insulin-GFP) embryos at 9 
dpf to allow for direct visualization of beta cells. In addition, RNA-sequencing was 
conducted to identify differentially expressed genes and pathways. Suppressing 
the sweet receptor with Lactisole suppressed secondary islet quantity and quality 
and hindered overall growth. Interestingly, Lactisole and glucose in combination 
resulted in larger primary islets, fewer secondary islets, and higher chance of 
ectopic beta cells. This may be because the increased demand for insulin is not met 
due to deficient development of secondary islets, leading to compensatory primary 
islet expansion. Organizing all significantly differentially expressed pathways by 
KEGG classifications revealed that magnitude of upregulation of metabolism 
pathways differed between the effect of glucose on DMSO control compared to 
the effect of glucose with the sweet receptor inhibited by Lactisole. In addition, the 
Gene Ontology gene set for beta cell pancreatic cell differentiation was significantly 
underexpressed in the group exposed to Lactisole compared to control. Overall, the 
data show Lactisole and glucose have an interactive effect, and it is possible that 
the sweet receptor is more significant for beta cell differentiation compared to beta 
cell proliferation. If the sweet receptor is part of the cell fate and differentiation 
pathway for beta cells, activation of the sweet receptor with NNS may result in 
interesting morphologies and phenotypes linked to metabolic dysregulation.

 3521 Embryonic Exposure to the Non-nutritive Sweetener Aspartame 
Impairs Beta Cell Differentiation in Zebrafish

F. E. Rubens, L. Harrison, C. Cho, and K. E. Sant. San Diego State University, San 
Diego, CA.

Aspartame belongs to a group of non-nutritive artificial sweeteners (NNS) known 
for its noncaloric properties. Compared to its natural proxy sucrose, aspartame is 
200 times more effective at activating the sweet receptor and is metabolized into 
aspartic acid, phenylalinine, and methanol. Though aspartame is noncaloric, studies 
have found that its activation of the sweet receptor may induce insulin production. 
The overarching goal of this study is to assess whether aspartame affects pancre-
atic islet development. If the sweet receptor is involved with islet cell formation, 
then we would expect aspartame to increase beta cell differentiation. We used live 
Tg (insulin::GFP) zebrafish embryos, which express GFP in insulin-producing beta 
cells. Embryos were exposed to 1 mM aspartame, 0.1 mM aspartame, and 1 mM 
sucrose beginning at 24 hours post-fertilization (hpf). Embryonic and pancreatic 
islet morphology was quantified at 96 hpf using microscopy. We also compared our 
results with aspartame to other NNS such as sucralose and acesulfame potassium 
(AceK). Gene expression was assessed for pancreatic endocrine indicators includ-
ing glucoregulatory hormones. Contrary to our hypothesis, embryos exposed to 
aspartame had decreased overall islet areas. This also contrasts with our findings 
previously with AceK and sucralose, which found increased and unchanged beta 
cell areas, respectively. Gene expression of islet hormones was minimally impacted 
by exposure though significant upregulation of the transcription factor pparg was 
observed. Overall, this data suggests that embryonic exposure to aspartame can 
impair islet development and future work must be completed to determine whether 
these observed effects are associated with increased risk for diabetes or metabolic 
diseases later in life.

 3522 Comparative Assessment of the Fungicide Boscalid with Its 
Primary Metabolite M510F01 in Zebrafish Embryos

J. F. Goebel, A. Fletcher, C. S. Cho, S. Khanum, and K. E. Sant. San Diego State University 
School of Public Health, San Diego, CA.

Succinyl Dehydrogenase Inhibitors (SDHIs) have been used for decades, with new 
formulations cropping up as fungi evolve. Boscalid was introduced to United States 
agriculture in 2003 and was determined to be effective for fungal management 
and safe for aquatic discharge and human consumption. Recent studies have 
found Boscalid’s primary metabolite, M510F01, on crops and in irrigation runoff 
as well. However, limited information is available about the aquatic and develop-
mental toxicity of M510F01. The goal of our study was to compare and contrast 
the developmental toxicity of Boscalid with its metabolite, M510F01. Zebrafish 
(AB, wild-type strain) embryos were exposed to Boscalid or M510F01 from 3-96 
hours post fertilization (hpf) at concentrations of 0.03, 0.3, or 3 µg/L. Embryos 
were examined for aberrant morphologies at 96 hpf using microscopy. Boscalid 
exposures at concentrations of 3 µg/L increased incidence of blue sac disease by 
27%, craniofacial malformation by 91%, pericardial edema by 68%, delayed swim 
bladder inflation by 33%, and yolk edema by 74% (p<0.001 for all morphologies). 
M510F01 3 µg/L M510F01 increased the incidence of blue sac disease by 24% 
(p=0.005). To assess whether Boscalid and M510F01 impact Cytochrome P450 1a 
(Cyp1a) activity, embryos were exposed to Boscalid or M510F01 (0.03 µg/L) from 
96-100 hpf concurrently to 7-ethoxyresorufin (EROD)—a fluorometric indicator of 
Cyp1a activity. There is no significant change in acute EROD activity for Boscalid 
or M510F01. RNA sequencing and pathway analysis were performed to assess the 
mechanisms of xenobiotic response to Boscalid and M510F01 exposures (0.03 
µg/L). Overall, this research suggests that M510F01 exhibits reduced aquatic and 
developmental toxicity when compared to Boscalid.

 3523 Zet-O-Map: Identify Principal Molecular Drivers of (Dys)
morphogenesis in Zebrafish

M. Wehr1, B. Schultz2, H. Witters3, M. Jacobs2, and S. E. Escher1. 1Fraunhofer Institute 
for Toxicology and Experimental Medicine, Hannover, Germany; 2Fraunhofer Institute 
for Algorithms and Scientific Computing, Sankt Augustin, Germany; and 3VITO, Mol, 
Belgium. Sponsor: A. Bitsch.

The zet-o-map project aims to provide insights into the underlying mechanisms 
leading to developmental toxicity by using transcriptome data from the zebrafish 
embryotoxicity test (ZET). One goal is the generation of spatio-temporal maps to 
reveal time-resolved biomarkers associated with certain malformations. A better 
understanding of the mechanisms leading to embryo toxicity can significantly 
contribute to increasing confidence in new approach methodologies (NAM) data 
and their integration into human risk assessment. To this end, we have mined 
published literature and built ZeTera, a database containing observed morpholog-
ical alterations in zebrafish within a treatment duration up to 5 days post fertiliza-
tion (dpf). Additionally, we collected and reanalyses approximately 200 publicly 
available transcriptomics datasets generated using both array-based as well as 
RNA-sequencing based techniques. These datasets contain expression values for 
zebrafish embryos treated at varying timepoints (up to 5 dpf) from a total of 160 
different chemical stressors. Furthermore, we generated expression data for 3 
compounds (valproic acid, chlorpyrifos, triadimefon) exhibiting teratogenic effects 
in mammals through different modes of action. These three compounds were 
exposed to zebrafish embryos at 5 sub-lethal concentrations across four embryo-
nal development stages, namely gastrula (8 hpf), pharyngula (24 hpf), hatching (48 
hpf), and larval (5 dpf) stage. We conducted structure-based similarity analysis on 
the compounds in our dataset as well as literature reviews on associated morpho-
logical observations and adverse outcome pathways (AOPs). In many cases the 
chemical stressors in our project database are known teratogenic compounds 
which can be shown by referencing observations of morphological alteration 
in zebrafish from the ZeTera database. For the identification of time dependent 
transcriptome biomarkers, we analysed expression data for individual compounds 
as well as read-across categories grouped according to their shared structural 
and physicochemical properties. This approach, in addition to the spatio-tempo-
ral maps, are exemplified for selected read-across groups and further analyses 
approaches e.g., the integration of data into knowledge maps are discussed. 
Challenges such as the heterogenicity of the study designs, data gaps and their 
impact on the project outcomes are illustrated. Not only could we identify biomark-
ers for individual teratogen compounds as well as groups of compounds at differ-
ent stages in the embryonal development, but also identify the adverse outcome 
they are most associated with, via a rich background of supporting information. 
Acknowledgment: This project is funded by CEFIC within the framework of the Long 
Range Initiative (LRI) as project no. LRI-C9: Zet-O-Map.
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 3524 Multi-endpoint Investigation of the Developmental and 
Neurobehavioral Toxicities of Different Arsenic Species in 
Zebrafish (Danio rerio)

D. McAtee, and A. Abdelmoneim. Louisiana State University, Baton Rouge, LA.

Numerous reports have identified arsenic (As), a naturally occurring environmen-
tal contaminant and industrial by-product, in drinking water, food, and agricultural 
products. These findings have raised public health concerns, particularly about the 
impacts on the most vulnerable groups. As a model organism, zebrafish (Danio 
rerio) has a well-conserved neuroendocrine system while allowing for direct 
assessment of chemical-induced developmental and neurobehavioral alterations 
at a high-throughput capacity. Therefore, in this study, we investigated the adverse 
morphological and neurobehavioral effects associated with early developmental 
exposure (6 - 120 hours post fertilization (hpf)) to the most commonly reported 
As species (III/V, Inorganic/Organic) using the zebrafish model. Larvae at 6 hpf 
were exposed exclusively to either sodium arsenate (Na3AsO4); a pentavalent 
inorganic arsenical, monomethylarsonic acid (CH5AsO3); a trivalent organic 
arsenical, cacodylic acid (C2H7AsO2); a pentavalent organic arsenical, or sodium 
arsenite (NaAsO2); a trivalent inorganic arsenical, at concentrations folding from 
the Maximum Contaminant Levels (MCL; 10 μg/L) in drinking water regulated by 
the USEPA (1, 10, 25, 50, and 100-fold MCL). Chorions were removed enzymat-
ically prior to the exposures to allow for direct chemical exposure, and robotic 
medium changes were performed daily. At 120 hpf, exposure commenced, and 
the developing larvae were assessed for a battery of endpoints, including survival, 
developmental morphological defects, and behavioral alterations in response to 
acute stressors (visual and acoustic stimuli). Survival and overall development, as 
determined by total larval length, were not significantly impacted in response to the 
different exposures. The prevalences of developmental defects in the jaw, snout, 
swim-bladder, and body axis were significantly higher in response to exposures 
to monomethylarsonic acid (100-fold MCL) and sodium arsenite (10, 25, 50, and 
100-fold MCL). With respect to behavioral alterations, sodium arsenate at 10-fold 
the MCL displayed a statistically significant hyperactive behavioral response to 
acute stressors. In comparison, larvae exposed to monomethylarsonic acid 
displayed a similar behavioral response only at 100-fold MCL. Exposures to sodium 
arsenite or cacodylic acid did not significantly alter the larval behavioral response 
to acute stressors. Our findings shed light on the impacts exposure to environ-
mentally relevant concentrations of arsenicals can have on developing organisms 
and the role of chemical formulation in altering the organismal response. With this 
understanding, we are currently investigating the molecular abnormalities, related 
but not exclusive to the neuroendocrine system, coinciding with the behavioral/
phenotypic alterations we observed at the organismal level to better understand the 
key mechanisms driving arsenic’s developmental and neurobehavioral toxicities.

 3525 Investigating the Impact of Early Developmental Exposure to 
Liquid Crystal Monomer Mixtures on Zebrafish Metabolic Health

S. Heldman, R. Bérubé, B. Murray, K. Siegel, and C. Kassotis. Wayne State University 
Integrative Biosciences Center, Detroit, MI.

Mixtures of liquid crystal monomers (LCMs) are an essential part of liquid crystal 
displays in televisions, computers, and smartphones. Many of the >1100 LCMs 
in production are predicted to be persistent and bio-accumulative and have been 
reported in numerous environmental samples and household dust, suggesting 
potential human exposure—which has been recently confirmed in measurements 
of human skin wipes and serum samples. This may prove problematic for human 
metabolic health as exposure to LCM mixtures has been shown to disrupt genes 
associated with endocrine and metabolic pathways in chicken embryonic hepato-
cytes. Additionally, our lab has previously shown a small subset of commercially 
available LCMs, individually and in mixtures, can significantly disrupt the signal-
ing pathways of nuclear receptors involved in key metabolic pathways as well 
as induce adipogenesis in vitro. Building on these findings, we set out to explore 
whether exposure to LCM mixtures would similarly induce metabolic disruption in 
a vertebrate model, offering insight into potential human metabolic health impacts 
from a whole organism context. Zebrafish embryos were exposed from 24 hours 
post fertilization (hpf) to 6 days post fertilization (dpf) to several 10-fold dilutions 
from 10 μM - 0.1 nΜ of a lab prepared LCM mixture stock solution containing 
8 LCMs at 10 mM and 2 LCMs*, due to solubility limits in DMSO, at 1mM (CAS 
#’s: 116020-44-1, 97398-80-6, 174350-05-1, 64835-63-8, 155041-85-3, 303186-20-
1, 84656-75-7*, 323178-01-4, 123560-48-5*, and 189750-98-9). This mixture was 
used for preliminary testing because it has been the most adipogenic LCM mixture 
we have tested in vitro; inducing 60% triglyceride accumulation in 3T3-L1 preadipo-
cytes relative to the maximal positive control response—indicating it may have the 
highest potential to induce increased adiposity in vivo. Embryos reared in chemical 
free embryo media, media spiked with DMSO, and media spiked with either 0.01, 
0.1, or 1 nM of tributyltin chloride (TBT)—an established metabolism disrupting 
environmental chemical— served as negative, vehicle, and positive controls respec-
tively. To explore the acute metabolic impacts of exposure to the LCM mixture, 
larvae were evaluated immediately following exposure, at 6pdf, for changes in 
rates of NADH2 oxidation (a proxy for metabolic respiration) using an alamar blue 
energy expenditure assay as well as exposure induced hypo- or hyper-activity using 
a locomotor response test with alternating light/dark periods (LMR-L/D).

At 30 dpf, larval adiposity (quantified using fluorescence microscopy), body weights, 
and standard length were measured to characterize the long-term metabolic health 
impacts of exposure. Our preliminary results demonstrated that while the highest 
non-toxic concentration (100 nM) appears to increase the incidence of hyperac-
tivity and decrease fish adiposity, weight, and BMI relative to DMSO controls, the 
lower 1 nM concentration appears to increase fish adiposity, weight and BMI. This 
non-monotonic dose response is likely due to the toxicity of the LCM mixture at 
higher concentrations, as the 1 μΜ and 10 μM concentrations displayed 100% 
mortality and the 100 nM dilution displayed ~34% mortality relative to DMSO 
controls. Additionally, as expected, while DMSO vehicle exposed fish did not signifi-
cantly differ in any measured metabolic endpoints from the negative control, dose 
dependent increases in larval adiposity, weight and BMI following exposure to TBT 
were seen. No effects on metabolic respiration rate (NADH2 oxidation) or standard 
length were seen for any treatment. These preliminary results support the contin-
ued investigation into the metabolism disrupting potential of LCMs and, as such, 
exposures with additional lab prepared and LCD panel extracted LCM mixtures 
are ongoing.

 3526 Triphenyl Phosphate Alters Zebrafish Cardiac Development at 
Environmentally Detected Concentrations

B. Schmandt, M. Diduff, G. Smart, and L. Williams. Bates College, Lewiston, ME.

Triphenyl phosphate (TPhP) is a xenobiotic used commercially as a plasticizer 
and flame retardant and is common in electronics. Detected globally in polluted 
waterways as well as in house dust, it has been shown to impact heart develop-
ment, reproductive phenotype, and other metabolic pathways in several model 
species including zebrafish (Danio rerio). It has also been identified as a chemical 
with high aquatic toxicity, a metric that considers solubility and environmental 
half-life in addition to identified health risks for aquatic species exposed for both 
brief and prolonged periods. Studies of TPhP’s toxicity in D. rerio have largely 
focused on higher concentrations; little data is available on the effects of environ-
mentally relevant concentrations. Here, we used developing zebrafish from 0-5 
days post fertilization to study the effects of three environmentally detected TPhP 
concentrations, 0.5, 1, and 5μg/L (1.5, 3,and 15nM), representing intermediate to 
elevated exposures. The goal of this study was to determine the environmental 
relevance of TPhP’s known teratogenicity. Exposed fish were scored for altered 
development in multiple categories looking at overall morphology and organ 
function. TPhP-treated fish displayed significantly elevated rates of pericardial 
edema at a lower TPhP concentration than previously reported in zebrafish, while 
reduced animal length and heart rate-both reported effects of high-concentration 
TPhP exposure-were absent. Genetic analysis of exposed fish will be performed 
once all dosing and phenotypic analysis is completed. These data will help inform 
the environmental relevance of continued research on TPhP and aid in risk assess-
ment of polluted areas.

 3527 Bisphenol S Exposure in Embryonic Zebrafish

K. Ettinger1, D. Holton2, and L. Williams1. 1Bates College, Lewiston, ME; and 2Southern 
Maine Community College, South Portland, ME.

Bisphenol chemicals are organic molecules present in carbonate plastics. Bisphenol 
A (BPA) used to be utilized in many consumer goods containers before it was banned 
for being an endocrine disruptor and hazardous to people. Bisphenol S (BPS) has 
become a prevalent replacement for BPA under the assumption that it is safer than 
BPA, however, there are a lack of studies to prove this. There is reason to believe 
that due to the similar structure of BPS to BPA, it may have equivalently detrimental 
impacts on gene regulation, endocrine disruption, and mammal development. Danio 
rerio (Zebrafish) are used as a model due to the highly conserved nature of genes 
between zebrafish and mammals. The research conducted addressed the impact 
of chronic exposure to Bisphenol S on the development of Danio rerio. Zebrafish 
were raised from gestation through seven days of age in both distilled water and 
in environmentally relevant concentrations of BPS ranging from 8mg/l to 20mg/l. 
Each day the water was refreshed, and phenotypic analyses were conducted. After 
the seven-day period cDNA synthesis and qPCR analysis were performed. Using 
the delta-delta Ct method we could measure fold change and determine if specific 
developmentally relevant genes were up or down regulated based on the exposure 
to BPS. The specific genes tested were EZH1/2 and PPAR α, β;;, G genes. While the 
research did not have any statistically significant results, we found there to be a 
consistent upregulation of PPARG when exposed to BPS in environmental concen-
trations including 8 mg/l, 16mg/l, and 20 mg/l. Phenotypically, the zebrafish raised 
in BPS consistently took longer to hatch and develop compared to their control 
counterparts. The results of and literature reviews for the study have opened an 
opportunity to investigate connections between BPS exposure and regulation of 
genes in the neuroendocrine system.
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 3528 Parentally Exposed Zebrafish Larvae Have Altered 
Craniofacial Measurements

I. Akoro, S. Stradtman, J. Ahkin Chin Tai, and J. L. Freeman. Purdue University, West 
Lafayette, IN.

Atrazine is a herbicide used throughout the Midwest US to prevent broadleaf 
weeds in crops. The US EPA has set the maximum contaminant level at 3 ppb 
(µg/L) in drinking water. Atrazine (ATZ) is an endocrine disrupter interfering with 
the function of hormones and disrupting normal physiology and homeostasis 
throughout development and the life course of an organism. The zebrafish model 
was used to test the hypothesis that an embryonic parental ATZ exposure will 
cause modifications in morphology in developing offspring. AB adult zebrafish 
were bred. Their embryos were collected and exposed to ATZ concentrations of 
0 ppb, 0.3 ppb, 3 ppb, or 30 ppb from 1-72 hours post fertilization (hpf; the end of 
embryogenesis). ATZ exposure was ceased at 72 hpf and larvae were grown into 
adulthood in aquaria water (ATZ F0). ATZ F0 adult zebrafish were then bred within 
their treatment group, their embryos were collected, and placed in petri dishes in 
aquaria water until 120 hpf. At 120 hpf, larvae were collected for morphological 
analysis including general morphology measurements and co-staining with alcian 
blue and alizarin red for cartilage and skeletal assessments. Head length and ratio 
of head length to total length was significantly increased in the F1 of 0.3 and 30 
ppb ATZ groups (p<0.05). Additional craniofacial morphology was completed with 
a decreased distance for cartilaginous structures, decreased surface area and 
distance between saccular otoliths, and a more posteriorly positioned notochord 
(p< 0.05). The posteriorly positioned notochord indicated delayed ossification and 
skeletal growth. These findings signify that a single embryonic parental exposure 
leads to changes in craniofacial development in their offspring.

 3529 Comparing Effects of Atrazine Exposure on Neuroendocrine 
Molecular Targets at Two Developmental Exposure Periods in 
the Zebrafish

J. Swihart, S. Stradtman, and J. L. Freeman. Purdue University, West Lafayette, IN.

Atrazine is an herbicide commonly applied to control broadleaf and grassy weeds 
in agricultural regions of the US. Although its use was banned by the European 
Union in 2003 because of surface and groundwater contamination risk, the US EPA 
allows for a 3-ppb maximum contaminant level for drinking water. Atrazine is a 
known endocrine disrupting chemical with the potential to cause adverse effects 
at the hormonal and molecular level in neuroendocrine system pathways; however, 
the mechanism causing dysregulation following atrazine exposure has yet to be 
determined. In this study, hypothalamic and pituitary molecular targets were investi-
gated to explain a mechanism for the negative endocrine axes impacts. Relative 
gene expression of these targets were examined using the zebrafish model follow-
ing exposure at two developmental timepoints to discover if atrazine exposure 
influenced neuroendocrine development and if the impacts were different among 
the exposure periods. Selection of gene targets was based upon common neuroen-
docrine hormones that have been reported in literature to be dysregulated following 
atrazine exposure in various models. Embryos were collected from adult wild type 
zebrafish and randomly assigned to 0, 0.3, 3, or 30 ppb (µg/L) atrazine treatment. 
For one timepoint, exposure began at 1 hour post fertilization (1 hpf) and continued 
until the end of embryogenesis (72 hpf). Another timepoint focusing on the larval 
stage began atrazine exposure at 72 hpf and ended at 120 hpf. After exposure 
was ceased, RNA was isolated, cDNA was synthesized, and qPCR assessed one 
hypothalamic target (gnrh) and three pituitary targets (gh1, fshb, lhb). Using an 
analysis of variance (ANOVA, α=0.05), six biological replicates were statistically 
compared. At both timepoints gh1 displayed significant alterations in relative gene 
expression. There were no statistically significant changes in relative gene expres-
sion in both the 1-72 hpf and 72-120 hpf treatment groups for the gnrh, fshb, and 
lhb targets.

 3530 Exposure to Bisphenol A Analogues Alter Eating Behavior 
in Zebrafish

S. Karim, and M. Bondesson. Indiana University Bloomington, Bloomington, IN.

Because of the massive incidence of obesity, various research is being performed 
on how to control eating behavior. The regulation of food intake is coordinated by 
the hypothalamus of the brain. Hunger and satiety are regulated by two hormones, 
leptin, which is produced in adipocytes and suppresses food intake, and ghrelin, 
which functions as an appetite-stimulatory signal. Bisphenol A (BPA), a common 
environmental pollutant and an estrogenic endocrine disruptor, has been suggested 
to act as an obesity inducing chemical or obesogen. Because of its harmful effects, 
BPA analogues have been synthesized as replacement molecules for BPA and they 
need to be meticulously studied. In this study, zebrafish-based in vivo assays were 
used to examine obesogenic activities of BPA and five of its analogues, BPAF, 
BPE, BPC, BPC-CL, and BPS along with endogenous estrogen, 17beta-estradiol. 
The effect of bisphenol exposure on eating behavior and on the gene expression 
for hormones involved in hunger and satiety were examined. Four to five days old 
zebrafish larvae of Nacre (SAGFF(LF)53A mitfab 692/+) background were exposed 

to a concentration range of the bisphenols and 17beta-estradiol, followed by being 
fed a stained egg yolk powder at day six. After an hour of feeding, the larvae were 
fixed in 4% paraformaldehyde overnight at 4o C for fluorescence microscopy. The 
red fluorescent food in the gut in images were quantified by ImageJ. qPCR was 
used to analyze the gene expression of leptin and ghrelin in vivo. Exposures to 
BPA, BPAF, BPE, BPC, BPC-Cl and BPS, resulted in increased amounts of food in 
the gut of the larvae in a concentration dependent manner compared to unexposed 
controls. The qPCR results showed that leptin mRNA expression was neither 
upregulated nor downregulated with the increasing concentrations, whereas 
ghrelin mRNA expression was upregulated. In conclusion, bisphenol exposures 
resulted in increased eating behavior, which correlated to increased mRNA expres-
sion of the appetite-stimulatory hormone ghrelin. In addition, the results suggest 
that zebrafish larvae can be used to efficiently assess obesogenic capacity of 
environmental pollutants.

 3531 Developmental Toxicity of Perchloroethylene (PERC) in 
Zebrafish (Danio rerio)

T. A. Yenrick, and K. A. Horzmann. Auburn University, Auburn, AL.

Perchloroethylene (PERC) is an environmental contaminant linked to toxic effects 
including cancer, neurotoxicity, and developmental toxicity. PERC was used histor-
ically as a metal-degreaser and dry-cleaning agent and is now found at over half 
of the US Environmental Protection Agency (EPA) superfund sites and is currently 
listed 33rd on the Agency for Toxic Substances and Disease Registry’s Priority List. 
The US EPA regulates the concentration of PERC in drinking water with a maximum 
contaminant level of 5 ppb. This study uses the zebrafish model organism to 
test the hypothesis that embryonic exposure to environmentally and ecologically 
relevant concentrations of PERC results in developmental toxicity. A 120-hour post 
fertilization (hpf) LC50 for PERC in zebrafish was determined to establish a compar-
ative baseline of toxicity. Zebrafish embryos were statically exposed to 0, 5, 50, 
or 500 parts per billion (ppb; ug/L) PERC in glass vials for 24 or 120 hpf. Embryo 
survival and hatching was checked every 24 hours for 120 hours to evaluate acute 
developmental toxicity. A Photomotor response assay was performed at 24 hpf and 
a visual motor response test was performed at 120 hpf to evaluate behavior. Finally, 
larval zebrafish were analyzed for morphologic and cardiac function abnormalities 
at 120 hpf. The 120 hpf LC50 for larval zebrafish is 35,534 ppb. At 24 hpf, embryos 
exposed to 5 and 50 ppb PERC demonstrated an increase in burst activity and total 
burst duration, as compared to the controls. Additionally, the number of bursts 
was increased in the 50-ppb exposure compared to the controls. At 120 hpf, the 
5 and 500 ppb exposures had an increase in heart beats per minute as compared 
to control zebrafish. Morphology of larval zebrafish was evaluated at 120 hpf and 
the 50 and 500 ppb exposures had decreased body length compared to controls 
while the 5 and 50 ppb exposures had a decrease in head width and head width to 
body length ratio. Additionally, the 50-ppb exposure had a decreased head length. 
Eye diameter and otolith diameter were decreased in all exposures as compared to 
the controls. No significant differences between exposures were observed on the 
120 hpf visual motor response behavioral assay. Developmental exposure to PERC 
alters behavior in 24 hpf embryos and alters larval morphology and cardiac function 
at 120 hpf. Although there was no change in behavior at 120 hpf, the other findings 
suggest PERC does cause developmental toxicity and warrants additional investi-
gation. I would like to thank Dr. Horzmann, my mentor and advisor for her continued 
support throughout my PhD program. Additionally, I would like to thank Dr. Joiner, 
Dr. Foradori, and Dr. Ojeda on my committee for their support of my project and 
career goals. Finally, I would like to thank the Auburn University Institutional Grants 
Program, the Auburn University College of Veterinary Medicine Animal Health and 
Disease Grants Program, and the National Institutes of Health-National Institute of 
Environmental Health Sciences (R15 ES033361) for funding this research.

 3532 Developmental Toxicity of the Trichloroethylene Metabolite 
DCVC in Zebrafish

Q. T. Rossow, M. Hariri, and K. A. Horzmann. Auburn University, Auburn, AL.

Trichloroethylene (TCE), historically used as an industrial solvent and degreaser, is 
a legacy environmental pollutant that is found at over half of Superfund sites in the 
United States and can contaminate ground and drinking water sources. TCE is a 
known carcinogen and is associated with reproductive and developmental toxicity, 
immunotoxicity, and neurotoxicity. Some of the toxic effects of TCE are thought 
to be caused by its metabolites and this study tests the hypothesis that S-(1,2-
dichlorovinyl)-l-cysteine (DCVC), a glutathione pathway derived metabolite of TCE, 
contributes to the toxicity observed in zebrafish (Danio rerio) with developmen-
tal TCE exposure. In this study, after a 120-hour LC50 for DCVC was determined 
to be greater than 100 parts per million (ppm; mg/L), zebrafish embryos were 
dosed immediately after fertilization with 0, 5, 50, or 500 parts per billion (ppb; 
µg/L) of DCVC. Survival and hatching were monitored every day for 120 hours, 
behavior assays were performed at both 24 hours post fertilization (hpf) and 120 
hpf, and heart rate and body morphology measurements were recorded at 120 
hpf to screen for potential toxicity. Although no differences in survival or hatching 
were observed, there were significant alterations in behavior at both 24 hpf and 
120 hpf. All three DCVC exposures had altered behavioral endpoints in the 24 hpf 
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photomotor response test while the 5 and 500 ppb exposures had significantly 
decreased movement in the 120 hpf visual motor response test. The morphology 
of the 50 and 500 ppb exposures was significantly altered with these exposures 
having significantly smaller head length and head width measurements and the 
heart rate was significantly increased in the 5 and 500 ppb exposures. The results 
suggest that DCVC does contribute to TCE-associated developmental toxicity.

 3533 Effects of Tris (2-Chloroisopropyl) Phosphate (TCIPP) on Early 
Chicken Embryos in a Shell-Less Incubation System: New 
Insight into Molecular Mechanisms

K. Chigusa, K. Kanda, and H. Iwata. Ehime University, Ehime, Japan.

Organophosphorus flame retardants (OPFRs) are used as alternative flame 
retardants following the regulation of some brominated flame retardants, and their 
use has increased in recent years. Tris (2-chloroisopropyl) phosphate (TCIPP), one 
of the OPFRs, has been detected in the egg and tissue of wild birds. Several reports 
have demonstrated that TCIPP exposure to early developing stages of animals 
induces malformation such as pericardial edema and spinal curvature in embryos. 
However, the molecular mechanisms of these phenotypic effects of TCIPP on early 
developing embryos remain unknown. The recently developed shell-less incubation 
system has made it possible to assess the phenotypic effects of chemicals on early 
developing chicken embryos over time (Tahara and Obara, Japan Poult. Sci. Assoc. 
51, 307-312, 2014, Kanda et al., Ecotoxcol. Environ. Saf. 207, 111263, 2021). With 
this incubation system, we found that TCIPP exposure caused somitic deformity 
in day 4 chicken embryos and this effect may be responsible for their reduced 
survival. The aim of this study is to identify the molecular mechanisms of abnormal 
somitogenesis in TCIPP-treated chicken embryos by their transcriptome analysis. 
The Rhode Island Red chicken (Gallus gallus domesticus) eggs were divided into 
three groups: vehicle control (control; 0.1 % w/w DMSO), low-TCIPP (TCIPP-L; 50 
nmol/g egg), and high-TCIPP (TCIPP-H; 500 nmol/g egg). The eggs were treated 
with each chemical solution at Hamburger Hamilton stage (HHS) 1. After 55-56 
hours of incubation (38℃, 70 % humidity), the eggshell was broken, and all the 
egg contents were gently transferred to a shell-less incubation system. Embryos 
were observed on days 3-4, and images were recorded. Embryos were dissected 
on day 4. Body length and somitic curvature angle were measured using the image 
analysis software ImageJ. For the transcriptome analysis of embryos, mRNA 
expression levels were quantified by Illumina NovaSeq 6000 using 6 samples per 
treatment group. Based on the differentially expressed genes (FDR<0.05), Ingenuity 
Pathway Analysis (IPA) was used for pathway enrichment analysis. qRT-PCR and 
whole mount in situ hybridization were performed using day 4 embryos to investi-
gate mRNA expression levels and sites of the fgf8 gene, respectively. Results of 
transcriptome analysis showed expression levels of 1433 genes were significantly 
altered (597 up- and 836 down-regulated). In chick somitogenesis, mesenchy-
mal cells are transformed into epithelial cells (Mesenchymal-epithelial transition; 
MET) by actin polymerization. In TCIPP-treated chick embryos, the MET pathway 
and actin cytoskeleton signaling was significantly decreased, and their related 
genes including acta1, myh2, wnt2b, rhoa, and fgf6 were significantly decreased 
and snai1, fgf9, and mapk9 were significantly increased. Signaling by rho family 
GTPases inducing actin polymerization was also significantly reduced. Integrin 
and cadherin which regulate GTPase activity were also significantly decreased by 
TCIPP exposure. Consequently, TCIPP may inhibit MET through these molecules 
and signaling pathways and impair somitogenesis. As the concentration gradient 
formed by fgf8 is responsible for the formation of the somite boundary, we further 
examined the fgf8 mRNA expression. Fgf8 mRNA was significantly increased in 
TCIPP-H, in a TCIPP concentration-dependent manner (p < 0.01). There was also 
a significant positive correlation between fgf8 mRNA expression level and somitic 
curvature angle (r = 0.44, p < 0.01). The whole mount in situ hybridization showed 
that fgf8 mRNA was increased around the sites where the somitic curvature was 
observed. These results suggest that increased fgf8 mRNA expression may also be 
involved in the deformity in the somite formation.

 3534 Effects of Tris (2-Chloroisopropyl) Phosphate (TCIPP) on 
Early Chicken Embryos in a Shell-Less Incubation System: 
Continuous Observation of Phenotypes

H. Iwata, K. Kanda, and K. Chigusa. Ehime University, Ehime, Japan.

Organophosphorus flame retardants (OPFRs) are used as alternative flame 
retardants following the regulation of some brominated flame retardants, and their 
use has increased in recent years. Tris (2-chloroisopropyl) phosphate (TCIPP), one 
of the OPFRs, has been detected in the egg and tissues of wild birds. The effects of 
TCIPP exposure on early developmental embryos are of particular concern because 
of their vulnerability to chemical exposure in the critical window. Despite the high 
sensitivity to early embryos to chemicals, information on the effects of TCIPP 
on early developmental avian embryos are still lacking. The recently developed 
shell-less incubation system has made it possible to observe chick embryos over 
time until hatching (Tahara and Obara, Japan Poult. Sci. Assoc. 51, 307-312, 2014). 
Our previous study has successfully assessed the toxicity of tris (2-chloroethyl) 
phosphate (TCEP), an OPFR in chicken embryos, using this shell-less incubation 
system and revealed the developmental delay and cardiovascular effects (Kanda 

et al., Ecotoxcol. Environ. Saf. 207, 111263, 2021). The aim of this study is thus 
to assess the effects of TCIPP on the morphology in early chicken embryos in 
the shell-less incubation system. The Rhode Island Red chicken (Gallus gallus 
domesticus) eggs were divided into three groups: vehicle control (control; 0.1 % 
w/w DMSO, n = 40), low-TCIPP (TCIPP-L; 50 nmol/g egg n = 56), and high-TCIPP 
(TCIPP-H; 500 nmol/g egg, n = 102). The eggs were treated with each chemical 
solution at Hamburger Hamilton stage (HHS) 1. After 55-56 hours of incubation 
(38℃, 70 % humidity), the eggshell was broken, and all the egg contents were 
gently transferred to the shell-less incubation system. Embryos were continu-
ously observed on days 3-9 and images and videos were recorded. Embryos were 
dissected on day 9 and weighed for body, heart, liver, brain, and eye. Body length, 
head length, head + bill length, eye diameter, eye luminosity value, forelimb length, 
hindlimb length, extraembryonic blood vessel length, extraembryonic blood vessel 
luminosity value, somitic curvature angle, and heart rate were measured using 
image analysis software ImageJ. The survival rate was significantly decreased 
in both TCIPP-treated groups. Dissection on day 9 showed no significant differ-
ences in the weight of body, heart, liver, and brain. In contrast, the eye weight/body 
weight ratio was significantly reduced in TCIPP-H (p < 0.05). The body length, head 
+ bill length, eye diameter, forelimb length, and hindlimb length were significantly 
decreased in both TCIPP treated groups. The development of extraembryonic 
blood vessels and red blood cell production were also significantly repressed in 
these TCIPP-treated groups. The heart rate showed a decreasing trend in a TCIPP 
concentration-dependent manner on days 4-7. The somitic curvature angle was 
significantly increased on days 4-6 in these TCIPP-exposure groups. There was a 
negative correlation between the somitic curvature angle and the body length, each 
body part length, and number and luminosity value of extraembryonic blood vessels 
on days 4-6. The somite of chick embryos is formed from 24 hours to 4 days, and 
the forelimb, hindlimb, and eyes are formed following day 4. These results suggest 
that somitic deformity caused by TCIPP exposure by day 4 inhibits the formation of 
each part of the body. Embryos with curved somites showed cleavage on the back 
and widened the gap between somites, forming asymmetrical somite. The survival 
rate of embryos with the curved somite in TCIPP-exposure groups was significantly 
lower than that of embryos with normal somite (p < 0.001). These results suggest 
that the failure of somitic formation is one of the causes to reduce the survival rate 
in early chicken embryos treated with TCIPP.

 3535 Effects of Tris (2-Chloroethyl) Phosphate (TCEP) on the 
Cardiovascular Phenotypes and Transcriptome in Ex Ovo 
Chicken Embryos

S. Ito1, K. Kanda1, D. Koh2, E. Kim2, and H. Iwata1. 1Ehime University, Matsuyama, Japan; 
and 2Kyung Hee University, Seoul, Korea, Republic of.

Tris (2-chloroethyl) phosphate (TCEP) is one of the pervasive organophos-
phate flame retardants (OPFRs) that has been detected in the atmosphere, dust, 
river water, and tissues and eggs of wild birds. TCEP has been categorized as 
a compound of high toxicological concern among 62 flame retardant chemicals 
based on in vivo and in vitro toxicity data. However, few studies have investigated 
the toxic effects of TCEP on avian embryos. This study thus aimed to understand the 
mechanisms of cardiovascular toxicity of TCEP in avian embryos. Fertilized chicken 
(Gallus gallus domesticus) eggs were treated with 50, 250, and 500 nmol/g egg of 
TCEP (TCEP-L, -M, and -H, respectively) or DMSO at Hamburger and Hamilton stage 
1. After 56-60 hours of incubation, each embryo was transferred to a shell-less 
incubation vessel to observe the development of chicken embryos (Kanda et al., 
Ecotoxcol. Environ. Saf. 207, 111263, 2021). Toxic endpoints were consecutively 
monitored in situ on days 3 to 5 of incubation, and the heart rate, the ventricular 
surface area to body weight ratio, and the length of extraembryonic blood vessels 
were measured by imaging analysis of ImageJ. Total RNA was extracted from the 
hearts of day 5 chicken embryos, and RNA sequencing (RNA-seq) for transcriptome 
analysis was carried out using an Illumina NovaSeq 6000. Based on the differen-
tially expressed genes (FDR<0.05), we performed enrichment analyses of the KEGG 
pathway, Gene Ontology (GO), and Ingenuity Pathway Analysis (IPA). qRT-PCR was 
performed to measure the mRNA expression level related to vasculogenesis in the 
vitelline membrane. The heart rate was significantly decreased in the TCEP-H group 
on days 3-5, particularly in all TCEP exposure groups on day 4 (TCEP-L, p < 0.05; 
TCEP-M, p < 0.001; TCEP-H, p < 0.001). The ventricular surface area to body weight 
ratio was significantly increased in a TCEP concentration-dependent manner (p < 
0.05). Total extraembryonic vessel length was significantly decreased on day 4 in 
TCEP-M and TCEP-H groups (p < 0.05) and significantly reduced on day 5 in a TCEP 
concentration-dependent manner. These results revealed that TCEP exposure 
induces cardiovascular dysfunction in chicken embryos. The cardiac transcrip-
tome analysis showed four enriched GO terms associated with cardiac conduction 
in TCEP-M and TCEP-H. Expression levels of BIN1, CACNA1G, CTNNA3, KCNE5, 
KCNJ2, and NKX2-5 related to cardiac conduction were significantly decreased. 
Therefore, TCEP exposure may cause a decrease in heart rate by reducing the 
expression of these genes. The adherens junction, actin cytoskeleton regulation, 
and Wnt signaling pathway were significantly enriched in KEGG pathway analysis. 
Since these pathways are involved in cardiomyocyte morphogenesis, TCEP 
exposure may induce abnormal cardiac morphology. IPA revealed 19 pathways 
commonly enriched in two or more TCEP-exposed groups. The epithelial-mesen-
chymal transition (EMT) pathway was notably affected, with 17 genes including 
SNAI2 and FOXC2 downregulated. As EMT is involved in the differentiation of 
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cardiac fibroblasts and smooth muscle cells from epicardial-derived progenitor 
cells, TCEP exposure may affect the EMT and inhibit cardiac development, which 
is supported by phenotypic observations including decreased heart rate. qRT-PCR 
analyses of genes in vitelline membranes showed that gene expression levels of 
FGF2, VEGFR2, VEGFR3, VEGFC, HIF1A, AKT, PIK3CA, and RAC1 were significantly 
decreased in a TCEP concentration-dependent manner. These results suggest that 
TCEP exposure suppresses the vasculogenesis of extraembryonic blood vessels by 
downregulation of these genes involved in the VEGF signaling pathway.

 3536 Effects of Tris (2-Chloroethyl) Phosphate (TCEP) on the 
Epithelial-Mesenchymal Transition (EMT) in Early Developing 
Chicken Embryos

K. Kanda, and H. Iwata. Ehime University, Matsuyama, Japan.

Tris (2-chloroethyl) phosphate (TCEP) is one of the pervasive organophosphate 
flame retardants (OPFRs) that has been commercially used in polyurethane foam 
textiles, and furniture to delay the spread of fire after ignition. We previously 
found that exposure of chicken embryos to TCEP (250 and 500 nmol/g egg) had 
effects on significantly shortened body length, reduced heart rate, and suppressed 
vasculogenesis during developmental stages between days 3 and 9 of incubation, 
suggesting that TCEP induces developmental delay and cardiovascular distur-
bance (Kanda et al., Ecotoxcol. Environ. Saf. 207, 111263, 2021). However, the 
molecular mechanism of these effects on chicken embryos remains unclear. 
Epithelial-Mesenchymal Transition (EMT) is a morphogenetic process in which 
cells lose epithelial characteristics such as cell polarity and cell-cell adhesion and 
gain mesenchymal properties such as migration and invasion. During the gastru-
lation of the chicken embryo (Hamburger and Hamilton stage (HH) 4), a part of 
the epithelial cells forms the mesoderm by EMT. The mesoderm cells are differ-
entiated into cardiomyocytes, hematopoietic cells, and endothelial cells that form 
blood vessels. In this study, we investigated whether TCEP exposure affects EMT 
during gastrulation of the chicken primitive streak. Fertilized chicken (Gallus gallus 
domesticus) eggs were treated with 50, 250, and 500 nmol/g egg of TCEP (TCEP-L, 
-M, and -H, respectively) or DMSO at day 0 (HH1). After 18 hours of incubation, 
HH4 chicken blastoderms were sampled, and qRT-PCR analysis was performed 
to measure the expression of EMT- and mesoderm-related genes (n=12/group). 
SNAI2 expression, a transcription factor in EMT was significantly decreased in all 
TCEP exposure groups (TCEP-L, p < 0.01; TCEP-M, p < 0.01; TCEP-H, p < 0.001). 
Gene expression of TBXT (Brachyury) and TBX6, the mesoderm marker, were also 
significantly decreased in a TCEP exposure concentration-dependent manner. 
Interestingly, there was a significant positive correlation between SNAI2 and 
TBXT in mRNA levels (r = 0.96). These results suggest that TCEP suppresses EMT 
and delays mesoderm cell differentiation. The TCEP-H group showed increased 
expression of E-cadherin (p < 0.05) and decreased expression of N-cadherin (p 
< 0.05). Epithelial cells express E-cadherin, whereas mesenchymal cells express 
N-cadherin. E-cadherin expression is directly repressed by SNAI2 binding to the 
promoter of E-cadherin in EMT. Thus, the suppression of EMT by TCEP exposure 
was also supported by the altered E- and N-cadherin expressions. Among FGF 
signaling-related genes, FGF4 expression was significantly downregulated by TCEP 
exposure (TCEP-L, p < 0.05; TCEP-M, p < 0.01; TCEP-H, p < 0.01), and the relation-
ship of the gene expression between FGF4 and SNAI2 (r = 0.96), and FGF4 and 
TBXT (r = 0.94) were significantly positively correlated. In contrast, the gene expres-
sion levels of FGF8 and FGFR1 were unchanged by TCEP exposure. FGF signaling 
plays a role in SNAI2-mediated EMT regulation and TBXT-mediated mesodermal 
induction. Therefore, the downregulation of FGF4 by TCEP may trigger the repres-
sion of SNAI2 and TBXT expression. WNT3A expression significantly increased in 
a TCEP exposure concentration-dependent manner (p < 0.05). Since the epiblast 
mesoderm is induced by coactivation of the FGF and Wnt signaling pathways, the 
increased WNT3A expression may be due to feedback regulation of FGF4 downreg-
ulated by TCEP exposure. This study found that TCEP decreased FGF4 expression 
and suppressed EMT progression and mesoderm cell differentiation in chicken 
gastrulation. These effects may consequently induce developmental delays and 
cardiovascular dysfunction in chicken embryos exposed to TCEP.

 3537 Developmental Exposure to the Environmental Toxicant, 
Polychlorinated Biphenyls Alters Voiding Physiology, Bladder 
Innervation, and TRPV1-Mediated Voiding in Mice

M. Ridlon, C. L. Kennedy, A. Spiegelhoff, and K. Keil Stietz. University of Wisconsin–
Madison, Madison, WI.

Environmental contaminants are risk factors for several disorders, yet their ability 
to influence lower urinary tract (LUT) function is understudied. Polychlorinated 
biphenyls (PCBs) are neuro- and immunotoxicants, yet PCB effects on LUT 
functionality are understudied. Using a PCB profile that is relevant to human health, 
we study the effects of PCBs on physiological, anatomical, and molecular levels 
in the bladders of mouse models. Development is an especially sensitive time 
in tissue generation and repair, and developmental exposures may predispose 
to later in life adverse outcomes. We hypothesize that developmental exposure 
to PCBs in mice alters neurological function in the bladder which contributes to 
altered voiding physiology that can persist later in life. Nulliparous mice were dosed 

through gestation and lactation with an environmentally relevant mixture of PCBs 
at 0, 0.1, 1, or 6 mg/kg/d. Offspring were tested at 4, 6, or 12 weeks. Body mass 
and bladder morphology were tested at 4 or 6 weeks for overt toxicity or gross 
influences on voiding physiology. Voiding physiology tests were performed at 6 
or 12 weeks using void spot assays, uroflowmetry, and anesthetized cystometry. 
12-week-old offspring undergoing anesthetized cystometry were also infused with 
30uM capsaicin after saline cystometry to agonize transient receptor potential 
vanilloid subtype 1 (TRPV1), a necessary component of bladder filling sensation. 
Immunohistochemistry was performed using B III -tubulin for pan-nerve staining 
and CGRP for sensory nerve staining to measure suburothelial nerve density. All 
animal experimentation followed UW-Madison and SOT guidelines. At 4 weeks, 
there were no observed changes indicating overt toxicity, bladder obstruction, or 
decreased barrier function. Bladder volume was increased in 6 mg/kg/d males at 
4 and 6 weeks, and 6 mg/kg/d females at 6 weeks. Effects on voiding physiology 
were sex- and dose-dependent at both 6 and 12 weeks of age. Changes at 6 weeks 
generally presented as frequent, small, drop-like voids, and at 12 weeks presented 
as less frequent voids with decreased bladder compliance. Overall nerve density 
was increased in 6 mg/kg/d males at 4 weeks and testing at 6 weeks is ongoing. 
Sensory nerve density was increased between 0.1 and 6 mg/kg/d males at 4 weeks 
and testing at 6 weeks is planned. Agonism of TRPV1 had sex- and dose- dependent 
effects on void duration, threshold pressure, maximum intravesical pressure, and 
compliance. Observed effects indicate there are possible TRPV1-mediated changes 
to bladder filling sensitivity and bladder muscle contractility in mice influenced 
by perinatal exposure to PCBs. Developmental exposure to PCBs in mice causes 
changes to mouse voiding physiology, suburothelial nerve densities, and neurolog-
ical signaling involving TRPV1. Altered voiding responses to TRPV1 agonism, and 
changes to nerve densities, indicate that developmental exposure to PCBs may 
alter the plasticity of bladder innervation or modulation of neurological signaling 
from the bladder. Supported by NIH awards R00ES029537 and T32ES007015.

 3538 Pre- and Postnatal Developmental Exposure to the 
Polychlorinated Biphenyl Mixture Aroclor 1221 Alters Rat 
Pituitary Gonadotropins and Estrogen Receptor Alpha Levels

K. E. Weis1, L. M. Thompson2, M. Streifer2, I. Guardado3, J. A. Flaws4, A. C. Gore2, and 
L. T. Raetzman1. 1University of Illinois at Urbana-Champaign, Urbana, IL; 2University of 
Texas at Austin, Austin, TX; 3University of Maryland, Baltimore, MD; and 4University of 
Illinois College of Veterinary Medicine, Urbana, IL.

Polychlorinated-biphenyls (PCBs) are industrial compounds, which were widely 
used in manufacturing of electrical parts and transformers. Despite being banned in 
1979 due to concerns about harm to human health, they still persist in the environ-
ment. In humans and experimental model systems, PCBs have been shown to be 
toxicants in part by acting as endocrine disrupting chemicals (EDCs). Aroclor 1221 
(A1221) is a weakly estrogenic PCB mixture known to alter reproductive function 
in rodents. EDCs can impact hormone signaling at any level of the hypothalam-
ic-pituitary-gonadal (HPG) axis, and we investigated the effects of A1221 exposure 
during the prenatal and postnatal developmental periods on pituitary hormone and 
steroid receptor expression in rats. Examining offspring at 3 different ages postna-
tal day 8 (P8), P32 and P60, we found that prenatal exposure to A1221 increased 
P8 neonate pituitary luteinizing hormone beta (Lhb) mRNA and LHβ gonadotrope 
cell number while decreasing LH serum hormone concentration. No changes in 
pituitary hormone or hormone receptor gene expression were observed peri-puberty 
at P32. In reproductively mature rats at P60, we found pituitary follicle stimulat-
ing hormone beta (Fshb) mRNA levels increased by prenatal A1221 exposure with 
no corresponding alterations in FSH hormone or FSHβ expressing cell number. 
Estrogen receptor alpha (ERα) mRNA and protein levels were also increased at 
P60, but only following postnatal A1221 dosing. Together, these data illustrate that 
exposure to the PCB A1221, during critical developmental windows, alters pituitary 
gonadotropin hormone subunits and ERα levels in offspring at different phases 
of maturation, potentially impacting reproductive function in concert with other 
components of the HPG axis. Supported by NIH R01 ES029464 and R25 ES025059.

 3539 Mitochondrial Toxicity of Polycyclic Aromatic Hydrocarbons in 
Preimplantation Mouse Embryos

S. M. McLarnan, U. Thopte, K. DeSantis, C. M. Lucey, and B. L. Pearson. Columbia 
University, New York, NY.

Prenatal exposure to polycyclic aromatic hydrocarbons (PAHs) has been associ-
ated with adverse health outcomes including neurodevelopmental impairments. 
The mechanisms of this association remain unresolved. Limited work has 
suggested a role for the mitochondria in this pathway, however study of the fetal 
period of development is limited by a variety of ethical and logistical factors. In this 
study we use mouse preimplantation embryos to characterize the mitochondrial 
toxicity of PAH exposure. Embryos were dosed under four schedules from days 0.5 
to 3.5 post-fertilization - from zygote to blastocyst stage. A PAH mixture of eight 
constituents was created to emulate the exposure of a Northern New York City 
birth cohort in order to maximize the relevance of this exposure. The mixture was 
scaled around a 5nM concentration of benzo[a]pyrene as this concentration has 
been observed in human cord blood. Mitochondrial endpoints were quantified using 
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fluorescence microscopy. Mitochondrial superoxide production was quantified 
using MitoSox Red Superoxide Indicator and mitochondrial membrane potential 
quantified using JC-1 Membrane Potential Dye. Results indicate an increased 
mitochondrial membrane potential (hyperpolarization) and increased superoxide 
production in embryos exposed to PAH relative to vehicle. These findings provide 
further evidence for the role of the mitochondria in the mechanism of prenatal PAH 
toxicity and offer several avenues of further study.

 3540 Comparative Hazard Potential of Environmentally Relevant 
Alkylated Polycyclic Aromatic Hydrocarbons

M. L. Morshead, L. Truong, M. Simonich, J. Scotten, K. Anderson, and R. L. Tanguay. 
Oregon State University, Corvallis, OR.

With an increasing demand for fossil fuels and a growing frequency of wildfires, 
polycyclic aromatic hydrocarbons (PAHs) are an environmental contaminant of 
growing concern. While PAHs are typically present in complex mixtures, concern 
has primarily been focused on the carcinogenicity of unsubstituted PAHs. 
Understanding the toxicity of alkylated PAHs is important for a comprehensive 
understanding of the hazard potential of this diverse chemical class. 73 alkylated 
PAHs were screened for morphological and behavioral effects in a high-through-
put developmental zebrafish assay. Embryos were exposed to 12 concentrations 
ranging from 0 to 100uM (n =14) and screened for morphological effects using 10 
morphological endpoints and behavior using a larval photo motor response. The 
aryl hydrocarbon receptor (AHR) is often implicated in the toxicity of PAHs and 
the induction of cytochrome P4501A (Cyp1a) is an excellent biomarker of AHR 
activation. Embryos were evaluated for spatial Cyp1a expression patterns using 
an AHR-responsive reporter line. Of the 73 alkyl PAHs tested, 31 were hits in our 
morphological screen, 15 were hits in both behavior and morphology and 6 were 
hits in just behavior. 12 of these 73 compounds (16%) have been detected in the 
environment, our toxicity screening results will be compared against environmental 
concentrations to ascertain risk. For those compounds for which we do not have 
environmental concentrations, we will predict risk based on their toxicity profiles 
and environmental concentrations of similar compounds. This is the largest set 
of alkylated PAHs yet to be screened. Results from this study will enhance our 
ability to identify structure-activity relationships and to move toward predictive 
hazard assessment of PAHs. Research reported in this publication was supported 
by the NIEHS of the National Institutes of Health under Award Number P42ES016465, 
P30ES030287, and T32ES007060. The content is solely the responsibility of 
the authors and does not necessarily represent the official views of the National 
Institutes of Health.

 3541 3D Microphysiological Placenta In Vitro Model as a Tool for Drug 
Transport Studies and Risk Assessment

G. Rabussier1, D. Goubert1, C. Soragni1, C. Ng1, K. Bircsak1, L. de Windt2, and 
H. Lanz1. 1MIMETAS, Oegstgeest, Netherlands; and 2Maastricht University, Maastricht, 
Netherlands. Sponsor: M. de Boer.

The human placenta is a unique organ that acts as the interface between the 
mother and the fetus. Its multilayered structure, that consists of the syncytium 
and the fetal endothelium separated by a thin connective tissue, is essential 
for the exchange of various substances and to protect the fetus from xenobi-
otics. Considering that over the past decades the intakes of medication during 
pregnancy are on rise, risk assessment of drug therapies during pregnancy is 
gaining more importance. Unfortunately, the current widely used in vitro translo-
cation models do not fully resemble the physiological structure and fail clinical 
translation. Here we present an in vitro model of the placental barrier toward the 
assessment of drug transport using the microfluidics OrganoPlate® 3-lane. This 
platform is based on a 384-microtiter plate which allows for a parallel culture of 40 
perfused miniaturized placenta barrier, in a membrane-free manner. To model the 
placenta barrier on-a-chip, the trophoblast cell line BeWo b30 and primary human 
vascular endothelial cells HUVEC were grown against a thin connective tissue-like 
extracellular matrix (ECM) in the OrganoPlate®. The ECM can be freely patterned 
in microchannels using PhaseGuideTM technology (capillary pressure barriers). 
Perfusion through the lumen of maternal epithelium and fetal endothelium is 
induced without pump and can be controlled to model mechanical cues. Syncytium 
formation, polarization and specific marker expression were characterized at the 
protein and mRNA level. Upon perfusion flow, trophoblast and endothelial cells 
formed lumenized, leak-tight confluent tubular structures. Barrier tissue integrity 
was confirmed through TEER (transepithelial electrical resistance) measurements. 
Syncytium formation was characterized by a break-down of tight junction (ZO-1), 
and an increase in hCG-ß expression. The activity of major placenta barrier drug 
transporters, such as multidrug-resistance protein (MRP), was evaluated through 
in- and efflux transporter assays. Finally, drug-induced toxicity was assessed by 
syncytium apical exposure to common drugs taken during pregnancy, known 
substrates of MRP. Cellular damage was assessed, and barrier disruption was 
evaluated by TEER measurements using the OrganoTEER®, a device fully compati-
ble with the OrganoPlate®. Exposure of the maternal compartment to compounds 
showed dose-dependent cellular damage and barrier integrity loss. The placental 
barrier on-a-chip provides a complex co-culture model to recreate an in vivo-like 

microenvironment. Suitable for transport studies and high-throughput drug-induced 
toxicity screening, this model provides valuable insight for drug risk assessment 
during pregnancy. Support: European Union’s Horizon 2020 research and innovation 
programme under the Marie Skłodowska-Curie grant agreement No. 765274.

 3542 Assessing the Developmental Toxicity of Busulfan in an In Vitro 
Human Placental Barrier-Embryo Co-culture System

Y. Wang1, S. Li1, R. Wynne1, Y. Chen1, X. He1, M. Bryant1, L. Muskhelishvili2, K. Davis2, 
X. Cao1, R. H. Heflich1, and K. Brant3. 1US FDA/NCTR, Jefferson, AR; 2Toxicologic 
Pathology Associates, Jefferson, AR; and 3US FDA/CDER, Silver Spring, MD.

Assessment of the potential developmental risks of human pharmaceuticals is 
guided by the International Conference on Harmonization (ICH) S5(R3). Studies 
generally require high animal usage and do not always extrapolate well to human 
risk. Moreover, most existing in vitro alternatives fail to recapitulate the complex-
ity of the maternal-fetal interactions occurring during embryo/fetal development. 
Here, we established an in vitro human placental-embryo co-culture system and 
conducted a proof-of-concept study using a potent teratogen, busulfan. Human 
placental barrier models were reconstructed by assembling BeWo cells (mimic 
syncytiotrophoblasts) and human primary placental villous endothelial cells 
(HPVEC) on the apical (maternal) and basolateral (embryo/fetal) sides of a 
Transwell culture insert, respectively. Human embryonic stem cells (hESCs) were 
subjected to a 15-day cardiomyocyte differentiation procedure, serving as an in vitro 
model for human embryo-fetal developmental toxicity. From Day 0 to Day 8, hESCs 
were either directly treated with medium containing 0.5 to 5000 ng/mL busulfan or 
indirectly exposed to busulfan resulting from transport from the apical (maternal) 
to basolateral (embryo/fetal) compartments of the placental barrier model. Lactate 
dehydrogenase release and gene expression of cardiomyocyte-specific transcripts 
were measured on Days 2, 4, 8, 12 and 15. On Day 15, cell viability was measured 
using an MTS assay and the percentage of the cardiomyocytes was quantified by 
flow cytometry with anti-Troponin T antibody. Directly treating hESCs with busulfan 
resulted in dose-dependent decreases in cell viability, the expression of cardiomyo-
cyte-specific transcripts and the percentage of cardiomyocytes. When exposed to 
busulfan that had passed through the BeWo-HPVEC barrier, effects on cell viability 
and the inhibition on cardio-differentiation in hESCs were reduced. In summary, 
the co-culture system consisting of the BeWo-HPVEC placental barrier model and 
hESCs developed in this work provides an in vitro model to better understand the 
embryo-fetal toxicity mechanisms at the embryo-placental interface that can inform 
preclinical evaluation of the teratogenic potential of pharmaceuticals administered 
during pregnancy.

 3543 Sex-Specific Neurobehavioral and Prefrontal Cortex Gene 
Expression Alterations following Developmental Acetaminophen 
Exposure in Mice

B. H. Baker1, E. E. Rafikian2, P. B. Hamblin2, M. D. Strait2, M. Yang2, and B. L. Pearson2. 
1Seattle Children’s Research Institute, Seattle, WA; and 2Columbia University, New 
York, NY.

Acetaminophen (N-acetyl-p-aminophenol (APAP), also known as paracetamol) is 
the active ingredient in over 600 prescription and over-the-counter medications for 
pain, fever, cough, cold, and allergies. APAP-containing medications are among 
the only analgesics not contraindicated during pregnancy. Consequently, their 
use is reported by over half of pregnant women in many populations. Although 
many human observational and animal model studies have shown associations 
between prenatal and early postnatal APAP exposure and attention deficit hyperac-
tivity disorder, autism spectrum disorders, and altered neurodevelopment, the 
existing literature is limited. First, the mechanisms of APAP neurotoxicity remain 
unknown. ‘Omics’ technologies such as RNA sequencing are commonly used to 
explore toxicological mechanisms, yet no human or animal studies have examined 
transcriptomic changes in the brain associated with prenatal or early postnatal 
APAP exposure. Second, no mouse studies of prenatal APAP exposure have 
investigated offspring attention deficits in behavioral tasks specifically designed to 
measure attention. We randomly assigned pregnant mice (starting embryonic day 
4-10) to receive APAP (150 mg/kg/day) or vehicle control through postnatal day 
14. We evaluated 111 mouse offspring in a battery of behavioral tests, including 
pup ultrasonic vocalizations, elevated plus-maze, open field test, CatWalk (gait), 
pre-pulse inhibition, and the automated 5-choice serial reaction time task, which is 
specifically designed to assess attention deficits. Prefrontal cortex was collected at 
birth from 24 pups for RNA sequencing. Developmental APAP treatment resulted in 
increased and hastened separation-induced pup vocalizations between postnatal 
days 2 and 11, as well as decreased ambulation and vertical rearings in the open 
field in male but not female adult offspring. RNA-sequencing revealed ten differ-
entially expressed genes in prefrontal cortex between control and APAP-exposed 
pups. Sex-stratified gene set enrichment analyses demonstrated enrichment of 
endocrine, immune, DNA damage, and glutathione and cytochrome p450 metabolic 
pathways, allowing us to generate hypotheses to explain the sex-specific behavioral 
effects of APAP observed here. For instance, females may have been better 
able to upregulate glutathione and cytochrome p450 metabolism and thereby 
efficiently detoxify APAP to avoid adverse effects on the developing brain. This 
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deficient metabolism of APAP in males may also explain why some DNA damage 
related terms were upregulated by APAP treatment in males but not females. This 
study provides additional evidence for the neurodevelopmental harm of prenatal 
APAP exposure and generates hypotheses for underlying molecular pathways via 
RNA sequencing.

 3544 Alteration of the Viral Immune Response in the Brain of Juvenile 
Rats following Repeated Daily Ingestion of Cannabidiol

C. A. Taylor, K. J. Burroughs, S. X. Guo-Ross, J. A. Ousley, A. K. Ross, K. N. Sette, and 
R. L. Carr. Mississippi State University, Mississippi State, MS.

Cannabidiol (CBD) is a non-psychotomimetic constituent of Cannabis sativa. CBD 
is effective in relieving uncontrolled seizures in children, but there are unsubstan-
tiated claims that CBD is also effective in treating anxiety, depression, autism, 
and ADHD. Regardless, anecdotal evidence indicates parents are giving CBD to 
their children for reducing hyperactivity and restlessness. It is known that CBD 
affects the adult immune system, including altering the response of immune cells 
in the brain; however, it is unclear whether or not this altered response occurs in 
the juvenile brain. To investigate this, 12-day old male and female rats were orally 
administered either corn oil, 20 mg/kg CBD, or 60 mg/kg CBD daily for 5 days. On 
day 16, the immune system was challenged by intranasal instillation of either saline 
or the viral mimic Resiquimod R848 (2.5 μg/g) which is an agonist to the Toll-like 
receptors 7 and 8 (TLR7 and TLR8). After 6hrs, brains were collected for mRNA 
extraction, and qPCR was performed to determine changes in the gene expres-
sion of the brain immune cell markers for astrocyte regulation (S100b), astrocyte 
activation (GFAP), general macrophage activation (Iba-1), and microglial activation 
(TMEM119). For astrocytes, the R848 challenge of the immune system slightly 
decreased S100b expression, and CBD exposure potentiated that decrease. The 
R848 challenge increased GFAP expression, but pre-exposure to CBD suppressed 
this expression with greater effects in females than males. For microglia, the 
R848 challenge significantly decreased TMEM119 expression, and pre-exposure 
to CBD did not significantly alter this change in expression. However, the R848 
challenge increased the expression of Iba-1, but pre-exposure to CBD decreased 
the expression of Iba-1. Thus, CBD pre-exposure can potentially alter the activation 
of astrocytes and macrophages in the juvenile brain. This occurrence may indicate 
potential health consequences in children orally administered CBD.

 3545 Developmental Flame Retardant Exposure Results in Impaired 
Skeletal Integrity in Either Sex of the Adult Wistar Rat

S. Schkoda1, B. Horman1, S. Witchey1, S. Macari2, and H. Patisaul1. 1North Carolina State 
University, Raleigh, NC; and 2Federal University of Minas Gerais, Belo Horizonte, Brazil.

Developmental flame retardant (FR) exposure has been linked to adverse neurolog-
ical, reproductive, and skeletal effects in animals, raising concerns they could be 
endocrine disrupting in humans. One of the most common FR commercial mixtures 
is Firemaster 550 (FM 550). Composed of brominated (BFR) and organophosphate 
(OPFR) chemicals, FM 550 has repeatedly been shown to negatively influence 
metabolic programming raising concerns that skeletal integrity may consequently 
be impaired. We have previously shown that gestational and lactational exposure 
to 1000 µg FM 550 negatively affects sex-specific skeletal traits in male, but 
not female, rats assessed at six months of age. It is unknown if the effect was 
influenced predominantly by the BFR or OPFR portions of the mixture. To address 
this, dams were exposed orally throughout gestation and lactation to either 1000 
µg BFR, 1000 µg OPFR, or 2000 µg FM 550. Offspring (n=8/sex/treatment) were 
weaned at PND 21 and assessed at eight months of age via high resolution 
nano-computed tomography (nCT). Cortical, trabecular, and total bone measure-
ments were recorded, and expected sex-specific differences were present. While 
FM 550 exposure affected skeletal development of both sexes, exposure to 
components of the mixture show sex-specific effects largely centered on OPFR 
exposure in females and BFR exposure in males. OPFR exposed females showed 
an increase in cortical area fraction, FM 550 exposed females had a decreased 
marrow area. Both OPFR and FM 550 exposed females had an increase in bone 
volume fraction. In males, BFR exposed animals display decreased marrow area 
and total area, while FM 550 exposed males have decreased trabecular thickness. 
Discordance between the two studies is unclear but it is possible that, with the 
natural occurrence of bone remodeling, the previously observed skeletal phenotype 
does not persist after 6 months or the outcome does not occur at the higher dose. 
Future work aims to clarify these unresolved issues.

 3546 Genomic Analysis of Fischer F344 Rat Kidneys from a 
Reproductive Study following Dietary Ochratoxin A Exposure

L. E. Carter, S. Bugiel, A. Nunnikhoven, A. J. Verster, A. M. Gannon, G. S. Bondy, and 
I. H. Curran. Health Canada, Ottawa, ON, Canada.

Ochratoxin A (OTA) is a mycotoxin produced by Penicillium and Aspergillus species 
of fungi. It can be found in many commodities; however, cereals are the main 
source of human exposure. OTA is a renal carcinogen and nephrotoxin at high 

concentrations, targeting the proximal tubules. This study uses transcriptomics 
and the previously reported apical data (Bondy et al., 2021) to infer mode-of-action 
of OTA toxicity in male and female rats exposed to low doses of OTA in utero and 
throughout development. F0 dams were fed 0.026, 0.064, 0.16, 0.4 and 1.0mg OTA/
kg diet during periods of breeding, gestation, and prior to weaning. Male and female 
F1 rats were exposed to OTA through the diet of F0 dams until PND 21, after which 
they were continued on test diets corresponding to their respective dam’s dose 
group. On PND 90, necropsies were performed on F1 rats and kidney tissue was 
collected containing the outer stripe of the outer medulla for genomic assessment. 
Next generation sequencing was used to derive the rat transcriptional profiles, 
which were compared using Gene Ontology and Ingenuity Pathway Analysis. Our 
findings support a gender-specific activation of the innate and adaptive immune 
responses in male F1 pups to OTA exposure. This was not found in the female F1 
pups, possibly due to female-specific increased p38 activity and VDR signaling. 
Differentially expressed genes related to karyomegaly, MAPK activity, and immune 
activation appears to develop from in utero exposure to OTA whereas those related 
to decreased kidney and liver function, and changes to reproductive pathways occur 
in both rat generations. Together, these transcriptional results confirm that dietary 
exposure to OTA affects kidneys as well as alterations to hepatic and reproductive 
pathways in rats. In utero exposure of rats to OTA results in sex-specific alterations 
in immune response pathways, VDR signaling, and p38 activity.

 3547 Pilot Study on Human Pluripotent Cell Model for Assessing 
Developmental Toxicity of Fragrance Materials

K. Joshi, D. Selechnik, and A. Api. Research Institute for Fragrance Materials, Woodcliff 
Lake, NJ.

The Research Institute of Fragrance Materials (RIFM) serves to ensure the safe use 
of fragrance materials for the general population, while being proactive in search-
ing for alternatives to animal testing. With the cosmetics industry’s ongoing shift 
towards replacing or reprioritizing animal testing, new toxicological study methods 
are needed, particularly for endpoints that have historically been dependent on 
animal testing such as developmental and reproductive toxicology. A blinded 
study was conducted on 10 fragrance materials in Stemina’s devTOX quickPre-
dict assay and in the Reprotracker assay by Toxys. All 10 materials already had in 
vivo developmental toxicity data. Research on human pluripotent cells has been 
considered as a promising animal-free approach. Stemina’s devTOX quickPredict 
assay is an exposure-based prediction of developmental toxicity potential using 
human pluripotent stem cells. The Reprotracker assay is a human-induced plurip-
otent stem cell-based biomarker assay for screening of developmental toxicity. All 
the materials analyzed using the devTOX quickPredict assay and the Reprotracker 
assay were evaluated at 8 and 5 different concentrations, respectively. Materials 
analyzed in this study contained a range of different functional groups, which well 
represented the chemical space of fragrance materials. From the 10 materials 
tested, data for most of the fragrance materials aligned with the previous in vivo 
results. The specificity for both the assays was around 80%. Although there are 
currently no regulatory approved in vitro assays for developmental toxicity, our 
research will help to predict potential toxicity and prioritize screening if required. In 
conclusion, the analysis showed promising results to get an initial idea of a materi-
al’s developmental toxicity. More data may be required to validate such assays and 
help towards replacing animal testing.

 3549 In Vitro Uptake of Microcystin-LR Toxin in Human 
Placental Cells

M. J. Campbell, X. Wen, S. Xiao, and L. M. Aleksunes. Rutgers, The State University of 
New Jersey, Piscataway, NJ.

Microcystins are a class of cyanobacterial toxins released from harmful algal 
blooms. One of the most common microcystin congeners is microcystin-LR 
(MC-LR). MC-LR requires active uptake into cells in order to cause toxicity. Within 
the liver, MC-LR is primarily transported into hepatocytes by organic anion-trans-
porting polypeptides OATP1B1 and OATP1B3 leading to hepatotoxicity. With an 
increase in the incidence of harmful algal blooms in both marine and freshwa-
ter ecosystems due to the global temperature rise and eutrophication, there is 
growing interest in evaluating the ability of microcystins to also act as reproduc-
tive toxins. In the current study, we sought to determine whether MC-LR can 
enter human placenta cells. For this effort, intracellular accumulation of MC-LR 
(0.1, 1, 10 µM) was compared between HepG2 cells, a human liver cancer cell line 
(positive control), and JAr cells, a human choriocarcinoma cell line using western 
blotting. A concentration-dependent increase in microcystin-LR accumulation was 
observed in both HepG2 and JAr cells after 6 hours. Protein-bound MC-LR was 
detected in both HepG2 and JAr cells even at the lowest concentration of 0.1 µM. 
This research ultimately aims to elucidate the fate of microcystins as reproduc-
tive toxins by identifying the specific OATP transporters involved in the placental 
uptake of microcystin congeners as well as the potential toxicity of microcystins 
to human placenta cells. Supported by T32ES007148, R01ES029275, P30ES005022, 
R01ES032144 and the Grover Fellowship.
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 3550 CRISPR-Based Identification of a Novel Tungsten Transporter, 
Solute Carrier Family 26 Member 2 (SLC26A2) Affecting 
Bone Development

R. Bakadlag1,2, S. Li1,2, C. Guilbert2, B. Jackson3, C. Huard4, T. Bertomeu4, 
J. Coulombe-Huntington4, M. Tyers4, and K. Mann2,1. 1McGill University, Montréal, QC, 
Canada; 2Lady Davis Institute, Montréal, QC, Canada; 3Dartmouth College, Hanover, NH; 
and 4Institute for Research in Immunology and Cancer, Montréal, QC, Canada.

Tungsten is rapidly excreted from the body, but the remaining bioaccumulates in 
the bones. The bone represents the primary site of tungsten accumulation and 
storage, with a slow rate of removal. Tungsten interferes with the bone marrow-res-
ident immature B cell development and differentiation. However, there is very little 
information on how tungsten is absorbed, distributed, metabolized, or transformed. 
Therefore, in an effort to discover modulators involved in tungsten metabolism 
and transport, we utilized a whole-genome CRISPR-screen in pre-B cell lympho-
cytic leukemia (NALM-6) cells treated with the IC50 of either sodium tungstate or 
phospho-tungstate for 14 days. Interestingly, we identified a potential novel tungsten 
importer solute carrier family 26 member 2 (SLC26A2). SLC26A2 knock-out 
NALM-6 cells show the highest rescue enrichment score when treated with either 
sodium tungstate or phosphotungstate. Therefore, we hypothesized that SLC26A2, 
a sulfate transporter, is a tungsten importer. To validate the CRISPR-screen, we 
generated SLC26A2-U2OS knock-out cell lines, where knock-out was confirmed 
by genomic sequencing. SLC26A2 knock- out cells were resistant to tungstate-in-
duced growth inhibition, as measured by MTT. On the other hand, re-expression of 
SLC26A2 in a SLC26A2-U2OS knock-out cell line increased sensitivity to tungstate 
exposure. Moreover, the intercellular tungsten concentration in SLC26A2 knock-out 
cells was significantly reduced in comparison to the relative control over 72 hours 
as assessed by ICP-MS. Of note, SLC26A2 knockout cells show similar sensitiv-
ity to arsenic exposure as the control. In addition, we hypothesized that tungsten 
competes with sulfur by utilizing the SLC26A2 transporter leading to undersulfa-
tion of proteoglycans synthesized by chondrocytes, which in turn causes abnormal 
cartilage formation. We had previously shown that tungsten decreases the proteo-
glycans and glycosaminoglycan composition and height of intervertebral discs. 
Here, we show in a murine ex vivo limb bud culture model that tungsten impairs the 
endochondral ossification process. Interestingly, an increase of tungsten content 
is observed in treated limbs that correlates with reduced sulfur concentrations. 
Together, our data suggest that SLC26A2 is a novel importer of tungsten affecting 
bone development.

 3551 Toxicological Developmental and Reproductive Outcomes 
Analyzed in the Systematic Review of Mercuric Chloride

C. Chiang, B. Schulz, and N. Keshava. US EPA, Research Triangle Park, NC.

A systematic review of the available literature regarding the human health 
effects of oral exposure to inorganic mercury salts was conducted to support 
the Integrated Risk Information System (IRIS) assessment. Inorganic mercury 
is present in natural environments, but some inorganic mercury salts are used 
in products such as topicals and paints. The most common mercury salts are 
mercuric chloride, mercuric sulfide, and mercurous chloride. For the purposes of 
this presentation, only data from mercuric chloride animal studies with reproductive 
and developmental outcomes are presented. The scope of the systematic review 
and analysis was defined by Population, Exposure, Comparator, and Outcomes 
(PECO) criteria. Study titles and abstracts were screened for inclusion or exclusion 
based on PECO criteria. Those with titles and abstracts that met PECO criteria 
and those of unclear relevance advanced to full-text screening, and non-PECO-rele-
vant studies were excluded. Study quality evaluation (SQE) and data extraction for 
endpoints of interest were conducted for studies with exposures occurring prior to 
mating, during development (gestation and/or lactation), or ≥30 days using Health 
Assessment Workplace Collaborative, a web-based tool used for human health 
risk assessment. Overall, 24 PECO-relevant studies were identified that reported 
developmental or reproductive endpoints, with 11 studies reporting effects in 
mice, 12 in rats, and one in both. Male reproductive endpoints were reported in 13 
studies, while female reproductive endpoints were only reported in 4 studies, and 
developmental endpoints were reported in 15 studies. SQE ratings most commonly 
suffered from reporting deficiencies regarding a lack of information on dose 
group concealment, animal allocation methods, and test article characterization 
(such as source or purity). Study confidence was also commonly reduced due to 
deficiencies in results presentation, such as a lack of quantitative data reporting or 
failure to specify measures of variance or sample size. Sex organ weight was the 
most data-rich endpoint for male and female reproductive endpoints. Commonly 
reported developmental endpoints were measures of offspring mortality, including 
offspring survival and counts of dead offspring or fetuses. Offspring body weight 
was also frequently reported and included body weight measures at time points 
prior to birth, at birth, and at postnatal time points as late as postnatal day 90. 
Effects on sex organ weights for both males and females were inconsistent, with 
most studies reporting no effects. Offspring growth was more consistent, and 
studies often reported reduced offspring body weight in exposed animals relative 
to controls. Offspring viability measures also were reported to be impacted by 
mercuric chloride exposure, with most studies reporting reduced viability. Overall, 
the most commonly reported endpoints for males and females were sex organ 

weights which, while informative, do not fully describe the impacts of a chemical on 
reproductive function. This systematic review and analysis highlights common SQE 
pitfalls in PECO-relevant mercuric chloride studies and emphasizes the need for 
data on different reproductive endpoints for both males and females. Disclaimer: 
The views expressed in this abstract are those of the author(s) and do not necessar-
ily represent the views or the policies of the US Environmental Protection Agency.

 3552 Macrophage Heterogeneity and Cadmium Exposure in 
Human Placentas

S. Wang, and L. Aleksunes. Rutgers, The State University of New Jersey, Piscataway, NJ.

Placental macrophages protect the mother and fetus from infection by engulf-
ing harmful bacteria and signaling with other cells. Cadmium (Cd) is a prevalent 
heavy metal environmental pollutant that impairs placental health and has been 
shown to disrupt immune signaling in different tissues. In the current study, we 
sought to evaluate associations between Cd concentrations and the enrichment 
of macrophage subpopulations in human placentas. Healthy, full-term human 
placentas (n=20) were collected from Robert Wood Johnson University Hospital. 
Cd concentrations were quantified using ICP-MS. Tissues were designated as low 
(N=10) or high Cd (N=10) based on whether concentrations were below or above 
the median level of 2.9 ppb, respectively. Placental tissue sections were stained for 
macrophage markers CD14, CD68, CD163, CD206, and DC-SIGN using immunohis-
tochemistry and imaged with GRYPHAX software. Numbers of positively-stained 
cells were counted manually using ImageJ’s Cell Count software and normal-
ized to the villous tissue area. No differences in placental weight were observed 
between low and high Cd exposure; however, birth weight trended lower in placen-
tas with high Cd accumulation (p=0.09). There were no differences in the number 
of macrophages stained for CD14, CD68, or DC-SIGN according to Cd levels. The 
number of macrophages that were stained for the scavenger receptor (CD163) was 
increased (44%) (p=0.001), while enrichment of macrophages stained for mannose 
receptor (CD206) was reduced (p=0.04) in placentas with Cd levels over 2.9 ppb. 
CD163 is a homeostatic receptor and increases in the placenta have been linked 
to obesity, preeclampsia, and gestational diabetes. CD206 is a scavenger receptor, 
and its staining is reduced in the placentas from pregnancies with spontaneous 
preterm birth. These findings suggest that placentas with higher Cd levels may be 
more susceptible to pregnancy complications. Supported by the American Society 
for Pharmacology and Experimental Therapeutics SURF program and NIH grants 
R25ES020721, R01ES029275, T32ES007148, and P30ES005022.

 3553 Cadmium Accumulation and Cytokine Expression in 
Human Placentas

F. Cooper1, L. M. Walker2, K. Bodenlos3, D. Sachdev2, C. Doherty2, and L. M. Aleksunes2. 
1Oberlin College, Oberlin, OH; 2Rutgers, The State University of New Jersey, Piscataway, 
NJ; and 3Rutgers, The State University of New Jersey, New Brunswick, NJ.

Cadmium (Cd) exposure has been associated with pregnancy complications, includ-
ing preterm birth, occurring before 37 weeks’ gestation, and hypertensive disorders 
of pregnancy. We speculated that Cd exposure could alter inflammatory signaling 
in the placental immune system and therefore inform potential therapeutic targets 
to improve the health of pregnant women and reduce these adverse outcomes. To 
understand the cellular mechanisms involved, we sought to investigate relation-
ships between cadmium accumulation in human placentas and expression of four 
cytokines (Interleukin-1β, IL-1β; Interleukin-8, IL-8; Interleukin-10, IL-10; and Tumor 
Necrosis Factor-α, TNF-α). Healthy, term human placental biospecimens (N=26) 
were collected at birth. Cd content was quantified using inductively coupled plasma 
mass spectrometry; cytokine expression was measured using enzyme-linked 
immunosorbent assays. The median Cd level across all human placentas was 1.9 
ppb (range 0.7-6.4 ppb). Placenta samples were divided into a higher Cd content 
group (N=13, >1.9 ppb) and a lower Cd content group (N=13, <1.9 ppb) based on 
the median Cd concentration. Levels of pro-inflammatory cytokine expression were 
compared between placentas with low versus high Cd content using t-tests, and 
no differences were observed: IL-8 (p=0.38), IL-1β (p=0.24), IL-10 (p=0.30), and 
TNF-α (p=0.29). In a healthy population, a relationship between Cd accumulation 
in the placenta and enrichment of cytokines was not observed. This suggests that 
low levels of Cd exposure may have little influence on placental cytokine signal-
ing. Supported by R01ES029275, P30ES005022, U54TR002258, T32ES007148, 
R25ES020721, and the SOT Intern Program.

 3554 Enhanced Fetoplacental Cadmium Toxicity in Mice Lacking the 
Placental Bcrp Transporter

D. Kozlosky, C. Doherty, B. Buckley, M. J. Goedken, E. S. Barrett, and L. M. Aleksunes. 
Rutgers, The State University of New Jersey, Piscataway, NJ.

The environmental toxicant cadmium (Cd) impairs murine and human fetal growth 
in part by reducing placental health and interfering with the placental transfer of 
nutrients. When Cd enters the placenta, it is sequestered by metal-binding proteins 
which protect the fetus from direct Cd exposure. We hypothesize that efflux 
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transporters in the placenta, including the breast cancer resistance protein (human 
BCRP/mouse Bcrp), also limit fetal exposure by returning Cd back to the maternal 
circulation. We have previously demonstrated that placental BCRP expression 
confers a 7-fold resistance against Cd toxicity in vitro. In this study, we sought 
to determine whether the absence of Bcrp in the placenta alters the fetoplacen-
tal disposition and toxicity of Cd in mice. Pregnant female C57BL/6Crl (WT) and 
Bcrp-null mice (n=9-10/group) were administered a single dose of saline (5 ml/kg 
ip) or CdCl2 (5 mg/kg ip) on gestational day (GD) 9. On GD 17, fetuses and placen-
tas were collected. As expected, no Bcrp expression was detected in Bcrp-null 
offspring. Compared to vehicle-treated WT dams, there were a number of basal 
differences in Bcrp-null dams including 1) lower weight gain across gestation, 2) 
larger lumens (45%) of fetal-derived vessels in the placental labyrinth 3) elevated 
mRNA expression (3-fold) of the divalent metal micronutrient transporters, Zip14, 
Znt1, and Dmt1 and 4) enhanced expression of alternate efflux transporter Mdr1a 
(9-fold) and Mdr1b (14-fold) mRNAs. Collectively, these adaptive changes may be 
responsible for the similar basal sizes of WT and Bcrp-null offspring. Following 
Cd treatment, fetal length and placental area were reduced in both genotypes 
compared to respective controls. Moreover, Cd-treated Bcrp-null fetuses had a 
12% shorter crown-to-rump length than Cd-treated WT offspring. Shorter fetuses 
corresponded with preferentially higher Cd accumulation (58%) in Bcrp-null placen-
tas despite the higher Mdr1a/1b expression. To delineate mechanisms underlying 
the reduced growth in Bcrp-null fetuses after Cd treatment, changes in placen-
tal vasculature and nutrient transport were examined. Notably, placentas from 
Bcrp-null offspring had reduced expression of metal transporters (34% decrease 
in Zip14 mRNA and 58% decrease in Dmt1 protein) following Cd treatment. The 
absence of Bcrp alters development of the placenta and results in increased 
accumulation of Cd and impaired fetal growth potentially due to reduced uptake 
and transfer of essential nutrients. Supported by F31ES032319, R01ES029275, 
T32ES007148, and P30ES005022.

 3555 Chronic Inhalation of Titanium Dioxide Nanoparticles Disrupts 
Placental Glucose Transporter Expression

T. N. Seymore, S. L. Adams, P. Louro, M. Goedken, and P. A. Stapleton. Rutgers, The 
State University of New Jersey, Piscataway, NJ.

Maternal inhalation of particulate during pregnancy has been linked to perinatal 
death and various adverse health conditions in adulthood, including diabetes and 
cardiovascular disease. Of these xenobiotic exposures, titanium dioxide (TiO2) is a 
non-reactive particle found in consumer and personal care products. Previous lab 
data demonstrated a significant correlation between maternal exposure and fetal 
growth restriction. The etiology of this developmental concern may have maternal, 
fetal, and placental origins. Of interest is compromised placental function leading 
to impaired placental transport of nutrients to the fetus. Glucose transport is a 
critical component in healthy fetal development; therefore, we chose to examine 
the integrity of glucose transport mechanisms. We hypothesized maternal inhala-
tion of TiO2 particles would lead to a reduction in glucose transporter expression, 
resulting in less glucose transport to the fetus to support proper growth. Pregnant 
Sprague Dawley rats were exposed to TiO2 powder (Aeroxide TiO2, Parsippany, NJ) 
aerosols [11.04 ± 1.09 mg/m3; geo. mean particle size 162.06 ± 5.30 nm (SMPS, 
TSI)] via a whole-body inhalation chamber (HPGA, IESTechno) from gestational day 
(GD) 4-19 for 4-5 hours a day. On GD20, maternal plasma was collected, and four 
placentas were taken from each dam at varying intrauterine positions. Placentas 
were sliced in half along the sagittal plane and prepped for immunohistochem-
istry. GLUT1, GLUT3, and GLUT4 antibodies were used to visualize and quantify 
glucose transporter expression in the labyrinth zone. We observed a significant 
increase in the staining intensity of GLUT4 in placentas of exposed animals when 
compared to controls (91.40 ± 4.98 vs. 74.66 ± 1.49; p=0.03). When separated 
by sex, it became evident male placentas drove this significance (70.85 ± 6.94 in 
control males vs. 94.27 ± 3.94 in exposed males; p=0.01) as opposed to females 
(78.47 ± 8.26 in control females vs. 88.53 ± 7.90 in exposed females; p=0.36). 
Since GLUT4 is known to be insulin-regulated, maternal insulin was measured in 
plasma samples using an ELISA, revealing an insignificant increase of insulin in 
exposed dams. GLUT1 showed a trending decrease in staining intensity (p=0.07) 
and when separated by sex, female placentas showed a significant decrease in 
staining intensity after exposure compared to controls (72.38 ± 0.87 vs. 81.28 ± 
1.76, respectively, p=0.002). There were no significant changes in GLUT3 staining. 
Collectively, these data identify sex dependent alterations in glucose transport 
expression in the placenta. Glucose is an important energy source for both the 
placenta and the fetus; therefore, this warrants a closer examination of placen-
tal handling and metabolism of glucose, which is currently under investigation. 
These effects may reveal impairments in placental health after TiO2 exposure 
from personal care products. Supported by: NIH-R01-ES031285; T32-ES007148; 
P30-ES005022; R25-GM055145.

 3556 Maternal Nano-itanium Dioxide Inhalation Exposure during 
Gestation Affects Placental Anatomy in a Sex-Dependent Way

A. C. Dunn, J. A. Griffith, K. J. Shafner, T. P. Batchelor, K. Wix, T. Nurkiewicz, and 
E. C. Bowdridge. West Virginia University, Morgantown, WV.

Maternal nano-titanium dioxide (nano-TiO2) inhalation during pregnancy is associ-
ated with poor gestational outcomes including decreased fetal weight, endocrine 
disruption, decreased placental weight, and altered vasoreactivity. The placenta 
consists of two distinct zones; the junctional zone (JZ), which is important for 
endocrine function; and labyrinth zone (LZ), important for maternofetal nutrient and 
waste transfer. Therefore, the aim of this study was to determine if the effects of 
maternal nano-TiO2 inhalation during gestation on fetal weights, JZ and LZ weights, 
and JZ and LZ percent area are dependent upon the sex of the fetus. Pregnant 
Sprague-Dawley rats were exposed to either nano-TiO2 aerosols or HEPA filtered 
air and sacrificed on gestational day (GD) 20. Male and female pups were collected 
from each dam and weighed, as well as their corresponding placentas, where dry 
and wet weights of the JZ and LZ were measured. Additionally, placenta slices 
(10 μm) were taken and hematoxylin and eosin staining were run to determine 
percent area of the JZ and LZ. No significant differences were seen in male pups 
in any endpoint between nano-TiO2 or air exposure. Wet female fetal weight was 
decreased in the nano-TiO2 exposed group (2.65 ± 0.03 g) as compared to the 
sham-control group (2.74 ± 0.03 g; p < 0.05). Dry fetal weight displayed similar 
results, showing a decreased weight in nano-TiO2 exposed (0.33 ± 0.01 g), 
compared to sham-control (0.34 ± 0.01 g; p < 0.05). Wet JZ weight was decreased 
in nano-TiO2 exposed (0.18 ± 0.01 g) versus sham-control (0.23 ± 0.01 g). Similarly, 
dry JZ weight was increased in sham-control (0.046 ± 0.003) and decreased in 
nano-TiO2 exposed (0.028 ± 0.001 g). There was no difference in the dry LZ weight 
between sham-control and the nano-TiO2 group, however, the wet LZ was slightly 
smaller in the nano-TiO2 group (0.3033 ± 0.006) than in the sham-control group 
(0.3128 ± 0.013). Percent JZ area was significantly decreased in the nano-TiO2 
exposed group (24.37 ± 1.30 %) compared to the sham-control (30.39 ± 1.54 %; p < 
0.05). Conversely, the percent LZ area was significantly increased in the nano-TiO2 
exposed group (75.63 ± 1.30 %) versus the sham-control group (69.61 ± 1.54 %; p 
< 0.05). These studies represent evidence that maternal inhalation of nano-TiO2 
during gestation causes anatomical changes within the placenta, creating a smaller 
JZ in female pups and potentially leading to decreased hormonal efficiency. This 
work was supported by the following sources: WV-CTSI U54 GM104942-05, K01 
10029010 (ECB), T32 AG 52375 (JAG), P20 GM103434 (WV-INBRE).

 3557 The Xanthine Oxidoreductase Inhibitor Febuxostat Protects 
against Nanomaterial Inhalation–Induced Microvascular and 
Reproductive Dysfunction during Gestation

E. Bowdridge, E. DeVallance, J. Griffith, W. T. Goldsmith, K. Wix, T. P. Batchelor, 
T. Nurkiewicz, S. Hussain, and E. Kelley. West Virginia University, Morgantown, WV.

Maternal inhalation exposure to nano-TiO2 during gestation impacts litter size, 
pup and placental mass, and uterine microvascular reactivity. In addition, we have 
recently shown that maternal inhalation of nano-TiO2 during gestation results in 
redox imbalance in dams during late gestation. However, the mechanism linking 
these dysfunctions with exposure has yet to be explored. Therefore, we hypothe-
sized that elevated xanthine oxidoreductase (XOR), a critical source of oxidants 
in numerous inflammatory processes, is at least partially responsible for the 
increased oxidant production observed. The objective of this study was to assess if 
treatment with a XOR inhibitor, febuxostat (Uloric), rescues the poor microvascular 
and reproductive outcomes induced by gestational nano-TiO2 exposure. Female 
Sprague Dawley rats, 6-8 weeks of age, received febuxostat treated water (50 
mg/L) beginning one week prior to being mated in-house and throughout gestation 
until sacrifice on gestational day (GD) 20. Once pregnant, dams were randomly 
assigned to either sham-control (N = 4) or nano-TiO2 (N = 4) groups. Dams were 
exposed (nano-TiO2 concentration = 12 mg/m3; HEPA-filtered air 25 ml/min) for 6 
hrs/d for 6 d between GD 10-19 before sacrifice on GD 20. Dam and litter character-
istics as well as placental and fetal weights were recorded at the time of sacrifice. 
No significant differences were observed between sham-control and nano-TiO2 
groups for litter size (9.6±3.3 versus 12.6±2.2), fetal (3.8±0.1 g versus 4.0±0.9 g) 
or placental mass (0.72±0.03 g versus 0.65±0.02 g). Additionally, uterine arteries 
were isolated, and reactivity was assessed ex vivo. Uterine arteries from exposed 
females treated with febuxostat showed similar vasoconstriction to kisspeptin 
(97.6%±1.95) as control females given febuxostat (99.8%±0.61), and decreased 
kisspeptin induced vasoconstriction from what has been previously observed in 
directly exposed nano-TiO2 dams (75.1%±14.2). Additionally, there was no differ-
ence in dam liver mass (11.5%±0.80 g control versus 13.9%±0.60 g nano-TiO2), 
which we have previously shown to be increased due to nano-TiO2 exposure. Taken 
together, these observations indicate that reproductive, liver, and microvascu-
lar functions are protected, at least in part, from nano-TiO2 inhalation exposure 
induced dysfunction in pregnant dams by XOR inhibition. Support: OH012320 (EB), 
ES015022 (TN), ES032920 (JG).
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 3558 Fetal Growth Restriction after Repeated Micro- and 
Nanoplastic Inhalation during Pregnancy and Uterine Nitric 
Oxide Bioavailability

C. M. Cary, T. N. Seymore, S. Adams, and P. A. Stapleton. Rutgers, The State University 
of New Jersey, Piscataway, NJ.

Micro and nanoplastics (MNPs) are an emerging environmental pollutant that is 
increasingly being detected in human tissues. We have shown in virgin female rats 
that a single inhalation of MNPs blunts endothelial function in the uterine vascula-
ture. Under conditions like pregnancy, xenobiotics impairing vascular function 
have detrimental effects but the consequences of maternal MNP exposure are 
unknown. Here, we assessed fetal health, placental efficiency, uterine vascular 
function, and nitric oxide (NO) bioavailability after MNP inhalation throughout 
pregnancy. Pregnant rats were exposed to aerosolized polyamide-12 MNPs [10.5 
± 0.73 mg/m3; geo. mean particle size 138 ± 8.72nm] for 4-5h daily, 5d/week from 
gestational day (GD) 5-19 and experimental analyses were performed on GD 20. 
MNP exposure significantly reduced fetal weight (4.17 ± 0.09g vs 4.40 ± 0.05g) 
and placental efficiency (8.31 ± 0.30 vs 9.89 ± 0.40). Uterine artery responses to 
increasing concentrations of methacholine (MCh), sodium nitroprusside (SNP), 
and phenylephrine (PE) were assessed by wire myography. Exposure resulted in 
trending impairments of endothelium-dependent dilation stimulated by MCh at 10-9 
M (3.87 ± 3.55 vs -11.9 ± 7.65% max. tension) as well as endothelium-independent 
dilation stimulated by SNP at 10-9 M (1.19 ± 3.23 vs -12.6 ± 6.96% max. tension). 
The contribution of eNOS to endothelium-dependent dilation was determined 
by measuring endothelium-dependent dilation after inhibition with L-NAME. 
Concentration response curves after stimulation with MCh, SNP, and PE as well as 
reliance on eNOS for endothelium-dependent dilation, revealed no significant differ-
ences between groups. NO bioavailability in the uterine vasculature was measured 
by quantification of nitrites and western blot of tyrosine nitration (a product of 
peroxynitrite) after stimulation of NO release. Nitrites were decreased in exposed 
dams (5.05 ± 4.01 picomol/g vs 8.11 ± 2.46 picomol/g; p = 0.31). Preliminary 
western blot of uterine vasculature suggests elevated tyrosine nitration in exposed 
dams. These data show that MNP inhalation induces fetal growth restriction and 
may decrease NO release from the uterine vasculature without causing functional 
deficits in the uterine macrocirculation. Studies are ongoing to examine uterine 
microvascular function as well as mechanistic cause of decreased NO bioavail-
ability in the uterine vasculature. Supported by: R01-ES-031285-S1, R01-ES-031285, 
P30-ES-005022, and T32-ES-007148.

 3559 Development of a Study Quality Tool for Use in a Systematic 
Review of Literature Reporting Microplastic Exposure and 
Reproductive and Developmental Toxicity

S. Fitch1, J. Rogers1, S. Marty2, R. Ellis-Hutchings2, R. Becker3, and D. Wikoff4. 
1ToxStrategies Inc., Houston, TX; 2Dow Chemical Company, Midland, MI; 3American 
Chemistry Council, Washington, DC; and 4ToxStrategies Inc., Asheville, NC.

Microplastics (MPs) have been detected in air, water, soil and food, but understand-
ing these exposures in the context of potential human health risks requires both 
hazard characterization and exposure evaluation. Initial reviews of hazard studies 
identified developmental and reproductive toxicity (DART) as potentially “critical 
effects” (effects exhibiting the lowest NOAEL/BMD). However, these reviews also 
highlighted that aspects of study reliability relating to these experimental investiga-
tions - particularly test article identity, exposure, dose-response, and relevance of 
mechanistic endpoints to adverse effects - impact confidence in hazard character-
ization. To better understand such impacts and to systematically gather, appraise, 
and integrate the relevant empirical evidence, a systematic review of the potential 
effects of MPs on DART outcomes in both epidemiological and experimental animal 
studies was conducted using a stepwise and highly refined approach to critical 
appraisal. This approach combines explicit and transparent determinations of risk 
of bias (systematic error), test article attributes and characterization information, 
based on the published Nano- and Microplastic Particle Toxicity Assessment Tool 
(PMID: 35098152), with internal and construct validity evaluations for DART study 
conduct and reporting (based on subject matter expertise). The protocol was 
developed a priori and published online. The systematic literature search performed 
on December 17, 2021, resulted in identification of 9 publications that met the 
inclusion criteria; no relevant epidemiological studies were identified. These 
included studies that evaluated MP exposure in mice (ICR, BALB/C, or C57BL/6 
strains) via drinking water, gavage, or intratracheal instillation with exposure 
periods ranging from 18 days (gestational exposure) to 90-days. Studies used a 
variety of MP test materials, varying in shape (microspheres or irregular), polymer 
(polyethylene or polystyrene), and size (ranging from 5 to 45µm). Four studies 
assessed female reproductive effects, 6 studies assessed male reproductive 
effects, and 4 studies assessed developmental toxicity. The measured parameters 
in the developmental toxicity studies were limited to outcomes such as offspring 
organ weight and body weight. None of the identified studies followed published 
standardized and harmonized OECD/EPA test guidelines. Following application of 
the internal and construct validity tools, only 4 of 9 studies were shown to achieve 
sufficient internal construct validity to proceed to the second stage of critical 
appraisal — the evaluation of sufficiency for risk assessment. The appraisal for 
applicability in risk assessment showed that none of these studies meet all the 

criteria to be considered sufficient for hazard characterization; in each study one 
or more key criteria were not met (statistical analysis, dose-response relationship, 
concentration range, reporting of an effect threshold or adequate data to derive 
one, test particle relevance). Therefore, the available body of literature did not meet 
the minimum standards of validity and confidence for use in hazard characteriza-
tion of MPs for potential human health risks. This systematic review and evidence 
appraisal methodology enables more precise understanding of the current state of 
the science and illustrates opportunities for developing the additional information 
needed for improving the scientific basis of MPs hazard characterization, exposure 
evaluations, and risk assessments.

 3560 Sexually Dimorphic Modifications in Placental Cyclooxygeanse 
Metabolites after Maternal Nanomaterial Inhalation Exposure

J. A. Griffith1,2, R. D. King1, A. C. Dunn1,2, S. E. Lewis1, B. A. Maxwell1, W. T. Goldsmith1,2, 
K. Wix1,2, E. C. Bowdridge1,2, S. Hussain1, and T. R. Nurkiewicz1,2. 1West Virginia 
University, Morgantown, WV; and 2NIOSH, Morgantown, WV.

Maternal nano-titanium dioxide (nano-TiO2) inhalation exposure during gestation 
results in decreased fetal female mass, maternal estrogen production, and placen-
tal mass. Placental function is critical during gestation due to its roles in nutrient-
waste exchange and endocrine production. Adverse fetoplacental environments 
profoundly impact fetal growth and development. Additionally, the impacts of 
toxicant exposure can occur in a sexually dimorphic manner, which has been 
shown after maternal diesel exhaust exposure during gestation. Therefore, we 
hypothesized that maternal nano-TiO2 inhalation exposure during gestation alters 
placental function in a sexually dimorphic manner. Pregnant Sprague-Dawley rats 
were exposed to nano-TiO2 aerosols (12.17 ± 1.69 mg/m3) or HEPA-filtered air 
(sham-control) from gestational day (GD) 10-19. Dams were euthanized on GD20, 
and placental junctional zone (JZ), labyrinth zone (LZ), and fetal serum were 
collected and separated based on fetal sex. Fetoplacental units, also based on fetal 
sex, nearest the cervix were removed, the umbilical vein and artery were separated 
and cut close to the pup. The placentas were then mounted in an isolated, perfused 
vessel chamber to assess outflow pressure and flow rate through the placenta in 
response to vasoactive drugs. The stable thromboxane and prostacyclin metabo-
lites, TXB2 and 6-keto-PGF1α, respectively, were assessed in the JZ and LZ, and fetal 
serum using ELISA’s. Nano-TiO2 exposed fetal females demonstrated significantly 
increased TXB2 production (11186.48 ± 189.92 pg/ml) from LZ tissue compared to 
female sham-control (483.77 ± 86.09 pg/ml) and male exposed (598.39 ± 135.69 
pg/ml). The JZ also had a significantly increased TXB2 levels in the exposed fetal 
females compared to exposed fetal males (1188.09 ± 130.38 pg/ml vs 670.63 ± 
94.50 pg/ml, respectively) and sham-control females (649.25 ± 143.27 pg/ml). Fetal 
exposed female serum 6-keto-PGF1α levels were significantly increased compared 
to exposed fetal males (97.56 ± 25.86 pg/ml vs 16.33 ± 4.44 pg/ml, respectively) 
and sham-control females (37.62 ± 5.18 pg/ml). Placental outflow pressure was 
measured to assess perfused vascular resistance, in which, exposed fetal females 
demonstrated a significantly decreased outflow pressure (3.97 ± 1.30 mm Hg) in 
the presence of the thromboxane mimetic, U46619, compared to sham-control 
fetal females (9.10 ± 1.07 mm Hg) and nano-TiO2 exposed fetal males (9.96 ± 
0.66 mm Hg). Immunohistochemical staining was utilized to evaluate cytotropho-
blast invasion, using the pan-cytokeratin marker, between placental zones. The 
JZ had significantly increased pan-cytokeratin intensity for sham-control males 
compared to females (67.24 ± 5.21 AU vs 44.43 ± 2.59 AU). The LZ pan-cytokeratin 
staining was decreased in sham-control females compared to males (64.65 ± 7.47 
AU vs 91.55 ± 10.23 AU). The changes in placental hemodynamics and produc-
tion of cyclooxygenase metabolites reflect a functional change that is occurring 
in the nano-TiO2 exposed fetal females. Modifications to cellular composition, 
as seen in staining, provides evidence there may also be changes in cellular 
composition leading to these functional changes. These results demonstrate that 
maternal nano-TiO2 inhalation exposure during gestation has greater impacts on 
fetal females and their placental units. Support: WV-CTSI U54 GM104942-05; K01 
10029010 (ECB), P20GM103434 (WV-INBRE), R01 ES015022 (TRN), T32 AG 52375 
(JAG), P20 GM103434 (WV-INBRE), T32 ES032920 (JAG).

 3561 Phthalate-Induced Decreases in Ovulatory Prostaglandin 
Levels Are Restored with Supplementation of cAMP in Human 
Granulosa Cells In Vitro

K. Land, H. Xu, G. Ruschman, M. Wilson, and P. Hannon. University of Kentucky, 
Lexington, KY.

Phthalates are endocrine-disrupting chemicals that are found in common consumer 
products due to their use as solvents and plasticizers. Phthalates are reproduc-
tive toxicants that directly target the ovary, meaning exposure may have negative 
effects on ovulation, fertility, and reproductive health. Due to their ubiquitous use, 
humans are exposed daily to a mixture of phthalates; therefore, this study investi-
gated the effects of an environmentally relevant phthalate mixture (PHTmix) on the 
ovulatory process. Ovulation is triggered by the surge of luteinizing hormone (LH), 
which binds to its receptor on granulosa cells and upregulates signaling molecules, 
including cyclic adenosine monophosphate (cAMP). Increased cAMP levels lead 
to the upregulation of progesterone receptor (PGR), which is a transcription factor 
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for various genes that facilitate the synthesis (PTGS2, PTGES) and transport 
(SLCO2A1) of prostaglandins (PGs). Other genes that are involved in PG synthesis 
include PLA2G4A and AKR1C1, while HPGD is a gene involved in PG metabolism. 
Increases in PGs (PGE2 and PGF2α) are vital for ovulation as they cause cumulus 
oocyte complex expansion, follicle rupture, and angiogenesis. Our laboratory has 
previously shown that PHTmix exposure decreases levels of cAMP, PGR, PGE2, 
and PGF2α, and alters the levels of genes involved in PG synthesis, metabolism, 
and transport. We hypothesized that cAMP supplementation would circumvent the 
toxic effects of the PHTmix by restoring the levels of PGs and the genes involved 
in PG synthesis, metabolism, and transport. Granulosa-lutein cells from follicular 
aspirates of women undergoing in vitro fertilization were acclimated in culture to 
regain LH/human chorionic gonadotropin (hCG; potent LH analogue) responsive-
ness. Prior to hCG treatment, cells were exposed to vehicle control (dimethylsulfox-
ide, DMSO) or a mixture of six phthalates (PHTmix; 500μg/ml) for 48hr. The PHTmix 
was derived from urinary phthalate measurements in pregnant women. Cells were 
treated ± hCG and ± 8-Br-cAMP (stable cAMP analogue) and collected at 0, 6, 12, 
24, or 36hr post-treatment for PG measurements and gene expression analysis 
(n=4-9; p≤0.05). As previously reported, treatment with hCG+PHTmix decreased 
the levels of PGE2 and PGF2α compared to hCG alone. However, supplementation 
with hCG+PHTmix+cAMP increased the levels of PGE2 at 36hr and PGF2α at 24 and 
36hr compared to hCG, albeit at significantly lower levels than DMSO+cAMP and 
hCG+cAMP. Expression of PTGS2 decreased with hCG+PHTmix at all timepoints 
when compared to hCG alone, while supplementation with hCG+PHTmix+cAMP 
restored PTGS2 levels to hCG controls. PTGES expression was decreased with 
hCG+PHTmix at 6, 12, and 36hr, while hCG+PHTmix+cAMP supplementation 
increased (6, 24hr) and decreased (12hr) expression of PTGES when compared to 
hCG alone. AKR1C1 expression was increased with hCG+PHTmix at all timepoints 
and was also increased with hCG+PHTmix+cAMP treatment at 12, 24, and 36hr 
when compared to hCG alone. Expression of SLCO2A1 decreased with hCG+PHT-
mix at 12 and 24hr relative to hCG alone, while supplementation with hCG+PHTmix-
+cAMP restored SLCO2A1 expression to hCG levels at 12hr and increased SLCO2A1 
expression beyond hCG levels at 24 and 36hr. HPGD expression was increased with 
hCG+PHTmix at all timepoints when compared to hCG alone but was restored back 
to hCG alone levels with hCG+PHTmix+cAMP supplementation. These data suggest 
that the supplementation of cAMP may have the ability to bypass the toxicities that 
phthalate exposure exerts on ovulatory prostaglandin production and metabolism, 
thereby providing a potential therapeutic target for women suffering from ovulatory 
dysfunction. Supported by R01ES033767, R00ES028748, P30ES026529.

 3562 Effects of a Phthalate Mixture on Ovarian Antral Follicle 
Protein Abundance

K. L. Miller, X. Liu, M. McSwain, E. Jauregui, P. R. Langlais, and Z. R. Craig. University of 
Arizona, Tucson, AZ.

Phthalates are a group of endocrine disrupting chemicals that are associated with 
negative reproductive outcomes in women. Dibutyl phthalate (DBP), di-2-ethylhexyl 
phthalate (DEHP), and benzyl butyl phthalate (BBP) are three phthalates commonly 
found in consumer products including the plastic coating of pharmaceuticals and 
personal care products. Folliculogenesis, a tightly regulated process occurring in 
the ovary, is the maturation of an immature primordial follicle to a mature antral 
follicle. Follicles house the oocyte and antral follicles specifically play a crucial role 
in ovarian steroidogenesis and ovulation. DBP, BBP, and DEHP have been associ-
ated with inhibiting antral follicle growth in vitro, decreasing ovulation rates in vitro, 
and decreased antral follicle counts in women. However, little is known about the 
effects of a three-phthalate mixture on antral follicles in vivo. The objective of this 
study was to evaluate the effects of a human relevant mixture of DBP, BBP, and 
DEHP on ovarian follicles through the analysis of proteomic profiles. CD-1 female 
mice (60 days old) were pipet fed tocopherol stripped corn oil (vehicle control) only 
or a phthalate mixture (52% DBP, 36% DEHP, and 12% BBP dissolved in vehicle) 
which modeled human follicular fluid concentrations. The mice were treated with 
32µg/kg/day (cumulative estimate in general population) and 500µg/kg/day 
(cumulative estimate in occupationally exposed individuals) for 10 consecutive 
days. Antral follicles (>250µm) were mechanically isolated and proteomic profiling 
was performed. A total of 5417 antral follicle proteins were identified in the three 
groups, of which 194 were differentially abundant between the control and 32µg/
kg/day group, and 136 between the control and 500µg/kg/day group. A princi-
pal component analysis validated the phthalate effects on the proteome. Gene 
ontology analysis revealed that the two doses of the phthalate mixture upregulate 
and downregulate distinct biological processes, supporting non-monotonic effects 
of phthalates on the antral follicle proteome. Furthermore, a Kyoto Encyclopedia 
of Genes and Genomes (KEGG) analysis revealed that phthalates, at both doses, 
had a robust effect on metabolic pathways. Interestingly, gene ontology analysis 
of phosphorylated peptides revealed the 32µg/kg/day dose altered the abundance 
of proteins involved in apoptotic processes while the 500µg/kg/day dose altered 
the abundance of proteins involved in RNA processing and splicing processes. 
These results reveal that a human relevant mixture of DBP, BBP, and DEHP alters 
the antral follicle proteome and merit further evaluation to elucidate the molecular 
mechanisms by which phthalates cause negative reproductive outcomes.

 3563 Associations of Urinary Phthalate Metabolites with Ovarian 
Volume and Differences by Change in BMI since Age 18

J. Whitted1, M. E. Kloboves2, J. A. Flaws3, and R. S. Strakovsky2. 1Trinity Washington 
University, Washington, DC; 2Michigan State University, East Lansing, MI; and 3University 
of Illinois at Urbana-Champaign, Urbana, IL.

Phthalates are endocrine disrupting chemicals with ubiquitous exposure via 
personal care products, cosmetics, and food packaging. Women entering 
menopause experience hormonal shifts due to ovarian follicle growth (folliculogen-
esis) cessation. Adipose tissue is a hormonally active organ with a role in ovarian 
function, thus having obesity may impact a woman’s susceptibility to phthalate 
exposures. Therefore, we evaluated associations of phthalates with ovarian volume 
(as a marker of folliculogenesis) in midlife women and considered differences by 
change in body mass index (BMI) since age 18 (BMI18). Women from Baltimore 
(n=614; 45-54 years old) had a transvaginal ultrasound to measure right/left 
ovary dimensions to calculate ovarian volume. Phthalates were quantified from 
2-4 urine samples pooled across one menstrual cycle. BMI18 was calculated as 
the difference between midlife BMI and BMI at age 18. Multivariable linear regres-
sion models controlled for important lifestyle and health demographic factors to 
evaluate associations of phthalate concentrations with average ovarian volume, 
with the addition of a multiplicative interaction term to consider differences by 
BMI18. Overall, mono(3-carboxypropyl) (MCPP) and monobenzyl (MBzP) phthal-
ates were positively associated with ovarian volume, which differed by BMI18. For 
example, in all women, a 1% increase in MCPP and MBzP were associated with 
0.44% (P=0.06) and 0.63% (P=0.04) increases in ovarian volume, respectively. 
However, in women who had overweight or obesity at both age 18 and midlife, a 1% 
increase in MCPP was associated with -1.27% (P=0.07) decreased ovarian volume. 
In conclusion, phthalates are associated with ovarian volume, but lifetime weight 
status may alter susceptibility to phthalate exposure.

 3564 The Effects of Prenatal Exposure to an Environmentally Relevant 
Phthalate Mixture on Ovarian Gene Expression in F1 and F3 
Female Mice

E. Fletcher, M. Laws, and J. Flaws. University of Illinois at Urbana Champaign, Urbana, IL.

Phthalates are a family of synthetic chemical compounds used as plasticizers 
and solvents. Phthalates are commonly detected in the environment as mixtures 
in building materials, medical equipment, and personal care products. Although 
virtually 100% of the U.S. population has measurable exposure to several types 
of phthalates, little research has been done to understand the transgenerational 
effects of prenatal exposure to phthalate mixtures on reproductive health in 
female offspring. Thus, this study tested the hypothesis that prenatal exposure 
to an environmentally relevant phthalate mixture affects ovarian gene expression 
of methyltransferase enzymes and cytokines in the F1 and F3 generation. To test 
this hypothesis, pregnant CD-1 dams were dosed orally with vehicle control (corn 
oil) or four different doses of phthalate mixture (20 μg/kg/day, 200 μg/kg/day, 
200 mg/kg/day, 500 mg/kg/day). The pregnant dams were allowed to deliver pups 
naturally and selected ovaries from the F1 female offspring were collected at PND 
21 and 6 months. The remaining F1 female offspring were mated with non-treated 
CD-1 male mice to produce the F2 generation and F2 females were mated with 
non-treated CD-1 male mice to produce the F3 generation. Ovaries were collected 
from the F3 generation on PND 21. RNA was isolated from the F1 and F3 ovaries 
and used in qPCR reactions to quantify expression of methyltransferase enzymes: 
DNA methyltransferase 1 (Dnmt1), DNA methyltransferase 3 beta (Dnmt3b), tet 
methylcytosine dioxygenase 1 (Tet1), tet methylcytosine dioxygenase 2 (Tet2), and 
tet methylcytosine dioxygenase 3 (Tet3). RNA was also used to measure expres-
sion of selected cytokine genes: interleukin1β (I-1β), interferon gamma (Ifn-γ), 
interleukin 4 (Il4), interleukin 6 (Il6) and interleukin 10 (Il10). The results indicate 
that prenatal exposure to the mixture increased the expression of Tet1 at 200 mg/
kg/day and Tet3 at 20 μg/kg/day and decreased the expression of Il-1β at 500 mg/
kg/day in the F1 ovaries at PND60 compared to controls. The phthalate mixture did 
not significantly alter the expression of methyltransferase enzymes compared to 
control in the F1 ovaries at 6 months. However, prenatal exposure to the mixture at 
20 μg/kg/day decreased the expression of Il-1β, Il4, and Il10 in F1 ovaries compared 
to control at 6 months. The results also indicate that in the F3 generation at PND21, 
the mixture increased the expression of Il-1β at 200 mg/kg/day, Il10 at 20 μg/kg/
day and 500 mg/kg/day, and Il6 at 20 μg/kg/day and 200 μg/kg/day compared to 
controls. Further, in the F3 generation, the mixture increased expression of Tet1 
at 200 mg/kg/day and Tet3 at 500 mg/kg/day compared to controls. These data 
suggest that prenatal exposure to a phthalate mixture may not significantly alter 
DNA methylation in the F1 generation long after initial exposure to a phthalate 
mixture, but it may have significant impact on DNA methylation across genera-
tions. These data also suggest that the phthalate mixture may interfere with the 
expression of immune response genes long after initial exposure. This research 
is supported by NIH R01ES032163 and NIH Diversity Supplement R01ES032163S.
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 3565 Diisononyl Phthalate Decreases Expression of Snurf and Abcb4 
in the Mouse Ovary

Z. Inman, A. Neff, C. Chiang, and J. Flaws. University of Illinois at Urbana-Champaign, 
Urbana, IL.

Diisononyl phthalate (DiNP) is a plasticizer used in a wide range of consumer 
products including building materials, food and beverage containers, and children’s 
toys. This is concerning because DiNP can leach out of products and enter the 
human body. Furthermore, DiNP has been shown to exhibit endocrine disrupting 
abilities after both short-term and long-term exposures. However, little is known 
about the effects of DiNP on the ovary. Thus, this study tested the hypothesis that 
DiNP alters global gene expression in the mouse ovary. To test this hypothesis, 
female CD-1 mice aged 39-40 days were orally dosed with either vehicle control 
(corn oil) or DiNP (20µg/kg/day-200mg/kg/day) for 10 days. The ovaries of these 
mice were collected immediately post-dosing and 3 months post dosing. The 
RNA from these ovaries was isolated and subjected to RNA-Seq analysis. DiNP 
exposure did not alter gene expression in ovaries collected immediately post-dos-
ing compared to control. However, DiNP exposure significantly altered expression 
of 7 different genes in ovaries collected 3 months post-dosing compared to control. 
After validating with qPCR, the results showed that DiNP exposure at 20µg/kg/day 
significantly decreased expression of SNRPN upstream open reading frame (Snurf) 
by -0.207 ± 0.045-fold from the control. Similarly, DiNP exposure at 200mg/kg/day 
significantly decreased expression of multidrug resistance protein 3 (Mrp3 aka 
Abcb4) by -0.694 ± 0.052-fold from control. The functions of both Snurf and Mrp3/
Abcb4 are unknown in the ovary. Snurf is a gene that encodes two different polypep-
tides: The SmN splicing factor used in RNA processing and the SNRPN upstream 
reading frame (Snurf) polypeptide. In the liver, Abcb4 encodes proteins that facili-
tate phospholipid movement across the cellular membranes. Collectively, these 
data suggest that DiNP exposure for 10 days has long-term effects on ovarian gene 
expression in mice. This work is supported by NIH R01ES 028661, R01ES034112, 
T32ES 007326, and a Billie Field Fellowship.

 3566 Mono-2-Ethylhexyl Phthalate Indirectly Induces Aryl 
Hydrocarbon Receptor Activation in Mouse Ovarian Tissues

A. Neff, Z. Inman, M. J. Laws, V. Mourikes, and J. A. Flaws. University of Illinois Urbana-
Champaign, Urbana, IL.

Di(2-ethylhexyl) phthalate (DEHP) is a plasticizer used in the production of 
numerous consumer products. In the body, DEHP is hydrolyzed to its metabolite, 
mono-2-ethylhexyl phthalate (MEHP). MEHP is a reproductive toxicant that targets 
the ovary and impairs ovarian follicle growth and reduces ovarian estrogen produc-
tion. However, the molecular mechanisms mediating these effects are unknown. 
The aryl hydrocarbon receptor (AHR) is a ligand activated transcription factor that 
binds various environmental contaminants and regulates expression of xenobi-
otic and estrogen metabolizing enzymes. We hypothesized that MEHP reduces 
ovarian estrogen production via activation of the AHR. To test this hypothesis, 
we isolated antral follicles from the ovaries of CD-1 mice. Follicles were exposed 
to MEHP (0-400µM) for 96 hours in the presence or absence of the AHR antago-
nist, CH223191 (1µM). Follicles were collected for gene expression analysis and 
conditioned media were collected for hormone analysis. MEHP increased expres-
sion of the estrogen metabolizing cytochrome P450 (CYP) enzymes Cyp1a1 and 
Cyp1b1, and this effect was blocked by co-treatment with CH223191. MEHP reduced 
media concentrations of estrone and estradiol compared to control, consistent with 
the MEHP-mediated induction of Cyp1a1 and Cyp1b1. The MEHP-mediated decline 
in estrogen levels was blocked by co-treatment with CH223191. Additionally, MEHP 
reduced expression of estrogen-sensitive genes progesterone receptor (Pgr) and 
luteinizing hormone/chorionic gonadotropin receptor (Lhcgr), and these effects 
were reduced by co-treatment with CH223191. These data suggest that MEHP 
alters estrogen levels and estrogen signaling in an AHR-dependent manner. To 
determine if MEHP activates the AHR by binding as a ligand, a reporter assay was 
performed using primary granulosa cells. Cells were transfected with a reporter 
construct containing the luciferase gene under the control of xenobiotic response 
element that serves as a binding site for the AHR. Cells were treated with MEHP 
(0-400µM) or 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD; 1nM) as a positive control 
for 24 hours. AHR binding activity was measured by luciferase assay. Exposure 
to TCDD increased AHR binding, as expected. However, no concentration of 
MEHP altered AHR binding activity compared to control. Collectively, these data 
suggest that the AHR is an indirect target of MEHP in ovarian tissues, and it may 
contribute to the endocrine disrupting actions of MEHP by enhancing estrogen 
metabolism and reducing estrogen signaling. Supported by NIH T32 ES007326 and 
R01 ES028661.

 3567 Long-Term Dietary Di-(2-Ethylhexyl) Phthalate Exposure Affects 
Ovarian Follicle Populations and Hormone Levels in Mice

R. Santacruz-Márquez, A. Safar, M. J. Laws, D. D. Meling, and J. A. Flaws. University of 
Illinois Urbana-Champaign, Urbana, IL.

Phthalates are plasticizers that are widely used in personal care products, medical 
tubing, food packaging, polyvinyl chloride plastics, flooring, and plastic toys. 
Di-(2-ethylhexyl) phthalate (DEHP) is one of the most commonly used phthalates 
and it can be found throughout the environment. Thus, humans can be exposed to 
DEHP in a short- and long-term manner through occupational and environmental 
activities. Previous studies from our lab showed that short-term oral exposure to 
DEHP disrupts ovarian functions such as folliculogenesis and steroidogenesis in 
female mice. However, limited data exist regarding the long-term effects of phthal-
ates on ovarian function. Because humans are exposed to phthalates such as 
DEHP throughout life, the goal of this work was to determine whether long-term 
DEHP exposure affects ovarian folliculogenesis and female reproductive hormone 
levels in mice. Adult female mice were exposed to DEHP at 0.15 ppm, 1.5 ppm, 
or 1500 ppm via the chow for 6 months. After dosing, the mice were euthanized, 
and the ovaries were collected and processed for histological evaluation of follicle 
numbers. Sera were collected and processed for measurement of hormone levels. 
The results show that the highest DEHP concentration (1500 ppm) increased 
primordial follicle numbers and decreased preantral and antral follicle numbers 
compared to control. Furthermore, long-term exposure to DEHP affected hormone 
levels by decreasing luteinizing hormone (LH) levels (0.15 ppm and 1.5 ppm) and 
increasing follicle stimulating hormone (FSH) levels (1500 ppm) compared to 
control. Interestingly, DEHP exposure did not affect progesterone, testosterone, 
or estradiol levels compared to control. Overall, these data indicate that long-term 
exposure to DEHP affects ovarian follicle numbers as well as FSH and LH hormone 
levels. Supported by R01 ES028661, NIH T32 007326, and a Billie Field Fellowship.

 3568 Long-Term Phthalate Exposure Alters Estrous Cyclicity and 
Long-Term Diisononyl Phthalate Exposure Impairs Reproductive 
Outcomes in Mice

M. J. Laws, D. D. Meling, A. R. Deviney, R. Santacruz-Márquez, and J. A. Flaws. 
University of Illinois Urbana-Champaign, Urbana, IL.

Phthalates are a class of environmental contaminants found in plastic food contain-
ers, medical plastics, and personal care products. Phthalates negatively affect 
female reproduction, but the effects of long-term phthalate exposure on the ovary 
are largely unknown. Thus, this study investigated the effects of long-term, dietary 
phthalate exposure on estrous cyclicity and fertility in female mice. Adult female 
CD-1 mice were fed chow containing vehicle control (corn oil) or 0.15 ppm-1500 
ppm of either di(2- ethylhexyl) phthalate (DEHP), diisononyl phthalate (DiNP), or a 
mixture of phthalates (Mix) containing DEHP, DiNP, benzyl butyl phthalate, di-n-bu-
tyl phthalate, diisobutyl phthalate, and diethyl phthalate. Measurements of urinary 
phthalate metabolites confirmed effective delivery of phthalates in the rodent 
chow. Phthalate consumption for 11 months did not affect body weight throughout 
exposure compared to control. DEHP exposure at 0.15 ppm for 3 and 5 months 
increased the time that the mice spent in estrus and decreased the time the mice 
spent in metestrus/diestrus compared to control. Long-term DiNP exposure (0.15 
ppm-1500 ppm) did not significantly affect time in estrus or metestrus/diestrus 
compared to control. Mix exposure at 0.15 ppm and 1500 ppm for three months 
decreased the time the mice spent in metestrus/diestrus and increased the time 
the mice spent in estrus compared to control. DEHP (0.15 ppm-1500 ppm) or Mix 
(0.15 ppm-1500 ppm) exposure did not affect fertility-related indices compared 
to control. However, long-term DiNP exposure at 1500 ppm significantly reduced 
gestational index and birth rate compared to control. These data indicate that 
chronic exposure to phthalates via the diet alters estrous cyclicity, and long-term 
DiNP exposure reduces gestational index and birth rate in mice. Supported by NIH 
R01 ES028661and NIH T32 ES007326

 3569 Toxicity of the Phthalate Replacement Di-2-Ethylhexyl 
Terephthalate (DEHTP) and Its Metabolite on the Mouse Ovary

C. Potts, and G. Warner. New Jersey Institute of Technology, Newark, NJ.

Toxicity of the phthalate replacement di-2-ethylhexyl terephthalate (DEHTP) and 
its metabolite on the mouse ovary Courtney Potts, Genoa Warner Di-2-ethylhexyl 
terephthalate (DEHTP) is an alternative plasticizer for its structural isomer di-2-eth-
ylhexyl phthalate (DEHP), a known endocrine disrupting chemical. DEHTP is consid-
ered safe for use by the chemical industry and is used as a plasticizer in various 
polyvinyl chloride products including children’s toys and medical tubing. Exposure 
to DEHTP has raised concerns because its metabolites have been detected in 
humans at higher concentrations than the phthalates it replaces. This research 
tested the hypothesis that DEHTP is an endocrine disruptor due to its structural 
similarity to DEHP. To investigate these concerns, the impact of exposure to DEHTP 
and its metabolite mono-2-ethylhexyl terephthalate (MEHTP) was studied on the 
mouse ovary with a particular interest in the development of follicles, the structures 
that contains developing oocytes. Follicles were dissected from ovaries of adult 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 213



female CD-1 mice and cultured with vehicle control (DMSO) or various concentra-
tions of DEHTP ranging from 0.1-100 µg/mL to determine whether the presence of 
DEHTP has an adverse effect of follicle growth and development. Follicle growth 
was measured every twenty-four hours for five days. At the end of the culture 
period, media samples were collected to analyze concentrations of the hormones 
estradiol, testosterone, androstenedione, and progesterone via enzyme-linked 
immunosorbent assay (ELISA) to determine whether DEHTP and MEHTP exposure 
alters hormone levels. It was found that 1µg/ml DEHTP and 0.1, 10, and 100 µg/
ml MEHTP significantly inhibited follicle growth compared to controls, which is 
similar to previous studies using DEHP and its metabolite monoethylhexyl phthal-
ate (MEHP). The study did not find statistically significance differences in hormone 
levels following exposure of DEHTP and MEHTP. Further study should be done on 
the toxicity of DEHTP to ensure it is a safe and sustainable chemical for use.

 3570 Toxicity of Environmentally Relevant Phthalate Mixtures in 
Mouse Granulosa Cells

H. T. Alahmadi1, N. Arinzeh2, R. Farrell1, C. Potts1, and G. Warner1. 1New Jersey Institute 
of Technology, Newark, NJ; and 2Harvard University, Cambridge, MA.

Phthalates are a class of environmentally harmful chemicals that are used as plasti-
cizers and solvents. They can be found in processed food, personal care products, 
cosmetics, plastic, and medical tubing. Phthalates are detected in humans 
constantly due to consistent exposure through different routes. Previous studies 
have shown that phthalates are reproductive toxicants and can disrupt ovarian 
steroid hormone production, but little is known about their mechanism of action. 
Granulosa cells in the ovary play a critical role in follicle development by promoting 
oocyte maturation; any disruption of their function may result in the disturbance of 
folliculogenesis and sex steroid hormone production. Thus, this research tested 
the hypothesis that phthalates and their metabolites specifically target granulosa 
cells to cause endocrine disruption. Granulosa cells were harvested from antral 
follicles of adult CD-1 mouse ovaries and cultured for 96 h in phthalate mixture 
(PM) (0.1-100 μg/mL) or metabolite mixture (MM) (0.1-100 μg/mL) with dimethyl 
sulphoxide (DMSO) as the vehicle control. The phthalate mixture was composed 
of 35% diethyl phthalate, 21% di(2-ethylhexyl) phthalate, 15% dibutyl phthalate, 
15% diisononyl phthalate, 8% diisobutyl phthalate, and 5% benzylbutyl phthalate. 
The phthalate metabolite mixture was composed of 37% monoethyl phthalate, 
19% mono(2-ethylhexyl) phthalate, 15% monobutyl phthalate, 10% monoisononyl 
phthalate, 10% monoisobutyl phthalate, and 8% monobenzyl phthalate. Enzyme-
linked immunosorbent assays (ELISA) were performed to analyze hormone levels. 
Estradiol was significantly increased following treatment with 100 μg/mL PM 
compared to control. Progesterone levels were not significantly impacted. Overall, 
phthalates do not appear to significantly disrupt hormone production in isolated 
granulosa cells at these doses. Future experiments will measure gene expression 
of steroidogenesis enzymes to confirm this result.

 3571 Investigating the Effects of Periconceptional Exposure to 
Di-2thylhexyl-Phthalate on Mouse Placenta Epigenetics 
and Hepatotoxicity

N. M. Robles-Matos, R. A. Simmons, and M. S. Bartolomei. University of Pennsylvania, 
Philadelphia, PA.

Environmental exposure to Endocrine Disrupting Chemicals (EDCs) during fetal 
and placental development may lead to molecular changes that increase adult 
disease susceptibility. For example, EDCs can alter fetal growth and metabolism in 
utero and disrupt critical set points that promote metabolic disorders in adulthood. 
One EDC strongly associated with metabolic changes is Di-(2-ethylhexyl)-phthalate 
(DEHP). DEHP is used as a plasticizer and is ubiquitous in the environment, 
present in food packaging, children’s toys, medical devices, and personal care 
products. DEHP functions as an anti-androgen in fetal and placental endocrine 
systems and interferes with the action of several hormones. As a result, DEHP 
exposure during pregnancy has been associated with metabolic changes in adult 
offspring. However, the mechanisms that drive DEHP-induced changes in fetal 
metabolism and adult diseases are unknown. Recent evidence suggests that 
EDC-induced changes in metabolic gene profiles may stem from an altered epigen-
etic landscape. One epigenetic factor, DNA methylation, is particularly vulnerable to 
environmental exposures as it changes dynamically during development. Thus, we 
hypothesize that preconception exposure (alone) to DEHP is sufficient to disrupt 
DNA methylation patterns in the placenta. These changes will lead to abnormal 
cross-talk between the fetus and the placenta, which in turn will predispose 
offspring to impaired metabolism and hepatotoxicity manifested in adulthood. To 
test this hypothesis, F0 females were exposed to two doses of DEHP (Low: 50 μg/
kg*BW/day, High: 10 mg/kg*BW/day) through their feed. One group was exposed to 
DEHP two weeks prior to gestation until embryonic day (E) 12.5 (placental analysis) 
or weaning. A second group was exposed from preconception until gestational 
day 0.5, then placed on a control diet until E12.5 or weaning. For adult offspring 
phenotyping, F1 offspring were placed on a control diet post-weaning until post-na-
tal day 70. Females exposed to low DEHP during preconception and gestation had 
reduced body weight and liver lipidosis. Metabolomics on livers from these females 
revealed elevated levels of many medium and short fatty acids. With respect to 

phenotypes of E12.5 placentas, no significant changes in global DNA methyla-
tion and size compared to controls were observed. However, placenta vascula-
ture analysis, using CD34 staining, showed a significant reduction of fetal vessels 
from high DEHP preconception and gestation exposure. These findings reveal that 
periconceptional DEHP exposure exhibits sex-, window- and dose-specific effects 
on placenta function and liver hepatotoxicity.

 3572 Testis Peritubular Macrophages Aid in the Recovery of 
Spermatogenesis after Mono-(2-Ethylhexyl Phthalate) Exposure 
in Peripubertal Fischer Rats

R. Tiwary, and J. Richburg. University of Texas at Austin, Austin, TX.

MEHP (mono-(2-ethylhexyl) phthalate) has been previously shown to instigate 
spermatocyte apoptosis and disruption of the blood-testis barrier in peripubertal 
rats. Recently, we have reported that peritubular testicular macrophages (PTMφs), 
that are phenotypically distinct from resident macrophages in the testis intersti-
tium, are significantly increased in areas along the seminiferous tubules after an 
acute exposure to 700 mg/kg MEHP. This change in PTMφs occurs coincident 
with increased numbers of undifferentiated spermatogonia within the seminiferous 
epithelium. Here, we examine if the recruitment of PTMφs is dependent on the 
dose of MEHP and challenge the novel hypothesis that PTMφs play a functional 
role in the recovery of spermatogenesis in response to MEHP induced spermato-
cyte loss by stimulating spermatogonial differentiation. Peripubertal Fischer rats 
(PND 28) were exposed to a single dose of either 250 mg/kg or 500 mg/kg MEHP 
or corn oil via oral gavage and euthanized at 48 hours later. Additionally, peripu-
bertal rats were exposed to 250 mg/kg MEHP for 3 consecutive days or 100 mg/
kg for 7 consecutive days to study chronic exposure. Here we report that an acute 
exposure to 500 mg/kg and a repeated 250 mg/kg exposure to MEHP resulted in 
significant loss of spermatocytes as well as increased numbers of PTMφs (MHC 
II+) as well as differentiating spermatogonia (PLZF+). No significant changes in 
PTMφs were observed after an acute 250 mg/kg exposure or chronic 100 mg/kg 7 
days repeated exposure. Interestingly, a disruption of the blood testis barrier (BTB), 
as visualized by decreased expression of gap and tight junctions, corresponded 
closely with increased numbers of PTMφs. To further delineate if the PTMφs play 
a role in repair and recovery of spermatogenesis after MEHP exposure, depletion 
of the MEHP-induced increase in the numbers of PTMφs resulted in a consequent 
decrease in number of differentiating spermatogonia. Taken together, the findings 
are the first to suggest that an infiltration of PTMφs into the testis is dose dependent 
and serve an important functional role in the recovery of spermatogenesis after 
toxicant-induced testicular injury.

 3573 Gestational Exposure to Di-(2-Ethylhexyl) Phthalate Alters Fetal 
Mouse Testicular Organogenesis

M. Alhasnani1,2, S. Hall1, L. Chin1, and D. Spade1. 1Brown University, Providence, RI; and 
2King Abdulaziz University, Jeddah, Saudi Arabia.

Di-(2-ethylhexyl) phthalate (DEHP) is a known male reproductive toxicant. However, 
the molecular initiating events of phthalate toxicity are still undetermined. The 
apical endpoints of phthalate toxicity include a well-characterized anti-androgenic 
effect as well as a distinct set of morphological effects resulting from disrupted 
fetal testicular development. Morphological effects include induction of multinu-
cleated germ cells (MNGs) and increased seminiferous cord diameter. While the 
mouse is less sensitive to the anti-androgenic effects of phthalates than the rat, the 
morphologic effects are similar between both rodent species, as well as humans. 
In this study, we sought to investigate a possible molecular initiating event for 
phthalate-induced disruption of seminiferous cord development in the mouse fetal 
testis. We hypothesized that late-gestational exposure to DEHP would result in 
MNG induction and seminiferous cord dysgenesis. Because phthalates are known 
PPAR ligands, we also hypothesized that DEHP would alter PPARG signaling during 
mouse fetal testis development. To test this hypothesis, timed pregnant C57BL/6 
mice and B6;129S4-Sox9tm1.1Tlu/J (Sox9-EGFP) mice were orally gavaged from 
gestation day (GD) 14 - 18 with 0, 20, or 500 mg/kg/d DEHP in corn oil vehicle. On 
GD18, fetal testes were isolated and processed for histology, immunofluorescent 
labeling of the germ cell marker, VASA, and real-time RT-PCR. We also isolated 
C57BL/6 mouse fetal testes on GD 15 and cultured them for 24 h in media contain-
ing mono-(2-ethylhexyl) phthalate (MEHP), in combination with the PPARG agonist, 
rosiglitazone, and the PPARG antagonist, GW9662. Following exposure to 500 mg 
DEHP/kg/d in utero, there was a significant five-fold induction of MNGs. However, 
DEHP did not significantly change seminiferous cord diameter. We isolated a 
purified population of Sertoli cells from Sox9-EGFP mice using FACS. There was 
no effect of DEHP treatment on the proportion of Sox9+ Sertoli cells. We concluded 
that the mouse in vivo exposure model replicated the morphological effect of 
phthalates in the rat, but with reduced potency. To interrogate whether there is a 
PPARG-mediated seminiferous cord effect, we are testing whether MEHP or DEHP 
alters the expression of PPARG gene expression targets in cultured mouse testes 
and Sertoli cells enriched from Sox9-EGFP testes.
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 3574 The Role of Androgen Receptor in Regulating Phthalate-Induced 
Changes to the Placental Transcriptome

S. Lapehn1, J. L. Smith1, A. Rajput1, E. D. Nguyen1, A. A. Apfelbaum1, J. W. MacDonald2, 
T. K. Bammler2, S. Houghtaling1, K. Ahuna3, L. Kadam3, K. Z. LeWinn4, L. Myatt3, 
J. F. Sarthy1, S. Sathyanarayana1, and A. G. Paquette1. 1Seattle Children’s Research 
Institute, Seattle, WA; 2University of Washington, Seattle, WA; 3Oregon Health and 
Science University, Portland, OR; and 4University of California San Francisco, San 
Francisco, CA.

Phthalates are plasticizers with widespread use in consumer products. They 
are considered endocrine disrupting chemicals due to their structural similarity 
to endogenous hormones and may interfere with sex steroid hormone synthesis 
and activity of nuclear hormone receptors, including the Androgen Receptor (AR). 
Androgen signaling in the placenta is essential in the processes of angiogenesis 
and fetal growth. Pregnancy conditions including preeclampsia and gestational 
diabetes have previously been associated with increased expression of AR and 
its isoforms indicating a potential role for AR dysregulation in these conditions. 
We have previously demonstrated that phthalates are associated with changes to 
the placental transcriptome in human cohort studies and through in vitro studies 
with HTR-8/SVneo and primary syncytiotrophoblast cells. Differentially expressed 
genes associated with mono-(2-ethylhexyl) phthalate (MEHP) in our in vitro study 
were significantly enriched with binding sites for several nuclear hormone receptor 
transcription factors (TFs) including AR. We hypothesize that di(2-ethylhexyl phthal-
ate) (DEHP) and MEHP will reduce AR binding based on evidence of the anti-an-
drogenic effects of phthalates. To test this hypothesis, we treated HTR-8/SVneo 
cells for 4 hours with 10nM dihydrotestosterone (DHT) to induce nuclear translo-
cation of AR with co-addition of vehicle (DMSO, 0.05%), 90µM DEHP, or 90µM 
MEHP. Cleavage Under Targets and Release Under Nuclease (CUT&RUN) is a novel 
approach that quantifies the location and amount of TF binding within the genome. 
CUT&RUN was performed to identify differential binding of AR under control and 
phthalate-treated conditions. MEHP exposure led to 83 differentially bound peaks 
with FDR<0.1 with 81 of these peaks showing decreased AR binding. 12 of the 
genes associated with decreased differentially bound peaks after MEHP exposure 
were differentially expressed in our prior analysis of MEHP’s effect on the placental 
transcriptome in HTR-8/SVneo cells. We identified 11 differentially bound peaks 
with FDR<0.1 following DEHP exposure with 10 of these peaks showing decreased 
AR binding. KEGG pathway analysis was performed using DAVID on genes associ-
ated with differentially bound peaks (FDR<0.1) that exhibited decreased AR binding. 
Genes with decreased AR binding after MEHP exposure were associated with 9 
pathways (p<0.05), while no pathways were associated with the genes with 
decreased binding after DEHP exposure. There was significantly decreased AR 
binding after MEHP treatment in regions of genes involved in Endocytosis, and 
genes within this pathway were previously associated with MEHP exposure in 
both our in vitro and human placental studies while two additional pathways, Focal 
Adhesion and GnRH signaling, were previously associated with MEHP exposure in 
our experiments in HTR-8/SVneo cells. Overall, both DEHP and MEHP altered AR 
binding, causing primarily decreased binding of AR compared to control samples. 
MEHP showed more potent effects on AR binding than DEHP based on the number 
of differentially bound peaks indicating that phthalate compounds and their 
metabolites may cause different biological effects in the placenta. Overall, this 
research provides novel insight into mechanisms of phthalate induced disruptions 
to AR signaling and the anti-androgenic effects of phthalates by identifying specific 
regions of disrupted binding and linking them to corresponding gene expression 
changes in placental cells which has not been previously reported.

 3575 Blood-Testis Barrier Disruption Is a Prerequisite for MEHP-
Induced Increases of Peritubular Macrophages in Rats

X. Fang, R. Tiwary, and J. H. Richburg. University of Texas at Austin, Austin, TX.

Peritubular macrophages (PTMφ) is a novel subtype of testicular macrophages 
which are enriched in regions next to the spermatogonial stem cells. Our previous 
studies showed that exposure of peripubertal Fischer rats to mono-(2-ethylhexyl) 
phthalate (MEHP) leads to an increase of PTMφs within the testis. Exposure to 
MEHP is known to damage the blood-testis barrier (BTB) and also results in the loss 
of spermatocyte germ cells by apoptosis. However, the underlying mechanism for 
initiating the increase in testis PTMφs is not known. Here we tested the differential 
participation between BTB disruption and germ cell apoptosis play in the instigation 
of changes in testicular PTMφs by utilizing experimental strategies that specifically 
induce only spermatocyte apoptosis, via exposure to methoxyacetic acid (MAA), or 
specifically disrupt the BTB via cadmium chloride (CdCl2) exposure. Male peripu-
bertal (postnatal day/PND 26) rats were exposed to 700mg/kg MEHP, 650mg/kg 
MAA or 2.5mg/kg CdCl2 and respective controls via oral gavage and euthanized 
48 hours later. Spermatocyte apoptosis was evaluated by TUNEL analysis, and 
a biotin tracer assay was utilized to detect the BTB functional integrity. PTMφs 
and undifferentiated spermatogonia were identified in whole mounts of seminif-
erous tubules with fluorescent markers (MHCII and PLZF) and visualized using a 
confocal microscope. After MAA exposure though a significant increase in germ 
cell apoptosis was evident, no significant changes in the numbers of PTMφs were 
observed. However, CdCl2 exposure did disrupt BTB as indicated by the penetration 
of biotin tracer and also caused an increase in the numbers of PTMφs in the testis. 

To further challenge if the effects of MEHP on the BTB was the primary stimulus 
for instigating the changes in the testicular PTMφs, an experimental approach that 
employs transfecting LG3/4/5 to protect the integrity of BTB prior MEHP exposure. 
Our findings show that LG3/4/5 overexpression substantially reduced the ability of 
MEHP to compromise the integrity of the BTB. Our preliminary assessment also 
indicates that LG3/4/5 overexpression also prevented changes in the numbers of 
testicular PTMφs after MEHP exposure. The findings of this research indicate that a 
disruption of the functional integrity of BTB by MEHP is a requisite for the observed 
changes in the numbers of PTMφs in rat testis. Further studies are focused on 
understanding the pathophysiologic role of PTMφs in the testis.

 3576 Long-Chain Per- and Polyfluoroalkyl Substances Interfere with 
Gonadotropin-Dependent Ovarian Follicle Maturation, Hormone 
Secretion, and Ovulation

P. Pattarawat1, Y. Fan2, T. Zhan3, J. Zhang3, E. Kim3, Q. Zhang2, J. J. Kim4, and S. Xiao3. 
1Rutgers, The State University of New Jersey, Piscataway, NJ; 2Emory University, Atlanta, 
GA; 3Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ; and 4Northwestern 
University, Chicago, IL.

Per- and polyfluoroalkyl substances (PFAS) are a group of ~5000 synthetic organic 
compounds consisting of a major carbon backbone and at least one fluoroalkyl 
moiety. Due to the highly stable carbon-fluorine bonds, PFAS have been widely 
used in industrial/consumer products including textiles, cookware, and firefight-
ing foams. The persistence of PFAS have resulted in extensive environmental 
contamination and bioaccumulation, making them a new class of contaminants of 
emerging concern (CECs). In this study, we use both a 3D ex vivo mini-ovary culture 
system and an in vivo mouse model to test the ovarian disrupting effects of PFAS, 
including three long-chain PFAS (PFOA, PFOS, PFNA) and three short-chain PFAS 
(PFHpA, PFBS, and GenX). First, immature mouse ovarian follicles cultured ex vivo 
were treated with each PFAS of human-relevant concentrations at 0, 1, 10, 100, 
and 250 µM for 5 days, which covers the events of gonadotropin-dependent follicle 
maturation, hormone secretion, and ovulation. Results showed that exposure to 
long- but not short-chain PFAS dose-dependently inhibited follicle development, 
reduced the secretion of estradiol, testosterone, and progesterone, and also 
inhibited the rupture of ovulating follicles. PFNA was selected for the specific 
window exposure and toxic mechanism identification, and the short-chain GenX 
was used as the negative control. Follicles treated with 250 µM PFNA but not GenX 
during the follicle stimulating hormone (FSH)-dependent follicle maturation window 
had smaller follicle size and suppressed ovulation and progesterone secretion, 
indicating that PFNA disrupts FSH-dependent follicle maturation to cause the 
secondary defects of ovulation and luteinization. RT-qPCR results showed that 
exposure to 250 µM PFNA during the follicle maturation window suppressed 
the expression of genes that are essential for follicle maturation and ovarian 
steroidogenesis, including Ccnd2, Pcna, Fshr, Cyp19a1, and Hsd17b1. Single-follicle 
RNA-sequencing analysis revealed that pathways of “DNA replication”, “Cell cycle”, 
“Mismatch repair”, “Homologous recombination”, and “p53 signaling pathway” 
were significantly altered. When follicles were treated with PFNA and GenX during 
the luteinizing hormone (LH)-dependent ovulation window, 250 µM PFNA but not 
GenX significantly inhibited follicle rupture and progesterone secretion, indicating 
that PFNA also directly compromises ovulation and luteinization. RT-qPCR results 
showed that 250 µM PFNA during the ovulation window exposure reduced the 
expression of ovulatory genes including Pgr, Tnfaip6, Plau, and luteinization-related 
genes, Star, Cyp11a1, and Hsd3b1. Single-follicle RNA-sequencing analysis revealed 
that exposure to PFNA during the ovulation window significantly altered pathways 
of cytokine-cytokine receptor interaction, cAMP signaling pathway, calcium signal-
ing pathway, and ovarian steroidogenesis. Using in vivo mouse superovulation 
model, we demonstrated that PFNA decreased the number of ovulated eggs in 
a dose-dependent manner. Together, our study demonstrates that long-chain 
PFAS interfere with gonadotropin-dependent ovarian follicle maturation, hormone 
secretion, and ovulation.

 3577 Ovarian Impacts of Perfluorooctane Sulfonate (PFOS) on 
Gonadotropin-Dependent Follicle Maturation and Ovulation in a 
3D-Encapsulated In Vitro Follicle Growth (eIVFG) System

D. Zhang1, P. Pattarawat1, E. Kim1, J. Julie Kim2, Q. Zhang3, and S. Xiao1. 1Rutgers, The 
State University of New Jersey, Piscataway, NJ; 2Northwestern University, Chicago, IL; 
and 3Emory University, Altanta, GA.

Perfluorooctane sulfonate (PFOS) is a synthetic organic compound that belongs to 
the family of per- and polyfluoroalkyl substances (PFAS) which have been widely 
used in a great number of consumer and industrial products. The increased molecu-
lar polarity caused by the sulfonate salt has been shown to make PFOS more toxic 
than other PFAS such as the perfluorooctanoic acid (PFOA). Although PFOS was 
phased out in the US and many other countries, due to its high persistence, humans 
are exposed to PFOS at levels higher than the advisory health value established 
by the Environmental Protection Agency (EPA). Epidemiological studies have 
reported associations between PFOS and women’s reproductive disorders, such 
as premature ovarian failure (POF) and irregular menstrual cycles, highlighting 
the possible toxic effects of PFOS to the ovary, the female gonad that secretes 
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hormones and ovulates mature eggs to sustain the female reproductive cycle and 
fertility. However, the underlying mechanisms remain elusive. The objective of 
this study aimed to use our established 3D hydrogel encapsulated in vitro follicle 
growth (eIVFG) system to investigate the ovarian toxic effects and mechanisms 
of PFOS. Multi-layered secondary mouse follicles were cultured using eIVFG and 
treated with various human-relevant exposure levels of PFOS at 0, 1, 10, 100, and 
250 µM. There are two distinct exposure regimens, including exposure regimen 1 
from day 4 to 6 of eIVFG which covers the window of follicle-stimulating hormone 
(FSH)-induced follicle maturation and exposure regimen 2 from day 6 to 7 covers 
the window of human chorionic gonadotropin (hCG, an analog of luteinizing 
hormone/LH)-triggered follicle ovulation. Results showed that exposure to PFOS 
at all concentrations during the follicle maturation window did not affect follicle 
growth and hormonal secretion of estradiol and testosterone. However, PFOS 
dose-dependently reduced the percentages of ruptured follicles and the release 
of oocytes at meiosis of metaphase II (MII) in response to hCG-induced ovulation 
in vitro. Exposure to PFOS during the ovulation window also suppressed follicle 
rupture and oocyte meiosis in a dose-dependent manner. RT-qPCR revealed that 
exposure to 250 µM of PFOS during the ovulation window repressed the expres-
sions of several established ovulatory genes, including the follicle rupture-related 
genes, Plau, COC expansion regulators, Ptgst2 and Tnfaip6, epidermal growth factor 
(EGF) receptor ligands, Areg and Btc, inflammatory genes, CXCL2, and ovarian 
steroidogenic genes, Star and Cyp11a1. In summary, our study demonstrates that 
exposure to PFOS disrupts gonadotropin-dependent ovarian follicle maturation and 
ovulation in the eIVFG system.

 3578 Evaluation of the Causal Relationship between PFAS and 
Lactation Impairment

S. Ayyagari1,2, S. Fenton2, V. Chappel2, and V. Robinson2. 1North Carolina State University, 
Raleigh, NC; and 2NIEHS, Research Triangle Park, NC.

Per- and polyfluoroalkyl substances (PFAS) are manufactured chemicals found in 
numerous consumer products, and as drinking water contaminants in communi-
ties across the US. PFAS have numerous known human health effects, including 
reproductive toxicity, reduced fetal weight gain, decreased immunity, cardiomet-
abolic disease, and lactation impairment. Many of these effects have also been 
reported in animal studies, for instance, in mice exposed to PFOA. The mode of 
action of PFAS in breast tissue is poorly understood, especially during lactogen-
esis, a critical process of mammary gland development consisting of secretory 
differentiation and activation during pregnancy. I aim to determine which phase 
of mammary growth and differentiation are most affected by PFAS. The main 
objective of this work is to examine the effects of individual and mixtures of PFAS 
on (a) mammary epithelial cell (MECs) proliferation and (b) terminally differentiated 
mammary cell responses to lactogenic hormone stimuli and secretory activities. 
Normal mouse MECs, HC11, were seeded in growth media with 0.5% methanol, and 
exposed in duplicate to 0.5% methanol and nine concentrations of individual PFAS 
(PFO4DA, Nafion by-product 2, GenX, PFO3OA, PEPA, PFO5DoA, and PFOA) over 
a 24 hr period. The proliferation curves of HC11 cells were studied pre- (0 hr) and 
post-exposure (24 hr) to various PFAS mixtures using brightfield, live cell imaging 
and related software. The area under the non-linear fit curves demonstrated the 
effects of PFAS on proliferation. As the area increased, it signified higher conflu-
ency and proliferation. Preliminary data suggest that PFAS induce HC11 cell prolif-
eration, and the doubling time of cells increased with increasing PFAS dose until 
doses near 100 µM. The average percent increase in PFAS-stimulated prolifera-
tion over controls (between 35-40%) was statistically significant (P<0.05). Whether 
high dose effects are related to cytotoxicity is currently under investigation. The 
individual PFAS having the most potent effects on MEC proliferation were, in rank 
order: Nafion by-product 2, PFO4DA, PEPA, GenX, PFOA, PFO3OA, and PFO5DoA. 
HC11 cells will be exposed to PFAS mixtures reported in human serum or drinking 
water in NC, in similar assays as preliminary studies and examined for cytotoxicity 
using viability assays. HC11 cells will also be treated with PFAS and its mixtures 
and induced to differentiate via lactogenic hormones, dexamethasone, insulin, and 
prolactin (DIP). Lactogenic cells not treated with PFAS will serve as the positive 
control, and the negative control will be undifferentiated HC11 cells not exposed 
to PFAS. Pharmaceuticals known to interfere with lactogenesis will also be used. 
Milk protein and lipid secretion will be measured post-exposure to determine PFAS 
effects on lactogenesis.

 3579 NHANES Epidemiological Analysis of Associations between 
Exposure to Per- and Polyfluoroalkyl Substances and Long-
Term Amenorrhea in Women of Reproductive Age

Y. Fan1, P. Pattarawat2,3,4, Q. Zhang1, and S. Xiao2,3,4. 1Rollins School of Public Health 
Emory University, Atlanta, GA; 2Ernest Mario School of Pharmacy Rutgers University, 
Piscataway, NJ; 3Environmental and Occupational Health Sciences Institute Rutgers 
University, Piscataway, NJ; and 4Center for Environmental Exposures and Disease 
Rutgers University, Piscataway, NJ.

The per- and polyfluoroalkyl substances (PFAS) are a group of thousands of 
human-made organic compounds consisting of a major carbon skeleton and one or 
more fluoroalkyl group (CnF2n+1-). PFAS are widely used in numerous consumer and 

industrial products, such as cookware coating, textiles, surfactants, and aqueous 
firefight foams. PFAS are highly resistant to environmental degradation and thus 
have caused an extensive contamination in multiple environmental media, such 
as in the drinking water supplies in both the US and worldwide. After absorption, 
the high stability of PFAS makes them rarely metabolized in the human or animal 
body, resulting in a long half-life of up to 8-9 years. Using the National Health and 
Nutrition Examination Survey (NHANES) database, we aim to conduct a cross-sec-
tional epidemiological analysis to investigate associations between blood concen-
trations of 7 major long-chain PFAS and reproductive aged women’s long-term 
amenorrhea. Here long-term amenorrhea is defined by the absence of menstrual 
period in the most recent 12 months without self-reported menopause, which 
is a marker implicating women’s dysregulated ovarian and/or uterine functions. 
A total of 957 women of reproductive age (19-49 years) were included from 
NHANES 2013-2018 cycles, including 914 women with normal menstruation and 
43 women with long-term amenorrhea. The methods of log-transformation and 
quarterization were used to analyze blood concentrations of PFAS. Statistical 
differences in the covariates between the outcome groups were evaluated using 
a chi-squared test for categorical variables and a t-test for continuous variables. 
Multiple logistic regression models were used to examine the associations. The 
analysis showed that women with normal menstruation and long-term amenorrhea 
had comparable distributions of all covariates, including age, education, marriage, 
health insurance, income, body mass index (BMI), smoking history, and the use 
of hormonal contraception, except those women with long-term amenorrhea 
tended to be Non-Hispanic White compared to other ethnicities. Compared with 
menstruating women, women with long-term amenorrhea had significantly higher 
log transformed means of PFNA, PFOA, PFOS, PFDeA, and PFHxS. Multiple logistic 
regression analysis using continuous log transformed data revealed that after the 
full adjustment, as the blood concentrations of PFNA, PFOA, PFOS, PFDeA, and 
PFHxS increased, women were more likely to experience long-term amenorrhea. 
Moreover, when the blood concentrations of these five PFAS species in women 
with long-term amenorrhea were divided into 4 quartiles, there were significant 
associations in the fourth quartiles and the odds of quadrants 2 to 4 were concen-
tration dependent for all five PFAS. As for two other PFAS, Me-PFOSA-AcOH and 
PFUA, neither the continuous nor categorical multiple logistic regression analyses 
showed significant associations. In conclusion, our cross-sectional epidemiolog-
ical analysis using HNANES 2013-2018 cycle suggests that exposure to PFDeA, 
PFHxS, PFNA, PFOA, and PFOS increases the odds of long-term amenorrhea in 
women of reproductive age, suggesting a disruptive effect of long-chain PFAS on 
women’s ovarian and/or uterine functions.

 3580 Influence of the Gut Microbiome and Diisononyl Phthalate 
(DiNP) Exposure on Uterine Development in Mice

V. A. Salgado, T. B. Shah, and R. A. Nowak. University of Illinois at Urbana-Champaign, 
Urbana, IL. Sponsor: J. Flaws.

Diisononyl phthalate (DiNP) is a higher-molecular weight phthalate used to 
make plastics more flexible and durable. DiNP usage is increasing due to replac-
ing another similar phthalate, di(2-ethylhexyl) phthalate (DEHP). However, DiNP 
exposure has shown negative effects on female reproductive health due to its 
endocrine disrupting chemical (EDCs) properties. Ingestion is the most common 
route of DiNP exposure, making the gastrointestinal tract and its metabolizing and 
hormonal secreting gut-microbiome directly exposed to EDCs. The gut-microbi-
ome has been shown to influence female reproductive health and conditions. This 
study examined the relationship between acute DiNP exposure and the gut-microbi-
ome’s absence or presence on uterine development. Over a 3-day period, 18 Female 
C57Bl/6 germ-free (GF) one-month old mice were orally dosed with sterile PBS (8) 
to stay GF or dosed with colon contents (10) to develop a gut-microbiome (DGM). 
Over a 10-day period, 4 GF and 5 DGM mice were orally dosed with corn oil and 4 GF 
and 5 DGM mice were orally dosed with 200 μg of DiNP/kg. The uteri were collected 
and analyzed for uterine development via hematoxylin and eosin staining for uterine 
measurements and immunohistochemistry for analyzing uterine cell proliferation, 
myometrium development, and estrogen receptor expression. Uterine development 
was shown to be influenced by the initial absence of a gut-microbiome, but acute 
DiNP exposure had no effect in either the absence or presence of a gut-microbi-
ome. More research is needed to analyze how DiNP exposure, and the gut-microbi-
ome is directly impacting uterine development.

 3580a Activation of Estrogen Receptor by Ethinyl Estradiol during 
Pregnancy and Lactation Alters Post-Involution Mammary Gland 
Morphology and Physiology in Mice

J. P. Mogus, and L. Vandenberg. University of Massachusetts Amherst, Amherst, MA.

The mammary gland is a hormone sensitive organ that is susceptible to endocrine 
disrupting chemicals (EDCs) during several vulnerable periods, including pregnancy 
and lactation. Mammary gland reorganization during pregnancy and lactation is 
hormone driven and provides production of milk for offspring in the short-term, 
while leading to long-term protection against breast cancer risk. Recent work from 
our lab shows that the estrogenic chemicals, oxybenzone and propylparaben, 
reduce the typical changes found in the post-involution parous mammary gland. 
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Therefore, disruptions of estogen receptor function in pregnancy and lactation may 
have both immediate effects on lactation and long-lasting effects on breast cancer 
risk. Indeed, for decades pharmaceutical estrogens have been used for reducing 
lactation in non-nursing mothers, though the molecular mechanisms for these 
effects have never been evaluated. Further, our previous results suggest that EDC 
exposures during these sensitive windows can alter mammary reorganization to 
offset parity-induced protection against breast cancer. Because the mechanisms of 
action for EDCs are complex, it is unknown if direct activation of estrogen receptor 
during pregnancy and lactation is the main driver disrupting both lactation and 
the protective changes associated with parity. Here, we examined the effects of 
17α-ethinyl estradiol (EE2), on the parous mouse mammary gland. EE2 is a model 
estrogen receptor agonist used in contraceptives and to reduce milk production in 
non-nursing parous women. Pregnant CD-1 mice were treated with either 0 or 20 
µg/kg/day EE2 from pregnancy day 9 until weaning at lactation day 21. We also 
included an age-matched unexposed nulliparous group. To determine immediate 
effects on maternal lactational capability, dams and litters were evaluated across 
the nursing period. The length of pregnancy was significantly increased in EE2 
exposed dams by an average of 0.4 days, while litter sizes were decreased by an 
average of 1.5 pups and initial litter weights were reduced by an average of 16% 
in the EE2-exposed group. By the end of the nursing period, EE2-exposed litters 
weighed on average 33% less than controls while nearly half of EE2 pups had 
delayed eye opening, a developmental milestone. To evaluate the more long-term 
effects of EE2 on the post-involution mammary gland, mice exposed to EE2 during 
pregnancy and lactation were then unexposed for 5-6 weeks. After this wash-out 
period, mammary glands were collected and assessed for changes in histomor-
phology. Average epithelial volume fraction was higher in the post-lactational group 
than the nulliparous group, a feature seen in previous studies. However, interest-
ingly, the EE2 exposed group were not different from parous controls as seen with 
previous estrogenic chemicals. Future work will evaluate the effects of exposure 
to EE2 during pregnancy and lactation on cellular and molecular outcomes in the 
post-involution mammary gland including hormone receptor expression, immune 
cell number, and gene expression. Understanding the role that estrogen receptor 
activation plays in altering the protective nature of pregnancy on breast cancer 
will be critical for mitigating the effects of estrogenic environmental chemicals on 
pregnant women.

 3581 The Functional Role of Adipocyte-Modulated AhR in 
Multiple Myeloma

N. Sheffer, J. J. Bernard, and J. D. Diedrich. Michigan State University, East Lansing, MI.

Multiple Myeloma (MM) is an incurable blood cancer characterized by the 
uncontrolled growth of plasma cells residing in the bone marrow. To develop 
preventative strategies to combat this deadly disease, researchers are exploring 
how environmental and lifestyle choices contribute to carcinogenesis. Obesity 
and age are risk factors of MM incidence and disease progression from pre-MM 
disorders and are both associated with elevated marrow adiposity. However, the role 
of adipocytes facilitating MM in obese patients is currently unknown. Recent data 
from our laboratory has shown that factors released from adipocytes modulate the 
expression and function of the aryl hydrocarbon receptor (AhR). This data corrob-
orates with patient data showing that dynamic expression of AhR and its target 
genes are associated with worse clinical outcomes. AhR responds to environmen-
tal chemicals known to promote carcinogenesis by modulating metabolic, inflam-
matory, and proliferative pathways in ligand and tissue-specific manners. Separate 
studies have shown that the AhR is 1) a negative regulator of adipogenesis and 2) 
promotes cancer initiation in multiple in vivo models, but a potential link between 
the AhR and obesity-driven cancers is unknown. Our working hypothesis is that AhR 
activation contributes to obesity-mediated MM progression. To test this hypoth-
esis, in vitro studies were performed that model communication between bone 
marrow adipocytes (BMAs), and a variety of human MM cell lines. We have found 
that MM cell lines co-cultured with BMAs have elevated AhR protein expression and 
changes in AhR transcriptional activity. Our next objective is to knock-out and knock 
down AhR in MM cells to test the role of this transcription factor in adipocyte-pro-
moted proliferation using shRNA and CRISPR-Cas9 techniques. The completion of 
these studies will lead to novel targets for intervention that could be used for future 
drug discovery efforts.

 3582 Arsenic, Polycyclic Aromatic Hydrocarbons, and Metal Exposure 
and Association of Cancers among Women

H. H. Rahman1, S. P. Sheikh2, and S. H. Munson-McGee3. 1New Mexico State University, 
Las Cruces, NM; 2University of South Florida, Tampa, FL; and 3Data Forward Analytics 
LLC, Las Cruces, NM.

In the United States, cancers that most often affect women are breast, colorectal, 
uterine, lung, cervical, skin, and ovarian cancers. Environmental pollutants may have 
a significant role in both the initiation and progression of various types of cancers 
among women. However, limited study has been conducted on this issue. This 
study aimed to assess seven species of arsenic, seven types of polycyclic aromatic 
hydrocarbon (PAH) compounds, and fourteen types of metals (cadmium, barium, 
cobalt, molybdenum, mercury, cesium, manganese, antimony, lead, tin, strontium, 

tungsten, thallium, and uranium) concentrations in urine and their correlation for 
cancer among women. We performed a cross-sectional analysis of the 2011-2012, 
2013-2014, and 2015-2016 National Health and Nutrition Examination Survey 
(NHANES) data using logistic modeling of the complex weighted survey design. 
Data from 4,956 women aged 40 years and older were analyzed. The statistical 
analysis was done using “R” version 4.0.4 software. In the demographic variables, 
educational levels of high school and beyond and age groups 50 years and above 
were significantly associated with higher odds of breast cancer. In the race/
ethnicity category, non-Hispanic Blacks had higher odds of having both uterine 
and cervical cancers. Hispanics other than Mexicans, women aged 70 years and 
older, widowed, and those who smoked more than 100 cigarettes in a lifetime had 
significantly higher odds of developing cervical cancer. Five types of urinary PAHs, 
including second and third quantiles of 1-hydroxynaphthalene [odds ratio (OR): 
13.372, 95% confidence interval (CI): 1.218, 146.829 and OR: 40.686, 95% CI: 4.670, 
354.466], third quantile of 3-hydroxyfluorene [OR: 4.256, 95% CI: 1.105, 16.394], third 
quantile of 1-hydroxyphenanthrene [OR: 11.892, 95% CI: 1.405, 100.672] and second 
and third quantiles of 1-hydroxypyrene [OR: 18.927, 95% CI: 2.377, 150.675 and 
OR: 27.103, 95% CI: 1.667, 440.642] showed positive associations with increased 
odds of uterine cancer. Among metals, second [OR: 21.998, 95% CI: 2.067, 234.078] 
and third [OR: 28.753, 95% CI: 2.973, 278.041] quantiles of urinary cobalt showed 
positive associations with increased odds of uterine cancer. Second quantiles of 
arsenocholine [OR: 4.447, 95% CI: 1.394, 14.181] and total arsenic [OR: 4.717, 95% 
CI: 1.267, 17.563] showed positive associations with increased odds of uterine 
cancer. The study observed that five urinary types of PAHs, cobalt, arsenocholine, 
and total arsenic, are significantly associated with uterine cancer among women. 
Further studies in humans are suggested to support or refute this finding.

 3583 Tretinoin Induces Luminal Differentiation in Arsenite-
Transformed Malignant UROtsa Cells

S. Al-Marsoummi, H. Rathgeber, B. Stockstad, I. Lopez, V. Trochez, S. Somji, S. Garrett, 
and D. Sens. University of North Dakota, Grand Forks, ND.

Human urothelial bladder cancer (UC) is the fifth most common cancer in the 
United States. Chronic environmental exposure to inorganic arsenic has been 
linked with the development of human urothelial bladder cancer. Histologically, 
Bladder cancers are classified into non-muscle invasive (NMIUC) and muscle-in-
vasive urothelial cancer (MIUC). Genetically, MIUCs are grouped into more aggres-
sive basal or less aggressive luminal subtypes. All-trans retinoic acid (ATRA) is 
a retinoid reported to reduce aggressiveness in multiple solid cancers. The role 
of ATRA in urothelial cancer induced by inorganic arsenic has not been investi-
gated. Our objective is to examine the role of ATRA in the biology of arsenic-in-
duced urothelial cancer. We used two independent clones of arsenite malignantly 
transformed human urothelial UROtsa cells (UROtsa-As), previously established 
in our lab, as a model of arsenite-induced urothelial cancer. After 48 hours of 
treatment with All-trans-retinoic acid (Tretinoin), we analyzed cell viability by crystal 
violet assay. RT-qPCR and western blot were used to analyze mRNA and protein 
levels, respectively, of different luminal and basal urothelial differentiation markers. 
Tretinoin treatment in UROtsa-As cells reduced cell proliferation and increased the 
expression of luminal differentiation markers (GATA3, FOXA1). Moreover, Tretinoin 
reduced the expression of basal keratins (KRT1, KRT5, KRT6). Our data indicate 
that the all-trans retinoic acid can reduce aggressive behavior and induce luminal 
differentiation of basal urothelial cancer. Therapeutics that target the retinoic acid 
signaling pathway will improve the survival of urothelial cancer patients.

 3584 Characterizing PLD1 and PLD2 Mutations in Human Cancers

D. Atiq, M. A. Frias, Z. Gonzalez, Y. Alokam, A. Beaubrun, M. Karatas, A. Badawy, and 
D. Oyetibo. St. Francis College, Brooklyn, NY.

Phospholipase D plays a critical role in cell growth, division, metabolism, and 
survival. Because cancer cells have uncontrolled growth, division, and survival, 
sustained by altered metabolism, we hypothesized that PLD gene mutation leads 
to cancer development. To test our hypothesis, we searched for PLD mutations in 
The Cancer Genome Atlas (TCGA) dataset. TCGA is a joint program of the National 
Cancer Institute and the National Human genome research institute that aims to 
catalog major cancer-causing genomic alterations. TCGA has genome sequences 
of 20,000 human samples (10,449 cancer and 9,551 matching normal tissue), 
including 33 different types of cancer. In this study, we found that the mutation 
landscape of PLD1 and PLD2 genes are very different. PLD1 is altered in 8% of 
TCGA cancer patients, with a total of 267 PLD1 somatic mutations, while PLD2 is 
altered in 2%, with a total of 166 PLD2 somatic mutations. For both PLD1 and PLD2, 
the most frequent type of mutation was single base substitution. In addition, the 
primary site organs with the highest prevalence of PLD1 or PLD2 mutation were 
the uterus, lung, skin, stomach, and colon. This study provides the first attempt at 
determining the prevalence of PLD mutation in human cancer samples. Because 
PLD controls cellular physiology as part of signaling pathways, future studies will 
evaluate the relationship between PLD mutation and other gene mutations in the 
same pathway, during cancer development. Overall, this study is very important 
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because it may lead to new molecular cancer screening strategies that include 
screening for PLD mutations. In addition, this study may lead to new therapeutic 
approaches to certain human cancer types based on drugs that inhibit PLD activity.

 3585 Utilization of In Vitro and In Vivo Assays to Characterize 
the Toxic and Carcinogenic Potential of Tris 
(Chloropropyl) Phosphate

K. Ryan, S. Auerbach, B. Collins, J. Hsieh, A. King-Herbert, K. R. Shockley, M. Stout, 
S. Waidyanatha, N. Walker, K. L. Witt, M. Xu, and A. Pandiri. NIEHS/NTP, Research 
Triangle Park, NC.

Tris (Chloropropyl) phosphate (TCPP) is an organophosphorus flame retardant 
and plasticizer used in multiple consumer products and construction materials 
and has become a global ubiquitous contaminant. A series of in vitro and in vivo 
studies, including 3-month and 2-year exposures in Sprague Dawley [HSD:Sprague 
Dawley®SD®] rats and B6C3F1/N mice, were conducted under the auspices of 
the National Toxicology Program, to aid in characterizing human health hazards. 
A commercial mixture of TCPP was characterized for composition and stability in 
feed formulations and administered at 0 - 20,000 ppm in both the 3-month (10/sex/
species) and 2-year (50/sex/species) studies. In rats, perinatal TCPP exposure to 
pregnant females also occurred from gestation through lactation. In addition to a 
complete pathology evaluation, several in vitro (genetic toxicity, Tox21 data) and 
in vivo (plasma concentrations at 3, 6, 12, and 18 months, 5-day rat liver toxicog-
enomics, whole exome sequencing (WES) of male mouse liver tumors) data were 
integrated to inform risk assessments as well as elucidate mechanisms of toxicity 
and carcinogenicity. In the 3-month studies, there was an exposure concentra-
tion-related decrease in mean body weights and liver was identified as a target 
organ in both species and sexes. Mild bile duct hyperplasia was observed in rats 
exposed to ≥ 10,000 ppm TCPP and hepatocellular hypertrophy was observed in 
mice exposed to ≥ 5,000 ppm TCPP. Additional notable findings in male and female 
rats (increased thymic weights and larger thymic cortices) and male mice (renal 
tubule cytoplasmic alterations) were observed at higher exposure concentrations 
of TCPP. In the 2-year studies, higher incidences of hepatocellular carcinomas 
(HCCs), compared to control, were observed in both sexes in mice and to a lesser 
extent in male rats. In addition, higher incidences of uterine adenomas or adenocar-
cinomas compared to controls were identified in female rats. TCPP plasma concen-
trations increased with exposure concentration, but not with time, suggesting TCPP 
does not bioaccumulate. TCPP was not positive in bacterial mutagenicity or in vivo 
rodent micronucleus assessments. In vitro Tox21 data as well as 5-day rat toxicog-
enomic data suggested that TCPP is a weak activator of CAR/PXR and PPARα, 
and demonstrated patterns of gene expression consistent with a non-genotoxic rat 
liver carcinogen. Genomic dose response analysis from the 5-day studies indicated 
alterations in transcriptional responses as low as 10 mg/kg/day in the liver with 
concerted transcriptional change occurring at approximately 20 mg/kg/day. WES 
analysis of HCCs indicated that the mutation burden, and mutation signatures 
were similar between tumors arising spontaneously or due to chronic exposure to 
TCPP. These studies demonstrated that TCPP exposure in rodents results in low 
increases in tumor incidences, likely through non-genotoxic modes of action, and 
provides insight into the potential human health hazards due to chronic exposure.

 3586 Intervention of 3-Aminobenzamide Modulated PARP-1-NLRP3 
Inflammasome and Autophagy-Signaling Pathways in Colitis-
Associated Colorectal Cancer: A Comparative Study with 
Olaparib in Mice

S. Singla, and G. Jena. National Institute of Pharmaceutical Education and Research, 
Mohali, India.

Colitis-associated colorectal neoplasia is the third most life-threatening 
consequences of long-term ulcerative colitis. PARP-1 inhibitors showed promis-
ing anticancer activity in a number of preclinical studies. Further, FDA approved 
the same for advanced ovarian and metastatic breast cancer. The present study 
evaluated the possible protective effects of PARP-1 inhibitors i.e., 3-aminoben-
zamide (3-AB) and Olaparib in azoxymethane/dextran sulphate sodium induced 
Colitis Associated Colorectal Cancer (CACC) in mice. Olaparib was used as a 
specific inhibitor to compare the effect of 3-AB in the present investigation. For the 
induction of CACC, male BALB/c mice were administered with single injection of 
azoxymethane (AOM; 10 mg/kg; i.p.) and three cycles of dextran sulphate sodium 
(DSS; 3 % w/v) were provided in drinking water. One week after the DSS treatment, 
3-AB (5, 10 and 20 mg/kg; i.p.) and Olaparib (10 mg/kg; peroral) were administered 
and continued till sacrifice. 3-AB and Olaparib treatment significantly decreased 
the progression of CACC by the downregulation of inflammatory markers, such 
as PARP-1, NLRP3, ASC, Caspase-1 and TNF-α as revealed by RT-PCR analysis. 
Further, 3-AB and Olaparib treatment modulated the expression of autophagy 
markers, such as beclin-1, LC3BII/LC3BI and p62 as revealed by western blot 
analysis. Furthermore, autophagosome generation and tight junction integrity 
dysfunction were analysed by the transmission electron microscopy. Expression 
of Ki67 measured by immunofluorescence analysis and PCNA expression was 
determined by immunoblotting which were significantly increased in AOM+DSS 
group and intervention of 3-AB (20 mg/kg; i.p.) and Olaparib (10 mg/kg; peroral) 

ameliorated the same. Immunoblotting of γH2AX expression revealed that signif-
icant DNA damage in AOM+DSS group whereas 3-AB and Olaparib treatment 
decreased the same. TUNEL assay and β-catenin expression revealed that apopto-
sis frequency was decreased inside the tumour tissue. Present findings concluded 
that 3-AB (20 mg/kg; i.p.) showed significant protective effect against CACC by 
modulating PARP-1-NLRP3 inflammosome and autophagy signalling pathways.

 3587 Setting Occupational Exposure Limits for Carcinogens

G. Johanson1, J. Högberg1, and J. Järnberg2. 1Karolinska Institutet, Stockholm, Sweden; 
and 2Swedish Work Environment Authority, Stockholm, Sweden.

The Nordic Expert Group for Criteria Documentation of Health Risks from Chemicals 
(NEG) produces criteria documents to be used by the regulatory authorities as 
the scientific basis for setting occupational exposure limits (OEL) for chemical 
agents. NEG has recently investigated historical and current approaches of cancer 
risk assessment as basis for OEL setting. Fundamental aspects addressed are the 
mode of action (MoA), threshold mechanism, and distinction between genotoxic 
and non-genotoxic carcinogens. Problems and considerations encountered when 
setting OELs for non-threshold carcinogens are illustrated by analyzing the OELs 
set by the European Union (EU) in 2017-2019. Some of the 20 EU-OELs imply high 
cancer risks. This includes chromium VI compounds, ethylene dibromide, diesel 
engine exhaust emissions, and 2-nitropropane, with estimated excess life-time 
cancer risks exceeding 1 per 100 workers exposed at the EU-OEL. Seven recommen-
dations are made: (1) For non-threshold carcinogens, linear non-threshold (LNT) 
extrapolation should be used to calculate the risk at different exposure levels. For 
threshold carcinogens, it is appropriate to derive health-based OELs using assess-
ment factors. (2) The scientific uncertainties, including the presence or absence 
of a threshold, the (assumed) shape of the dose-response curve and lack of solid 
epidemiological data should be clearly described. (3) A framework (such as the 
“Traffic light model”) and harmonized wording for risk levels should be constructed. 
Numerical values for the risk model should be defined and harmonized. (4) The 
collective cancer risk should be considered and clearly communicated. The individ-
ual cancer risk should also be considered and clearly communicated (may be 
visualized with the “Traffic light model”). (5) The socioeconomic impact assess-
ment should be done separately from the health risk assessment, ideally by a 
second, independent committee. The socioeconomic impact assessment and how 
it influenced the OEL setting should be clearly communicated. (6) For carcinogens, 
in particular non-threshold carcinogens, additional measures should be communi-
cated and emphasized in close connection to the OEL. Such measures include, e.g. 
substitution, technical solutions, education and the ALARA (as low as reasonably 
achievable) principle. (7) Scientists and institutions in occupational medicine and 
toxicology should be encouraged and supported to orient their research towards 
cancer mechanisms and low-dose risk.

 3588 High-Throughput Transcriptomics to Understand Chemical 
Drivers of Racial Disparities in Breast Cancer

K. E. Sala-Hamrick, A. Tapaswi, K. M. Polemi, and J. A. Colacino. University of Michigan 
School of Public Health, Ann Arbor, MI.

There are profound racial disparities in breast cancer incidence and outcomes in 
the United States and the impact of chemical exposures remains poorly character-
ized. In an analysis of chemical biomarkers in the US Center for Disease Control’s 
National Health and Nutrition Examination Survey, we recently identified a suite of 
toxicants, including metals, pesticides, and personal care product compounds, to 
which non-Hispanic Black women are disproportionately exposed. To characterize 
the impact of acute exposures to these toxicants, we performed high throughput 
transcriptomic analysis of toxicant exposed breast cells. We treated nonmalig-
nant breast epithelial cells (MCF10A) with 21 chemicals prioritized for exposure 
disparities, at four doses (25nM, 250nM, 2.5µM, 25µM) for 48 hours in quadrupli-
cate. We conducted RNA-sequencing for these 408 samples, adapting the PlexWell 
plate-based RNA-sequencing method by SeqWell to analyze changes in gene 
expression resulting from these exposures relative to vehicle control. For each 
chemical, we calculated gene and biological pathway specific benchmark doses 
using BMDExpress software, identifying differentially expressed genes and generat-
ing the best fit benchmark dose models for each gene. Utilizing this filtered data, 
we employed HypeR (hypergeometric enrichment) to test whether each chemical’s 
upregulated or downregulated genes were over-represented in a biological process 
or pathway. Notably, 9 of the chemicals showed significant enrichment for 1 or 
more of 50 biological processes defined by Molecular Signatures Database’s 
“Hallmark” gene sets, and of these, 5 chemicals (thiram, lead, copper, cadmium, and 
arsenic) showed enrichment related to the epithelial to mesenchymal transition. 
After performing cell type deconvolution of the RNA-seq data for each sample using 
MuSiC, the relative proportion of myoepithelial cells compared to luminal progenitor 
and differentiated luminal cells increased after treatment with p’,p’-DDE, copper, 
and lead with corresponding significant enrichment in myoepithelial marker genes 
for these and 2 other chemicals. Overall, these analyses revealed that chemicals 
with exposure disparities induce significant changes in pathways involved in breast 
cancer initiation and progression, paving the way for future study of specific genes 
and mechanisms altered by these chemicals.
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 3589 Isorhapontigenin Inhibits Bladder Cancer via Promoting HIF1α 
Protein Degradation

A. H. Li1, P. Li2, C. Zhou1, H. Rosen1, and H. Sun1. 1NYU School of Medicine, New York, 
NY; and 2The Second Hospital of Shandong University, Jinan, China.

Bladder cancer is the most common malignancy of the urinary tract. It is classified 
into non-muscle invasive bladder cancer (NMIBC) and muscle invasive bladder 
cancer (MIBC). NMIBC accounts for about 70% of bladder cancer cases with a 
relatively high survival rate, while MIBC has a higher mortality rate with a 5-year 
survival rate of less than 10%. Thus, identification of new therapeutic strategy is 
critical for improving bladder cancer patient outcomes. Isorhapontigenin (ISO), a 
stilbene derivative from Chinese herb Gnetum cleistostachyum, displays a strong 
anti-cancer effect on a variety of human cancers, including lung cancer, pancreatic 
cancer, colon cancer, gastric cancer, breast cancer, and bladder cancer. However, 
the mechanism underlying ISO-mediated cancer inhibition is not fully understood. 
To identify the molecules and pathways critical to ISO’s anticancer activity, we 
conducted whole transcriptome profiling of ISO-treated T24 cells. RNA-seq analysis 
identified 968 differentially expressed genes, including 560 downregulated genes 
and 408 upregulated genes. Ingenuity pathway analysis (IPA) revealed that ISO 
treatment resulted in reduced expression of genes involved in cell movement, 
migration, invasion, glucose metabolism, proliferation, and angiogenesis. HIF1α 
signaling pathway, one of key pathways regulating cell mobility and glucose metabo-
lism, was significantly downregulated, which is further confirmed by downregulation 
of a large number of HIF1α target genes. Consistently, ISO is able to reduce HIF1α 
protein levels in a dose- and time-dependent manner. Further investigation using 
proteasome inhibitor (MG132) and cycloheximide chase assay revealed that ISO 
reduced HIF1α protein stability in a proteosome-dependent manner. ISO-mediated 
degradation of HIF1α was demonstrated to be reliant on protein residues 580-810, 
which includes the C-terminal transactivation domain. Interestingly, a HIF1α mutant 
with two hydroxylation sites mutated (P402A and P564A) in the oxygen-dependent 
degradation domain showed a similar trend to wild type HIF1α, suggesting that ISO 
induces the degradation of HIF1α protein in an oxygen-independent manner. HIF1α 
protein is commonly upregulated in many human cancers and contributes to tumor 
progression and metastasis. HIF1α is a promising target for cancer therapeutics 
because tumor survival and progression are dependent on its downstream targets 
in cell metabolism, proliferation, angiogenesis, migration, and invasion. Taken 
together, our results demonstrate that ISO inhibits bladder cancer progression and 
metastasis via promoting proteosome-mediated degradation of HIF1α protein. Our 
findings will provide new insights for developing a better therapeutic strategy for 
human high-grade invasive bladder cancer.

 3590 Early Cancer-Associated Genomic Alterations Induced by the 
Rat Hepatocarcinogens AFB1, DBAQ, and MEG

J. F. Foley1, B. Elgart1, D. Phadke2, D. Mav2, I. Tripodi2, K. Gerrish1, R. Shah2, and 
B. Merrick1. 1NIEHS, Research Triangle Park, NC; and 2Sciome LLC, Durham, NC.

Multiomic approaches to analyze various disease processes facilitate improved 
functional and mechanistic understandings of disease. In this study, whole 
exome sequencing and differential gene expression were performed on archival 
rat (F344/Tac) liver samples exposed 90 days to a collection of hepatocarcino-
gens: aflatoxin B1 (AFB1), dibromoanthraquinone (DBAQ), and methyleugenol 
(MEG). Histopathology identified preneoplastic lesions, marked foci of cellular 
alteration, in only AFB1 exposed rats. Hepatocellular tumors were absent following 
a sub-chronic exposure across the hepatocarcinogens. Whole exome sequencing 
identified early somatic mutations in all three compounds. Human gene homologs 
were analyzed for the purposes of this study for better rat to human data transla-
tion. No common genes were identified with non-synonymous variants for the three 
hepatocarcinogens. However, cancer associated genes were common between 
compounds (AFB1 and MEG: Cct6a, DBAQ and MEG: Klf5, AFB1 and DBAQ: Fdps, 
Thrap3, Hla-a). Expression analysis demonstrated an increase in the number of 
differentially expressed probes at 90 days with a large percentage of upregulated 
probes for AFB1 and MEG. DBAQ had the most differentially expressed probes 
(8,453) with an almost equal distribution between up- and down-regulated probes. 
Pathways enriched with upregulated genes across the hepatocarcinogens included 
biological processes such as cell cycle, cell death, and DNA repair. An integrated 
algorithmic approach was then conducted to identify functional somatic mutations 
from WES that might initiate malignant cell transformation. The top identified 
driver genes connected to expression changes were Mcm8, Bdp1 and Cct6a for 
AFB1, and Klf5 for DBAQ and MEG. WES provided evidence for putative somatic 
mutations that drive cancer cell transformation prior to the formation of malignant 
lesions in the rat following a sub-chronic exposure to multiple hepatocarcinogens. 
This study provides ancillary data in the early pathogenesis of xenobiotic-induced 
hepatocellular carcinoma.

 3591 Naphthalene-DNA Adducts Persist after 24 Hours in C57BL/6 
Mouse Airway Explants

M. C. Domanico1, S. A. Carratt1, P. C. Edwards1, X. Ding2, B. A. Buchholz3, and 
L. S. Van Winkle1. 1University of California Davis, Davis, CA; 2University of Arizona, 
Tucson, AZ; and 3Lawrence Livermore National Laboratory, Livermore, CA.

Humans are widely exposed to naphthalene, a combustion product and air pollut-
ant ubiquitous in our environment. Once inhaled, naphthalene is bioactivated by 
enzymes in the body to form toxic metabolites known to harm lung epithelial 
cells. Naphthalene has been shown to cause tumors in the respiratory epithelium 
of the mouse lung and rat nose. Previous data have shown naphthalene forms 
stable DNA adducts (a genotoxic mechanism) at lung tumor sites in B6C3F1 mice, 
but the persistence of these adducts is largely unknown. We hypothesized DNA 
adducts created by naphthalene, and its metabolite 1,2-naphthoquinone, would still 
be detectable hours after initial exposure. Lungs were collected from wild-type 
C57BL/6 mice as a precursor to additional studies in genetically modified animals 
and to reconfirm adduct formation as well as explore persistence of adducts. The 
lungs were microdissected to extract the conducting airway. The conducting airway 
was incubated with 14C-labeled naphthalene (250 uM) or 1,2-naphthoquinone (250 
uM) for 1 hour (T1), then processed immediately or allowed to incubate in unlabeled 
media for the remaining 23 hours (T24). DNA was extracted from the airway 
samples, processed into graphene, analyzed via accelerator mass spectrometry 
to measure isotope ratios, and then converted into measurements of chemical-
ly-induced DNA adducts. Two-way analysis of variance (ANOVA) with Tukey’s 
post-hoc test showed there were significantly more naphthalene-DNA adducts 
and 1,2-naphthoquinone-DNA adducts versus unexposed controls (P < 0.01), as 
expected. There were no significant differences in the amounts of DNA adducts 
detected at T1 and T24. No sex differences in the formation of DNA adducts were 
observed. Compared to naphthalene, 1,2-naphthoquinone was a far more potent 
adductor at both T1 and T24 (P<0.001); this is likely attributable to detoxification 
of naphthalene metabolites (such as naphthalene oxide) before the naphthoqui-
none can be formed. To further explore the differences in DNA adduction potential 
between naphthalene and its metabolites, we are using this airway explant model 
to evaluate levels of DNA adducts formed with 1,2-dihydrodiol, another naphtha-
lene metabolite and precursor of 1,2-naphthoquinone. In conclusion, naphthalene- 
and 1,2-naphthoquinone-DNA adducts remain stable over 24 hours in wild-type 
C57BL/6 mouse airway explants, confirming adduct stability in another strain of 
mice. Supported by T32 ES007058 and R01 ES020867.

 3592 Use of Survey Sampling to Develop an Evidence Map 
of Carcinogenic Mechanistic Information for Polycyclic 
Aromatic Hydrocarbons (PAHs) and Key Characteristics of 
Carcinogens (KCCs)

B. E. Howard1, W. Arroyav2, L. Schmidt1, B. Elmore1, W. Bisson2, S. Atwood2, M. Sethi2, 
A. Ewens2, R. Lunn3, R. Shah1, A. Merrick3, and A. Wang3. 1Sciome LLC, Research 
Triangle Park, NC; 2Integrated Laboratory Systems Inc., Research Triangle Park, NC; and 
3NIEHS, Research Triangle Park, NC.

Polycyclic Aromatic Hydrocarbons (PAHs) are ubiquitous in our environment 
and known for giving grilled foods their characteristic aroma. Currently 15 PAHs 
(defined as compounds containing two or more fused 6-carbon rings and only 
carbon and hydrogen) are listed in the Report on Carcinogens as reasonably antici-
pated human carcinogens. NIEHS is updating the benzo(a)pyrene evaluation and 
assessing the potential carcinogenicity of 44 additional PAHs that have some 
animal cancer evidence. To comprehend available mechanistic information and 
later develop a more focused cancer hazard evaluation approach, we created a map 
of studies containing carcinogenic mechanistic information for these PAHs.We 
searched PubMed, Scopus, and Web of Science for mechanistic studies potentially 
related to these PAHs, and initially identified over 33,000 unique references. Due 
to the limitations of search function (e.g., searching pyrene will yield references 
of PAHs containing pyrene in its name), these results were reduced to 17,706 
candidate references by using text-mining and SWIFT-Review’s comprehensive 
search functionalities to identify mentions of specific target PAHs (e.g., pyrene vs. 
benzo(a)pyrene) in the titles or abstracts and to group them for each PAH. Because 
screening this large volume of references by human reviewers was considered time 
and resource prohibitive, we used statistical and algorithmic approaches along 
with human reviewers to more rapidly screen and tag articles. For each PAH, 200 
randomly selected references (or all references, if fewer than 201 references were 
available for a PAH) were read by human reviewers to determine if each publication 
discussed a specific target PAH, and, if so, which of the Key Characteristics of 
Carcinogens (KCCs) were investigated. Using the resulting 4,323 manually tagged 
references, we then applied principles of survey sampling to estimate the total 
amount of literature available for each PAH x KCC pair within the 17,706 candidate 
references. Electrophilicity, genotoxicity, and receptor-mediated effects were the 
most studied KCCs across all PAHs, except naphthalene, which has many oxidative 
stress references. PubMed contributed the largest number of unique references, 
while Scopus contributed the fewest. To investigate where automatic tagging 
could be most reliably used, we evaluated the performance of SWIFT-Review 
tagging based on predefined terms for each KCC. Tags applied by human review-
ers served as the gold standard. For genotoxicity, alters DNA repair or causes 
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genomic instability, epigenetic alterations, oxidative stress, immunosuppressive, 
and alter cell proliferation, cell death, or nutrient supply, over 75% of the relevant 
references for each KCC were correctly found by automatic tagging (sensitivity 
0.75-1.00). More importantly, the fractions of true (gold standard) specific-KCC-re-
lated references among the automatically tagged specific-KCC-related references 
(precisions or positive predictive values) were very high to helpful (0.95 for electro-
philicity, 0.85 for receptor-mediated effects, and 0.6 for chronic inflammation), and 
0.49 for genotoxicity. Our process decreased the effort, human reviewers’ time, and 
overall duration to map large amounts of carcinogenic mechanistic references. 
We will share the results as a set of interactive, online visualizations for this set of 
PAH studies to allow users to quickly find and display studies specific to each KCC 
and PAH and explore the results to gain new insights into the PAH carcinogenicity 
mechanisms. The map will also inform our development of a more focused system-
atic review of cancer hazards.

 3593 The Anticancer Activity of Piperlongumine Is Due, in Part, to Its 
Activity as a Nuclear Receptor 4A1 (NR4A1) Ligand

L. Zhang, G. Martin, and S. Safe. Texas A&M University, College Station, TX.

Piperlongumine is a phytochemical produced long pepper that was identified in a 
library screen of natural products as a potent inhibitor of cancer cell and tumor 
growth via induction of reactive oxygen species (ROS). Many of the response and 
genes modulated by piperlongumine are similar to those reported for bis-indole 
derived compounds (CDIMs) that bind nuclear receptor 4A1 (NR4A1, Nur77). 
Incubation of piperlongumine with the ligand binding domain (LBD) of NR4A1 
showed that piperlomgumine is an NR4A1 ligand with a KD value of 7.1µM. We also 
observed that the anticancer activaties of piperlongumine were similar to those 
reported for previously identified NR4A1 ligands in colon cancer cells. For example, 
piperlongumine inhibited NR4A1-denpendent luciferase activity in SW480, RKO, and 
HCT116 cells transfected with a GAL4-responsive reported gene (UAS-luciferase) 
and a GAL4-NR4A1 chimera indicating the piperlongumine is an NR4A1 ligand 
which acts as an antagonist. In addition, piperlongumine inhibits colon cancer cell 
growth using the XTT assay, inhibits cell migration in a scratch assay, induces 
apoptosis (PARP cleavage) and induces progressive morphological changes. 
Treatment with 7.5 and 15 µM piperlongumine caused colon cancer epithelial-like 
cells to shrink and became rounded. Also, cells detached from the plate and typical 
apoptotic bodies were seen at the boundaries of the detached cells. Treatment of 
HCT116 cells with piperlongumine also decreases expression of two pro-reductant 
gene products, namely thioredoxin domain containing 5 (TXNDC5) and isocitrate 
dehydrogenase 1 (IDH1) which have previously been identified as NR4A1-regulated 
genes. This results in the induction of Sestrin2 (SESN2) an ROS-sensitive gene 
which in turn activates (phosphorylates) AMPK and inhibits the mTOR signaling 
pathway. These responses are also observed in cells after treatment with NR4A1 
agonists or after knockdown. These results and ongoing studies demonstrate 
that piperlongumine-induced ROS and downstream anticancer activities are due 
in part to the binding of piperlongumine to NR4A1 and subsequent activity as an 
NRA41 antagonist.

 3594 Is There a Role of Replication Stress in Ochratoxin 
A Genotoxicity?

C. Klotz, J. Brode, J. Borchers, L. Lutz, and A. Mally. University of Würzburg, 
Würzburg, Germany.

The mycotoxin and food contaminant Ochratoxin A (OTA) is a potent renal carcin-
ogen in rodents, but its mode of action still needs to be resolved to assess human 
health risks associated with dietary exposure to OTA. In particular, the molecular 
mechanism underlying OTA genotoxicity and the contribution of genetic toxicity 
to OTA carcinogenicity continue to be a cause of uncertainty in OTA risk assess-
ment. In its recent opinion, the European Food Safety Authority considered that the 
specific spectrum of mutations and chromosomal damage induced by OTA, which 
is neither reconcilable with DNA adducts nor with oxidative DNA damage, may result 
from unresolved replication stress. To test this hypothesis, the aims of the present 
work were (1) to investigate if OTA interferes with DNA replication, (2) to character-
ize the cellular response to OTA-mediated replication stress, and (3) to experimen-
tally support a mechanistic link between replication stress, mitotic aberrations and 
genetic damage induced by OTA. Using the DNA fiber assay to study replication 
fork dynamics at single molecule resolution, we observed a small albeit significant 
delay in replication fork progression in human kidney (HK-2) cells exposed to OTA. 
Analysis of individual track lengths indicated global slowing of fork progression in 
response to OTA rather than shortening of individual tracks as seen in cells treated 
with the alkylating agent cisplatin. In support of the mild but significant effects of 
OTA on replication fork velocity, analysis by Western blot and/or immunofluores-
cence revealed a significant, concentration-dependent increase in γH2AX in cells 
treated with OTA. γH2AX foci were found to be co-localized with 5-chloro-2´-deoxy-
uridine (CldU) incorporated into cells during S-phase, suggesting a mechanistic link 
between DNA replication and DNA damage induced by OTA. Moreover, visualization 
of γH2AX in the extended chromatin fiber assay showed a concentration-depen-
dent increase in γH2AX along newly replicating chromatin fibers, thus supporting 
a replication-coupled mechanism of OTA induced DNA damage. Experiments with 

cells synchronized in G1/S and late G2 phase revealed that exposure to OTA during 
S Phase, but not mitosis, leads to a significant concentration-related increase in 
γH2AX, providing further evidence that OTA acts primarily during S-phase of the cell 
cycle. However, OTA did not appear to efficiently activate DNA damage response 
pathways as seen in response to hydroxyurea, suggesting that damaged cells 
may escape checkpoint control. This may allow cells with under-replicated DNA 
or unresolved DNA damage to continue into mitosis. In support of this, 53BP1, a 
biomarker for DNA double-strand breaks that either arise or persist through mitosis, 
was significantly increased in G1 cells treated with OTA during S phase, which 
may indicate failed mitotic rescue from replication stress induced by OTA. Taken 
together, these data provide first experimental evidence for perturbation of the 
S-phase replisome machinery by OTA and point towards replication stress as an 
early key event in OTA genotoxicity.

 3595 Establishing Genomic Biomarkers for the Assessment of 
Chemical Tumorigenicity Risk

C. Mitchell1, C. Corton2, H. Ellinger-Ziegelbauer3, H. Estella4, M. Gosink5, E. McDermott6, 
P. Shankar7, R. Hao8,A. Podtelezhnikov8, J. van der Laan9, F. Sistare6, and K. Tanis8. 
1HESI, Washington, DC; 2US EPA, Research Triangle Park, NC; 3Bayer AG, Wuppertal, 
Germany; 4Takeda California, San Diego, CA; 5Pfizer Inc., Groton, CT; 6University of North 
Carolina at Chapel Hill, Chapel Hill, NC; 7US EPA, Duluth, MN; 8Merck & Co. Inc., West 
Point, PA; and 9Medicines Evaluation Board, Utrecht, Netherlands.

Genomic biomarkers have the potential to reduce the need for conventional rodent 
cancer bioassays when used in a weight-of-evidence manner together with other 
classical and mechanistic information from shorter term studies. In a cross-sec-
tor initiative, our goal is to develop genomic biomarkers for the measurement of 
molecular initiating events (MIEs) for hazard identification in short-term rat studies, 
associated with threshold scores for doses known to induce liver tumors in longer 
term rat studies. To derive the genomic biomarkers, publicly available transcrip-
tomic data (microarrays, RNA-Seq) from rat livers were collected, quality-controlled, 
and harmonized resulting in 394 compounds associated with gene expression 
data, many with multiple doses and time points. These compounds with existing 
transcriptomic data were then annotated for the MIEs that are known to lead to 
tumorigenicity in rats (AhR (11 compounds), CAR (13), cytotoxicity (9), ER (5), 
genotoxicity (10), PPARα (13), and PXR (3)). Annotations were based on pharma-
cology or reported responses for the pathways of interest (e.g., receptor binding, 
knockout studies, known target gene responses for specific MIEs, or positive 
result mutagenicity assays, amongst others). The gene expression data from 
each set of annotated compounds are being used to build consensus biomarker 
gene sets derived via multiple statistical approaches. To identify activation levels 
for tumorigenic risk, MIE biomarker response scores are being compared to rat 
tumor incidence data compiled from reported 2-year rat bioassays. Biomarkers 
will be refined with experimental work exposing wildtype (WT) and MIE-specific 
knockout (KO) rats to reference compounds for each MIE. Future work will include 
defining the applicability domain for each biomarker by testing them with new and 
existing sets of rat gene expression data. This abstract does not represent EPA or 
MEB policy.

 3596 Investigating Chemical Exposures as Drivers of 
Phenotypic Plasticity in Normal Human Breast Tissue via 
High-Content Imaging

J. Schroeder, A. Tapaswi, K. Polemi, and J. Colacino. University of Michigan, Ann 
Arbor, MI.

Breast cancer is the most diagnosed cancer, as well as the primary cause of 
cancer death in women worldwide. Of the different breast cancer subtypes, triple 
negative breast cancer (TNBC) is particularly aggressive and is associated with 
poor prognosis. Black women are two to three times more likely to be diagnosed 
with TNBCs than white women. BRCA1 mutations are thought to be drivers of 
10-20% of TNBC, however etiological drivers remain unclear for women without 
these polymorphisms. Recent experimental evidence suggests that basal-like 
TNBCs may derive from luminal cells which acquire basal characteristics through 
phenotypic plasticity, a new hallmark of cancer. Whether chemical exposures are 
drivers of phenotypic plasticity in breast cancer is poorly understood. To address 
this research gap, we developed a high content immunocytochemistry assay 
using normal human breast cells to test whether chemical exposures can impact 
luminal/basal plasticity by unbiased quantification of keratin 14 (KRT14), a known 
basal-myoepithelial marker; keratin 8 (KRT8), a known luminal-epithelial marker; 
Hoechst 33342, a DNA marker; and phalloidin, a marker of the cell cytoskeleton. 
A cell line established from healthy tissue from a donor to the Susan G. Komen 
Normal Tissue Bank was exposed for 48 hours to three different doses (0.1μM, 
1μM, and 10μM) of eight ubiquitous chemicals (Arsenic, BPA, BPS, Cadmium, 
Copper, DDE, Lead, and PFNA) with documented exposure disparities in US Black 
women in triplicate. Automated fluorescence image quantification was performed 
using Cell Profiler software, and a random-forest classifier was trained to classify 
individual cells as KRT8 positive, KRT14 positive, or hybrid (both KRT8 and KRT14 
positive) using Cell Profiler Analyst. We saw significant dose-dependent increases 
of hybrid populations in response to BPA as well as low dose effects of PFNA. The 
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increase in hybrid populations expressing both KRT14 and KRT8 is indicative of 
a phenotypically plastic progenitor-like population in line with known theories of 
carcinogenesis. Work is ongoing to test effects in cell lines from diverse individ-
uals to identify consistent trends or interindividual differences in response. These 
results further elucidate the relationship between chemical exposure and breast 
phenotypic plasticity and highlight potential environmental factors which impact 
TNBC risk.

 3597 Hexavalent Chromium-Induced Cohesin Malfunction Drives 
Chromosome Instability, a Key Step in the Mechanism 
of Carcinogenesis

I. Meaza, J. H. Toyoda, C. Cahill, C. J. Kouokam, and J. P. Wise Sr. University of 
Louisville, Louisville, KY.

Hexavalent chromium [Cr(VI)] is an environmental and occupational lung carcin-
ogen. Although it is not completely known how it induces cancer, chromosome 
instability is central to its carcinogenic mechanism. Cohesin, a ring protein 
complex, is involved in genomic stability by maintaining sister chromatid cohesion 
at chromosomal arms and centromeres and it also maintains centriole cohesion 
and regulates chromatin topology at the DNA loop level. Thus, it is well-known 
that cohesin malfunction can lead to chromosome instability and cancer. Here, 
we hypothesize Cr(VI) exposure leads to cohesin malfunction by targeting 5 key 
regulatory proteins in the unloading of cohesin; separase, PDS5A, PDS5B, WAPL 
and Sororin. PDS5A, PDS5B and WAPL remove cohesin from chromosome arms 
during prophase, while separase removes it from the centromere and centrioles 
during anaphase. Sororin is a key stabilizer of the cohesin complex, antagonizing 
the function of WAPL. To test this hypothesis, human lung cells were exposed to 
zinc chromate, a representative particulate Cr(VI) compound, for various concen-
trations ranging 0 to 0.3 ug/cm2 and various time points (24, 72 and 120 h). A 
chromosome aberration assay was performed to measure cohesin function at 
chromosomal arms and centromeres. We found 120 h exposure to Cr(VI) induced 
cohesin malfunction indicated by increased premature anaphase, premature 
centromere division and centromere spreading. We also examined cohesin 
function at centrioles and centrosomes using immunofluorescence methods. 
Results confirmed Cr(VI)-induced cohesin malfunction, manifested in this approach 
as aberrant centrosome amplification and centriole disengagement. We further 
considered the effects of Cr(VI) on these 5 key regulators of cohesin measured 
with Western blot and RNA-seq analyses. The data showed Cr(VI) disrupts these 
regulators. For example, active separase increased after 120 h Cr(VI) exposure, 
measured by cleaved protein levels, indicating overactive separase activity, which 
could prematurely cleave cohesin at the centromere and centrioles, leading to the 
aberrant phenotypes mentioned above. PDS5A and PDS5B protein levels increased 
after 24 h of Cr(VI) exposure, but this effect was lost after 120 h, suggesting cohesin 
unloading from the chromosome arms might be impaired. Although not statistically 
significant, the changes in the mRNA levels followed these trends. WAPL protein 
and mRNA levels did not change, however, Sororin, a protein that antagonizes WAPL 
and increases cohesin complex stability, was greatly downregulated at both the 
mRNA and protein levels after 120 h exposure, suggesting lack of Sororin may be 
destabilizing the cohesin complex. Previous studies showed PDS5 paralogs, WAPL 
and the cohesin complex, are critical for DNA repair pathways such as homologous 
recombination repair. It is clear that homologous recombination repair is inhibited 
after prolonged Cr(VI) exposures, however, the effects of Cr(VI)-induced disrup-
tion of cohesin regulators and cohesin malfunction in the inhibition of homolo-
gous recombination repair pathway remains unknown. Altogether, here we show 
Cr(VI) exposure leads to the malfunction of cohesin probably due to the target-
ing of cohesin regulators, which can lead to numerical chromosome instability, a 
key step in Cr(VI)-carcinogenesis. Acknowledgements: Supported by NIEHS grants 
R01ES016893 (JPW) and R35ES032876 (JPW) and NCI grant R25CA134283 (CRC).

 3598 DNA Methylation and Transcriptomic Alterations Induced by 
Extended Treatment of Normal Human MCF10A Mammary 
Gland Epithelial Cells with Non-cytotoxic Doses of Lorcaserin

R. A. Willett1, V. P. Tryndyak1, T. Bourcier2, F. A. Beland1, and I. P. Pogribny1. 1US FDA/
NCTR, Jefferson, AR; and 2US FDA/NCTR, Beltsville, AR.

The weight-loss serotonin receptor subtype 2C (5HT2c) agonist drug lorcaserin was 
shown to cause increased cancer incidence in a human clinical trial (CAMELLIA-
TIMI 61) and mammary gland tumors in rats. The mechanism of lorcaserin-induced 
tumor formation is not currently understood but is suggested to be non-genotoxic. 
We have investigated DNA methylation and gene expression alterations in lorcase-
rin-treated human breast cells. Normal human MCF10A mammary gland epithelial 
cells were treated with a low dose (20 µM) and a high dose (100 µM) of lorcaserin 
for twelve weeks and assayed for hallmarks of cancer using a multi-omic approach, 
including analysis of gene expression, DNA methylation, and functional cell assays. 
Using targeted RT2 Profiler gene expression arrays, we found that of the 245 genes 
assessed for gene expression, 135 genes were significantly differentially expressed 
compared to control treated cells after twelve weeks of lorcaserin exposure. 
Pathway analysis of differentially expressed genes identified altered gene expres-
sion in top canonical pathways, including altered expression in ID1 and HER-2 

breast cancer-related signaling pathways. Further independent analysis of HER-2 
by qRT-PCR TaqMan assay and western blotting analysis indicated elevated levels 
of HER-2 transcript and protein levels after 12 weeks of lorcaserin exposure in a 
dose dependent manner. Reduced representation bisulfite sequencing identified 
174 significantly differentially methylated regions (DMRs) after 12 weeks of low 
dose lorcaserin exposure, and 223 DMRs in high dose treated cells. Among these 
DMRs, 20 were in common in both low and high dose lorcaserin treatments and 
corresponded to 11 cancer-related protein coding genes: HS6ST2, SUMO3, CAPG, 
KLHL29, GBAS, WNT7A, WWOX, RXFP2, BICD2, ANKRD30BL, and RXRA. The involve-
ment of five of those genes, SUMO3, CAPG, WNT7A, WWOX, and RXRA, in breast 
cancer is well documented. In summary, exposure of normal human breast epithe-
lial cells to non-cytotoxic doses or lorcaserin resulted in cellular changes indicative 
of neoplastic transformation after 12 weeks. Additionally, this study suggests that 
this cellular multi-omic approach could be used for the quick and efficient evalua-
tion of chemicals/toxins for breast cancer risk assessment.

 3599 Morphological Transformation and Phenotypic Plasticity of 
Normal Human Breast Epithelial Cells after 40-Week Exposure 
to Low-Dose Cadmium

K. M. Polemi, A. Tapaswi, J. Schroeder, R. K. Morgan, L. K. Svoboda, D. C. Dolinoy, and 
J. A. Colacino. University of Michigan, Ann Arbor, MI.

As of 2021, breast cancer is the most commonly diagnosed cancer worldwide 
with the 5th highest mortality rate of any cancer in the US. Breast tumors are 
highly heterogeneous resulting from the acquisition of morphological alterations 
and cancer hallmarks including stemness and cellular plasticity. Roughly 80-85% 
of cases occur in women with no family history of the disease indicating how 
heavily lifestyle and environmental factors play in the disease. Cadmium (Cd) is 
a naturally occurring toxic heavy metal and a known lung carcinogen, however, 
its role in breast cancer remains controversial. In vitro studies have shown that 
breast cells exposed to Cd are malignantly transformed through estrogen receptor 
independent mechanisms. Here we investigate the role of long term (40-week) 
low dose Cd (0.25uM and 2.5uM) exposure on cancer-associated morphologi-
cal alterations and cellular plasticity. Cell Painting, a high content image-based 
assay for morphological profiling, was used to measure cellular morphology of the 
cells in an unbiased manner every 10 weeks starting with week 0 through week 
40. Hoechst, Concanavalin A, Syto14, Phalloidin, MitoTracker, and Wheat Germ 
Agglutinin (WGA) were used to stain DNA, endoplasmic reticulum, cytoplasmic 
RNA, actin, mitochondria, and golgi/plasma membrane, respectively, and fluores-
cence intensity was quantified using CellProfiler software. Using immunofluores-
cence, we also quantified expression of Keratin 8 and Keratin 14, markers of luminal 
and basal cells, respectively in treated and control cells. During image processing, 
the nuclear-cytoplasmic ratio and nuclear size were each separately categorized 
as “high” if it exceeded the 90th percentile among all cells imaged and all others 
categorized as “low”. Within the population of cells exposed to 2.5uM Cd for 30 
weeks, there are 3-times the number of cells categorized as having a higher than 
average nuclear-cytoplasmic ratio compared to the control. Additionally, week 30 
cells exposed to 2.5uM Cd were 3-times more likely to be in a higher category 
for nuclear size. Studies have shown that an increased nuclear-cytoplasmic ratio 
and larger nucleus have been associated with breast malignancy. After 36 weeks 
of 2.5uM Cd exposure, Keratin 14 intensity significantly decreased compared to 
control. Our analysis shows transformation of MCF10A cellular morphology at 
week 30 with the physiologically relevant dose of Cd exposure 2.5uM.

 3600 A Quantitative Map of Alkylation in the Human Genome Serves 
as a Precursor for Mutational Signatures

Y. Jiang1, C. Mingard1, S. M. Huber1, V. Takhaveev1, M. McKeague1,2, S. Kizaki1, 
M. Schneider1, N. Ziegler1, V. Hürlimann1, J. Hoeng3, N. Sierro3, N. V. Ivanov3, and 
S. J. Sturla1. 1Eidgenössische Technische Hochschule Zürich, Zürich, Switzerland; 
2McGill University, Montréal, QC, Canada; and 3Philip Morris Products S.A., 
Neuchâtel, Switzerland.

Modifications to DNA bases, including DNA adducts arising from reactions with 
electrophiles, are well known to impact cell growth, miscode during replication, 
and influence disease onset. Unfortunately, it is unclear how genomic sequences 
and structures influence the accumulation of alkylated DNA bases, and these 
patterns have not been linked with overall quantities of modified bases in the 
genome. For benzo(a)pyrene (BaP)—a ubiquitous environmental carcinogen—we 
developed a single-nucleotide resolution damage sequencing method to map the 
main mutagenic adduct arising from BaP in a human lung cell line. This analysis 
was combined with quantitative mass spectrometry to evaluate the dose-re-
sponse profile of adduct formation. By comparing damage abundance with DNase 
hypersensitive sites, transcription levels, and other genome annotation data, we 
found that although overall adduct levels rose with increasing chemical exposure 
concentration, genomic distribution patterns consistently correlated with chroma-
tin state and transcriptional status. Moreover, due to the single-nucleotide resolu-
tion characteristics of this DNA damage map, we could identify preferred DNA 
triad sequence contexts for alkylation accumulation, revealing a characteris-
tic DNA damage signature. This new BaP damage signature had a profile highly 
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similar to mutational signatures previously identified in lung cancer genomes of 
smokers. Collectively, these data provide insight on how genomic features shape 
the accumulation of alkylation products in the genome and reveal predictive strate-
gies for linking single-nucleotide resolution in vitro damage maps with human 
cancer mutations.

 3601 Stable Isotope Tracing of Glucose in N-Acetyltransferase 1 
(NAT1) Knockout Breast Cancer Cells Reveals NAT1 Plays a 
Role in the Proper Functioning of Mitochondria

J. T. Wise, X. Yin, M. A. Doll, X. Zhang, and D. W. Hein. University of Louisville, 
Louisville, KY.

Breast Cancer is one of the leading types of cancer deaths worldwide. Recent 
reports found that arylamine N-acetyltransferase 1 (NAT1) is frequently upregulated 
in breast cancer, suggesting NAT1 could be a potential therapeutic target for breast 
cancer. Previous studies have established that NAT1 knockout in breast cancer 
cell lines leads to metabolic changes and growth reduction both in vitro and in 
vivo, suggesting that NAT1 contributes to the energy metabolism of breast cancer 
cells. However, there are conflicting studies on the impacts of NAT1 knockout on 
mitochondrial metabolism. Further, proteomic analysis and non-targeted metabo-
lomic investigations in breast cancer cells suggested that NAT1 knockout may 
change the fate of glucose as it relates to the TCA/Krebs cycle of the mitochondria. 
In this study, we used stable isotope resolved metabolomics using [U-13C]-glucose 
to determine the effect of NAT1 knockout on the metabolic profile of MDA-MB-231 
breast cancer cells. We incubated breast cancer cells (MDA-MB-231 cells) and 
NAT1 Crispr KO cells (KO#2 and KO#5) with [U-13C]-glucose for 24 h. Following 
the 24 h incubation cells were collected, and polar metabolites were extracted and 
analyzed by 2DLC-MS. Statistical comparisons were carried out using GraphPad 
Prism comparing KO#2 and KO#5 to MDA-MB-231 cells. The data showed a 
decrease in the 13C enrichment of TCA/Krebs cycle intermediates in NAT1 KO cells 
compared to the MDA-MB-231 cells. Specifically, 13C-labeled citrate, isocitrate, 
a-ketoglutarate, fumarate, and malate were all decreased in NAT1 KO cells. We 
also observed increased L-lactate levels in the NAT1 KO cells and decreased 13C 
enrichment in some nucleotides. These data provide further evidence and clarify 
the impacts of NAT1 knockout on mitochondrial metabolism. Thus, based on litera-
ture reports and the data presented here, we suggest that NAT1 plays a role in 
the proper functioning of mitochondria and the TCA/Krebs cycle in breast cancer 
cells. Further work is aimed at investigating how NAT1 impacts the mitochondria 
in breast cancer cells. This work is supported by USPHS grants T32-ES011564, 
P42-ES023716, and P30-ES030283.

 3602 Extracellular Vesicles as Mediators of Nickel-Induced 
Cancer Progression

S. Liu, A. Ortiz, A. Stavrou, A. Talusan, and M. Costa. New York University School of 
Medicine, New York, NY.

Emerging evidence suggests that extracellular vesicles (EVs), which represent 
a crucial mode of intercellular communication, play important roles in cancer 
progression via transferring oncogenic materials. Nickel (Ni) has been identified 
as a human group I carcinogen, however, the underlying mechanisms govern-
ing Ni-induced carcinogenesis continue to be parsed. Here, we present data 
demonstrating that Ni exposure generates EVs that contribute to Ni-mediated 
carcinogenesis and cancer progression. Human bronchial epithelial (BEAS-2B) 
cells and human embryonic kidney293 (HEK293) cells were chronically exposed 
to Ni to generate Ni-treated (Ni-6W), Ni-transformed BEAS-2B cells (Ni-3) and 
Nitransformed HEK293 cells (HNi-4). The signatures of EVs isolated from Ni-6W, 
Ni-3, HNi-4, BEAS-2B and HEK293 were analyzed. Compared to their respective 
untreated cells, Ni-6W, Ni-3 and HNi-4 released more EVs. This change in EV 
release coincided with increased transcription of EV biogenesis markers: CD82, 
CD63, and Flotillin-1 (FLOT). Interestingly, both epithelial cells and human umbilical 
vein endothelial (HUVEC) cells showed a preference for taking up Ni-altered EVs 
compared to EVs released from their respective untreated cells. Moreover, these 
Ni-altered EVs induced inflammatory responses in both epithelial and endothelial 
cells and increased the expression of coagulation markers in endothelial cells. 
Therefore, this study is the first to characterize the effect of Ni on EVs and suggests 
a potential role of EVs in Ni-induced cancer progression.

 3603 Particulate Hexavalent Chromium Increases Reactive Oxygen 
Species Production and Regulates Multiple Inflammatory 
Pathways in Human Lung Fibroblasts

J. Kouokam1, R. M. Speer2, I. Meaza1, J. Toyoda1, H. Lu1, and J. Wise1. 1University of 
Louisville, Louisville, KY; and 2University of New Mexico, Albuquerque, NM.

Currently available data show hexavalent chromium [Cr(VI)], an established human 
lung carcinogen, potently impacts chromosomes indicating chromosome instabil-
ity is a major driving mechanism for Cr(VI) carcinogenesis. However, the carcino-
genic mechanism for Cr(VI) is uncertain, and is thought to involve inflammation. 

In this study, human lung fibroblasts WTHBF-6 cells, the predominant model in 
particulate Cr(VI) carcinogenesis, were treated with zinc chromate particles for 
24, 72 and/or 120 hours, at concentrations that reflect occupational and environ-
mental exposures. Then, reactive oxygen species amounts were determined with 
the CellRox reagent. In addition, treated cells were submitted to RNA-Seq analysis 
on the Illumina platform, and qRT-PCR was performed to validate RNA-Seq data. 
The results demonstrated chromium at all tested concentrations (0.1, 0.2 and 
0.3 ug/cm2) remarkably increased ROS levels compared with untreated cells. 
Bioinformatic analysis of RNA-Seq data revealed different inflammatory pathways 
were affected by Cr(VI) treatment, including Regulation of protein kinase B (Akt) 
signaling, Protein kinase B signaling and Non-canonical Wnt signaling. qRT-PCR 
data corroborated RNA-Seq findings. Our results confirm particulate Cr(VI) induces 
ROS accumulation in human lung fibroblasts and regulates inflammation in Cr(VI)-
induced toxicity, providing novel insights into the mechanisms by which Cr(VI) 
causes lung cancer. This work was supported by National Institute of Environmental 
Health Sciences (NIEHS) NIEHS grants, including 3R35ES032876-01S1 (JCK and 
JPW) and R35ES032876 and P30ES030283 (JPW).

 3604 Error-Corrected DNA Sequencing Detects Carcinogenic 
Processes in RasH2-Tg Mice after Three Months of Exposure to 
Genotoxic and Non-genotoxic Carcinogens

J. Salk1, K. , K. Tanis2, M. Morse3,A. Sargeant3, M. Gosink4, D. Nachmanson1, 
C. Valentine1, F. Sistare5, D. Gulezian6, J. Richardson6, and P. A. Escobar2. 1TwinStrand 
Biosciences Inc., Seattle, WA; 2Merck & Co. Inc., West Point, PA; 3CharlesRiver 
Laboratories, Spencerville, OH; 4Pfizer Inc., Groton, CT; 5University of North Carolina at 
Chapel Hill, Chapel Hill, NC; and 6Taconic Biosciences, Rensselaer, NY.

The evaluation of new drugs and chemicals for carcinogenic potential is an 
essential part of modern regulatory safety testing. For most of the period since 
the requirement’s implementation, it has been synonymous with traditional lengthy 
two-year rodent bioassays. Although mutagenic chemicals can often be identified 
by shorter-term in vitro or in vivo tests that obviate the need for carcinogenicity 
testing, there is a gap on early detection for non-genotoxic carcinogens. The only 
generally accepted alternative of shorter duration is a 6-month bioassay using the 
cancer-predisposed RasH2-Tg mouse strain. There has been recent interest in 
developing molecular biomarkers of changes implicated in neoplastic transforma-
tion. In particular, there is a growing body of literature from human studies indicat-
ing that morphologically unrecognizable small clonal expansions bearing cancer 
driver mutations (CDMs) often precede tumor formation. In this study we sought to 
test the hypothesis that detection of these clones might serve as an early metric of 
tumorigenesis in vivo. We applied Duplex Sequencing (DS), an ultra-high accuracy 
form of error-corrected next generation DNA sequencing capable of detection 
of rare mutations, to assess for CDM clones in histologically normal tissues of 
RasH2-Tg mice following three months of exposure to 3 carcinogens at doses that 
produced tumors within 6 months; one mutagenic carcinogen, NMU (an alkylating 
agent) in lung; and two non-genotoxic carcinogens, PCB-126 (a direct acting AHR 
agonist) in liver, and bazedoxifene (BZD, a selective estrogen receptor modula-
tor and indirect acting rodent specific tumorigen) in ovary. We initially targeted a 
small panel of known cancer driver genes, including the human HRAS transgene 
unique to this strain, along with four endogenous genes. We assessed the relative 
abundance and clone size of mutations in carcinogen-treated vs vehicle-treated 
animals. In all cases, the clones were significantly more abundant and larger in 
treated versus untreated animals, though the relative differences were greatest with 
NMU, compared to the non-genotoxic agents, BZD and PCB126. Recognizing that 
screening additional cancer driver genes could potentially improve sensitivity; we 
carried out whole exome sequencing of tumors arising in the 6-month PCB-126 and 
BZD treated animals. We combined the list of recurrently mutated genes found in 
these tumors, along with those reported in the literature, to produce a ~10x larger 
CDM panel that is currently being applying to 3-month and 1-month samples from 
animals treated with either tumorigenic or non-tumorigenic dose levels. Our work 
illustrates the feasibility of using error-corrected DNA sequencing to identify in 
vivo carcinogenic processes resulting from multiple carcinogens in short-term 
rodent bioassays.

 3605 Investigation of Potential 1,2-Dichloroethane (DCE)–
Induced In Vivo Mutagenicity for Cancer Weight of Evidence 
(WoE) Assessment

M. J. LeBaron. The Dow Chemical Company, Midland, MI.

DCE is a widely used industrial chemical with numerous applications, including the 
synthesis of polyvinyl chloride. The carcinogenicity of DCE has been extensively 
evaluated, and the increase of mammary gland tumors in female Fischer F344 rats 
has been identified as a relevant endpoint for cancer risk assessment. The mutagen-
icity evaluation of DCE provides a mixed picture with in vitro studies predomi-
nantly positive, whereas in vivo data do not provide definitive evidence for apical 
mutagenic effects. The present dose-response studies were conducted to further 
assess the in vivo genotoxicity, mutagenicity, and other potential early key events 
in sites of known DCE-induced tumors. Female transgenic Big Blue F344 rats (n=6/
group) were exposed by whole-body inhalation (6 h/day for 28 consecutive days) 
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to targeted concentrations of 0, 50, 100, or 150 ppm DCE. The results indicated a 
systemic exposure after inhalation based on biomarkers of exposure in the liver 
and mammary gland and altered reticulocyte percentage in the peripheral blood; 
however, no mutagenic adducts or DNA damage (as measured by the Comet assay) 
was identified. No increases in peripheral blood micronucleated reticulocytes were 
observed after 4 or 28 days of exposure. In the transgenic mutation assay, analysis 
of liver, lung, bone marrow, and mammary gland did not indicate a treatment-re-
lated increased cII mutant frequency (MF). In each of the tissues, the MF of treated 
groups was consistent with concurrent/historical controls, and the positive control-
treated (ethyl nitrosourea) animals had significant increases in MF. Taken together 
these data add to the WoE to support that mutagenicity is not an early key event in 
the tumorigenicity of DCE.

 3606 Developing Duplex Sequencing for Analysis of Clonal Expansion 
as Potential Early Carcinogenicity Biomarkers to Accelerate 
Assessment of Nongenotoxic Carcinogens in Sprague 
Dawley Rats

k. Tanis1, D. Nachmanson2, B. Grasl-Kraupp3, C. Valentine2, F. Sistare4, J. Salk2, and 
P. A. Escobar1. 1Merck & Co. Inc., West Point, PA; 2TwinStrand Biosciences Inc., Seattle, 
WA; 3Medical University of Vienna, Vienna, Austria; and 4University of North Carolina at 
Chapel Hill, Chapel Hill, NC.

Assessing the potential of a novel compound to induce cancer is an essential 
element of drug and chemical safety testing. Relying on a resource-intensive 2-year 
rodent study represents a barrier to early and efficient assessment of chemical 
carcinogenic risk. While assays exist to measure mutagenic potential in vitro 
and in vivo, many carcinogens act through non-genotoxic means, thus eluding 
detection via genotoxicity assays. We hypothesize that screening for chemical 
induction of small growth advantaged clones with cancer driver-gene mutations 
(CDMs) could serve as an early molecular biomarker of carcinogenesis since 
nongenotoxic carcinogens do not directly cause mutations and resulting tumors 
will carry multiple underlying CDMs. To test this hypothesis, vehicle or the AHR 
agonist PCB-126 (IARC Group 1 carcinogen) was administered to wild type rats 
for 6 and 9 months. RNA sequencing was used to confirm that levels of AHR 
target gene induction were similar to levels associated with rat liver tumorigen-
esis. To determine CDMs that may be commonly associated with rat liver tumor 
formation we first used whole exome sequencing to characterize recurrent CDMs in 
archived rat liver tumor samples collected previously from two different non-geno-
toxic treatments, nafenopin and phenobarbital. Eleven recurrently mutated CDMs 
were identified and were combined with additional known human/mouse cancer 
driver genes for a 27 gene rat Duplex Sequencing panel. Using this panel, clonal 
expansion of multiple CDMs was observed after both 6 and 9 months of PCB-126 
treatment but not in control animals, suggesting that these CDMs might be useful 
in assessing clonal expansion in short term rat studies with non-genotoxic carcin-
ogens. Additional analysis comparing tumorigenic and non-tumorigenic doses of 
PCB-126 are ongoing.

 3607 Early Estrogenic Effects of the Endocrine Disruptor BPA on the 
Mammary and Pituitary Glands of ACI Rats

C. Winz, B. Liu, P. Furmanski, K. Reuhl, and N. Suh. Rutgers, The State University of New 
Jersey, New Brunswick, NJ.

Breast cancer is the second leading cause of cancer-related death in women. Only 
5-10% of all breast cancer cases can be attributed to known hereditary mutations. 
Thus, the vast majority of breast cancers are caused by external factors. Endocrine 
disrupting compounds (EDCs), found in plastics, drinking water, and food, pose a 
concerning threat to human health through their potential carcinogenic properties. 
EDCs share chemical similarity with the endogenous hormone beta-estradiol and 
are thus able to activate estrogen receptor related signaling pathways that lead to 
abnormal cell proliferation, differentiation, and migration. These molecular changes 
support the incidence and progression of cancer. We hypothesized that, due to 
its chemical similarity, bisphenol-A (BPA), a well-known endocrine disruptor, may 
act like estrogen in an ACI rat model. The ACI rat is highly sensitive to mammary 
carcinogenesis induced by estrogen. Our group has previously demonstrated that 
implanting a 9 mg estrogen pellet into the back of the ACI rat induces mammary 
gland hyperplasia at a five-day timepoint, eventually resulting in overt carcinogene-
sis at thirty-week timepoints. BPA implantation ranging from 1 to 9 mg did induce 
similar proliferative changes in the mammary tissue at the five-day timepoint. 
Mammary gland expression of the estrogen receptor target progesterone receptor 
(PGR) and the proliferative cell marker PCNA also increased at the 5-day timepoint, 
as evidenced by upregulation in mRNA expression and increased immunohisto-
chemical staining. At an intermediate six-week timepoint, these changes were not 
sustained. BPA did have clear endocrine disrupting effects at this timepoint, as 
exposure altered the pituitary histological structure. However, these effects did not 
follow the well-characterized estrogen signaling pattern. Future studies will investi-
gate potential hepatic metabolism and clearance pathways to explain the observed 
reversal of early proliferation in the mammary gland by BPA.

 3608 Bisphenols-Induced Polyadenylation of Canonical Histone H3.1 
mRNA Facilitates Cell Transformation in Human Embryonic 
Kidney Cells

A. Veerappan, Z. Zhang, and M. Costa. New York University Langone Medical Center, 
New York, NY.

While bisphenol A (BPA) has been removed from many commercial products 
because of its potential carcinogenic effect its replacement with bisphenol S (BPS) 
and bisphenol F (BPF) are structurally very similar to BPA. However, the potential 
role of BPA alternatives in carcinogenesis remains unclear. In this study, we aim 
to investigate the exposure of bisphenols to human embryonic kidney epithe-
lial (HEK-293) cells and their role in bisphenols-induced human carcinogenesis. 
To determine whether BPA and its alternatives modify canonical histone mRNA 
processing in vitro, we measured levels of polyadenylation (polyA) of canonical 
histone (H)3.1 mRNA as well as protein expression of Stem-loop binding protein 
(SLBP), and H3 protein in HEK-293 cells exposed to various doses starting with low 
concentrations (i.e. 0.1µM and 3 to 10 µM) of these bisphenols for 96 h. HEK-293 
cells were also chronically exposed to BPA, BPS and BPF for 12 weeks, and then 
a cell transformation assay was performed in soft agar and colony formation was 
assessed. As our laboratory earlier demonstrated that arsenic-induced polyA of 
H3.1 mRNA by depletion of SLBP in vitro and that polyA of H3.1 mRNA enhanced 
tumor formation in nude mice, we used arsenic as a positive control. Our results 
showed that bisphenols downregulate the SLBP level, a critical factor for the stabil-
ity, processing and translation of canonical histone pre-mRNAs in HEK-293 cells. It 
has been known that canonical histone mRNAs typically do not end in a poly(A) tail 
and that depletion of SLBP results in polyA of canonical histone mRNAs that exhibit 
carcinogenicity. Further, our results exhibited that bisphenols exposure induced 
polyA of mRNAs for H3.1 and upregulated H3 protein. Similarly, our findings from 
soft agar assay also indicated that exposure of HEK-293 cells to low doses of 
BPA, BPS and BPF caused a cancer-relevant phenotype and leads to malignant cell 
transformation. In this study, our in vitro cell culture assays showed that a chronic 
BPA and its alternatives’ exposure to human kidney cells can drive atypical epithe-
lial-phenotype. We further identified BPS and BPF are potential human carcinogens 
in addition to BPA. We also identified that the loss of SLBP and gain of polyA H3.1 
mRNA play an important role in BPA and its alternate analogues such as BPS and 
BPF-induced carcinogenesis.

 3609 PPAR-Dependent Sensitivity to Betulin/Betulinic Acid on 
Tumorigenesis in a Human Malignant Melanoma Cell Line

L. N. Ritz1, E. G. Roland1, C. V. Pavlov1, C. J. Hill1, P. L. Osburn1, J. M. Peters2, and 
M. G. Borland1. 1Commonwealth University of Pennsylvania Bloomsburg, Bloomsburg, 
PA; and 2Pennsylvania State University, University Park, PA.

Low-survival cancers, including malignant melanoma, require innovative new 
therapeutic interventions. Emerging evidence suggests that the peroxisome 
proliferator-activated receptor (PPAR) class of nuclear hormone receptors inhibit 
carcinogenicity and are potential therapeutic targets for melanoma. Betulin 
(BE) and betulinic acid (BA) are naturally occurring triterpenoids from birch tree 
bark with recently-characterized anti-inflammatory and anti-cancer properties. 
Both compounds have early promise of being effectives therapeutic against 
malignant melanoma, and there is interest in modulating key functional groups 
to increase potency and specificity to cancer cells. The mechanism of action for 
these compounds still remains to be fully elucidated. Interestingly, BE and BA 
have also been reported to modulate PPARγ activity in non-cancer models. The 
present studies thus examined the effects of BE and BA on tumorigenesis in the 
UACC903 human malignant melanoma cell line. Control cells cultured with either 
BE or BA exhibited reduced proliferation in a dose-response manner. There was 
earlier onset and/or greater sensitivity to growth inhibition in UACC903 cells with 
over-expression of PPARβ/δ or PPARγ. Clonal expansion was similarly reduced in 
a dose-dependent manner with either BE or BA, and cells over-expressing PPARβ/δ 
were more sensitive to this effect. Interestingly, BE was more potent than BA. 
Soft agar growth was also inhibited by treatment with either BE or BA in control 
cell lines, and the sensitivity of cells was greater in UACC903 cells with over-ex-
pression of PPARβ/δ. Cells over-expressing PPARγ were unable to form soft agar 
colonies. Collectively, these studies show that UACC903 cells over-expressing 
PPARs, especially PPARβ/δ, are more sensitive to the anti-proliferative effects of 
either BE or BA. The specific functional group also modulates the potency in some 
cancer assays, and further modifications should thus be examined. These studies 
1) provide further evidence of the anti-cancer properties of PPARs in malignant 
melanoma and 2) suggest that PPARs are involved in the anti-cancer properties of 
BE and BA. Further investigation is thus warranted to examine whether PPARs and 
betulin-derivatives could be utilized in future human melanoma therapies.
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 3610 In Vitro Evidence for Bisphenol A as a Human Liver Carcinogen: 
Environmentally Relevant Doses Cause Mutations and Attenuate 
Cancer-Protective ESR1 Signaling in a Human Liver Cell Line

C. Weinhouse1, E. Weeks1, S. Kennedy2, R. Searles1, S. Carrothers1, B. Davis1, 
L. Carbone1, C. N. Allen1, R. S. Lloyd1, and M. S. Turker1. 1Oregon Health and Science 
University, Portland, OR; and 2University of Washington, Seattle, WA.

Bisphenol A (BPA) is an environmentally ubiquitous endocrine disrupting compound 
that may be carcinogenic to humans. We have previously reported that both male 
and female mice with early life BPA exposure developed hepatocellular carcinoma 
(HCC) at 10 months. This is a unique result, since male humans and rodents are 
2-4x more likely than females to develop HCC, due to protective estrogen receptor 
1 (ESR1) signaling. Here, we report in vitro evidence for our proposed mechanism 
for BPA-induced liver carcinogenesis in both males and females. We propose that 
BPA initiates cancer through oxidative DNA damage and subsequent mutagenesis. 
BPA then promotes cancer through cellular proliferation due to disruption of protec-
tive ESR1 signaling. To test our initiation mechanism, we exposed HepG2 cells 
(ATCC HB-8065) to one of the following for 24h and collected DNA 48h post-expo-
sure (n=4/group): 1) 0.4 µM (high) BPA, 2) 0.04 µM (low) BPA, or c) DMSO vehicle 
control. These doses are the in vitro equivalents of human liver exposure to 5 μg or 
0.5 μg/kg BW/day, which correspond to the maximum and average human environ-
mental exposures. We performed error-corrected Duplex sequencing and observed 
an increase in A>T/T>A base substitutions in high BPA vs. control (one-tailed t-test 
p=0.07). These results are compelling evidence for oxidative mutagenesis due to 
replication past abasic sites. To test our promotion mechanism, we pre-treated 
HepG2 cells for five days with either high (10 nM, ~female post-pubertal), low (5 
pM, ~female pre-pubertal), or no (DMSO) estrogen (E2). We then exposed cells to 
one of the following for 24h and collected RNA immediately (n=3/group; E2 level 
corresponds to pre-treatment level): 1) high BPA + high E2, 2) high BPA + low E2, 3) 
high E2 alone, 4) low E2 alone, 5) high BPA alone, or 6) DMSO vehicle control. We 
performed stranded, total RNA-seq and filtered for genes near ESR1 binding sites 
in healthy human liver (from published ChIP-seq data). We observed attenuation 
of E2-mediated gene expression by BPA in the presence of low, but not high, E2. 
Specifically, in pre-pubertal conditions (low E2 + BPA vs. low E2), 938 ESR1-bound 
genes were differentially expressed. BPA reversed the direction of E2-mediated 
expression by repressing genes normally induced by E2 and vice versa. Most (71%) 
of these genes were not differentially expressed in post-pubertal-like conditions 
(high E2 + BPA vs. high E2). These results are consistent with BPA binding to ESR1 
but not triggering target gene expression changes, thereby inhibiting protective 
signaling. BPA binds the receptor in low E2 but is outcompeted in high E2, suggest-
ing developmental susceptibility. In summary, our data support our proposed 
mechanism for BPA-induced liver carcinogenesis in both males and females.

 3611 The Role of Human N-Acetyltransferase 1 Genetic 
Polymorphism in Metabolism and Genotoxicity Induced by 
Benzidine in Chinese Hamster Ovary Cells

M. R. Habil, M. A. Doll, and D. W. Hein. University of Louisville, Louisville, KY.

Benzidine is an aromatic amine used in azo dyes in textile, tattoo ink and paper 
industries. Benzidine undergoes N-acetylation to N-acetylbenzidine and N, 
N-diacetylbenzidine catalyzed by N-acetyltransferase 1 (NAT1). Previous studies 
have reported that exposure to benzidine is associated with urinary bladder cancer. 
However, the mechanisms underlying benzidine- induced carcinogenesis and 
the effect of NAT1 polymorphism on modulation of the individual risk have yet 
to be investigated. We have used Chinese hamster ovary (CHO) cells transfected 
with human CYP1A2 and NAT1*4 allele (reference) or NAT1*14B (variant) to 
measure metabolism of benzidine and its toxic effects. Measurement of benzidine 
N-acetylation in situ showed that CHO cells transfected with NAT1*14B exhibited 
over 10-fold lower apparent Km which resulted in higher intrinsic clearance for 
benzidine N-acetylation compared to CHO cells transfected with NAT1*4. HPRT 
mutation assay showed higher level of benzidine-induced mutations in CHO cells 
transfected with NAT1*14B than with NAT1*4 (p< 0.001). In cell western assay was 
used to measure γ-H2AX signal as a marker of DNA double-strand breaks induced 
by benzidine (5 - 100 µM) for 24 hours. Reactive oxygen species (ROS) levels were 
measured using DCFDA fluorescence assays following treatment of cells with 
benzidine (10- 100 µM) for 24 hours. Benzidine caused concentration-dependent 
increase in γ-H2AX signal (indicated of DNA double-strand breaks) in CHO cells 
(linear trend test p< 0.001 and p< 0.0001) transfected with NAT1*4 and NAT1*14B 
respectively. CHO cells transfected with NAT1*14B exhibited significantly 
higher level of DNA damage than with NAT1*4 (p< 0.001). In contrast, CHO cells 
transfected with NAT1*4 showed higher ROS compared to NAT1*14B (p< 0.05). 
Use of a specific NAT1 inhibitor significantly decreased DNA damage (p< 0.01) 
and ROS (p< 0.05) induced by benzidine. Our findings suggest that NAT1 genetic 
polymorphism can modify benzidine N-acetylation and genotoxicity. Furthermore, 
use of NAT1 inhibitors may be a novel approach to mitigate benzidine-induced 
DNA damage and ROS production. This work partially supported by NIH grants 
P42-ES023716 and P30-ES030283.

 3612 Curbing Glioblastoma Using a Modulator of PI3K/Akt/Bim 
Signaling Axis

M. Agrawal, S. Ramachandran, C. Zabel, and S. K. Srivastava. Texas Tech University 
Health Sciences Center, Abilene, TX.

Treating glioblastoma (GBM) has been a long-lasting battle due to several 
challenges, primarily impermeability through the blood-brain barrier (BBB), severe 
toxicity of chemotherapeutics, and drug resistance. Thus, with the aim of discov-
ering a less toxic option that permeates through the BBB, we studied the efficacy 
of an FDA-approved antipsychotic agent, pimavanserin tartrate (PVT). Our study 
intends to decipher its anticancer mechanism of action. Using Sulfarhodamine-B 
cytotoxicity assay, it was seen that PVT inhibits the growth of 50% of murine and 
human GBM cells (IC50) in the range of 5 to 7µM after 48 and 72 hours of treatment. 
The IC50 was significantly lower than that of the standard chemotherapy drug 
Temozolomide (TMZ), which was in the range of 800 to 1300µM. Thus, PVT is a 
potent anticancer agent, and its lower dose offers a much safer toxicity profile. 
Moreover, PVT enhanced the effect of TMZ when given in combination. Annexin-V 
assay using flow cytometry proved apoptosis to be the mode of cell death. At 10µM 
concentration, there was a 70% increase in the apoptotic cell population. Apoptosis 
was further confirmed by increased expression of pro-apoptotic proteins such as 
cleaved caspase-3 and Bim using western blotting. To elucidate the mechanism 
of action, we screened several oncoproteins and observed their expressions using 
immunoblotting. It was observed that PVT decreased the phosphorylation of 
Akt. FOXO proteins, which are the negative downstream regulator of PVT, were 
increased. FOXO translocation to the nucleus leads to increased transcription of 
Bim. Thus, our immunoblotting observations confirmed that PVT modulates the 
PI3K/Akt signaling and exhibits its overall action through the PI3K/Akt/Bim signal-
ing axis.We corroborated our in vitro findings in the orthotopic in vivo model by 
injecting the luciferin-transfected CT2A GBM cells intracranially in the immuno-
competent C57BL/6 mice. A human equivalent dose of 10mg/kg of PVT was 
administered orally to the mice daily through oral gavage, and luminescence was 
checked at equal intervals using the IVIS imager. We found that PVT significantly 
inhibited the growth of GBM tumors in the brain of the mice as compared to the 
control group. Moreover, all the organs were weighed after harvesting, and there 
was no significant difference observed in the control and treatment groups. Thus, 
it can be concluded that PVT suppresses the GBM progression both in vitro and 
in vivo, exhibiting a safe and non-toxic profile acting through the PI3K/Akt/Bim 
signaling axis.

 3613 Bis–Indole-Derived Compounds Are Unique Dual Receptor 
Ligands That Bind Both Nuclear Receptor 4A1 (NR4A1) 
and NR4A2

L. Zhang, G. Martin, and S. Safe. Texas A&M University, College Station, TX.

Nuclear receptor 4A1 (Nur77) and NR4A2 (Nurr1) are orphan NRs that are overex-
pressed in many solid tumors and both receptors regulate pro-oncogenic pathways 
and genes. Bis-indole derived compounds (CDIMs) were initially identified as 
ligands specific for binding NR4A1 or NR4A2 and this include 1,1-bis(3’-indo-
lyl)-1-(4-hydroxyphenyl) methane (CDIM8) and 1,1-bis(3’-indolyl)-1-(4-chlorophenyl) 
methane (DIM12) respectively. Structure activity studies among CDIMs has identi-
fied a third generation of 1,1-bis(3’-indolyl)-1-(3,5-disubstitutedphenyl) methane 
analogs (DIM-3,5-disubstituted) which inhibit tumor growth in mouse xenograft 
models at doses ˂1mg/kg/day with no observable toxicity. We used 1,1-bis(3’-indo-
lyl)-1-(3,5-dichlorphenyl) methane (DIM-3,5-Cl2) as a model third generation CDIMs 
and this compound bound to the ligand binding domain (LBD) of both NR4A1 and 
NR4A2 with KD values of 7.7 and 12.0 µM respectively in a fluorescent binding 
assay. Moreover, using an isothermal titration calorimetry assay DIM-3,5-Cl2 bound 
to NR4A1 and NR4A2 with KD value of 1 and 70 nM respectively. DIM-3,5-Cl2 also 
decreased transactivation in colon cancer cells transfected with the UAS-Luc and 
chimeric Gal4-NR4A1 or Gal-NR4A2 constructs, and these results are typically 
observed for CDIMs that binds the orphan receptors and act as antagonists. These 
results obtained for DIM-3,5-Cl2 coupled with ongoing studies on the potent antican-
cer activities of the DIM-3,5-disubstituted demonstrate that the potencies of the 
third generation CDIMs are due in, part to their unique activities as dual receptor 
ligands. This activity is particularly important in colon cancer cells since both NR4A1 
and NR4A2 are pro-oncogenic in tumors and regulate T cell dysfunction in tumor 
infiltration lymphocytes and effects of the CDIMs are currently being investigated.

 3614 Chronic Arsenic Exposure Inhibits Both Autophagy and 
Proteasomal Protein Degradation in Human Keratinocytes

I. Augenstein, M. Banerjee, A. N. Nail, A. P. Ferragut Cardoso, and J. Christopher States. 
University of Louisville, Louisville, KY.

Environmental inorganic arsenic (iAs) exposure is a global health issue. It leads to 
multiorgan cancers characterized by proteome-wide changes. The mechanisms for 
differential protein expression is poorly understood. iAs displaces zinc from zinc 
finger proteins. Zinc finger proteins regulate both protein degradation pathways 
(autophagy and proteasomal pathway). Thus, iAs could be modulating protein 
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degradation by interacting with these zinc finger proteins. Therapeutic iAs exposure 
inhibits autophagy, but the effect of chronic environmentally relevant iAs exposure 
(100 nM) has never been studied. The current study investigated the effects of 
chronic environmentally relevant iAs exposure on both autophagy and proteaso-
mal pathways in two human keratinocyte cell lines. Chronic iAs will suppress both 
autophagy and proteasomal protein degradation pathways in human keratino-
cyte cell lines. Human keratinocyte cell lines HaCaT and Ker-CT were chronically 
exposed to 0 or 100 nM iAs for 7 and 8 weeks, respectively, in independent quadru-
plicate cultures. Immunoblotting was performed to quantify levels of autophagic 
markers (Beclin-1, LC3-II/I), autophagy substrates (SQSTM1, TRAF2) and protea-
somal substrates (MDM2, TP53, CDKN1A, EI24). Unpaired two-tailed t-test was 
employed to test differences in expression. p<0.05 was considered significant. iAs 
induced the expression of autophagic markers and autophagy substrates (Beclin-1, 
LC3-II/I, SQSTM1, TRAF2) in both cell lines. Proteasomal substrates (TP53, EI24) 
were induced upon iAs exposure in both cell lines, while CDKN1A was induced only 
in HaCaT cells. iAs exposure suppressed the expression of the MDM2-full length 
isoform while inducing MDM2-F isoform in both cell lines. Chronic environmentally 
relevant iAs exposure suppresses both autophagy and proteasomal pathways in 
two different human keratinocyte cell lines. This global effect on protein degrada-
tion could be modulated by iAs mediated targeting and induction of SQSTM1. 
iAs mediated zinc displacement from SQSTM1 RING finger could dysregulate the 
molecular crosstalk between autophagy and proteasomal pathways. Grant support: 
This work was supported in part by National Institute of Health grants R25CA134283, 
R01ES27778, P30ES030283, and T32ES011564. The views expressed are those of 
the authors and not of the National Institutes of Health.

 3615 Effects of Inhaled E-cigarette (E-cig) Aerosols on Mutagenesis 
Induced by the Tobacco Carcinogen Benzo(a)pyrene (BaP) in a 
Mouse Lung Model

D. Chhaya, M. Gress, W. Kosinska, J. Guttenplan, T. Gordon, and J. Zelikoff. New York 
University, New York, NY.

The primary aim for developing e-cigs was for cigarette smoking cessation. 
However, many people are now dual users of cigarettes and e-cigs and may be at 
a higher risk of developing smoking-related health issues than are conventional 
cigarette smokers. Tobacco smoke contains many carcinogens, and addition-
ally activates the Aryl Hydrocarbon Receptor (Ahr) leading to the induction of a 
number of proteins, including the CYP1 proteins; and the prolonged activation of 
Ahr has been shown to increase cancer risk in various animal models. Benzo[a]
pyrene (BaP), a highly carcinogenic Polycyclic Aromatic Hydrocarbon (PAH), is a 
major carcinogen in cigarette smoke, charbroiled food and emission exhausts. It 
is metabolically activated into BP-7,8-diol-9,10-epoxide (BPDE), which reacts with 
DNA predominantly at the N2 position of guanine to produce N2-guanine lesions 
[e.g., BPDE-N2-deoxyguanosine (BPDE-dG) adducts}. The presence of BPDE-DNA 
adducts in human tissues has been established; BPDE-dG adducts have been 
detected in bronchial cells of cigarette smokers and are implicated in the initia-
tion of human lung cancer. The aim of this study was to determine the mutagenic 
effects of e-cig aerosols, in the presence and absence of BaP in the Big Blue 
(BB) ® mouse model, which utilizes a transgenic mouse with multiple copies of 
a mutagenesis reporter gene (cII) within a lambda phage shuttle vector (lacZ) 
integrated into every cell of their bodies. In this case, C57BL/6 mice containing the 
lacZ mutagenesis reporter gene were used. The lacZ mice were developed because 
carcinogenesis bioassays are generally long-term and expensive, and as mutagen-
esis drives carcinogenesis; an in-vivo mutagenesis model represents an attractive 
short-term alternative. Mutagenesis assays in the BB® lacZ mice can detect mutant 
fractions in the order of 10-5 (mutants/ non-mutants). Mice were divided into three 
inhalation exposure groups of 28 mice (14 M +14 F) each: 1) HEPA Filtered Air 
(Air); 2) Propylene Glycol/Vegetable Glycerin (PG/VG) (50:50); and 3) PG/VG + 
24mg/ml Nicotine (PG/VG/N). Mice were exposed to e-cig aerosols for 4 hours/
day and 5 days/week for 90days. The groups were further divided into subgroups 
that received 2 doses of corn oil or corn oil containing BaP at 50mg/kg BW and 100 
mg/kg BW (7 M +7 F). After euthanization, the organs were collected and frozen 
in liquid nitrogen. Results in the cll mutation assay thus far, revealed a 30% higher 
mutant frequency in the lungs of Air + BaP, PG/VG + BaP and PG/VG/N + BaP 
exposure groups compared to the Air alone group and importantly the PG/VG/N+ 
BaP group exhibited a higher mutant fraction (in units of mutants/nonmutants x 
10-5) (3.7 ± 2.4) than the air + BaP-exposed group (3.7 ± 2.4 vs 2.6 ± 1.4 resp.). This 
result suggests the use of E-cigs enhances the risk for mutagenesis in the lungs 
of cigarette smokers. Published literature has reported that exposure of mice to 
e-cig aerosol resulted in higher levels of DNA damage and reduced DNA repair 
capacity along with a decrease in essential proteins responsible for Nucleotide 
Excision Repair (NER) and Base Excision Repair (BER). Additionally, previous results 
in human cultured cells show that E-cig aerosol induces CYP1A1 and CYP1B1 and 
enhances the metabolism of BaP to BPDE. The results from our preliminary study 
show increased mutagenesis upon subchronic exposure to e-cig aerosol along with 
a known tobacco mutagen. This observation is relavent to a serious public health 
concern, as there is a huge population of dual users of cigarettes and E-cigs. This 
study was supported by NIH grant #DE029711.

 3616 Loss of MEG3 Contributes to the Enhanced Migration 
and Invasion in Arsenic-Transformed Cells through the 
NQO1/FSCN1 Pathway

H. Tu, Z. Zhang, J. Li, and M. Costa. NYU School of Medicine, New York, NY.

Arsenic compounds rank the top among all metals and are a threat to human health. 
Inorganic arsenite and arsenate compounds have been classified as confirmed 
human carcinogens of bladder, lung, and skin cancers by the Environmental 
Protection Agency (EPA) and the International Agency for Research on Cancer 
(IARC). The present study examined the role of maternally expressed gene 3 
(MEG3) in the migration and invasion of arsenic-transformed cells. We found that 
chronic exposure of human bronchial epithelial cells (BEAS-2B) to low doses of 
arsenic causes malignant cell transformation. The loss or reduced expression of 
long noncoding RNA MEG3, a tumor suppressor, is a hallmark of cancer. Our results 
showed that MEG3 was downregulated in arsenic-transformed cells (As-T) and 
also in cells treated with low doses of arsenic for 3 months (As-treated). We have 
also analyzed MEG3 levels using TCGA database. The results showed that MEG3 
expressions were significantly downregulated in the tumor tissues from human 
lung adenocarcinoma (LUAD) and lung squamous cell carcinoma (LUSC) compared 
to those in normal lung tissues. By using methylation-specific PCR (MSP), we 
observed enhanced methylation in the MEG3 promoters in both As-T and As-treated 
cells, indicating that increased methylation of the MEG3 promoter caused MEG3 
downregulation in As-T or As-treated cells. Moreover, As-T cells displayed increased 
migration and invasion abilities and enhanced NAD(P)H quinone dehydrogenase 1 
(NQO1) and fascin actin-bundling protein 1 (FSCN1) levels, which can be abolished 
by MEG3 re-expression. In addition, we also observed that in normal BEAS-2B cells, 
knockdown of MEG3 increased migration and invasion, concomitant with elevated 
protein levels of NQO1 and FSCN1. The negative regulation of MEG3 on FSCN1 was 
restored by NQO1 overexpression in both As-T and BEAS-2B cells. The results from 
immunoprecipitation assays showed a direct binding between NQO1 and FSCN1. 
Dicoumarol, an inhibitor of NQO1, blocked the ability of NQO1 to stabilize FSCN1 
protein. While overexpression of NQO1 increased migration and invasion abilities in 
BEAS-2B cells, knockdown of NQO1 reduced migration and invasion. Interestingly, 
the reduced migration and invasion by NQO1 knockdown were restored by FSCN1. 
Collectively, we conclude that the loss of MEG3 upregulated NQO1, which in turn 
stabilized FSCN1 protein through a direct binding, leading to elevated migration and 
invasion in As-T cells.

 3617 Human CYP1B1 Activates uPAR Signaling through Regulation of 
Oncogenic Mutant p53 to Promote Breast Cancer Cell Invasion

Y. Chun, Y. Kwon, T. Kwon, Y. Kwon, B. Lee, H. Park, and H. Lee. Chung-Ang University, 
Seoul, Korea, Republic of.

CYP1B1 is known as a major metabolizing enzyme for estrogen and shows 
tumor-specific hyper-expression. To explore the role of CYP1B1 on cancer invasion, 
we studied the effects of CYP1B1 in human breast cancer cell lines MCF-7 and 
MDA-MB-231 with different invasive traits. CYP1B1 significantly induced cell 
invasion along with expression of urokinase-type plasminogen activator receptor 
(uPAR), a receptor for uPA, in both cell lines. DMBA, a well-known CYP1B1 inducer, 
enhanced uPAR expression while TMS, a specific CYP1B1 inhibitor, strongly 
suppressed uPAR. Interestingly, CYP1B1 activated the uPAR pathway and induced 
the protein expression of integrin α5 and β1, following up-regulation of uPAR 
expression via regulation of p53 depending on its mutation status. Surprisingly, 
CYP1B1 down-regulated wild-type p53 expression in MCF-7 cells while the expres-
sion of oncogenic mutant form of p53R280K in MDA-MB-231 cells was induced 
by CYP1B1. Treatment with nutlin-3a, an inhibitor for MDM2 ubiquitin E3 ligase 
blocked the promoting effects of DMBA on uPAR expression and the level of cancer 
cell invasion in MCF-7 cells, whereas nutlin-3a resulted in no significant changes in 
DMBA-treated MDA-MB-231 cells. Taken together, our data suggest that CYP1B1 
induces breast cancer cell invasion through activation of p53-regulated uPAR 
signaling depending on the mutational status of p53.

 3618 Peroxisome Proliferator-Activated Receptor-β/δ Suppresses 
Proliferation of Human Colon Cancer Cells In Vitro

X. Zhu1, S. Su1, A. M. Schmidt1, F. J. Gonzalez2, and J. M. Peters1. 1Pennsylvania State 
University, University Park, PA; and 2National Cancer Institute, Bethesda, MD.

Peroxisome proliferator-activated receptors (PPARs) belong to the nuclear receptor 
superfamily of ligand-activated transcription factors. PPARs regulate downstream 
target genes based on their relative expression and on the presence/absence of 
ligands and co-effector proteins. Because many of their target genes regulate 
metabolism, PPARs have strong potential as therapeutic targets for diseases. For 
example, agonists of PPARα and PPARγ are in clinical use for treatment of dyslipid-
emias and diabetes. PPARβ/δ was suggested as a therapeutic target for metabolic 
disorders, but potential risks in cancer are less clear. Despite earlier evidence 
suggesting that higher expression of PPARβ/δ was associated with causing colon 
tumorigenesis, more than 20 years of research now indicates that the opposite it 
more likely. For this reason, the present studies examined the role of modulating 
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PPARβ/δ activity with and without forced expression of the receptor, and in the 
presence or absence of ligands. In these studies, a real-time cell proliferation assay 
and a soft agar colony formation assay were employed to investigate the influence 
of PPARβ/δ in two human colon cancer cell lines. Ligand activation of PPARβ/δ 
with GW0742 caused an increase in target gene expression, and this effect was 
markedly enhanced in either RKO or DLD1 cells that over-expressed PPARβ/δ. In 
contrast, the selective, repressive PPARβ/δ ligand DG172 caused a decrease in 
target gene expression. Real time proliferation assay showed that PPARβ/δ-null 
RKO or DLD1 cells have a higher growth rate than the respective control cell lines. 
Moreover, ligand activation of PPARβ/δ decreased cell proliferation compared to 
controls, and this effect was enhanced in RKO or DLD11 cells that over-expressed 
PPARβ/δ. Results from the soft agar assays also show that ligand activation of 
PPARβ/δ with GW0742 significantly reduced anchorage-independent growth ability 
of human colon cancer cells. Combined, the results from these studies suggest that 
activation of PPARβ/δ can significantly inhibit human colon cancer cell growth rate 
in vitro, and these results provide basis for further in vivo experiments. Supported 
by CA239256.

 3618a The Proliferative Potential, Cytotoxicity, and Epigenetic Changes 
of Cisplatin-Sensitive and Cisplatin-Resistant Testicular 
Germline Cell Tumors in Response to Perfluorooctanesulfonic 
Acid (PFOS)

M. M. Salem1, R. I. Boyd2, R. Singh2, and M. J. Spinella2. 1Stony Brooky University, Stony 
Brook, NY; and 2University of Illinois at Urbana-Champaign, Urbana, IL.

Perfluorooctanesulfonic acid (PFOS) is a ubiquitous substance utilized in industries 
and a well-known environmental toxicant. PFOS exposure has been associated with 
testicular cancer, a cancer affecting germline cells. It has remained unclear if PFOS 
changes the proliferation of cisplatin sensitive and cisplatin resistant testicular 
germline cell tumors (TGCTs). It is also unknown if PFOS has different cytotoxic 
concentrations between cisplatin sensitive and cisplatin resistant TGCTs. PFOS 
may cause upregulations and downregulations in cancer associated genes, this 
has been undetermined. To answer these questions; triplicates were dosed from 
0μM - 250μM of PFOS, and a cell viability assay was conducted to determine prolif-
erative changes and the concentrations toxic to cells. RT-qPCR was conducted to 
determine how mRNA expression of MUC1, FOXB1, SNAP91, and NRN1 changed 
due to PFOS exposure. It can be concluded that PFOS increases the proliferative 
potential of both lineages, with cisplatin resistant cell line increasing at a lower 
rate in comparison to the cisplatin sensitive cell line. The IC50 of the cisplatin 
sensitive line and the IC50 of cisplatin resistant line is undetermined, though cispla-
tin resistant cells likely have a higher IC50. The RT-qPCR determined nothing of 
significance with respect to PFOS and the tested genes, but MUC1 and SNAP91 
have a trend of downregulation.

 3619 Whole Genome Sequencing Analysis of Mutagenicity of 
N-Nitrosodiethylamine Using Caenorhabditis elegans Models

T. Chen, T. Huynh, J. Yan, Y. Chen, and B. Pan. US FDA/NCTR, Jefferson, AR.

N-nitrosamines are well known impurities in medicines while a large number of 
them are mutagenic and carcinogenic. Recently, several N-nitrosamines have been 
detected in drugs, leading to renewed interest in understanding how these chemicals 
exert their biological effects on cellular systems. The toxicological effects of 
N-nitrosamines have been mainly studied in mammalian cells. Due to the difficulty 
of the in vitro system for metabolic activation of N-nitrosamines, more studies 
using in vivo systems are required. In recent years, Caenorhabditis elegans has been 
becoming a promising in vivo system because it is a relatively cheap and quick way 
to assess possible toxicities of chemicals. Because of many common structural 
and genetic qualities with mammals, C. elegans has become an alternative animal 
mode for toxicity testing. In this study, mutagenicity of N-nitrosodiethylamine 
(NDEA), a typical nitrosamine impurity found in several FDA-regulated drugs, 
was investigated using C. elegans. C. elegans worms were treated with different 
concentrations of NDEA at L4 development stages for measurement of its acute 
toxicity and mutagenicity. The acute toxicity was evaluated with a WMicroTracker 
to determine the toxic effects of the different concentrations of this compound on 
the worms’ movement and to set a baseline for the dose range for our mutagenicity 
study. The mutagenicity was evaluated using whole genome sequencing to verify 
whether NDEA could induce mutations in C. elegans. The data showed that NDEA 
elicited acute toxicity and mutagenicity in a dose-dependent manner. The main 
type of mutations induced by NDEA was G:C>A:T, followed by T:A>C:G , A:T>T:A, 
and A:T>C:G, which was corroborated by prior studies in mammalian systems. Our 
results suggest that C. elegans may be able to be used as an alternative animal 
model for mutagenicity testing of nitrosamines.

 3620 Evaluating Acrylamide Toxicokinetics in an In Vitro Integrated 
Organ Platform

J. M. McKim1, D. Austin1, R. L. Sprando2, W. Mattes2, and S. Fitzpatrick2. 1LifeNet Health, 
Kalamazoo, MI; and 2US FDA/CFSAN, College Park, MD.

The formation of Acrylamide (AA) in certain food types can occur when cooking 
at high temperatures. The formation of AA as well as other chemicals during high 
temperature food preparation and the subsequent formation of reactive metabo-
lites have prompted regulatory agencies globally to investigate risk to human 
health. Given the large number of reactive chemicals formed during high tempera-
ture cooking and the need to develop human toxicokinetic and organ toxicity data 
for these compounds, alternative methods may provide a faster and less expensive 
means of performing initial assessments. Cell and tissue models today are more 
sophisticated in both their morphology and function. The use of these enhanced 
cell and tissue models in combination with new in vitro platforms is beginning to 
show promise for the eventual replacement of animal testing. The aim of this study 
was to test the ability of a Human Dynamic Multiple Organ Plate to provide data 
for key ADME parameters and organ toxicity using AA as the model compound. A 
three compartment (Intestine-Liver-Kidney) circuit was established. The intestine 
was EpiIntestinal from MatTek, Corp, human hepatocytes were from LifeNet Health 
Life Sciences, and Kidney cells (HK-2) were from ATCC. Each organ compartment 
was linked by a simulated blood system. The tubing of the blood system inside the 
organ compartment consisted of a semipermeable membrane. The movement of 
the test compound and its metabolites from the point of application to the other 
organ compartments was by osmotic diffusion into the simulated blood system. 
The simulated blood circulation was achieved with a micro syringe pump. Each 
organ compartment contained culture medium optimal for that organ’s growth 
and there was no net change in compartment fluid volumes. To begin the study, 
aliquots of an AA stock (300 mg/mL) were diluted with medium to provide final 
exposure concentrations of 3, 5, and 10 mg in a final volume of 100 µL. This was 
then applied to the apical surface of the MatTek EpiIntestinal model. Samples from 
each organ compartment and from simulated blood were collected at 0, 5, 15, 30, 
60, 90, 120, 240, 480, 1440 (24 hr), 2880 (48hr), and 4320 min (72 hr). AA movement 
was measured using LC/MS/MS. At 72 hr samples were collected for determining 
cytotoxicity. AA was detectable in the intestinal compartment at 30 min, reaching a 
maximum at 1.5-2 hr. Values returned to baseline after 24-48 hr. In liver and kidney 
compartments, AA was detected at 1-1.5 hr reaching a maximum after 20-24 hr. AA 
concentrations were dose and time dependent in each compartment. After 72 hr 
of exposure to 3 mg AA, intestinal viability was 70%, while the 10 mg dose resulted 
in a viability less than 60%. Liver ATP and GSH decreased in a dose-dependent 
manner after 72hr. In kidney, NAG and KIM-1 release also followed a dose-depen-
dent pattern. Analysis of kinetic data enabled key ADME parameters (Cmax, AUC, 
and T1/2) to be estimated. In conclusion, the Human Dynamic Multiple Organ Plate 
system predicted AA liver and kidney toxicity and provided key ADME data points. 
These findings indicate the system can be used as a rapid response model for 
ADME and toxicity, as well as a model to explore metabolites and mechanisms of 
adverse effects.

 3621 Photoirradiation Assay Offer Including Photostability 
Assessment and Advanced Qualitative/Quantitative In 
Vitro Phototoxicity

V. Jahnke1, D. Jeanne Dit Fouque1, F. Pillorger1, S. Cotier1, M. Martin1, A. Otto-Bruc1, 
S. Davies1, and Y. Zhao2. 1Eurofins, Celle Lévescault, France; and 2Eurofins, St. 
Charles, MO.

The photostability characteristics of new active substances and medicinal products 
should be evaluated to demonstrate that light exposure does not result in unaccept-
able change. Many drugs are sensitive to light and therefore their formulated 
products may degrade. This can result in potency loss, altered efficacy, and adverse 
biological effects. The European Pharmacopoeia advises light protection for more 
than 250 drugs and adjuvants. Knowledge of the photochemical behavior of drugs 
can provide guidance for handling, packaging, and labeling. The sensitivity of a drug 
to light may vary with its chemical structure, photoreactivity, and nature of delivery 
form. The study of photochemical reactions provides information on the mode of 
stabilization of the active ingredients in a product. The evaluation of the photochem-
ical stability of drugs and drug products is an essential component of the formula-
tion development process. This Photostability Study aims to provide knowledge 
of the photostability of compounds and their formulated products to evaluate the 
following: i) the intrinsic photostability, ii) the shelf life, and iii) the physical and 
chemical changes with light. In order to provide this knowledge, we have created 
a set of assays allowing us to assess: i) the spectral absorbance, ii) the sensitiv-
ity to irradiation, and iii) the photodegradation and the photoproducts. Data for 
some reference compounds are presented. The photoproducts may be harmful and 
cause phototoxicity, photoallergy, or photosensitization. These reactions may also 
be initiated by the interaction of a drug with endogenous substances in the body in 
the presence of light. The in vitro 3T3 Neutral Red Uptake (NRU) Phototoxicity Test 
(PT) is based on the OECD 432 guideline and compares the cytotoxic effects of a 
test substance, in the presence versus the absence of irradiation. The phototoxicity 
is evaluated by measuring the reduction in vital dye uptake (neutral red) by the 
dead or damaged cells, with chlorpromazine as a reference control. The outcome 
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is the calculation of the Photo Irradiated Effect (PIF), the Mean Photo Effect (MPE) 
and phototoxicity class. Recently, new conditions have been developed to obtain 
more predictive data based on this assay. Through the use of advanced cell culture 
conditions, more physiologically relevant information of the potential effect a 
development compound on the photosensitivity and photoprotection on primary 
cells has become available. In addition to its 3T3 NRU in vitro PT service offering, 
Eurofins Discovery toxicologists have recently developed in vitro PT assays using 
primary human dermal fibroblasts, epidermal keratinocytes and corneal epithe-
lial cells. These new tests are in response to certain drawbacks that have been 
reported with the conventional assays, including excessive phototoxicity predic-
tion or species specificity. Therefore, the PT in human primary cells is seen as 
advantageous in follow-up testing. For all of these new assays, chlorpromazine 
was the reference compound, with a PIF of 24 for the 3T3 and 347, 527 and 45 
for the keratinocytes, the fibroblasts, and the corneal epithelial cells, respectively. 
No phototoxicity was found with SDS, PIF of 1.13 in 3T3 and 0.92, 1.3 and 1.14 
for keratinocytes, fibroblasts, and corneal epithelial cells, respectively. In conclu-
sion, these new photoirradiation assays aim to characterize photostability of client 
compounds and phototoxicity in gold standard cells or with primary human cells. 
These new services will improve a drug discovery program’s success, by bringing 
improved knowledge of a compound’s chemistry and phototoxicity, in accordance 
with the 3R principle.

 3622 Intestinal Organoids, a Reliable Alternative Model for Studying 
the Effects of Foodborne Nanoparticles in the Gut: The Titanium 
Dioxide as Proof-of-Concept

Y. Malaisé, L. Evariste, A. Pettes-Duler, E. Casale, C. Cartier, E. Gaultier, 
N. Martins Breyner, B. Lamas, and E. Houdeau. Paul Sabatier University, Toulouse, 
France. Sponsor: D. Zalko.

Daily oral exposure to inorganic nanoparticles (NP) from food additives used in 
ultra-processed food raises public health issues. Identifying hazards linked to NP 
ingestion requires long-term exposure in animal models, specific spaces and skills. 
Using this approach, oral exposure to the whitener and opacifying agent titanium 
dioxide (TiO2) used in a wide range of products (foodstuffs, toothpaste, cosmetics, 
pharmaceutical tablets), led to gut barrier defects including inflammation in rodents. 
Owing to the in vivo constraints, organoids are proposed as an alternative to rodent 
studies but their use to assess the intestinal impacts of inorganic NPs remains 
to be evaluated. The aim of this study was to validate organoids as a reliable 
model for studying the effects of foodborne NPs in gut by comparing the impacts 
of food-grade TiO2 (fg-TiO2) on murine intestinal organoids with already reported 
in vivo data. Crypts from small intestine of three wild-type C57bl/6 mice were 
purified, dissociated, and cells were cultured for organoid growth. Organoids were 
dissociated and seeded as a 2.5D culture, then exposed for 24h either to increasing 
doses of fg-TiO2 (0.1, 1, 10 or 100µg/mL) or to an IFN-γ/TNF-α cocktail (1 or 10 ng/
mL) to check the organoids capacity to respond to a pro-inflammatory stimulus. 
Cytotoxicity was assessed by Lactate Dehydrogenase (LDH) release quantification 
in supernatants. Gene expression of Toll Like Receptors (TLR), NFκB, cytokines 
and chemokines as well as markers expression of cell proliferation and differ-
entiation, genotoxicity, antimicrobial peptides, permeability and oxidative stress 
were determined by qPCR. Cell apoptosis and genotoxicity were also evaluated 
respectively by cleaved Caspase-3 and γH2AX quantification using immunofluores-
cence. Compared to control, no difference in LDH secretion was observed following 
IFN-γ/TNF-α cocktail or fg-TiO2 exposure of intestinal organoids, concluding on 
the absence of cytotoxicity for these treatments. A dose-dependent up-regulation 
of genes under control of pro-inflammatory mediators (Tlr4, Nfκb2 and Rela) was 
observed after exposure to the IFN-γ/TNF-α cocktail, showing the organoids as a 
functional and competent model to respond to inflammatory stresses. Organoids 
exposure to fg-TiO2 led to increased protein level of cleaved Caspase-3 together 
with up-regulation of Mki67 proliferation marker, suggesting epithelium renewal 
or restructuring. In addition, fg-TiO2-treated organoids showed a decrease in the 
expression of the stem cell marker Lgr5 and an increase in the expression of the 
mucin-producing gene Muc2 and the enterocyte and neuroendocrine differentiation 
markers Vill and Chga. Expression markers of NFκB inflammatory response were 
decreased, while genes of TLR4 pathway and oxidative stress remained unchanged 
after fg-TiO2 treatment. In addition, fg-TiO2 increased expression of the DNA damage 
marker gene Gadd45A as well as γH2AX staining, while down-regulating genes 
encoding antimicrobial peptides (Reg3g, S100a8) and tight junction proteins (Cldn1, 
Cldn7, Cldn15), suggesting genotoxic effects and possible impairments of epithelial 
permeability and antimicrobial defenses. In accordance to reported in vivo data, the 
integrity of the gut barrier in terms of cell proliferation/differentiation, genotoxicity, 
innate defenses and epithelial permeability, was affected in murine gut organoids 
exposed for 24h to fg-TiO2. These results validated the use of gut organoids as an 
alternative to in vivo experiments for screening the intestinal effects of inorganic 
NPs, which could be pertinent for read across assessment.

 3623 Cell Painting Assay as Hazard Assessment Tool to Reveal 
Mechanistic Toxic Properties of Compounds in the Early Drug 
Discovery Pipeline

J. J. Esselink, M. L. Eland, C. J. Loomans, L. Buti, and P. I. Racz. Charles River 
Laboratories, Leiden, Netherlands. Sponsor: P. Singh.

Attrition rate in the drug discovery pipeline is high and many of the lead candidates 
advance to later development stages without sufficient selection. Therefore, there 
is a demand for an alternative in vitro testing platform, which allows quantitative 
mechanistic understanding of the test substance and identifies potential risks 
early in the drug discovery pipeline. Cell Painting is a high content multiplexed 
image-based profiling assay. It provides an unbiased method to identify subtle 
changes in cellular homeostasis involving six (6) dyes across five (5) channels, 
revealing eight (8) major cellular organelles. Image-based profiles can be acquired 
by extracting > 3000 morphological features at the single-cell level and identify 
cellular responses to treatments. In this study, we investigated the correlation 
between the dose-dependent effect of the test compounds and the mode of action 
(MOA) predicted by Cell Painting assay. First, we selected thirteen (13) reference 
compounds (Berberine Hydrochloride; Ca-074-Me; Etoposide; Fenbendazole; 
Latrunculin B; Metoclopramide; Oxibendazole; Paclitaxel; Rapamycin; Rotenone; 
Tetrandrine; Saccharin; Sorbitol) representing different MOA classes. Next, we 
exposed human U2-OS cells to eight (8) different concentrations at two different 
time points (24h and 48h) and assessed the reference compounds’ cytotoxicity 
level using the CellTiter-Glo Luminescent Cell Viability Assay. Lastly, we applied the 
six (6) established fluorescent Cell Painting dyes (Hoechst 33342; Concanavalin A; 
SYTO14; WGA; Phalloidin; MitoTracker) on the exposed cells. Results were analyzed 
by an automatic segmentation / quantification algorithm in CellProfiler v 4.2.1. 
Regionalized signal was analyzed using a standardized quantification workflow as 
published by JUMP-Cell Painting consortium. Data was pre-processed in KNIME 
v.4.1.3 analytics platform by filtering out irrelevant readouts, readouts with low 
variance and readouts with high correlation to other readouts (double identifiers). 
Principal Component Analysis (PCA) was performed in KNIME by reconfiguring 
selected readouts into three dimensional PCA plot (PCA dimension 0-1-2). PCA 
analysis confirmed dose-dependent, distinct morphological effects of the different 
toxicity triggers at 48h post-treatment as compared to solvent control (DMSO), 
while negative control compounds Saccharin and D-Sorbitol did not show apprecia-
ble effects in any of the PCA dimensions. As an example, investigating the MOA of 
the reference compound Berberine, revealed indistinguishable effect from DMSO 
at low concentrations (up to 1µM), but >30 µM exposure resulted in high cytotoxic 
response in the CellTiter-Glo assay (>50%) and general, non-specific toxic stress 
response in Cell Painting assay. Exposure with Berberine up to 10 µM induced 
mitochondria redistribution-specific response without severe cytotoxicity (<20%), 
which is in line with the literature data. Our results highlight the importance of 
contemplation of the compound-induced cytotoxicity level, when using the Cell 
Painting assay and provide future guidelines for further industrial application. 
Importantly, the technology is adaptable for various cell lines, compatible with 
high-throughput read-out, and analysis can be applied early in the drug discovery 
pipeline to reveal MOA of the lead candidates and identify potential hazard risks.

 3624 Validation of the Electrophilic Allergen Screening Assay (EASA) 
to Detect Substances That Impact the Initial Key Event in the 
Adverse Outcome Pathway for Skin Sensitization

J. Gordon1, J. Truax2, A. Borrel2, E. N. Reinke2, V. Adams3, D. Rua4, E. Petersen5, 
R. Uhl1, D. G. Allen2, N. C. Kleinstreuer6, and J. Strickland2. 1Consumer Product Safety 
Commission, Rockville, MD; 2Inotiv, Research Triangle Park, NC; 3Defense Public Health, 
Aberdeen Proving Ground, MD; 4US FDA/CDRH, Silver Spring, MD; 5National Institute of 
Standards and Technology, Gaithersburg, MD; and 6NIEHS/NICEATM, Research Triangle 
Park, NC.

The Electrophilic Allergen Screening Assay (EASA) was originally developed by the 
National Institute of Occupational Safety and Health as a cuvette-based assay to 
identify substances that have the potential to cause allergic contact dermatitis. 
Chemical binding to skin proteins is the initial key event of the adverse outcome 
pathway for skin sensitization. In the EASA, substances were tested for their ability 
to bind to nitrobenzenthiol (NBT) or pyridoxylamine (PDA) probes as surrogates for 
thiol- or amine-based proteins. Probe depletion was measured by absorbance or 
fluorescence using spectrometers. A test substance is positive when it meets the 
positive depletion criterion for either NBT or PDA, but negative results are recorded 
only when the depletion fails to meet the positive criterion for both tests. EASA 
was subsequently modified by the U.S. Consumer Product Safety Commission 
(CPSC) and the National Institute of Standards and Technology (NIST) into a 
higher-throughput assay using a 96-well format through a measurement science 
approach. The National Toxicology Program Interagency Center for the Evaluation 
of Alternative Toxicological Methods (NICEATM) assembled a validation manage-
ment team to oversee the validation of EASA that has now been completed by 
three of four laboratories: The FDA Center for Devices and Radiological Health 
(FDA-CDRH), Defense Public Health Center-Aberdeen (DoD), and CPSC/NIST (lead 
laboratory). A pre-validation transferability assessment using positive and negative 
control tests totaling 10 plates each for the NBT and PDA probes established 
acceptance criteria for the validation study. Acceptance criteria were based on 
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performance of the positive and negative controls (solvent and probe) and the 
blanks (solvent only). For the validation study, each laboratory evaluated 20 coded 
chemicals based on the Organisation for Economic Co-operation and Development 
(OECD) performance standards for the direct peptide reactivity assay and amino 
acid derivative reactivity assay test methods. Of these, 12 chemicals were tested 
three times to evaluate intralaboratory reproducibility. The performance of the 
EASA was determined by comparison with local lymph node assay outcomes. This 
preliminary assessment shows that accuracy, sensitivity, and specificity for EASA 
were 85%, 85%, and 86% for DoD, 79%, 83%, and 71% for CPSC/NIST and 80%, 
85%, and 71% for FDA. Within-laboratory reproducibility was 94% for CPSC/NIST, 
84% for DoD and 86% for FDA. These results suggest that the EASA may be a 
useful non-animal alternative to identify potential skin sensitizers. This project was 
funded in whole or in part with federal funds from the NIEHS, NIH under contract No. 
HHSN2722015000010C. The views expressed above do not necessarily represent 
the official positions of any federal agency.

 3625 Characterization and Application of CNBio Microphysiological 
System for Evaluation of Cholestasis and Hepatotoxicity

V. Bhaskaran1, S. Chacko1, J. Kwagh1, L. Lecureux1, F. Landry1, Y. Zhang1, B. Warrack1, 
K. Granaldi1, J. Augusma1, J. Burns1, R. Hardwick2, and P. Devine3. 1Bristol-Myers Squibb 
Company, Princeton, NJ; 2Bristol-Myers Squibb Company, San Diego, CA; and 3Bristol-
Myers Squibb Company, Cambridge, MA.

Liver microphysiological systems (MPSs) are promising models for predicting 
hepatic drug effects. Here, we describe the use of the CN-Bio microfluidic platform 
with primary human hepatocyte, Kupffer (KC) and liver sinusoidal endothelial cells 
(LSEC), seeded and cultivated on the LC12 scaffold in 10:1:1 ratio with fluid flow 
(1µL/s, 1.6ml total medium) to generate a human liver MPS. Initial characterization 
demonstrated albumin (≥ 30µg/day/million cells, IQ MPS Affiliate recommendation) 
production from Days 8-15. Hepatocytes formed bile canaliculi, expressed canalic-
ular and sinusoidal efflux and uptake transporters appropriately, and exhibited 
Phase 1 and 2 drug metabolism enzyme activity. Immunofluorescence imaging of 
LYVE-1 and CD68 confirmed localization of LSEC and KC, respectively. After 8 days 
of culture, liver MPS were exposed to various hepatotoxicants, including troglita-
zone (Tgz), BMS-986020 (LPA1 antagonist), nefazadone (Nfz), bosentan (Bos) and 
pioglitazone (Pgz) at ≤ 24-fold clinical Cmax and chlorpromazine (Cpz), cyclospo-
rin A (CycA), acetaminophen (APAP) and fialuridine (Fial) at ≥ 32-fold Cmax for 
4 days with daily dosing. Media was collected daily, and mRNA collected at 96h. 
Exposure levels of drugs and their major metabolites were confirmed in the media 
for all except CycA. Secreted albumin was the most sensitive correlate to toxicity 
compared to other secreted biomarkers including CK18, LDH and miRNAs (122-5p, 
192-5p, 1260b, 21-5p, 146-5p, 16-5p and 30-5p). Glycine and taurine conjugated bile 
acids (BA) were altered in a drug- and dose-dependent manner in the media. In cells, 
canalicular and basolateral efflux transporters (BSEP; MRP2, 3, 4; MDR1, 3, OSTα, 
β) and sinusoidal uptake transporters (NTCP, SLCO1B1, 1B3), BA synthesis (CYP 
1A1, 27A1, 8B1 and SHP), BA sensor (FXR), and BA conjugation (CYP3A4, UGT1A1, 
SULT2A1 and BAAT) mRNA were altered in a drug- and dose-dependent manner. 
In addition, oxidative stress (Tgz, BMS, Nfz, Cpz, and 25mM APAP), inflammation 
(Cpz, BMS and Nfz), mitochondrial impairment (Tgz, Cyc A and 25mM APAP), ER 
stress (Tgz, BMS, Nfz, Cpz, Cyc A and 25mM APAP), and cell death (Tgz, BMS, 
Nfz, Cpz, Cyc A and 25mM APAP) mRNA transcripts were increased in parallel to 
secreted biomarkers. In keeping with reported non-cholestatic effects, 5mM APAP, 
Fial and Pgz were non-toxic with minimal mRNA changes. Collectively, data indicate 
the liver MPS can be applied to elucidate mechanisms of action of cholestatic and 
non-cholestatic compounds. A combined assessment of multiple readouts will aid 
in comprehensive judgement of accurate risk evaluation.

 3626 A Novel Approach to Investigate the Molecular Interaction 
between Inhaled Contaminants and the Human Lung 
Surfactant System

B. Mayville1, J. Coyle2, C. Sayes3, and S. Hussain4. 1Wright State University, Dayton, OH; 
2UES Inc., Dayton, OH; 3Baylor University, Waco, TX; and 4Air Force Research Laboratory, 
Dayton, OH.

Work-related mortalities show that respiratory diseases are the primary cause 
of work-related illnesses and account for roughly 70% of all work-related death. 
Military personnel are especially vulnerable due to occupationally unique exposure 
scenarios in often austere environments. When these vaporized chemicals and 
airborne particulates are less than 10 µm in diameter, they penetrate the alveolar 
space of the lungs, thus increasing the potential for these substances to interact 
with lung surfactant fluid. Surfactant fluid molecular perturbation by airborne partic-
ulates results in the adsorption of surfactant lipids and proteins to the particle 
surface, subsequently forming a lipid/protein corona. This removal of lipids and 
proteins from the surfactant layer impairs lung surfactant function, subsequently 
reducing lung compliance, and potentially leading to lung distress. Lung cells (such 
as A549 cultures, an adenocarcinoma cell line derived from type II pneumocytes) 
have been used as a tool to mimic the production of surfactants in an in vivo system. 
Long-term cultivation of these cells grown at the air-liquid interface (ALI), results in 
increased secretion of surfactant at the apical surface of a co-culture assembly 

using Transwell® inserts. The surfactant produced by A549 cells, however, has not 
been adequately characterized, leaving significant gaps in our current understand-
ing of this alternative cell-based surfactant manufacturing system. The purpose 
of this study is to characterize the surfactant produced by this cell-based in vitro 
system and create a predictive in vitro model that will assess the changes that 
occur in surfactant production and composition, as a result of exposure to airborne 
particulates. Studies in our lab have demonstrated an increase in lamellar body 
production on day 14 of ALI culture, followed by the presence of a surfactant layer 
at the apical side of the membrane on day 17. Isolation of this surfactant showed 
a significant increase in phospholipid content compared to submerged popula-
tions not grown at ALI. Additionally, we show the composition of this surfactant for 
comparison with the in vivo lung surfactant system. With this novel approach, we 
intend to use lipidomics and proteomics to investigate the compositional changes 
in the surfactant monolayer following exposure to inhaled particulates; thus, reveal-
ing the biomolecular interactions between these airborne particulates and lung 
surfactant fluid.

 3627 Application of Defined Approaches for Skin Sensitization for 
Chemicals of Federal Agency Interest

J. Strickland1, J. Truax1, K. T. To1, E. N. Reinke1, T. Gulledge2, V. J. Johnson2, D. G. Allen1, 
N. C. Kleinstreuer3, and D. Germolec3. 1Inotiv, Research Triangle Park, NC; 2Burleson 
Research Technologies, Morrisville, NC; and 3NIEHS/NICEATM, Research Triangle 
Park, NC.

Multiple U.S. federal agencies require the assessment of skin sensitization 
potential for their chemical evaluation and management programs. Although 
these agencies have historically relied on skin sensitization data from animal 
testing, several non-animal methods have been internationally adopted as test 
guidelines. While none are considered complete replacements for animal tests, 
one approach to improve performance is to combine the results of non-animal 
methods that represent multiple key events of the adverse outcome pathway for 
skin sensitization using defined approaches (DAs). However, the DAs for regulatory 
use described in the Organisation for Economic Co-operation and Development’s 
Guideline 497 have been evaluated using primarily chemicals that are relevant to 
the cosmetics industry. This project aimed to evaluate DAs relevant to the chemical 
evaluation and management programs of federal agencies who were requested to 
nominate substances to be tested in three non-animal skin sensitization assays: 
the direct peptide reactivity assay, the KeratinoSens™ assay, and the human cell line 
activation test. In vitro, in silico, and in vivo data were collected on 185 substances 
nominated by the National Toxicology Program, the U.S. Environmental Protection 
Agency (EPA) and the Consumer Product Safety Commission (CPSC). The results 
from each individual assay and the DAs were pooled by agency and the hazard 
and/or potency categorization for skin sensitization potential was determined. 
For each set of agency-nominated substances, local lymph node assay (LLNA) 
results were used as reference data to evaluate the individual test methods and 
DAs. When adequate in vitro, in silico, and in vivo data for predicting sensitiza-
tion hazard were available, the accuracy of the individual assays, based on LLNA 
results and grouped by agency, ranged from 40% to 80% depending on the assay 
evaluated. Accuracy for predicting hazard using the 2 out of 3 DA ranged from 
46% to 89%, the Integrated Testing Strategy (ITS)v2 DA ranged from 41% to 100%, 
and the Key Event 3/1 Sequential Testing Strategy (STS) DA ranged from 31% to 
100%. The lowest number in each range of the individual or DA results was from 
the EPA Office of Pesticide Program nominations in which the heterogeneity of the 
pesticide products or mixtures in that group and their solubility may have impacted 
performance. The best accuracy among the DAs was for the substances nominated 
by CPSC, but it should be noted that there were no LLNA non-sensitizers available 
in that group. The accuracy for potency prediction was based on the Globally 
Harmonized System of Classification and Labelling of Chemicals (NC = non-sensi-
tizer, 1B = weak sensitizer, 1A = strong sensitizer). Concordance of potency classi-
fication of the ITSv2 DA ranged from 37% to 53% and the 3/1 KE STS DA ranged 
from 27% to 67%. Results from in vitro testing and application of DAs may provide 
a useful alternative to animal testing for predicting skin sensitization hazard and 
potency of substances relevant to a wide range of federal agency programs. This 
project was funded in whole or in part with federal funds from the NIEHS, NIH under 
Contract No. HHSN273201500010C and HHSN27320140017C.

 3628 A Tri-culture Gut-on-Chip Model for Long-Term 
Exposure Studies

L. P. Duivenvoorde, J. Louisse, D. Rijkers, A. A. Peijnenburg, and M. van der Zande. 
Wageningen University and Research, Wageningen, Netherlands.

Static Caco-2 based models are commonly used in vitro models for the gut barrier, 
but they are not suitable for long term exposure studies. The aim of this study 
was to improve their longevity by using dynamic (flow) culture conditions and 
by incorporating endothelial cells to improve the homeostasis, and to perform a 
long-term in vitro toxicity study. A tri-culture of Caco-2 epithelial cells, HT29-MTX 
goblet cells and hMVEC endothelial cells was cultured under flow in an organ-on-
chip device and characterized during 6 weeks (3 weeks until full differentiation, 
3 weeks in fully differentiated state). Next, the differentiated tri-culture model 
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was exposed daily (2h/day) to three different concentrations (1, 3.3, 10 µM) of 
deoxynivalenol (DON) and a vehicle control for 21 days. Effects on cell viability, 
barrier integrity, cytokine release and whole genome expression profiles were 
evaluated. Characterization showed that the model consisted of a confluent cell 
layer (confocal microscopy) and the cell density (DNA content) and differentiation 
status (ALP activity) remained constant when fully differentiated (week 3-6). BrdU 
staining also demonstrated a steady proliferation in the fully differentiated model, 
indicating good homeostasis. Finally, lucifer yellow (LY) transport indicated good 
barrier integrity in the fully differentiated tri-culture model up to 6 weeks. Daily 
exposure to DON for 21 days had no effect on cell viability (LDH measurement) but 
showed a decrease in barrier integrity (LY transport) for the highest dose of DON, 
which was significant after 2 weeks of exposure. IL-8 release was increased in the 
middle and high dose group, but there was no significant increase in IL-6 release. 
Gene expression profiles (RNAseq) showed a clear dose dependent effect on gene 
expression after three weeks of exposure and pathway analysis is currently being 
performed. In summary, the tri-culture gut-on-chip model showed good integrity 
and homeostasis up to 6 weeks of culture and could be daily exposed to DON for 
a period of three weeks, which makes this a very promising model for long term 
toxicity studies as an alternative to animal models.

 3629 Application of Human 3D Cell Culture for Assessing Mycotoxins 
Toxicity: Toward a Real Risk Characterization for STE, OTA, 
and PAT

V. Zingales1, M. Esposito2,3, E. Cimetta2, and M. Ruiz1. 1Universitat de València, 
Burjassot, Spain; 2University of Padua, Padova, Italy; and 3Lab BIAMET, Padova, 
Italy. Sponsor: A. Juan-García.

Over the last decades, in an effort to reduce, replace and refine the reliance on 
animal experimentation as well as improve the physiological relevance of current 
cell-based systems, efforts are underway to develop alternative experimental 
methods in vitro with an increased level of complexity and physiological features 
that better mimic in vivo cell behaviour and provide more predictive results. This 
novel approach is already applied for disease studies, pharmacokinetic studies and 
drug development and there is promising evidence that toxicological studies could 
also benefit from the application of it. Among the emerging approaches, the more 
physiologically relevant three-dimensional (3D) cell culture models outperform 
the standard two-dimensional in vitro system, due to the complex cell-to-cell and 
cell-to-matrix interactions, making them an ideal candidate to improve the state-of-
the-art for toxicological testing and provide a more reliable evaluation of mycotoxin 
exposure. The aim of the present study consists in the determination of the 
cytotoxic effect associated to the individual exposure to the mycotoxins sterigma-
tocystin (STE), ochratoxin A (OTA) and patulin (PAT) using human 3D cell cultures 
(spheroids) obtained from different cell lines: bone marrow derived mesenchymal 
stem cells (BM-MSC), human umbilical vein endothelial cells (HUVEC), human 
neuroblastoma cells (SH-SY5Y) and epithelial human breast cancer cells (MDA-MB-
231). Standardized setup for reproducible and size-appropriated bio-relevant 
spheroids was performed in order to determine the optimal growth conditions for 
the functional endpoints for each cell line. Spheroids were generated from single-
cell suspensions obtained from trypsinized monolayers of cells and diluted to 
different cell plating densities. Cell suspension was dispensed into each well of 
ultra-low attachment (ULA) 96-well round bottom plates. The initial optimal seeding 
densities and the growth duration was established such that each spheroid for 
each cell line reach approximately 500 μm in diameter. The viability was assessed 
by LIVE/DEAD Viability/Cytotoxicity assay, a two-colour method to discriminate live 
from dead cells in a population. Once established the optimal seeding density and 
the growth’s time, the effect of STE, OTA and PAT on spheroid viability was investi-
gated after 1, 2 and 3 days of exposure by ATP assay. Spheroids were exposed to 
STE, OTA and PAT by adding 100 μl of culture medium containing the mycotoxins 
to obtain final concentrations ranging from 6.12 to 100 μM. Appropriate controls 
containing the same amount of solvent were included in each experiment and cell 
viability was expressed as a percentage relative to the control. Overall, our results 
reveal significant differences in sensitivity towards STE, OTA and PAT between 
the different cell lines, as well as differences were noticed compared with what 
is reported in the literature, which might be related to the 3D culture environment. 
The results obtained demonstrated the important influence of the microenviron-
ment and of the 3D tissue structure in toxicology investigation. In particular, the 
assessment of cytotoxicity in spheroids rather than monolayer cultures is expected 
to more accurately reflect in vivo-like cell behaviour and generate relevant data for 
national food safety authorities, public health institutes, industry and other regula-
tory bodies, supporting the refine of the future risk assessment and regulatory 
agency policies on allowable exposure levels. Acknowledgments: Spanish Ministry 
of Science and Innovation grant (PID2020-11587RB-100); Generalitat Valenciana 
post-doctoral grant (APOSTD/2022; Ref. CIAPOS/2021/228); ERC Starting Grant - 
MICRONEX UERI17_01.

 3630 Expanding the Applicability Domain of the h-CLAT by Validation 
of Alternative Vehicles for Difficult to Solubilize Commercially 
Available Mixtures

M. Bobiak, J. Marzillier, P. Vij, and G. DeGeorge. MB Research Labs, Spinnerstown, PA.

In vitro tests for skin sensitization have been developed and validated in the hope 
of replacing the use of animals for this purpose. The need to expand the applica-
bility domain of the h-CLAT to include mixtures has become highly desirable. We 
previously reported the validation of the h-CLAT to assess the skin sensitization 
potential of a small subset of commercially available mixtures. Given the heteroge-
nous chemical makeup of these products, alternative vehicles to those listed in the 
OECD TG 442E are necessary for analysis of difficult-to-solubilize chemicals and 
mixtures. Potential additional vehicles were prioritized by ranking LogP values and 
evaluated for compatibility with the assay using the proficiency chemicals identified 
in OECD TG 442E. We tested multiple commercially available sensitizing mixtures 
and non-sensitizing mixtures (based on Safety Data Sheets). We demonstrate that 
certain alternative vehicles improve sensitivity and/or positive predictivity when 
testing these mixtures. We build upon previously reported data that acetone and 
2-butanone are acceptable alternative vehicles for the h-CLAT and demonstrate 
these new vehicles are applicable for the assessment of known sensitizing/
non-sensitizing chemicals as well as mixtures. These results support the develop-
ment of multi-component vehicle systems for the in vitro sensitization testing of 
mixtures, medical devices and UVCB materials.

 3631 Using Single-Cell Sequencing to Investigate the 
Endogenous Role of the Aryl Hydrocarbon Receptor in 
Zebrafish Hematopoiesis

S. Dasgupta1, B. Goodale2, S. Leach2, and R. Tanguay3. 1Clemson University, Clemson, 
SC; 2Dartmouth College, Hanover, NH; and 3Oregon State University, Corvallis, OR.

The aryl hydrocarbon receptor (AHR) is a ligand-dependent transcription factor 
that mediates a wide range of biological and toxicological responses. While largely 
studied in ligand-activated toxicant responses, AHR also plays important roles in 
endogenous physiological processes. We leveraged single cell sequencing and an 
AHR2 knockout zebrafish line to investigate the role of AHR2 in regulating hemato-
poiesis (production and differentiation of red and white blood cells from hemato-
poietic stem cells). Our objectives were to determine if absence of AHR2- 1) alters 
proportions of blood cell populations and/or 2) impacts gene expression within 
individual blood cell types. We dissected kidney marrow (organ of hematopoiesis 
in zebrafish) from adult wildtype and AHR2 knockout zebrafish (N=3/genotype), 
isolated single cells and sequenced ~ 5000 cells/sample (10X Genomics). We 
identified 19 distinct cell clusters representing the expected major blood (erythro-
cytes, thrombocytes, B cells, macrophages, T/NK cells and neutrophils) and kidney 
(vascular endothelium, proximal tubule, mucin-producing cells) cell populations. 
There were no genotype-specific differences in proportion of individual cell types. 
However, gene expression differences between the two genotypes were observed 
within neutrophils (275 differentially expressed genes/DEGs) and macrophages 
(134 DEGs). Gene ontology assessments revealed disruptions in cell cycle and cell 
division for neutrophils and immune/cytokine signaling for macrophages. These 
results demonstrate that absence of AHR2 alters gene expression within select 
immunological cell types that may impact immune regulation and function. Future 
work will focus on the regulatory role of AHR2 on specific genes as well as the 
impact on function of macrophages and neutrophils.

 3632 Development of In Vitro 3D Human Kidney Proximal Tubular 
Epithelial Tissue Model

Y. Kaluzhny, J. Finelli, Z. Stevens, A. Armento, and S. Ayehunie. MatTek, Ashland, MA.

The proximal tubular (PT) region is the most common site for a compound-spe-
cific kidney injury. PT region is responsible for essential kidney functions, including 
reabsorption of low molecular weight proteins, solutes, and glucose; secretion of 
acids; and clearance of administered medications. The ultimate goal of this project 
is to develop a novel physiologically relevant primary human kidney-cell-based 
3-dimensional (3D) organotypic tissue model for the prediction of human nephro-
toxicity. Human primary proximal tubular epithelial cells (PTEC) were isolated and 
expanded in a monolayer culture prior to seeding onto microporous membrane 
inserts to reconstruct a 3D organotypic tissue model. 3D tissues were analyzed by 
histology, barrier integrity (transepithelial electrical resistance, TEER), immunos-
taining, and qPCR on days 5 to 30. Receptor-mediated FITC-albumin uptake and 
transpeptidase hydrolytic activity of glutamyl transpeptidase (GGT1) and leucine 
aminopeptidase (LAP) were assayed on days 10 to 16. The PTEC organotypic 
tissues organize into characteristic tubular structures, develop a barrier with TEER 
110.2+/-33.3 Ω·cm2 on day 9 and stain positive for tight junction proteins ZO-1, 
claudin-1, and occludin. The organotypic tissues differentiate into polarized epithe-
lium expressing brush border proteins megalin and cubilin together with water 
channel AQP1 and GGT1 on the apical side and sodium-potassium ATPase pump 
on the basolateral side. Real-time qPCR analysis confirmed that tissues express a 
panel of PTEC-specific markers that are necessary for renal clearance, secretion, 
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and reabsorption: aminopeptidase CD13, multidrug resistance proteins MRP2/4, 
CYP450 enzymes, glucose transporters SGLT1/2, multidrug and toxin extrusion 
transporter MATE1, organic cation and anion transporters OCT1/2, OCTN1/2, and 
OATP4C1, urate transporter URAT1, and sodium phosphate co-transporter NP2. 
Specific concentration-dependent and time-dependent receptor-mediated uptake 
of FITC-albumin by PTEC organotypic tissues was observed by fluorescent micros-
copy. Significant conversion of γ-Glutamyl-p-nitroanilide (GPNA, 2.5 mM) and 
L-leucine-p-nitroanilide (LLNA, 3 mM), substrates for GGT1 and LAP respectively, 
was detected via spectrophotometric monitoring of p-nitroaniline (PNA) follow-
ing 30 min incubation. Specific transpeptidase hydrolytic activity was inhibited in 
the presence of an irreversible inhibitor acivicin (1.2 mM) by 88.8% (GGT1) and 
35.0% (LAP). The reconstructed in vitro 3D PTEC organotypic tissue morphology, 
barrier properties, gene expression, and tissue performance resemble the in vivo 
human PT region. This model is anticipated to be a valuable tool to evaluate human 
nephrotoxicity and its mechanisms, improve the predictivity of human responses to 
pharmacological substances, and help establish confidence in drug development 
and testing.

 3633 Validation of Physiologically Relevant In Vitro Human Inhalation 
Toxicity Tests for Volatile Liquids, Mists, and Sprays

Y. Kaluzhny1, G. R. Jackson1, J. Marcus2, P. Kearney1, S. Letasiova2, M. Klausner1, and 
A. Armento1. 1MatTek, Ashland, MA; and 2MatTek In Vitro Life Science Laboratories, 
Bratislava, Slovakia.

In vivo animal models are currently accepted by regulatory authorities for acute 
respiratory toxicity (ART) testing. However, animal tests have been discredited as 
predictors of human responses on physiological and ethical grounds. The goal of 
this work was to develop physiologically relevant ART tests utilizing the EpiAirway™ 
tissue model, to demonstrate correlation to OECD accepted GHS categoriza-
tion, and investigate interlaboratory reproducibility. Test articles (TA, n=53) were 
applied to EpiAirway tissues produced at MatTek (USA) and IVLSL (Slovakia) with 
two ART protocols, the Direct Application Protocol (DAP) for exposure to mists/
sprays, and the Vapor Cap Protocol (VCP) for exposure to vapors/volatile liquids. In 
both protocols, tissues were exposed for 4h to 4 fixed doses (diluted in corn oil or 
water) to mimic in vivo rat exposure; followed by 20h post incubation. The effects 
on tissue viability (MTT assay) and barrier properties (Transepithelial Electrical 
Resistance, TEER) were determined. The effective doses which reduced tissue 
viability by 25% (ED-25) or by 50% (ED-50) were mathematically interpolated for the 
DAP and VCP methods, respectively, and correlated to the GHS categories. In the 
DAP, TAs were applied to the apical surface. Using the MTT assay, the DAP discrim-
inated between GHS Cat.1&2/3&4/5&NC with a Sensitivity/Specificity/Accuracy 
(S/S/A) of 63.5/76.1/69.8% (MatTek) and 63.8/76.1/70.0% (IVLSL). Utilizing the 
changes in TEER, the DAP discriminated between GHS categories with a S/S/A of 
65.9/76.7/71.3% (MatTek) and 64.1/76.6/70.3% (IVLSL). The correlation coeffi-
cient between the two laboratories was R2 =0.91 for MTT and 0.76 for TEER. In 
the VCP, TAs were applied to an absorbent material in a special cap that forms a 
tight seal above the tissue allowing exposure to TA vapor. Using the MTT assay, 
the VCP discriminated between GHS categories with S/S/A of 70.8/83.2/77.0 
(MatTek) and 71.9/83.2/77.5% (IVLSL). Utilizing the changes in TEER, the VCP 
discriminated between GHS categories with a S/S/A of 64.4/78.5/71.5 (MatTek) 
and 67.1/80.1/73.6 (IVLSL). The correlation coefficient between the laboratories 
was R2 =0.93 for MTT and 0.84 for TEER. Using the MTT assay, both the VCP and 
DAP demonstrated good predictivity of GHS categories and high interlaboratory 
reproducibility. Both protocols provide robust and efficient, physiologically relevant, 
organ-specific in vitro tests that can improve the predictivity of human responses, 
reduce the number of animals being used to assess respiratory toxicity, and help 
establish confidence for regulatory applications.

 3634 Peer Review Report of the EpiSensA Skin Sensitization Assay

E. N. Reinke1, E. Corsini2, A. Ono3, T. Fukuyama4, T. Ashikaga5, and G. F. Gerberick6. 
1Inotiv, Research Triangle Park, NC; 2Università degli Studi di Milano, Milan, Italy; 
3Okayama University, Okayama, Japan; 4Azabu University, Sagamihara, Japan; 
5Japanese Center for the Validation of Alternative Methods, Kanagawa, Japan; and 6GF3 
Consultancy, West Chester, OH.

The EpiSensA skin sensitization assay was developed as an alternative method to 
address Key Event 2 (KE2; keratinocyte activation) in the skin sensitization adverse 
outcome pathway. The assay utilizes reconstructed human epidermis (RhE) and 
measures the gene expression of four markers of sensitization: (i) the encoding 
activating transcription factor 3 (ATF3), (ii) the glutamate-cysteine ligase, modifier 
subunit (GCLM), (iii) the DnaJ (Hsp40) homolog, subfamily B, member 4 (DNAJB4), 
and (iv) interleukin-8 (IL-8). These genes reflect the keratinocyte response to early 
induction of skin sensitization via cytoprotective and inflammatory pathways. 
Between 2018 and 2022, the EpiSensA underwent a multilaboratory validation 
study with the support of the Japanese Center for the Validation of Alternative 
Methods (JaCVAM) and an international group of experts in skin sensitization and 
method validation. JaCVAM subsequently convened a peer review panel to review 
the validation process and performance of the EpiSensA. The outcome of the 
validation study demonstrated the predictivity, transferability, between-laboratory 

reproducibility (BLR), and within-laboratory reproducibility (WLR) of the assay. 
The study also assessed whether the approach could be used for categorization 
according to the United Nations Globally Harmonized System of Classification 
and Labelling of Chemicals. The peer review panel met virtually twice and held 
a face-to-face meeting to complete the review of the validation study. The panel 
assessed the applicability and rationale behind the assay itself, the completeness 
of the validation study, and the logic behind in-process changes to the standard 
operating procedure (SOP). The panel also assessed reproducibility of the assay 
based on concordance with murine local lymph node assay results. The assay 
had 86.7-93.3% WLR and 88.9% BLR, both exceeding the prespecified minimum 
goals of the study, specifically 85% WLR and 80% BLR. Individual labs assessed a 
total of 27 chemicals for skin sensitization, while the lead lab tested a total of 136 
chemicals. The rationale for use of an RhE model for the EpiSensA was to increase 
the applicability domain beyond that of existing KE2 assays, with the RhE model 
having greater ability to handle both lipophilic chemicals and pre-/pro-haptens. The 
EpiSensA correctly predicted 35/37 pre-/pro-haptens, with good scientific rationale 
behind the two that were not correctly predicted. Additionally, with 69 lipophilic 
compounds (LogKOW >3.5), the assay had better sensitivity (83%), specificity (65%), 
and accuracy (78%) than other internationally accepted methods. Transferability 
to three other facilities was successfully demonstrated. Justified SOP alterations 
included altering the positive control to provide a more stable alternative and 
adjusting endogenous control gene criteria and tissue viability acceptance criteria. 
The peer review panel felt that the EpiSensA is a good method to assess a wide 
range of chemicals for skin sensitization and supported assessment for inclusion 
at the Organisation for Economic Cooperation and Development as a test guideline, 
where it is on the 2022 workplan. The panel recommended that the assay develop-
ers clarify how to assess borderline calls and provide performance criteria for 
development of other similar RhE-based assays. ENR’s time on this project was 
funded in whole or in part with federal funds from the NIEHS, NIH under Contract 
No. HHSN273201500010C.

 3635 Analysis of Reproducibility and Robustness of PhysioMimix T12, 
a Proximal Renal Tubule Microphysiological System for Studies 
of Pharmacokinetics and Toxicological Assessment of Drugs 
and Chemicals

C. Sakolish1, H. Moyer1, S. S. Ferguson2, W. A. Chiu1, and I. Rusyn1. 1Texas A&M 
University, College Station, TX; and 2NIEHS/NTP, Research Triangle Park, NC.

The renal proximal tubule is a primary site of excretion and reabsorption of endoge-
nous and exogenous small molecules and a critical determinant in pharmaco-
kinetic modeling. Because of the dynamic nature of the transport processes in 
the renal proximal tubular epithelial cells (RPTEC), that depend on sheer stress 
and correct polarization, in vitro modeling of this tissue is challenging. A number 
of microphysiological systems for studies of kidney proximal tubule have been 
proposed, and one such model is the PhysioMimix™ T12 (CNBio) where RPTEC 
can be cultured on the bottom of Transwells and exposed to media at a constant 
flow rate of up to 2.5 µL/s. This model has a wide application potential for testing 
of both pharmaceuticals and other chemicals. Therefore, as part of TEX-VAL 
Consortium, a multi-stakeholder effort for stablishing the functionality, reproduc-
ibility, robustness, and reliability of microphysiological systems, this study aimed 
to evaluate the PhysioMimix™ T12 platform using different RPTEC cell types and 
conditions. RPTEC/TERT1 cells (parental and OAT1, OCT2, and OAT3 overexpress-
ing lines) were cultured in Transwells® and grown under typical static conditions 
or placed into the CNBio PhysioMimix™ T12 plate, where they were exposed to 
flow to allow for direct shear stress. Experiments were performed for 7 days 
under static or dynamic conditions and basal function was compared: including 
transepithelial resistance, water transport, and transporter expression/localization. 
Additionally, bi-directional transport of cisplatin, tenofovir, paraaminohippuric acid, 
and perfluorooctanoic acid was tested in the presence or absence of probenecid 
(OAT1-inhibitor) in parental and OAT1 cells under static and dynamic conditions. 
We demonstrate that barrier function as well as water and chemical transport 
were more physiological under flow conditions. Additionally, the presence of fluid 
shear stress significantly increased AQP1 protein expression, concordant with an 
increase in water transport. These results demonstrate that a functional proximal 
tubular model can be established in the PhysioMimix™ T12 platform and be used to 
study human clearance of both pharmaceuticals and environmental compounds.

 3636 Evaluating Toxicity of Polycyclic Aromatic Hydrocarbons from 
Wildfire Smoke in a 3D Respiratory Co-culture Model

K. S. Burns, J. M. Pennington, K. A. Anderson, and S. C. Tilton. Oregon State University, 
Corvallis, OR.

Wildfires are a growing public health crisis with wildfire occurrence, duration and 
intensity increasing in recent years. Smoke emissions from wildfires are chemically 
complex containing polycyclic aromatic hydrocarbons (PAHs) among other pollut-
ants, and the upwards trend in the severity of wildfires poses an increasing public 
health risk from smoke inhalation, warranting further evaluation in mechanistically 
relevant models. In the respiratory system, induction of airway inflammation is 
orchestrated through signaling between airway epithelial cells and macrophages, 
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which are two of the most abundant cell types in the respiratory tract contributing 
to the innate immune response. Activation of airway immune response and inflam-
mation are critical events leading to adverse health effects and damage of the 
respiratory system after chemical exposure. To evaluate the combined contribution 
of airway epithelial-macrophage response to PAHs from wildfires, we established 
a co-culture model utilizing 3D organotypic primary human bronchial epithelial 
cells (HBEC) and THP-1 macrophages. HBEC in the presence and absence of 
macrophages were exposed to a mixture of PAHs (0-300 µM) previously identi-
fied from wildfires in the Pacific Northwest by passive sampling. The PAH mixture, 
which includes retene as the most abundant component, resulted in significantly 
(p<0.05) increased cytotoxicity and induction of CYP1A1 and CYP1B1 transcripts 
in HBEC alone. In the co-culture, a difference in macrophage adherence based 
on treatment group was observed with the groups receiving the highest concen-
trations having the greatest macrophage adherence. In addition, HBEC cytotox-
icity and qPCR markers of inflammation were observed to be dependent on the 
presence and number of macrophages. Overall, these studies fill critical knowledge 
gaps regarding the role of inflammation in toxicity of inhaled PAHs from wildfires in 
an organotypic co-culture model.

 3637 Virtual Control Groups in Preclinical Safety: Decreasing Animal 
Use while Maintaining In Vivo Study Interpretability

R. V. Andaya, T. Pourmohamad, R. Sullivan, M. Hayes, and L. Anger. Genentech Inc., 
South San Francisco, CA.

Since SEND was implemented to streamline the capture and presentation of 
nonclinical study data, accessibility and interoperability of nonclinical in vivo 
study data has increased tremendously, providing new opportunities to leverage 
historical study data. One promising opportunity is the establishment of Virtual 
Control Groups (VCGs), which are built from historical control animal data and 
used to replace a portion of live concurrent controls, reducing live animal use in 
toxicity studies. Control groups represent approximately 25% of the animals used 
in Genentech toxicity studies, and generally undergo the same testing paradigm for 
a given study type. Limiting the scope of our work to rat pilot toxicity studies and 
to a single test site, we have investigated an approach to partially replacing concur-
rent control animals with virtual control animals, using a method similar to the 
generation of VCGs used in human clinical trials. To create a valid VCG from histor-
ical control animals and provide a relevant and meaningful basis for determining 
test-article related changes, we needed to understand the variability of control data 
under various test conditions and identify which test conditions require consistency 
across the virtual and live treated animals. We aggregated historical control data 
from Genentech rat pilot toxicity studies, and stratifying animals by sex, treatment 
route-of-administration and other experimental or baseline conditions, we created a 
biologically relevant pool of control animals. Using appropriate statistical methods, 
we analyzed body weights, organ weights, and clinical pathology parameters, and 
separately evaluated the comparability of clinical observations and histopathol-
ogy data from our historical control animals. Initial results showed that data was 
relatively stable with respect to bodyweight changes and organ-to-bodyweight 
ratios, demonstrating comparability of control animals over time and across 
studies. Furthermore, we assembled a historical control library of individual animal 
clinical observations, confirming the absence of serious adverse clinical signs in 
control animals, and summarizing the nature and frequency of procedure-related 
findings observed when no test article is administered. Analysis is ongoing, but we 
aim to demonstrate comparability of pathology data over time and across studies. 
As our final measure of validation, we have started to assess VCGs in historical as 
well as ongoing rat pilot toxicity studies by replacing concurrent control groups with 
VCGs and determining if the conclusions are similar when compared to the conclu-
sions reached using live concurrent control groups.

 3638 Metabolic Competency of an Airway Organotypic Culture Model

V. Colvin, K. Bastin, L. K. Siddens, M. Maier, D. E. Williams, and S. C. Tilton. Oregon State 
University, Corvallis, OR.

Polycyclic aromatic hydrocarbons (PAHs) are formed during incomplete combus-
tion processes from cigarette smoke, diesel exhaust, and wood burning, and 
some have been associated with several forms of cancer, including lung. PAHs 
are bioactivated into their reactive metabolites by metabolizing enzymes in the 
body to cause mutations and altered gene signaling leading to tumor growth. 
The airway epithelium is a primary route of exposure for inhaled toxicants and 
3D organotypic culture models represent an important advancement for toxicity 
testing compared to traditional in vitro models that lack metabolic capability and 
multicellular structure/communication associated with the bronchial epithelium 
in vivo. However, limited data exists regarding the metabolic capacity of these 
cells, which limits their use in quantitative studies for assessment of dosimetry 
or predictive modeling of toxicity compared to in vivo studies. Therefore, primary 
human bronchial epithelial cells (HBEC) cultured in 3D at the air-liquid interface 
were utilized as a model for PAH inhalation toxicity. A number of comparative 
approaches have been utilized to assess the metabolic competency of HBEC after 
treatment with benzo[a]pyrene (BaP, 10-50 µg/mL). Benchmark modeling was 
used to analyze global gene expression data for identification of dose-response 

sensitive genes and pathways. BaP treatment had a significant effect on DNA 
damage, xenobiotic response, and oxidative stress pathways, and qPCR confirmed 
dose-dependent changes for several Phase I and II enzymes. UPLC and P450-glo 
activity data show the formation of BaP metabolites present in cells and media as 
well as increased CYP1A1 activity after BaP treatment, respectively. Future studies 
will apply proteomics methods to study metabolic enzyme levels and evaluate the 
correlation between RNA expression and protein levels, and metabolite data will 
aid in building a PBPK model for mapping the movement and metabolism of BaP 
throughout the system. Overall, this study will help determine the relevance of in 
vitro 3D primary culture models for chemical toxicity evaluation in the lung.

 3639 An In Vitro Buccal Membrane Absorption Model for the 
Evaluation of Cannabinoid Permeability and Absorption

K. Hieber, C. Erice, R. L. Jones, Y. Zhao, E. Sepehr, C. Vaught, R. L. Sprando, J. J. Yourick, 
and M. E. Kraeling. US FDA CFSAN, Laurel, MD.

Oromucosal administration into the buccal cheek or sublingually as a tincture or 
spray is a popular method to consume cannabidiol (CBD). Oromucosal absorp-
tion is more rapid than oral consumption and can by-pass first-pass metabolism 
in the liver. As porcine buccal mucosa morphology and permeability is similar to 
human buccal mucosa, an in vitro buccal membrane absorption model (IVBMAM) 
was developed by adapting standard in vitro dermal absorption system method-
ologies to assess the absorption of pure CBD and hemp extract containing CBD. 
Porcine buccal mucosa was isolated from connective tissue and dermatomed 
to a thickness of 300-500 µm and mounted in flow-through diffusion cells. Pure 
CBD (5 mg/ml) and hemp extract containing CBD (5 mg/ml) in 60% ethanol and 
artificial saliva, pH 6.8, were added to the surface of the mucosa for 4 hours. 
Permeability and absorption were measured in receptor fluid samples and tissue 
after the exposure period. As a comparison, CBD permeability was also assessed 
in Permeapad® membranes. In the buccal mucosa, most CBD (pure) and CBD in 
hemp extract remains in the dosing solution (over 69%) and does not penetrate 
the buccal tissue into the receptor fluid after 4 hours. About 0.8% CBD from pure 
solution remained in the tissue, as with the hemp extract containing CBD. About 9 
to 34% CBD was identified in the diffusion cell washes. Additionally, there was no 
penetration of CBD into receptor fluid when the study was extended to 24 hours, 
with CBD increasing only slightly in the buccal tissue to about 1 %, when CBD was 
dosed in both pure solution and in hemp extract. In the Permeapad® membranes, 
no CBD was found in the receptor fluid samples, with about 3.8% remaining in 
the membrane. Given the lipophilicity of CBD, it is not surprising that CBD does 
not penetrate into the receptor fluid from buccal tissue and the membrane, even 
though the receptor fluid contains 4% bovine serum albumin (BSA) for partitioning. 
In these studies, under the dosing conditions and analytical limits of detection, 
only small amounts of CBD permeated into buccal tissue and no CBD was found 
in the receptor fluid, indicating that there was no significant absorption of CBD. 
Disclaimer: This presentation is not a formal dissemination of information by FDA 
and does not represent Agency position or policy.

 3640 A New Approach for Eye Hazard Assessment of Surfactants 
According to UN GHS Based on In Vitro Test Methods

E. Adriaens1, N. Alépée2, A. Takayuki3, J. Magby4, G. Arianna5, C. O’Driscoll6, and 
K. R. Mewes7. 1Adriaens Consulting, Aalter, Belgium; 2L’Oréal Research & Innovation, 
Paris, France; 3Kao Corporation, Kanagawa, Japan; 4Colgate Palmolive, Piscataway, NJ; 
5Cosmetic Europe, Brussels, Belgium; 6Procter & Gamble, Cincinnati, OH; and 7Henkel, 
Dusseldorf, Germany.

Over the last decades, many efforts were made to develop New Approach 
Methodologies (NAMs) that follow recommendations and combinations of 
modules as specified in the Guidance Document No. 263 on Integrated Approaches 
to Testing and Assessment (IATA) for serious eye damage and eye irritation, 
originally adopted by the Organisation for Economic Cooperation and Development 
(OECD) in 2017 (OECD, 2019). Two defined approaches (DAs) for non-surfactant 
liquids have been accepted and were integrated in a new OECD test guideline 
(TG) for eye hazard identification i.e., discrimination between three United Nations 
Globally Harmonized System of Classification (UN GHS) categories (OECD TG 467, 
2022). Currently, no single in vitro method or DA has been developed to assess the 
eye hazard potential of surfactants across the 3 UN GHS categories (Cat. 1: serious 
eye damage; Cat. 2: eye irritation; No Cat.: chemical does not require classification). 
Recently, a DA was developed to predict this endpoint for liquid, semi-solid and 
solid chemicals having surfactant properties. The DA is based on the combination 
of Reconstructed human Cornea-like Epithelium test methods (RhCE, OECD TG 
492, EpiOcular™ EIT or SkinEthic™ HCE EIT) and a modification of the Short Time 
Exposure test method (STE, OECD TG 491). The reference set used to develop the 
DA represented different surfactant families and the most important drivers of in 
vivo Cat. 1 and Cat. 2 classifications. The 2 main subgroups for No Cat. (CO=0 and 
CO>0) were also included. A RhCE (EpiOcular™ EIT or SkinEthic™ HCE EIT) method 
according to TG 492 is used in a first tier to distinguish No Cat. from classified 
substances. In case of a positive call, the STE method is used to further sub-cate-
gorize into Cat. 1 (viability < 20% at 0.5% w/v test concentration) or Cat. 2 (all other 
combinations). The balanced accuracy of the DA was 79.4% (N=51), 92.0% of Cat. 1 
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(N=25), 66.7% of Cat. 2 (N=9) and 76.4% of No Cat. (N=17) were correctly identified. 
The performance of the DA was bigger than the proposed minimum values of 75% 
for Cat. 1, 50% for Cat. 2 and 70% for No Cat. agreed by the OECD experts (OECD SD 
354, 2022). Combination of a RhCE method with the modified STE method (single 
test concentration of 0.5% w/v) demonstrates their potential to successfully distin-
guish between the 3 UN GHS categories for eye hazard identification. This DA, 
applicable to surfactants, was included in the recent workplan of the OECD Test 
Guideline programme.

 3641 In Vitro Model to Investigate Oral Irritation Potential of 
Nicotine Pouches

S. Moses, A. Dwivedi, T. Ljung, and J. Lindholm. Swedish Match, Stockholm, Sweden.

Nicotine pouches are tobacco leaf-free, smoke-free, and spit-free nicotine products 
intended for oral use, with an appearance similar to that of Swedish snus products, 
that are intended for adult tobacco and nicotine consumers. Nicotine pouches have 
significantly lower levels of potential harmful and potentially harmful constituents 
(HPHCs) compared to tobacco products. A potential concern is if the products 
could cause oral/local irritation. In comparison to inhaled nicotine products, there 
is limited information from in vitro models investigating potential oral irritation 
for smokeless products. Our aim was to identify an in vitro model to investigate 
oral irritation potential, using MatTek’s EpiOral™ and EpiGingival™ 3D tissues. In 
an exploratory study, a dendritic-like cell line (Senza cellTM) was used to evaluate 
different extraction parameters, such as extract volume, vehicle, incubation time 
and use of open/full pouch. Two nicotine pouch products and a pouched reference 
smokeless tobacco product (Swedish-style snus, CRP1.1), were used. After 24h 
treatment, cytotoxicity was analyzed using propidium idodine staining followed 
by flow cytometry. The results were used to guide the extraction procedure for the 
oral irritation study in the EpiOral and EpiGingival models. Pouched test products 
were extracted in cell culture medium for 60 minutes (200 mg product/ml) and 
filtrated using a 0.2 μm filter. As a first step, the potential impact on cell viability 
caused by the salt-content was evaluated using media spiked with NaCl/Na2CO3 
at concentrations matched to the theoretical salt concentration in the reference 
tobacco product, CRP1.1. In addition, 10, 20, 30, 40, and 50% CRP1.1 extracts, or 
salt diluted in cell medium (v/v) were evaluated. The tissues were treated for 2h 
(EpiOral) and 18h (EpiGingvial) before cytotoxicity was analyzed using MTT, a 
colorimetric assay for assessing cell metabolic activity. Vehicle control (extraction 
vehicle and cell media 1:1) was used as negative control and 1.0% Triton X-100 was 
used as positive control. No cytotoxic effect was observed for CRP1.1 or the media 
spiked with matching concentrations of salt, indicating that the smokeless product 
extracts were well tolerated by the tissue models. In the main study 50% extracts in 
cell medium of four different nicotine pouch products and two smokeless tobacco 
products were evaluated. Tissues were incubated with extracts and cytotox-
icity using MTT were assessed after 2, 4 and 18h (EpiOral) and 24, 38 and 48h 
(EpiGingvial), as recommended by the model developer’s protocol. None of the 
evaluated products were cytotoxic in the oral tissues, and the extended incubation 
times did not affect tissue viability. In conclusion, extracts from nicotine pouches 
or smokeless tobacco products did not induce oral irritation in the EpiOral and 
EpiGingival 3D models indicating low irritation potential.

 3642 Blood-Brain-Barrier-on-a-Chip to Study 
Compound-Induced Disruption

T. Fowke, D. Goubert, A. Nicholas, A. L. Nair, M. Pontier, and N. Wevers. MIMETAS, 
Oegstgeest, Netherlands. Sponsor: M. de Boer.

The vasculature of the brain is made up of specialized endothelial cells that form 
a tight blood-brain barrier (BBB). The BBB restricts large polar substances and 
potentially neurotoxic compounds from the circulation from passively diffusing 
into the brain. The barrier function is provided by adherens junction (AJ) and tight 
junction (TJ) proteins that span the clefts between brain endothelial cells and hold 
them tightly together. Weakening of these junctional proteins can lead to BBB 
disruption. This can have detrimental effects on patients’ health, as the homeostatic 
environment of the brain becomes compromised, a phenotype that is seen in 
almost all neurological disorders. The MIMETAS OrganoPlate® is a commercially 
available microfluidic platform that enables perfused, 3D culture of up to 96 tissues 
in parallel in a membrane-free manner. The microfluidic channels allow growth of 
perfused tubular endothelial structures. The platform is based on a 384-well microti-
ter plate, making it fully compatible with standard lab procedures and equipment. 
Furthermore, the system allows for automation, enabling higher throughput than 
other microfluidic systems. To create a BBB model in the OrganoPlate, primary 
human brain microvascular endothelial cells (HBMECs) are seeded in the microflu-
idic channel against a collagen-I extracellular matrix. Under perfusion, the brain 
endothelial cells form confluent tubular structures, accessible from both the apical 
and basolateral sides. The BBB-on-a-chip model was characterized by immunos-
taining and shows expression of adherens junction proteins VE-cadherin, PECAM-1, 
and β-catenin, as well as tight junction proteins Claudin-5 and ZO-1. Expression 
of relevant BBB influx and efflux transporters GLUT-1, P-gp, BCRP1, and MRP1 
were confirmed via PCR. Using fluorescent assays, we demonstrate low permea-
bility of the BBB on-a-chip model to small molecule sodium fluorescein (0.45 nm 

radius). Upon exposure to known toxic compounds, the BBB on-a-chip model shows 
compound-induced leakage in a concentration-dependent manner. The same trend 
was observed using time-lapse measurements of the BBB on-a-chip’s transendo-
thelial electrical resistance (TEER) with an automated multichannel impedance 
spectrometer called the OrganoTEER®. This OrganoPlate BBB model serves as 
a versatile and easy-to-use platform for high-throughput applications including 
toxicity and transport studies.

 3643 Methods2AOP: An International Collaboration to Integrate Assay 
Annotations into the AOP Key Event Descriptions

C. Wittwehr1, X. Chang2, W. Bisson2, S. W. Edwards3, S. Ferguson4, A. Harrill5, 
H. T. Hogberg6, A. L. Karmaus2, S. Batista-Leite1, E. Lekka7, N. C. Kleinstreuer6, 
K. J. Markey8, A. M. Masci9, M. Mennecozzi1, H. M. Mortensen5, J. M. O’Brien10, 
E. N. Reinke2, C. Schmitt9, N. N. Tucker11, and V. Virvilis7. 1European Commission Joint 
Research Centre, Ispra, Italy; 2Inotiv, Research Triangle Park, NC; 3RTI International, 
Research Triangle Park, NC; 4NIEHS/NTP, Research Triangle Park, NC; 5US EPA/ORD, 
Research Triangle Park, NC; 6NIEHS/NICEATM, Research Triangle Park, NC; 7Biovista, 
Athens, Greece; 8US EPA/ORD, Washington, DC; 9NIEHS, Research Triangle Park, NC; 
10Environment and Climate Change Canada, Ottawa, ON, Canada; and 11University of 
North Carolina at Chapel Hill, Chapel Hill, NC.

One of the fundamental principles for the Adverse Outcome Pathway (AOP) 
framework is that AOP Key Events (KE) must be detectable and have appropri-
ate measurements to be acceptable and substantiate proper linkage(s) between 
possible real-life stressors and effects on a particular KE. AOP authors must 
provide method-related information in a “how it is measured or detected” section 
for each KE entered in the AOP-Wiki to justify how the test method provides a 
measurement of an underlying biological process. However, this free text descrip-
tion field does not reflect the importance of the link between a given KE and a 
test method used to measure it (and vice versa) nor enables a consistent descrip-
tion of the methods across different KEs. The role of test method linkages in the 
AOP-Wiki must become more explicit and visible, and the Methods2AOP initia-
tive aims to make this possible. Facilitated by the European Commission’s Joint 
Research Centre (JRC, EURL ECVAM), the Methods2AOP initiative is an interna-
tional collaboration that also includes NIH NICEATM, US EPA, Environment and 
Climate Change Canada, and others. To date, the collaboration has adapted ~30 
key fields from existing efforts such as OECD guidance document (GD) 211 and 
divided them into two levels to facilitate the association of test method with 
KEs (level 1) in a simple but FAIR (Findable, Accessible, Interoperable, Reusable) 
manner while also integrating enough real-life assay details (level 2) to annotate 
the technical implementation and enable interpretation of outputs within the AOP 
context. To promote FAIR principles, fields are restricted to terms from existing 
ontologies whenever possible and new information will be captured as tables in 
the AOP-Wiki. Eventually, test methods would be a new primary entity within the 
AOP-Wiki linking AOP descriptions to external sources of information regarding 
the associated test methods. Challenges encountered throughout the process 
of identifying appropriate fields on both levels include delineating meaning and 
which aspects of methods are captured between levels and keeping the informa-
tion requirements straightforward and non-prescriptive. It is a priority to encourage 
adoption among information providers while collecting requisite details on test 
methods to increase the overall trustworthiness and utility of a methods annotated 
AOP. This annotation framework is established in full transparency and alignment 
with requirements from the OECD Extended Advisory Group on Molecular Screening 
and Toxicogenomics (EAGMST, the body governing the AOP Framework), and other 
affected stakeholders to advance the integration of experimental definitions into 
AOP frameworks and facilitate the increased regulatory uptake of AOP knowledge. 
The views expressed in this presentation are the author’s own and do not necessarily 
reflect those of the US government. This project was funded with federal funds from 
NIEHS, NIH under Contract No. HHSN273201500010C.

 3644 Liquid Application Dosing Alters Air-Liquid Interface 
of Bronchial Epithelial Culture Physiology and Toxicity 
Testing–Relevant Endpoints

N. Mallek1, E. Martin2, L. Dailey3, and S. D. McCullough3. 1University of North Carolina at 
Chapel Hill, Chapel Hill, NC; 2NIEHS, Research Triangle Park, NC; and 3US EPA, Research 
Triangle Park, NC.

The in vivo functions of the bronchial epithelium can be recapitulated in vitro through 
the differentiation of primary human bronchial epithelial cells (pHBEC) under air-liq-
uid interface (ALI) culture conditions. pHBEC ALI models have rapidly gained 
popularity for in vitro chemical testing and research; however, there are practical 
challenges facing the delivery of many test agents to ALI cultures. These limitations 
have led to the common practice of dosing differentiated pHBEC cultures by the 
application of the test agent suspended in an aqueous vehicle (e.g., medium, saline, 
et cetera). Given the physiological characteristics that develop during pHBEC ALI 
differentiation, we hypothesized that liquid application alone (i.e., in the absence 
of a test agent) would have a significant effect on in vitro toxicity endpoints. To 
test our hypothesis, we applied an aqueous vehicle (ALI medium) in the absence 
of a test agent to the apical surface of differentiated pHBEC ALI cultures. We 
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then examined endpoints that were representative of in vivo relevant physiology 
including, global gene expression by RNA-sequencing, stress-responsive signaling 
pathway phosphorylation, pro-inflammatory cytokine and growth factor secretion, 
cell membrane damage, ciliary beat frequency, and epithelial barrier integrity. The 
application of liquid alone resulted in the significant alternative regulation of 4170 
and 10269 genes at 6 and 24 hours, respectively, with many of the most dysregu-
lated genes being involved in stress-responsive cell signaling and inflammation. 
Western blot analysis indicated a significant increase in the phosphorylation of 
the stress-responsive signaling pathways ERK1/2, p38, and p65, as well as activa-
tion of the HIF1-alpha signaling pathway. The transcriptional changes were further 
complemented by significant increases in the secretion of the pro-inflammatory 
cytokines IL-8, IL-6, IL-1β, and TNFα, as well as vascular endothelial growth factor 
alpha (VEGFa) and placental growth factor (PGF). We also observed a progressive 
decrease in trans-epithelial electrical resistance and increase in small molecule 
permeability. Cumulatively, our findings indicate that liquid application alone 
causes a phenotype in the bronchial epithelium that is consistent with the effects 
of well-characterized toxicants, several respiratory tract diseases, and early epithe-
lial-to-mesenchymal transition - a common early step in carcinogenesis. Given 
the common usage of liquid application dosing of ALI cultures, our observations 
suggest that this dosing method alone is likely to confound the observation and 
interpretation of test agent effects. Liquid application dosing is used with a wide 
range of different conditions (e.g., different aqueous vehicles, liquid volumes, 
treatment durations), thus the use of ALI cultures for in vitro hazard identification 
would benefit from additional characterization of potential effects related to the 
dosing method alone and any potential to affect study results. Does not reflect 
EPA policy.

 3645 Characterizing Positive Controls in Human and Rodent Primary 
Hepatocyte Nuclear Receptor Activation

J. A. Olson1, J. Ostrovsky1, J. Henriquez2, R. Settivari1, and S. Catalano1. 1Corteva 
Agriscience, Newark, DE; and 2Corteva Agriscience, Indianapolis, IN.

Modes-of-action (MoAs) of liver toxicity after exposure to xenobiotics have been 
evaluated in rodents in vivo to address its human relevance. Key events that can 
lead to tumors include nuclear-receptor activation (e.g., aryl hydrocarbon receptor 
(AhR), constitutive androstane receptor (CAR), pregnane X receptor (PXR)), and 
cell proliferation induction. However, there are known physiological differences 
between rodents and humans which diminishes the applicability of liver toxicity 
assessment in these studies while also having a very high animal use burden. In 
vitro assessments using primary human and rodent hepatocytes can enable species 
comparison of liver toxicity MoAs without the use of animal testing. However, the 
characterization of compounds with known liver toxicity MoAs in these in vitro 
assays is needed to appropriately interpret in vitro MoA and evaluate the human 
relevance of effects. The compounds β-Naphthoflavone (BNF), Phenobarbital (PB), 
5-Pregnen-3β-ol-20-one-16α-carbonitrile (PCN), and Rifampicin (RIF) responses 
and thresholds for nuclear receptor induction and cell proliferation are not clearly 
documented in rat, mice, and human primary hepatocytes. In this study, BNF, PB, 
PCN and RIF were selected as known activators of AhR, CAR, PXR, and PXR respec-
tively in in vivo rodent studies. This study was designed to:1) identify ideal positive 
controls for the common nuclear receptor activation (assessed by measuring 
transcript levels of AhR, CAR, and PXR biomarkers) in rat, mice and human primary 
hepatocytes following 48 h of exposure and 2) evaluate response differences 
between hepatocytes from two rat strains. A comparative study was conducted 
using cryopreserved primary hepatocyte cultures between human, CD-1 mice, and 
two strains of rat, Sprague-Dawley (SD) and Fischer 344 (Fi). Cultures were exposed 
to compounds for 48h to evaluate gene induction of AhR, CAR, and PXR biomarkers 
(i.e., cyp1a, cyp2b, and cyp3a, respectively) and cell proliferation (marker MKi-67) 
(n ≥3 / species). Gene expression was measured by real time quantitative PCR 
(RT-qPCR) and reported as a fold change increase over solvent control, with 
positive induction set to criteria ≥ 2-fold. Growth factors (epidermal growth factor-
EGF and human GF-HGF) were used as controls for proliferation. Exposure to BNF, 
PB and PCN resulted in transcriptional induction of AhR, CAR and PXR biomark-
ers, respectively in all species. Exposure to RIF induced PXR biomarker induction 
in mice and humans with no increase in rat primary hepatocytes. The selected 
positive controls showed inconsistent induction in primary hepatocyte cell prolif-
eration across species, while both growth factors showed consistent induction 
across all species. Results showed similar SD and Fi rat strains responses. These 
results support BNF, PB, PCN, RIF as positive controls for AhR, CAR and PXR 
activation in primary hepatocytes, to evaluate the human relevance of liver toxicity. 
Additional research is required to evaluate inconsistent cell proliferation responses 
observed in this study. While this model considers nuclear receptors associated 
with phase I metabolism, evaluation of other models considering longer incubation 
exposure times could expand additional gene markers to include those of phase 
II metabolism.

 3646 Application of a Performance Characterization Protocol for the 
Assessment of Normal and Diseased Cryopreserved Human 
Precision-Cut Lung Slices

M. C. Marimoutou1, V. Patel1, A. Wahab1, L. Ukishima1, J. A. Alvarez1, K. Battle1, 
J. Hughes1, A. J. Clippinger2, A. O. Stucki2, and H. P. Behrsing1. 1Institute for In Vitro 
Sciences Inc., Gaithersburg, MD; and 2PETA International Science Consortium Ltd., 
Stuttgart, Germany.

Human precision-cut lung slices (hPCLS) are a highly relevant 3-dimensional 
model of the lung, offer native architecture of the respiratory parenchyma and 
small airways, and contain immune competent cells involved in inflammatory and 
sensitization processes. We recently reported the proof of concept, “H. Behrsing, 
M. Marimoutou, K. Amin, et al., Cryopreservation of Human Precision-cut Lung 
Slices Provides an Immune Competent, Pulmonary Test System for ‘On-demand 
Use, The Toxicologist: Supplement to Toxicological Sciences, 186 (1), Society 
of Toxicology, 2022. Abstract no. 4193. ” in a 4-week culture using one donor’s 
hPCLS. Adopting key elements from this study, we have cryopreserved, thawed, 
and assessed additional donors using a 2-week study intended for routine use 
in banking cryopreserved hPCLS. The performance of fresh or cryopreserved (up 
to 6 weeks) hPCLS in a 2-week culture at the air-liquid interface was assessed 
from the same donor lungs. hPCLS from both normal tissues, tissues from donors 
with chronic obstructive pulmonary disease (COPD), or fibrosis were treated with 
either 5 µg/mL lipopolysaccharide (LPS) or vehicle (VC) for 24 hours at days 6 
or 13 post culture initiation. The tissue biomass (BCA protein content), viability 
(metabolic activity via WST-8 assay), and LPS-induced immune responsiveness 
were determined at days 7 and 14. Some variability was observed at different time 
points but hPCLS (normal and COPD donors) in both fresh and cryopreserved 
groups demonstrated 2-week viability (4.18 and 3.90 OD450/mg protein in fresh 
and cryopreserved, respectively). The protein content in the fresh hPCLS from 
some donors was higher than that in the cryopreserved hPCLS (0.4 vs 0.25 mg/
mL, respectively), but immune-responsiveness was not compromised. While finite 
cytokine pg/mL values varied between the fresh and cryopreserved slices, induced 
values (up to 139-fold increases in IL-6, TNF-α, and MMP-3) relative to the respec-
tive VC was maintained, suggesting biomass-equivalent functionality. Although 
cryopreserved IPF donor hPCLS showed a reduction in viability (relative to fresh) 
over 2-weeks, immune responsiveness was maintained. With improvements in slice 
creation, storage, and culture conditions, the hPCLS can be applied for larger scale 
testing, tissue banking, and repeat donor experimentation. Performance testing 
of these hPCLS batches provides an understanding of banked tissues (normal 
and diseased) prior to selection and use for studies that have specific research 
questions. These improvements position hPCLS as an accessible, human-relevant, 
pulmonary test system suitable for testing inhaled materials, evaluating key events 
in AOPs, and the evaluation of therapeutics “on demand”.

 3647 Effects of Seeding Density and Exposure Period on Human 
3D Thyrocyte Microtissue Formation and T4/T3 Quantitation 
by ELISA versus LC-MS/MS for Thyroid-Disrupting 
Chemical Screening

E. Rogers1, M. Biven2, K. Wolf1, T. Stone1, P. Balbuena1, J. R. LaRocca2, and E. LeCluyse1. 
1LifeNet Health LifeSciences, Research Triangle Park, NC; and 2Corteva Argiscience, 
Indianapolis, IN.

Deisenroth et al. recently described a novel 3D human thyrocyte microtissue culture 
platform for identifying TDCs whose toxicity may occur through various modes of 
action (Toxicol. Sci. 2020;174:63-78). The aim of this study was to further optimize 
3D assay conditions including seeding density and exposure period for TDC testing 
based on thyroxine hormone production and quantitation using ELISA vs LC-MS/
MS methods. Cryopreserved human thyroid epithelial cells (passage 1) from 
healthy adult donors of both genders ≤55 y.o. and a body mass index of ≤35 were 
cryopreserved in a serum-free bio-preservation medium. Thyroid cells from individ-
ual donors (N=3) were thawed in human thyrocyte plating medium (HTPM) and 
plated on Matrigel-coated 96-well culture plates at various seeding densities. The 
thyrocytes were maintained in a h7H-based culture medium containing 1mIU/mL 
bovine thyroid stimulating hormone (HTCM). Medium samples were collected at 14 
days post seeding for thyroxine hormone measurements by LC-MS/MS or ELISA. 
The limit of detection (LOD) of T4 was 0.01ng/mL for LC-MS/MS and 0.781 ng/mL 
for ELISA. The results showed that thyroid microtissues seeded within a certain 
range of cells/well produced optimal levels of T4 and T3 with sufficient dynamic 
range (≥2.6) for TDC screening (≥1 μg T4/day/106cells and ≥0.5 μg T3/day/106 cells 
on day 14). Inhibition of T4 and T3 synthesis with the TPO inhibitor methimazole was 
determined after a 120-h treatment of 7500 cells/well between days 9 and 14 using 
LS-MS/MS analysis. Half-maximal inhibitory concentrations (IC50) for methimazole 
were 0.26 μM (T4) and 0.5 nM (T3), which aligned well with results using the ELISA 
method. Thyroxine hormone production analysis over time in culture using the 
LC-MS/MS method also suggested that testing TDCs can be started as early as 
day 5. In conclusion, LC-MS/MS provides a superior measure of thyroxine hormone 
compared to ELISA because of the lower limit of quantification (LOQ) and less 
error variance. As a result, an optimized treatment regimen requiring fewer primary 
human thyrocytes per well and a shortened culture period could be adopted for 
assessment of inter-individual effects of TDCs in sensitive or diseased populations.
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 3648 Modifications in the RhE Phototoxicity Assay to Evaluate Long-
Lasting Cosmetic Products

G. Price1, L. Hoffman2, O. Myers2, and A. Hilberer1. 1Institute for In Vitro Sciences, 
Gaithersburg, MD; and 2Avon Products, Suffern, NY.

The assessment of phototoxicity potential of cosmetics using the reconstructed 
human epidermis (RhE) model has been performed for decades, and the test 
method was recently adopted as an OECD Test Guideline (TG 498). Cosmetic 
formulations described as “long lasting” are intended for extended periods of use, 
developed to be durable, and may require photosafety testing. Two such types 
of cosmetic products are lipstick and foundation. When evaluating long lasting 
lipsticks in the RhE Phototoxicity assay, dark colored or difficult to remove materi-
als could interfere with irradiation (+Irr) exposures. Therefore, modifications from 
standard protocols may be necessary. Modifications included reduced dosing 
volume, use of glass rod to spread the material over the tissue, use of warmed 
rinse, and evaluation of a surface swabbing to remove material. Two lipsticks were 
evaluated under two conditions: as is (neat) and “spiked” with 0.1%, 0.5%, and 1% 
of a known photoirritant, chlorpromazine, to evaluate the test system with modifi-
cations. Briefly, the tissues were topically exposed to each treatment group for 
approximately 24 hours, removed from the tissues, and then half of the treated 
tissues was exposed to 6 J/cm2 of UVA and visible light (+Irr), while the remaining 
half was retained in the absence of light (-Irr). The tissues received an overnight 
post-exposure incubation and then viability was assessed using the MTT assay. A 
test material was considered to have phototoxicity potential when the +Irr tissues 
produced a ≥30% difference in viability relative to the non-irradiated (-Irr) tissues, 
consistent with the standard protocol. When tested without spike, each lipstick 
(designated as AB19 and AB20) produced <30% differences between the +Irr and 
-Irr treatment groups. When spiked with 0.1%, 0.5%, and 1% chlorpromazine, lipstick 
AB19 differences in viability between +Irr and -Irr tissues were 18.8%, 73.1%, and 
76.2%, respectively. Lipstick AB20 spiked with 0.1% and 0.5% chlorpromazine 
produced a 2.1% and 46.1% difference in viability between +Irr and -Irr tissues. 
Lipstick AB20 with 1% spike was cytotoxic +Irr (13% viable) and -Irr (19.6% viable) 
and phototoxicity potential could not be evaluated. Our findings support that the 
modified procedures for long lasting cosmetics provided sufficient exposure to the 
tissues, allowed for adequate light exposure to elicit a phototoxic response (evident 
in the spiked test articles +Irr and -Irr), and are appropriate to evaluate phototoxicity 
potential in the RhE model.

 3649 Evaluation and Transferability of a New Approach Methodology 
to Address Photoallergy Potential

A. Hilberer1, G. Ritacco2, S. Oeda3, K. Bouchard1, K. Cantrell1, M. Madrid1, H. Kobayashi4, 
T. Atobe4, C. Suttinont4, M. Hirota3, H. Kouzuki4, A. Api2, F. Gerberick5, and C. Ryan6. 
1Institute for In Vitro Sciences Inc., Gaithersburg, MD; 2Research Institute for Fragrance 
Materials, Woodcliff Lake, NJ; 3Shiseido Co. Ltd. Brand Value R&D Institute, Tokyo, 
Japan; 4Shiseido Co. Ltd. MIRAI Technology Institute, Tokyo, Japan; 5GF3 Consultancy 
LLC, West Chester, OH; and 6ToxTech Solutions LLC, Milan, IN.

Currently there are no standardized non-animal test methods to evaluate photoal-
lergy potential, however, test guidelines to address photoirritation and skin 
sensitization potential have been adopted and are routinely used. A collabora-
tion between fragrance safety organization, RIFM, and two laboratories, Shiseido 
and IIVS, was established in early 2020 to evaluate and transfer new technolo-
gies to address photoallergy. These approaches utilize established photo and 
skin sensitization methodologies with modifications. One of these novel assays, 
referred to as photo-KeratinoSens, investigated the activation of keratinocytes in 
the presence and absence of 5 J/cm2 of UVA/visible light irradiation. Using the 
methods presented in Tsujita-Inoue, et al. (2015), Shiseido and IIVS evaluated 
twelve reference compounds, selected by RIFM, that are predominantly photoirri-
tant, predominantly photoallergen, or both. Although a planned hands-on training 
between labs was cancelled due to the pandemic, which also slowed progress 
and resulted in adjustment in approach, both laboratories worked independently 
yet in collaboration for the transfer of technology. Briefly, KeratinoSens™ cells 
were exposed to each test compound for 1 hour and then half of the plates of 
the cell cultures were exposed in the presence of irradiation, and the other half 
were exposed in the absence of irradiation. The treatments were removed and 
the cells received a 48-hour post-exposure incubation period, after which the cells 
were evaluated for luciferase induction and viability. The induction of Antioxidant 
Response Element (ARE) genes using a luciferase reporter to indicate gene activa-
tion was measured over 12 concentrations of each test compound. The photoal-
lergy potential was evaluated by comparing maximal fold induction ratios between 
concentrations of cells exposed in the presence and absence of irradiation. A 
>1.5-fold induction +UVA/-UVA ratio at any concentration with a cell viability ≥ 70% 
was considered positive. The results between the labs were evaluated for sensitiv-
ity, specificity, and accuracy. The results were similar between the laboratories with 
accuracies of 66.7% (8/12) (Shiseido) and 58.3% (7/12) (IIVS), sensitivities of 60% 
(6/10) (Shiseido) and 50% (5/10) (IIVS), and 100% (2/2) specificity for both labora-
tories. This novel methodology was successfully transferred into both laborato-
ries and while the data set was limited, the results showed promise as a NAM to 
address photoallergy potential.

 3650 Finding the Balance: Minimizing the Impact of Solvent and 
Volume on Toxicity Testing Endpoints during Liquid Application 
Dosing on Air-Liquid Interface Bronchial Epithelial Cultures

E. A. Huber1,2, O. Rice1, L. A. Dailey1, and S. D. McCullough1. 1US EPA, Chapel Hill, NC; 
and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.

The United States of America produces an estimated 1500 new chemical 
substances per year with many of these chemicals released into the air. With a gap 
in data of these inhaled chemicals there is a need to develop scientifically reproduc-
ible and translational models for chemical testing to protect human health. The 
respiratory epithelium provides a physical barrier and immune defense against 
inhaled chemicals and pathogens. Damage to the epithelium results in a loss of 
barrier integrity and secretion of pro-inflammatory cytokines. The physiology and 
barrier functions of the respiratory epithelium can be recapitulated under air-liquid 
interface (ALI) conditions in differentiated primary human bronchial epithelial cell 
(pHBEC) culture. Inhalation is a primary route of exposure to chemicals in humans, 
however, there are challenges faced to bio-mimic the delivery of test agents to 
the respiratory epithelium in ALI cultures. A common exposure method used in 
chemical testing is liquid application which involves suspending a test agent in 
an aqueous solution and applying that suspension to the apical layer of cells, 
thus submerging cultures that once were exposed to air. The application of ALI 
medium to pHBECs caused a significant decrease in barrier integrity and significant 
increases in the secretion of pro-inflammatory cytokines and growth factors, as 
well as significant alternative regulation of more than 4,000 and 10,000 genes at 
6 and 24 hours, respectively. These observations indicate that the effects of liquid 
application dosing alone may be a confounding factor in the use of this approach 
for inhaled chemical hazard identification. To refine dosing applications using 
liquid, we tested the impact of buffered salt solutions that are commonly used 
to resuspend test agents on ALI-differentiated pHBEC cultures. Additionally, we 
assessed the influence of volume (10, 30, and 50 µL) and time (1, 6, and 24 hours) 
in 6.5 mm Transwell inserts to minimize the effects of liquid application on physio-
logically relevant endpoints while maintaining uniform test agent distribution. We 
hypothesized that the application of buffered salt solutions would reduce epithelial 
barrier integrity and the release of pro-inflammatory cytokines. Unexpectedly, given 
that 0.9% saline is a commonly used aqueous solvent for liquid application dosing, 
cultures exposed to 0.9% saline during apical washing exhibited significantly 
decreased TEER values when matched to comparable exposures to ALI medium. 
TEER is a common physiological endpoint in in vitro pulmonary models for chemical 
testing and can be measured using either chamber or chopstick electrodes. While 
chamber and chopstick electrodes are used readily in the field, the position of the 
current electrodes differ leading to variations in successive measurements. When 
comparing chamber and chopstick methods in TEER following an apical wash with 
a respective buffered salt solution, the chopstick method over predicted TEER 
values. The factor of volume must balance the dispersion of a test agent and aim 
to maintain the physiology of cultures. The volume of 10 µL was unable to fully 
cover the apical surface of the cells, while 30 µL lead to a nonuniform distribution 
of test solutions. Following 24 hours of liquid exposure using 50 µL, pHBECs had 
decreased TEER values. As a result of the disruption of the tight junctions, future 
work will be analyzing the secretion of pro-inflammatory cytokines. Our findings 
indicate that methodology used within the inhalation field, such as volume and 
solvent selection during liquid application, may consequently be impacting the use 
of in vitro ALI systems for hazard identification. Does not reflect US EPA policy.

 3651 General Behaviors of Surfactants in the Bovine Corneal Opacity 
and Permeability (BCOP) Assay

G. Price, K. Cantrell, A. Hilberer, and H. Raabe. Institute for In Vitro Sciences, 
Gaithersburg, MD.

Surfactants are compounds with wide ranging applications, from household and 
personal care products to industrial use. Surfactants are classified based on the 
charge found on the head of the molecule, and are generally divided into positively 
charged cationic, negatively charged anionic, and nonionic (no charge) groups. 
Using methods established in OECD TG 437 (2020) as well as the Guidelines for 
Histopathological Evaluation of the BCOP Assay (2016), a variety of surfactants 
from each group were evaluated to gain a quantitative and mechanistic understand-
ing of the ocular irritation caused by each surfactant group. The BCOP assay 
incorporates a full thickness corneal model to evaluate ocular irritation. Corneas 
can be preserved for further histopathological evaluation of the epithelial, stromal, 
and endothelial layers of the cornea, which typically supports the BCOP results. 
Freshly isolated bovine corneas mounted in corneal holders were exposed to 
each surfactant at multiple concentrations for a 10-minute exposure period. Prior 
to application of test compound, immediately after removal, and after a 2-hour 
post-exposure incubation period, opacity values were determined with an opacitom-
eter. After the final opacity was obtained, a fluorescein dye was introduced to the 
anterior chamber for 90 minutes to assess permeability changes across the treated 
corneas, as measured by optical density at 490 nm (OD). An In Vitro Irritation Score 
(IVIS) of each treatment group was calculated using mean opacity and permea-
bility changes. Select corneas were fixed in a formalin solution and processed for 
histopathological changes, specifically to assess the depth and degree of ocular 
injury. We found that surfactants generally had patterns of responses based on 
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the type of surfactant. Cationics tended to have higher opacity values and lower 
permeability values. Benzalkonium Chloride (BAC), a representative cationic, 
was tested at concentrations from 0.05 to 10%. BAC concentration increases 
resulted in opacity value increases from 3.3 to 61.0 at 0.05% and 10%, respectively. 
Histopathology revealed coagulation of epithelial cell proteins, consistent with the 
higher opacity values. Conversely, anionics tended to have lower opacity values 
and higher permeability values. Sodium deoxycholate, a representative anionic, 
was tested at concentrations from 0.1%-30%. While the opacity values increased 
only slightly (1.7 to 8.0 for corneas treated with 0.1% to 30%, respectively), the 
permeability values increased from 0.041 to 2.083 at the same concentrations. 
We believe the results of the histopathology will reveal epithelial cell layer erosion, 
affecting the barrier properties of the cornea, and leading to the high permeability 
values. Representative nonionics PEG, Tween, and Brij showed milder results with 
lower opacity and permeability values, indicating a lower irritation potential. One 
exception, Triton-X-100 (TX-100), showed higher permeability and opacity values, 
especially tested at 10%. TX-100 produced an IVIS of 39.7, driven by the permeabil-
ity value (2.177). While the histopathology changes of TX-100 were consistent with 
the opacity and permeability changes, the level of irritation in comparison to other 
nonionics warrants further investigation, as does the histopathology of non-irritat-
ing nonionics. The BCOP assay was shown to be a useful test method in the predic-
tion of irritation by surfactants, with histopathology reflecting observed opacity 
and permeability changes. As expected, the IVIS was driven by opacity in cationic 
surfactants, permeability in anionic surfactants, and nonionic surfactants generally 
were least irritating. Our findings may provide a reference for industry or research 
in formulation development, highlight structural or chemical-based mechanisms for 
ocular irritation, and elucidate surfactant behavior.

 3652 Government of Canada Commitment to Uphold the 3Rs of 
Replacing, Reducing, and Refining Animal Toxicity Tests in 
Chemical Risk Assessment (CRA) through the Use of Refined 
Juvenile and Adult Zebrafish Models as New Alternative Toxicity 
Assays (NATAs) for Use in Quantitative Human Health and 
Environmental CRAs

C. L. Woodland1, L. D. Ellis2, and J. J. Pappas1. 1Health Canada, Ottawa, ON, Canada; and 
2National Research Council (NRC) Canada, Halifax, NS, Canada. Sponsor: T. Onica.

In 2018 the New Substances Assessment and Control Bureau of Health Canada 
partnered with NRC Canada in a research project to refine NRC zebrafish models 
for use in quantitative CRAs for human health and the environment in order to 
uphold the commitment of the Government of Canada to promote the 3 Rs in CRA 
in the move away from animal testing. One of the challenges to testing environ-
mentally relevant levels of potential toxicants for both human health and the 
environment is that their effects are often the consequence of chronic exposure 
which can be lengthy to address in the toxicity testing paradigm. Thus, in order 
to assess the effects of chronic exposure on vertebrate models we have refined 
juvenile/adult zebrafish models to evaluate chemical effects on survival, morphol-
ogy, behavior and gene expression. Additionally, we designed the models to 
evaluate the uptake and metabolism of substances to allow for identification of 
toxic metabolites and any bioaccumulation that can result from chronic exposure. 
The models also assess the effects of chronic chemical exposure on population 
level-relevant endpoints such as fecundity, fertility and behavior. Juvenile and 
adult models were designed with exposure paradigms of 5-150 days post-fertiliza-
tion (dpf). At 30 dpf uptake, survival, morphology, behavior and gene expression 
changes are assessed. From 30 - 150 dpf growth, behavior, fecundity and fertil-
ity are measured. Test chemicals included common environmental contaminants, 
SSRIs (Sertraline, Fluoxetine and Paroxetine) and endocrine disrupting chemicals 
(Raloxifene HCl, Thiabendazole, and Bisphenol A). Results indicated that the SSRIs 
exhibited an anxiolytic effect on adult fish and reduced both fecundity and fertility. 
These findings are important for the assessment of chemical effects on wildlife 
population fitness as they are not only specific for reproductive fitness but also for 
overall fitness given the significant role that behavior plays in key species interac-
tions such as predator avoidance, competition and predation. As well, within the 
context of human health risk assessment, the data generated for these endpoints 
have potential for extrapolation to predict relevant human health effects, such as 
reproductive toxicity, particularly when supported with gene expression results for 
relevant homologous genes. Exposure is relevant for human health and the environ-
ment given the release of SSRIs from manufacturing and sewage treatment sites 
to receiving waters, which eventually becomes drinking water. For the endocrine 
disrupting test chemicals, preliminary experiments identified concentrations at 
30 dpf that elicited abnormal phenotypes but insignificant effects on survival and 
overall growth. Evaluation for effects of the longer exposure paradigm on growth, 
behavior and fecundity is ongoing. As well, identification of differentially regulated 
genes and molecular pathways perturbed by chronic exposure to sub-phenotypic 
chemical concentrations is ongoing. Resulting data for gene expression will be 
compared with gene expression results from the short-term exposure experiments 
in larval zebrafish. The utility of these types of data generated in this research is 
expected to support the development of a globally harmonized zebrafish model 
that will optimize human health and environmental protection in the move away 
from animal testing. As whole organisms, these systemic models have high biolog-
ical coverage and thus present an optimal approach for minimizing uncertainty in 
predicting adverse effects in CRAs.

 3653 A Validated Organoid Culture System for Liver 
Toxicology Studies

J. Christie1, R. Sharma1, D. Sautter1, D. Rowbotham1, R. K. Conder1, A. C. Eaves1,2, 
S. A. Louis1, and A. V. Sampaio1. 1STEMCELL Technologies Inc., Vancouver, BC, Canada; 
and 2Terry Fox Laboratory BC Cancer, Vancouver, BC, Canada. Sponsor: K. Tse.

Liver organoids represent a physiologically relevant model for in vitro liver research. 
They retain key in vivo features of liver cells, recapitulate donor heterogeneity, and 
have applications in the study of liver biology, disease modeling and drug efficacy 
and safety screening. HepatiCult™ Organoid Kit (Human) supports a complete liver 
organoid culture workflow, including organoid establishment, expansion and differ-
entiation for downstream applications. Ductal material isolated from normal human 
liver tissue was cultured in HepatiCult™ Organoid Initiation Medium to yield prolif-
erative hepatic organoids (n=14). Established organoids, subsequently passaged 
in HepatiCult™ Organoid Growth Medium (OGM), express proliferation (Ki-67), 
epithelial (EpCAM), ductal (SOX9), and hepatic (HNF4A) proteins. When cultured in 
HepatiCult™ Organoid Differentiation Medium (ODM), organoids exhibit a timewise 
increase in expression of mature hepatocyte markers ALB and CYP3A4, a decrease 
in expression of stem cell marker LGR5, and expression of both the hepatic protein 
A1AT and the ductal protein KRT19 in the same differentiated organoid, indicat-
ing a mature hepatobiliary identity. Relative to proliferative organoids, mature 
organoids exhibit increased albumin and A1AT secretion, CYP3A4 activity, bile acid 
production, and urea production (increase by 56 ± 9-fold, 5.7 ± 2.6-fold, 10 ± 4-fold, 
25 ± 11-fold, and 6.9 ± 2-fold, respectively; n = 3, mean ± SEM). Both prolifera-
tive and mature organoids maintained in OGM and ODM, respectively, were used 
to screen known hepatotoxic compounds, and their responses were compared to 
those observed using HepG2 cells and primary human hepatocytes (PHH). Mature 
organoids exhibited similar or greater sensitivity to ketoconazole, troglitazone, 
rifampicin, diclofenac, and acetaminophen (average IC50 ± SEM = 17 ± 2 µM, 67 
± 17 µM, 69 ± 20 µM, 128 ± 32 µM, and 3952 ± 857 µM, respectively; n=4 donors) 
than proliferative organoids (average IC50 ± SEM = 36 µM ± 3 µM, 75 ± 9 µM, 
213 ± 16 µM, 375 ± 9 µM, and 7988 ± 890 µM, respectively; n=4 donors). Mature 
organoids also exhibited increased sensitivity to a majority of the test compounds 
when compared to HepG2 cells (average IC50 ketoconazole = 35 µM, troglitazone = 
76 µM, rifampicin = 335 µM, diclofenac = 471 µM, and acetaminophen = 20922 µM; 
n=1) and PHH (average IC50 ± SEM ketoconazole = 43 ± 5 µM, troglitazone = 117 
± 12 µM, rifampicin = 492 ± 40 µM, diclofenac = 461 ± 27 µM, and acetaminophen 
= 3012 ± 821 µM; n=3 donors). These results demonstrate that mature hepatic 
organoids initiated, expanded and differentiated using HepatiCult™ Organoid Kit 
(Human) can be used as an effective model for drug toxicity assays.

 3654 Examination of the Selection Method of Molecular Descriptors 
for the Evaluation of Repeated-Dose Toxicity Using a 
Read-Across Approach

Y. Harakawa1, N. Omura1, R. Shizu1, T. Hosaka1, J. Takeshita1,2, and K. Yoshinari1. 
1University of Shizuoka, Shizuoka, Japan; and 2National Institute of Advanced Industrial 
Science and Technology, Tsukuba, Japan.

Repeated-dose toxicity (RDT) test is important for the safety assessment of 
chemical substances while it is needed to develop alternative methods to RDT. 
However, due to the diversity and complexity of the toxicity, it remains very difficult 
to develop such methods, and thus many efforts have been made for a read-across 
approach, in which the toxicity of untested substances is predicted from the existing 
test results of similar substances. We have been working to develop a read-across 
method for the evaluation of RDT using molecular descriptors, which represent 
the physicochemical characteristics of chemical substances. Since it is important 
to select appropriate molecular descriptors to develop such a method, we have 
examined methods of the selection of molecular descriptors in this study. The 
results of male rat 28-day/42-day RDT tests of 326 substances were obtained from 
Hazard Evaluation Support System Integrated Platform (HESS, National Institute of 
Technology and Evaluation, Japan). Similar endpoints (EPs) in the HESS database 
were grouped, and 6 hepatotoxicity-related and 2 hematology-related group 
EPs (gEP) were defined, including cell death/inflammation (LV01), reduced liver 
function (LV02), enhanced liver function (LV03), bile duct-associated lesion (LV04), 
hypertrophy (LV05), dyslipidemia (LV06), coagulopathy (BL01), and anemia (BL02). 
If LOEL was reported with a given substance for any HESS EP in a certain gEP, 
the substance was considered positive for the gEP. Molecular descriptors were 
calculated using alvaDesc (Alvascience), and among them, we used 423 descrip-
tors, which are relatively easy to understand the characteristics of the chemical 
structures of substances, for the analyses. From the 326 substances, 32 substances 
were selected as test (target) substances, and their toxicity was compared with 
that of their neighbor (source) substances, which were selected from the rest of 
the 294 substances based on relative Euclidean distances calculated with the 
descriptors selected. A test substance was predicted as positive if the positive 
rate of neighbor substances exceeded that of each gEP in the dataset. We selected 
the descriptors based on 2 methods, namely, using correlation coefficients of the 
descriptors and Wilcoxon rank test for the association with gEPs, and performed 
read-across using 11 neighbor substances selected based on relative Euclidean 
distances. The results demonstrated that concordance ratios varied largely (0.4 to 
0.9) depending on the types of gEP and descriptors used. The highest concordance 
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ratio (~0.9) was observed for BL01 with the descriptors selected by association 
with the gEP. Better accuracy was observed with the descriptors selected based on 
correlation coefficients for some gEPs, such as LV02 and BL02, while the selection 
using Wilcoxon rank test gave better results for other gEPs, such as LV01 and 
LV04. These results suggest that to develop a read-across method using molecular 
descriptors for RDT evaluation, descriptors need to be selected depending on the 
EP of interest. Acknowledgements: This study was supported in part by a grant from 
the Japan Chemical Industry Association (JCIA) Long-range Research Initiative (LRI).

 3655 Platform for High-Throughput Cardiac Measurements in 
Fish Embryos

B. Dubansky. Louisiana State University, Baton Rouge, LA. Sponsor: S. Ali.

Mechanistic investigations on autonomic control of cardiac physiology require 
the use of free-living organisms because vagal innervation principally occurs at or 
after birth/hatch in vertebrates. As such, it is physiological dogma that parasym-
pathetic control of the heart is not fully functional until after birth. Thus, “ideal” 
model organisms used in autonomic nervous system (ANS) testing require restraint 
and/or anesthesia to immobilize the organism for measurement; requirements 
that do not support high throughput ANS phenotyping. After decades of use in the 
environmental sciences, fish have become an economic alternative for preclinical 
testing of new drug candidates, and have a well-conserved ANS. Here, we describe 
a fish embryo model adapted with an unusually precocious ANS, which comes 
online at 70% of in ovo embryonic development, well in advance of hatch. This 
early emergence of ANS efficacy allows for interrogation of both sympathetic and 
parasympathetic fibers by monitoring heart rate and variability in embryos, in ovo 
- thus, without need for anesthesia or restraint. To leverage this alternative model 
organism for preclinical and environmental sciences testing, we designed a new 
platform that integrates sensors within a multi-chambered platform designed to 
dose, image and directly record heart rate in real time, from fish embryos. Using 
this configuration interfaced with data acquisition and management software, we 
non-invasively recorded chronotropic effects of ANS effectors on heart rate through 
several assays customized to this system. Exposure of embryos to common ANS 
antagonists and agonists reliably caused expected effects to heart rate and variabil-
ity. As such, these methods and technologies highlight the utility of alternative 
model organisms and emerging technologies for use in high-throughput physiologi-
cal phenotyping for toxicology in medicine and environmental science.

 3656 Reproducibility and Robustness of PhysioMimix LC12, a Liver 
Microphysiological System, under Varying Culture Conditions 
and Cell Type Combinations

A. Y. Lim1, Y. Kato1,2, C. Sakolish1, R. N. Hardwick3, S. S. Ferguson4, and I. Rusyn1.  
1Texas A&M University, College Station, TX; 2Shionogi & Co. Ltd., Osaka, Japan; 3Bristol-
Myers Squibb Company, San Diego, CA; and 4NIEHS/NTP, Research Triangle Park, NC.

A number of microphysiological systems have been developed for human liver 
and are considered promising models for studies of metabolism and potential 
hepatotoxicity for drugs and chemicals. One such model is the PhysioMimix™ LC12 
(CNBio) where primary human hepatocytes can be cultured alone or in combina-
tion with various non-parenchymal cells for up to 14 days under constant recircu-
lating media flow. Congruent with TEX-VAL Consortium activities, a multi-stake-
holder effort for establishing the functionality, reproducibility, robustness, and 
reliability of microphysiological systems, this study aimed to evaluate capabilities 
of the PhysioMimix™ LC12 platform using different cell types and conditions. We 
evaluated the robustness of the model by replicating experiments and comparing 
both basal hepatic function (albumin, urea, and lactate dehydrogenase release) 
and drug metabolism (CYP3A4 activity and metabolism of midazolam to 1-OH 
and 1-OH glucuronide) in hepatocyte monoculture and co-culture with THP-1 
conditions. Basal function and drug metabolism in the monoculture model peaked 
on Days 4-6 and gradually declined by Day 14. Under co-culture conditions with 
THP-1 cells differentiated into macrophage-like cells, basal function and metabolic 
activity were generally greater compared to monoculture conditions. Performance 
of hepatocyte monoculture or co-culture with THP-1 cells in the LC12 model was 
roughly an order of magnitude greater than that in a traditional monolayer condition 
without flow. Addition of other non-parenchymal cells (expandable hepatic stellate 
and sinusoidal endothelial cells) in physiologically relevant ratios resulted in a 
decline of basal function in the LC12 model. Using albumin as a representative 
marker, variability among LC12 devices on the same plate and across plates/
experiments was evaluated. In monoculture experiments (n=6 experiments, 1-2 
plates each, 3-6 devices), the coefficient of variability for peak albumin secretion 
(Day 4) was 23% (range 6-49%) compared to 22% (range 8-63%) in co-culture experi-
ments. Intra-experimental variability (comparing devices on the same plate) was 
20%. Variability increased beyond experimental Day 6. Collectively, these results 
demonstrate that a functional liver model can be established in the PhysioMimix™ 
LC12 platform and used to study human metabolism and effects of chemicals; 
however, the variability in the model dampens its overall throughput.

 3657 A Novel High-Throughput Toxicity Assessment of Environmental 
Chemicals on Reproduction Using a Combination of Yeast, 
Nematode, and Fly Assays of Gamete Viability

R. Kumar1, A. Oke1, A. Gomez1, J. Robinson1, P. Allard2, T. Woodruff1, T. Nystul1, and 
J. C. Fung1. 1University of California San Francisco, San Francisco, CA; and 2University of 
California Los Angeles, Los Angeles, CA.

Environmental chemical exposure has been identified as a cause of infertility, 
yet there has been minimal characterization of the responsible chemical constit-
uents thereby limiting the evidence base by which regulatory guidelines can be 
established. An impediment to understanding the role of chemical exposure in 
reproduction is the generational delay between exposure and the manifestation 
of reproductive perturbations. Moreover, the evaluation of reproductive toxicity is 
costly and time consuming since regulatory acceptable assays are most commonly 
performed using whole-animal rodent tests, which limits the rapidity at which one 
can assess the thousands of chemicals yet to be tested. We have recently developed 
a fast and reliable strategy to test a larger number of chemicals by developing a 
high-throughput reproductive toxicity assessment using the yeast S. cerevisiae, C. 
elegans and D. melanogaster. Gamete production and viability is an easily measur-
able parameter of meiotic success as it relies only on simple measurements. Here, 
we show that we developed a combination of high-throughput assays that can 
identify bisphenol A (BPA), which is a well-known reproductive toxicant in both 
mammals and other non-mammalian models but also a reproductive toxicant in 
all three systems. In yeast, we find that BPA has similar detrimental effects on 
prophase I of meiosis as previously been shown in worms and mammals. We show 
that 100s of toxicants can easily be evaluated in yeast and worms within a week at 
a low cost by incorporating rapid absorbance measurements and machine learning 
analyses into assessing the number or type of gamete production. For flies, the 
development of a simple robotic imaging system combined by automated egg 
recognition algorithm permits this organism to be a viable system to also rapidly 
assess reproductive toxicity. We show how the intersection as well as combination 
of organisms can speed up the prioritization of potential toxicants for mammalian 
assessment of reproductive risk.

 3658 Developmental and Reproductive Effects of Triphenyl Phosphate 
in C. elegans Measured Using a Microfluidic-Based High-
Throughput Screening Technology

S. Mondal1, A. Shen1, A. Laing1, E. Hegarty1, and A. Ben-Yakar1,2. 1vivoVerse, Inc., Austin, 
TX; and 2University of Texas at Austin, Austin, TX.

Triphenyl phosphate (TPhP) is an organophosphate flame retardant produced in 
high volume and detected in multiple environmental media at increasing concentra-
tions. The environmental and health risks of TPhP have drawn attention because of 
the multiplex toxicity, including neurotoxicity, developmental toxicity, reproductive 
toxicity, and endocrine disrupting ability, in animals. However, few studies have 
paid in-depth attention to the impacts of TPhP on developmental and reproductive 
toxicity (DART) when the animals are exposed for an extended period. In addition, 
the effects of genetic background on modifying DART risks from chemicals such 
as TPhP in different populations have been poorly studied. vivoVerse offers a rapid 
and cost-effective new alternative methodology (NAM) that takes advantage of the 
small model organism, Caenorhabditis elegans (C. elegans), as a validated alterna-
tive method to assess toxicity in vivo without regulatory or ethical concerns. The 
whole-organism reproductive system, ~3 days to reach reproductive maturity, and 
conserved toxicology pathways in C. elegans have been widely utilized before to 
study several environmental toxicants and age-associated disease mechanisms. 
vivoVerse’s microfluidic-based imaging platform enables multiparametric 
analysis of a range of sublethal phenotypes relevant to DART-related endpoints 
with C. elegans at high throughputs. In this study, we treated C. elegans popula-
tions with several doses of TPhP for 72 hours from post-hatching to reproduc-
tive age and assessed their developmental and reproductive parameters using 
whole-body bright-field images. We used a scalable 24-well microfluidic imaging 
platform (vivoChip) to simultaneously immobilize ~1,000 C. elegans and acquire 
3D time-lapse images from all animals in 30 min to quantify phenotypes such as 
in utero embryonic developmental stages and body dimensions. We demonstrate 
the power of our multi-parametric analysis in identifying multiple effects of TPhP 
exposure in a dose-dependent manner. Our study suggests that the moving 
embryo phenotype is most sensitive, providing a 4× lower EC50 value than the 
EC50 for change in the total number of embryos. We found similar differences in 
EC50 values of different DART phenotypes with a second environmental toxicant, 
piperazine. We also assessed the embryonic phenotypes in different wild-type C. 
elegans strains to capture differences in the adverse effects with different genetic 
backgrounds. These findings indicate that our C. elegans-based assays can identify 
subtle changes in the DART phenotypes, providing in vivo toxicology data on early 
developmental processes at a fraction of the cost and time of mammalian studies.
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 3659 Evaluation of the In Vitro Toxicological Profile of Ultraviolet (UV) 
Filters Using ToxCast/Tox21

D. O. Onyango, B. Selman, J. L. Rose, C. A. Ellison, and J. F. Nash. Procter & Gamble, 
Mason, OH.

Sunscreen products are composed of ultraviolet (UV) filters and formulated to 
reduce exposure to sunlight thereby lessening skin damage. Concerns have been 
raised regarding the toxicity and potential endocrine disrupting (ED) effects of UV 
filters. The ToxCast/Tox21 program, i.e., CompTox, is a high-throughput in vitro 
screening database of chemicals that can identify Adverse Outcome Pathways, 
Key Events and ED potential of chemicals. ToxCast/Tox21 data was found for 
avobenzone, homosalate, octinoxate, octisalate, octocrylene and oxybenzone, six 
of the most used organic UV filters. These UV filters showed low activity in these 
bioassays with most activity detected above the range of the “cytotoxic burst”. 
The pathways that were most affected were the cell cycle and the nuclear receptor 
pathways. Most activity was observed in liver and kidney cell-based bioassays. 
These organic filters and their metabolites showed weak ED activity when tested 
on bioassays measuring Estrogen Receptor (ER), Androgen Receptor (AR), Thyroid 
Receptor and steroidogenesis activity. Except for oxybenzone, all AC50 activity in 
the endocrine assays occurred at concentrations greater than the cytotoxic burst. 
For five of the six UV filters, plasma concentrations (Cmax) measured in humans 
were at least 100x lower than AC50/ACC concentrations that produced a response 
in the ToxCast/Tox21 assays. The activity observed for oxybenzone was below 
the cytotoxic burst but above the Cmax measured in humans thus not biologically 
relevant. These data are consistent with in vivo animal/human studies showing 
negligible endocrine activity. Additionally, we show the importance of curation/
cleaning up of the high-throughput in vitro data when using such results for toxico-
logical and clinical assessments. In sum, these results show that these organic 
UV filters, which have been marketed in sunscreen products for decades, have low 
intrinsic biological activity and, by extension, toxicological potential and endocrine 
disruption in humans.

 3660 Evaluation of a Reconstructed Tissue Model for Toxicity Testing

M. E. Kraeling, K. Hieber, C. Erice, M. R. Yourick, R. L. Sprando, and J. J. Yourick. US 
FDA/CFSAN, Laurel, MD.

Significant progress has been made in the development of in vitro engineered 
substitutes that mimic human tissue including intestine, blood/brain barrier, and 
the integument as well as disease relevant human tissues. Three dimensional (3D) 
bioprinting is a process in which a 3D bioprinter fabricates tissue structures that 
contain cells and an extracellular matrix. Using a commercially available bioprinter, 
a 3D barrier model was bioprinted using nanocellulose-based bioink containing 
collagen and fibrinogen combined with primary human dermal fibroblasts (HDFs) 
and primary normal human epidermal keratinocytes (NHEKs) to form the integu-
ment barrier model. The constructs were cross-linked and incubated in specialized 
3D cell culture medium, then flipped over at about 4-7 days so the epidermis is 
exposed to air. Bioprinted constructs are incubated further for at least 14 days at 
the air-liquid interface to develop and differentiate tissue-like structure and function. 
The 3D bioprinted tissue constructs were evaluated using microscopy methods to 
confirm cell morphology development and differentiation and viability assays to 
determine suitability as a viable in vitro reconstructed human barrier model. Results 
of microscopy analysis of the bioprinted 3D constructs showed normal develop-
ment of dermal layers and an upper barrier layer consistent with intact integument. 
A preliminary comparison of cell viability assays was done to determine viabil-
ity of cells in the bioink during differentiation. Using the MTT (3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide) assay, cells in bioprinted construct 
samples showed about a 14.9 to 26.9% higher absorbance than construct controls, 
indicating some living cells in the bioink, The MTT assay also matched the visual 
confirmation of the color change in the cell containing constructs compared to 
controls. Viability of the cells within the bioink constructs was also investigated 
using a live/dead fluorescence assay, with live cells fluorescing green (fluorescein 
isothiocyanate (FITC)) and dead cells fluorescing red (Texas Red). Using this assay, 
the vast majority of the cells in the bioink fluoresced green. Using a comparison 
of cell viability assays, it appeared that the cells remain viable in the bioink during 
the development and differentiation process. Experience with the methodologies 
of 3D bioprinting tissue constructs and experience with the process to establish 
reconstructed tissue models will be used in the future to bioprint engineered 3D 
tissue constructs, from diverse organ systems, for predictive toxicology testing. 
Disclaimer: This presentation is not a formal dissemination of information by FDA 
and does not represent Agency position or policy.

 3661 Biomarkers of Inflammation and Genotoxicity of Aerosolized 
Cannabidiol (CBD) E-liquids in an Air-Liquid Interface (ALI) 
Cell Model

M. Katsigeorgis, J. P. Adragna, and T. Gordon. NYU School of Medicine, New York, NY.

Despite the popularity of electronic cigarettes (e-cigs) as vaping devices, the health 
effects associated with their use remain poorly studied. This is particularly true with 
cannabis-based vaping alternatives like cannabidiol (CBD), which have become 
increasingly available to the public. Several studies have characterized nicotine-
based vaping products, yet little to no data have been published characterizing 
non-nicotine e-liquids, such as CBD, or their health effects when inhaled. In this 
study, we have built on our previous work, which demonstrated product-depen-
dent variability in CBD aerosols, reduced lung epithelial membrane barrier function 
and cytotoxicity from acute exposure to CBD e-liquid. Our current work focused 
on inflammatory and genotoxic endpoints by exposing an ALI CALU-3 airway 
epithelial cell line to aerosolized CBD distillate, common carrier oils, and mixtures 
of these at a standard “low” power (6.5W) in agreement with evolving manufac-
turer recommendations for lower power or voltage settings when using CBD. At 
this lower power and voltage (3-3.5V), the aerosol generated from CBD, VG/PG, 
MCT, and 50/50 blends of VG/PG+CBD and MCT+CBD, reduced membrane barrier 
function (TEER) and induced LDH release in most groups. At 24 hours post-ex-
posure, cytotoxic effects were seen at both 15 and 30-minute exposure intervals. 
Markers of inflammation caused by exposure to aerosolized CBD e-liquids were 
also explored. Ten pro-inflammatory cytokines were measured via a cytokine 
assay (MSD), and levels were compared for each e-liquid exposure in both basal 
and apical fluids. Inflammatory biomarker changes varied among apical and 
basal fluids, however there were significant increases in the expression of both 
IL-6 and IL-8, after acute exposure for all e-liquids at both time intervals. Although 
further changes were observed, particularly in IL1-β, IFN-γ, and IL-12p70 biomark-
ers, inflammatory endpoints were inconclusive. Genotoxicity of these same CBD 
aerosols was measured via Comet assay. At this decreased power, exposure to 
CBD e-liquids and carrier oils from an e-vaping system showed increasing DNA 
damage over time. DNA damage observed at this lower power setting suggests that 
CBD e-liquid aerosols vaped at lower temperatures may have comparable adverse 
outcomes at both short and longer exposure times. Deposition of CBD e-liquids 
and common carrier oils was compared for short and long exposures. Among the 
exposure groups, carrier oil VGPG and pure CBD were shown to have the highest 
deposition at 15 minutes. Similarly, at 30 mins, VGPG again was shown to have the 
highest deposition along with CBD+MCT. All e-liquids, with the exception of pure 
CBD, exhibited an increase in product deposition with time (ie. 30 mins vs 15mins), 
alluding to the potential downstream effects. Current findings in combination with 
our previous work, found that variability amongst e-liquids must be taken into 
account in in vivo and in vitro assessments of the toxicity of inhaled CBD products. 
The composition of each e-liquid, power and heat applied, and length of exposure 
can be determining factors of CBD aerosol dosimetry and the potential harm to 
the respiratory tract and organ systems. These, and successive studies will serve 
to inform both the public and scientific community on the potential adverse health 
outcomes of vaping CBD and act as guidance for CBD consumers to inform users 
of their personal risk when “smoking” these cannabis-based alternatives.

 3662 Modeling Organophosphate Interactions with Medical Plastics 
for Organ-on-Chip Devices

B. Emanuel. Vanderbilt University, Nashville, TN. Sponsor: S. Hutson.

Organ-on-a-chip (OOC) devices are an emerging New Approach Methodology in 
toxicology to predict human response from cellular response. OOCs are typically 
made of polydimethylsiloxane (PDMS), a polymer that is known to interact with 
hydrophobic chemicals. As a consequence, the nominal dosage of a toxicant in 
an OOC is not necessarily the true concentration: one must apply a correction for 
chemical-PDMS interaction. We have developed a toxicokinetic model to describe 
chemical-PDMS interaction, which includes partitioning, convection, diffusion, and 
flow. We will demonstrate how this model can be applied to the organophosphate 
neurotoxins parathion and paraoxon, and the control hydrophobic compound 
indole, which all partition rapidly into and diffuse within PDMS. Additionally, we 
demonstrate that plastic tubing used with OOC devices, including C-Flex, Tygon, 
tefzel, and PEEK themselves interact with parathion, parathion and indole to varying 
degrees: C-Flex and Tygon show substantial interaction, but tefzel and PEEK do not. 
We show how a similar toxicokinetic model accounts for these interactions and 
corrects nominal doses to actual doses. If one is to use an OOC to model human 
response to a toxicant, one must account for chemical interaction with PDMS and 
medical plastic tubing to estimate the actual chemical concentration reaching the 
enclosed cells and and yield accurate dose-response curves.
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 3663 Qualification of the devTOX quickPredict Assay for Regulatory 
Use under the ICH S5(R3) Guidelines

J. A. Palmer, and E. L. Donley. Stemina Biomarker Discovery Inc., Madison, WI.

Multiple regulatory agencies have released new guidelines permitting the use of 
new approach methods (NAMs) in conjunction with or in place of the traditional 
in vivo embryo-fetal development (EFD) studies. In particular, the revised S5 (R3) 
guideline on Detection of Reproductive and Developmental Toxicity for Human 
Pharmaceuticals recently issued by the International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for Human Use (ICH) defines specific 
scenarios where qualified NAMs can be used to defer or replace conventional in 
vivo testing or as part of a weight of evidence assessment. The devTOX quickPre-
dict (devTOXqP) assay is an in vitro human pluripotent stem (hPS) cell-based assay 
that predicts the developmental toxicity potential of chemicals based on changes in 
ornithine and cystine metabolism. This assay has been used by multiple industries 
for compound prioritization for almost a decade and is included as part of the 
Next Generation Risk Assessment (NGRA) strategies being developed by multiple 
companies for animal-free assessment of developmental and reproductive toxicity 
(DART) testing. Additionally, devTOXqP has an accepted letter of intent with the 
FDA’s Center for Drug Evaluation and Research (CDER) Biomarker Qualification 
Program (BQP) to qualify the assay as a safety biomarker for detecting human 
developmental toxicity potential in vitro at the nonclinical stage of drug develop-
ment for small molecule drugs as part of a weight-of-evidence assessment as 
described the ICH S5(R3) guideline, which will enable regulatory use of the assay 
in the pharmaceutical industry. As part of this qualification, we have evaluated the 
performance of the assay across a diverse set of 89 pharmaceuticals, including 
the 29 ICH-positive reference compounds. The assay predicted the developmen-
tal toxicity potential of these pharmaceuticals with a balanced accuracy of 85% 
(83% sensitivity, 88% specificity, 90% PPV, 80% NPV) when scored against a single 
Cmax concentration (selected based on the compound’s known effects in humans, 
rodents, or rabbits). The devTOXqP assay provides data on human response and is 
a necessary addition to protect human health, to replace (in certain cases), reduce, 
and refine animal testing, and to help to reconcile discordant information from the 
two required in vivo endpoints.

 3664 Comparative Analysis of Tox21 In Vitro Assay Readouts from 
Three Major Data-Cleaning Pipelines

A. Sedykh1, B. Kidd1, V. Gombar1, R. Shah1, and W. Casey2. 1Sciome LLC, Research 
Triangle Park, NC; and 2NIEHS/DTT, Research Triangle Park, NC.

The Tox21 quantitative high-throughput screening (qHTS) program is a key initia-
tive towards reduction and replacement of animal use in toxicity testing with data 
based on in vitro experiments. The latest Tox21 release (August 2022) makes 
public the data for over 80 assays representing various critical biomolecular targets 
and pathways that are relevant for wide range of toxicity mechanisms (nuclear 
receptors, oxidative stress, damage/repair, CYPs, etc.). Since in vitro assays 
are often confounded by cytotoxicity and assay interference, several qHTS data 
cleaning pipelines have been developed to address such issues and provide cleaner 
assay signals. In this study we have compared classification calls (active, inactive, 
inconclusive) and continuous point-of-departure (POD) metrics, such as EC50 and 
AC50, based on three qHTS data-processing pipelines used by US NIH agencies, 
namely NCATS, NIEHS, and NICEATM, in their research projects. We have found 
a high correlation (average Pearson r = 0.925) for all POD metrics across three 
pipelines. For the category calls, inactive labels for all assays were highly concor-
dant (>95%) from all pipelines, while there was more variability in the active calls 
(70-90% concordance) across three pipelines. The category calls from different 
pipelines may be suitable for different decisions. Regulatory applications, for 
instance, will likely require very conservative active calls, while for exploratory and 
prioritization tasks more inclusive activity calls may be needed. Such flexibility 
can be best achieved by various consensus strategies, which we discuss. For the 
example of aryl hydrocarbon receptor (AhR) agonism assay, combining active calls 
from the three pipelines by strict agreement yields 391 potential AhR agonists, 
while a majority vote consensus (at least two out of three pipelines must agree) 
yields 626 potential AhR agonists. Finally, maximum call consensus (when active 
in any of the three pipelines) gives 949 potential AhR agonists. While individual 
assay calls from each pipeline are public, significant effort is needed to use the data 
from different pipelines together. We provide such data integration via our OrbiTox 
platform (sciome.com/orbitox) with free access for non-commercial use.

 3665 Health and Safety Assessments of Functionalized Cellulose 
Materials: Simulated Gastrointestinal Digestion and Exposure to 
a Gut Co-culture Model

A. K. Charlton-Sevcik, C. Collom, and C. M. Sayes. Baylor University, Waco, TX.

Increased utilization of various types of cellulose materials in industrial and 
consumer applications, including food-contact materials, has necessitated further 
property characterization to ensure human health and safety after exposure. 
Characterization can ultimately be predictive of interactions between individual 

nanocellulosic fibers and environmental or biological systems. Fibrillated cellulose 
has been proven food-safe based on chemical and physical similarities to conven-
tional cellulose. Functionalized fibrillated cellulose is modified with various 
functional groups such as carboxylic acids or sulfates to improve aqueous disabil-
ity and functional applications. These functionalized cellulose materials can be 
characterized via physicochemical techniques analogous to those used for 
fibrillated cellulose to develop a predictive structure-function model. Differential 
cellulose functionalization requires toxicological comparison among variants in 
addition to currently used regular and fibrillated cellulose. Animal models can 
provide correlation to human response but there is momentum in biomedical 
research to improve alternatives that better represent human biology. Multiple cell 
types cultured in a three-dimensional space produce a representation of an intact 
organ structure and immunological response, consequently indicative of worker/
consumer health and safety outcomes. In this study, human gut cells were co-cul-
tured; the model consists of intestinal mucous-producing goblet cells (HT29-MTX) 
and colon epithelial cells (undifferentiated Caco-2). Lymphocytes (Raji B) were 
initially utilized to transform a subpopulation of Caco-2 epithelial cells into transcy-
totic immune-supporting microfold cells. An important step in simulating function-
alized cellulose exposure in a gut-based model is ex vivo digestion to decompose 
material prior to cell culture inoculation. Following the enzymatic/chemical 
digestion steps, three functional characteristics were measured, demonstrating 
the effect of functionalized cellulose in the tri-culture model. These include barrier 
integrity via TEER and ZO-1 staining, antigen transport via mass spectrometry and 
inflammatory response verified via measurable gene expression and cytokine profil-
ing. Preliminary results show functionalized fibrillated cellulose materials induce 
similar biological responses as compared to conventional celluloses in terms of 
low cytotoxicity, insignificant immune response, and no damage induced to intesti-
nal barrier integrity.

 3666 Utilizing the HepaRG Human Hepatoma Cell Line to Understand 
Mono-(2-Ethylhexyl) Phthalate Mitochondrial Toxicity

M. Rahman, C. K. Young, and M. J. Young. Southern Illinois University School of 
Medicine, Carbondale, IL.

The widespread exposure of the general population to phthalates has raised signif-
icant public concern. Phthalates are added to plastics widely found in food packag-
ing, toys, medical devices, pharmaceuticals, furniture, and cosmetics, and they 
leach out of these products into the food, water, and air. Di-2-ethylhexyl phthalate 
(DEHP) is abundantly used, and inside the gut, it is hydrolyzed to the active metabo-
lite mono-(2-ethylhexyl) phthalate (MEHP). Phthalates are established endocrine 
disrupters; however, evidence suggests that phthalates also alter mitochondrial 
function. Recently, our group showed that undifferentiated HepaRG cells exposed 
to the mitochondrial DNA (mtDNA) toxicant 2’,3’-dideoxycytidine more rapidly 
deplete their mtDNA genomes and alter bioenergetics relative to differentiated 
(hepatocyte-like) HepaRG. The function of undifferentiated cells in an organ is to 
replace cells lost under steady-state conditions and during tissue repair. Therefore, 
we predict MEHP triggers mitochondrial dysfunction by targeting undifferentiated 
cells that may be more sensitive to mitochondrial toxicants than differentiated 
cells. Undifferentiated and differentiated HepaRG cells were exposed to various 
concentrations of MEHP for thirteen days to determine half-maximal inhibitory 
concentration (IC50) values, 318 ± 59 and 260 ± 26 micromolar, respectively. Next, 
we exposed both cell types to 300 micromolar MEHP and harvested them following 
six- and twelve-day exposures. The cells were harvested to seed XFp Seahorse 
mini-plates for extracellular flux analysis and to prepare whole-cell DNA and protein 
extracts. We found that after seven and thirteen days of exposure, differentiated 
HepaRG proton leak was significantly increased relative to the vehicle control. Also, 
differentiated HepaRG basal and maximal respirations were higher on the seventh 
day of exposure. Currently, we are measuring the expression levels of several of the 
autophagy machinery components to determine whether MEHP exposure affects 
the expression of these factors in the two cell types. Also, we are analyzing the 
undifferentiated HepaRG bioenergetics data, and for both cell types, processing 
MEHP-exposed samples to quantitate mtDNA copy number. This work addresses 
gaps in our knowledge about the mechanism by which phthalates induce mitochon-
drial dysfunction and is supported by an NIH-1R15ES033394 (MJY).

 3667 Understanding Combined Effects of PAH Exposure and 
Inflammation Contributing to Toxicity in an In Vitro 3D 
Respiratory Model

R. Valdez, B. N. Rivera, Y. Chang, J. M. Pennington, and S. C. Tilton. Oregon State 
University, Corvallis, OR.

There is increased emphasis on understanding cumulative risk from the combined 
effects of chemical and non-chemical stressors as it relates to public health. Recent 
animal studies have identified pulmonary inflammation as a possible modifier and 
risk factor for chemical toxicity in the lung after exposure to inhaled pollutants; 
however, little is known about specific interactions and potential mechanisms of 
action. In this study, primary human bronchial epithelial cells (HBEC) cultured in 
3D at the air-liquid interface (ALI) are utilized as a physiologically relevant model to 
evaluate the effects of inflammation on toxicity of polycyclic aromatic hydrocarbons 
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(PAHs), a class of contaminants generated from incomplete combustion of fossil 
fuels. Normal HBEC were differentiated in the presence of IL-13 for 14 days to 
induce a profibrotic phenotype similar to asthma. Fully differentiated normal and 
asthmatic phenotype HBEC were treated with benzo[a]pyrene (BAP; 1 - 40 ug/mL) 
or 1% DMSO/PBS vehicle at the ALI for 48 hrs. Cells were evaluated for cytotoxicity, 
barrier integrity, and transcriptional biomarkers of chemical metabolism and inflam-
mation by quantitative PCR. Cells with the asthmatic phenotype treated with BAP 
show some significant (p<0.05) increase in cytotoxicity and significantly (p<0.05) 
decreased barrier integrity compared to normal cells. Asthmatic phenotype cells 
also showed increased sensitivity to BAP metabolism compared to cells with the 
normal phenotype. Additionally, RNA sequencing data showed that a large number 
of genes were uniquely significantly expressed in cells with the induced asthmatic 
phenotype exposed to BAP. Future studies will further explore mechanisms of 
toxicity from global transcriptomics and investigate the role of microRNA in mediat-
ing mechanisms of toxicity and inflammation. These data are the first to evaluate 
the role of combined environmental factors associated with inflammation from 
pre-existing disease and PAH exposure on pulmonary toxicity in a physiologically 
relevant human in vitro model.

 3668 The Use of Quantitative Similarity Assessment and NAMs 
Data to Establish a Read-Across Category: A Case Study with 
Benzoic Acids

C. Lester1, J. Rose1, E. Byrd1, G. Yan1, and C. Mahony2. 1Procter & Gamble, Mason, OH; 
and 2Procter & Gamble, Reading, United Kingdom.

Read across is an important animal alternative method for filling toxicological 
data gaps and while simple in theory can be difficult in practice, with the most 
challenging aspects involving the selection of analogues and justification of their 
use to establish the safety of a data-poor target compound. While structure-po-
tency relationships are more easily established for compounds displaying the 
same toxicity and mode of action and can be underpinned with New Approach 
Methodologies (NAMs), chemicals displaying little to no activity or toxicity can be 
harder to address. Benzoic acid is a critical preservative used in cosmetics and 
its safety has been well established. As part of the cosmetic Europe (CE) long 
range science strategy (LRSS) for assessing systemic toxicity based on non-animal 
approaches, we apply NAMs to support the grouping of a category of compounds 
expected to possess the same low toxicity as benzoic acid and its innocuous 
salts for which safety may be established by read across. Structural boundaries 
defining the category are based on a matched molecular pair approach for select-
ing analogues with further definition involving the demonstration of similarity in 
metabolism, reactivity, and physical chemical properties. Quantification of these 
similarities is achieved by defining a fingerprint for each attribute and computing 
the overlap of analogue fingerprints with those for benzoic acid. In vitro metabo-
lism data are used to define metabolism fingerprints and to explore the effects of 
structural changes on rate and extent of metabolism as well as biotransformation 
pathway. A TotalScore consisting of the sum of similarity scores for metabolism, 
reactivity and physical chemical properties provides a clear quantitative cutoff for 
category members. Analogues with the highest TotalScore of 3.0 consist of benign 
salts of benzoic acid in addition to para- and meta-toluic acids which are shown to 
display the same metabolism as benzoic acid. Analogues displaying small differ-
ences in metabolism receive a TotalScore that is less than 3.0 but greater than 
2.5 and consist of small alkyl derivatives of benzoic acid. Metabolism similarity 
is shown to be the most important attribute defining the category. Curation of 
ToxCast/Tox21 bioactivity data included test substance characterization, where 
available, and biological plausibility of the dose response relationships for identi-
fication of active assays. These curated data are used to substantiate low activity 
for benzoic acid analogues and demonstrate differences in reactivity for those 
analogues outside the read-across category. This poster demonstrates the practi-
cal application of quantitative consideration of similarity in metabolism, reactivity 
and physical chemical properties supported by in vitro metabolism and Toxcast 
NAM data which greatly enhances the robustness of a read-across assessment for 
establishing the safety of low-toxicity compounds.

 3669 Combining NAM Data and IVIVE for Evaluating Potential 
Inhalation Toxicity

X. Chang1, E. N. Reinke1, A. B. Daniel1, D. G. Allen1, M. M. Mumtaz2, and 
N. C. Kleinstreuer3. 1Inotiv, Research Triangle Park, NC; 2CDC/ATSDR, Atlanta, GA; and 
3NIEHS/NICEATM, Research Triangle Park, NC.

Traditional chemical risk assessment is often based on no- or lowest-observed-ad-
verse-effect levels derived from in vivo toxicity data. New approach methodolo-
gies, such as in vitro systems, can be used for toxicity screening in a more rapid 
and cost-effective manner than animal tests. In vitro assays can provide safe 
exposure levels for a chemical when combined with an in vitro to in vivo extrap-
olation (IVIVE) approach. IVIVE uses pharmacokinetic models to relate concen-
trations of substances that induce in vitro responses to a corresponding equiva-
lent in vivo dose. In this study, we selected 20 volatile organic compounds (e.g., 
styrene, tetrachloroethylene, 2-butoxyethanol) with abundant pharmacokinetic 
data and published minimal risk levels (MRLs) covering multiple target organs 

via inhalation exposure. We obtained activity concentrations derived from in vitro 
assays measuring diverse endpoints (e.g., genotoxicity, cytochrome p450 activa-
tion, transcriptome analysis) from public resources. Using these data, IVIVE was 
performed to estimate the daily equivalent administered dose (EAD) that would 
result in plasma and lung concentrations equivalent to the in vitro activity concen-
trations. For chemicals that were inactive in an in vitro assay, the maximum testing 
concentration was used for IVIVE. The EADs were then compared to the in vivo 
point of departure (POD) used to derive the MRLs. Our preliminary results showed 
that differences between EADs and in vivo data varies greatly between chemicals 
and across assays, ranging from less than 2-fold to more than 1000-fold. For most 
chemicals, the EADs estimated based on lung concentration were closer to in vivo 
PODs than those based on plasma concentration. Furthermore, the EADs estimated 
using an in vitro assay that measures an endpoint more mechanistically relevant to 
in vivo exposure better predicted in vivo PODs compared to those estimated using 
an in vitro assay measuring nonspecific effects (e.g., cytotoxicity assays). The 
impact of metabolism and pharmacokinetic model structures on IVIVE outcomes 
were also evaluated. In summary, this study provides proof-of-concept case 
examples to illustrate the utility of using non-animal approaches to inform hazard 
identification and risk for humans exposed to inhaled substances. This project was 
funded in whole or in part with federal funds from the NIEHS, NIH under Contract No. 
HHSN273201500010C. The findings and conclusions in this abstract have not been 
formally disseminated by the Centers for Disease Control and Prevention/Agency for 
Toxic Substances and Disease Registry and should not be construed to represent any 
agency determination or policy.

 3670 Integrating Population Enzyme Variability into Physiologically 
Based Kinetic Models of Parent Chemicals and Metabolites

V. Hull1, D. Hines1, A. Unnikrishnan1, A. L. Karmaus1, D. G. Allen1, J. C. Dorne2, 
J. Erickson3, P. Combs3, S. Ferguson3, N. C. Kleinstreuer4, and K. Mansouri4. 1Inotiv, 
Research Triangle Park, NC; 2European Food Safety Authority, Parma, Italy; 3NIEHS/NTP, 
Research Triangle Park, NC; and 4NIEHS/NICEATM, Research Triangle Park, NC.

Chemicals that enter the body are broken down into metabolites by enzymatic 
activity from a range of metabolic pathways. Rates of metabolism can vary across 
human populations due to inter-individual genetic variability, making some popula-
tions potentially slower in metabolism and more sensitive to effects from parent 
chemicals or their metabolites. Risk assessors apply physiologically-based kinetic 
(PB-K) models to depict the dynamics of tissue concentrations for both parent 
chemicals and metabolites, but technical and data limitations often make it difficult 
to apply these models to characterize the effects of enzymatic pathway-related 
variability within populations. We developed a generalized workflow for incorpo-
rating pathway-related variability for select Phase I cytochrome P450 (CYP) and 
Phase II UGT enzymes across human populations into PB-K models. The elements 
of the workflow include metabolite structures generated using SimulationsPlus 
ADMET Predictor®, PB-K models from the U.S. Environmental Protection Agency’s 
httk R package, estimates of enzyme variability from EFSA literature reports, and 
parameter predictions from OPERA (v2.8). Data on inter-individual genetic variabil-
ity in enzyme activities are integrated into httk models by applying pathway-re-
lated variability distributions to intrinsic clearance parameters of parent chemicals. 
Parent chemical dynamics are simulated following an initial exposure and the 
amount of parent chemical metabolized is scaled by the percent yield to provide 
intravenous input time series for metabolite models. OPERA physiochemical 
and ADME property predictions are used to parameterize the httk models and 
simulate parent and metabolite concentrations over time. The httk models are then 
reparametrized using Monte Carlo sampling of enzymatic variability in intrinsic 
clearance, generating a range of concentrations that are representative of potential 
population variability. To demonstrate the dynamics of the workflow, we applied it 
to a case study of 10 parent chemicals and their metabolites. One such chemical 
is morpholine, which has 4 predicted metabolites from one round of CYP3A4 
and CYP2D6 metabolism. Following a single oral bolus of morpholine, the PB-K 
workflow output showed the highest percent yield metabolite (42%) had the highest 
potential tissue and plasma concentration, with a maximum plasma concentration 
of up to 0.1331 mg/L. The lowest percent yield metabolite (11%) had the lowest 
potential tissue and plasma concentration with a plasma concentration of up to 
0.0501 mg/L. However, the differences in concentration were relatively small, as 
the metabolites’ unique clearance rates likely offset the varying metabolite yields. 
This workflow will eventually be expanded to approximately 800k chemicals in the 
SimulationsPlus ADMET Predictor database with multiple rounds of metabolism 
considered. Our approach supports hazard and risk characterization for sensitive 
subgroups by identifying the maximum tissue concentrations for potentially toxic 
chemicals in a population. Furthermore, the workflow can be used to simulate 
chemical concentrations in select subpopulations by modifying enzyme inputs to 
represent a demographic subset. This project was funded with federal funds from 
NIEHS, NIH under Contract No. HHSN273201500010C.
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 3671 Predicting the Acute Toxicity Six-Pack to Support Health, Safety, 
and Environmental Product Stewardship

G. J. Myatt1, A. Bassan2, D. Bower1, K. P. Cross1, C. Johnson1, and M. Pavan2. 1Instem, 
Columbus, OH; and 2Innovatune, Padova, Italy.

Computational models to assess acute toxicity have applications in many areas of 
research and development (R&D). They can be used within international compound 
registrations, such as the European Union’s legislation on the registration, evalua-
tion, authorization, and restriction of chemicals (REACH). In addition, such models 
support completing safety data sheets, guiding how a chemical should be packaged, 
labeled and/or transported as well as prioritizing and screening chemicals in early 
R&D. This poster will outline a battery of transparent and fit-for-purpose in silico 
models to evaluate the acute toxicity 6-pack: (1) acute systemic toxicity by three 
routes of exposure (oral, dermal, inhalation), (2) skin and eye irritation/corrosion, 
and (3) skin sensitization. To support the development of these models, a series of 
databases were constructed including 175,885 chemicals with acute toxicity data, 
3,775 chemicals with skin irritation/corrosion data, 6,619 chemicals with eye irrita-
tion/corrosion data, and 2,188 chemicals with skin sensitization data. These models 
predict categories such as the Globally Harmonised System of Classification and 
Labelling of Chemicals (GHS) categories and have been evaluated using a series 
of public and proprietary datasets. The model performance for two methodologies 
(expert rule-based and statistical-based) across all 6 endpoints will be presented. 
For example, for a set of approximately 2,000 proprietary chemicals, the rat oral in 
silico models predict 95% either in a correct or more conservative category. The 
poster will review the development and performance of these models and present 
workflows to illustrate how they can be used to support the 3Rs.

 3672 Toward Whole Health Toxicology: In Silico Prediction of 
Diseases Sensitive to Multichemical Exposures

O. Arowolo, and A. Suvorov. University of Massachusetts Amherst, Amherst, MA.

Chemical exposures from diverse sources merge on a limited number of molecular 
pathways described as toxicity pathways. Changes in the same set of molecu-
lar pathways in different cell and tissue types may generate seemingly unrelated 
health conditions. Today, the healthcare system will likely treat these conditions 
as unrelated, while recognition of these conditions as syndromes with common 
environmental etiology may facilitate the identification of causal routes of major 
health problems to inform efficient interventions. In this study, we propose an 
in-silico approach to identify diseases sensitive to multi-chemical exposures. 
First, the sensitivity of genes to multi-chemical exposures was identified using 
a total of 591,084 individual chemical-gene interactions from the Comparative 
Toxicogenomic Database (CTD) and expressed as a number of chemical-gene 
interactions per gene. Next, molecular pathways enriched with genes sensitive to 
chemical exposures were identified using Gene Set Enrichment Analysis (GSEA) 
against KEGG and Reactome datasets. Top sensitive pathways were resubmitted 
to the CTD to identify disease categories associated with these pathways. Finally, 
diseases sharing common pathways were identified using Self Organizing Map 
(SOM) and hierarchical clustering. Health conditions predicted as the most sensitive 
to cumulative chemical exposures include major public health problems: multiple 
forms of cancer, metabolic, cardiovascular disease, neurodevelopmental and 
neurodegenerative diseases, and autoimmune conditions. This analysis predict-
ably identified clusters of diseases with known shared pathology (e.g., asthma and 
pneumonia), but also it identified some clusters which are difficult to explain (e.g., 
liver cirrhosis and cleft palate). Further, research is needed to identify major health 
conditions and syndromes sensitive to cumulative chemical exposures.

 3673 Automating Analysis of Calcium Flux Assay Readouts 
of Cardiomyocyte Cells to Identify Mode of Action in 
Cardiotoxic Compounds

A. Tandon1, B. E. Howard1, S. Ramaiahgari2, R. Shah1, and B. A. Merrick2. 1Sciome LLC, 
Research Triangle Park, NC; and 2NIEHS/DTT, Research Triangle Park, NC.

Novel drug development is a complex and arduous process that usually takes many 
years to complete. Unfortunately, there have too often been cases where a manufac-
turer has had to recall a promising drug from the market after finding out too late 
that it poses unacceptable cardiovascular risks. Therefore, it is critical to identify 
such adverse effects as soon as possible during the early stages of the drug discov-
ery process. The calcium flux assay is used to analyze cardiomyocyte cells in vitro. 
By observing changes in the rhythmic beating of these cells, it is possible to identify 
irregularities induced by pharmacological agents. Furthermore, these assays can 
be performed using high-throughput imaging, generating large quantities of assay 
data for multiple candidate compounds in parallel. We have developed a pipeline 
which can be used to analyze the time series measurements from the calcium flux 
assay and generate multiple features derived from the raw signal. These features 
are then combined into a profile which can then be compared against the comple-
mentary ‘gold-standard’ patch clamp ion-channel blockage assay. Fluorescence 
intensity measurements from each of 384 wells are captured by an Opera Phenix 
imager. The readout duration was kept at 10 seconds, but multiple frame rates 

(e.g., 10 fps, 20 fps, and 50 fps) were tested during the process of pipeline optimi-
zation. Our analysis suggested that 10 fps, resulting in a total of 100 measurements 
per well, allows us to capture most of the detail with minimal amount of noise. 
Before analyzing further, we use various moving averages and the Savitzky-Golay 
algorithm to smooth the data and remove extraneous noise. The pipeline then 
processes the smoothed time series data using state-of-the-art signal processing 
techniques to generate multiple quantitative features. Next, we identify true peaks 
by using data-driven threshold values to remove the false peaks and outliers. We 
further calculate several additional parameters of the signal including amplitude, 
space between peaks, width of different regions, rise and decay of the peaks, etc., 
which together capture valuable quantitative information regarding the possible the 
mechanism of action of the treated drug. Our pipeline graphically plots the analyzed 
signal showing all calculated features, allowing users to perform quality checks and 
to visually examine the shape of the signals. Using this novel pipeline, we are now 
exploring the development of machine learning techniques, including methods that 
use the raw signal directly, to accurately characterize the mode of action of cardio-
toxic chemicals by classifying the shape of the assay signal. As a proof of concept, 
we have trained an XGBoost classifier that can differentiate, with 94% accuracy, 
between two known modes of action along with a third “noisy read-out” condition. It 
is our hope that further development of these methods will someday facilitate early 
detection of cardiotoxic pharmacological and environmental compounds.

 3674 Exploring Toxic Structural Features and Properties of 
Extractables and Leachables

S. Chakravarti. MultiCASE Inc., Beachwood, OH.

Extractables and leachables (E&Ls) are compounds that migrate from contact 
materials to products under exaggerated or normal conditions. E&Ls pose safety 
risks to human, animal health and environment via drugs, medical devices, food and 
various products. We are reporting here a system of state-of-the-art QSAR models, 
databases and toxicity alerts to aid in the safety assessment of more than 400 
E&Ls from the Extractables and Leachables Safety Information Exchange (ELSIE) 
database. The models and databases provide predictions and experimental data, 
respectively. The system covers 14 physicochemical, ADME, environmental and 
toxicity endpoints, e.g., LogP, water solubility, biodegradability, aquatic toxicity, 
endocrine effects, skin sensitization, acute toxicity, mutagenicity, carcinogenicity, 
hepatotoxicity etc. Importantly, a large set of knowledge-based and statistically 
mined structural alerts enable confident expert evaluation and analysis of the 
reasoning behind any potential toxic property. We can answer useful queries using 
this system, e.g., how many E&Ls have positive Ames data? (ans: 34), how many 
E&Ls have functional groups helpful in biodegradation? (ans: 233), how many of 
those have experimental data? (ans: 102), how many E&Ls have functional groups 
that may cause skin sensitization? (ans: 59). This system can help us to build a 
layered in silico risk assessment workflow for the E&Ls.

 3675 treecompareR: An Open Source Software Package to Visualize 
Hierarchical Chemical Classifications

P. M. Kruse, and C. L. Ring. US EPA, Research Triangle Park, NC.

We introduce a framework to visualize and explore chemical data with ClassyFire 
chemical classifications: the open-source R package “treecompareR.” ClassyFire 
is a web tool that uses chemical structure to classify chemicals automatically in a 
hierarchical “tree of life” ontology (ChemOnt) [1]. The ClassyFire chemical classifi-
cation framework is useful for evaluating the chemical landscape of chemical data 
relevant to toxicity, exposure, and risk, as part of a cheminformatics approach in 
new approach methodologies for rapid chemical risk characterization. The treecom-
pareR package allows the user to: 1) Visualize the ChemOnt ontology as a tree 
diagram; 2) “prune” the tree: select and visualize branches of interest in more detail; 
3) assess and visualize similarity of ClassyFire classifications between two lists of 
chemicals. Qualitatively: Highlight tree branches according to list presence, prune 
tree to represent one list and highlight its branches to indicate presence in the other 
list. Quantitatively: Calculate and visualize pairwise similarity of hierarchical classifi-
cations, calculate percent of list represented by varying values of similarity. Identify 
portions of data sets that are highly similar or dissimilar to each other by leverag-
ing hierarchical clustering in conjunction with heatmaps and a variety of similarity 
measures. Annotate tree diagrams with additional chemical-specific data to explore 
relationships with chemical class (physical-chemical property data, key exposure 
descriptors, hazard descriptors). As a case study, we used treecompareR to explore 
the chemical classes represented by biosolids monitoring data from the National 
Sewage Sludge Surveys (NSSS), and by the non-confidential portion of the Toxic 
Substances Control Act (TSCA) Chemical Substances Inventory. Quantitatively, 
the NSSS chemicals form a subset of the TSCA chemicals; the average Jaccard 
similarity of pairs of classification labels from NSSS and TSCA is 0.14, higher than 
pairwise values between TSCA and random subtrees comparable in size to the 
NSSS subtree or between NSSS and random subtrees comparable in size to the 
TSCA subtree. Qualitatively, NSSS biosolids concentrations appear to have some 
correlation with chemical class and with exposure descriptors such as use sector 
and national production volume, suggesting that these descriptors may be useful to 
build a predictive model for biosolids concentrations for TSCA chemicals with no 
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NSSS monitoring data. treecompareR is an open-source package for the R statis-
tical-computing environment, built on the popular ggtree and ggplot2 R packages. 
While it is still under development, an initial release is planned for 2023. The views 
expressed in this presentation are those of the authors and do not necessarily reflect 
the views or policies of the US EPA. [1] Djoumbou Feunang, Y., Eisner, R., Knox, C. et 
al. ClassyFire: automated chemical classification with a comprehensive, computable 
taxonomy. J Cheminform 8, 61 (2016). https://doi.org/10.1186/s13321-016-0174-y

 3676 Creation of a Toxicology Knowledgebase for Next-Generation 
Risk Assessment Using Unstructured Data and a Modular 
System Architecture

B. Cook1, D. Malatinszky2, T. Parrott2, D. Mucs3, and I. M. Baskerville-Abraham3. 1Inotiv, 
Research Triangle Park, NC; 2Chemaxon Ltd, Budapest, Hungary; and 3JT International 
SA, Geneva, Switzerland.

In order for new approach methodologies (NAMs) to become an effective approach 
to reduce or replace the use of animal testing it is important for toxicologists to 
collect all data available accurately and efficiently for chemical hazard and risk 
assessment. Through current methods several diverse databases have to be 
individually scraped and analyzed for a useful toxicological risk assessment, result-
ing in a time-consuming task often with conflicting results making it hard to gather 
and synthesize data. Utilizing recent advances in computational and analytical 
approaches Japan Tobacco International (JTI) and Chemaxon have developed 
a comprehensive workflow that incorporates structured and unstructured data 
from in vivo, in vitro and in silico databases and predictive models to ease in the 
data gathering and also, if required, similarity based read-across assessment of 
human-relevant exposure, driving next generation risk assessment (NGRA) efforts. 
With the use of a Konstanz Information Miner (KNIME) workflow and web-based 
chemical data management and visualization tools toxicologists, with varying 
degrees of technology experience, can quickly gather and visualize all relevant 
chemical information, filter based on molecular structures and register chemicals 
through one interface. This workflow also enables the handling of potentially 
conflicting toxicological data from different data sources, alerting toxicologists to 
any areas of concern that may need additional analysis.

 3677 Toward Best Practices for Read-Across in Evaluation of Drug 
Impurities and Extractable/Leachable Compounds

A. L. Mihalchik1, N. Y. Choksi1, and M. L. Wood2. 1ToxStrategies, Research Triangle Park, 
NC; and 2ToxStrategies, Katy, TX.

Formal read-across (RA) guidance and approaches have been proposed by the 
ECHA Read-Across Assessment Framework (RAAF), U.S. EPA Generalized 
Read-Across (GenRA), and others for use in the assessment of data-poor industrial 
chemicals, waste compounds, consumer products, cosmetics, and pesticides. 
Throughout the drug development process, scenarios for which RA might be 
implemented have also been identified, including endpoint-specific evaluation of 
drug impurities and assessment of extractable/leachable compounds for which 
adequate toxicity data may not exist. However, current frameworks and tools are 
not tailored explicitly for purposes relevant to analysis of these compounds, and 
publicly available, fit-for-purpose RA guidance is lacking from major regulatory 
agencies including U.S. FDA and EMA. Therefore, a need exists to implement robust 
formalized processes to use RA in pharmaceutical risk assessments. To address 
this gap, we implement and assess the relevance of existing RA frameworks and 
tools for drug impurities and leachable/extractable compounds in a series of case 
studies. The first describes the overall approach used to evaluate the carcinogenic 
and genotoxic potential of a drug impurity based on identification and assessment 
of potentially reactive substructural features present in the impurity, and related 
analogs, using the OECD QSAR Toolbox. The second case study focuses on tools 
and strategies used to identify potential analog structures tricresyl phosphate 
(CAS# 1330-78-5) and tris(2,4-di-tert-butylphenyl) phosphite (CAS# 31570-04-
4) to address multiple endpoints for oxidized Irgafos 168 (CAS# 95906-11-9) 
derived from a drug container closure system for the purpose of deriving a safe 
daily exposure limit. In addition to RA framework implementation, the following 
topics are considered: 1. How to frame the product-specific context and intended 
data gap(s) to fill via RA to shape approach and identification of analogs2. Search 
strategies and tools used to identify endpoint- and gap-specific analogs, such as 
the Lhasa Carcinogenicity Database, ChemIDplus, and the OECD QSAR Toolbox3. 
Interpretation and use of analog data to fill data gaps4. Shortcomings of currently 
available RA frameworks and tools for evaluation of compounds unintentionally 
present in drugs. A discussion of fit-for-purpose considerations while conduct-
ing and reporting RA is described in the context of the case studies, as are future 
directions for implementation of RA in risk assessment of drugs.

 3678 Development of a Quantitative Systems Toxicology Model of 
Multidrug Resistance Protein 3 (MDR3) Inhibition to Predict Bile 
Acid–Mediated Cholestatic Drug–Induced Liver Injury

J. J. Beaudoin1, K. Yang1, J. Adiwidjaja1,2, G. Taneja1, P. B. Watkins2, S. Q. Siler1, 
B. A. Howell1, and J. L. Woodhead1. 1Simulations Plus Inc., Research Triangle Park, NC; 
and 2University of North Carolina at Chapel Hill, Chapel Hill, NC.

Multidrug resistance protein 3 (MDR3) translocates phospholipids (PLs) from 
the inner to the outer leaflet of the canalicular membrane of hepatocytes. These 
flopped PLs can form mixed micelles with bile acids (BAs) that have been excreted 
into the bile canaliculus by the bile salt export pump. Drug-induced inhibition of 
MDR3 function can lead to a reduction in PLs available for micelle formation with 
BAs, resulting in a biliary excess of toxic BA monomers. Biliary increases in free BAs 
can damage the bile duct epithelial cells, i.e., cholangiocytes, which may develop 
into clinically defined cholestatic liver injury. Cholangiocellular mechanisms 
that could compensate for biliary BA elevations include the cholehepatic shunt 
pathway for BAs and the biliary secretion of bicarbonate. Computational models 
of drug-induced bile duct injury in humans at the individual and population level, 
which may aid in the prediction and prevention of drug-induced hepatotoxicity, have 
thus far been lacking. To predict drug-induced bile duct injury in humans, DILIsym, 
a quantitative systems toxicology model of drug-induced liver injury (DILI), was 
extended by representing key features of the bile duct that are believed to impact 
cholestatic liver injury. Representations of PL excretion, modes of MDR3 inhibi-
tion, biliary BA toxicity and the compensatory effects of cholehepatic shunting and 
biliary bicarbonate secretion have been developed. Publicly available clinical data 
were used to calibrate and validate a virtual, healthy representative subject and 
population (n=285). Sensitivity analyses were performed for 1) modes of MDR3 
inhibition, 2) the cholehepatic shunt pathway, and 3) biliary bicarbonate concentra-
tions. To further validate the model, population-based simulations were performed 
with compounds that have established interactions with BA transport and known 
clinical outcomes. Simulations suggested that non-competitive and mixed inhibi-
tion (α=5) of MDR3 has a profound impact on PL efflux, bile duct injury, and adapta-
tion pathways, while competitive inhibition does not. Furthermore, simulations 
indicated that an enhanced functionality of the cholehepatic shunt decreases the 
BA burden in the bile duct, but increases BA concentrations in hepatocytes. The 
model also predicted that increases in biliary bicarbonate concentrations (from 25 
to 65 mM) reduces shunting of BAs but raises the bile flow rate. Finally, the model 
with its extended representation of BA disposition accurately predicted DILI liability 
for compounds with known interactions with BA transport. For instance, virtual 
population simulations with the DILI exemplars AMG-009, TAK-875 and troglita-
zone predicted alanine aminotransferase > 3x upper limit of normal in a subset of 
simulated subjects, with frequencies consistent with clinical data, while simula-
tions with the clean (no DILI) exemplars ambrisentan and pioglitazone resulted in 
no clinically relevant biomarker elevations. The refined BA and PL representations 
in DILIsym describe various processes crucial to bile duct health and cholestatic 
liver injury and show promise to be used for predictions of MDR3 inhibition-medi-
ated cholestatic DILI in humans.

 3679 AI-Supported Dose-Response Data Extraction System for 
Toxicological Publications

M. Di Salvo1, O. Gordon1, A. Weissmann2, R. McDonough1, and K. Shao1,2. 1Indiana 
University, Bloomington, IN; and 2DREAM Tech LLC, Bloomington, IN.

Dose-response assessment in regulatory risk assessment relies on data available 
from toxicological studies generally published in peer-reviewed journals and techni-
cal reports. For dose-response modeling, the need for a database that can integrate 
dose-response datasets from different studies and that can be easily accessed 
is paramount. High-quality, data-intense sources such as EPA’s Integrated Risk 
Information System (IRIS), ATSDR’s Toxicological Profiles, and NTP’s Chemical 
Effects in Biological Systems (CEBS) archive can facilitate the construction of such 
a database with a challenge to digitalize the data embedded in PDF files. In this 
work, we propose to develop an artificial intelligence (AI) supported dose-response 
data extraction system to support the dose-response database development. We 
first manually extracted data from 80 EPA’s IRIS reports to generate a prelimi-
nary database with more than 4,000 dose-response datasets and to summarize 
features and rules for designing an intelligent rule-based data extraction system. 
The Automatic Dataset Creator (ADC) is a program written in Python that identifies 
dose-response data in risk assessment reports and extracts relevant toxicological 
information to create datasets. The ADC parses tables and the surrounding context 
searching for certain information, such as the dose or endpoint, and then compares 
that information to a library of regular expressions. The extracted datasets will 
be consistently reviewed and calibrated by experienced reviewers to improve 
the performance of the system. In the end, all datasets created are verified and 
approved to ensure correctness before becoming part of the permanent library. As 
a starting point, we chose the NTP CEBS database as the basis to develop and test 
the program. Most NTP reports follow the same structure, presenting the results 
in well-organized tables. When applied to NTP reports published after 2019, the 
current version of the ADC presents an efficacy of 74% to correctly identify datasets 
with an average processing time of 36 minutes per report. The rules that the system 
follows are algorithmically generated based on pieces of information already in 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 241



the database. Thus, as the database grows in scope and accuracy, the rule-based 
system incorporates new knowledge and becomes more effective. Even in the 
cases where the ADC cannot extract the dose-response data completely accurately, 
due to the need for human intervention at the end of the process (i.e., manually 
checked by an experienced professional), any missing piece of information or error 
made by the program can be identified and repaired. We expect to enhance the 
efficacy of the AI-supported system above 95% to more efficiently build the compre-
hensive dose-response database.

 3680 Hierarchical Concentration–Response Modeling for Adverse 
Outcome Pathway-Based Evaluations Using Public Big 
Data Resources

D. P. Russo, and H. Zhu. Rowan University, Glassboro, NJ.

In silico models that predict chemical adverse outcome pathways (AOPs) can 
provide mechanistic insight when evaluating toxicity. Such models leverage in 
vitro responses across multiple related assay targets to simulate and predict in 
vivo toxicological processes. Developing AOP models for complex toxicities, e.g., 
hepatotoxicity, is challenging because the relevant mechanisms are many and not 
well-understood. High-throughput screening (HTS) programs are capable of testing 
thousands of chemicals in concentration-response format using in vitro HTS assays, 
providing enormous amounts of information on toxicity mechanisms. Data sharing 
projects such as PubChem are storing the results of these assays and making them 
accessible to the public. However, using HTS assay information from such large 
data repositories to develop AOP models is a challenge. These assays come from 
HTS programs with different goals, resulting in a variety of assay targets involved 
in different biological pathways and processes. Grouping assays that test related 
targets (e.g., proteins involved in the same biological process or pathway) requires 
manual curation, which isn’t possible for such big data resources. Additionally, 
these assays test chemicals at concentrations that may not reflect the in vivo 
concentrations of chemicals due to metabolic transformation. To address these 
challenges, we introduce a novel hierarchical concentration-dependent modeling 
approach to using publicly available big data (e.g., PubChem) to develop AOP 
models. Using assay metadata (i.e., assay target information) and curated biologi-
cal pathway data (e.g., target-pathway information from WikiPathways) over 1,200 
PubChem concentration-response assays are grouped by related targets into 560 
AOP models in a framework that mimics hierarchical, biological pathway organi-
zation. The final output of these AOP models is an AOP score which summarizes 
the potency of a chemical against different HTS assay targets related to a specific 
biological pathway or process. The predictivity of these 560 AOP models was 
evaluated on a large database containing over 13,000 chemicals with complex 
toxicity data including acute oral toxicity, hepatotoxicity, and developmental and 
reproductive toxicity. Over 230 AOP models showed significant correlation (p-value 
< 0.05) with specific toxicities, informing on the mechanistic nature of the toxicants. 
Furthermore, we show that the AOP scores of chemicals can be coupled with 
toxicokinetic information to improve their in vivo toxicity predictions. This approach 
can be a new, universal strategy for computational toxicology and a rapid approach 
for AOP-based toxicity evaluations.

 3681 Constructing a Database of Parameters for Physiologically 
Based Kinetic Modeling to Predict Toxicokinetics of Inhalation 
Exposure to Industrial Chemicals

T. Yamada, Y. Meiseki, S. Watanabe-Matsumoto, S. Yamamoto, N. Katsutani, and 
K. Yoshida. National Institute of Health Sciences, Kawasaki, Japan.

Risk assessment of chemicals lacking toxicological information is a major 
challenge, and further development of in silico approaches such as quantitative 
structure-activity relationships and read-across are expected. Since the systemic 
toxicity of chemicals depends on the dose distributed to the target organ and 
the amounts of reactive metabolites, it is important to integrate information of 
toxicokinetics (TK). The purpose of this study was to develop a database (DB) 
that is referrable to kinetics related information of reference substances to predict 
TK of a target substance based on physiologically based kinetic (PBK) modeling 
for inhalation toxicity of industrial chemicals. We collected physicochemical 
and biochemical parameters in kinetics of chemicals, including the partition 
coefficients of blood/air and tissue/blood, the maximal velocity (Vmax), and the 
Michaelis-Menten constant (Km), by literature search. This PBK DB consists of 
human, rat, and mouse datasets of more than 200 chemicals. Chemicals in the DB 
were classified into four categories based on dominant intermolecular interaction 
which has significant impact on the partitions: 1) van der Waals force (Category I), 
2) van der Waals force and dipole-dipole interaction (Category IIA), 3) van der Waals 
force, dipole-dipole interaction, and hydrogen bond (Category IIB), and 4) ion-ion 
interaction (Category III). To characterize the parameters, the human dataset was 
used. The partition coefficients of blood/air and tissue/blood in each category 
were compared, and the relationships of these partition coefficients and physico-
chemical parameters such as the Henry’s law constant and logD were elucidated. 
Moreover, the characteristics of Vmax and Km for the dataset chemicals classi-
fied by enzymes involved in phase I metabolism in humans were analyzed. For 
the substances mainly metabolized by CYP2E1, multiple regression analysis of 

the logarithmic values of Vmax and Km with the frequency of occurrences of 10 
molecular fragments gave significant coefficients of determination, respectively. 
It was suggested that the frequency of occurrences of carbon-carbon double 
bond, hydrogen bonded to double-bonded carbon, quaternary carbon and chlorine 
significantly contributed to log Vmax, and the frequency of occurrence of chlorine 
significantly contributed to log Km. Separately, TK of inhaled ethyl tert-butyl ether, 
belonging to Category IIA and mainly metabolized by CYP2E1, was successfully 
simulated by PBK modeling using the partition coefficients, Vmax, and Km values 
that were predicted by quantitative structure-property relationship (QSPR) based 
on our human dataset of the DB1), suggesting that QSPR-PBK modeling is effective 
for estimating TK of the chemicals for which empirical input values are unavailable. 
In conclusion, although further verification is necessary, this study suggests that 
our PBK DB was successfully developed and could be applied for TK prediction 
of inhalation exposure to industrial chemicals. This work was supported by Health 
and Labour Sciences Research Grants (H30-Chemistry Destination-005) from the 
Ministry of Health, Labour and Welfare of Japan. 1) Watanabe-Matsumoto, S. et al. 
2022. A physiologically based kinetic modeling of ethyl tert-butyl ether in humans-an 
illustrative application of quantitative structure-property relationship and Monte 
Carlo simulation. J. Toxicol. Sci., 47, 77-87.

 3682 Using Adverse Outcome Pathways to Aid Expert Review in 
Assessments for ICH S1B(R1): Considerations for Weight of 
Evidence Outcomes

S. Stalford, A. Cayley, and A. de Oliveira. Lhasa Limited, Leeds, United Kingdom.

The finalisation and subsequent adoption of the ICH S1B(R1) opens the door for 
the use of alternative testing and improved utilisation of existing data in place 
of lifetime rodent carcinogenicity studies. This reflects a wider paradigm shift 
occurring throughout industry, where the relevance of the rat carcinogenicity study 
is also being questioned with respect to its applicability for assessing human 
risk. The weight-of-evidence approach advocated in the ICH S1B(R1) addendum 
allows for the use of evidence generated during the drug development process 
to determine if a 2-year rat carcinogenicity study would add value to the overall 
S1B assessment or if a good assessment of human carcinogenic potential can be 
made in its absence. Relatively large amounts of diverse and complex data may be 
used in such a weight-of-evidence assessment, and adverse outcome pathways 
(AOPs) have been proposed as an ideal framework to consolidate and contextu-
alise evidence. Using the structure this concept provides, an approach to assess-
ing the evidence generated as part of an S1B assessment has been developed, 
which gives consistent and transparent results to support the decision-mak-
ing process. This transparency allows expert review to be conducted, where the 
overall weight-of-evidence can be probed and various considerations, including 
concordance, coverage and reliability of evidence can be taken into account to 
ensure results are robust. To investigate the importance of such considerations, an 
analysis of a data set of 1726 compounds with known carcinogenic potential and 
data related to histopathology, genotoxicity, protein target perturbation, and other 
relevant evidence was conducted using a network of 35 AOPs for carcinogenicity. 
Additionally, where appropriate, case studies were also probed. Results indicate 
that the concordance, and coverage of evidence is important. The review of case 
studies shows that expert review of is of utmost importance, and that measures 
that point to the reliability of evidence are key for determining the confidence in 
outcomes. Therefore, inclusion of these considerations within an S1 assessment 
would add value, increasing scientific robustness in conclusions and minimising 
animal testing.

 3683 Combining Condition-Specific Modeling and Network 
Topological Analysis to Improve the Analysis and Visualization 
of Chemicals’ Mechanisms of Action in Hepatotoxic Outcomes

L. Fresnais1,2, O. Perin1, A. Riu1, R. Grall1, A. Ott1, B. Fromenty3, C. Frainay2, F. Jourdan2, 
and N. Poupin2. 1L’Oréal Research and Innovation, Aulnay-sous-Bois, France; 2Université 
de Toulouse, Toulouse, France; and 3Rennes 1 University, Rennes, France.  
Sponsor: G. Ouedraogo.

The animal testing ban for safety evaluation of cosmetic ingredients proves a 
challenge for the development of non-animal approaches, especially for systemic 
toxicity, where New Approach Methodologies (NAMs) are widely developed. It has 
become crucial to develop new methods to better understand xenobiotic metabolic 
Mechanisms of Action (mMoA). in silico and in vitro tools, bringing both mechanis-
tic insight and identification of biological analogs, are developed to conduct 
Next generation Read Across (NGRA). Some of these approaches are based on 
transcriptomic data. They describe a biological behavior captured at a specific 
dose, time and in a defined cellular context. Despite being more and more used, 
these are known to have some flaws that need improvements: indirect represen-
tation of metabolism, genes considered independents and post-translational 
modifications ignored. To overcome these shortcomings, new systems biology 
approaches based on Genome Scale Metabolic Networks (GSMN) have emerged 
(Mardinoglu et al., 2013). One way to exploit those GSMN is to build condition-spe-
cific metabolic networks. To do this we developed a dedicated workflow. Its first 
step consists in integrating transcriptomic data into GSMN. Because it can lead 
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to many different biologically relevant metabolic networks, a statistical method 
is proposed to identify the most frequently differentially activated reactions 
(DAR) between two biological conditions. Groups of closely located DARs in the 
metabolic network can be extracted and then analyzed with advanced visualization 
tools such as MetExploreViz (Chazalviel et al., 2018) to better understand mMOA. 
As a use case, the workflow was applied for Amiodarone and Valproic acid, two 
well-known hepatotoxic molecules, using Open TG-Gates primary human hepato-
cyte transcriptomic data. 56 and 417 DARs have been identified for Amiodarone 
(24h,7uM) and Valproic Acid (24h, 5000uM) respectively. As an example, network 
analysis revealed an increased activation of de novo lipogenesis after Amiodarone 
treatment, already described in the literature (Hubel et al., 2021) as likely to be 
involved in liver injury. It is important to note that it was not possible to identify this 
biological process based on transcriptomic data only. These results suggest that 
enriching transcriptomic data through condition-specific metabolic networks can 
help to better model mMOA.As today in silico read across strategies are mostly 
structure-based approaches, this workflow represents a promising tool for systemic 
toxicity evaluation of the metabolic impact of defined structure molecules, as well 
as for the evaluation of complex mixtures such as natural ingredients generating 
strong interest for cosmetic industries.

 3684 Applying Multiple Read-Across Tools for Toxicity Evaluation

A. Y. Caballero Alfonso1,2, M. Novic3, and E. Benfenati1. 1Istituto di Ricerche 
Farmacologiche Mario Negri IRCCS, Milano, Italy; 2Jozef Stefan International 
Postgraduate School, Ljubljana, Slovenia; and 3Laboratory for Cheminformatics National 
Institute of Chemistry, Ljubljana, Slovenia.

Read-across is an alternative method for filling data gaps based on analogue or 
chemical category approaches, with a wide range of applications on toxicolog-
ical assessment and with an attractive regulatory acceptance. The read-across 
approach reduces the number of chemicals to be tested because the available 
information about the endpoints can be used to estimate those properties for 
untested substances. This study describes a general read-across assessment 
concept to support toxicity characterization of chemicals by integrating the publicly 
available read-across tools. The applied approach started with the utilization of 
multiple tools to select the most suitable analogues through diverse profiling 
methods. Components as: structural similarity, physical-chemical similarities, 
structural alerts endpoint specific, and metabolism similarities were considered. 
A workflow implemented in KNIME was used to integrate the results. Diverse in 
silico tools can be combined within a read-across assessment to strength the 
read-across hypothesis. Here, we suggest a strategy to increase the efficiency 
during the analogue identification stage and we propose a framework to simplify 
the analogue evaluation step after combining the outcome of diverse read-across 
tools. The lessons learned from a practical case study are also presented. The 
results from this study intend to assist during analogue identification and evalua-
tion steps of read-across.

 3685 Development of a Hybrid Chemotype Rulebase for In Silico 
Screening of Cholestasis

M. Cronin1, C. Yang2,3, S. Belfield1, B. Hobocienski3, J. Firman1, T. Magdziarz2, 
A. Mostrag-Szlichtyng3, J. Rathman3, and V. Ribeiro3. 1Liverpool John Moores University, 
Liverpool, United Kingdom; 2MN-AM, Nuremberg, Germany; and 3MN-AM, Columbus, OH.

Chemically induced liver injury following exposure to a number of different xenobi-
otics can be caused by a variety of mechanisms. Identifying compounds potentially 
able to induce liver toxicity is a vital prerequisite to understand chemical safety 
following systemic exposure. In silico screening technologies have developed 
considerably in the past decade, in particular to identify compounds likely to cause 
adversity at the organ-level. Whilst modelling of chronic repeated exposure toxici-
ties is complex, much progress has been made on the identification of structural 
features associated with apical effects. The aim of this study was to develop a 
robust structure-based profiler for the identification of potentially cholestatic 
molecules. To achieve this, an existing rulebase was extended through the use of 
an enriched data resource, allowing for the evaluation of the rules. A database of 
more than 1,500 cholestasis test results was curated and quality controlled. These 
data were used to evaluate existing structural rules coded in Chemical Subgraphs 
and Reactions Markup Language (CSRML) prior to inclusion in the ChemTunes 
software. The chemotypes were run against the extended database to calculate 
likelihood estimations to determine the strength of the predictability behind each 
alert. In total more than 15 alerts were converted into CSRML capturing the structural 
environments of molecular fragments associated with cholestasis. Analysis of the 
alerts has provided an insight into the chemical domain and coverage of each alert. 
These structural alerts coded in chemotypes were refined further to define hybrid 
rules for cholestasis taking molecular properties into account. Such tools play a key 
role as New Approach Methodologies (NAMs) in the prioritisation of compounds 
for further assessment; the grouping of compounds facilitating read-across; and 
as part of a weight-of-evidence approach with other NAMs. The support of a 
quality-controlled database of toxicological information provided further justifica-
tion and transparency to the chemotype rule base. Funding through the Cosmetics 
Europe Long-Range Science Strategy is gratefully acknowledged.

 3686 Profiling Mechanisms That Drive Acute Oral Toxicity in 
Mammals and Its Prediction via Machine Learning

S. J. Wijeyesakere, D. Wilson, T. Auernhammer, A. Parks, and S. Marty. Dow Chemical 
Company, Midland, MI.

We have developed a mechanistic machine-learning quantitative structure-activity 
relationship (QSAR) model to predict mammalian acute oral toxicity. We trained our 
model using a rat acute toxicity database compiled by the US National Toxicology 
Program. We profiled the database using new and published profilers and identi-
fied the most plausible mechanisms that drive high acute toxicity (LD50 ≤ 50 mg/
kg; GHS categories 1 or 2). Our QSAR model assigns primary mechanisms to 
compounds, followed by predicting their acute oral LD50 using a random-forest 
machine-learning model. These predictions were further refined based on structural 
and mechanistic read-across to substances within the training set. Our model is 
optimized for sensitivity and aims to minimize the likelihood of under-predicting 
the toxicity of assessed compounds. It displays high sensitivity (76.1% or 76.6% for 
compounds in GHS 1-2 or GHS 1-3 categories, respectively), coupled with ≥73.7% 
balanced accuracy. We further demonstrate the utility of undertaking a mechanistic 
approach when predicting the toxicity of compounds acting via a rare mode of 
action (aconitase inhibition). The mechanistic profilers and framework of our QSAR 
model are route- and toxicity endpoint-agnostic, allowing for future applications to 
other endpoints and routes of administration. Furthermore, we present a prelimi-
nary exploration of the potential role of metabolic clearance in acute toxicity. To the 
best of our knowledge, this effort represents the first accurate mechanistic QSAR 
model for acute oral toxicity that combines machine-learning with mode of action 
(MOA) assignment, while also seeking to minimize under-prediction of more highly 
potent substances.

 3687 SENDing Toxicology Study Data Analysis into the 21st Century 
with a New R Package: sendigR

B. Paisley1, C. Ahmed2, M. Ali2, S. Butler2, K. Snyder2, M. Denieu3, M. Rosentreter4, 
W. Wang5, and W. Houser5. 1Eli Lilly and Company, Indianapolis, IN; 2US FDA, Silver 
Spring, MD; 3Labcorp Drug Development, Madison, WI; 4Bayer AG, Wuppertal, Germany; 
and 5Bristol-Myers Squibb Company, New Brunswick, NJ.

The CDISC-SEND data standard created new opportunities for collaborative 
development of open-source software solutions to facilitate cross-study analyses 
of toxicology study data. A public-private partnership between BioCelerate and 
US FDA/CDER works to develop and publicize novel methods of extracting value 
from SEND datasets. In collaboration with PHUSE, an R package, sendigR, has been 
published to enable harmonization and visualization of SEND datasets to reduce 
the type of variation in application of the SEND standards that hampers cross-study 
analysis. sendigR includes: 1) a Python package to harmonize SEND datasets using 
SEND control terminology and extensible terminology, 2) an R script to construct a 
relational database from any collection of SEND datasets, 3) an R Shiny application 
with a graphical user interface, allowing users who are not familiar with program-
ming to perform cross-study analyses. sendigR supports both uncertain matches 
and exact matches, allows calculation of the range of uncertainty, and with manual 
curation the uncertainty range can be narrowed. sendigR enables experienced R 
programmers to integrate the package functions into their own custom scripts/
packages, enabling continued improvements to the functionality of these tools.

 3688 Monte Carlo Simulation of Effective Neutral Detergent Fiber in 
TX Beef Cattle Consuming Rations Containing Multiple Sources 
of Dietary Sulfur

A. A. Brown. Texas A&M University, College Station, TX.

This is a Monte Carlo simulation constructed to evaluate the impact of effective 
neutral detergent fiber (eNDF) on polioencephalomalacia (PEM) in Texas cattle 
consuming diets containing multiple sources of dietary sulfur (S). Ruminant 
nutritionists in Amarillo, TX, provided example diets for backgrounding and finish-
ing cattle, each containing six feed ingredients. S data for all feed ingredients 
were collected from available information in the Office of the Texas State Chemist 
database, National Research Council (NRC) recommendations, and published 
literature. Exponential equations were incorporated from Nichols et. al (2013) to 
estimate the risk of PEM at five different eNDF levels ranging from 0% to 8% in 
2% increments with total dietary S (TDS) and rumen degradable S (RDS) as input 
values. The reasonable risk was estimated by manually inserting the example diets 
into a Monte Carlo simulation constructed using @RISK software with averaged 
S content for each feed ingredient. Findings reveal that backgrounding cattle 
consuming example diets would be exposed to 0.35% TDS and 0.21% RDS at ≥8% 
eNDF, resulting in a 0.0009% and 0.0003% risk of PEM, respectively. Finishing cattle 
diets contained 0.39% TDS and 0.23% RDS at ≥4% eNDF, yielding a 0.002% and 
0.0009% risk of PEM, respectively. Thus, diets provided by ruminant nutritionists 
suggest that the current feed supply for Texas backgrounding and finishing cattle 
presents a minimal risk of ≤0.002% for PEM.
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 3689 Workflow for Integrating Local and Global Modeling Methods in 
Creating Toxicity Alert Systems

M. Shobair, D. Onyango, S. Pfuhler, and S. Wu. Procter & Gamble, Mason, OH.

In vitro data and in silico modeling have revolutionized the field of predictive toxicol-
ogy with tools and methods that can help the decision-making process in chemical 
risk assessment. Machine-learning based modeling has provided an opportunity 
to create chemistry-aware global models for toxicological endpoints. The limited 
standardization of applying these methods has hindered the implementation of 
modeling in the regulatory setting, where transparency of methods and ingoing 
data streams is key. We have designed a workflow that integrates expert-derived 
rule-based modeling with global approaches derived from applying machine-learn-
ing methods. The workflow was applied to the mutagenicity endpoint using curated 
data from the bacterial reverse mutation (Ames) test, a key staple in genotoxicity 
hazard identification. The curated dataset of 704 chemical structures was binned 
into chemical classes which were analyzed for their statistical association with 
Ames activity to identify data enrichment patterns and create local models. A local 
model was built using expert-based rules for the nitrobenzene chemical category 
(80 structures). A set of global models was built using machine learning methods 
to identify chemical substructural features that are predictive of a chemical’s 
Ames test outcome. A representative decision-tree based model is presented 
with a sensitivity of 92%, and 91% for training and test datasets, respectively. The 
identified patterns from expert-based local and global modeling show agreement 
and therefore provide a path towards integrating different modeling methods. 
We highlight critical features, such as the nitro group, and the distribution of ring 
substituents. Moreover, we perform local feature importance analysis using the 
SHapley Additive exPlanations (SHAP) method and compute local structural 
similarity to identify structural nearest neighbors. The structure-activity relation-
ships obtained from local and global modeling were integrated into a workflow 
to interpret predictions from machine-learning based methods. The suggested 
approach can be used to establish modeling standards for methods interpretation 
as the hazard risk assessment community continues to expand its computational 
capabilities using new-approach methodologies.

 3690 DrugMatrix PathXGene: A Shiny App for Identifying 
Relationships between Apical Toxicological Effects and 
Transcriptional Response in Target Organs

F. G. Chao, D. Svobda, J. Hsieh, C. P. Schmitt, S. Nolte, and S. S. Auerbach. NIEHS, 
Research Triangle Park, NC.

The DrugMatrix database houses a phenotypically anchored toxicogenomic data 
set derived from short-term (i.e., days) rat toxicity study of approximately 600 
pharmaceuticals and environmental chemicals. Gene expression and associ-
ated phenotypic effects cataloged in the DrugMatrix data set are derived from a 
variety of tissues including liver, kidney, heart, spleen, and thigh muscle. When 
the database was acquired by the Division of the National Toxicology Program 
at NIEHS in 2010 all data was placed in the public domain to allow data reuse. In 
addition, the data was made available through a web accessible interface that has 
since been decommissioned. The software platform developed was obsolete and 
became unsupportable. This has made the resource inaccessible to a large fraction 
of the desired user-based (i.e., toxicologists). To facilitate access to the statisti-
cal analysis from the DrugMatrix data and utilize R’s better visualization capabil-
ity, we have developed an RShiny application tool, called DrugMatrix PathXGene. 
The application allows the user to identify gene expression changes measured by 
two different platforms (Affymetrix 230 2.0 and Codelink RU1) that are associated 
with changes in apical effects (i.e., histopathology, clinical pathology, and organ 
weights). Specifically, the interface is structured to allow the end user to query an 
apical effect and identify a list of associated genes or to enter with a gene of interest 
to identify its associated apical effects. All associative findings can be visualized in 
the application and associated underlying data can be downloaded by the user to 
allow for more detailed analysis. Overall, the DrugMatrix PathXGene app reinvigo-
rates the DrugMatrix resource in manner aligned with its original goal, characteriz-
ing transcriptomic relationships associated with apical toxicological change.

 3691 Phytoremediation Database for Toxic Elements

H. Ha1, K. Sweat1, K. Conrow1, T. Cahill1, D. LeBauer2, and M. Leung1. 1Arizona State 
University, Glendale, AZ; and 2University of Arizona, Tuscan, AZ.

The accumulation of toxic or other elements of concern in soil has become an issue 
for the industrialized world. Industrial processes such as metal smelting, fossil 
fuel burning, heavy manufacturing and even exceptionally high levels from natural 
sources (e.g., arsenic in southern Arizona soils) can contribute to soil contamina-
tion. One strategy to remove these elements from the soil is phytoremediation-us-
ing plants to clean up the soil by either removing the pollution or containing it in a 
form not readily absorbed by other organisms. To date there are numerous studies 
completed that focus on this strategy, both in terms of the pollutants involved or 
the candidate phytoremediation species being employed. To better organize all of 
the available information on phytoremediation of elemental pollution, this study 

has constructed a database that analyzes the potential for phytoremediation of 
four plant species: Hemp (Cannabis sativa L.), Sunflower (Helianthus annuus L.), 
Castor bean (Ricinus communis L.), and Bamboo (Bambusa vulgaris L.). Using the 
SCOPUS database, searches of the scientific literature were conducted using each 
of the above listed species names in combination with the appropriate wildcard 
search terms to capture any form of the words phytoremediation, phytoextraction 
or phytoattenuation (e.g. ( phytoremediat*OR phytoattenuat* OR phytoaccumulat* 
OR bioaccumulat* OR phytoextract* ) AND ( cannabis OR marijuana OR hemp ) 
AND “heavy metal*” ). We collected 41 hemp related papers, 114 sunflower related 
papers, 45 castor bean related papers, and 22 Bamboo-related papers. From these 
papers information on the types of soil involved, pollutants studied, and biological 
concentration factors (BCFs) were extracted for the database. This database will 
allow for researchers to use existing knowledge to predict what species would 
be best for phytoremediation of a specific pollutant at a designated location. For 
example, hemp has several papers describing this species use at remediating 
arsenic pollution. The BCF for hemp ranges from 0.061 to 4. Further analysis of 
the database reveals that roots generally have the lowest BCF (mean 0.85) while 
stem tissues had the highest BCF (mean 2.19). Statistical analysis (ANOVA with 
Tukey HSD post hoc pairwise comparisons) reveals that there is no effect from the 
concentration of arsenic in the soil (p>0.05), and stems have significantly higher 
BCFs than either leaves or roots (p<0.05). This information is crucial to decide 
which plant to use for remediation. Plants that preferentially accumulate pollutants 
in their leaves may not be advisable if there are herbivores in the environment that 
could browse on the plants. Plants that accumulate large amounts of pollutants in 
their seeds are not advisable for phytoattenuation, where the goal of the project 
is to grow the crop for a commodity (e.g., seed oil to be used for energy) and as 
a secondary benefit remove elemental pollution from the soil (phytoattenuation). 
Thus, the database can provide environmental scientists a quick and relatively 
easy tool to select a remediation plant species based on the specific conditions 
they are working with, the goals of their project and leveraging current scientific 
knowledge to design a remediation plan that has the best chance of success based 
on previous research.

 3692 EMA Mutamind: Data Gap Analysis of N-Nitrosamines for 
Structure-Activity Relationship

A. Londenberg1, K. P. Cross2, M. Christmann3, M. Djuari1, J. Fahrer4, R. Frötschl5, 
B. Haas5, M. Vogel5, C. Ziemann1, and S. Escher1. 1Fraunhofer Institute for Toxicology 
and Experimental Medicine, Hannover, Germany; 2Instem, Columbus, OH; 3Johannes 
Gutenberg Universität Mainz, Mainz, Germany; 4Technische Universität Kaiserslautern, 
Kaiserslautern, Germany; and 5Federal Institute for Drugs and Medical Devices, 
Bonn, Germany.

N-nitrosamines (NAs) are generally considered to be potentially mutagenic and 
have been classified as a “cohort of concern” according to the threshold of 
toxicological concern (TTC) concept. Their metabolic activation can lead to DNA 
adducts, which in turn can result in mutations and eventually cancer. However, 
some NAs are not carcinogenic, which makes it difficult to predict the mutagen-
icity of new, untested NAs that occur, for example, as impurities in medicines. As 
one of three European Medicines Agency (EMA) funded Mutamind projects, “QSAR 
for Nitrosamines“ aims to better understand relevant biological processes such 
as metabolic activation, DNA adduct formation and repair processes, in order to 
distinguish NA classes with distinct mutagenic potency. The project focuses on 
NAs derived from active pharmaceutical ingredients (API), that are characterized 
by higher molecular weight compounds (over 200 Daltons) and includes sterically 
restrictive chemical substituents next to the NA-toxicophore. One of the first steps 
in the project is an analysis to identify knowledge and data gaps. A systematic 
literature search revealed more than 300 publications on NAs in relation to DNA 
repair and adduct formation, metabolic activation and mutagenic activity in comet 
assays. The data set was complemented with Ames test data as well as data on 
carcinogenic effects and TD50 values from the Leadscope database. Data models 
were developed for each endpoint and the data entered into a relational database, 
always specifying the tested NA, the study design, and the study outcomes. The 
gathered dataset allows analysis of endpoint specific results with regard to in vitro 
and in vivo studies, species and affected organs. This analysis illustrates that the 
majority of test results are from rodents. Comet assays were mainly performed 
in vitro experiments with human cell types. Liver and lung are among the most 
frequently investigated organs, including for adduct data. 4-(Methylnitrosamino)-
1-(3-pyridyl)-1-(butanone) (NNK) is one of the most data rich compounds, for 
example with regard to metabolic activation. Overall data are available for only a 
small group of different NAs and little information has been found for API-derived 
NAs so far, which demonstrates the importance of the ongoing three EMA projects. 
Data gathering is still ongoing as specific experimental data are currently being 
generated in the Mutamind projects. The project data will help to fill these gaps 
for data poor NAs and support the development of a structure-activity relationship 
(SAR) model for the prediction of the NA carcinogenicity potency of N-nitrosamine 
drug substance related impurities.
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 3693 Early Hazard Assessment of Drug-Induced Phospholipidosis 
Using In Vitro and In Silico Approaches: Investigation of 
Metabolic Capacity of HepG2-Based In Vitro Assay and 
Implications on In Silico Screening Strategy

L. T. Anger1, L. M. Norona1, Y. Melnikov1, K. C. Wu1, K. Babcock1, A. Fullerton1, 
K. Johnson2, T. Mulder1, L. Cheruzel1, C. Khojasteh1, and C. Hasselgren1. 1Genentech 
Inc., South San Francisco, CA; and 2Inotiv, Maryland Heights, MO.

Over 50 approved drugs are on the market that cause drug-induced phospholipidosis 
(PLD). PLD is a lysosomal storage disorder that is indicated by excessive accumu-
lation of drug and polar phospholipids in lysosomes. PLD is considered adaptive 
and reversible, however, it may negatively impact labeling and market develop-
ment. Therefore, PLD is one endpoint for which drug candidates are screened 
early in pharmaceutical development using in vitro and/or in silico approaches. 
While common in silico approaches like the one described by Ploemen et al. are 
relatively simple and robust, they fail to correctly classify PLD-positive drugs such 
as ketoconazole and loratadine which are known to induce PLD in vivo by their 
respective N-dealkylation metabolites. This is primarily due to the reliance of these 
approaches on parent molecule physicochemical properties such as lipophilicity 
(logP) and basicity (pKa). N-dealkylation often results in metabolites with higher 
basicity that are more likely to accumulate in lysosomes and therefore have a 
higher propensity to result in PLD. While ketoconazole and loratadine have low 
most basic pKa values, both compounds are experimentally positive in the standard 
HepG2-based PLD assay. This further suggests the possible formation of the 
suspected N-dealkylation metabolites in vitro, despite the reported low metabolic 
capacity for HepG2 cells. We investigated whether N-dealkylation biotransfor-
mations, similar to those reported for ketoconazole and loratadine, might affect 
the in vitro PLD readout of 4 internal drug candidates. Metabolite identification 
(MetID) studies were conducted in-house on compounds incubated with either 
human liver microsomes or HepG2 cells following the PLD in vitro assay protocol 
and confirmed the formation of the suspected N-dealkylation metabolites for all 
4 parent compounds. Co-incubation with a pan-cytochrome P450 (CYP) inhibitor 
1-aminobenzotriazole partially blunted the PLD signal and relative abundance of 
N-dealkylated metabolites further implicating the contribution of these metabolites 
to the positive PLD signal observed in vitro. We concluded that the HepG2-based 
PLD assay exhibited some metabolic capacity, which may lead to positive PLD 
assay results that in fact need to be attributed to metabolites being formed in 
vitro. This comes with further practical implications for the in silico PLD model: If 
formation of metabolites with higher basicity (e.g., through N-dealkylation) seems 
likely, it is prudent to also run metabolite structures through the in silico model in 
parallel to their parent structures. For this more conservative approach, metabolite 
structures can be either obtained from MetID experiments or Phase I metabolites 
can also be predicted in silico using commercial software.

 3694 Combining In Silico and In Vitro Information to Avoid Acute Oral 
Toxicity Testing in Animals

M. D. Nelms1, V. K. Hench1, B. Cook1, J. Ponder2, S. W. Edwards1, and K. Sullivan2. 
1RTI International, Durham, NC; and 2Physicians Committee for Responsible Medicine, 
Washington, DC.

Globally, regulatory agencies have committed to reducing/eliminating animal 
testing for establishing chemical safety. Adverse outcome pathways provide a 
mechanistic scaffold that can be used to identify appropriate non-animal methods 
and connect them to apical adverse outcomes, thereby facilitating the develop-
ment of tiered testing strategies for acute oral toxicity testing. Previously, we 
demonstrated that chemical structure and bioactivity measurements could be 
used to identify in vitro assays for use within a tiered testing strategy to detect 
acutely toxic chemicals. In this study we expanded on this work by 1) incorpo-
rating additional datasets into our original workflow to increase the number of 
mechanisms covered, 2) investigating how cytotoxicity information can be refined 
to better reflect on-target effects, and 3) generating a model that can incorporate 
various chemical and biological data to predict potential acute toxicity. We grouped 
the 11,992 chemicals with curated acute toxicity information from the ICCVAM 
Acute Toxicity Work Group (ATWG) into 2,192 clusters based on structural similar-
ity defined by ToxPrint fingerprints. Bioactivity data for approximately 31,500 new 
assays were retrieved from PubChem for 4,786 ATWG chemicals. This assay data 
was combined with the bioactivity data previously gathered from ToxCast and a 
minimal suite of assays from PubChem and/or ToxCast were identified for each 
cluster, based upon activity enriched for chemicals within a cluster. Additionally, 
to find the minimum AC50 for a chemical, we compared the cluster-specific assay 
AC50 against different methods for calculating the cytotoxicity value: cytotoxicity 
point and lower bound of cytotoxicity calculated by ToxCast, lowest burst assay 
AC50, and median of the lowest 25th percentile in burst assays. Of the 1,637 
acutely toxic chemicals (rat oral LD50 <= 2,000 mg/kg as defined by the ATWG) 
with activity in ToxCast below the lower bound of cytotoxicity, 1,139 were linked 
to one or more cluster-specific minimal ToxCast assay. Depending on the cytotox-
icity method, when the minimum AC50 value for a chemical came from cytotoxic-
ity rather than the cluster-specific assay, the default cytotoxicity point value was 
used for the majority of chemicals (ranging between 70-97.4%). The minimal AC50 
values calculated using the different cytotoxicity methods (excluding the lower 

bound of cytotoxicity) were significantly associated with the binary ATWG toxicity 
classification (p-value = 2.2 x 10-16). This study also demonstrated that when a 
cytotoxicity value was the minimum AC50 for a chemical, the default cytotoxic-
ity point was used most. In all, 1,214 out of 1,637 chemicals with ToxCast data 
have an assay that is predictive for acute toxicity. Inclusion of the larger set of 
assays from PubChem will expand the chemical coverage and potentially identify 
novel targets that correspond to the known mechanism of toxicity, which we’ve 
previously shown improves the predictivity. Taken together, the results suggest 
that combining bioactivity and structural information may be as reproducible as 
traditional in vivo studies. Because the current workflow focuses on tiered testing 
guided by the in silico predictions, high-throughput assays are not required, which 
greatly expands the number of assays available for testing. Integrated models that 
combine the data from in silico and targeted bioactivity measurements can further 
improve the predictivity.

 3695 Annotations for ToxCast and Tox21 High-Throughput Screening 
Assays: Facilitating Assay Interpretation and Data Use

A. L. Karmaus1, A. Borrel1, M. Feshuk2, A. Harrill2, C. Wittwehr3, and N. C. Kleinstreuer4. 
1Inotiv, Research Triangle Park, NC; 2US EPA, Research Triangle Park, NC; 3European 
Commission Joint Research Center, Ispra, Italy; and 4NIEHS/NICEATM, Research Triangle 
Park, NC.

A wide variety of in vitro high-throughput screening (HTS) assay data is publicly 
available. These bioactivity data have the potential to facilitate the development 
of computational approaches for chemical assessments and provide mechanistic 
insight on chemical effects and hazard. However, linking HTS data to toxicological-
ly-relevant mechanistic pathways or to regulatory endpoints remains a challenge 
and requires detailed information about assay technology and its related biolog-
ical context. Here, we present the results of our efforts to use existing controlled 
bioassay ontologies to annotate over 2,000 assay endpoints from the US EPA’s 
Toxicity Forecaster (ToxCast) program, including results from the Toxicology 
Testing in the 21st Century (Tox21) consortium. Use of existing ontologies facilitates 
stakeholder understanding, provides terminology that offers additional context, and 
informs upon the biological relevance of the many heterogeneous in vitro HTS assay 
readouts. Assay annotations are leveraged to complete standardized data report-
ing templates, including the internationally recognized OECD guidance document 
(GD) 211 and OECD Harmonized Template (OHT) 201. GD 211 serves as a standard 
for comprehensive assay documentation describing non-guideline in vitro test 
methods and their interpretation. The OHT 201 is a harmonized template for report-
ing chemical test result summaries for intermediate effects. The template captures 
both assay technology information as well as mechanistic outcome results and 
interpretation (i.e., effects on molecular, subcellular, or tissue level relevant to 
hazard assessment) obtained from in vitro, ex vivo, or in silico methods. Increased 
accessibility to annotated HTS data provides context that facilitates the identifica-
tion of data gaps, mechanistic plausibility, and further investigation into regulato-
ry-relevant endpoints such as endocrine disruption, carcinogenicity, developmen-
tal toxicity, and systemic effects. By offering users detailed assay descriptions 
using the GD 211 format and providing standardized OHT 201 formatted results 
for each chemical across all tested endpoints, this work renders these complex 
data streams more approachable and accessible, thereby increasing confidence 
for the adoption of HTS assay data in next generation chemical assessment. The 
OHT 201 output .i6z files will be made publicly available in the Integrated Chemical 
Environment (ICE, https://ice.ntp.niehs.nih.gov/) and IUCLID (https://iuclid6.echa.
europa.eu/) with curation and molecular or cellular process annotations linking 
assay endpoints to regulatory endpoints of interest, thus allowing data to be easily 
searched, grouped, and visualized. Associated data visualizations assist users in 
reviewing a chemical’s potential activity for selected regulatory endpoints. The 
GD 211 files that complement the OHT 201 data are available via the CompTox 
Chemicals Dashboard (https://comptox.epa.gov/dashboard/) along with complete 
concentration-response data and curated summary annotations from ToxCast. 
This presentation will walk through specific case studies that demonstrate how the 
OHT 201 and GD 211 templates can be used in tandem toward holistic HTS-assay 
based chemical analysis. This project was funded with federal funds from NIEHS, 
NIH under Contract No. HHSN273201500010C. This abstract does not reflect official 
EPA policy.

 3696 Deep Autoencoder-Based Behavioral Pattern Recognition 
Outperforms Standard Statistical Methods in High-Dimensional 
Zebrafish Studies

A. J. Green1, L. Truong2, P. Thunga1, C. Leong2, M. Hancock1, R. L. Tanguay2, and 
D. M. Reif1. 1North Carolina State University, Raleigh, NC; and 2Oregon State University, 
Corvallis, OR.

Zebrafish have become an essential tool in screening for developmental neurotoxic 
chemicals and their molecular targets. The success of zebrafish as a screening 
model is partially due to their physical characteristics including their relatively 
simple nervous system, rapid development, experimental tractability, and genetic 
diversity combined with technical advantages that allow for the generation of 
large amounts of high-dimensional behavioral data. These data are complex and 
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require advanced machine learning and statistical techniques to comprehensively 
analyze and capture spatiotemporal responses. To accomplish this goal, we have 
trained semi-supervised deep autoencoders using behavior data from unexposed 
larval zebrafish to extract quintessential “normal” behavior. Following training, our 
network was evaluated using data from larvae shown to have significant changes in 
behavior (using a traditional statistical framework) following exposure to toxicants 
that include nanomaterials, aromatics, per- and polyfluoroalkyl substances 
(PFAS), and other environmental contaminants. Further, our model identified new 
chemicals (Perfluoro-n-octadecanoic acid, 8-Chloroperfluorooctylphosphonic 
acid, and Nonafluoropentanamide) as capable of inducing abnormal behavior at 
multiple chemical-concentrations pairs not captured using distance moved alone. 
Leveraging this deep learning model will allow for better characterization of the 
different exposure-induced behavioral phenotypes, facilitate improved genetic and 
neurobehavioral analysis in mechanistic determination studies and provide a robust 
framework for analyzing complex behaviors found in higher-order model systems.

 3697 Large-Scale Screening of 1470 Chemicals Using High-
Throughput Phenotypic Profiling (Htpp) with Results in HBEC3-
KT and TeloHAEC Cells

C. Willis1, D. Haggard1, G. Byrd2, F. Harris2, and J. Harrill1. 1US EPA/CCTE, Research 
Triangle Park, NC; and 2US EPA/ORAU, Oak Ridge, TN.

High-throughput phenotypic profiling (HTPP) with the Cell Painting assay is a 
chemical screening method that combines high-content imaging and image 
analysis to measure phenotypic features at the single cell level and quantify 
chemical effects on cell morphology. HTPP has been proposed as a first-tier 
bioactivity screening assay to support a tiered in vitro hazard evaluation strategy 
using New Approach Methods (NAMs). This project screened 1470 ToxCast 
chemicals in a pair of human-derived immortalized primary cell lines, HBEC3-KT 
(bronchial epithelia) and TeloHAEC (vascular endothelia), using HTPP. These cell 
lines were selected using a data-driven cell line selection approach based on differ-
ences in baseline gene expression and are the first two of several hTERT-immor-
talized primary cell lines from various tissues that will be screened by EPA using 
HTPP. HBEC3-KT or TeloHAEC cells were plated in a 384-well format, given 24h to 
recover and dosed in a randomized pattern with 8 concentrations of test chemicals 
(1/2-log10 spacing). The highest dose tested for most chemicals was 100 µM. After 
a 24h exposure period, cells were live-labeled with MitoTracker (mitochondria), 
fixed, permeabilized and labeled with Hoechst-33342 (nuclei), SYTO14 (nucleoli) 
and fluorescent conjugates of concanavalin A (ER), phalloidin (cytoskeleton), 
and wheat germ agglutinin (Golgi/plasma membrane). After staining, each plate 
was imaged using an Opera Phenix HCS system and images were analyzed using 
Harmony software, resulting in ~1300 morphological features per cell. To evaluate 
overall assay performance, the strictly standardized mean difference (SSMD) was 
calculated for the cell viability positive control (staurosporine) using normalized 
cell count (nCC) as an endpoint and the phenotypic reference chemical (etoposide) 
using cell area as an endpoint. The mean SSMD for nCC across all assay plates was 
5.79 (range: 1.74 to 12.93), indicating an extremely strong response. The SSMD 
for cell area across all assay plates was 0.77 (range: 0.31 to 1.27), indicating a 
weak, but consistent response. Concentration-response modeling of nCC identi-
fied 194 and 238 chemicals that produced > 50% decrease in nCC in HBEC3-KT 
and TeloHAEC, respectively. These data were used to exclude frankly cytotoxic 
treatments from the next step in concentration-response modeling of the HTPP 
data. In an initial analysis, the CompTox Chemicals Dashboard (CCD) was used to 
search for chemicals that modulate epidermal growth factor receptor (EGFR) or 
vascular endothelial growth factor receptor (VEGFR) activity, as these receptors 
are necessary for the growth and maintenance of HBEC3-KT and TeloHAEC cells, 
respectively. Six and eight ToxCast assays were identified for EGFR and VEGFR, 
respectively. Chemicals active in at least 1 of the assays with an effect size 
(scaled_top) > 4 were identified and HTPP data for those chemicals was analyzed 
by concentration response modeling of feature level data. A phenotypic altering 
concentration (PAC) was defined as the BMD of the 5th percentile of active features. 
A total of 13 chemicals were identified as EGFR modulators and 100% of those 
were active in HTPP of HBEC3-KT cells. Examples include known EGFR modula-
tors lovastatin (BPAC = 4.9 µM) and bithionol (BPAC = 24.6 µm). A total of 23 
chemicals were identified as VEGFR modulators and 87% of those were active in 
HTPP of TeloHAEC cells. Examples include PharmaGSID_48505 (BPAC = 0.04 µM), 
9-Phenanthrol (BPAC = 2.1 µM) and 2,2’,4,4’-Tetrahydroxybenzophenone (10.1 µM), 
although literature support for interaction of these chemicals with VEGFR isoforms 
was not found. Future directions include a more comprehensive analysis of 
HBEC3-KT and TeloHAEC HTPP data. This abstract does not reflect US EPA policy.

 3698 Framework for In Silico Toxicity Screening of Novel Odorants

I. Mohar1, B. C. Hansen1, D. M. Mims1, and J. Mainland2. 1Gradient, Seattle, WA; and 
2Monell Chemical Senses Center, Philadelphia, PA.

Predicting odor perception from molecular structure is a key challenge in olfaction, 
but validating current predictive models requires measuring human perception of 
novel odorants that have not undergone safety testing. Although in silico predic-
tion tools are widely applied in chemical risk assessment and risk management, 

there are currently no transparent in silico models to predict inhalation toxicity. 
We derived toxicology-based maximum recommended solution concentrations 
for odorant chemicals based on a transparent in silico approach, using chemical 
structure alone to support a psychophysical study of novel odorants in which 
human volunteers sniffed the headspace of a solution in a vial. Our decision tree 
was based on well-established open-source decision trees for assessing mutagen-
icity (rule-based, in vitro mutagenicity alerts by ISS) and systemic toxicity (revised 
Cramer decision tree), with a supplemental inhalation decision tree, and run using 
Toxtree software (version 3.1.0). Based on an in silico prediction of mutagen, or 
Cramer class III, II, or I, a threshold of toxicological concern (TTC) value of 12, 
90, 540, or 1,800 μg/day was assigned. In parallel, the chemical vapor pressure 
was generated using the MPBPWIN™ (version 1.43) model available through the 
US EPA EPI Suite™ program and used to estimate headspace mass assuming 
ideal gas behavior and based on a 100 mL headspace volume. From this informa-
tion, a toxicology-based maximum recommended solution concentration was 
calculated as the ratio of the TTC to the headspace mass multiplied by 100%. By 
this framework, the maximum recommended solution concentration was a function 
of predicted toxicity and chemical volatility. The approach was tested against a 
published dataset of 144 chemicals with repeat exposure inhalation toxicity data 
and performed well, with safety margins above 1 for 98.6% of chemicals and above 
10 for 95% of chemicals. This framework was used to screen chemicals and either 
exclude odorants where the recommended concentration was too low to allow 
reliable perceptual ratings or flag certain chemicals for additional evaluation. Two 
notable limitations of this approach are the inability to safeguard against irrita-
tion and identify asthmagens. However, known asthamtics were excluded from 
the study and an irritant response would be expected to be transient under the 
acute exposure study conditions. In summary, an in silico framework to derive a 
toxicology-based maximum recommended solution concentration for chemicals 
was developed using open-source models and software, and used to support the 
safety of a psychophysical study of novel odorants.

 3699 Using Innovative Tools for In Vitro ADME Studies to Efficiently 
and Effectively Support Drug Development

K. Wang. Alliance Pharma, Malvern, PA. Sponsor: X. Yang.

Drug development is a complicated and lengthy process requiring a significant 
amount of intellectual and capital input, and extensive collaborations among 
various organizations and institutions. Contract research organizations (CROs) 
play important roles at some or even all stages of the drug development process. 
To provide better service in in vitro drug absorption, disposition, metabolism, and 
excretion (ADME) studies, maintain data accuracy, and promote work efficiency, 
we developed an integrated information system termed the Drug Metabolism 
Information System (“DM Info System,” for short), and it is being used routinely by 
our Drug Metabolism (DM) department. The DM Info System assists scientists with 
assay design, data analysis, and report drafting, and thus reduces human error.

 3700 ToxiOmics: A Transcriptome-Based Database and Web Tool to 
Query and Understand the Associations between Environmental 
Toxicants and Human Diseases

T. J. Kowal-Safron, Z. Zamora, Y. Chen, E. Quinto, K. Garcia, and X. Yang. University of 
California Los Angeles, Los Angeles, CA.

Environmental toxicants have the potential to perturb many molecular pathways 
across tissues and organ systems to confer health risks. However, our understand-
ing of toxicants at the systems level is currently lacking, and comprehensive 
resources detailing the interactions between toxicants, genes, and diseases 
across species and tissues have not been established. In this work, we developed 
a computational pipeline to systematically meta-analyze ~400 high-throughput 
transcriptomics datasets from the Gene Expression Omnibus (GEO) that were 
generated using single- and two-color microarrays as well as RNA sequencing 
platforms. We identified differentially expressed genes (DEGs) for more than 200 
chemicals studied in mice, rats, and humans, thereby enabling direct compari-
sons of DEGs across chemicals, studies, species, tissues, dosages, and lengths of 
exposure. Furthermore, pathway and disease enrichment analyses helped associate 
chemicals’ DEG signatures to human diseases. Our transcriptome-wide data-driven 
DEG database has been centralized and standardized and will be disseminated in 
an open-access online web server called ToxiOmics. ToxiOmics will enable the 
toxicological community to query and understand species-, tissue-, and dose-spe-
cific molecular pathways and mechanisms across hundreds of toxicants to better 
guide toxicology and environmental health studies and decision making.
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 3701 Assessment of Systemic Toxicity of Parents and Metabolites 
from a Chemical Mixture Perspective Using a Read-
Across Approach Leveraging Metabolism Databases and 
Decision Theory

J. Rathman1,2, C. Yang3,1, A. Mostrag1, T. Magdziarz3, J. V. Ribeiro1, and B. Hobocienski1. 
1MN-AM, Columbus, OH; 2Ohio State University, Columbus, OH; and 3MN-AM, 
Nuremberg, Germany.

Application of in silico approaches such as quantitative structure-activity relation-
ship (QSAR) models and rule-based systems have become useful in assessing 
chemical safety. However, these approaches are not well-suited to endpoints for 
which the underpinning data are weakly grounded in specific chemical-biologi-
cal interactions, bioavailability and biotransformations. One such example is the 
estimation of point of departure values such as a no-observed-adverse-effect level 
(NOAEL), required in the assessment of systemic toxicity. When combining this 
aspect with the need to address numerous metabolites, where testing is often 
not feasible, there is a need for developing appropriate assessment methods to 
handle such scenarios. To this end, a unique series of case studies was designed 
to demonstrate the power of using knowledge available in a highly curated 
metabolism database in combination with chemoinformatics and decision theory. 
We approached the parents/metabolites from a mixture perspective in order to 
estimate confidence bounds for the NOAEL of the target. In assessing similarity 
between targets and analogues, biologically related profiles such as bioavailability 
and assay activities were selected along with relevant physicochemical/molecular 
properties. For ADME (adsorption, distribution, metabolism, excretion) data, we 
included plasma protein binding, hepatic clearance, intestinal absorption, Caco-2 
cell permeability/eFlux, and skin permeability. For assay data, we used Tox21/
CAST assays to indicate screening for DNA binding, liver/biliary effects, and EATS 
(estrogen, androgen, thyroid, and steroidogenesis) activities. Machine learned 
hybrid structure rules were developed for potential endocrine disruption activity 
profiles to provide an additional way to assess similarity and qualify analogues for 
read-across. The methodology was applied to caffeine and its metabolites as well 
as 4-hydroxyphenylpyruvate dioxygenase (HPPD) inhibitors (e.g., tembotriones) 
and their metabolites. For example, when considering the abundance ratio of three 
caffeine metabolites (80-84% paraxanthine, 10-12% theobromine, and 4% theoph-
ylline), we estimated the chronic NOAEL bounds for caffeine to be 13.3 - 47.4 mg/
kg-bw/day and showed how the uncertainty in this estimation was reduced applying 
the mixture perspective and using a weight-of-evidence combination supported by 
decision theory. The well-curated high-quality toxicity and metabolism databases 
together with sound chemoinformatics and decision theory methods provided the 
underlying foundations for this novel approach to chemical safety assessment.

 3702 MoAViz: An Interactive Application of Toxicogenomics for 
Predictive Toxicology and Risk Assessment

M. B. Black, K. Bronson, J. Fitzpatrick, A. R. Barutcu, A. Efremenko, P. McMullen, 
M. Moreau, and A. Nong. ScitoVation, Durham, NC.

The combination of transcriptomics and bioinformatics has been effective in 
providing the weight-of-evidence of anticipated health effects from chemicals. 
Benchmark dose (BMD) analyses of gene expression profiles offer the potential 
to derive point of departure (PoD) values from short-term dose-response studies 
for rapid assessment of chemical bioactivity. To reliably capture functional biology 
information from gene expression, an established best practice selects genes using 
both a statistical significance and a magnitude of change threshold. We present the 
continued development of MoAviz interface and database by incorporating whole 
transcriptome benchmark dose analyses and point of departure (PoD) summary, 
including predicted mode of action (MOA) from the highlighted genes. MoAviz is 
an interactive ontology enrichment viewer application that captures the entirety 
of toxicogenomic experiments in a relational database. The application provides a 
system for comparative transcriptomic read-across and MOA investigation, along 
with POD derivation and comparison with similar compounds or compounds with 
similar cellular biological responses. In addition to the statistical filtering of the 
expression values, a modified Jaccard index (MJI) was applied to compare the 
similarity of pathway-level changes MOA in gene expression between compounds. 
We introduced into MoAViz high throughput whole transcriptome sequence assays 
of two widely used cancer cell lines (HepG2 and MCF7) as in vitro systems for the 
determination of cellular modes of action for two well-studied compounds with 
canonical liver responses: ketoconazole and phenobarbital. MoAviz demonstrated 
the overall consistency of the transcriptomic POD values for both compounds 
with those for increased cell proliferation. For all cell cultures, HEDs are similar, 
ranging from 14.6 to 61.5 mg/kg-day for ketoconazole using all 8 doses in the 
analysis. When the maximum dose was excluded, the range was reduced to 13 to 
22.2 mg/kg-day. The Inclusion of the cytotoxic maximum dose or its removal both 
results in extremely high HED values for phenobarbital ranging from 140.8 and 
357.5 mg/kg-day and 55.6 and 113.2 mg/kg-day, using all 8 doses in the analysis or 
with the maximum dose excluded, respectively. Combined with visualization tools 
such as our MoAviz interactive ontology enrichment viewer application, captur-
ing the entirety of toxicogenomic experiments in a relational database will provide 
a system for comparative transcriptomic read-across for chemical assessments 
using New Alternative Methods (NAMs).

 3703 Application of 3D Structural Similarity Definitions to Improve 
Concordance among Nearest Chemical Neighbors

E. Golden1, M. Maertens2, T. Hartung1, and A. Maertens1. 1Johns Hopkins University, 
Baltimore, MD; and 2Johns Hopkins University Center for Alternatives to Animal Testing 
(CAAT), Baltimore, MD.

In our previous work predicting skin sensitization using human data as a benchmark, 
we demonstrated that while current in silico tools predict chemical skin sensitiza-
tion relatively well (balanced accuracies of 60-80%), there is room for improve-
ment. In silico tools rely on a fundamental rule of toxicology: structurally similar 
chemicals exhibit similar toxicities. Nearly all in silico skin sensitization tools 
define chemical structural similarity using a 2-D definition; however, this does not 
always capture important features, like steric effects, which are tied to 3-D chemical 
shape. Consequently, using a 3-D structural similarity definition can potentially 
resolve some of the false predictions made when using a 2-D definition. Here, we 
calculated 2-D and 3-D structural similarity scores using PubChem’s Score Matrix 
Service for chemicals with human skin sensitization data. The data set was drawn 
from our previous work and expanded using NICEATM’s ICE (Integrated Chemical 
Environment) database (n=1,355). To calculate 3-D structural similarity, we used 
two definitions - Shape Tanimoto (similarity cutoff 90%) and Color Tanimoto 
(similarity cutoff 50%). Shape Tanimoto accounts for 3-D molecular shape while 
Color Tanimoto considers both 3-D shape and select reactive functional groups. 
Additionally, when using a 3-D approach, it is possible to have multiple conform-
ers (i.e., different 3-D conformations) for the same chemical, so we first explored 
using only 1 conformer, then expanded our analysis to 3 and 8 conformers. For 
each of the three structural similarity definitions, we constructed chemical similar-
ity maps using Cytoscape v 3.9.1 to identify nearest chemical neighbors. Next, 
we employed a K-Nearest Neighbors (KNN) approach (using various K values) to 
predict skin sensitization status and compared the prediction accuracies between 
the 2-D and 3-D definitions to see if the 3-D approach offered any improvement in 
predictive accuracy. Due to the relatively large size of our data set, our 3-D analysis 
was constrained by matrix limits within the Score Matrix Service. So, we identified 
areas in the 2-D chemical similarity map that had clusters of similar chemicals 
with mixed sensitization statuses (n=6), as these areas could benefit from further 
separation of sensitizing and non-sensitizing chemicals, and we prioritized these 
for our 3-D analysis. We found that, in some clusters, using the Color Tanimoto 
definition of structural similarity with 1 conformer offered a modest improvement in 
prediction accuracy compared to a 2-D definition (e.g., 10-25% increase with varying 
K for one cluster). However, it resulted in a substantial drop (e.g., 33% or more in 
one cluster) in the number of chemicals that were predicted compared to the 2-D 
approach; this was due to a decrease in the number of chemicals with enough 
neighbors to make a meaningful prediction. Incorporating additional conformers in 
the 3-D approach increased the number of chemicals that could be predicted, but 
only slightly, and the accuracy was comparable to the 2-D approach (e.g., difference 
of -7% to 2% accuracy with varying K for one cluster). Although our results here did 
not demonstrate marked improvement, it is possible that our structural similar-
ity cutoffs of 50% and 90% for Shape and Color Tanimoto, respectively, were too 
restrictive, so additional work to find suitable similarity cutoffs for each 3-D defini-
tion is critical. Furthermore, the improvement in some areas of the chemical space 
using a Color Tanimoto approach highlights the importance of the accessibility of 
reactive functional groups within the molecule; therefore, future work will include 
investigation into how 3-D similarity definitions can tease apart experimentally 
discordant chemicals that share the same functional groups.

 3704 Read-Across–Based Structure-Activity Relationship Predictions 
for Reproductive Toxicity and Carcinogenicity with Deep 
Learning and Domain of Applicability Definition

C. Rowlands. UL Solutions, Northbrook, IL.

Read-Across-based Structure-Activity Relationships (RASAR) have been shown 
earlier to allow the prediction of acute and topical toxicities of chemicals more 
accurately than the reproducibility of the respective animal tests. The approach 
was based on a Random Forrest method, which allowed us to understand the 
contribution of the different training labels but required a static fingerprint of the 
molecule and chemical similarity metric. Making use of a wide variety of training 
labels on similar chemicals and the substance of interest itself boosted the 
accuracy of results. The availability of data on the substance itself is biasing the 
analysis favorably as this is not typically available for new chemicals but often for 
the well-established substances in the training set. Therefore, here, we omitted 
this when moving to Deep Learning approaches. UL Cheminformatics Tool Kit 
version 3, a production-ready suite of GHS hazard prediction models, has been 
developed using this machine-learning approach. These models were trained 
on a large database of 134,380 chemicals with 48 GHS hazard labels. Here, we 
extend the ULCT models with (1) data from public sources (OPERA, RTECS, NTP, 
PubChem, etc.) and chemical properties derived from UL LOLI®, a large commer-
cial chemical property database (2) mechanistic features for the classification of 
chemical reproductive toxicity and carcinogenicity, and (3) A basic algorithm was 
developed and evaluated for assessing if a chemical meets the inclusion rules for 
model Domain of Applicability (DoA), which showed better results for substances 
meeting DoA criteria throughout all predicted endpoints. Robotized testing of large 
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numbers of chemicals in EPA’s ToxCast or the Tox21 consortium makes the biolog-
ical characterization of thousands of substances in hundreds of assays available, 
which is increasingly used in toxicological evaluations. However, substances not 
included in these test arrays do not benefit. We, therefore, used the examples of 
the Tox21 assays for Stress Response Matrix Metalloproteinase, Nuclear Receptor 
AhR, Stress Response Antioxidant Response Element and Nuclear Receptor 
Estrogen Receptor using the same approach and found BACs of 87%, 86%, 78% 
and 76%, respectively, showing the potential to virtually expand the chemical set 
with estimated results. While the model performed still very well on the acute and 
topical toxicities, it allowed the prediction of reproductive toxicity with 82% Balance 
Accuracy (BAC), of Androgenic Endocrine Disruption with 98% for binding, 98% for 
activation and 97% for inhibition, and 77% for carcinogenicity. These results are 
better than the reported reproducibility for the respective animal tests. This shows 
the enormous potential for Deep Learning in Predictive Toxicology.

 3705 Machine Learning for Predicting Risk of Drug-Induced 
Autoimmune Diseases by Structural Alerts and Daily Dose

Y. Wu, P. Fu, W. Tong, H. Hong, and M. Chen. US FDA/NCTR, Jefferson, AR.

An effective approach for assessing a drug’s potential to induce autoimmune 
diseases (ADs) is needed in drug development. Here, we aim to develop a workflow 
to examine the association between structural alerts and drugs-induced ADs to 
improve toxicological prescreening tools. Considering reactive metabolite (RM) 
formation as a well-documented mechanism for drug-induced ADs, we investigated 
whether the presence of certain RM-related structural alerts was predictive for the 
risk of drug-induced AD. We constructed a database containing 171 RM-related 
structural alerts, generated a dataset of 407 AD- and non-AD-associated drugs, and 
performed statistical analysis. The nitrogen-containing benzene substituent alerts 
were found to be significantly associated with the risk of drug-induced ADs (odds 
ratio = 2.95, p = 0.0036). Furthermore, we developed a machine-learning-based 
predictive model by using daily dose and nitrogen-containing benzene substituent 
alerts as the top inputs and achieved the predictive performance of area under 
curve (AUC) of 70%. Additionally, we confirmed the reactivity of the nitrogen-con-
taining benzene substituent aniline and related metabolites using quantum chemis-
try analysis and explored the underlying mechanisms. These identified structural 
alerts could be helpful in identifying drug candidates that carry a potential risk of 
drug-induced ADs to improve their safety profiles.

 3706 Catalyzing a Common Language for NanoEHS Data: The US 
Federal Partners NanoEHS Consortium Effort

H. M. Mortensen. US EPA, Research Triangle Park, NC.

The U.S. Federal Government has supported the generation of extensive amounts 
of nanomaterials and related nano Environmental Health and Safety (nanoEHS) 
data, and there is a need to make these data available to stakeholders. With the 
recent curation of Environmental Protection Agency (EPA) nanomaterials data 
into the NaKnowBase (NKB), a need for improved interoperability, translation, and 
sustainability of Federal nanoEHS data in the United States has been realized. The 
NKB is a relational database containing experimental results generated by the EPA 
Office of Research and Development (ORD) regarding the actions of engineered 
nanomaterials on environmental and biological systems. Through the interaction 
of the National Nanotechnology Initiative’s Nanotechnology Environmental Health 
Implications (NEHI) Working Group, and the Database and Informatics Interest 
Group (DIIG), a U.S. Federal nanoEHS Consortium has been formed. The primary 
goal of this consortium is to establish a “common language” for nanoEHS data 
that aligns with findability, accessibility, interoperability, and reusability (FAIR) 
data standards. A second goal of this work is to overcome nomenclature issues 
inherent to nanomaterials data, ultimately allowing data sharing and interoperability 
across the diverse U.S. Federal nanoEHS data compendium, but also in keeping 
with a level of consistency that will allow interoperability with U.S. and European 
partners The most recent version of the EPA NKB (Boyes et al. 2022; https://doi.
org/10.1038/s41597-021-01098-0) has been implemented for semantic integration. 
Computational code has been developed to use each NKB record as input, modify 
and filter table data, and subsequently output each modified record to a Research 
Description Framework (RDF). To improve the accuracy and efficiency of this 
process the EPA has created the OntoSearcher tool. This tool partially automates 
the ontology mapping process, thereby reducing onerous manual curation. The EPA 
has created training materials to assist the Federal nanoEHS Consortium partners 
in the semantic mapping and quality assessment of each partner dataset. Here 
we describe the progress of the NEHI DIIG in the establishment of the U.S. Federal 
nanoEHS Consortium, currently including OSHA, CDC/NIOSH, FDA, and EPA, and 
the types of nanoEHS data contributed by each partner. We define the sematic 
mapping process for each dataset in order to improve and harmonize language 
between datasets. In addition, we discuss the quality of each translation and how 
refinement of the process of data integration among datasets will contribute to a 
gold standard for nanoEHS data. Through case example, we illustrate the usability 
and translation for Federal nanoEHS data with other toxicologically relevant data. 
This abstract does not reflect EPA Policy.

 3707 Implementation of Full RNA Sequencing Gene Expression 
Pipeline for the Assessment of Transcriptional Biomarkers in 
Early Exploratory Rat Safety Studies

S. Pacchione, Z. Erdos, E. Wang, W. Bailey, R. Gonzalez, K. Q. Tanis, and W. E. Glaab. 
Merck & Co. Inc., West Point, PA.

RNA sequencing (RNAseq) is currently the gold standard of gene expression profil-
ing methods. The entire transcriptome can be assessed with quantitative accuracy 
at costs on par with lower through-put methods such as targeted/multiplexed 
qPCR. The Illumina Next Generation Sequencing (NGS) platforms have increased 
the ability to rapidly turn-around gene expression and genomic sequencing analysis, 
in support of an array of development and investigative projects. Merck has transi-
tioned from the Applied Biosystems 224 gene Mid Density Array (MDA) qPCR 
platform to full genome RNAseq for the assessment of transcriptional biomarkers 
in early five-day exploratory rat studies. The work presented here demonstrates that 
the Roche KAPA mRNA HyperPrep Kit followed by Illumina sequencing generates 
quantitatively similar gene expression data as the MDA for each of the transcrip-
tional biomarkers. Additionally, automation of this method in a 96-well format using 
the Hamilton MicroLab STAR NGS liquid handler substantially minimized manual 
pipetting and hands-on time. To confirm performance, a prospective pilot running 
RNAseq in parallel with MDAs on SLO studies was conducted on a total of 710 
RNA samples which were isolated from the liver, kidney, heart, and skeletal muscle 
of rats from 23 toxicology studies. Seventy-two RNAseq libraries were prepared 
manually and 638 were prepared with the automated method. The resulting 
fold-change values and gene signature biomarker scores were equivalent between 
platforms and methods, supporting the routine implementation of RNAseq in lieu 
of MDAs on future SLO studies. In addition to assaying qualified gene expression 
signatures (e.g. Toxicity Scores, Bioactivation), the RNAseq approach will enable 
assessments of on-target pharmacology, mechanistic investigations, and the 
development/qualification of additional toxicology biomarkers in the future.

 3708 Comparison of qPCR and ddPCR Analysis Methods for 
Validation of the MicroRNA Measurements in Cynomolgus 
Monkey Serum

A. Suzuki, H. Inoue, Y. Okawa, Y. Torikai, N. Ijichi, Y. Arimura, A. Uchiyama, and 
T. Yoshikawa. SNBL, Kagoshima, Japan.

MicroRNA (miRNA) is composed of single-stranded RNA molecules with a length 
of 18-25 bases and is contained in lipid bilayer membrane particles (exosomes) 
released from cells. In recent years, research on exosomes containing therapeu-
tically effective miRNA has progressed as a new modality of pharmaceuticals. 
In the preclinical safety assessment of exosome formulation, it is necessary to 
evaluate the concentration of the test article in animal body fluids, and appropriate 
validation of its analytical method is required. In order to validate the analytical 
method of miRNA by quantitative PCR (qPCR) and droplet digital PCR (ddPCR) 
in this study, microRNA-223 (miR-223) as a cerebral infarction biomarker and 
miR-16 as an internal control were used on miRNA extracted from non-treated male 
cynomolgus monkey serum pooled from 5 animals that are 3 years old. In addition, 
exosomal miRNA was extracted from serum and plasma of non-treated cynomol-
gus monkeys, and quantification of miR-223 and miR-16 was conducted by ddPCR. 
Specificity, dilution linearity, accuracy, and reproducibility were tested as common 
validation items for qPCR and ddPCR for both miR-223 and miR-16. For specificity, 
miR-223 and miR-16 were not detected in the no-template control by either qPCR or 
ddPCR. This result met the acceptance criterion, confirming sufficient specificity. 
For dilution linearity of miR-223 and miR-16, R2s were 0.994 to 0.999 for both qPCR 
and ddPCR, which were within acceptance criteria. The amplification efficiencies of 
qPCR for both miR-223 and miR-16 were between 95.5 to 104.0%. Accuracy values 
for qPCR and ddPCR were 87.1% to 118.6% and 87.4% to 130.0%, respectively, 
while CV values were 1.0% to 19.3% and 0.5% to 15.4% for miR-223 and miR-16, 
respectively. In ddPCR, the accuracy was lower at higher concentrations due to the 
variability of triplicate measurements increasing at higher concentrations while 
qPCR exhibited the same accuracy within the validated concentration range. For 
both miR-223 and miR-16, the lower limit of quantification of qPCR was 1/10 that 
of ddPCR, and the upper limit of quantification of qPCR was more than 5 times that 
of ddPCR, giving qPCR a broader quantification range than ddPCR. For reproduc-
ibility, both qPCR and ddPCR showed higher reproducibility when the miR-223 
copy number was corrected by using the miR-16 copy number. For both qPCR and 
ddPCR, it was demonstrated that miRNA in monkey serum can be measured with 
high accuracy. The copy numbers of miR-223 and miR-16 were higher in exosomes 
isolated from plasma than from serum when quantified by ddPCR. In conclusion, 
both qPCR and ddPCR assays were successfully validated to quantify miR-223 and 
miR-16 extracted from non-treated cynomolgus monkey serum, and it was found 
that the qPCR method had a wider quantification range and higher accuracy at high 
concentrations compared to ddPCR. Thus, it is necessary to select an appropriate 
method depending on the purpose of the measurement, including characteristic 
determination, concentration analysis of formulation, and biodistribution.
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 3709 p53 Expression, Genome-Wide Transcriptome Profiling, and 
Lymphocyte Genome Sensitivity (LGS) Test in Lymphocytes 
after PUVA Exposure from Patients with Malignant Melanoma 
Compared to Healthy Controls

M. N. Najafzadeh1, P. Naeem1, N. Ghaderi2, A. Wright2, M. Ghaderi3, P. Akhbari4, P. Farsi3, 
S. Jafarinejad Soumehsaraei1, and D. Anderson1. 1University of Bradford, Bradford, 
United Kingdom; 2Bradford Teaching Hospitals NHS Foundation Trust, Bradford, United 
Kingdom; 3Karolinska Institutet, Stockholm, Sweden; and 4University of Exeter Medical 
School, Exeter, United Kingdom.

This study aimed to use lymphocytes as surrogates and evaluate the expression 
of the p53 gene after radiation with varying intensity doses of PUVA (UVA+B) on 
lymphocytes from melanoma patients with positive sentinel nodes compared to 
healthy volunteers. Forty blood samples were collected in total from melanoma 
patients and healthy volunteers (20 each). These samples were processed using 
the Comet assay, quantitative real-time Polymerase Chain Reaction (qPCR), 
western blotting and genome transcriptome profiling. Lymphocytes are contin-
uously exposed to different physical and chemical insults in the blood that 
promote DNA damage, ultimately leading to oxidative stress. Comet assay data 
indicated a significant difference between the two groups. However, the qPCR data 
demonstrated a significant increase in an overall 43.8-fold in p53 gene expression 
in lymphocytes from malignant melanoma patients after treatment with 0.2mW/
cm2 UVA intensity radiation compared to their healthy and untreated controls and 
also confirmed with western blotting. The genome transcriptome profiling data 
also showed an immense difference in gene expression between the UV-treated 
samples from healthy groups compared to the melanoma samples. Conclusively, 
peripheral lymphocytes from malignant melanoma patients are more sensitive and 
susceptible to the genotoxic effects of PUVA compared to healthy individuals. This 
feature could be a promising blood biopsy biomarker to stage and prevent different 
carcinomas at early stages.

 3710 Nanostring-Based Identification of Renal miRNAs in an 
Amphotericin B–Induced Nephrotoxicity Model of Sprague 
Dawley Rats

H. B. Dodiya, D. Gitnick, E. F. Custodio, R. Kenkre, O. Mamayson, and J. E. McDuffie. 
Neurocrine Biosciences, San Diego, CA.

Early detection of drug-induced kidney injury (DIKI) is most often focused on 
identification of acute kidney injury based on clinically relevant increases in serum 
creatinine (sCr) and/or blood urea nitrogen (BUN), which are nonspecific and often 
insensitive. Urinary proteins (e.g., albumin) have been qualified in rats based on 
their outperformance of sCr and BUN for early detection of renal injury in drug 
development studies. Serum symmetric dimethylarginine (SDMA) protein has 
been shown to correlate with glomerular filtration rate (GFR) in rats. MicroRNAs 
(miRNAs) are endogenous non-coding RNAs that regulate gene expression and 
have high inter-species sequence conservation and tissue specificity. More 
recently, miRNAs have gained attention in the quest for translational DIKI biomark-
ers, but their usefulness remains poorly understood due to deficient reporting of 
positive and negative outcomes. We utilized a Nanostring Panel of 423 miRNAs, to 
investigate renal tissue-enriched expression level changes in male Sprague Dawley 
rats following repeated intraperitoneal dosing of Amphotericin B (AmB, 0 or 10 mg/
kg/day) for 4 consecutive days. Interim serum and urine samples were collected 
on Day 2. Terminal serum, urine and kidney tissue samples were collected on Day 
5. AmB nephrotoxicity was primarily characterized as minimal to moderate tubular 
alterations of basophilia and regeneration, tubular mineralization and hyaline 
intratubular cast formation with mild interstitial lymphocyte infiltrates and acute 
inflammation of the renal pelvis. AmB-induced significant serum-based increases 
in BUN on day 2 (1.39-fold; P=0.024) and day 5 (2.1-fold; P=0.005) in absence of 
changes in sCr, SDMA on day 2 (1.2-fold; P=0.003, indicating an acute reduction 
in GFR) and glucose on day 5 (1.4-fold; P=0.025) as well as decreases in albumin 
on day 5 (0.87fold; P=0.0009). Also, AmB-induced significant increases in urinary 
N-acetyl-beta-D-glucosaminidase on day 5 (2.4-fold; P=0.008) and neutrophil gelati-
nase-associated lipocalin on day 5 (10.11-fold; P=0.004). AmBtreated rats showed 
significant (Uncorrected P<0.01) expression level changes for 9 upregulated and 
3 downregulated miRNAs. The highest upregulated miRNA “rno-miRNA-7b,” has 
401 predicted target genes (miRDB database), with necrotic cell death and cellular 
response to chemical stress pathways as top adverse outcome pathways (AOPs), 
using Metascape analysis. The most downregulated miRNA “rnomiRNA-377” has 
108 predicted target genes (miRDB database), with regulation of interleukin-1a 
production and platelet-derived growth factor receptor signaling pathway as 
top AOPs. Taken together, these findings highlight select miRNAs as promising 
biomarkers when monitoring for DIKI in nonclinical studies in the rat.

 3711 Differential Expression of Testis-Enriched microRNAs and 
Serum Inhibin B in Nitrofurazone-Induced Testicular Toxicity 
in Rats

E. F. Custodio, H. B. Dodiya, D. Gitnick, R. Kenrre, and J. McDuffie. Neurocrine 
Biosciences, San Diego, CA.

MicroRNAs (miRNAs) regulate gene expression during various pathological 
processes, potentially making them important biomarkers for early identification 
of testicular toxicity which remains a challenging issue in drug development. 
Nitrofurazone (NF) was used as a tool compound to identify biomarkers for 
monitoring acute testicular injury. Sprague-Dawley rats (n= 4/group) received a 
single oral dose of vehicle or NF at 300 mg/kg. NF testicular toxicity was monitored 
using anatomic pathology and serum inhibin B at 24 and 96 hours postdose. A 
novel RNAscope™ Plus smRNA-RNA in situ hybridization assay was established for 
miR-let7i-5p, StAR and inhibin B. At 24 hours, NF induced testicular degeneration, 
nuclear smudging, cytoplasmic hyperchromasia of pachytene spermatocytes, and 
cytoplasmic microvacuolation in Sertoli cells. At 96 hours, degenerative changes 
progressed to loss of round and elongated spermatids, variable reduction in Sertoli 
cell number and increased tubular macrovacuoles. In testis, 33 of 816 and 177 of 
816 miRNAs were modulated at 24 and 96 hours (p<0.05), respectively. Serum 
inhibin B (functional indicator of germ cell proliferation in the testis) progressively 
decreased in NF-treated rats when compared to controls at 24 (0.5x; p<0.01) and 
96 (<LLOQ) hours. Serum triglycerides and testis miR-935 were decreased, while 
testis miR-let-7i-5p, miR-147, and novel miR-276 expression were increased at 96 
hours. Let-7i-5p plays a role in regulating key genes including StAR. Application 
of RNAscope™ Plus smRNA-RNA assay revealed localization and distribution of 
miR-let7i-5p and mRNAs (StAR and inhibin B) in testis demonstrating it was fit for 
purpose for evaluation of these analytes. In conclusion, miRNA-Sequence profil-
ing of NF treated rats identified multiple testis-enriched miRNAs. These findings 
warrant further evaluation as safety biomarkers when monitoring for acute drugin-
duced acute testicular injury in rats.

 3712 Cell-Free DNA Derived from Cardiac Organoids as a Potential 
Indicator of Toxicity and Tissue-Level Events

B. Silver, K. Gerrish, and E. Tokar. NIEHS, Research Triangle Park, NC.

Efficient diagnostics are critical for early detection of disease and toxic exposures. 
Biomarkers present in blood or other bodily fluids are gaining increasing interest 
due to their clinical potential in rapid, non-invasive screening. Cell-free nucleic acids 
can be expelled from dying cells or actively released within extracellular vesicles, 
and thus carry information about the tissues from which they originated. However, 
the types of cell-free nucleic acids and extracellular vesicles released in response 
to toxic events or disease onset remain ambiguous. Organoids present a tracta-
ble model for screening tissue response to toxicant exposure in a human-cell 
background. However, cell-free nucleic acids from organoids have been only 
very minimally studied. Here, we examined cell-free DNA (cfDNA) released from 
cardiac organoids during normal growth and in response to toxicant exposure. 
We demonstrated that cfDNA is recoverable from cardiac organoids in quanti-
ties sufficient for analysis. The fraction of mitochondrial cfDNA dropped sharply 
early in development of the organoids, which could indicate a signature of cardiac 
differentiation. Using droplet-digital PCR (ddPCR) we were able to identify specific 
cfDNA sequences from mitochondrial and genomic origins that were altered 
during development. Upon exposure to the cardiotoxicant Doxorubicin, changes in 
abundance of specific cfDNA regions occurred prior to tissue demise, suggesting 
that cfDNA may also be predictive of exposure outcomes. Together, our findings 
demonstrate that cardiac organoids can be used to identify potential cfDNA 
markers that are predictive of tissue-level events. This strategy has the potential 
for high-throughput screening of toxicants and could be extended to additional 
organoid and disease types.

 3713 Effects of Genotoxic Carcinogen DMBA on Gap Junction 
Function through Reduction of Connexin 43 Stability in WB-F344 
Rat Liver Epithelial Cells

D. Won1, D. Hwang1, C. Kim1, S. Park2, Y. Jo2, N. Kim2, M. Kang2, Y. Jeon2, and J. Yun2. 
1The Catholic University of Korea, Bucheon, Korea, Republic of; and 2Seoul National 
University, Seoul, Korea, Republic of.

Connexin (Cx) is a major component involved in gap junction intercellular communi-
cation (GJIC) in the maintenance of tissue homeostasis. Although GJIC inhibition 
is well recognized as one of the key hallmarks for identifying non-genotoxic carcin-
ogens, the role of GJIC for genotoxic carcinogens such as polycyclic aromatic 
hydrocarbons (PAHs) is not well understood. Here, this study aims to elucidate the 
detailed mechanism of the reduction of GJIC by DMBA, one of the PAHs. At first, 
we found that DMBA treatment suppressed GJIC in WB-F344 rat liver epithelial 
cells by decreasing both Cx43 mRNA and Cx43 protein expressions. Interestingly, 
however, Cx43 promoter activity was upregulated following the DMBA treatment 
along with the involvement of SP1 and HNF3β. To identify the mechanism of 
DMBA-induced GJIC inhibition, we focused on the changes in Cx43 mRNA stability 
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and demonstrated that DMBA exposure significantly decreased Cx43 mRNA stabil-
ity through the regulation of RNA binding protein HuR. In addition, we also 
observed DMBA-induced degradation of the Cx43 protein, which was involved in 
the phosphorylation of Cx43 by mitogen-activated protein kinase. In conclusion, 
DMBA could downregulate GJIC through the reduction of stability of Cx43 mRNA 
and protein. Most importantly, our results indicate that the GJIC assay can also be a 
predictive test for putative genotoxic carcinogens, at least partially.

 3714 Transcriptional Memories at Cellular Stress Response Genes: 
Novel Epigenetic Biomarkers of Environmental Exposures

E. Weeks, S. Kaech-Petrie, F. Kelly, H. Bronstein, M. S. Turker, and C. Weinhouse. Oregon 
Health and Science University, Portland, OR.

The cellular stress response (CSR) comprises common pathways that are 
activated by a wide range of environmental stressors. The CSR includes the heat 
shock response, oxidative stress response, hypoxia response, unfolded protein 
response and DNA damage response pathways. CSR target genes can form epigen-
etic memories of prior transcriptional responses to exposure (“transcriptional 
memories”) that influence those genes’ responsiveness to future hits. CSR genes 
that form these memories are excellent candidates for epigenetic biomarkers of 
effect that reflect individuals’ total environmental stress burden and future disease 
risk. In order to realize this goal, it is critical to understand how these memories 
form and persist, as well as how much cell-cell heterogeneity exists in memory 
formation and persistence. Here, we use a model CSR gene (the NRF2 target gene 
heme-oxygenase 1, HMOX1) to explore these questions. First, we determined the 
peak induction time of HMOX1 in response to an established pharmacologic activa-
tor of NRF2, sulforaphane (SFN). We exposed HepG2 cells (ATCC HB-8065) to 20 
µM SFN, a dose at which we observed no overt cellular toxicity. We performed 
a 24-hour time-course in cells with continuous exposure to SFN, collecting cells 
hourly and flash freezing before RNA extraction and qPCR for the HMOX1 mRNA 
(N=3 per time-point). We observed maximum induction (9.94 log2 fold-change over 
baseline) after 7 hours of exposure. In order to evaluate cell-cell heterogeneity 
in basal and inducible HMOX1 expression, as well as transcriptional memory at 
this gene, we performed single molecule RNA FISH (smFISH) in fixed HepG2 cells 
using the ACDBio RNAscope Multiplex Fluorescent V2 kit and a custom HMOX1 
probe with Syto 16 nuclei acid counterstain at the following timepoints: 1) baseline 
(unexposed cells), 2) first hit (cells exposed to 20 µM SFN for 7h), 3) recovery 
(cells incubated in fresh media after 7h exposure to 20 µM SFN), and 4) secondary 
challenge (recovered cells re-exposed to 20 µM SFN for 7h). We imaged cells with a 
Zeiss laser scanning confocal with Airyscan.2 microscope at 63X for visualization 
of individual mRNA puncta. We post-processed images with ZEN Blue software 
and counted mRNA puncta using Imaris v9.9.1 cell imaging software. We analyzed 
9-12 individual cells per time-point. We observed substantial cell-cell heterogeneity 
in HMOX1 count at baseline (median 77.5, minimum 15, maximum 98, standard 
deviation 32.3). After initial induction, we observed an increase in HMOX1 count 
(median 168.5), as well as an increase in HMOX1 variation among cells (standard 
deviation 128.2), which is consistent with prior reports of high cell-cell heterogene-
ity in transcriptional response to environmental stimuli. Interestingly, some cells 
showed good recovery at 24h (minimum HMOX1 count 15) and others showed 
sustained HMOX1 induction (median 149, maximum 317, standard deviation 
95.2). On secondary challenge, cells again showed an increased HMOX1 count 
over baseline (median 110). However, we observed a lower HMOX1 induction and 
decreased variation, as compared to the first hit (minimum 53, maximum 354, 
standard deviation 98.1). Our data are consistent with negative priming at this 
CSR gene (i.e., a blunted transcriptional response to a second hit), which is an 
established form of transcriptional memory. These data confirm that CSR genes 
do develop transcriptional memories and that there is significant cell-cell heteroge-
neity in memory formation. Therefore, our results represent an important first step 
towards our goal of developing a panel of CSR genes that report on total environ-
mental burden in human populations.

 3715 LDH and the MELD-LDH Score in Acute Liver Failure Prognosis

J. R. Price, H. Hagrass, A. B. Filip, and M. R. McGill. University of Arkansas for Medical 
Sciences, Little Rock, AR.

Acute liver failure (ALF) is a devastating condition with high mortality. Currently, 
liver transplantation is the only life-saving treatment, but the decision to transplant 
is difficult due to the rapid progression of ALF and persistent shortage of donor 
organs. Biomarkers that predict death better than current prognostics could 
help. To our surprise, we recently discovered that lactate dehydrogenase (LDH) 
is prognostic in acetaminophen-induced ALF by itself and in a novel form of 
the Model for End-stage Liver Disease (MELD) score called the MELD-LDH. The 
purpose of this study was to confirm those earlier results in a larger population 
with more ALF etiologies. We reviewed laboratory data and clinician notes from 
238 patients admitted to the University of Arkansas for Medical Sciences Medical 
Center with a diagnosis of ALF and biochemical evidence of acute liver failure over 
a 12-year period as well as subset of 170 patients that also had encephalopathy 
thus meeting the complete definition of ALT. LDH was strikingly elevated in the 
non-survivors at the time of peak injury. Receiver operating characteristic (ROC) 

curve analyses revealed that LDH by itself could discriminate between survivors 
and non-survivors on the first day of hospitalization, though not as well as the MELD 
and MELD-LDH scores, which performed alike. Importantly, however, LDH by itself 
performed similarly to the MELD at the time of peak injury and the MELD-LDH score 
moderately outperformed both. The MELD-LDH score also had greater sensitivity 
and negative predictive value than the MELD and the King’s College Criteria. Overall, 
these results support our prior work showing that LDH and the MELD-LDH score 
predict death and therefore transplant-need in ALF patients.

 3716 Early Detection of Urinary Bladder Carcinogens in Rats by 
Immunohistochemistry for γ-H2AX

T. Toyoda1, T. Yamada1,2, K. Matsushita1, H. Akane1, T. Morikawa1, and K. Ogawa1. 
1National Institute of Health Sciences, Kawasaki, Japan; and 2Tokyo University of 
Agriculture and Technology, Fuchu, Japan.

The potential risk of carcinogenicity to humans has been evaluated for many 
chemicals using long-term bioassays in rodents. However, there are numerous 
difficulties associated with standard carcinogenicity tests, including high-cost, 
time-consuming procedures and the necessity for a large number of animals. 
Accordingly, there is an urgent need to develop novel bioassays that can efficiently 
detect carcinogenicity in short-term studies to overcome these challenges and 
contribute to the improvement of animal welfare. We have reported that immunohis-
tochemistry for γ-H2AX, a well-established biomarker of DNA damage, can detect 
urinary bladder carcinogens at an early stage using histopathological specimens 
from 28-day repeated-dose oral toxicity studies in rats. Given the markedly low 
level of γ-H2AX formation in the bladder urothelium of untreated rats, an increase in 
γ-H2AX-positive cells following chemical exposure can be relatively easy to identify. 
Among the 100 compounds examined to date, bladder carcinogens can be detected 
with high sensitivity (33/39; 84.6%) and specificity (58/61; 95.1%). As expected, 
γ-H2AX formation levels tended to be high following exposure to genotoxic bladder 
carcinogens, whereas nongenotoxic bladder carcinogens also increased the 
number of γ-H2AX-positive cells, probably through secondary DNA damage associ-
ated with sustained proliferative stimulation. γ-H2AX formation in the bladder 
urothelium reflects species differences in susceptibility to bladder carcinogenesis 
between rats and mice and shows a clear dose-dependency associated with the 
intensity of tumor development as well as high reproducibility. Some of the bladder 
carcinogens that showed false-negative results in the evaluation of γ-H2AX alone 
could be detected by combined evaluation with immunostaining for bladder stem 
cell markers, including aldehyde dehydrogenase 1A1. The γ-H2AX immunostaining 
approach described herein is a rapid, reliable, and practical method for the early 
detection of bladder carcinogens with high sensitivity and specificity. This method 
does not require additional animal experiments and can be performed by conven-
tional immunohistochemical analysis using formalin-fixed paraffin-embedded 
tissues. Therefore, this approach can be readily incorporated into existing 28-day 
repeated-dose toxicity studies as designated in the OECD guidelines. This method 
can also be applied as a screening evaluation method for assessing the carcinoge-
nicity of a wide range of chemical substances, ranging from industrial chemicals to 
pharmaceuticals. Further studies are needed to examine whether these results can 
be applied to the main target organs typically examined in carcinogenicity tests, 
including the liver and kidneys.

 3717 Hepatocyte Senescence Is Initiated through a Klf6-p21 
Mechanism That Mediates the Production of Cxcl14, a Novel 
Prognostic Biomarker of Acute Liver Failure

D. S. Umbaugh, N. T. Nguyen, G. S. Guerrero, C. Villaneuva, B. Hagenbuch, 
A. Ramachandran, and H. Jaeschke. University of Kansas Medical Center,  
Kansas City, KS.

Acute liver failure (ALF) is characterized by hepatic encephalopathy, coagulopathy, 
peripheral vasodilation and multi-organ failure. The majority of all ALF cases in the 
United States and UK are due to acetaminophen (APAP) overdose. An extensive 
body of work has elucidated the molecular mechanisms of hepatocyte necrosis 
during APAP overdose, but detailed mechanisms involved in the development 
of ALF have been largely unexplored. Previous work demonstrated that a severe 
overdose of APAP (600 mg/kg) results in prolonged injury, impaired regenera-
tion and sustained inhibition of cell cycle progression mediated through p21. Cell 
senescence is a cell fate resulting in cell cycle arrest predominantly controlled by 
p16 or p21 dependent pathways. Some senescent cells acquire a senescent associ-
ated secretory phenotype (SASP) which consists of bioactive signals that can 
influence the microenvironment. Why some senescent cells develop a SASP, and 
others do not, remains elusive; however, the specific molecular program govern-
ing senescence is thought to vary depending on cell type and inducing factors. 
Klf6 is induced during senescence, promotes p21 expression, and when overex-
pressed decreases proliferation in hepatocellular carcinoma. We hypothesized 
that senescent hepatocytes acquire a SASP that directly impedes liver recovery, 
mediated through the induction of a Klf6-p21 axis, which ultimately drives ALF. Initial 
bioinformatic analysis of flow-sorted perinecrotic hepatocytes after a moderate 
overdose of APAP (300 mg/kg) revealed that these hepatocytes express both Klf6, 
p21 and Cxcl14 (a SASP constituent). We confirmed via immunohistochemistry that 
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p21 expression is induced in a time-dependent fashion in perinecrotic hepatocytes 
after a severe APAP overdose. Further, we fractionated hepatocytes and non-paren-
chymal cells and confirmed that hepatocytes are the primary source of Cxcl14. In 
both male and female mice, we found a dose-dependent induction of Klf6/p21 and 
persistent circulating levels of Cxcl14 in the plasma. In parallel experiments, we 
targeted either the senescent hepatocytes with the senolytic drugs, dasatinib and 
quercetin, or the SASP constituent Cxcl14 with a neutralizing antibody. We found 
that targeting Cxcl14 greatly reduced APAP-induced liver injury while targeting the 
senescent hepatocyte failed to influence liver injury. Experiments analyzing human 
APAP overdose livers confirmed that Klf6-p21-Cxcl14 axis is upregulated compared 
to healthy controls. To confirm the link between Klf6, p21 and Cxcl14, we utilized the 
CRISPRa HepG2 system where we transcriptionally activated Klf6 which strongly 
induced p21 and Cxcl14 expression. Klf6 is a redox-responsive protein and we have 
previously demonstrated that APAP-induced inhibition of complex III is an initiating 
event in the APAP toxicity cascade. Therefore, we conducted further experiments 
in vitro inhibiting complex III with Antimycin A which resulted in increased Klf6 
and p21 expression. Collectively, our data suggests that sustained oxidative stress 
after a severe APAP overdose leads to continued elevation in Klf6 which promotes 
p21-mediated hepatocyte senescence and the production of Cxcl14. Importantly, 
we find that human plasma levels of Cxcl14 can accurately predict patient survival, 
as it gradually declines in surviving APAP overdose patients but remains consis-
tently elevated in non-surviving APAP overdose patients. This data confirms that 
the sustained induction of hepatocyte senescence and SASP initiation are critical 
mechanistic events leading to ALF in human patients.

 3718 Lipidomics Analysis of Ethionamide-Induced Hepatic Steatosis 
in Rats

K. Muta1, K. Saito2, Y. Kemmochi1, T. Masuyama1, Y. Saito2, and S. Sugai1. 1Japan 
Tobacco Inc., Yokohama, Japan; and 2National Institute of Health Sciences, Kawasaki, 
Japan. Sponsor: E. Spicer.

Hepatic steatosis findings in non-clinical toxicity studies of rodents can be regarded 
as an indicative finding for the potential of drug-induced liver injury, which is a 
serious concern for subjects and patients who are administered drugs and also for 
pharmaceutical companies. Therefore, clarifying the mechanisms of drug-induced 
hepatic steatosis and its biomarkers is important for the evaluation of the risks in 
the new drug development. Ethionamide (ETH) is a second line drug for multi-drug 
resistant tuberculosis and is known to cause hepatic steatosis followed by hepatic 
injury in rats and humans. In the present study, in order to investigate the biomark-
ers for ETH-induced hepatic steatosis, we produced a drug-induced hepatic steato-
sis model in rats repeatedly treated orally with ETH at 30 and 100 mg/kg for 14 
days and conducted lipidomics analysis using plasma and liver samples from the 
model rats. The ETH-treated rats showed Oil Red O staining-positive vacuolation in 
the centrilobular hepatocytes accompanied by increased hepatic triglycerides (TG) 
levels and decreased plasma TG and total cholesterol levels. A multivariate analysis 
for lipid profiles in the lipidomics analysis revealed alterations in the lipid species in 
the plasma and liver in particular phosphatidylcholine (PC) (18:0/20:4) decreased 
dose-dependently in both the plasma and liver. PC, which contains arachidonic acid 
(20:4), is known to be an important component of VLDL for hepatic TG secretion 
and we hypothesized that the decrease in PC (18:0/20:4) levels leads to decreases 
in TG levels in serum VLDL fractions. As we expected, TG levels in serum VLDL 
fractions were decreased dose-dependently in ETH-treated rats. In conclusion, the 
decreased PC (18:0/20:4) in the liver, possibly leading to suppression of hepatic TG 
secretion, is considered to be involved in the pathogenesis of ETH-induced hepatic 
steatosis and plasma PC (18:0/20:4) levels are proposed as a mechanism-related 
biomarker for ETH-induced hepatic steatosis.

 3719 Validation of an SC5b-9 Commercial Kit for Preclinical 
Biomarker Analysis

R. Karkas, G. Zaki, L. Johnson, L. Mendoza, M. Dutta, and C. Schilffarth. Altasciences, 
Everett, WA.

Preclinical studies provide a wealth of information for organizations looking to 
submit their Investigational New Drug for clinical trials. Questions often asked 
include which assay to employ, i.e., multiplex or single-plex, which platform to use, 
and how reliable are the results generated. One of the most challenging assays 
(single-plex or multiplex) to validate are ones that look for endogenous markers. 
Here, we retrospectively examined and validated an assay for the determination 
of complement protein SC5b-9, using a Quidel® MicroVue™ SC5b-9 Plus EIA kit 
and with cynomolgus monkey K2EDTA plasma. The instrumentation that was 
used for conducting the analysis was a Synergy H1 System. Our analysis allowed 
us to both fully validate and implement a new Analytical Method for quantifying 
SC5b-9 that can be used on both Good Laboratory Practice (GLP) and non-GLP 
studies for Non-Human Primate (NHP) K2EDTA plasma samples. SC5b-9, known 
as the Terminal Complement Complex (TCC), is an assembly of proteins created 
through the joining of protein C5 and C9. SC5b-9 can be formed from either the 
classical, lectin, or alternative pathways. The advantage of validating this kit is 
that this provides a full picture of what is occurring in the NHP’s complement 
system. The kit contains a pre-coated plate which uses a monoclonal antibody 

that attaches to the TCC’s C9 ring, which then captures the complex. After an 
incubation with the samples, Horseradish Peroxidase (HRP)-conjugated antibod-
ies are added and bind to the SC5b-9 complex antigens. 3,3’,5,5’-tetramethylben-
zidene (TMB) is added after the incubation followed by the stop solution, and 
then the plate is analyzed on the Synergy H1 at 450 nm. For our SC5b-9 method 
validation, the following parameters for testing included Intra/Inter-Accuracy and 
Precision, Dilutional Linearity, Specificity, Selectivity, Sensitivity, Parallelism, 4⁰ C 
Stability (benchtop), Freeze/Thaw Stability, and Long-Term Stability. The intra/
inter accuracy and precision were within the +/- 25% Bias for ULQC and LLQC, 
and HQC and LQC (both provided reconstituted by the kit) were in range provided 
by the Certificate of Analysis, and 4.5 hours of benchtop, 3 freeze/thaw cycles 
and 66 days of stability were established. Parallelism will be assessed if a native 
sample can be found with high enough SC5b-9 concentrations. As expected, the 
most difficult parameter by far was Selectivity, as this kit was very sensitive to 
picking up endogenous SC5b-9. All samples were removed from the freezer (-20⁰C 
for individual plasma/5% hemolyzed plasma for Selectivity and Specificity, -80⁰C for 
Stability samples) and then placed on dry ice. Samples were then thawed rapidly in 
a 37⁰C water bath, and then placed on wet ice (equivalent to 4⁰C) until added to the 
analysis plate. Samples were processed in a timely fashion to prevent any endoge-
nous SC5b-9 complexes from clumping together. In the original set of 10 non-he-
molyzed individual NHP plasma samples containing 5 males and 5 females, along 
with a 5% hemolyzed male plasma sample, 3 males and 1 female did not meet the 
acceptance criteria as stated in the Bioanalytical Method Validation Guideline (May 
2018) for the Lower Limit of Quantitation (LLOQ), nor did the 5% hemolyzed plasma. 
For these original 11 selectivity samples, 9 out of 11 met acceptance criteria for the 
HQC level. Additional individual samples were tested at the LLOQ level, along with 
a different 5% hemolyzed plasma (female for this plasma). Of the new samples 
that were tested, 80%of the individual plasma samples met acceptance criteria for 
LLOQ. The original 11 Selectivity samples were also tested for Specificity, i.e., blank 
plasma is tested to see if it will fall into the range of the assay. 10 out of 11 samples 
met acceptance criteria. Only one male (one that failed both LLOQ and HQC for 
Selectivity) failed to meet acceptance criteria for Specificity.

 3720 Development of a Flow Cytometry Phospho-STAT5 Assay in 
Nonhuman Primate T Cells

R. Pryor, M. Templeton, C. Chew, B. Purdy, S. Brown, R. Karkas, M. Van Horn, E. Sulpy, 
N. Makori, C. Schilffarth, and M. Poirier. Altasciences, Everett, WA.

Quantitation of phospho-STAT5 (pSTAT5) is a simple and effective way to assess 
T cell proliferation and is a useful tool for toxicological studies. Flow cytometry 
has recently become a common platform for pSTAT5 detection which, unlike more 
labor-intensive methods such as western blotting, is able to report endogenous 
pSTAT5 levels in multiple cell populations in a precise and high throughput manner. 
This is achieved by measuring levels of a detector fluorophore conjugated to 
anti-pSTAT5 antibody coupled with a panel of other immunophenotyping markers. 
Flow cytometry pSTAT5 assays have previously been described in literature in 
primary and secondary cell lines for discovery or diagnostic purposes. However, to 
date have not been developed in Macaca fascicularis for the purposes of a toxico-
logical study. Here, we detail our method development of a flow-cytometry based 
pSTAT5 assay in non-human primates (NHP) where we isolated peripheral blood 
from six naïve Macaca fascicularis and stimulated ex vivo with human recombinant 
IL-2, followed by staining with a pSTAT5 immunophenotyping panel. pSTAT5 levels 
were quantitated in CD4+ T cells, PD1+CD4+ T cells, CD8+ T cells, PD1+CD8+ T 
cells, and CD25+CD4+ T cells as median fluorescent intensity (MFI) and relative 
percentage of parent. In this method development, we 1) measured assay feasibility 
on the LSRFortessa flow cytometer, 2) measured reproducibility between analysts 
and individual replicates, 3) compared pSTAT5 activation between peripheral 
blood and PBMCs, and 4) tested a fluorescence minus one control (FMO) for each 
fluorophore. Our results indicated successful upregulation of pSTAT5 following 
stimulation with IL-2 as well as a high degree of reproducibility among analysts and 
replicates. Addition of IL-2 to whole blood resulted in a 16- to 118-fold increase of 
pSTAT5, varying based on T cell subset. Reproducibility was determined by compar-
ing percent coefficient of variance (CV) between replicates for all cell populations: 
high prevalence populations were <20% CV, low prevalence populations were <25% 
CV, and very low populations were <30% CV for all replicates except for Total CD3+ 
cells in one female. PBMCs displayed a 1- to 13-fold increase in pSTAT5 upregula-
tion compared to whole blood after incubation with IL-2. FMOs displayed <2% of 
positive cells for each control, indicating minimum background staining for this 
panel. This method development provided a novel technique of measuring pSTAT5 
by flow cytometry in Macaca fascicularis blood and has practical applications for 
future NHP-based preclinical toxicological studies.
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 3721 Characterizing Age-Associated Changes in Lung Cellular 
Senescence in C57BL/6J Mice

G. Kaur1, Q. Wang1, A. Tjitropranoto1, and I. Rahman1,2. 1University of Rochester, 
Rochester, NY; and 2TriState SenNet Consortium Network, Pittsburgh, PA.

Cellular senescence is characterized by cell growth arrest and alterations in physio-
logical processes. It has been known to play a role in various chronic pulmonary 
diseases like COPD and IPF. However, the detailed mechanism remains unknown. 
While tobacco smoke is considered the chief etiological factor for occurrence of 
various chronic lung diseases such as COPD/emphysema, the phenotypic manifes-
tation of their symptoms occurs at old age. In this respect, previous work by our 
group reported increased cellular senescence in smoke exposed mice and age-de-
pendent reversal of disease state on removal senescent cells. Considering this, 
we hypothesized that chronological age plays a crucial role to trigger lung cellular 
senescence which thereby worsens the health status in chronic lung conditions 
like COPD. To understand this, we studied the cell specific changes in lung cellular 
senescence in young (2 months) and old (26 months) C57BL/6J mice using C12FdG 
assay. We observed upregulation in the senescent CD45+ cell count amongst old 
mice as compared to young control mice. On studying the individual leukocyte 
population, we found an age-dependent increase in C12FdG+ (or senescent) granulo-
cyte populations. Besides, we found significant increase in the percentage of 
CD45- CD326- CD31- (mainly comprising of lung fibroblasts)- expressing cell types 
in older C57BL/6J mice. We also performed single cell RNA sequencing on the 
lung homogenates from young and old mice to identify the cell types and gene 
expressions affected by chronological age in C57BL/6J mice. This will allow us to 
identify the senescence profile related to chronological aging in mice. It will then 
help deduce the induction of premature senescence on exposure to environmental 
toxicants and understand the pathobiology of chronic lung diseases at old age. 
Supported by NIH ES029177 and AG075931.

 3722 Co-expression Networks to Confirm the Assessment of Similar 
Mechanism of Action in a Context of Compound-Induced 
Pulmonary Fibrosis

C. Drake1, M. M. Wehr1, W. Zobl1, J. Koschmann2, B. A. Kühne1, D. De Luca3, H. Vrieling4, 
J. J. Boei4, D. Ritter1, J. Knebel1, T. Hansen1, A. Bitsch1, and S. E. Escher1. 1Fraunhofer 
Institute for Toxicology and Experimental Medicine, Hannover, Germany; 2geneXplain 
GmbH, Wolfenbüttel, Germany; 3Hannover Medical School, Hannover, Germany; and 
4Leids Universitair Medisch Centrum, Leiden, Netherlands.

In a read-across context, we investigated the use of transcriptome data to infer 
biological similarity for a case study comprising four volatile short-chain aliphatic 
alpha diketones. The read-across hypothesis is based on the finding that the 
analogue diacetyl induces bronchiolitis obliterans, a disease with characteristic 
features of pulmonary fibrosis, in workers involved in the preparation of microwave 
popcorn. Transcriptome data of known pulmonary fibrosis-inducing agents from 
rodent in vivo studies and human in vitro cell cultures were included in the analysis 
to further improve the mechanistic interpretation of the differentially expressed 
genes obtained in this case study. Early transcriptional responses were investi-
gated using the TempOSeq® S1500+ gene panel in primary human bronchiolar 
(PBEC) cell cultures after single and repeated air-liquid exposure with the P.R.I.T.® 
ExpoCube®. For each individual substance, genes were identified displaying a 
consistent differential expression across dose and exposure duration. Alpha 
diketones in particular showed a highly concordant expression pattern, which may 
serve as a first indication of a shared mode of action. Public in vitro datasets were 
analyzed with the ODAF workflow for RNA-Seq experiments and a limma-based 
workflow for chip-based data sets. Subsequently, genes were identified that were 
up- or down-regulated across all experiments. Mouse ensemble IDs were mapped 
to human ensemble IDs using biomart. A weighted correlation network analysis 
(WGCNA) clustered genes that form a similar expression course within the publicly 
available in vivo samples. The WGCNA identified seven gene modules, containing 
either genes belonging to well-known fibrotic pathways and/or fibrosis biomarkers 
known from literature. In the following, the differentially expressed genes from the 
in vitro experiments were mapped to WGCNA fibrosis networks in order to visual-
ize a shared fibrotic mode of action. The differentially expressed alpha-diketone 
genes show a dose-dependent increase in genes that overlap with the modules. In 
summary, our analysis shows that WGCNA is able to identify potential biomarkers 
from in vivo datasets and furthermore infer pulmonary fibrosis as a mechanism of 
action. This work was supported by the EU-ToxRisk project (An Integrated European 
“Flagship” Program Driving Mechanism-Based Toxicity Testing and Risk Assessment 
for the 21 st Century) funded by the European Commission under the Horizon 2020 
program (Grant Agreement No. 681002) and the FibrOmics-project.

 3723 Changes in Biomarkers of Pulmonary Pathogenesis following 
Exposure to E-cigarette Vehicle Constituents

K. L. Marshall1, Y. Twum2, I. M. Olfert1, and W. Gao2. 1West Virginia University School 
of Medicine, Morgantown, WV; and 2West Virginia University School of Public Health, 
Morgantown, WV.

Electronic cigarettes (E-cigs) are now a protracted fixture in the US and world-wide. 
The devices became prevalent as a public-health measure to decrease combustible 
tobacco use. However, many current adolescent and adult users of E-cig devices 
were previously classified as never-smokers. Since the inception of E-cigs, literature 
has been mounting evaluating their overall health and safety. However, the role that 
they may play in promoting pathogenesis in the lung remains unclear. Furthermore, 
there are many variables within the study of E-cigs that make their assessment 
particularly difficult (e.g., vehicle constituents and their concentrations, nicotine, 
flavors, and other additives). Thus, a gap remains in the determination of how safe 
these devices may be for both smokers’ and tobacco naïve lungs. This study aimed 
to delineate the changes in biomarkers of pulmonary pathogenesis in animals 
exposed to either vegetable glycerin (VG) or propylene glycol (PG) in isolation. We 
compared these findings to our previously published study which included a 50/50 
mixture of VG and PG in combination with nicotine. Eighteen mice were divided 
into 3 groups, air-control, 100% VG, and 100% PG (n=6 for all groups). Mice were 
exposed to either forced house air, VG aerosol, or PG aerosol for 60 puffs per day, 
five days per week over the course of four weeks. Whole lung tissue was harvested 
at necropsy and prepared for Western blot and RT-PCR. Data were analyzed using 
one-way ANOVA and Tukey post-hoc examination with Prism-9 Graphpad software 
results reported were significant with p<0.05. Exportin 1 (XPO1), an important 
nuclear transport protein, was downregulated more than twofold in both VG and PG 
exposures. XPO1 is crucial for the transport of many cancer- and pathogenesis-re-
lated cargo proteins. P21, a tumor suppressor protein that is freight for XPO1 was 
downregulated in both exposure groups as well. P53, another XPO1 cargo protein, 
was found to be unchanged. Globally, these findings were similar to those reported 
in our previous publication, with p21 expression decreased and p53 accumulat-
ing in the nucleus of E-cig exposed lung tissues. Expression of Bcl-2 and Bcl-XL 
were downregulated in both VG and PG exposure groups. This was a departure 
from our previous findings and may indicate an apoptotic process unhindered by 
co-exposure to nicotine. Vimentin, an important molecule in epithelial to mesenchy-
mal transition (EMT), was also downregulated in VG and PG exposed animals as 
opposed to the upregulation we observed after exposure to E-cig aerosol contain-
ing nicotine. Lastly, data from our previous study indicated upregulation of CYP1A1 
after E-cig exposure and was found to be unchanged vs controls in VG and PG 
groups. This is not entirely surprising, as CYP1A1 plays a major role in nicotine’s 
metabolism. Overall, EMT and neoplastic-related biomarkers (more sinister disease 
prognostic indicators) remained in-check after exposure to the base constitu-
ents of E-cigs. However, markers related to apoptosis showed that organized cell 
death may be present within the lungs of the VG and PG exposed animals. Given 
the findings of other studies evaluating apoptosis and pulmonary pathogenesis, 
this may initiate a variety of potential diseases of the lung. Examination of other 
markers of inflammation and fibrosis after chronic exposure to these constitu-
ents may add more insight into the eventual pathogenic progression related to the 
findings of this study. Ultimately, these results indicate that E-cigarette use, even 
with vehicle constituents alone, may not be benign.

 3724 Evaluation of Neurofilament Light Protein as a Peripheral 
Biomarker of Chemically-Induced Neurotoxicity in Rodents

J. D. Cohen1, S. Wyllie2, E. J. Galbreath2, H. Yasuno2, C. Leonard2, K. Lundeen1, 
T. Yoneyama2, and T. Yukawa2. 1Takeda Development Center Americas, San Diego, CA; 
and 2Takeda Development Center Americas, Cambridge, MA.

Central nervous system toxicity accounts for nearly 25% of compound terminations 
from discovery through development, yet there is limited information on systemic 
fluid biomarkers of chemically-induced peripheral neurotoxicity in nonclinical safety 
studies or in patients. In this study, we evaluated the sensitivity of neurofilament 
light protein (NfL), a neuronal intermediate filament protein, as a fluid biomarker 
(serum, CSF) of neurotoxicity, following administration to mice or rats with either 
of seven compounds with documented peripheral nerve toxicity in rodents and/
or neuropathy in patients, or three negative control compounds reported to have 
toxicity in target organs other than the central or peripheral nervous system. 
Temporal changes in NfL (measured by Quanterix NF-Light assay) were assessed 
via serial samples of serum over ≤44 days of dosing and/or recovery, and NfL in 
CSF measured at terminal necropsy. Light microscopic evaluation of the central 
and peripheral nervous system tissues for neurotoxicity or inflammation included 
routine hematoxylin and eosin, special stains, immunohistochemistry, and semithin 
toluidine blue sections of Spurr’s epoxy resin. Following dosing with neurotoxic 
compounds, increases in serum NfL (6- to 57-fold) were observed as early as 
7-days post compound administration and remained increased throughout the 
dosing period, although correlating microscopic findings were only confirmed in 
2 of 7 neurotoxic compounds. Background increases in NfL (2- to 4-fold) were 
observed in vehicle control treated animals at ≥22 days of twice-weekly dosing via 
intravenous route of administration, possibly secondary to tail vein injection tissue 
damage, but no similar changes in NfL were observed in vehicle rats dosed via oral 
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gavage. Two of the negative control compounds, administered via oral gavage, also 
had background increases in NfL (3- to 5-fold) with no correlating light microscopic 
findings. In conclusion, these results suggest NfL to be a sensitive serum biomarker 
of peripheral nerve damage, but variability in the background increases in NfL 
across rodent species, routes of administration, vehicle control, and presumed 
negative control compounds needs to be further characterized.

 3725 T2-MRI Mapping as a Minimally Invasive Correlate of Central 
Nervous System (CNS) Toxicity in a Cuprizone Model: A 
Biomarker Study

S. Z. Imam1, K. Ball1, N. Sadovova1, J. Raymick1, B. Robinson1, J. P. Hanig2, 
J. B. Pierson3, R. Roberts4, M. Aschner5, W. Slikker6, T. A. Patterson1, and S. Liachenko1. 
1US FDA/NCTR, Jefferson, AR; 2US FDA/CDER, Silver Spring, MD; 3HESI, Washington, 
DC; 4University of Birmingham, Birmingham, United Kingdom; 5Albert Einstein College of 
Medicine, Bronx, NY; and 6US FDA/NCTR (Retired), Jefferson, AR.

Neurotoxicity has been linked to exposure to a number of drugs and chemicals, yet 
efficient, predictive, and minimally-invasive methods to detect neuroanatomical 
effects are not routinely used currently in non-clinical assessments. Previously, we 
have shown significant T2-MRI changes in a rat model of trimethyltin neurotoxicity 
that correlated with CNS neurotoxicity and pathology as measured by Flouro Jade 
C. Here, our main objective was to identify possible T2-MRI relaxation that predicts 
myelin specific neurotoxicity resulting from exposure to a known neurotoxic agent, 
cuprizone, by correlating T2-MRI relaxation with neuropathological endpoints. 
Adult-male rats (3-months old) were exposed to a daily dose of cuprizone (600 
mg/kg p.o., daily), or corn oil for 4 weeks. Prior to treatment, animals underwent 
MRI scans to establish a baseline. Additional MRI scans were done weekly after 
beginning exposure to cuprizone. At the end of 4 weeks, a final MRI was completed 
and animals were sacrificed for collection of fluids and tissue samples. Significant 
T2-MRI relaxation was observed in the deep cerebellar nuclei in cuprizone-treated 
rats compared to controls. A correlation of these MRI changes with CNS pathology 
will be discussed. Our data demonstrate that MRI-based endpoints may be used as 
a robust minimally-invasive neurotoxicity biomarker in a myelin-specific neurotoxic-
ity model. Supported by NCTR Protocol E0758011.

 3726 Antemortem Diagnostic for Canine Cognitive Dysfunction Using 
Plasma Biomarkers

A. D. Hines, S. McGrath, N. Trinh, N. Z. Madrid, A. Latham, A. Alsulami, L. Mulligan, 
B. Kusick, and J. A. Moreno. Colorado State University, Fort Collins, CO.

Canine Cognitive Dysfunction (CCD) is a well-recognized neurodegenerative 
disease, affecting up to 35% over the age of 8. As canines age, they may experi-
ence a build-up of misfolded proteins, causing decline of cognition with similari-
ties to Alzheimer’s disease (AD). Canines provide an excellent translational model 
for human dementias due to their natural development of clinical signs. Currently, 
antemortem diagnostic testing for CCD is limited to owner questionnaires and 
magnetic resonance imaging to rule out other causes of cognitive decline. The 
objective of this project is to design non-invasive antemortem diagnostic methods 
able to detect biomarkers of cognitive decline in plasma. Immunohistochemical 
(IHC) staining of canine brain tissue from both young and aged canines has shown 
presence of Aβ and hyperphosphorylation of tau, as well as increased glial cell 
inflammation, marked by GFAP, Iba1 and S100β. The biomarkers of CCD found by 
IHC staining are also present within extracellular vesicles, specifically exosomes, in 
both plasma and cerebrospinal fluid (CSF). Concentration of extracted exosomes 
can then be run on a western blot and probed for the same biomarkers of CCD as 
found in IHC. To date, we have observed neurofibrillary light chain (NfL) to be present 
in both the plasma and in the CSF at significantly higher levels in canines with CCD 
compared to young or aged canines without clinical signs of CCD. Detection of NfL 
in plasma and CSF supports our hypothesis that other biomarkers of neurodegen-
eration will be present in the plasma and CSF of CCD patients. Development of an 
antemortem plasma and CSF based assay would be instrumental in helping veteri-
narians to diagnose CCD, and due to the similarities between CCD and AD, these 
diagnostics have the potential for strong translation to human medicine.

 3727 Deep Learning–Based Genotype Imputation for Enhancing 
Toxicogenomic Data

M. Song, and H. Hong. US FDA/NCTR, Jefferson, AR. Sponsor: M. Chen.

The large-scale human genome sequencing techniques have provided researchers 
with the opportunities to identify genome polymorphisms associated with heritable 
traits in response to drugs and environmental chemicals in toxicogenomics. On 
the other hand, with the mature of multi-omics techniques, toxicogenomics has 
begun to integrate multiple omics profiles such as transcriptomics, proteomics, and 
metabolomics to identify the potential molecular biomarkers in toxicity. However, 
toxicogenomics faces the problem of missing values in multi-omics datasets, 
which can considerably obstruct the identification of useful biomarkers of disease 
and exposure in toxicity analyses. The reasons for the occurrence of missing 

values include budget limitations, insufficient sample availability, and experimen-
tal constraints. To address the missing value problem in toxicogenomics, we 
developed a convolutional autoencoder (AE) model for genotype imputation and 
implemented a customized training loop by modifying the training process with a 
single batch loss rather than the average loss over batches used by existing sparse 
convolutional denoising autoencoder (SCDA) model. This modified AE imputation 
model was evaluated using a yeast dataset, the human leukocyte antigen (HLA) 
data from the 1,000 Genomes Project, and the Louisiana Osteoporosis Study (LOS) 
data. Our modified AE imputation model achieved comparable or better perfor-
mance than the SCDA model in terms of evaluation metrics such as the concor-
dance rate (CR), the Hellinger score, the scaled Euclidean norm (SEN) score, and 
the imputation quality (IQ) score in all three datasets. For the HLA and LOS data, our 
AE model achieved an average CR of 0.9459 and 0.9005, Hellinger score of 0.9518 
and 0.9384, SEN score of 0.9953 and 0.9940, and IQ score of 0.9044 and 0.8681 
at missing ratio 20%, respectively. In summary, our proposed method for genotype 
imputation has a great potential to facilitate discovery of toxicological mechanisms 
at the molecular level by increasing data sizes. This abstract reflects the views of 
the authors and does not necessarily reflect those of the US FDA.

 3728 Food–Toxic Ingredients-Induced Psoriasis through Epigenetic 
Reprogramming of Dermal Stem Cells

T. L. Mathuram1, J. Stella2, E. Hernandez3, E. Corrales3, O. Yearde4, N. Joassaint4, 
S. Das5, M. Das3,2, M. Ruiz6, and J. K. Das4,2,3. 1University at Buffalo, Buffalo, NY; 2Palm 
Beach State College, Lake Worth, FL; 3Miami Dade College, Miami, FL; 4Florida Memorial 
University, Miami Gardens, FL; 5Miami Coral Park Senior High School, Miami, FL; and 
6Baptist Health Medical Group, Miami, FL.

Recently, scientific studies highlighted that several fast foods include numerous 
toxicants namely phthalates, tertiary butylhydroquinone (TBHQ), butylated hydroxy-
toluene, polyfluoroalkyl (PFASs), cadmium, propylene glycol, and propyl gallate. 
However, there was no such investigation for clarifying the mechanism of toxic 
effects and epigenetic reprogramming for psoriasis of dermal stem cells. In 
this study, we investigated the toxic effects of mentioned food ingredients and 
the mechanism of epigenetic reprogramming using the database of the National 
Institute of Environmental Health Sciences (NIEHS), the Comparative Toxico-
genomics Database (CTD), NIH Toxicology Data Network (TOXNET), Environmental 
Health Perspectives (EHP), Gene Expression Omnibus (GEO) database, STRING. 
Protein-Protein Interaction Networks, Cytoscape, the NIH Roadmap Epigenomics 
Mapping Consortium, and other bioinformatics databases. We found from CTD 
analysis that the chemical gene interactions showed highly expressed 25 common 
genes with VCAM1(CD106), CD55, miR16, miR185, ALDH1L1, CD69, CD86, IL2, IL4, 
ICAM1 (CD54), HADAC1 by phthalates, and tertiary butylhydroquinone (TBHQ), 
from a total of 991genes (approximately 2.5% affected genes), 21 common genes 
with CD37, CD44, CD81, IL2, IL4, and VEGFA by phthalates, and butylated hydroxy-
toluene from a total of 990 genes; 24 common genes by phthalates, and polyflu-
oroalkyl (PFASs), from a total of 1043 genes; 269 common genes by phthalates, 
and polyfluoroalkyl, from a total of 6014 genes; 2 common genes (MAPK1, TFRC) 
by phthalates and propylene glycol from total 2185 genes; 5 common genes with 
CD86, CD74, HDAC1, IL24 by phthalates, and propyl gallate from total 825 genes. 
Psoriasis, a chronic skin disease (with a higher prevalence of 4.7% in US popula-
tions) has been reported by DNA methylation (DNAm) with the hypermethylated 
genes of psoriasis dermal tissues for activated and epigenetically reprogrammed 
dendritic cells, keratinocytes, resting mast cells, T follicular helper cells (cTfh) 
compared to normal dermal tissues by analyzing recent works of literature. The 
epigenetic mechanisms of histone modifications (H3K9me3, H3K27me3, H3K27ac, 
H3K36me3, H3K4me1, H3K4me3 of the foreskin fibroblast primary cells, foreskin 
melanocyte primary cells and foreskin keratinocyte primary cells) and these toxic 
ingredients of food have been revealed by the database of EHP, NIEHS, the NIH 
Roadmap Epigenomics Mapping Consortium, the National Center for Biotechnology 
Information (NCBI), and U.S. National Library of Medicine (NLM) database and 
Cytoscape pictured the STRING-based PPI network. The acetylation of histones is 
a modulator to incongruent actions of lysine acetyltransferases (KATs) and histone 
deacetylases (HDACs) on chromatin structure involved in DNA replication, repair, 
heterochromatin silencing, and gene transcription. Our previous study showed 
that the regulation of epigenetic bivalent histone modifications at transcript 
starts sequences (TSS) of target genes for heterogenic human adult stem cells 
(hASCs) reprogramming and our current bioinformatics analysis revealed that FHF 
complex subunit HOOK interacting protein 1B (Q9H624; Q8N612: FHI1B_HUMAN) 
is epigenetically reprogrammed with close interaction of eight genes by these 
toxicants. Therefore, it is important to find the actual epigenetic mechanism of both 
genomic and epigenomic transcriptional regulation and the toxic effects of these 
food ingredients for psoriasis of dermal stem cells, and our current study revealed 
this important relationship.
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 3729 Statistical Methods for Exploring Spontaneous Adverse Event 
Reporting Databases for Drug-Host Factor Interactions

Z. Lu1, A. Suzuki2, and D. Wang1. 1US FDA/NCTR, Jefferson, AR; and 2Duke University, 
Durham, NC.

Drug toxicity does not affect people equally; the toxicity may only exert in patients 
who possess certain attributes of susceptibility to specific drug properties (i.e., 
drug-host interaction). This concept is crucial for personalized drug safety but has 
been under-studied, primarily due to methodological challenges data availability. 
By monitoring a large volume of adverse event reports in the postmarket stage, 
spontaneous adverse event reporting systems provide an unparalleled resource 
of information for adverse events and could be utilized to explore risk disparities 
of specific adverse events by age, sex, and other host factors. However, well-for-
mulated statistical methods to formally address such risk disparities are currently 
lacking. We present a statistical framework to explore spontaneous adverse 
event reporting databases for drug-host interactions and detect risk disparities in 
adverse drug events by various host factors, adapting methods for safety signal 
detection. In this framework, we considered likelihood ratio test, test based on 
normal approximation, test for difference in proportions, and subgroup ratios. 
Our proposed methods were applied to simulated data and FDA Adverse Event 
Reporting Systems (FAERS) and explored sex-/age-disparities in reported liver 
events associated with specific drug classes. In our simulation study, three of 
the proposed methods (likelihood ratio, normal approximation, and difference in 
proportions) can reach the power level around 0.4 while maintaining a family-wise 
error rate of 0.05, which is outstanding for this type of applications using FAERS. 
On the other hand, subgroup ratio-based tests lead to inflated false discovery rate 
and are thus not recommended. For real data analysis with our preferred methods, 
when applied to the class of nonsteroidal anti-inflammatory drugs, 7 out of 12 drugs 
exhibited disparate reporting rates between male and female patients with support-
ing evidence from clinical, animal, and in vitro studies. Several other classes of 
drugs have also been highlighted by the analysis of FAERS, including some that 
were also discussed by other researchers. The result demonstrated the applicabil-
ity of our methods in exploring spontaneous adverse event reporting databases for 
unrealized risk disparities. Though spontaneous adverse event reporting databases 
require careful data processing and inference, the sheer size of the databases 
with diverse data from different countries provides unique resources for explor-
ing various questions for drug safety that are otherwise impossible to address. 
Our proposed methods can be used to facilitate future investigation on drug-host 
interactions in drug toxicity using a large number of reported adverse events.

 3730 Practical Experimental Design Considerations for 
Transcriptomics Dose-Response Modeling

J. Ewald1, N. Basu2, D. Crump3, E. Boulanger1, and J. Head1. 1McGill University, 
Sainte-Anne-de-Bellevue, QC, Canada; 2McGill University, Montréal, QC, Canada; and 
3Environment and Climate Change Canada, Ottawa, ON, Canada.

Transcriptomics dose-response analysis (TDRA) has emerged as a promising 
approach for integrating toxicogenomics data into a risk assessment context. To 
move beyond proof-of-concept studies, practical questions concerning experimen-
tal design must be answered to establish TDRA as a trusted and broadly applica-
ble approach. In this work, we aim to 1) understand variability and uncertainty in 
TDRA results associated with dose range, spacing, and replicate number; and 2) 
evaluate the use of a reduced transcriptome and pooled samples for calculating 
transcriptomic point-of-departures (tPODs). For the first objective, we evaluated 
n = 55 RNA-seq profiles derived from Japanese quail embryo liver tissue follow-
ing exposure to chlorpyrifos (0, 0.04, 0.1, 0.2, 0.4, 1, 2, 4, 10, 20, 40 µg/g; n = 5 
replicates per group) via egg injection. The full dataset was sub-sampled 637 times 
to generate smaller datasets with different dose ranges and spacing (designs A - E), 
and number of replicates (n = 2-5). TDRA on all 637 datasets revealed substan-
tial variability in the gene and pathway benchmark doses, but relative stability in 
overall tPOD values when tPODs were calculated with the ‘pathway’ and ‘mode’ 
methods. Further, we found that tPOD values were more dependent on dose range 
and spacing than on the number of replicates, suggesting that optimal experi-
mental designs should use fewer replicates (n = 2 or 3) and more dose groups 
to reduce uncertainty in the results. Finally, tPOD values ranged by over ten times 
for all surveyed experimental designs and tPOD types, suggesting that tPODs 
be interpreted as order-of-magnitude estimates. For the second objective, we 
evaluated n = 55 EcoToxChip profiles from the same Japanese quail liver samples 
using the version 1.0 Japanese quail EcoToxChip, a qPCR array with ~370 genes 
curated for their relevance to environmental toxicology. We also evaluated one 
EcoToxChip profile for each dose group from pooled replicates. TDRA of these 
data resulted in tPOD values that were within the central 95% of tPOD values from 
the RNA-seq analysis described above, suggesting that reduced transcriptomes 
and pooled samples could be effective strategies for reducing the time and cost 
of performing TDRA. In addition, we note that, to our knowledge, this is the first 
transcriptomics dose-response study carried out in an avian species.

 3731 httrpl: A Targeted RNA-Seq High-Throughput Transcriptomics 
Analytical Pipeline for Environmental Chemical Screening

D. E. Haggard, J. L. Bundy, J. A. Harrill, I. Shah, R. S. Judson, and L. J. Everett. US EPA, 
Research Triangle Park, NC.

Advancing the pace of chemical risk assessment necessitates the development 
of new approach methodologies (NAMs) that provide meaningful information 
on chemical risk without the need for whole animal testing. A potential NAM 
based on the TempO-seq targeted RNA-seq platform has been proposed which 
uses high-throughput transcriptomic (HTTr) profiling to rapidly screen and priori-
tize large numbers of environmental chemicals in vitro. As part of this NAM, we 
developed the high-throughput transcriptomics pipeline (httrpl) software package, 
an analytical pipeline that enables researchers to efficiently and reproducibly 
perform a complete analysis of targeted RNA-seq experiments and store output 
from multiple levels of analysis within a standardized database management 
system. httrpl uses well-established open-source analysis tools, provides a stable, 
version-controlled containerized environment via Docker to ensure reproducibility 
across varying computer platforms, and a NoSQL MongoDB database to store all 
outputs. The general workflow for httrpl is as follows: 1) rapidly align and count 
raw sequencing data using the HISAT2 and SAMtools open-source software, 2) 
estimate fold-change values of the read counts using the DESeq2 differential gene 
expression R package, and 3) derive gene signature-level data from fold-change 
data and perform benchmark dose-response modeling to define various statistics 
relevant to chemical risk assessments such as benchmark doses and transcrip-
tional point-of-departures using the US EPA tcplfit2 R package. In this work, we 
provide an overview of the workflow and MongoDB schema used in httrpl and 
provide the rationale for the various tools and methods employed by httrpl using 
data from previously published HTTr chemical screens in various cell lines. First, 
we compare the HISAT2 sequence aligner in httrpl to several alternative alignment 
tools. We then describe special considerations and challenges for alignment that 
the TempO-Seq platform presents. We also evaluate several quality control (QC) 
metrics used in httrpl. Finally, we compare different shrinkage methods used 
by DESeq2 during fold-change estimation, which control for variability in lowly 
expressed probes. Preliminary results demonstrate that the choice in sequence 
aligner does not provide a large advantage on alignment accuracy, but specific 
alignment parameters should be considered due to the sequence similarity 
between some TempO-Seq probes. We show that httrpl QC metrics, in particular 
percent mapped reads, appear to be a good indicator of replicate reproducibility 
and overall sample quality. Importantly, these values vary by cell line and should be 
re-evaluated whenever new cell lines or reference samples are used. Additionally, 
we demonstrate that the choice of DESeq2 shrinkage method when estimating 
fold-changes can have large impacts on the ability to detect differentially expressed 
genes, and selection may depend on how conservative of an approach a user 
wants to have for a given study. New technologies, declining costs, and increased 
efficiency in HTTr and other profiling methods have greatly benefited the develop-
ment of NAMs for high-throughput chemical hazard evaluation. Furthermore, the 
release of stable, scalable, and reproducible data analysis pipelines is paramount to 
their successful adoption. httrpl provides a self-contained workflow and database 
for high-throughput chemical screening studies that use TempO-Seq or similar 
targeted RNA-Seq platforms. This abstract does not necessarily reflect US EPA 
policy. Company or product names do not constitute endorsement by US EPA.

 3732 Development of a Large List of Drugs for the Study of 
Nephrotoxicity in Drug Discovery

S. Connor1, Y. Qu1, R. Roberts2, and W. Tong1. 1US FDA/NCTR, Jefferson, AR; and 
2ApconiX, Alderley Park, United Kingdom.

Drug-induced kidney toxicity (DIKI) can lead to the development of acute kidney 
injury, chronic kidney disease, or end-stage renal disease, causing over 1.5 million 
adverse events annually and affecting approximately 26% of the United States 
population. Currently, the standard biomarkers for DIKI identification are serum 
creatinine and blood urea nitrogen, both markers are late-stage biomarkers that are 
known to lack the sensitivity or specificity to detect nephrotoxicity prior to signifi-
cant loss of renal function. Consequently, there is a pressing need for the develop-
ment of alternative methods to reliably predict DIKI in early drug discovery. For 
the proper development of alternative nephrotoxic methods, a large drug list with 
annotated DIKI potential is needed. We collected drugs from two literature datasets 
with confirmation using FDA drug labeling to produce a large list of drugs with 
known kidney toxicity, called DIKIT (Drug-Induced Kidney Injury and Toxicity). DIKIT 
is comprised of 1083 drugs, where 580 are DIKI positive (Nephrotoxic) and 503 are 
DIKI negative (non-Nephrotoxic). It covers all 14 anatomical categories with drugs 
related to the cardiovascular system, anti-infectives for systemic use, nervous 
system, and alimentary tract and metabolism found to be the most prevalent. We 
also found that, while methods like the Rule-of-Two (RO2) and Biopharmaceutics 
Drug Disposition Classification System (BDDCS) are known to be successful in 
the evaluation and severity classification of Drug Induced Liver Injury (DILI), these 
methods have proven to be ineffective in the classification of a drugs nephro-
toxic potential. These results indicate that there are some distinct differences in 
nephrotoxicity as compared to DILI, such as the reabsorption, secretion, or passive 
filtering of drugs by the kidney. DIKIT will be a relevant and invaluable resource 
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for the improvement of nephrotoxic research in areas such as the discovery of 
new methodologies to access the severity and better classify nephrotoxicity earlier 
within the drug development process.

 3733 Random Forest Model for Predicting µ Opioid Receptor Binding 
Activity for Assisting Development of Opioid Drugs

Z. Li, J. Liu, F. Dong, and H. Hong. US FDA/NCTR, Jefferson, AR.

The opioid epidemic is one of the most prominent and severe public health crises 
in U.S. history. The devastating consequences of the opioid crisis are not only the 
increased number of deaths caused by opioids but also the increased economic 
burden of combating this crisis. The highly addictive nature of the opioids is closely 
related to the overdose fatalities caused by prescription opioids, heroin, and illicit 
fentanyl. However, the therapeutic benefits of prescription opioids acting as the 
most potent analgesic make prohibition of the drug impossible. Opioids exert its 
analgesic effect by binding to the µ opioid receptor (MOR), which then activates 
its downstream signaling pathway, eventually leading to the inhibition of spinal 
cord pain transmission. Since the discovery of MOR in the 1970s, many efforts 
have been endeavored to understand the structure activity relationship between the 
receptor and its ligands, hoping to shed some lights on the development of non- or 
less-addictive opioid analgesics. Yet, many questions remain unanswered, and the 
development of non- or less-addictive opioid analgesics has had limited success. 
Here, we present a machine learning model that can be used to predict the binding 
activity of small molecule compounds to the MOR based on chemical structures. 
We first curated 17,856 MOR binding data points for 11,427 chemicals from diverse 
data sources such as publicly available databases, patents, and literature. Mold2 
descriptors were calculated for these chemicals. The 11,427 chemicals were then 
split into a training set of 5,729 chemicals with even identification numbers and 
a testing set of 5,698 chemicals with odd identification numbers. Random forest 
algorithm was employed for predictive model development. The random forest 
models were evaluated using 500 runs of 5-fold cross validations on the training 
data set and were challenged with the testing data set, resulting in 91.4% and 
90.9% MOR binding activity prediction accuracy in the cross validations and testing, 
respectively. Our results suggest that this model could be useful to identify novel 
MOR binders, which may aid the development of new drugs targeting on MOR. This 
abstract reflects the views of the authors and does not necessarily reflect those of 
the US FDA.

 3734 Comparing Molecular and Computational Approaches for 
Detecting Viral Integration of AAV Gene Therapy Constructs

E. Oziolor, S. Kumpf, J. Qian, M. Gosink, D. Rubitski, L. Newman, L. Whiteley, and 
T. Lanz. Pfizer Inc., Groton, CT.

Many current gene therapy targets use recombinant adeno-associated virus (AAV). 
The majority of delivered AAV therapeutics persist as episomes, separate from 
host DNA, yet some viral DNA can integrate into host DNA in different proportions 
and at genomic locations. The potential for viral integration leading to oncogenic 
transformation has led regulatory agencies to require investigation into AAV 
integration events following gene therapy in preclinical species. In the present 
study, tissues were collected from cynomolgus monkeys and mice 6 and 8 weeks, 
respectively, following administration of an AAV vector delivering transgene cargo. 
We compared three different next generation sequencing approaches (shearing 
extension primer tag selection ligation-mediated PCR (S-EPTS), targeted enrich-
ment sequencing (TES) and whole genome sequencing) to contrast the specificity, 
scope and frequency of integration detected by each method. All three methods 
detected dose-dependent insertions with a limited number of hotspots and 
expanded clones. While the functional outcome was similar for all three methods, 
TES was the most cost-effective and comprehensive method of detecting viral 
integration. Our findings aim to inform the direction of molecular efforts to ensure 
a thorough hazard assessment of AAV viral integration in our preclinical gene 
therapy studies.

 3735 Computational Analysis Unveiled Unique Testis-Enriched 
Transporters Using the Mouse ENCODE Transcriptome Dataset 
Mapped to the Latest Genome Build

E. M. Jung, J. Y. Cui, and E. M. Faustman. University of Washington, Seattle, WA.

All male metazoans have testes containing highly conserved genes spread-
ing across the animal kingdom, and testis is a sensitive organ to environmental 
toxicant exposures. Transporters are membrane proteins that contribute to the 
absorption, distribution, and elimination of xenobiotics. Prior to establishing 
toxicant relationships in organ toxicity, obtaining a baseline of standard gene 
expression for comparison is essential to understanding changes in physiology and 
across development. The goal of the present study was to re-analyze the publicly 
accessible mouse ENCODE transcriptiome data (BioProject Accession Number: 
PRJNA66167) using the latest genome build to determine the testis-enriched 
transporters relative to 16 other metabolic organs (n=3/organ). FASTQ files were 

retrieved from the NCBI GEO database and were mapped to the mouse reference 
genome (GRCm39 - release date: 07/22/2020) using the STAR v2.7.10a. Transcript 
abundance was estimated using the integrated Quantmode (STAR v2.7.10a) and 
differential analysis was performed using DESeq2 v1.36.0 and EdgeR between 
testis and all other organs. A gene is considered testis-specific if its average mRNA 
in testis is greater than 10-fold of the average mRNA in 20 other organs. Within the 
transporters category, we unveiled important testis-enriched ATP-binding cassette 
(ABC) as well as solute carriers (SLC) including organic anion transporting polypep-
tides (OATPs) relative to 16 other organs. Specifically, within the ABC transporter 
family, the Abca14-17 transporters, which are predicted to be important for lipid 
transport, as well as the mitochondrial transporter ATPase Abcc12, were uniquely 
expressed in testis. Within the Oatp family, the Oatp6 members (Oatp6b1 - unknown 
function, as well as 6c1 and 6d1 - predicted to be involved in sodium-independent 
organic anion transport) were uniquely expressed in testis. Slc22a14 - predicted 
to enable transmembrane transporter activity to facilitate flagellated sperm 
motility and capacitation, as well as Slc22a16 - an organic zwitterion transporter 
which transports carnitine and anticancer drugs such as bleomycin, are uniquely 
enriched in testis. Further, to understand how proteins interact with regards to each 
other, mRNA expression of raw counts of gene that are >=10 fold than average 
was applied to determine further nuclear receptors, transporters, NRF2, and AhR 
common in xenobiotic expression. String pathway analysis between testis-enriched 
transporters and nuclear receptors (532 genes total) showed that regulation of 
the cholesterol efflux transporter Abca1 by the oxysterol-sensing liver X receptor 
beta (LXRbeta/Nr1h2). In addition, mitochondrial transporter, Slc25a31 is likely 
regulated by retinoid Receptor-Related Testis-Specific Receptor (GCNF/Nr6a1). 
The Transcriptional repressor which coordinates circadian rhythm and metabolic 
pathways, Nr1d1, shows connecting pathways with Rora, a nuclear receptor identi-
fied as a regulator of xenobiotics. Understanding the testis-specific expression 
patterns of the previously poorly characterized transporters will lay the foundation 
for further understanding the mechanism of testicular toxicity and diseases follow-
ing exposure to environmental toxicants. Connecting these expression profiles with 
their metabolic pathways provides additional context to their expression patterns. 
Supported by National Institutes of Health (R01 ES025708, R01 ES030197, R01 
ES031098), University of Washington Center for Exposures, Diseases, Genomics, 
and Environment (NIH P30 ES0007033), University of Washington (Sheldon Murphy 
Endowment), and UW DEOHS Environmental Health and Microbiome Research 
Center (EHMBRACE), US EPA Predictive Toxicology Center and the Institute for Risk 
Analysis and Risk Communication (RD- 83573801).

 3736 Compare, a New Software Tool for the Comparison of 
Protein Sequences

B. V. Bassa, and R. M. Uppu. Southern University and A&M College, Baton Rouge, LA.

Biological sequence comparison methods can be broadly divided into alignment-
based and alignment-free categories. The alignment-based methods like BLAST 
and FASTA presume that the residues are present in the same general order in pair 
of query sequences presumably due to their origin from a common ancestor. In 
nature, biological sequences evolve by a variety of mechanisms, and the residue 
order is frequently shuffled, disturbing collinearity in the queried sequences. We 
describe here a shuffling-resistant program named Compare which compiles 
common permutations of three residues and longer occurring between any 
given pair of query sequences. Based on the compiled permutations, we define 
the parameter % Legacy as the total residue length of the common permuta-
tions normalized to 100 residues of the compared sequence. Compare has been 
validated employing sequences with simulated substitutions and Compare data 
have correlated well with those of BLAST and FASTA. The shuffling-resistant nature 
of Compare is demonstrated here with examples. Compare is now available at 
Github.com for academic use. Compare is developed as a global sequence compar-
ison program, and it is not available as a local search tool at this time. It is pertinent 
to mention here the success we have had in obtaining some highly useful informa-
tion while analyzing the spike proteins of human SARS and animal SARS-like strains 
with Compare. It is widely acknowledged that SARS-CoV-2 emerged with updates 
at three critical locations in the spike protein molecule. They are sequentially the 
receptor binding domain, proteolytic cleavage site, and the heptad-1- repeating 
(HR1) domain and the updates conferred better infectivity on the strain. Two of 
the three signatures at these locations identified by us using Compare are identi-
cal to those reported by others. Some investigators believe that the SARS-CoV-2 
strain has acquired them through recombination events. Additionally, the 11-aa 
sequence (vavlyqdvnct) that carries the D614G substitution and which is present in 
all the currently prevalent variants of SARS-CoV-2 is identified by us as a motif that 
is highly conserved in most coronavirus strains included under the Sarbecovirus 
group (viz., human SARS-CoV, animal SARS-like strains, SARS-CoV-2, bat RaTG13, 
and pangolin coronavirus strains; Curr. Top. Biochem. Res. 21, 119-122, 2020; and 
Preprints 2020, 2020070488 (doi: 10.20944/preprints202007.0488.v1). It is import-
ant because the 11-aa motif is present at varying locations in these strains.
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 3737 DeepAmes: Deep Learning–Powered Ames Test Prediction 
Using Model-Level Representation

T. Li1, R. Roberts2,3, Z. Liu4, and W. Tong1. 1US FDA/NCTR, Jefferson, AR; 2ApconiX, 
Alderley Park, United Kingdom; 3University of Birmingham, Birmingham, United Kingdom; 
and 4Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT.

Mutagenicity is one of the most important end points of toxicity that hampers a 
compound’s potential to become a marketable drug. Ames bacterial reverse 
mutation test is a widely used method to assess mutagenicity of chemicals. 
Due to the limitation of Ames test (can’t test small amount of chemicals) and 
allowance of using in silico approaches to assess the mutagenicity by ICH M7 
guideline, we developed an Ames test prediction model (DeepAmes) with a 
deep-learning powered framework using model-level representations, which were 
generated by five groups of base classifiers with different conventional machine 
learning algorithms. The compounds used for developing (10,444 compounds) 
and testing (1,543 compounds) models were provided by the Division of Genetics 
and Mutagenesis, National Institute of Health Sciences of Japan (DGM/NIHS). 
The DeepAmes model yielded a Matthews correlation coefficient (MCC) of 0.384, 
which made a 47.7% improvement in comparison with the averaged MCC of the 
five groups of base classifiers. The content of use of the DeepAmes model aims to 
provide high predictive ability for both mutagenic and non-mutagenic compounds. 
In addition, we introduced an approach to develop Ames prediction models to meet 
the content of use in regulatory application, where high sensitivity is preferred. 
Using this approach, the sensitivity of the developed models could be as high as 
0.866, which is an impressive sensitivity considering there is only 15.04% mutagenic 
compounds on the test set.

 3738 Developing a Framework to Assess and Optimize Transcriptomic 
Dose-Response Models

J. Fredenburg1,2, F. Harris1,3, D. E. Haggard1, J. A. Harrill1, and L. J. Everett1. 1US EPA, 
Research Triangle Park, NC; 2Oak Ridge Institute for Science and Education, Oak Ridge, 
TN; and 3Oak Ridge Associated Universities, Oak Ridge, TN.

Recent technological advancements have led to the development of new 
high-throughput profiling methods, such as transcriptomics, that can be used to 
rapidly screen environmental chemicals for potential hazards. It is now feasible to 
profile all protein-coding genes across thousands of samples, allowing for broad 
evaluation of many target pathways and mechanisms of action simultaneously 
in a single experiment. US EPA has developed a robust and reliable workflow to 
rapidly screen chemical effects in vitro using High-throughput Transcriptomics 
(HTTr). However, the scale and complexity of the resulting data is much greater 
than previous high-throughput screening (HTS) assays (e.g., ToxCast), and a 
variety of analysis approaches are available to derive key outputs of interest, such 
as estimating an overall transcriptomic point-of-departure (tPOD). The accuracy 
and reproducibility of tPOD estimates may depend on a broad array of analysis 
parameters that have not yet been fully explored. To date, there is limited consen-
sus on best practices for analysis of transcriptomic concentration-response data, 
and insufficient understanding of how specific analysis choices impact the primary 
estimates of interest. While it is unlikely that there is a single “one size fits all” 
approach suitable for the increasing variety of transcriptomic studies, technologies, 
and applications, there remains a major unmet need for a standardized framework 
to evaluate and tailor analysis methods for specific use cases. Here we propose a 
framework to evaluate the reliability and reproducibility of transcriptomic concen-
tration-response modeling methods, including 1) the false positive rate of “hit calls” 
for concentration-responsive genes, 2) the accuracy of concentration-response 
models, and 3) the reproducibility of tPODs. To assess false positive rate, we 
propose a method to simulate inactive chemical profiles by randomly sampling 
HTTr profiles of cells treated with relatively low concentrations of chemicals 
within larger screening studies. To assess the accuracy of concentration-response 
models, we generated “synthetic” transcriptomic concentration-response data by 
precisely adjusting the relative dilutions of two standard reference mixtures. Within 
this data set, we have simulated multiple effect sizes and curve shapes matching 
commonly used parametric models. Finally, to assess the reproducibility of tPOD 
values, we have repeatedly tested several standard reference chemicals throughout 
our HTTr screening studies, resulting in dozens of replicate experiments that can 
be analyzed independently and compared based on the final tPOD estimates. We 
demonstrate how this framework can be used to optimize and compare existing 
methods such as BMDExpress, which has numerous tunable parameters. Our 
preliminary results demonstrate that 1) current methods have acceptable false 
positive rates (≤ 1%) at the level of identifying individual concentration-responsive 
genes, 2) BMDExpress can accurately model the majority of concentration-re-
sponsive curves in our synthetic data, and 3) that tPOD estimates based on the 
25th lowest gene-level BMD are highly reproducible with standard deviations 
below 2-fold based on our reference chemical data. These results can inform best 
practices and further optimize methods for transcriptomic concentration-response 
modeling, which will help build confidence in these assays for use in regulatory 
decision-making. This abstract does not necessarily reflect US EPA policy. Company 
or product names do not constitute endorsement by US EPA. 

 3739 Combination of Bioinformatic Approaches for Expanding the 
Biologically Plausible Taxonomic Domain of Applicability for 
Adverse Outcome Pathways

C. LaLone1, M. Jensen2, P. Schumann3, M. Botz3, K. Mattingly4, W. Melendez5, 
A. Wilkinson5, and C. Simmons5. 1US EPA, Duluth, MN; 2University of Minnesota Duluth, 
Duluth, MN; 3Oak Ridge Institute for Science and Education, Duluth, MN; 4SpecPro 
Professional Services, Duluth, MN; and 5General Dynamics Information Technology, 
Research Triangle Park, NC.

The adverse outcome pathway (AOP) framework is intended to describe the 
causal linkages from a direct molecular interaction with a stressor to an adverse 
outcome of regulatory concern. Capturing such existing knowledge across biolog-
ical levels of organization in this manner allows decision-makers an opportunity 
to take advantage of data from growing numbers of mechanistic studies that 
typically do not measure apical outcomes for evaluations of chemical safety. 
The challenge of applying AOPs in a broader decision-making framework stems 
from the fact that the majority of AOPs that have been developed lack evidence 
to extrapolate pathway knowledge beyond the organisms captured in the AOP 
descriptions during development. To enhance the utility of AOPs and expand the 
taxonomic coverage, otherwise known as the defined taxonomic domain of applica-
bility (tDOA), bioinformatics approaches can be used in combination to extrapolate 
knowledge based on conservation of biology (i.e., protein sequences/structures). 
Bringing together well-developed bioinformatics approaches for this purpose is 
the primary objective of the International Consortium to Advance Cross Species 
Extrapolation in Regulation (ICACSER). The ICACSER is currently in the process 
of vetting tools/databases/approaches to develop guidance and best practices 
for development and use of bioinformatics tools for extrapolation. Currently there 
are examples that focus on the usefulness of the Sequence Alignment to Predict 
Across Species Susceptibility (SeqAPASS) tool alone and in combination with 
other approaches demonstrating expansion of the biologically plausible tDOA. The 
capabilities of SeqAPASS to evaluate conservation of proteins involved in early 
key events of the AOP has been expanded from sequence only based predictions 
to protein structural evaluations. With the advances in artificial intelligence driving 
the protein structural prediction field forward at a rapid pace, there are opportuni-
ties to evaluate structural comparisons across species to incorporate additional 
metrics to be used in defining the biologically plausible tDOA. This presentation 
will highlight case examples demonstrating the application of such approaches for 
enhancing the utility of AOPs in decision making for the protection of the diversity 
of species in the environment. This abstract neither constitutes nor necessarily 
reflects US EPA policy.

 3740 Applying In Silico Toxicity Models across the Tox21 
Chemical Universe

S. Lee1, A. Borrel2, K. T. To2, T. Li3, Z. Liu3, W. Tong3, E. Benfenati4, A. Roncaglioni4, 
A. Manganaro5, K. Mansouri6, and N. C. Kleinstreuer6. 1Duke University, Durham, NC; 
2Inotiv, Research Triangle Park, NC; 3US FDA/NCTR, Jefferson, AR; 4Istituto di Ricerche 
Farmacologiche Mario Negri, Milano, Italy; 5KODE SRL, Pisa, Italy; and 6NIEHS/NICEATM, 
Research Triangle Park, NC.

In day-to-day life, people are continuously exposed to many chemicals through 
different exposure routes. Ideally, regulators will leverage all available toxicity 
information to make regulatory decisions on chemical use that will protect human 
health. Traditional toxicity testing generally relies on in vivo methods that are 
time-consuming, resource-intensive, and of questionable relevance to humans. 
Many available computational models can be applied to predict toxicity to reduce 
time and resources required for research and regulatory purposes. The goal of 
this collaboration is to apply and benchmark models to the Tox21 chemical set. 
This set comprises approximately 10,000 chemicals including drugs, consumer 
products, and pesticides that have been tested in high-throughput screening assays 
in the U.S. Tox21 program. We applied three models to this chemical set to predict 
carcinogenicity and drug-induced liver injury. DeepCarc and DeepDILI are deep 
learning models that integrate five conventional machine learning algorithms into 
a neural network to generate probabilistic predictions for carcinogenicity and liver 
injury, respectively. We also applied the carcinogenicity and mutagenicity models 
from the “Joining environmental, ecotoxicological and toxicological Assessment 
of chemical substances with Non-testing methods within a Unified Screening” 
(JANUS) project. Confidence of each prediction was analyzed along with character-
izing each model’s applicability domain. Performance of all models was compared 
and physicochemical properties of predicted active chemicals were defined. We 
found that the DeepCarc and JANUS models predicted a majority of the Tox21 
compounds to have low carcinogenicity concern and DeepDILI predicted most to 
have a low risk of liver injury. The DeepCarc model predicted only 88 compounds 
to have a carcinogenicity probability greater than 0.9, whereas the JANUS carcino-
genicity model predicted 263 chemicals as carcinogenic with high confidence. 
Structural analysis of compounds predicted to be carcinogenic in both models 
showed that most of them had low molecular weights, with a median weight of 105 
g/mol for chemicals identified by DeepCarc and 183 g/mol for chemicals identified 
by JANUS. The DeepDILI model predicted 1,773 compounds to have a liver injury 
probability greater than 0.9. These chemicals had a higher molecular weight, with 
a median weight equal to 270 g/mol. For reference the full Tox21 chemical set 
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has a median molecular weight equal to 231 g/mol. Our results suggest that these 
computational models can be used to rapidly screen large chemical libraries to 
prioritize potentially hazardous substances for further evaluation. This project was 
funded in whole or in part with federal funds from the NIEHS, NIH under Contract No. 
HHSN273201500010C. The authors declare there exists no real or conflict of interest.

 3741 Biological Interpretation of Cell Painting and Gene Expression 
Features for Mitochondrial Toxicity Prediction

S. Seal1, J. Carreras-Puigvert2, M. Trapotsi1, H. Yang1, O. Spjuth2, and A. Bender1. 
1University of Cambridge, Cambridge, United Kingdom; and 2Uppsala Universitet, 
Uppsala, Sweden.

Cell Painting data, which are versatile descriptors of cell morphology, have 
previously been shown to improve the performance of predictive models for many 
drug safety and toxicity endpoints in areas of novel structural space. In this study, 
we investigated the use of Cell Painting, Gene Expression features and Morgan 
fingerprints in predicting the mitochondrial membrane depolarization assay from 
Tox21. We trained random forest models using individual and the combination 
(fusion) of Cell Painting, Gene Expression features and Morgan Fingerprints on 382 
compounds (62 of which were mitotox). When evaluated on an external set of 244 
compounds (47 of which were mitotox), fusion models relatively improved detection 
(F1 Scores) of mitochondrial toxicants (by 60% from 0.25 to 0.40) compared to 
models that only used structural features. Further, for another ten inconclusive 
compounds in the Tox21 assay (because of excessive cytotoxicity), the fusion 
models correctly predicted mitochondrial toxicity for all such compounds (10 out of 
10) compared to Morgan fingerprints which could only correctly predict mitochon-
drial toxicity for only 1 out of 10 such compounds. Fusion models improved sensitiv-
ity in detecting mitotoxic compounds compared to dedicated high-content imaging 
assays (0.79 in the external test set in our study vs 0.37 in Apredica MitoMass) with 
comparable balanced accuracies (0.69 in the external test set in our study vs 0.65 
in Apredica MitoMass). Further, structural features limited the model’s applicability 
domain to the chemical space of the training dataset. For example, Morgan finger-
prints failed to correctly classify mitotoxic compounds (e.g., betulinic acid) at high 
structural distances. The fusion models correctly classified mitotoxic compounds 
(e.g., ketoconazole and fluoxetine) in diverse morphological and structural spaces 
where individual models failed to demonstrate the synergistic effect of the 
features spaces. Finally, we studied the correlation between Cell Painting and Gene 
Expression features associated with mitochondrial toxicity mechanisms to interpret 
their biological significance. Cell Painting features correlated to Gene Expression 
descriptors. For example, the side of the membrane correlated to RNA granularity 
(a potential indication of an increase/decrease in transcription or RNA processing) 
and heterogeneity in mitochondria (an indicator of fragmentation). We also found 
certain Cell Painting features, such as edge intensity of cells (possibly related to the 
integrity of cell wall) and granularity features (related to cell death and amount of 
information contained in cellular images), to be highly predictive of mitochondrial 
toxicants. In the future, such models can improve applicability domains, facilitate 
mechanistic analysis by interpreting the features and can be expected to enhance 
the detection of mitochondrial toxicants, which is the subject of our current work.

 3742 ChemMaps.com V2: Exploring the Environmental 
Chemical Universe

A. Borrel1, A. Unnikrishnan1, D. G. Allen1, and N. C. Kleinstreuer2. 1Inotiv, Research 
Triangle Park, NC; and 2NIEHS/NICEATM, Research Triangle Park, NC.

Easily navigating chemical space has become more important due to the increasing 
size and diversity of publicly accessible databases such as DrugBank, ChEMBL, 
and DSSTox, and associated compendiums of high-throughput screening (HTS) 
and other data. Construction of computationally based visualization tools to 
accomplish this relies on complex projection techniques using molecular descrip-
tors. However, the multiple cheminformatics steps required to prepare, character-
ize, compute, and explore these molecules typically require advanced programming 
skills that are beyond the capabilities of many stakeholders. Inspired by the popular 
Google Maps application, we developed the ChemMaps.com webserver (https://
sandbox.ntp.niehs.nih.gov/chemmaps/) to easily navigate chemical space. The 
first version of ChemMaps.com enabled users to browse and visualize a space 
of 2,000 U.S. Food and Drug Administration-approved drugs and over 6,000 drug 
candidates from the DrugBank database (https://www.drugbank.ca/). ChemMaps.
com was later extended to include a second map of about 47,000 environmental 
chemicals. The chemical space of ChemMaps.com V2, released 2022, now includes 
approximately one million environmental chemicals from the Distributed Structure-
Searchable Toxicity (DSSTox) inventory, updated in 2021. ChemMaps.com V2 
incorporates mapping to assay data from the U.S. federal Tox21 research collab-
oration program, which includes results from around 2,000 assays tested on up to 
10,000 chemicals. ChemMaps.com users can now visualize chemical activity both 
by assay and target directly on the map and compare chemical spaces occupied 
by active and inactive chemicals. Each chemical is linked to the U.S. Environmental 
Protection Agency CompTox Chemicals Dashboard (https://comptox.epa.gov/
dashboard/), which allows users to quickly retrieve additional chemical and assay 
information. ChemMaps.com V2 also has new navigation options, including an 

on-the-fly distance measurement between two chemicals selected on the 3D map, 
a map screenshot button, and a customizable color mapping based on chemical 
properties. The user can now upload their own set of chemicals and visualize 
them on the available maps. Finally, we updated and improved the 3D navigation 
to be more responsive and faster for a better user experience. This project was 
funded in whole or in part with federal funds from the NIEHS, NIH under Contract No. 
HHSN273201500010C. The authors declare there exists no real or potential conflict 
of interest.

 3743 Searching for LINCS to Stress: Using Text-Mining to Efficiently 
Curate Stress-Response Chemicals

B. A. Chambers1, D. Basili2, L. Word-Taylor1, N. Baker3, A. Middleton2, R. Judson1, and 
I. Shah1. 1US EPA, Research Triangle Park, NC; 2Unilever, Bedfordshire, United Kingdom; 
and 3Leidos, Research Triangle Park, NC.

Adaptive stress response pathways (SRPs) restore cellular homeostasis after 
chemical exposure. SRPs also activate terminal programs if cellular disruption 
exceeds adaptive thresholds and are implicated in various diseases (e.g., type II 
diabetes and neurodegeneration). To investigate SRP activity from high-throughput 
data, we developed a text-mining pipeline for annotating hundreds of chemicals 
associated with canonical SRPs. First, we identified 129 candidate reference 
chemicals used in published biomarker studies and annotated them based on 
consensus with six SRPs, including DNA damage (DDR), heat shock (HSR), hypoxia 
(HPX), metal stress (MSR), oxidative stress (OSR), and unfolded protein (UPR). 
Second, we used information retrieval from PubMed to find 123,696 abstracts 
containing cooccurrences of terms for 129 chemicals and six SRPs. Since term 
cooccurrence frequency is not a reliable proxy for biological relationships, we 
calculated pairwise mutual information (PMI), an information-theoretic measure, 
for finding relevant chemical-SRP relationships. The area under the receiver 
operator curve (AUROC) performance of PMI for classifying the 129 chemicals to 
the expert-assigned SRP classes was: 0.91/DDR, 0.83/HPX 0.96/HSR,0.93/MSR, 
0.86/OSR and 0.82/UPR, with a mean AUROC of 0.88. The maximum PMI score 
correctly classified the expert-curated SRP annotation for 82% of chemicals, while 
the top two PMI scores matched 96% of annotations. We also identified PMI score 
thresholds for classifying cooccurrences found in PubMed abstracts as relevant 
chemical-SRP relationships. Fourth, we applied this text-mining pipeline to 4,671 
chemicals from the Library of Integrated Network-based Cellular Signatures (LINCS) 
and found 1,206 chemicals with putative SRP relationships (based on PMI scores 
exceeding the thresholds from the candidate reference chemicals). An independent 
analysis of the L1000 transcriptomic profiles shows that the 1,206 chemicals in 
LINCS cluster by putative SRP class. Our findings suggest that text mining based 
on PMI scores for chemical and SRP term cooccurrences in PubMed abstracts is a 
powerful approach for building high-quality annotated data sets to solve computa-
tional toxicology problems. This abstract does not reflect US EPA policy.

 3744 Integrated Chemical Environment: An Advanced Platform Aiding 
NAM-Based Chemical Assessments

A. Unnikrishnan1, A. L. Karmaus1, V. Hull1, X. Chang1, A. Borrel1, K. T. To1, A. B. Daniel1, 
S. Cooper1, J. Phillips2, E. McAfee2, D. G. Allen1, W. Casey3, and N. C. Kleinstreuer3. 
1Inotiv, Research Triangle Park, NC; 2Sciome LLC, Research Triangle Park, NC; and 
3NIEHS/NICEATM, Research Triangle Park, NC.

Traditional toxicological assessments have relied almost exclusively on results 
from in vivo toxicity testing approaches. With the development of new approach 
methodologies (NAMs), researchers can now integrate in vitro data, in silico predic-
tions, legacy in vivo studies, and computational tools to make informed decisions. 
The Integrated Chemical Environment (ICE, https://ice.ntp.niehs.nih.gov/) provides 
toxicologically relevant data curated by the National Toxicology Program (NTP) 
Interagency Center for the Evaluation of Alternative Test Methods (NICEATM) 
and exploratory tools for interpreting these data. ICE has played a significant role 
in assisting the development, interpretation, and implementation of NAM-based 
projects, and is continuously evolving to address growing data needs and incorpo-
rate advanced features within its tools. The latest ICE update includes multiple new 
datasets and features to enhance the computational tool capabilities. One of the 
key updates in the latest ICE release (v3.8) is the integration of exposure predictions 
from the U.S. Environmental Protection Agency (EPA)’s SEEM3 model. Exposure 
predictions from SEEM3 can provide general population-level exposure predic-
tions across multiple scenarios, including consumer, dietary, far-field industrial and 
pesticide sources. Exposure predictions for over 400,000 chemicals are included 
within the applicability domain of the model, with the median, 5th, and 95th percen-
tile estimates reported for each chemical. These data are now accessible through 
the ICE Search tool and can also be compared to the equivalent administered doses 
predicted from the ICE In Vitro to In Vivo Extrapolation (IVIVE) tool. The ICE curated 
high-throughput screening (cHTS) dataset has also been updated to incorporate 
~135,000 new sample-endpoint relationships, which can provide further data 
support for various in vitro bioactivity assessments and computational toxicology 
workflows. Several new technological interference warning flags have been added 
into the cHTS curation workflow, providing additional insight towards in vitro data 
confidence. Finally, chemical-use data have been updated to incorporate functional 
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use categories that broaden the underlying data for the Chemical Characterization 
tool. These examples of new and updated ICE data sets offer additional context 
to provide comprehensive yet simple and interpretable outputs throughout the 
different ICE tools. With each release, ICE implements advanced features to its 
user interface and computational tools that aim to ease data exploration for all 
ICE end users. Key among the updates implemented in ICE v3.8 are the expanded 
Physiologically Based Pharmacokinetic (PBPK) and IVIVE tools, both of which now 
include a gestational model from the EPA’s httk package. Additionally, the enhanced 
ICE Search tool now provides an option to search the ICE data repository using a 
chemical name along with other pre-existing chemical identifier input options. This 
update also provides a completely revised Search results page with new summary 
statistics and publication-quality result visualization options for all the data within 
ICE. Together, these ICE features allow its users to explore ICE’s ever-growing data 
repository of over 1 million chemicals, supporting purposes like chemical analysis 
for NAMs-based assessments. This project was funded in whole or in part with 
federal funds from the NIEHS, NIH under Contract No. HHSN273201500010C.

 3745 Cross-Study Analyses of SEND Data: Toxicity 
Profile Classification

M. Carfagna1, W. Wang2, W. Houser2, S. Butler3, K. Snyder3, M. Ali3, C. Ahmed3, 
B. Paisley1, S. Quinn3, H. Hanafusa4, T. Fukushima4, S. Vispute5, J. Anderson3, and 
N. Jensen6. 1Eli Lilly and Company, Indianapolis, IN; 2Bristol-Myers Squibb Company, 
New Brunswick, NJ; 3US FDA, Silver Spring, MD; 4Shionogi, Osaka, Japan; 5Pfizer Inc., 
Groton, CT; and 6Novo Nordisk A/S, Copenhagen, Denmark.

The objective of this work, a collaborative effort between BioCelerate and FDA, 
is to develop SEND data harmonization/transformation strategies and apply 
analytic techniques to enable an understanding of the similarities and differences 
between two or more data sets. Example use cases include understanding a single 
compound’s toxicity profile across all studies performed or evaluating on- versus 
off-target toxicity for multiple compounds intended for the same pharmacologi-
cal target. A subset of de-identified studies from the BioCelerate Toxicology Data 
Sharing database were used for the analyses. The analyses involved transfor-
mation and visualization of SEND data variables to integrate both numerical and 
categorical data. Toxicity profiles for key organ systems were developed by select-
ing pertinent data from the body weight (BW), organ weight (OM), microscopic 
(MI), and laboratory (LB) domains. Profiles for liver, kidney, brain/neuro, GI tract 
and lungs were developed. In addition, a dashboard and user defined scoring 
system were created to facilitate custom analyses for data of interest. The output 
of the analyses include a series of radar plots that enable the user to visualize and 
evaluate data from the organ system level to individual animal data points. To 
validate these analyses, the individual studies with SEND data sets were reviewed 
independently and then compared to results from the cross-study analyses. This 
evaluation of data provides the tools for scientists to compare and contrast toxicity 
profiles across multiple studies using SEND data. Toxicity profile analysis of differ-
ent compounds intended for the same pharmacological target will be presented in 
the poster. Cross-study comparisons using SEND data are expected to improve the 
identification of unique findings related to the intended target, species and duration 
of dosing. 

 3746 Interactive Data Sharing for Multiple Questionnaire-Based 
Exposome-Wide Association Studies in the Personalized 
Environment and Genes Study

D. Lloyd. NIEHS, Research Triangle Park, NC. Sponsor: J. House.

Diseases and health are greatly influenced by the environment. Environmental 
exposure is a complicated phenomenon, and over the course of their life, people 
may be exposed to a myriad of different influences. It is theorized that the entirety 
of exposures experienced from birth, or the exposome, is also comprised of interde-
pendencies or correlations between individual exposures. We currently lack tools to 
fully identify reliable relationships within the exposome. Further, there are limited 
studies evaluating the relationships between exposures and the diseases linked to 
them by exposome-wide association studies (ExWAS). To address these gaps, we 
evaluated correlations of exposures from extensive questionnaire data collected in 
a diverse North Carolina-based cohort - the Personalized Environment and Genes 
Study (PEGS, n=9,414). We rigorously computed direct pairwise correlations of 
1,078 exposure variables covering occupational and hobby exposures, other internal 
and external exposures, and lifestyle factors. We fit Bayesian shrinkage models to 
the correlations to address concerns about correlation interpretations due to differ-
ent sample sizes. To control for common epidemiological covariates/confound-
ers, partial correlations were computed after residualizing random variables. We 
repeated analyses by sex and race/ancestry strata, leveraging the diversity in PEGS. 
Next, we mapped the relationships between exposures and common, complex 
ExWAS-linked diseases representing a variety of biological pathways and systems 
(asthma, allergic rhinitis, fibroids, ovarian cysts, bone loss, lower GI polyps, iron 
deficient anemia, type 2 diabetes, and cardiovascular disease). Given the expansive 
scope of these results, and the lack of data sharing in exposome science, we 
developed a web application called the PEGS Explorer to visualize results. These 
comprehensive ExWAS results are searchable, and an exposome globe architecture 

is used for visualizing and explaining the intricate connections between exposure 
factors with and without associations to a disease. The PEGS Explorer web applica-
tion for sharing exposure related results will enable researchers to put results in 
context, to use for hypothesis generation, and to replicate results in other cohorts. 
This will provide insights into the correlations among exposures and the complex 
interactions between the exposome and health and disease and increase our 
understanding of how exposures affect populations differently.

 3747 The Environmental Health Language Collaborative (EHLC): A 
Community Effort to Harmonize Data Use and Sharing

S. Holmgren1, J. Wignall2, S. Bell3, S. Black2, P. Kaplan2, C. Duncan1, P. Shirzadi2, and 
C. Schmitt1. 1NIEHS, Research Triangle Park, NC; 2ICF International Inc., Reston, VA; and 
3RTI International, Research Triangle Park, NC.

While the availability of data is rapidly advancing opportunities to answer 
large-scale, complex questions in toxicology and environmental health sciences, 
a significant challenge remains around the development and use of a harmonized 
language to allow for streamlined workflows to find, share, and reuse this data. 
To address this challenge, the Environmental Health Language Collaborative 
(EHLC) was created to facilitate a public, community-driven effort to advance the 
development and adoption of harmonized language approaches within toxicol-
ogy and EHS fields. Using ontologies and other standard vocabularies creates a 
common language to facilitate data discovery as well as a shared understanding 
to allow comparison and evaluation of data. In September 2021, 88 toxicology and 
EHS professionals participated in the launch of EHLC and attended an inaugural 
two-day interactive virtual workshop titled, Catalyzing Knowledge-driven Discovery 
in Environmental Health Sciences Through a Harmonized Language. As a result of 
workshop discussions, toxicology and EHS professionals identified the need for 
community-led “use case” working groups related to the topics of biomarkers and 
biological process, data harmonization, place-based exposures, and data discovery. 
These community-led use case working groups have been advancing EHLC priori-
ties in areas such as: evaluation of ontologies and standard vocabularies relevant 
to toxicology and environmental health sciences, the development of a concep-
tual model linking exposures to biological processes and biomarkers associated 
with specific health outcomes, development of a place-based language structure 
to improve context of exposure events, and identification of potential barriers and 
development of resources to find and harmonize data including published toxicol-
ogy data. In this presentation we highlight the main goals, activities, and recent 
accomplishments of EHLC including the 2nd Annual EHLC Workshop focused on 
the National Institutes of Health’s Data Management and Sharing Policy and related 
resources in early 2023. Additionally, we will promote upcoming opportunities for 
SOT professionals to contribute to the development of a harmonized language to 
ensure that toxicological and EHS data can effectively be shared and best used to 
answer the fields’ most pressing questions. Our aim is to inspire SOT professionals’ 
collaborative engagement with EHLC and bring awareness of available resources to 
help advance environmental health sciences.

 3748 ToxDataCommons: Promoting the FAIR Principles of 
Environmental Health Data

R. Nault, G. Cholico, and T. Zacharewski. Michigan State University, East Lansing, MI.

The Findable, Accessible, Interoperable, Reusable (FAIR) data guiding principles 
have reinvigorated efforts to improve data sharing and reuse among the research 
community. The FAIR principles are now a key component of data stewardship 
plans required by funding agencies such as the National Institutes of Health as well 
as many publishers. In support of promoting data management and sharing for 
environmental health research, the Michigan State University Superfund Research 
Center (SRC) Data Management and Analysis Core (DMAC) has initiated the 
development of a data commons. ToxDataCommons is built on the Gen3 framework 
composed of a suite of microservices to manage security, data ingestion, querying, 
and visualization. Our alpha stage ToxDataCommons implements a model derived 
from current field standards previously outlined in the Chemical Effects in Biological 
Systems (CEBS) data dictionary and Minimum Information about Animal Toxicology 
Experiments (MIATE) checklist to capture critical metadata for individual datasets. 
The data model aims to capture metadata at all stages of an experiment following 
the Investigation, Study, Assay (ISA) framework, which spans anything from funding 
support to experimental design and assay specific details. Querying metadata 
in ToxDataCommons uses a GraphQL service which can build cohorts of experi-
ments based on metadata values. Either through built-in workbooks or independent 
cloud computing resources, an advanced programming interface (API) enables the 
downloading and reuse of deposited data. ToxDataCommons is used to perform 
integrative analysis of deposited data to extract new information and generate 
novel hypotheses that highlight the value of the FAIR principles to environmental 
science research. Supported by the Superfund Research Program P42ES004911.
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 3749 Gene Expression Quality Assessment: Detection of Tissue 
Contamination or Mislabeling

D. Mav, E. H. Scholl, M. Balik-Meisner, D. Phadke, and R. Shah. Sciome LLC, Research 
Triangle Park, NC.

Recent advances in multiplexing strategies for next generation sequencing 
technologies are facilitating high throughput transcriptomic studies involving 
a large number of perturbagens and concentrations for different cell lines and 
organs. However, as the complexity of experimental design increases, so does 
the potential for human/experimental errors. These errors include issues such 
as sample mislabeling, plating errors, or imprecise tissue dissection, which can 
lead to amplification of systemic heterogeneity. The failure to appropriately detect 
and resolve these inaccuracies will adversely affect downstream inference and 
reproducibility of the study. The standard tools that utilize all samples collectively, 
such as un-supervised clustering or principal component analysis, cannot usually 
identify sources of contamination. We have developed a computational approach 
to identify tissue contamination or mislabeling in transcriptomic experiments. 
By using RNA-seq data and tissue specificity definitions from the Human Protein 
Atlas (HPA), we have established gold-standard transcriptomic signatures for a 
variety of tissues. Experimental transcriptomic data can be matched against our 
HPA tissue-specific signatures using a customized statistical approach (Wilcoxon-
Mann-Whitney rank sum test-based metric). This procedure provides a normalized 
significance score (between -1 and 1) for each tissue and these scores can in turn 
pinpoint potential sources of error such as sample mislabeling or cross-contami-
nation in the laboratory. For example, if a sample has a high significance score of 
1 for only one tissue and a low score (below zero) for all other tissue signatures, 
we can be certain the tissue sampled is not contaminated. However, samples with 
multiple high tissue-specific significance scores indicate that there was a mixture 
of corresponding tissues during sample preparation. Our method was tested by 
simulating increasing amounts of noise in the original HPA expression data to 
determine sensitivity and specificity for matching a sample to its assumed tissue. 
Further testing was performed on simulated cross-contaminated samples by 
mixing expression data for two tissues with varying proportions of contribution 
from each tissue. Results confirm the ability to recapture the simulated contami-
nation, with a Pearson correlation of 0.90 between the significance scores and the 
corresponding degree of cross-contamination. This application can be used as part 
of a standard quality control protocol for transcriptomics experiments.

 3750 Regulation of Intestinal Xenobiotic Transporters following 
Treatment with Perfluoroalkyl and Polyfluoroalkyl Chemicals

R. M. Meletz1, X. Wen2, and L. Aleksunes2. 1University of California Riverside, Riverside, 
CA; and 2Rutgers, The State University of New Jersey, Piscataway, NJ.

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) have been used for decades 
in non-stick cookware, fire-fighting foams, textiles, packaging, and cosmetics. Due 
to widespread routes of exposure, PFAS are found in the blood of almost the entire 
U.S population and elevated concentrations may contribute to the development of 
chronic conditions including hyperuricemia and hypercholesterolemia. Prior studies 
have demonstrated that PFAS can inhibit the functional activity of the intestinal 
uric acid transporter, breast cancer resistance protein (BCRP/ABCG2), which may 
explain a mechanism for increased risk of hyperuricemia. In the current study, we 
sought to determine whether PFAS alter expression of BCRP in human intestinal 
cells. Pharmacological agonists of the AhR (β-napthoflavone (β-NF) and PPARγ 
transcription factors (rosiglitazone, (RG) were used as positive controls that induce 
BCRP in human Caco-2 cells, a well-studied model of the intestinal barrier. Caco-2 
cells were treated with vehicle (0.5% DMSO), various PFAS chemicals (10, 50µM), 
or β-NF/RG (10µM) for 72 hours. No cytotoxicity was observed at these concen-
trations. BCRP expression was semi-quantified using SDS-PAGE and Western blot 
analysis. As expected, β-NF and RG induced BCRP expression. By comparison, 
PFAS chemicals (PFOA, PFOS, PFDA, PFNA, PFuNDA) did not significantly change 
BCRP expression. While no change in expression was observed, these studies are 
nonetheless important in understanding the functional interaction of PFAS and 
BCRP and the risk of developing hyperuricemia in individuals exposed to PFAS. This 
work was supported by the Society of Toxicology (SOT) Intern Program, NIH grants 
R25ES020721 and R01ES029275, and MARC U STAR T34GM062756.

 3751 Determining the LD50 of Perfluoroalkyl Acids on Xeric Plants

N. Hakim, G. Soberanes, M. Gonzalez, and T. Cahill. Arizona State University, 
Glendale, AZ.

Short-chain perfluoroalkyl acids (PFAA’s) are exceedingly persistent and have 
high mobility in soil and water. PFAA’s are present in a multitude of applications 
including firefighting foams, degradation of refrigerants, the pyrolysis of PTFE, and 
more. Despite their ubiquity in the environment, little is known about the toxicity 
and bioaccumulation of these chemicals in plants and xeric plants in particular. 
In this research, the toxicity of four short-chain PFAA’s are analyzed: trifluoroace-
tic acid (TFA), pentafluoropropionic acid (PFPrA), perfluorobutanoic acid (PFBA) 
and perfluoropentanoic acid (PFPeA). It is hypothesized that the longer the carbon 

chain the more nonpolar it is resulting in higher bioaccumulation. This hypothesis 
was tested by dosing Joshua Tree seedlings (Yucca brevifolia) with the four test 
acids to determine the LD50 of each PFAA. Additionally, TFA is also being tested 
on Saguaro cacti (Carnegiea gigantea) and creosote bush (Larrea tridentata) to 
determine differences in bioaccumulation based on the physiological structure 
of the plants. In Joshua trees, the results indicate the LD50 for TFA is 48.1 mg/
kg PFPrA is in progress, PFPrA is 48.7 mg/kg and PFPeA is 26.2 mg/kg of soil, 
which indicates that the acids have a similar range of toxicity on a mass basis. 
The bioconcentration factor (above ground biomass/ soil concentration) for TFA in 
Joshua trees was 4090. Currently, the saguaro are showing similar toxic effects to 
TFA as the Joshua tree.

 3752 The Modulation of Non-IgE-Mediated Mast Cell Activation by 
Per- and Polyalkyl Substances

C. Moeder. University of Colorado Anschutz Medical Campus, Denver, CO. Sponsor: 
J. Brown.

Per- and poly-alkyl-substances (PFAS) are synthetic chemicals that are emitted 
into the environment by manufacturing companies. These synthetics persist in the 
environment for extremely long periods of time. People exposed to PFAS, which are 
now referred to as “forever chemicals,” test positive throughout their lifetime and 
according to research, exhibit negative long-term health effects such as immune 
system suppression and lowered response to vaccinations. Since widespread 
usage of PFAS is increasing annually and along with studies that demonstrate 
the adverse impact on human health, the critical need for regulatory guidelines 
cannot be overstated. In this study we analyzed the mast cell degranulation rates 
of multiple PFAS types, the effects of varying the PFAS concentration rates, and 
the duration of PFAS exposure. PFOA, PFAS, PFHS, PFBS, and GENX were used 
as treatment groups within the experiments. Rosa mast cells were exposed to 
concentrations of the different types of PFAS at 1.0, 10. and 25. μM for 24-hour 
and 48-hour time periods. The treated cells were “activated” through exposure to 
a positive control of silver nanoparticles known to cause activation through the 
MRGPRX2 receptor. β-hexosaminidase levels were recorded and analyzed against 
the group treated strictly with silver nanoparticles. The results were compared to 
treatment groups using various quantities to identify the impact these concen-
trations had on the outcome. The research substantiates the overall affect PFAS 
has on mast cell degranulation and how the results vary for each type of PFAS 
treatment, for example, PFOA amplifies activation while GENX represses activation. 
Overall, varying the concentrations of PFAS in each treatment group did not yield an 
appreciable difference while the duration of how long cells were treated did. Hence, 
twenty-four-hour exposures were not statistically different than the silver nanopar-
ticles control. The current research of this study demonstrates longer periods of 
exposure cause a greater quantitative effect on mast cell activation. In conclu-
sion, PFAS exposure to mast cells has an impact on the rate of β-hexosaminidase 
release. PFAS either increases mast cell degranulation or suppresses it depending 
on the specific PFAS. While the measure of concentration had negligible effect, the 
length of exposure results are considerable. The future direction of this study is 
two-fold: one, to identify if PFAS has an effect on the glycolysis of the treated mast 
cell and two, if cytokine release occurs after mast cells undergo PFAS exposure.

 3753 Maternal Exposure to Perfluorohexane Sulfonate (PFHxS) Alters 
Glucose and Lipid Dynamics during the Postnatal Period in 
the Rat

K. O’Shaughnessy1, K. Bell1,2, A. Sasser1,2, C. Miller1, G. Jung1, C. Wood1, D. Hill1, 
J. McCord1, and M. Strynar1. 1US EPA, Research Triangle Park, NC; and 2Oak Ridge 
Institute for Science and Education, Oak Ridge, TN.

Perfluorohexane sulfonate (PFHxS) is a ubiquitous environmental contaminant 
that can be quantified in the sera of infants, children, and adults throughout the 
United States. Some epidemiological studies have correlated PFHxS exposure to 
metabolic dysfunction like gestational diabetes and increased body mass index in 
children. However, the mechanism(s) of such effects are unclear. To determine if 
PFHxS may alter glucose and lipid metabolism during development, pregnant Long 
Evans rats were dosed orally with 0, 17, or 50 mg/kg/day of PFHxS from gestational 
day (GD) 2 to postnatal day (PN) 14 and the dams and offspring evaluated. Neither 
body nor liver weights were significantly different in PFHxS exposed dams and/
or pups as compared to controls. PFHxS exposure increased dam serum glucose 
on PN14 and this was statistically significant following the 50 mg/kg exposure; 
total cholesterol was significantly decreased in both PFHxS groups. Given that 
the liver is a major metabolic regulator and a known target of other perfluoroal-
kyl substances, we performed RNA-Seq of liver tissue in male pups on PN2 and 
PN14 (0 versus 50 mg/kg/d PFHxS). RNA-Seq identified 198 and 416 differentially 
expressed genes on PN2 and PN14 respectively (q<0.05). Pathway analyses show 
an enriched signature for fatty acid oxidation, ketogenesis, and insulin signaling. 
Next, we validated our RNA-Seq data by performing qRT-PCR for top candidate 
genes in both male and female littermates representing all dose groups. Our results 
show concordance between RNA-Seq and qRT-PCR and between the sexes; in 
addition, these candidate genes exhibited a dose response. These data show that 
developmental exposure to PFHxS alters glucose metabolism in the mothers and 
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the hepatic transcriptome in offspring. While the PFHxS exposed animals did not 
show a change in overall bodyweight, we are currently investigating changes in 
maternal and offspring body composition throughout the lifespan. This work does 
not necessarily reflect US EPA policy.

 3754 Toxicity and Transcriptome Comparisons of Different 
Firefighting Foam Exposures in Human Renal Proximal Tubule 
Epithelial Cells

T. Stueckle1, M. Calkins2, S. Beitel3, J. Burgess3, and L. Rojanasakul1. 1NIOSH, 
Morgantown, WV; 2NIOSH, Cincinnati, OH; and 3University of Arizona, Tucson, AZ.

Firefighters have long used Military Specification aqueous film forming foams 
(AFFF), containing complex mixtures of per- and polyfluorinated alkyl substances 
(PFAS), to extinguish liquid fuel fires. Chronic disease concerns following AFFF 
exposure have arisen in the fire service based on elevated PFAS levels with long 
half lives in firefighter serum compared to the public. Historically, elevated PFAS 
serum levels are linked to multiple adverse chronic health outcomes including 
kidney cancer. With phase out of AFFF as early as 2024 in some municipalities, 
replacement synthetic ‘fluorine-free’ foams (SFFF) are quickly being integrated into 
use despite limited information on potential health effects. An urgent need exists 
to evaluate past AFFF and near future SFFF exposures for key characteristics of 
carcinogens (KCCs) and underlying mechanisms of disease. The main objective 
of the study was to compare toxicological responses, cell signaling pathways, 
and functions in human renal proximal tubule epithelial cells with over-expressed 
OAT1 (RPTEC-OAT1) following acute exposure to select AFFF and SFFF to identify 
potential underlying mechanisms of disease. We hypothesized that AFFF exposure 
causes known PFAS-associated effects and KCCs while SFFF exposure elicits novel 
effects not associated with fluorine-based constituents. RPTEC-OAT1 cells were 
exposed for 2 - 24 hr to increasing doses of different products including five AFFF 
(A-E), six SFFF (F-H), and seven single PFAS species. High throughput multiplex 
fluorescent screening was conducted using a high content imager. Next, mRNA 
libraries were prepared from total RNA from lysed cells and subjected to RNAseq 
on an Illumina Novaseq. Sequences were preprocessed with adapter trimming 
and alignment-free quantification with Kallisto using Ensembl v96 transcriptomes. 
Differentially expressed genes (DEGs) for each treatment were identified with 
DESeq2 and uploaded to Ingenuity Pathway Analysis to identify and compare major 
changes in signaling pathways and cell functions. All AFFF caused significantly 
greater cytotoxicity than legacy PFAS species, including PFOS, on a total fluorine 
dose basis. Four of the SFFF were more cytotoxic than all AFFF. One SFFF sample 
(J) caused a dose-dependent decrease in mitochondrial membrane polarization 
while all other foam responses trended with cytotoxicity. Although only one SFFF 
sample (F) caused robust increased intracellular reactive oxygen species, several 
AFFF and PFAS species showed decreased antioxidant capacity. Most AFFF and 
SFFF caused dose-dependent shifts toward G1 phase indicating slowed prolifer-
ation. Initial RNAseq results indicate that AFFF exposure affects cell proliferation, 
antioxidant response, amino acid metabolism, and molecular transport functions 
while SFFF caused changes in pathways and functions associated acute phase 
inflammation and membrane functions consistent with a surfactant irritant-like 
response. In summary, linking phenotypic responses to transcriptomic profiles 
allows for phenotypic anchoring to identify modes of action of AFFF and SFFF.

 3755 Perfluorooctanesulfonic Acid Alters Procancer Phenotypes in 
Testicular Germ Cell Tumors

R. I. Boyd, R. Singh, D. Shokry, Z. Fazal, and M. J. Spinella. University of Illinois at 
Urbana-Champaign, Urbana, IL.

Poly- and perfluoroalkyl substances (PFASs) are ubiquitous chemicals used in daily 
life. These chemicals are made from strong carbon-fluoride bonds, causing their 
persistent and bioaccumulative nature. In several animal and epidemiology studies, 
PFAS exposure has been associated with an increased risk of several cancers, 
including testicular cancer. While this association has been noted, there has been 
a lack of mechanistic studies. Nude mice were injected with testicular germ cell 
tumor (TGCT) cells, both parental and cisplatin-resistant, and dosed with 10 mg/
kg perfluorooctanesulfonic acid (PFOS)/day for 15 days. Tumors were measured 
and then excised. Also, TGCT cells were dosed with 10 and 1000 nM of PFOS with 
samples collected for metabolomic and RNA-seq analysis. In nude mice, there were 
minimal changes in tumor growth in parental cells after PFOS exposure. However, 
cisplatin-resistant cells, which have significantly diminished basal tumor-form-
ing ability compared to parental cells, had increased tumor growth after PFOS 
exposure. RNA-seq of cisplatin-resistant tumors showed alterations in DNA methyl-
ation and polycomb repressive complex 2 (PRC2) target genes and polycomb 
alterations linked to the tumor-forming ability of TGCT cells. These alterations were 
consistent in metabolomics analysis, specifically in metabolites involved with the 
Warburg effect. Ribose-5-phosphate and 2-phosphoglycerate concentrations were 
affected by PFOS, while RNA-seq analysis showed alterations in Kras, hypoxia, and 
spermatogenesis, along with PRC2 target pathways. These results provide novel 
insight into the proposed PFAS-mediated promotion of TGCTs. Validation and 
in-depth pathway analysis studies are ongoing.

 3756 Development of a B Cell Bioenergetic Profile for 
Immunotoxicants: Focus on Effects of PFAS on Ex Vivo B 
Cell Stimulation

A. B. Ahmed, T. L. Woodlief, K. D. Taylor, M. Wittenborn, Q. Hu, and J. C. DeWitt. East 
Carolina University, Greenville, NC.

Per-and poly-fluoroalkyl substances (PFAS) are synthetic, highly persistent 
chemical contaminants that have been detected in the environment, especially in 
drinking water. Despite their industrial and consumer applications, PFAS exposure 
has been associated with many adverse effects in humans, including suppres-
sion of vaccine antibody responses. Our laboratory’s studies with animal models 
indicate that PFAS exposure reduces the T-cell dependent antibody response 
(TDAR), which is a functional outcome analogous to the vaccine response in 
humans. Our previous studies with a well-studied PFAS, perfluorooctanoic acid 
(PFOA), indicate that suppression of the TDAR is linked with impacts on B cell 
functions. Given that PFAS, including PFOA, are known to affect basal metabolic 
functions, and that naïve B cells undergo several metabolic shifts and experience 
high metabolic demands when transitioning to antibody-secreting plasma cells, 
we hypothesize that suppression of the TDAR arises from B cell metabolic impair-
ment. Adult male and female C57BL/6 mice were given PFOA (0 or 7.5 mg/kg) via 
gavage for 30 days. This dose is known to be immunosuppressive in this strain of 
mice in the absence of systemic toxicity. One day after dosing ended, naïve B cells 
were isolated from spleens by negative bead selection, and then these enriched B 
cells were stimulated ex-vivo by the addition of α-CD40 and IL-4 antibodies. After 
24 hours in culture, the enriched B cells were assessed for mitochondrial function 
by a mitochondrial stress test to measure basal, maximal, and reserve respiratory 
capacities. Our data demonstrate increases in basal, maximal, and reserve capaci-
ties between unstimulated and stimulated groups in both males and females of 
exposed and control groups, supporting proof of concept for ex vivo stimulation. 
These preliminary data indicate that in vivo PFOA exposure shifted the bioenergetic 
profile of B cells and thus may affect B cell development and antibody responses 
through alteration of mitochondrial function. Additional studies will explore 
mitochondrial function across a range of B cell subtypes and assess energy usage 
within both proliferating and differentiating B cells.

 3757 Toxicity Mechanisms of Legacy and Novel Sulphonated 
Perfluoroalkyl and Polyfluoroalkyl Substances: PFAS

E. Arnesdotter, C. Stoffels, N. Rajabli, A. Gutleb, and T. Serchi. Luxembourg Institute of 
Science and Technology, Belvaux, Luxembourg.

Perfluoroalkyl and polyfluoroalkyl Substances (PFAS) are a broad chemical class 
of highly complex synthetic compounds used in products and processes that are in 
direct contact with the environment or with humans, such as food packaging and 
textiles. Due to their stability, PFAS are omnipresent in the environment, including 
in the remote Arctic regions, and extremely persistent. The current understanding 
is that these substances will remain in the environment forever. Besides, PFAS 
are bioaccumulative in human and animal tissues, and plants. As PFAS became 
increasingly regulated, other fluorinated alternatives were developed and introduced 
on the global market. Although the toxicological implications of human exposure 
to certain (legacy) PFAS are well-studied and recognised, data on lesser-charac-
terised and/or novel PFAS are still very limited. In fact, only a small fraction of 
PFAS has been assessed for toxicity. Such a knowledge-gap causes uncertainties 
regarding the possible human-health risks associated with exposure to PFAS and 
subsequently hampers proper risk management actions. Therefore, there is a dire 
need to collect experimental toxicity information of poor-data/alternative PFAS. 
The high serum-binding of PFAS may influence their cytotoxic activity. Therefore, 
the influence of foetal bovine serum (FBS) and bovine serum albumin (BSA) on the 
cytotoxic activity of one legacy (Perfluorooctanesulfonic acid (PFOS)) and seven 
strategically selected novel/alternative PFAS, all with a sulfonate functional group 
attached, was investigated. Two simple epithelial in vitro models, i.e. A549 (lung) 
cells and a differentiated co-culture of Caco-2 HTB-37 and HT-29 MTX cells were 
exposed to the compounds in the presence of zero, low (1%) and high (10%) FBS, 
or BSA (1 mg/mL). Cells exposed to PFOS in the presence of BSA displayed an 
increased susceptibility to the cytotoxic actions of PFOS than cells exposed in 
the presence of any or no level of FBS. This was observed for some, but not all 
alternative PFAS. In contrast, cells exposed to the alternative PFAS 11-chloroe-
icosafluoro-3-oxaundecane-1-sulfonic acid (8:2 Cl-PFESA) in the presence of no 
or low FBS tolerated a lesser concentration than cells exposed in high FBS and 
BSA. Furthermore, a large discrepancy in sensitivity between the cellular models 
was observed, with the intestinal epithelium being the less sensitive system. This 
could in part be attributed to the models’ inherent properties, yet it warrants further 
investigations into the specific toxicity mechanisms in different organ systems. 
Future studies encompass single-cell transcriptomics of PFAS exposed advanced 
in vitro 3D models representative of the main PFAS exposure routes and contact 
sites, including the intestinal barrier, the alveolar barrier and the skin. These results 
are expected to inform on potential apical effects that can be measured in high 
throughput assays, and so contributing to a testing toolbox to improve and address 
the hazard of PFAS exposure to human health and ultimately, facilitate read-across 
actions between legacy and data-poor compounds.
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 3758 Toxicity of Environmentally Relevant Concentration of 
PFAS Chemicals in Lumbriculus variegatus (Oligochaeta, 
Lumbriculidae): A Multi-Endpoint Study

N. Wang1, and J. Ma2. 1Seven Hills School, Cincinnati, OH; and 2University of Cincinnati 
College of Medicine, Cincinnati, OH.

PFAS, or Per/Polyfluoroalkyl Substances, are a family of man-made chemicals 
found in a variety of products from non-stick cookware and food wrappers to fire 
retardants. PFAS chemicals are widely distributed in the environment and have 
notorious longevity, posing a threat to both human health and the ecosystem. PFAS 
can be classified into two categories, long chain chemicals with 6 or more carbons 
in the backbone, and short chain chemicals with less than 6 carbons which are 
proposed as a safer alternative. This study analyzed the impact of exposure to 
PFAS, including PFDA, PFOA, PFOS (all long chain) and PFHxA (short chain), on the 
physiology of the annelid Lumbriculus variegatus (ie, blackworms). L. variegatus 
lives in the benthic zone at the edges of freshwater bodies and is found throughout 
North America and Europe. It is prey for a variety of animals and contributes to 
organic material decomposition in the sediment. As such, it is a keystone species 
in shallow freshwater ecosystems. At an environmentally-relevant concentration 
of 1 μg/l, 12 day aqueous exposure to PFOA, PFOS, and PFDA, but not PFHxA, 
markedly slowed the pulse rate of the dorsal blood vessel in L. Variegatus, indicat-
ing a suppressive effect on blood circulation in the worms. The average pulse rate 
was reduced from 9.6 beats/minute to 6.2 and 7.0 beats/min in PFOA and PFOS, 
respectively (P < 0.0001). Further, PFOA, PFOS and PFDA, but not PFHxA reduced 
the escape responsiveness of L. Variegatus to physical stimulation of the head and 
tail. The percentage of worms showing normal escape behavior was reduced from 
99.0% in control to 90.6% in the PFOS exposed group (P < 0.01). In a long term (4 
week) growth study, aqueous and sediment exposure, but not sediment exposure 
alone, to PFOA, PFOS, and PFDA reduced the total dry weight as well as the number 
of worms, indicating a suppressive effect on both growth and reproduction. For 
instance, PFOA and PFDA reduced the total dry biomass by 26.3% and 28.5%, 
respectively, compared with vehicle control (P < 0.05). Again, PFHxA had no detect-
able effect on growth or reproduction. The mechanism of the toxicities of PFOA, 
PFOS and PFDA in blackworms likely involved an increase in oxidative stress. The 
levels of MDA, an indicator of reactive oxygen species (ROS), in the PFOA, PFOS, 
and PFDA exposure groups were significantly higher than those of the control 
and PFHxA groups, indicating increased ROS and oxidative stress. Our results 
demonstrate that environmental concentration of long chain PFAS chemicals have 
toxic effects on L. Variegatus as measured by multiple physiological endpoints 
including blood circulation, behavior, growth, and reproduction. Such toxicity may 
have a detrimental impact not only on L. Variegatus but also on the freshwater 
ecosystems in which L. Variegatus is a keystone species.

 3759 Systemic Toxicity Induced by Topical Application of Per- and 
Polyfluoroalkyl Substances (PFAS) in a Murine Model

L. M. Weatherly, H. L. Shane, E. Lukomska, R. Baur, and S. E. Anderson. NIOSH, 
Morgantown, WV.

Per- and polyfluoroalkyl substances (PFAS) are a class of over 5000 synthetic, 
structurally diverse chemicals incorporated into industrial and consumer products. 
These fluorinated chemicals are used in flame-retardant products, stain resistant 
textiles, water and grease repellent products, food packaging material, nonstick 
cookware, carpets, and firefighting foams due to their stability and resistance to 
degradation. Carboxylic PFAS are considered long-alkyl chain if they contain 7 or 
more carbons in their carbon chain and short-alkyl chain if they contain 6 or fewer. 
Sulfonic acid PFAS are considered short chain with 5 or fewer carbons. Due to 
health concerns, legacy PFAS (such as perfluorooctanoic acid (PFOA; C8) and 
perfluorooctane sulfate (PFOS; C8)) are being phased out. Alternative PFAS (such 
as heptafluorobutyric acid (PFBA; C4), perfluoropentanoic acid (PFPeA; C5), perfluo-
rohexanoic acid (PFHxA; C6), and perfluoroheptanoic acid (PFHpA; C7)) are labeled 
as safer alternatives to legacy PFAS, due to their shorter half-life in animals. Despite 
the high potential for occupational and environmental dermal exposure, dermal 
exposure studies are lacking. Using a murine model, the present studies analyzed 
organ weight, serum chemistries, histology, immune phenotyping, and gene expres-
sion to evaluate the systemic toxicity of sub-chronic 28-day dermal PFAS (C4-C8) 
exposure (1.25-15% or 31.25-375 mg/kg/dose in acetone vehicle). Legacy (PFOA; 
C8) and alternative (C4-C7) PFAS were absorbed after dermal exposure leading 
to an increase in detection levels in serum and urine with all PFAS tested. Legacy 
and alternative PFAS also increased liver weight (% body) and induced histopa-
thology changes in the liver and skin. Gene expression changes were observed 
with peroxisome proliferator-activated receptors (PPAR) isoforms in the liver 
and skin along with changes in genes involved in steatosis, fatty acid metabo-
lism, necrosis, skin barrier function, and inflammation. Immune-cell phenotyping 
identified significant changes in multiple cell sub-populations in the skin, spleen, 
and skin draining lymph nodes. These findings demonstrate that both legacy and 
alternative PFAS are absorbed through the skin and can induce systemic changes 
similar to those reported for oral PFAS exposure. Similar toxicity trends were seen 
between legacy and alterative PFAS in the liver after dermal exposure, suggesting 
that chain length may not be the best predictor of toxicity. However, differences 
in gene expression and certain cell sub-populations were observed, suggesting 

different mechanisms of toxicity. These findings raise concerns of alternative PFAS 
being promoted as a safer option and show that further investigation into PFAS 
dermal exposure is needed to understand the hazards of skin exposure and help 
promote protective measures.

 3760 The Stage-Specific Toxicity of Per- and Polyfluoroalkyl 
Substances (PFAS) in Nematode Caenorhabditis elegans

S. Currie, J. P. Doherty, K. Xue, J. Wang, and L. Tang. University of Georgia, Athens, GA.

Per- and Polyfluoroalkyl Substances (PFAS) are a diverse class of industrial 
chemicals that have been used for decades in industrial and commercial applica-
tions. Due to widespread use and resultant environmental bioaccumulation, PFAS 
are consistently detectable in the bloodstream of humans. PFAS have been linked 
to several adverse health outcomes including hepatotoxicity, immunotoxicity, 
endocrine disruption, tumorigenicity, and neurotoxicity, specifically for developmen-
tal neurotoxicity (DNT). An increased prevalence of neurodevelopmental disorders 
in children has been observed and linked to pre- and postnatal exposure to PFAS; 
however, the mechanisms of adverse neurodevelopmental effects of PFAS are 
largely unknown. In order to determine PFAS mechanism of action, in-depth toxico-
logical studies are required. Traditional toxicological chemical studies use animal 
models that are costly, time consuming, and challenging to interpret when testing 
multiple chemicals at varying concentrations. The nematode C. elegans serve as an 
ideal model organism for neurodevelopmental toxicity studies due to the organism 
only having 302 neurons, a complete written diagram for its chemical and electrical 
connections available, and a short lifespan. In this study, 10 PFAS compounds with 
high occurrence frequency were selected to represent a wide range of typical PFAS 
structures, including perfluoroalkyl carboxylic acids (PFBA, PFHxA, PFOA), sulfonic 
acids (PFBS, PFHxS, PFOS), sulfonamides and derivatives (PFOSA, NetFOSAA), 
fluorotelomers (6:2 FTS), and new substitutes (HFPO-DA, the acid form of GenX). 
Wild-type worms were exposed to single PFAS at 0, 0.1, 1, 10 ,100 and 200 µM. The 
toxic effects of PFAS on development, fecundity, and behavior at different larval 
stages ( L1, L2 ,L3 and L4 ) were investigated using a high-throughput screening 
(HTS) platform which consisted of a robotic system, COPAS BiosortTM. Our results 
have identified several PFAS indicative of having negative effects on develop-
ment, fecundity and behavior of C. elegans. These results suggest that PFAS could 
potentially be linked to neurodevelopmental disorders in children with pre- and 
postnatal exposure. It is important to note that PFAS do not exist independently 
in the environment; hence, future studies with an environmental relevant mixture 
of PFAS will be conducted with the defined dose-range obtained from findings of 
single PFAS.

 3761 PFOS Exposure Upregulates CD36 Expression and Induces 
Translocation of CD36 to the Plasma Membrane of CD4+ T Cells

J. Durham, P. Deng, S. Santa-Cruz Calvo, J. Weber Tessmann, Y. Zaytseva, and 
B. Hennig. University of Kentucky, Lexington, KY.

Perflurooctane sulfonate (PFOS, an 8-carbon PFAS) is an environmental pollutant 
that has been detected frequently in the environment. Scientific literature suggests 
that PFOS exposure can have a negative impact on human health. According to 
published research, PFOS can promote immunotoxicity in the spleen and alter 
innate and adaptive immune responses. Although PFOS are regarded as immuno-
logical hazards for people, it is still unclear how they cause immunotoxicity. Our 
preliminary data showed that PFOS exposure increases the expression of the 
CD36 gene in CD4+ T cells in mice. The scavenger receptor CD36 is an essential 
metabolic regulator of T cell metabolism in immunological responses. Therefore, 
the goal of the current study is to investigate if PFOS-induced alterations in the 
CD36-lipid metabolism axis contribute to immunotoxicity. In this study, in vitro and 
in vivo settings were used to examine the involvement of a CD36-lipid metabolism 
axis after PFOS exposure in inducing immunotoxicity. In in vivo studies, C57BL/6 
mice were exposed to PFOS in drinking water for 7 weeks. The splenic CD4+ 
T-cells were then isolated from splenic tissue of control and PFOS treated mice 
and qRT-PCR was used to measure expression of CD36. In vitro studies included 
T cell isolation and PFOS treatment in cell culture. Splenic CD4+ T lymphocytes 
were stimulated with anti-CD3+/CD28+ activation beads, treated with PFOS, and 
then analyzed by qRT-PCR and flow cytometry analysis. Flow cytometry is used 
to quantify changes in the membrane associated CD36 expression due to PFOS 
exposure. In vivo data demonstrate the increase in CD36 mRNA expression in 
splenic CD4+ T cells from PFOS treated mice as compared to control C57BL/6 
mice. We have also demonstrated the increase in CD36 mRNA expression in CD4+ 
T cells following PFOS exposure in vitro. Consistently, flow cytometry analysis 
suggests that exposure to PFOS leads to an increase in the CD36 level on the 
cell surface of CD4+ T cells. In summary, our studies demonstrate that PFOS 
exposure can contribute to increased CD36 expression in splenic CD4+ T cells. 
These findings also suggest that there is increased abundance of CD36 on the 
plasma membrane of spleen derived CD4+ T cells. Further studies will determine 
the functional significance of PFOS-induced CD36 expression in T cell lipid metabo-
lism and immunotoxicity. Supported in part by NIEHS/NIH grant P42ES007380 and 
by UK-CARES grant P30ES026529.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 261



 3762 Gestational and Lactational Perfluorooctane Sulfonic 
Acid (PFOS) Exposure Augments Lung Development and 
Inflammation in a Sex-Dependent Manner

J. H. Lucas, Q. Wang, C. Pang, and I. Rahman. University of Rochester Medical Center, 
Rochester, NY.

Emerging epidemiological evidence indicates that perfluorooctane sulfonic acid 
(PFOS) is increasingly associated with lung diseases such as asthma and respira-
tory viral infections. Animal studies suggest that PFOS disrupts lung development 
and inhibits immuno-inflammatory responses, but little is known about the potential 
consequences of PFOS exposure on respiratory health and disease risk. Importantly, 
PFOS exposure during critical stages of respiratory and immune system develop-
ment may contribute to disease risk. Thus, we hypothesized that gestational 
and lactational PFOS exposure will affect lung inflammation and alveolar/airway 
development in a sex-dependent manner. To address this knowledge gap, timed 
pregnant Balb/cJ dams were dosed via a PFOS-injected mealworm (0, 1, or 2 mg/
kg/d PFOS) daily from gestational day 0.5 to postnatal day (PND) 21. Offspring 
were sacrificed at PND 22 and PND 90. At PND 22, average serum and lung concen-
trations in the 1 mg/kg/d (20.71 ± 1.21 µg/mL and 8.4 ± 0.86 µg/g respectively) and 
2 mg/kg/d groups (47.06 ± 2.40 µg/mL and 17.57 ± 1.1 µg/g) were determined by 
mass spectrometry. No differences in PFOS concentrations were observed based 
on offspring sex. PFOS-exposed male offspring (PND 22) displayed diffuse alveolar 
simplification and increased alveolar septa thickness, indicative of lung immatu-
rity. Tissue repair and growth factors (FGF-2 and IGFBP-2) were also elevated in 
the bronchoalveolar lavage (BAL) of PFOS-exposed male offspring compared with 
male vehicle controls. BAL cell counts were significantly elevated at 2 mg/kg/d 
PFOS. However, BAL cytokines (TNF-α, IL-6, KC, MIP-1α, MIP-1β, and MCP-1) were 
suppressed only in PFOS-exposed male offspring. Developmental PFOS exposure 
also resulted in persistent respiratory deficits. At PND 90, two months following 
the cessation of exposure, disruption of small airway epithelial morphology was 
observed in PFOS-exposed males. Adult male offspring also had increased levels 
of BAL IL-9 and IL-2, but decreased levels of IFN-γ, indicative of a shift in the Th1/
Th2 axis. Overall, these results demonstrate that PFOS exposure exhibits male-spe-
cific adverse effects on lung development and inflammation that present differ-
ently in juvenile and adult offspring. These data support epidemiological associ-
ations linking PFOS and lung disease, but further research is required to elucidate 
the mechanisms underlying the sex-differentiated pulmonary toxicity of PFOS. 
Supported by T32 ES007026.

 3763 Delineating the Effects of Perfluorooctanesulfonic Acid in 
Normal Intestinal and Adenoma Organoid Models

J. Weber Tessmann, J. Durham, P. Deng, B. Hennig, and Y. Zaytseva. University of 
Kentucky, Lexington, KY.

PFOS, members of a chemical group called per- and polyfluoroalkyl substances 
(PFAS), are well-known contaminants in the environment and have been shown to 
disrupt multiple biological pathways and negatively affect human health. Being a 
contaminant in drinking water, PFOS can accumulate in the intestine, thus, modulat-
ing intestinal homeostasis under physiological and pathological conditions. Even 
though some studies on PFOS in intestinal inflammation and immunity have been 
reported, there is not much known on the PFOS exposure on normal and pre-malig-
nant intestinal tissues and its contribution to carcinogenesis. Therefore, the goal 
of this study is to investigate PFOS effects on normal (I) and pre-malignant intesti-
nal epithelium (II). Methods: Normal intestinal organoids were established from 
C57BL/6J mice and Apc/VillinCre-ERT2 mice. Tumor organoids were established 
from Apc/Cre and ApcMin (adenoma models). Organoid cultures have been treated 
with PFOS, and RNA-seq, qRT-PCR, western blot and immunofluorescence analysis 
have been performed to determine PFOS-induced changes. LIVE/DEAD™ Viability/
Cytotoxicity Cell Viability Kit and Cell Titer-Glo® 3D Cell Viability Assays were used 
for quantitative analysis of organoid growth and viability. The RayBio cytokine array 
is used to assess cytokine secretion. Results: Organoids established from wild 
type, Apc/Cre, ApcMin were treated with 1mg/ml PFOS for 4, 8 and 15 days. Using 
qRT-PCR, we have identified PFOS-induced upregulation of FASN mRNA expres-
sion, a key gene of de novo lipogenesis, and induction of PD-L1 mRNA expression, 
a protein that allows malignant cells to escape from being attacked by the immune 
system, in Apc/Cre and ApcMin organoids, but not in normal intestinal organoids. 
We also found that downregulation of FASN leads to a decrease in PD-L1 expres-
sion in colorectal cancer cells, suggesting the potential interconnection between 
PFOS-mediated upregulation of FASN and PD-L1. Conclusion: In summary, our 
data suggest that PFOS may contribute to upregulation of de novo lipid synthesis 
and mediate tumor immune escape to promote transition from adenoma stage to 
colorectal cancer and, thus, contribute to initiation of colorectal cancer. Further 
dose-response studies are warranted to determine the effect PFOS on organoid 
viability, lipid profile and immune responses. Delineating the effects of PFOF on 
intestinal epithelium may contribute to the development of interventional strategies 
to eliminate harmful effects of these environmental pollutants. Supported in part by 
NIEHS/NIH grant P42ES007380.

 3764 Metabolism of Per- and Polyfluoroalkyl Substances in Rainbow 
Trout (Oncorhynchus mykiss) Using Ex Vivo Models

S. M. Daley1, J. A. Serrano2, R. C. Kolanczyk2, and M. A. Tapper2. 1Oak Ridge Institute for 
Science and Education, Oak Ridge, TN; and 2US EPA, Duluth, MN. Sponsor: M. Hornung.

Per-and Polyfluoroalkyl Substances (PFAS) are an organic chemical class defined 
by their carbon-chains bonded with fluorine. PFAS are contaminants of emerging 
concern (CEC) as well as methodologically challenging chemicals (MCCs). A 
critical aspect of assessing exposure and effect characterizations is understanding 
xenobiotic metabolic capabilities. A systematic process for collection and compil-
ing of metabolism map information from across the open literature was developed 
for entry of data into an existing Metabolic Pathways knowledgebase platform 
(MetaPath) for building metabolism databases. However, there is limited availabil-
ity of fish PFAS metabolic pathways, which contributes to inherent uncertainties in 
ecological risk assessments. The ex vivo rainbow trout liver slice model has proven 
to be an effective tool to study the metabolic fate of a chemical within rainbow trout 
(Oncorhynchus mykiss) liver slices. The advantage of ex vivo modeling includes 
reduced number of live fish needed for testing and maintenance of elevated level 
of biological matrix complexity. Using slices allows for testing of several differ-
ent chemicals and time points from one fish liver. In this study, individual liver 
slices were exposed to PFAS for 72 hours at 11° C in 12 well culture plates. Both 
incubation media and slices samples were taken at various times and analyzed 
for parent chemical concentration. For the analysis of chemicals, a method was 
developed that allows analysis of multiple classes of PFAS using a modified SPE 
approach combined with a universal LCMS method for both volatile and nonvola-
tile chemicals including perfluoroalkylcarboxylic acids and fluorotelomer alcohols. 
This approach allows for the assessment of Phase I metabolism of the chemical 
and Phase II metabolism screening simultaneously. If loss of parent chemicals 
was observed, further tests were carried out to identify metabolites. The fluori-
nated acids (Perfluorobutanoic Acid, Perfluoropentanoic Acid, Perfluorohexanoic 
Acid, Perfluoroheptanoic Acid, Perfluorooctanoic Acid) and perfluoroalkylcarbox-
ylic acids (4:3 Fluorotelomer carboxylic acid, 6:2 Fluorotelomer carboxylic acid) 
demonstrated no metabolism of parent chemical. Results from this assay will 
further contribute to the growing Metapath database of PFAS metabolic pathways 
as well give further context to bioaccumulation, toxicity, and kinetics research. The 
contents of this abstract neither constitute nor necessarily reflect US EPA policy.

 3765 Chronic Perfluorooctanesulfonic Acid (PFOS) Induces 
Hyperactivity and Deficits in Nonassociative Learning in Male 
but Not Female Mice

J. M. Brown-Leung1, T. Syeda1, F. M. Currim1,2, and J. R. Cannon1. 1Purdue University, 
West Lafayette, IN; and 2University of Baroda, Vadodara, India.

Per- and polyfluoroalkyl substances (PFAS) are a group of persistent organic 
pollutants or “forever chemicals” that are ubiquitously found in the environment 
and virtually in all living organisms, including humans. Exposure to PFAS has been 
correlated with sex-specific effects including endocrine disruption and motor 
behavior deficits. Our previous studies determined out of multiple PFAS, only perflu-
orooctanesulfonic acid (PFOS) was selectively toxic to dopaminergic neurons in 
C. elegans. Moreover, PFOS-treated frogs exhibited complex neurotransmission 
changes that were developmental stage/exposure length dependent, including 
alterations in dopaminergic neurotransmission. A pilot study with female mice 
dosed with PFOS for 6 months demonstrated decreases in monoamine levels of 
dopamine and serotonin and their metabolites in the ventral striatum and ventral 
midbrain. In the hippocampus, PFOS treatment resulted in increased dopamine 
turnover and decreased serotonin turnover. Given that alteration of neurotransmit-
ter levels and metabolism are implication in neurological diseases and disorders 
and are associated with functional changes, we hypothesized chronic, systemic 
PFOS exposure alters neurotransmitter metabolism, resulting in altered neurobe-
havioral function. Here, we quantified changes in neurobehavior in male and 
female C57BL/6J mice dosed with 1.0 mg/kg/d PFOS or 0.5% tween-20 (vehicle) in 
drinking water for 16 months, beginning at 1 month of age (n=10-18 per treatment-
sex group). Neurobehavioral experiments included open-field locomotor, challeng-
ing beam traversal, gait, novel object recognition, and Morris water maze. Brains 
were dissected for future analysis of neurochemistry and PFOS quantification. 
Open-field locomotor was conducted by placing mice in the activity chamber with 
photobeams detecting horizontal and vertical movement over 60 minutes. Analysis 
of locomotor revealed only PFOS-treated male mice (not females) had significant 
changes compared to vehicle-treated mice. PFOS-treated males demonstrated 
significant increases in horizontal (p-value=0.04), vertical (p-value=0.01), and total 
activity (p-value=0.009) compared to vehicle-treated males. PFOS-treated males 
demonstrated decreased horizontal (p-value=0.02) and total (p-value=0.007) 
habituation compared to vehicle-treated males. Lastly, there was a decrease in 
grooming in PFOS-treated male mice (p-value=0.02). These results suggest that 
chronic PFOS treatment causes hyperactivity, decreased non-associative memory, 
and decreased fine-motor function in males, but not females. Furthermore, our 
study demonstrates that lifelong exposure to PFOS leads to sex-specific neurobe-
havioral changes and the brain continues to be vulnerable to PFOS neurotoxicity 
beyond early development. Future analysis will assess additional neurobehav-
ioral endpoints for motor function and learning and memory as well as analyze 
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neurochemistry (including dopamine and serotonin) and assess key proteins 
associated with hyperactivity such as the dopamine transporter and receptors, 
especially in the mesolimbic pathway.

 3766 Evaluating the Impact of Short-Chain PFAS Exposure on B Cell 
Development and Antibody Production

K. D. Taylor, T. L. Woodlief, Q. Hu, A. Ahmed, and J. DeWitt. East Carolina University, 
Greenville, NC.

Per- and polyfluoroalkyl substances (PFAS) are synthetic chemicals used in 
myriad manufacturing processes products. Two long-chain PFAS, perfluoroocta-
noic acid (PFOA) and perfluorooctane sulfonic acid (PFOS) have been categorized 
as presumed immune hazards to humans and immunotoxicity data were used 
to derive US drinking water health advisory levels in the US. Manufacturers have 
moved to shorter chain PFAS under assumptions of lower bioaccumulation and 
toxicity. Previously, our lab evaluated impacts of PFOA exposure on B cell develop-
ment associated with suppression of T cell-dependent antibody responses (TDAR). 
PFOA exposure impacted marginal zone, follicular B cells and plasma cells and 
led us to explore perfluorohexanoic acid (PFHxA) and perfluoro-2-methoxyaacetic 
acid (PFMOAA), compounds of concern in drinking water. Adult male and female 
C57BL/6 mice were given PFHxA or PFMOAA ( 0, 0.5, or 50 mg/kg) via gavage 
for 30 days. A duration sufficient to suppress the TDAR. Animals were injected 
with sheep red blood cells to stimulate the TDAR, and one day after dosing ended, 
spleens were prepared to determine B cell subpopulations via a flow cytometric 
panel. The TDAR was suppressed by PFHxA at doses of 0.5 and 50 mg/kg and 
by PFMOAA at 50 mg/kg. Flow cytometric analysis revealed that marginal zone 
and plasmablasts were impacted by PFHxA and PFMOAA exposure. Follicular, 
and memory B cell subclasses were also impacted by PFHxA , consistent with our 
observations with PFOA. Our data indicate overall B cell numbers are not affected 
by PFAS exposure, but changes in numbers of B cell subsets suggest that the ability 
of B cells to differentiate and potentially proliferate is impacted. Currently, we are 
developing ex vivo naïve B cell protocols that model T cell-dependent and T cell-in-
dependent activation. These assays will determine if naïve B cell activation and 
metabolic reprogramming are targeted by PFAS exposure.

 3767 Effect of PFAS on Antibody Production

M. Iulini, A. Maddalon, V. Galbiati, L. Gerosa, M. Marinovich, and E. Corsini. Università 
degli Studi di Milano, Milan, Italy.

Perfluorinated substances (PFAS) are a large class of synthetic chemicals widely 
used in industry for manufacturing common household materials, which people and 
environment are exposed to. The widespread use of PFAS resulted in the ubiquitous 
presence of these chemicals in the environment and together with their persistence, 
resulted in a worldwide contamination with a global distribution in living organisms. 
Human studies have shown adverse effects of PFAS on the immune system, at low 
exposure levels, affecting both cell-mediated and humoral immunity. In particular, 
the alteration of cytokine production, the reduction of specific antibody produc-
tion, and the reduction of survival after influenza infection have been reported. 
The majority of the available data highlights an immunosuppressive effect and, as 
a consequence, a reduced survival and resistance to infections with a decreased 
response to vaccination. The aim of this study was the investigation of the effect 
of PFAS on antibody production both toward T cell-independent or T cell-depen-
dent. To mimic these different conditions, two approaches were used. The first 
one involved the investigation of the effects of PFOA and PFOS on immunoglobu-
lin production following mitogen-induced B cells activation, while the second one 
engaged the primary antibody response using Keyhole Limpet Hemocyanin (KLH) 
as antigen. Human peripheral blood mononuclear cells, from healthy male and 
female donors, were treated with increasing concentrations of PFOA and PFOS 
(0.001, 0.01, 0.1, 1 and 10 μg/ml) for 24 hr. Then, to mimic the T cell-independent 
antibody production the cells were stimulated for 6 days with CpG oligonucleotide 
2006 (1 μg/ml) and IL-2 (100 iU/ml). At the end the release of total IgM and IgG 
were analyzed. While, to mimic the in vitro primary antibody response (T cell-de-
pendent) the cells were stimulated with KLH in present of Straphylococcus aureus 
Cowan I for 5 days, after which the treatment continued with PFAS and IL-2 for 
another 5 days. In this second case the release of specific anti-KLH IgM antibody 
was measured using a commercially available kit. In accordance with data present 
in literature, the results obtained from this study evidence an immunosuppressive 
effect in the systems used, with differences between the two selected PFAS. The 
result support the in vivo evidence of a possible reduced resistance to infections 
with lower antibody response.

 3768 The Glutathione Response to Perfluorooctanesulfonic Acid 
(PFOS) Exposures in the Embryonic Pancreas Is Modulated by 
Nrf2a in Zebrafish, Danio rerio

B. Min, M. Marin, and A. Timme-Laragy. University of Massachusetts Amherst, 
Amherst, MA.

NFE2L2 (Nrf2) is a transcription factor that coordinates adaptive regulation of 
genes in the glutathione (GSH) redox system. Impaired Nrf2 function increases 
sensitivity to environmental toxicants in the zebrafish (Danio rerio) embryo and 
disrupts redox signaling. Perfluorooctanesulfonic acid (PFOS), an environmen-
tally persistent chemical, has been shown to induce oxidative stress and impair 
pancreas development in zebrafish. This study aims to understand the relationship 
between embryonic exposure to 16 µM PFOS and GSH in the exocrine pancreas. 
Wildtype and mutant embryos with a point mutation in the DNA binding region 
of Nrf2a (Tg(nrf2afh318/fh318;ptf1a:GFP)) on a transgenic background were 
exposed to vehicle control (0.01% DMSO) and 16 µM PFOS from 3 to 96 hours 
post fertilization (hpf). At 96 hpf, a subset of embryos were stained with monochlo-
robimane (MCB) for 1 hour and imaged with a fluorescent microscope to visual-
ize reduced GSH. Then, embryos were washed in clean water and imaged again 
after 2 hours to assess MCB depuration rates. Prior to analysis, all images were 
blinded. Fluorescence intensity measurements were taken for the pancreas, 
liver, and pancreas length and body length were measured. In wildtype embryos, 
there was a significant decrease (24%) in MCB fluorescence intensity in exocrine 
pancreas for the 16 µM PFOS groups compared to controls. In contrast, exposed 
mutant embryos showed a significant increase in fluorescence for both exocrine 
pancreas (34%) and liver (56%). Moreover, at 96 hpf, exocrine pancreas length was 
significantly shorter than controls regardless of genotype. Overall, PFOS exposure 
is impacting the redox environment in zebrafish embryos in both Nrf2a wildtype 
and mutants, and the effect on pancreas growth may be independent of GSH and 
Nrf2a. The preliminary data show that after 2 hours of MCB staining depuration 
in wildtype PFOS exposed fish was significantly lower than control embryos in 
exocrine pancreas. This work was supported by R21ES033532.

 3769 Hexafluoropropylene Oxide-Dimer Acid Induces Hepatotoxicity 
and Disturbs Lipid Metabolism in Mice: Transcriptome Analysis 
Using Next-Generation Sequencing

H. Yoo, K. Rhee, J. Choi, M. Yoo, and K. Lee. Korea University, Seoul, Korea, Republic of.

Ammonium 2 ,3 ,3 ,3 - tet raf luoro-2- (heptaf luoropropoxy) -proponate 
(Hexafluoropropylene oxide-dimer acid, HFPO-DA) is a rising environmental contam-
inant and organic substance that is often used in manufactured goods. Regular 
detection of HFPO-DA in river samples from the United States, China, the United 
Kingdom, Germany, the Netherlands, South Korea, and Sweden demonstrates the 
widespread dispersion and distribution of this chemical in the world’s surface 
waters. The majority of representative PFASs, such as perfluorooctanoic acid 
(PFOA) and perfluorooctane sulfate (PFOS), demonstrated strong and diverse organ 
toxicity. Emerging PFAS, HFPO-DA has not yet had potential toxicity confirmed. 
The possibility that HFPO-DA may cause more severe organ damage than other 
PFASs has emerged as a major concern as a result of the current research. This 
study found that HFPO-DA exposure can cause hepatotoxicity and affect bile acid 
metabolism. In the present study, male mice were given orally HFPO-DA for 90 
d. For the elucidation of the molecular mechanism induced by HFPO-DA in the 
liver, RNA sequencing was performed. Gene Ontology (GO), Kyoto Encyclopedia of 
Genes and Genomes (KEGG), and Gene Set Enrichment Analysis (GSEA) analyses 
were performed to clarify the molecular function of DEGs in mouse liver exposed to 
HFPO-DA. In addition, KEGG pathway analysis showed 15 representative pathways. 
The results of GO and KEGG analysis indicate that HFPO-DA exposure is involved in 
hepatic metabolism, especially lipid metabolism. According to the GSEA analysis, 
the 10 representative hallmark gene sets are shown and many of these pathways 
are involved in lipid metabolism. Our findings provide new insights into the molecu-
lar mechanisms in the liver after HFPO-DA exposure.

 3770 Exposure of Hyperlipidemic Mice to a Mixture of Per- and 
Polyfluoroalkyl Substances (PFAS) Modulates Metabolism of 
Cholesterol and Bile Acids

K. Roth, Z. Yang, M. Agarwal, W. Liu, and M. Petriello. Wayne State University, Detroit, MI.

Per- and polyfluoroalkyl substances (PFAS) are a class of synthetic chemicals 
used in numerous industrial and consumer products for their surfactant proper-
ties. PFAS have been detected ubiquitously throughout the environment as well 
as circulating in humans across the globe. Epidemiological studies have found 
PFAS exposure to be associated with numerous chronic diseases, including dyslip-
idemia and various cardiometabolic disorders. However, most studies focus on 
singular PFAS exposure as opposed to mixtures, and few studies have explored 
the mechanistic basis for effects due to PFAS exposure. Our studies investigate 
mechanisms linking PFAS exposure with alterations in lipid metabolism, notably 
increased circulating cholesterol, and the development of cardiovascular diseases, 
such as atherosclerosis. Male and female Ldlr KO mice were fed an atherogenic 
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diet and exposed to drinking water containing a mixture of 5 PFAS representing 
legacy, alternative, and emerging subtypes (i.e., PFOA, PFOS, PFNA, PFHxS, and 
GenX), each at a concentration of 2mg/L, for 7 weeks. Cholesterol was increased 
after 7 weeks by 1.18-fold in females (p=0.036) and 1.24-fold in males (p=0.002), 
compared to vehicle water. LC-MS analysis of plasma revealed that total bile acid 
levels were increased 2.3-fold in male mice (p<0.001) and 2.9-fold in female mice 
(p<0.001) exposed to PFAS. However, the levels of total bile acids excreted in the 
feces were reduced by 0.38-fold in female mice (p<0.001) and by 0.41-fold in male 
mice (p<0.001) exposed to PFAS, suggesting lowered excretion as a mechanism 
for increased circulating cholesterol. Hepatic and ileal protein levels of bile acid 
transporters were also measured. In males, the ileal bile acid uptake transporter 
ASBT was increased by 22.4-fold in the PFAS-exposed mice compared to vehicle 
(p<0.001), which could be a mechanism for decreased bile acid excretion due 
to increased reuptake. Finally, since the gut microbiota are critical mediators of 
sterol and bile acid formation, we also examined changes to the gut microbiota and 
observed altered diversity and genera associated with the production of second-
ary bile acids (e.g., clostridium) in male PFAS-exposed mice. Overall, exposure of 
hyperlipidemic mice to a PFAS mixture resulted in increased circulating cholesterol 
levels along with alterations in bile acid transport through the enterohepatic circula-
tion, bile acid excretion, and the bile acid-gut microbiota axis.

 3771 Effects of Perfluorooctane Sulfonate (PFOS) on Gene 
Expression of DJR-1.2 in Caenorhabditis elegans

M. Delcy, F. Smith, J. Smith, and C. Dodd. Fort Valley State University, Fort Valley, 
GA. Sponsor: R. Bright.

Per-and polyfluoroalkyl substances (PFAS) are a group of man-made chemicals that 
have been in production worldwide since the 1950s. They can be found in personal 
hygiene products such as shampoo, dental floss, and make up as well as water-re-
sistant fabrics, non-stick cookware, stain resistant products, and firefighting foams. 
PFAS can have a half-life of up to nine years which causes them to bioaccumulate in 
wildlife and also be found in water, soil, and air as they are released into the ecosys-
tem. One of the most common PFAS contaminates in the environment is perfluo-
rooctanesulfonic acid (PFOS). Human exposure typically occurs through contami-
nated drinking water sources including both private wells and public municipalities. 
Previous studies conducted on PFOS exposure in animal models concluded that it 
causes dopamine dependent functional deficits. Dopamine controls many motor 
and cognitive processes and has an impact on both physical and mental perfor-
mance. Parkinson’s disease (PD) is a progressive neurodegenerative disorder that 
is caused by loss of dopamine neurons affecting more than 1 million in the United 
States and more than 10 million worldwide. While its etiology is largely unknown 
PD has been proposed to be linked to a combination of environmental and genetic 
factors. The main objective of this study is to determine whether exposure to PFOS 
could alter gene expression of DJ-1 which is causally linked to Parkinson’s disease 
via its overexpression. DJ-1 is a gene that produces a protein deglycase that works 
by activating pathways that decrease oxidative stress. The gene of interest DJ-1 
has an ortholog of DJR-1.2 in Caenorhabditis elegans. In this study, we utilized C. 
elegans to examine the effects of PFOS exposure on DJR-1.2 expression. Solutions 
of PFOS in less than 1% methanol were made fresh for each experiment. The 
worms were treated at larval stage 1 a with 0 µM, 50 µM, 100 µM, and 150 µM PFOS 
and permitted to develop until early adult representing a chronic exposure. Total 
RNA isolation was done using a Purelink™ Mini Kit. Wormbase, primer BLAST, and 
primer STATS were used to identify potential primer locations and primer efficacy 
to design the DJR-1.2 forward (GTGACCGGAGATGTGTTGGT) and reverse primers 
(GGACCTGGAACTGCTTTCGA). Two-step real time PCR, consisted of using BIO RAD 
iScript™ Reverse Transcription Super mix to convert the isolated RNA to cDNA and 
SsoAdvanced™ Universal SYBR® Green Super mix to quantify the gene expres-
sion. Current results indicate no significant difference in expression of DJR-1.2 
gene with chronic exposure to PFOS. Future studies are examining the effects of 
PFOS exposure on other genes linked to PD including LRRK-2 (LRK-1, C. elegans 
homologue) and measuring gene expression at different time points.

 3772 PFAS Associated with Alterations in Maternal Lipid Profile 
during Early and Late Pregnancy

M. H. Rabotnick1, V. Padmanabhan1, J. L. Meijer2, D. C. Dolinoy1, C. F. Burant1, and 
J. M. Goodrich1. 1University of Michigan, Ann Arbor, MI; and 2Dartmouth College, 
Hanover, NH.

Per- and polyfluoroalkyl substances (PFAS) have been detected in the blood of 
humans and animals worldwide. A class of man-made fluorinated surfactants, 
PFAS are used in a variety of industries for their water, oil, heat, and stain-resis-
tant properties. Epidemiological data suggests an association with exposure to 
some PFAS and multiple adverse pregnancy outcomes, including preeclampsia, 
miscarriage, preterm birth, and low birth weight; however, the mechanisms explain-
ing these associations are not well understood. Existing literature has identified 
a strong association with PFAS exposure and metabolic dysfunction in humans, 
including alterations in lipid metabolism. Therefore, it is hypothesized that changes 
in lipid metabolism resulting from elevated circulating PFAS modify signaling 
pathways that may contribute to adverse pregnancy outcomes. In a multiple linear 

regression model using ninety-one dyads from the Michigan Mother Infant-Pairs 
(MMIP) cohort, our study sought to investigate the associations between circulating 
maternal levels of first trimester PFAS and repeat measures of groups of lipids (as 
identified in an untargeted shotgun lipidomics analysis) in the first trimester (M1), 
at the time of delivery (M3) and in the cord blood (CB) collected at delivery. Out of 9 
PFAS measured, 7 were detected in at least 20% of M1 plasma samples. PFOS and 
PFHxS were measured at the highest concentrations with geometric means of 5.45 
ng/ml and 3.31 ng/ml, respectively. PFOA, PFNA, and PFDA had lower measured 
values with geometric means of < 1.2 ng/mL. PFHxS concentrations were positively 
associated with monosaturated sphingomyelins (SMs) in M1 maternal plasma in 
adjusted models (effect estimate of 0.960, 99% CI (0.335, 1.586), q = 0.031). A 
similar positive correlation was noted between PFHxS and saturated and polyun-
saturated SMs. In M3, the association between PFHxS and SMs remained, but was 
attenuated. Saturated diacylglycerols were significantly decreased with increas-
ing PFHxS in M1 (effect estimate of -0.858, 99% CI (-1.488, -0.227), q = 0.072). 
Discernable from the same measurement in early pregnancy, increased PFDA was 
associated with a significant increase in polysaturated plasmenyl-phosphatidy-
lethanolamines in M3 (effect estimate of 0.781, 99% CI (0.270, 1.292), q = 0.033). 
Continued research into PFAS associated disruptions in lipid pathways at sensitive 
stages of gestation may provide insight into the mechanisms that lead to adverse 
pregnancy outcomes.

 3773 Investigating the Relationship between Omega-3 
Polyunsaturated Fatty Acids and Serum Per- and Polyfluorinated 
Substances (PFAS) Levels in Adults

A. M. Keshava1,2, A. Rappold1, R. Devlin1, and H. Tong1. 1US EPA, Research Triangle Park, 
NC; and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.

Exposure to PFAS have been associated with adverse human health outcomes. 
Previous epidemiological study suggests that diet may play a role in mitigating 
PFAS concentrations in serum. This analysis investigated the impact of omega-3 
polyunsaturated fatty acids, specifically eicosapentaenoic acid (EPA) and docosa-
hexaenoic acid (DHA), as potential dietary factors that impact serum PFAS in 
adults. The data that this analysis used was from the National Health and Nutrition 
Examination Survey (NHANES) in 2013-2018. Participants were selected based on 
measurement of serum PFAS and EPA and DHA omega-3 polyunsaturated fatty 
acids levels. Participants with missing data and those under 20 or over 70 years of 
age were excluded, and 2814 participants were included in the analysis. NHANES 
has collected data for 10 different PFAS chemicals and these values were summed 
in order to obtain total PFAS in serum in the analysis. The mean concentration 
of EPA in serum was 0.0258gm (0.0246, 0.0269), DHA in serum was 0.0559gm 
(0.0537, 0.0580) and PFAS in serum was 8.710ng/mL (8.469, 8.952). The linear 
regression model accounted for several variables including age, sex, education 
level, and family income to poverty ratio was conducted using SAS software (SAS 
Studio version 3.8, SAS Institute, Cary, NC). These variables were selected based 
on their impact on diet, and/or serum PFAS levels. Our analysis found that the 
levels of omega-3 polyunsaturated fatty acids is positively associated with PFAS 
levels. Furthermore, we stratified our analysis by various demographic variables 
such as age, sex, Hispanic/non-Hispanic origin, race, education level, annual 
household income, and family income to poverty ratio and found significant associ-
ations among these demographic stratifications. This analysis suggests that 
omega-3 polyunsaturated fatty acids may be confounded by various demographic 
data and these factors must be considered when investigating the Omega3 and 
PFAS relationship. Disclaimer: The views expressed in this abstract are those of the 
author(s) and do not necessarily represent the views or the policies of the US EPA.

 3774 Immune Response to Viral and Environmental Factors Result in 
Neurological Disease in a Mouse Model

A. A. Perez Gomez, K. Amstalden, C. Young, D. W. Threadgill, J. Welsh, and 
C. Brinkmeyer-Langford. Texas A&M University, College Station, TX.

Neurological diseases such as Amyotrophic Lateral Sclerosis (ALS), Multiple 
Sclerosis (MS), Parkinson’s disease (PD), and epilepsy can, in some cases, stem 
from antecedent viral infections or exposure to potential immunotoxicants. These 
predisposing factors can alter immune responses and ultimately contribute to 
neurological symptoms. Theiler’s murine encephalomyelitis virus (TMEV) is a 
naturally occurring, neurotropic, single-stranded RNA mouse virus used to model 
human neurological conditions associated with prior viral infections. Research 
with TMEV-infected models suggests that neurological damage can be attributed 
to improper induction and regulation of the immune response during the acute 
phase of infection. Similarly, exposure to perfluorinated alkylated substances 
(PFAS), in particular perfluorooctanoic acid (PFOA), is known to affect inflamma-
tory responses, cytokine expression, and glial activation, potentially contributing 
to neurological disease. PFAS exposure is found in consumable water and has a 
strong bioaccumulation potency, evidenced by the detectable levels of PFAS in the 
serum of >98% of the US population. Recently, the National Toxicology Program 
has defined PFOA as a potential immune hazard and developmental disruptor. 
However, the role(s) of PFOA in the etiology of neurological disease is uncertain. 
Historically, C57BL/6J (B6) mice are viewed as a TMEV-resistant strain as their 
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immune response allows for proper viral clearance in the central nervous system 
tissue. We hypothesized that immune responses to TMEV infection can be altered 
by concomitant exposure to potential immunotoxicants. To test this hypothesis, 
we used TMEV and PFOA to determine if co-exposure could synergistically render 
the immune system of B6 mice susceptible to viral-induced disease. We divided B6 
neonatal mice into three different treatment groups: non-injected, sham-injected 
with PBS (control), and TMEV-infected. Each of these groups was further divided 
into cohorts with ad libitum exposure to 70 ppt PFOA, or filtered water (control), via 
their drinking water. We evaluated the effects of PFOA on the immune response 
by comparing the degree of neurologic symptoms and changes in immune-related 
cytokine and chemokine levels following viral infection. We compared the different 
neurological responses and identified an increase in seizure frequency and the 
types of seizures in the TMEV + PFOA group. To better understand these effects, we 
will compare immune responses by measuring levels of 23 cytokines and chemok-
ines at the end of the acute phase of infection (postnatal day 42) to determine if 
the PFOA-exposed groups exhibited a suppressed immune response. To further 
support our findings, we will also measure TMEV RNA in the hippocampus and 
spinal cord tissue to compare immune response efficacy and viral persistence in 
those infected with TMEV. We expect a decrease in viral clearance in the TMEV + 
PFOA group due to the low production of pro-inflammatory cytokines, such as IL-1, 
IL-6, and TNF-α. Overall, these findings will provide insight into the complex roles of 
immune responses in the pathogenesis of virus-associated neurological diseases 
influenced by co-exposures to viruses and immunotoxic compounds. Ultimately, 
we aim to improve model fidelity for research in preventive and individualized 
treatments associated with human neurological disease.

 3775 Immunotoxicity of Understudied PFAS Found in North Carolina

T. Woodlief, K. Taylor, Q. Hu, A. Ahmed, and J. DeWitt. East Carolina University, 
Greenville, NC.

Per- and polyfluoroalkyl substances (PFAS) are a large class of synthetic 
compounds that have myriad uses in consumer and industrial processes and 
products, notably as processing aids in the production of fluoropolymers. Two 
members of this class of compounds have been classified as presumed to be 
immune hazards to humans by the U.S. National Toxicology Program, which raises 
concerns about the ability of other PFAS to induce immunotoxicity. Many PFAS 
remain understudied toxicologically, but are detectable in both drinking water 
sources and finished drinking water across the U.S. Two that have been detected in 
NC surface waters are perfluorohexanoic acid (PFHxA; CAS# 307-24-4) and sodium 
tridecafluoro-2,4,6,8,10-pentaoxadodecan-12-oate (FC23-PFO5DoANa; CAS# 
2578331-29-8), which are perfluoroalkyl carboxylic acids (PFCA). These PFCAs are 
detectable in surface waters in North Carolina and while there have been toxico-
logical data generated for PFHxS, none address immunotoxicity specifically. No 
data appear to be available for FC23. Adult male and female C57BL/6 mice (6-8 
weeks old) were exposed by gavage once/day for 30-days with PFHxA or FC23 
at 0, 0.5, 5, or 50 mg/kg. Endpoints collected included in-life observations, organ 
weights, immunophenotype of lymphoid organs, liver peroxisome proliferation, and 
the T-cell dependent antibody response (TDAR). At the PFHxA doses administered, 
no differences were detected in terminal body weights, liver, spleen, or thymus 
weights. However, the 5 and 50 mg/kg dose groups of FC23 produced systemic 
toxicity. The 50 mg/kg groups were humanly euthanized before the end of the study 
and dosing of the 5 mg/kg dose was terminated after ~15 days of exposure. Liver 
peroxisome proliferation increased from control responses by ~470%, on average, 
in all PFHxA dose groups. Some shifts in immune cell populations in spleen and 
thymus also were observed in response to PFHxA and FC23 exposure. The TDAR 
was suppressed by exposure of 0.5 (males, 13%; females, 20%) and 50 mg/kg 
(males, 9%; females 30%) of PFHxA compared to control groups. Exposure to 0.5 or 
5 mg/kg of FC23, respectively, compared to control groups, produced the following 
changes: Terminal body weights of males were decreased by exposure to 0.5 mg/
kg (33%) and 5 mg/kg (11%) and of females to 0.5 mg/kg (21%). Liver weights 
were increased in males (70%, 107%) and females (78%, 117%). Lymphoid organ 
weights were reduced in males (thymus, 92%; spleen, 77%) and females (thymus, 
145%; spleen, 74%). The TDAR was reduced in males (43%, 189%) and females 
(69%, 200%). These results indicate that these PFAS found in NC surface waters are 
immunotoxic and that FC23 appears to be a potent immunosuppressant.

 3776 Targeted Quantification of Perfluoroalkyl Substance (PFAS) in 
Human Serum from Patients Evaluated for Nonalcoholic Fatty 
Liver Disease (NAFLD)

J. Agudelo1, Y. Zhang2, D. Paine-Cabrera3, V. Slowik4, J. Becanova5, U. Apte3, 
C. Messerlian2, A. M. Ducatman6, and A. Slitt1. 1University of Rhode Island, Kingston, RI; 
2Harvard T.H. Chan School of Public Health, Boston, MA; 3University of Kansas Medical 
Center, Kansas City, KS; 4Children’s Mercy Hospital, Kansas City, MO; 5University of 
Rhode Island, Narragansett, RI; and 6West Virginia University School of Public Health, 
Morgantown, WV.

Non-alcoholic fatty liver disease (NAFLD) is characterized by the accumulation of 
lipids in the liver, lipotoxicity, and insulin resistance. Obesity, diabetes, genetics, and 
environmental exposure are considered risk factors for development of NAFLD. 

Perfluoroalkyl substance (PFAS) are synthetic environmental toxicants, and some 
are known to be highly persistent and bioaccumulative in vivo (i.e., detected in 
human liver). Perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic acid 
(PFOS), have been associated with elevated serum liver injury markers in humans, 
but few studies have addressed risk of NAFLD. Therefore, this study aimed to 
compare the serum concentrations of PFOA, PFOS, and emerging PFAS among 
NAFLD cases (N=23 for children, 17 for adults) and non-NAFLD controls (N=15 for 
children, 11 for adults). Blood samples were collected at the time of being evaluated 
for NAFLD between 2014 - 2020 and evaluated for NAFLD biomarkers at Children’s 
Mercy Hospital or the University of Kansas Medical Center. Preliminary findings 
illustrated that in children, PFOS, PFOA, PFHxS, PFPeA, PFHpA, PFBS, and PFBA 
accumulated in serum, respectively. For PFOA, PFHxS, and PFOS, the odds ratios 
(95%) for detection comparing cases to controls were 0.05 (0.002, 1.27), 0.40 (0.03, 
4.84), and 0.39 (0.006, 23.59), respectively, adjusted for age, sex, BMI, and race. 
The average log transformed PFOA concentrations in pediatric cases were 0.208 
(95% CI: -1.08, 0.66) lower than controls. In the adults, PFHxS, PFOS, PFOA, PFBA, 
PFBS, PFPeA, and PFDA accumulated in serum, respectively. Differences in log 
transformed concentration comparing adult cases to controls adjusted for age and 
sex were: -0.4 (95% CI: -1.10,0.30) for PFOA, 0.05 (95%CI: -0.89, 0.98) for PFHxS, 
and -0.97 (95% CI: -1.68, -0.25). The findings suggest that children with NAFLD 
had lower serum PFAS concentrations than children without NAFLD. However, a 
larger sample size is required to confirm these findings, with sample collection and 
analysis ongoing.

 3778 Comparative Analysis of Oxidative Stress Markers Induced by 
Alternative Perfluoroalkyl Substance Chemicals in the Mouse 
Liver and Pancreas

B. A. Hocevar, J. M. Hocevar, and L. M. Kamendulis. Indiana University Bloomington, 
Bloomington, IN.

Per- and polyfluoroalkyl substances (PFAS) are used in a variety of industrial 
applications including production of surface repellant coatings, fire-fighting foams, 
and fluoropolymer synthesis. Due to the environmental persistence, bioaccumu-
lation, and toxicity of the legacy PFAS, such as perfluorooctanoic acid (PFOA), 
alternative PFAS have been synthesized to be used as replacements. Previously, we 
demonstrated that PFOA accumulated and induced oxidative stress in the mouse 
pancreas and liver after a 7-day exposure. While the toxicity profiles of the legacy 
PFAS have been studied, less is known of the toxicities caused by exposure to 
the alternative products, for which environmental and biological contamination 
has been documented globally. In comparison to PFOA, we evaluated the effects 
of two replacement PFAS compounds on the induction of oxidative stress in the 
pancreas and liver in vivo: ammonium perfluoro(2-methyl-3-oxahexanoate) (GenX) 
and perfluorobutane sulfonic acid (PFBS). Further, we wanted to explore if gender 
affected the accumulation and toxicity profiles of the replacement PFAS in the 
pancreas and liver, which have previously been identified as target organs for 
PFOA. Male and female C57BL/6 mice were exposed to control tap water or tap 
water containing 1 and 5ppm PFOA, 5 and 10 ppm GenX, or 5 and 10ppm PFBS 
for 7 days. Serum and tissue PFAS levels were determined which revealed sex 
differences in PFAS accumulation. Whereas PFOA levels in both the serum and 
pancreas of female mice were higher, PFBS reached higher concentrations in 
the serum and pancreas of male mice. Levels of GenX in the serum of male and 
female mice were similar; however, GenX accumulated in the pancreas of male 
mice to a greater extent. Relative liver weights were increased in both male and 
female mice exposed to PFOA and GenX, where no change in relative liver weight 
was observed following exposure to PFBS. Oxidative damage in the pancreas, as 
measured by malondialdehyde levels, was observed following exposure to all three 
PFAS, whereas malondialdehyde levels were not significantly increased in the liver. 
Upregulation of antioxidant genes, such as Sod1, Sod2 and Txn1 in the liver was 
significantly induced in female but not male mice. These findings suggest that 
replacement PFAS accumulate and cause oxidative damage in both the liver and 
pancreas, which occurs in a gender-specific manner. As oxidative stress has been 
linked to chronic diseases such as cancer and diabetes, our findings suggest that 
further toxicological evaluation of the replacement PFAS with respect to liver and 
pancreatic toxicity are warranted.

 3779 Nrf2-Dependent and Independent Effects of PFHxS on 
Embryonic Glutathione in Zebrafish (Danio rerio)

P. Arsenault, S. M. Conlin, and A. R. Timme-Laragy. University of Massachusetts 
Amherst, Amherst, MA.

Developmental exposure to toxicants can alter the embryonic redox environ-
ment, resulting in disruptions to organogenesis and cellular function. The status 
of the redox environment can be observed by measuring glutathione (GSH), an 
endogenous antioxidant regulated in part by the Nrf2 pathway. Here we examined 
tissue-specific changes in the GSH redox microenvironment during embryonic 
exposure to perfluorohexanesulfonic acid (PFHxS), a toxicant in the perfluoroalkyl 
substances (PFAS) family. Two strains of zebrafish were used, one with a normally 
functioning Nrf2 pathway and one with a point mutation in the DNA binding domain 
of Nrf2a (Nrf2af318/f318). Embryos were exposed daily to 0 µM, 16 µM, or 32 µM 
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PFHxS starting at 3 hours post fertilization (hpf) through 96 hpf, when they were 
stained with monochlorobimane, a compound that conjugates to GSH and emits 
measurable fluorescence. To understand the redox environment within specific 
tissues, fluorescence was measured in the exocrine pancreas, yolk sac, heart, 
lens, hindbrain, gut, myotome, and overall body. Results show that developmen-
tal exposure to PFHxS had a tissue-specific response that varied in magnitude, 
with increased monochlorobimane fluorescence intensity in the body, exocrine 
pancreas, gut, heart, lens myotome, and yolk sac, but only in wild-type embryos, 
indicating that this response requires a functional Nrf2 pathway. However, an 
alternative pathway appeared to be activated in the heart and hindbrain at the 16 
and 32 µM PFHxS doses (respectively) in the mutant fish that was reflected in 
elevated GSH content, independent of Nrf2. These findings indicate that PFHxS 
disrupts the embryonic redox status in a tissue specific manner and may predict 
morphological or functional outcomes at later developmental stages. This work 
was funded by R01ES025748.

 3780 PFAS Perturb Hepatic Prostaglandin E2 and Interleukin-8 
Production via Inhibition of Class 4 Cytochrome P450s 
and Cyclooxygenases

S. Kandel, L. Rutt, E. Gracey, K. Ball, J. Adgate, J. Lampe, and R. McCullough. University 
of Colorado Anschutz Medical Campus, Aurora, CO.

Per- and polyfluoroalkyl substances (PFAS) are ubiquitous environmental contam-
inants, particularly in industrial manufacturing sites and military airfields. Despite 
our appreciation that these “forever chemicals” persist in groundwater and are 
found in approximately 98% of the general population, little is known regarding 
the specific health impacts of PFAS exposure. Recent evidence suggests PFAS 
are associated with immune-related toxicities that accompany a failed resolution 
of inflammation (e.g. cancer), despite lacking a classic “toxic” profile. Moreover, 
PFAS exposure is linked to lipid accumulation in the liver. Because the liver is a 
central immunologic organ containing bioactive lipid mediators that can coordi-
nate the initiation and resolution of inflammation, it is our working hypothesis that 
exposure to PFAS will perturb lipid metabolism specifically in hepatocytes, leading 
to derangements in bioactive lipid mediator production during immune challenges. 
To test this hypothesis, bioactive lipids were measured in serum from individuals 
in the Security/Widefield/Fountain/Colorado Springs, CO area (PFAS AWARE) that 
were identified to have low and high (>5-30ng/mL) serum PFAS levels; perfluo-
rooctanoate (PFOA), perfluorooctanesulfonic acid (PFOS), and perfluorohexanesul-
fonic acid (PFHxS) were the most abundant PFAS detected (n = 10/group). Pooled 
(10 donor) primary human hepatocytes (Xenotech, Kansas City, KS) were treated 
with 10-100uM PFOA, PFOS, or PFHxS and/or lipopolysaccharide (LPS) for up to 
48hrs; expression of cyclooxygenases (COX) and cytochrome P450 epoxygenases 
(CYP450) and interleukin-8 (IL-8) was measured by RT-PCR and IL-8 and prostaglan-
din E2 (PGE2) release was measured by ELISA (Biolegend, Cayman). The activity of 
recombinant CYP4A11 (Supersomes) was determined using arachidonic acid as 
substrate in the presence or absence of increasing concentrations of PFOA, PFOS, 
or PFHxS. Making use of targeted metabolomics, we find that specific classes of 
bioactive lipids are negatively impacted by PFAS exposure, including COX-derived 
prostaglandins PGI, PGE2, PGF2a and lipoxygenase- and CYP-derived thrombox-
ane A2 and 12- and 15-hydroxyeicosatetranenoic acid (HETE). In primary human 
hepatocytes, PFOA and PFOS, but not PFHxS, were potent inducers of CYP4A, 
PTGS1 and PTGS2 mRNA, which accompanied increased PGE2 release after 10uM, 
but not 100uM PFAS exposure. Importantly, PFOA, PFOS and PFHxS reduced IL-8 
expression/release and attenuated LPS-induced IL-8 secretion by primary hepato-
cytes. In vitro, CYP4A11 activity was reduced by 10uM PFAS, which was further 
impacted by 100uM PFOA and PFOS, but not PFHxS. Taken together, these data 
suggest that hepatocyte lipid metabolism and bioactive lipid mediator production 
are negatively impacted by PFAS exposure. Importantly, we highlight here a novel 
mechanistic tie to reduced cytokine production occurring by PFAS, likely via limited 
PGE2 production on hepatocytes and other immune cells. Importantly, because 
CYP4A is inhibited by PFAS, it will be important for future studies to determine if 
specific lipid metabolites, including n-HETE, contribute to dysregulated cytokine 
networks in hepatocytes and if the effect is more robust after exposure to mixtures, 
rather than individual, PFAS. Importantly, it remains to be determined if and how 
these bioactive lipid networks coordinate immunosuppression and/or chronic 
disease progression in individuals exposed to PFAS. This work is supported by NIH/
NIEHS grant R21ES032529 to JL/RM.

 3781 Exposure to Multiple PFAS Shows Suppressed Levels of Immune 
Markers during Pregnancy

N. Prout1, E. Barret2, K. Scheible1, T. Jusko1, R. Miller1, K. Kannan3, and T. O’Connor1. 
1University of Rochester, Rochester, NY; 2Rutgers, The State University of New Jersey, 
New Brunswick, NY; and 3Wadsworth Center New York State Department of Health, 
Albany, NY.

Per- and polyfluoroalkyl substances (PFAS) are chemicals that are widely used 
in industrial and commercial applications for clothing, food packaging, furniture, 
firefighting foams, and many more products. Negative health outcomes have 
been associated with PFAS exposure including reduced fertility, altered metabolic 

functions, increased risk of obesity, increased risk of certain cancers, disruption 
of endocrine hormones, altered immune functions, and reduced fetal growth . 
PFAS-induced alterations in immune function may be of particular significance 
for pregnant individuals, whose immune systems are required to adapt to the 
presence of a developing fetus. A gap in the current literature exists concerning 
the maternal immune modulatory effects of PFAS. The present study provides 
some of the first findings on PFAS exposure and immune activity across 
pregnancy. The sample consists of a relatively ethnically/racially and economi-
cally diverse sample of individuals with normal risk singleton pregnancies were 
recruited at <14 weeks gestation (n=326). Study visits occurred in all three trimes-
ters and included extensive psychological, sociodemographic, health behavior 
and biospecimen collection. Concentrations of several PFAS compounds were 
derived using mass spectrometry of serum samples. The PFAS detected in this 
sampled population includes Perfluorooctanoic acid (PFOA), Perfluorooctane 
sulfonate (PFOS), Perfluorononanoic acid (PFNA), Perfluorohexane sulfonate 
(PFHxS), Perfluorodecanoic acid (PFDA), Perfluoropentanoic acid (PFPEA), and 
Perfluoroundecanoic acid (PFUNDA). Circulating cytokines from maternal prenatal 
plasma samples at each trimester were assayed using a multiplex panel; the panel 
of immune markers consisted of TNF-a, IL-8, IL-7, IL-6, IL-5, IL-23, IL-4, IL-21, IL-2, 
IL-1B, IL-17A, IL-12p70, IL-10, IFN-g, CM-CSF, Fractalkine, CRP, TGF-beta, MIF, Leptin 
and PlGF. Statistical analysis includes descriptive and correlation analyses using 
R studio and Prism for data manipulation. Correlations were performed after log 
transformation and used Spearman’s correlations. Analyses of additional trimes-
ters and confounding factors are ongoing. All participants had detectable levels 
of PFOA, PFOS, PFNA, and PFHxS, with slightly lower rates of detection for PFDA 
(80%), PFPEA (62%), and PFUNDA (62%). The average serum PFAS concentrations 
levels were in the low range compared to historical and recent cohorts. Preliminary 
analyses suggest broad inverse associations between PFAS exposure and immune 
markers, with generally consistent patterns across gestation. The largest effects 
sizes according to Spearman’s correlations were found for PFHxS and Leptin 
(-0.206), PFNA with TNF-alpha (-0.18), and PFDA with IL-21(-0.18), TNF-alpha 
(-0.16), and IL-10 (-0.19) (p’s <.05). These results suggest that PFAS exposure, 
even at comparatively low ambient levels, may have negative immunomodulatory 
in pregnancy. Follow-up analyses will examine effects on perinatal and child health 
outcomes and evaluate data using multivariable regression modeling.

 3782 Developmental PFAS Exposure in Zebrafish Dysregulates Adult 
Brain, Gonad, Liver, and Kidney Transcriptome

D. Meyer1, A. Haimbaugh2, B. Vo1, A. Guarino1, E. Cavaneau1, G. Winny1, M. Connell1, 
M. Abdi3, A. Khalaf3, D. Johnson3, and T. Baker1. 1University of Florida, Gainesville, 
FL; 2University of Colorado Anschutz Medical Center, Aurora, CO; and 3Wayne State 
University, Detroit, MI.

Exposures to per- and polyfluoroalkyl substances (PFAS), linked to a host of 
multisystemic health outcomes across humans and aquatic species, are well-known 
for their highly ubiquitous and persistent presence in environmental compartments. 
Such pervasive exposure to PFAS chemicals can occur during sensitive periods 
of early development, where lifespan phenotype trajectories are most susceptible 
to external influences. To study the long-term consequences of low-level develop-
mental PFAS exposure and mixtures, we utilized the NIH-validated, high-throughput 
zebrafish model, exposing larval fish to PFAS chemicals over the first five days 
of development. We modeled exposure to environmentally- and regulatory health 
advisory- relevant ‘ultra-low’, ‘very low’ and ‘low’ concentrations of perfluoroocta-
noic acid (PFOA), perfluorosulfonic acid (PFOS), and a mixture of the two (7, 70, and 
700 ng/L PFOA; 24, 240, and 2400 ng/L PFOS; stepwise mixtures of half the individ-
ual chemical concentrations). Previous work determined that developmental PFAS 
exposure altered the behavior and gene expression of larval fish across multiple 
generations; therefore, our goal was to characterize the extent and persistence 
of these effects in adult fish. We performed RNA-Seq analysis on female and 
male brains, gonads, livers, and kidneys isolated from 18-month-old fish, revealing 
dysregulation of pathways and genes involved in immune and hepatic function, 
metabolism, and oxidative stress. Neuromotor and cognition-linked pathways 
were heavily disrupted in adult brain samples, aligning with our larval behavioral 
outcomes. Multiple pathways involved in epigenetic modification, including DNA 
and histone methylation, histone acetylation, and chromatin modification, were 
affected by developmental PFAS exposure, suggesting a role of epigenetic modifi-
cation in the lifelong and generational persistence of these outcomes. Future 
studies will explore the role of specific epigenetic mechanisms in mediating the 
phenotypic and transcriptomic effects of PFAS exposure, especially with relation to 
neurological outcomes.

 3783 Development of High-Throughput, High-Content (HTHC) 
Platform for Accessing Dopaminergic Neurodegeneration 
Induced by PFAS in C. elegans

M. O’Brien. University of Georgia, Athens, GA.

Per- and polyfluoroalkyl substances (PFAS) are a diverse class of synthetic 
chemicals used for decades in industrial and commercial applications. Exposure 
to PFAS became a major public health concern due to their widespread use, their 
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persistence in the environment, and detectable with higher concentrations in 
human blood and tissue samples globally. Human exposure to PFAS has linked to 
many adverse health outcomes, such as hepatotoxicity, immunotoxicity, develop-
mental toxicity, endocrine disruption, tumorigenicity and neurotoxicity, including 
neurodegenerative disorder, Parkinson’s disease (PD). PD is the second most 
common neurodegenerative disorder currently affecting approximately 10 million 
patients worldwide. Recent epidemiologic studies found that exposure to PFAS has 
a strong causal relation with Parkinson’s disease. However, significant data gaps 
exist in the investigation of PFAS neurotoxicity, even the PFOS and PFOA, the two 
of the most widely used PFAS. PD is characterized by the degenerative loss of the 
dopamine (DA) neurons in the substantia nigra. C. elegans has been employed as 
an excellent candidate for studying neuronal mechanism and neurotoxic effects, 
since the defined number of DA neurons in C. elegans, their functional similar-
ity to those of humans, and the presence of quantifiable behavioral phenotypes 
related to DA signaling. Additionally, the worms’ transparency and the ease of 
making reporter gene fusions (e.g., with green fluorescent protein, GFP) enable 
visualization of cell morphology and protein expression patterns in vivo. In partic-
ular, the machinery of the DAergic system is conserved in worms, making them an 
ideal model for PD research. However, neuro-degeneration studies in C. elegans 
require high-resolution imaging of a large number of immobilized animals on agar 
pads, which is time consuming and low-throughput manual screening, and it would 
be difficult to test multiple chemicals and various concentrations of chemicals 
in parallel. For hazard identification and risk characterizations of PFAS, using an 
innovative platform to systematically investigate the neurodegenerative disorder 
induced by PFAS, is urgently needed. In the present study, a high-throughput and 
high-content (HTHC) platform was built up, using a transgenic worm (BZ555) that 
contains green fluorescent protein (GFP) in their dopaminergic neurons, with an 
integrated robotic system, COPAS Biosort, BioTek Cytation 5 imaging machine and 
the microfluidic immobilization chip (vivoChip). The vivoChip enables rapid immobi-
lization and high-resolution imaging of entire neuronal processes in 40 GFP labeled 
animals at once. Using developed HTHC platform, the synchronized L1 BZ555 
worms were exposure to two legacy PFAS (PFOS and PFOA) and their replace-
ment PFAS (GenX and PFBS) at 0, 10, 20, 40, 80 and 160 µM, and the progres-
sion of DA neuron loss in the head regions (four cephalic (CEP) neurons and two 
anterior dierdic (ADE) neurons) were visualized, and monitored after 4, 6, 8 and 10 
days following PFAS exposure. Our results showed that PFOS had a significant 
degeneration at 80 and 160 µM. The results were further verified by performing the 
DA-dependent behavioral test. Overall, HCHT screening platform can systematically 
evaluate neurological hazards on a large-scale.

 3784 Assessing the Toxicological Responses of Lead, 
Perfluorooctanoic Acid, and Perfluorobutanoic Acid Mixtures in 
a Human Gut Model

O. S. Ayisire, A. Sevcik, and C. Sayes. Baylor University, Waco, TX.

Polyfluoroalkyl substances and heavy metals are two large groups of pollutants that 
are known to impact the quality of drinking water. The use of aqueous film-forming 
foams by firefighters, stain-resistant fabrics, and food packaging are the common 
sources of these contaminants. In addition, metal ion leeching from the corrosion 
of water plumbing contaminates water throughout the distribution system. 
Adverse health effects like endocrine dysfunction, developmental and reproductive 
effects, cancer, and renal damage have all been linked to these pollutant types. 
Conventionally, acceptable exposure concentrations for humans are linked to each 
individual contaminant potency and are used to determine regulations. However, 
a more relevant exposure scenario for these substances involves simultaneous 
co-exposure, composed of lead ions, perfluorooctanoic acid (PFOA), and/or perflu-
orobutanoic acid (PFBA). In this study, we assessed the hazard values in terms of 
cytotoxicity of binary and tertiary mixtures of lead, PFOA, and PFBA against human 
colon endothelial (Caco-2) cells. Metabolic activity was assessed using the MTS 
assay, oxidative stress was assessed using the ROS-Glo™ assay, and DNA damage 
was assessed using the Gamma H2A.X staining kit. Our findings indicate that PFOA 
induces the most cytotoxicity, followed by PFBA and then lead. Oxidative stress is 
statistically significant at the 12-hour post-exposure time point for PFOA and PFBA; 
the stress is exacerbated in co-exposure scenarios with lead. Preliminary evidence 
shows that the chemical interactions of lead with perfluorooctanoic acid will cause 
a synergistic toxicological response through both oxidative stress and genotoxicity 
pathways. These findings offer compelling evidence that additional information is 
required to evaluate the potential toxicities of pollutant mixtures in drinking water 
and other environmental systems.

 3785 Per- and Polyfluoroalkyl Substances (PFAS) Exposure 
Dysregulates Neural Activity, Exacerbates Microglial 
Injury Responses, and Sensitizes Larval Zebrafish to the 
Convulsant Pentylenetetrazole

M. A. Camarillo, J. Plavicki, C. Wray, S. E. Paquette, D. Biechele-Speziale, and N. Martin. 
Brown University, Providence, RI.

Per and polyfluoroalkyl substances (PFAS) are global contaminants that are 
classified as presumed immune hazards due to their adverse effects on adaptive 
immunity. However, comparatively little is known about how PFAS exposure affects 
the innate immune system. Microglia, the innate immune cells of the brain, are 
essential for responding to pathogens and injury, and also play critical roles in 
shaping brain development and homeostasis. Our prior work using zebrafish 
demonstrated developmental exposure to perfluorooctane sulfonate (PFOS) 
produces an activated microglial morphology and results in the upregulation of 
p2ry12, a G-coupled protein receptor involved in microglial activation and migration. 
PFOS-induced microglial activation resulted in a heightened microglial response 
to brain injury, which could be rescued by using optogenetics to drive microg-
lia towards a homeostatic state. We found the PFOS exposure increased neural 
activity and that the neuronal signaling environment modulated microglial activa-
tion state. Optogenetic silencing of the neurons was sufficient to normalize the 
microglial morphology and response to injury in PFOS exposed larvae. To further 
examine the relationship between immunotoxic PFAS congeners and neuron-mi-
croglial communication, we exposed zebrafish larvae to perfluorooctanoic acid 
(PFOA), a 8-carbon PFAS with a carboxylic functional group. Exposure to PFOA 
did not alter microglial responses to injury or the neuronal signaling environment, 
suggesting PFAS congeners have differential effects on neural activity. Consistent 
with this interpretation, we found perfluorohexane sulphonic acid (PFHxS), but not 
perfluorobutane sulfonic acid (PFBS) increased brain activity. Given that PFOS 
and PFHxS heightened neural activity, we next asked whether low level exposure 
to PFOS (2 µM) or a mixture of PFAS sensitized zebrafish larvae to the GABAA 
receptor antagonist and convulsant, pentylenetetrazole (PTZ). Exposed larvae 
were incubated in subthreshold concentrations of PTZ that do not elicit seizures in 
control larvae. Behavioral assays revealed a differential response to PTZ in larvae 
exposed to the PFOS (2µM) or a PFAS mixture that contain equal proportions of 
PFOS, PFHxS, PFBS, GenX, and PFOA at a concentration of 1 µM/congener. We 
are currently performing electrophysiological recordings in PFAS-exposed larvae 
both with and without subthreshold concentration of PTZ to better understand the 
impact of PFAS exposure on neural systems.

 3786 Transcriptomic Profiles of Murine Placental Gene Expression 
following Developmental Exposure to PFOA or GenX in 
CD-1 Mice

V. A. Chappell1, B. E. Blake2, C. N. Miller2, H. Nguyen2, T. P. Phan1, D. P. Phadke3, 
M. R. Balik-Meisner3, and S. E. Fenton1. 1NIEHS, Research Triangle Park, NC; 2US EPA, 
Research Triangle Park, NC; and 3Sciome LLC, Durham, NC.

Per- and polyfluoroalkyl substances (PFAS) are a diverse class of chemicals that 
are persistent environmental contaminants. Perfluorooctanoic acid (PFOA), one 
of the legacy PFAS, is associated with adverse health outcomes in women includ-
ing gestational hypertension, metabolic changes, and reduced fetal growth. The 
association between maternal exposure to PFOA and reduced fetal growth has 
been substantiated by systematic reviews of both the human and animal literature, 
however, the mechanism through which PFOA exerts its effects on fetal growth is 
not known. This study compares placenta morphology and transcriptomic profiles 
from in utero exposure to PFOA and its replacement, hexafluoropropylene oxide-di-
mer acid (HFPO-DA, known by the trade name GenX). Pregnant CD-1 mice were 
dosed with vehicle control (deionized water), PFOA (1.0 or 5.0 mg/kg/day), or GenX 
(2.0 or 10.0 mg/kg/day) from gestation day 1.5 to 17.5. Placentas were collected at 
two timepoints during gestation; E11.5 (immature/developing placenta) and E17.5 
(mature/developed placenta). RNA was isolated from the placentas and transcrip-
tomic analysis was performed using Affymetrix Mouse Clariom D transcriptome 
arrays. Gene Set Enrichment Analysis (GSEA) and Ingenuity Pathway Analysis 
(IPA) were used to evaluate enriched pathways. GSEA hallmark analysis suggested 
PFOA and GenX disrupt placental pathways involved in fatty acid metabolism and 
adipogenesis, innate immune response (specifically inflammation), and hemosta-
sis (specifically blood coagulation systems). IPA analysis showed pathway enrich-
ment of LXR/RXR activation, FXR/RXR activation, and atherosclerosis signaling, 
suggesting maternal exposure to GenX disrupted the placental transcriptome via 
nutrient sensing, signaling, and transport pathways. Although these pathways 
were not as consistently enriched across treatment groups and timepoints, the 
clustering of enriched pathways in E17.5 female placenta suggests that this may 
be an important response to GenX exposure at 10 mg/kg. These pathways have 
translational relevance to human pregnancy conditions previously associated 
with maternal exposure to PFAS, including preeclampsia and other hypertensive 
disorders of pregnancy, and suggest a putative toxicological mechanism through 
which PFAS exerts adverse effects on the maternal-placental-fetal unit. These data 
may be highly relevant to ongoing human health risk evaluations by the US EPA and 
many states, including North Carolina.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 267



 3787 Behavioral and Physiological Effects of Ancestral PFAS 
Exposure on F3 Zebrafish Larvae

D. Banerjee1, G. Gonzalez1, A. Haimbaugh2, D. Meyer1, I. Silva1, M. Duvert1, C. Wu3, and 
T. Baker1. 1University of Florida, Gainesville, FL; 2University of Colorado Anschutz Medical 
Center, Aurora, CO; and 3National Yang Ming Chiao Tung University, Taipei, Taiwan.

Per- and polyfluoroalkyl substances (PFAS) are environmentally significant 
chemicals suspected to have effects on growth, development, reproduction, and 
neurobehavior. “Forever chemicals” such as PFAS tend to persist in blood and 
serum, and may easily cross into the placenta, potentially causing exposure at 
critical periods of development. This phenomenon is examined generationally in 
larval zebrafish (Danio rerio), an ideal NIH-validated model organism for human 
genomics and developmental toxicology because of their rapid development 
and high fecundity. Our goal is to determine the phenotypic and transcriptomic 
hereditary effects of PFAS exposure on the F3 generation of larval zebrafish. In 
previous studies, the F0 generation of larval zebrafish were directly exposed to 
‘ultra-low’, ‘very low’, and ‘low’ levels of PFOA, PFOS, and a mixture of both (7, 70, 
and 700 ng/L PFOA; 24, 240, and 2400 ng/L PFOS; corresponding mixtures of half 
the individual chemical concentrations). These concentrations are based on both 
environmentally relevant levels and levels encompassing the EPA health advisory, 
and we chose this mixture based on ratios reported in epidemiological studies. 
A subset of these larvae was raised to adulthood and spawned through the F2 
generation, producing F3 larvae. Larvae were not exposed to PFAS after the F0 
generation to observe transgenerational effects in the F2 and F3 generations. 
F3 larvae were raised to 5 days post-fertilization (dpf) and evaluated for altered 
light-dark photomotor responses, morphological abnormalities, and gene expres-
sion. As observed in F1-F2 generations, ancestral PFAS exposure dysregulated 
F3 larval light/dark behavior patterns and developmental abnormality rates, with 
differential effects dependent on chemical and exposure level. These outcomes 
may be attributable to persistent changes in transcriptomic networks, including 
lipid pathway disruption. Our results can identify potential biomarkers of exposure 
in humans and inform legal limits for PFAS concentrations in water, consumer 
products, and other sources.

 3788 Maternal PFAS Exposure Is Associated with Longer Anogenital 
Distance in Newborn Sons of Women with Obesity

M. E. Cinzori (Kloboves)1,2, D. C. Pacyga1,2, S. L. Schantz3, and R. S. Strakovsky1,2. 
1Michigan State University, East Lansing, MI; 2Institute for Integrative Toxicology 
Michigan State University, East Lansing, MI; and 3Beckman Institute University of Illinois 
Urbana–Champaign, Urbana, IL.

Pregnant women are exposed to endocrine disrupting chemicals, such as per- and 
polyfluoroalkyl substances (PFAS) that persist in the environment, with drinking 
water and animal food products being common exposure routes. Prenatal PFAS 
exposure may alter offspring anogenital distance (AGD), a hormone dependent 
marker of reproductive health. Additionally, pregnant women with obesity (body 
mass index, BMI ≥ 30 kg/m2) have disrupted hormones, which has previously 
been associated with altered AGD. However, it is unclear whether PFAS exposure 
and obesity interact to alter AGD. Therefore, the objectives of this study were to 
evaluate associations of maternal PFAS exposure with newborn AGD, and differ-
ences in these associations by pre-pregnancy BMI. Pregnant women (n = 395) 
aged 18-40 years from central Illinois self-reported pre-pregnancy weight and 
height to calculate BMI (kg/m2). Serum PFAS including perfluorononanoic acid 
(PFNA), perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA), 
methyl-perfluorooctane sulfonamide acetic acid (Me-PFOSA-AcOH), perfluoro-
hexanesulphonic acid (PFHxS), perfluorodecanoic acid (PFDeA), and perfluoroun-
decanoic acid (PFUdA) were quantified from fasting blood samples collected at 
median 17 weeks gestation. Within 24 hours of birth, trained staff measured AGD 
short from the anus to the fourchette (AGDAF) and AGD long from the anus to the 
clitoris (AGDAC) in female newborns or AGD short from the anus to the scrotum 
(AGDAS) and AGD long from the anus to the base of the penis (AGDAP) in male 
newborns. Linear regression models accounting for important sociodemographic, 
lifestyle, and health factors evaluated associations of natural log-transformed 
maternal PFAS levels with newborn AGD. Because AGD is sexually dimorphic, these 
associations were assessed separately in female and male newborns. Additional 
models included a multiplicative interaction between PFAS and pre-pregnancy BMI 
to explore if associations differed between women without obesity (pre-pregnancy 
BMI < 30 kg/m2) and those with obesity (pre-pregnancy BMI ≥ 30 kg/m2). Most 
mothers were college educated (83%), non-Hispanic white (82%), non-obese (76%), 
and had considerably lower PFAS levels than those from a representative sample 
of U.S. women. Overall, maternal PFAS concentrations were not associated with 
AGD in either female or male newborns. However, some meaningful associations 
emerged for certain PFAS with AGD in male newborns of mothers with obesity. In 
male newborns of mothers with obesity, every 10% increase in PFOS and PFUdA 
was associated with 0.29 mm (95% CI: -0.03, 0.61; P = 0.07) and 3.95 mm (95% CI: 
0.28, 7.61; P = 0.04) longer AGDAP, respectively. Similar, but less precise, positive 
associations were observed for AGDAP with PFOA (β: 0.38 mm; 95% CI: -0.11, 0.87; 
P = 0.13) and PFDeA (β: 2.39 mm; 95% CI: -0.77, 5.56; P = 0.14). Consistently, every 
10% increase in PFUdA was also associated with 3.46 mm (95% CI: -0.37, 7.29; P = 
0.08) longer AGDAS. Interestingly, only PFHxS was marginally associated with

0.22 mm (95% CI: -0.03, 0.47) longer AGDAS in male newborns of non-obese women. 
Our findings suggest that maternal PFAS exposure and obesity interact to elongate 
AGD, most notably in male newborns. Studies in experimental models are needed 
to elucidate the underlying mechanisms of these results and additional longitudinal 
epidemiologic studies could consider investigating the long-term implication of 
these findings for reproductive health of male offspring.

 3789 Per- and Polyfluoroalkyl Substance (PFAS) Exposures 
Are Associated with Liver Steatosis and Fibrosis in Adult 
NHANES 2017–2018

N. Samala1, S. Yogesh2, R. Lele3, T. C. Gripshover2, B. Wahlang2, L. Jophlin2, B. McGrath2, 
J. Young2, N. Chalasani1, S. Rai3, and M. Cave2. 1Indiana University, Indianapolis, IN; 
2University of Louisville, Louisville, KY; and 3University of Cincinnati, Cincinnati, OH.

Per- and polyfluoroalkyl substances (PFAS) are persistent organic pollutants 
previously associated with increased liver enzymes in human cohorts and NAFLD 
in animal models. A recent meta-analysis on PFAS and NAFLD (PMID:35475652) 
concluded that future PFAS human research “should evaluate the full spectrum 
of NAFLD through histopathology or imaging”. Therefore, we determined associ-
ations between serum biomarkers of PFAS exposures and vibration controlled 
transient elastography (VCTE) biomarkers of hepatic steatosis (controlled attenu-
ation parameter, CAP) and fibrosis (liver stiffness measurement, LSM) in adult 
NHANES 2017-2018. Participants ≥18 years were included. The exclusion criteria 
were active viral hepatitis B or C; daily alcohol consumption >21g for men or >14g 
for women; or missing/unreliable VCTE data. VCTE was performed by Fibroscan®. 
Serum PFAS (n=13) were measured by SPE-HPLC-TIS-MS2. Laboratory variables 
were log transformed. Principal component (PC) analysis was performed for 
PFAS. Univariate and multivariate associations were determined for the predictive 
demographic (age, sex, race, BM and diabetes) and exposure (PFAS PCs) variables 
with the VCTE (CAP, FAST and LSM) and ALT liver disease outcome variables using 
R. The final sample size was 1400 with mean age = 48.4±18.6 years and mean BMI 
= 29.3±7.2 kg/m2. 50% of subjects were women; 34% were non-Hispanic White; and 
21% were non-Hispanic Black. The mean CAP and LSM were 263.7 ± 62.5 dB/m and 
5.4 ± 2.7 kPa, respectively. PFAS separated into three PCs. PC1 contained: n-PFOS, 
SmPFOS, n-PFOA, PFHxS, PFNA and PFDeA. PC2 contained PFNA and F53-B. PC3 
contained GenX. PC3 was not analyzed further due to GenX’s low overall detection 
rate. Age, sex, BMI and diabetes were significantly associated with CAP and LSM 
in most models. In the univariate model, exposure biomarker PFAS PC1 was 
positively associated with CAP (p<.0001) and LSM (p=0.0095) but not ALT. PFAS 
PC2 was generally orthogonal to PC1. The observed associations between PFAS 
PC1 and CAP/LSM were not statistically significant in the multivariate models. 
Environmental pollutant PFAS exposures were associated with increased hepatic 
steatosis and fibrosis in adult NHANES 2017-2018. Stratified analyses are ongoing 
as PFAS effects may have been confounded by other variables.

 3790 MicroRNA Changes in Normal Thyroid Cells Exposed to Per- and 
Polyfluroalkyl Substances and Their Role in Thyroid Cancer

H. Hartmann, M. Loberg, and V. Weiss. Vanderbilt University, Nashville, TN. Sponsor: 
V. Weiss, American Association for Cancer Research.

Per-and polyfluroalkyl substances (PFAS), are environmental contaminants of 
emerging concern due to their abundance in the environment and potential adverse 
health impacts. PFAS are used in waterproof clothing, makeup, carpets, upholstery, 
cookware, and fast-food containers. These organic pollutants have been found 
in the blood of 98% of Americans and have been linked to disruption in thyroid 
hormones and potentially thyroid cancer. Emerging research suggests that PFAS 
alters microRNA expression. One specific microRNA, mir-101-3p, is known to be 
involved in thyroid cancer. Studies of thyroid cancer patient tissues at Vanderbilt 
University Medical Center show increased mir-101-3p with advanced or metastatic 
cancer. I hypothesize that PFAS may promote elevated mir-101-3p expres-
sion in thyroid cancer and represents an important therapeutic target. A normal, 
Nthy.ori, thyroid cell line was treated with 1,000 nM of PFOS, PFOA, and GenX 
separately for 72 hours. RNA was isolated and RT-qPCR for mir-101-3p performed. 
Immunofluorescence staining was also performed for actin and tubulin to assess 
cytoskeletal changes. RT-qPCR data revealed that there were slight changes in 
TTF1, TG, and NIS following PFAS treatment of normal thyroid cells. Treatment 
with each of these three PFAS compounds showed an increase in mir-101-3p. 
Immunofluorescence staining of normal thyroid cells treated with PFAS showed 
a decrease in actin stress fibers compared to control cells. Current studies are 
underway to illuminate the mechanism by which PFAS alter mir-101-3p regulation. 
These findings will have far reaching implications on the consideration of limiting 
PFAS in our environment and to elucidate the role of the microRNAs in progres-
sion of thyroid cancer. Understanding the role of PFAS-mediated dysregulation on 
mir-101-3p is important for limiting the use of this chemical and understanding its 
role in thyroid cancer progression.
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 3791 Transcriptional Pathways Linked to Fetal and Maternal 
Hepatic Dysfunction Caused by Gestational Exposure to 
Perfluorooctanoic Acid (PFOA) or Hexafluoropropylene Oxide-
Dimer Acid (HFPO-DA or GenX) in CD-1 Mice

B. Blake1, C. Miller1, H. Nguyen2, V. Chappell3, T. Phan3, D. Phadke4, M. Blaik-Meisner4, 
D. Mav4, R. Shah4, and S. Fenton3. 1US EPA/ORD, Research Triangle Park, NC; 2Oak Ridge 
Institute for Science and Education, Research Triangle Park, NC; 3NIEHS/NTP, Research 
Triangle Park, NC; and 4Sciome LLC, Research Triangle Park, NC.

Per- and polyfluoroalkyl substances (PFAS) comprise a diverse class of chemicals 
used in industrial processes, consumer products, and fire-fighting foams which have 
become environmental pollutants of concern due to their persistence, ubiquity, and 
associations with adverse human health outcomes, including in pregnant persons 
and their offspring. Multiple PFAS are associated with adverse liver outcomes in 
adult humans and toxicological models, but effects on the developing liver are not 
fully described. Here we performed transcriptomic analyses in the mouse to investi-
gate the molecular mechanisms of hepatic toxicity in the dam and its fetus after 
exposure to two different PFAS, perfluorooctanoic acid (PFOA) and its replacement, 
hexafluoropropylene oxide-dimer acid (HFPO-DA, known as GenX). Pregnant CD-1 
mice were exposed via oral gavage from embryonic day (E) 1.5-17.5 to PFOA (0, 
1, or 5 mg/kg-d) or GenX (0, 2, or 10 mg/kg-d). Maternal and fetal liver RNA was 
isolated (N=5 per dose/group) and the transcriptome analyzed by Affymetrix Array. 
Differentially expressed genes (DEG) and differentially enriched pathways (DEP) 
were obtained. DEG patterns were similar in maternal liver for 5 mg/kg PFOA, 2 
mg/kg GenX, and 10 mg/kg GenX (R2: 0.46-0.66). DEG patterns were similar across 
all 4 dose groups in fetal liver (R2: 0.59-0.81). There were more DEGs in fetal liver 
compared to maternal liver at the low doses for both PFOA (fetal = 69, maternal = 
8) and GenX (fetal = 154, maternal = 93). Upregulated DEPs identified across all 
groups included Fatty Acid Metabolism, Peroxisome, Oxidative Phosphorylation, 
Adipogenesis, and Bile Acid Metabolism. Transcriptome-phenotype correlation 
analyses demonstrated >1000 maternal liver DEGs were significantly correlated 
with maternal relative liver weight (R2 >0.92). These findings show shared biological 
pathways of liver toxicity for PFOA and GenX in maternal and fetal livers in CD-1 
mice. The limited overlap in specific DEGs between the dam and fetus suggests 
the developing liver responds differently than the adult liver to these chemical 
stressors. This work helps define mechanisms of hepatic toxicity of two structur-
ally unique PFAS and may help predict latent consequences of developmental 
exposure. The views expressed are those of the authors and do not necessarily 
represent the views or policies of the US EPA.

 3791a Utilizing Novel Methods to Increase Our Ability to Identify 
and Quantify Contamination of PFAS in a Great Lakes 
Urban-Dominated Watershed

M. J. Llewellyn1, T. R. Baker1, E. K. Griffin1, R. J. Caspar1, B. B. Baker1, J. A. Bowden1, 
and C. J. Miller2. 1University of Florida, Gainesville, FL; and 2Wayne State University, 
Detroit, MI.

PFAS are contaminants of emerging concern that have spilled into global ecosys-
tems from industrial and urban areas. Two compounds, PFOS and PFOA, have been 
phased out of use due to evidence of biomagnification and findings of adverse 
animal and human health outcomes. Properties like nonstick and water resistance 
that make PFAS desirable for manufacturing also prevent them from degrading. 
Both species continue to be environmental and human health threats. Furthermore, 
the phasing out of PFOS and PFOA has led to replacements with structural analogs 
of equal or greater concern. There are estimated to be more than 9,000 species 
in existence today of which only a handful have been looked for in the environ-
ment. We have previously analyzed twenty-eight PFAS in the Lake Huron to Lake 
Erie corridor by collecting water and sediment samples every year since 2018. A 
novel ultra-high performance liquid chromatography-tandem mass spectrometry 
(UHPLC-MS/MS) method now exists that allows detection and quantification of 
ninety-two PFAS. The same locations in the Lake Huron - Lake Erie corridor were 
revisited this year and the collected samples have been analyzed by this method. In 
addition to water and sediment, we have expanded the study to include fish tissues 
of several trophic levels in order to characterize bioaccumulation and assess the 
human health risks related to consumption. The results will inform public health 
agencies about the safety of eating lake fish and will aid in future studies on the fate 
and transport of PFAS in the Great Lakes.

 3792 Matrix Effect Reduction for the Determination of Low Levels 
of S-Phenylmercapturic Acid in Urine, a Benzene Biomarker, 
by Ultra-Performance Liquid Chromatography Coupled with 
Electrospray Tandem Mass Spectrometry

S. Gagné, and É. Langlois. IRSST, Montréal, QC, Canada.

Biological monitoring of benzene biomarkers is commonly used to determine the 
exposure level in several contexts in workplaces. S-phenylmercapturic acid (SPMA) 
in urine is a biomarker of choice for conducting biological monitoring of benzene at 
low levels with high specificity. UPLC-MS/MS with a dilute-and-shoot approach has 

been shown in the past to provide a faster determination of SPMA in workers’ urine 
at high concentration than solid phase extraction and liquid-liquid extraction. In 
order to switch easily the instrumentation from one biomarker determination to one 
other, generic gradients were used. However, with the new recommended values in 
the Province of Quebec adopted in 2020 which are based on ACGIH recommended 
BEI, low detection limits are needed and the instrumental conditions in place led to 
major matrix effects that are annoying for the determination of low levels of SPMA 
in urine. In order to get rid of the matrix effect which directly affects the limit of 
quantification, electrospray ionisation profiles were produced for several random 
urines. The profiles showed signal inhibition in specific regions of the chromato-
gram. Eluents were specifically optimised to minimise signal inhibition in the region 
of the chromatogram where the SPMA eluted. In addition, the dilute-and-shoot 
protocol was modified by increasing the amount of dilution used to help minimiz-
ing the matrix effect. With the new conditions in place, a recovery of >95% has 
been established at 4 nmol/L on 10 random urines, which represent a level below 
the BEI needed of 12 nmol/mmol cr (53-318 nmol/L based on creatinine range 
between 4,4-26,5mmol/L). Indeed, the limit of quantification on an Acquity Xevo 
TQ-XS is below 1 nmol/L in urine which allow also the determination of SPMA from 
non-exposed workers which should be at 0,9±0,1nmol/mmol cr for non-smokers 
and 1,7±0,3nmol/mmol cr for smokers. Such a low limit of quantification allows the 
application of the As Low As Reasonnably Achivable (ALARA) principle using this 
biomarker considering that benzene is a carcinogenic compound. This new method 
becomes the method of choice for practitioners in the Province of Quebec who 
want to conduct biological monitoring for benzene exposure.

 3793 Quantification of AFB1-Lysine and OTA Adducts in Liver Cancer 
Patient Blood Serum Samples Using HPLC-FLD

J. Doherty, K. Xue, and J. Wang. University of Georgia, Athens, GA.

Aflatoxin B1 (AFB1), a potent mycotoxin produced by Aspergillus flavus and 
Aspergillus parasiticus, is a ubiquitous food contaminant and a well-known liver 
carcinogen which has been categorized by the International Agency for Research 
on Cancer (IARC) as a known human carcinogen (Group I). Liver toxicity, immuno-
toxicity, and potential anti-nutritional effects of AFB1 have been well studied and 
characterized in both animals and humans. Aflatoxins affect ground crops such 
as peanuts and corn and contribute to approximately 25% of the world’s food loss. 
Ochratoxins, another type of mycotoxin, also contribute to crop loss and have 
carcinogenic effects. Ochratoxin A (OTA) is the most toxic of the ochratoxins. The 
United States as well as other leading world nations have strict guidelines in place 
from organizations like the FDA and the Food and Agriculture Organization (FAO), 
which strictly regulate the allowable concentration of mycotoxins. In the United 
States, concentrations are dependent on the food type, with a limit as restrictive as 
of 0.5 ppb in milk to 10 ppb in baby food and 20 ppb in adult foods. This study aims 
to measure the AFB1 and OTA adduct concentrations in 40 liver cancer patients 
recruited by the Department of Environmental Health Sciences, Columbia University 
Mailman School of Public Health by a HPLC-fluorescence (HPLC-FLD) technique 
modified from Qian et al (2013). The data show every sample was positive for both 
AFB1 and OTA adducts. The lowest mean calculated AFB1 serum adduct concen-
tration was 5.388354 ng/mL serum and the highest was 14.603 ng/mL serum. 
The lowest mean calculated OTA serum adduct concentration was 7.235279 ng/
mL serum, and the highest was 12.173664 ng/mL serum. These results from 
United States liver cancer patients are higher for both median AFB1 and OTA serum 
concentrations compared to adduct levels in healthy persons from nations with 
similar food regulations. 

 3794 Application Habits of Sunscreen Users in the United States: 
Results of a Nationwide Usage Survey

K. Norman1, L. Loretz1, A. Kowcz1, L. Kaufman2, and J. Nash3. 1Personal Care Products 
Council, Washington, DC; 2Scripterra Scientific, Wooster, OH; and 3Procter & Gamble, 
Cincinnati, OH.

The objective of this study was to evaluate the habits and practices of US consum-
ers who claim to use products with sun protection factor (SPF) on a regular basis, 
defined as at least 5 days a week at some point during the calendar year. The 
approach was an online survey covering all geographies in the US. The survey 
questions, N=59, were developed by an industry working group coordinated 
by the Personal Care Products Council. The survey assessed claimed usage of 
SPF-containing products, including the effects of season, weather, gender, age, and 
geographical location on the use of SPF-containing beach/recreational, facial skin 
care, cosmetic, and lip products. A total of 5000 surveys were submitted by respon-
dents between August and September of 2019 and following quality control assess-
ment 2283 surveys were used in this evaluation. The results showed that sunscreen 
was applied most frequently when subjects anticipated spending more than 3 
hours in the sun. Reported sunscreen usage was highest during the summer, and 
sunny weather conditions prompted 99% usage of recreational/beach products, but 
usage dropped to approximately 50% and 30% on partly cloudy and cloudy days, 
respectively, regardless of product type, e.g., recreational/beach or facial cosmetic 
category. About 50% of subjects reported limiting time spent in the sun and wearing 
a hat as supplemental measures to reduce sun exposure. SPF products were not 
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reapplied by approximately 20-60% of regular sunscreen users, depending upon 
product category, and reapplication of all SPF product types was less than 33% 
on cloudy and partly cloudy days. Primary reasons for reapplication were water 
exposure, after being outside a certain number of hours, and being active/sweating. 
These reapplication prompts were most notable for beach and facial skin care 
SPF products. Children under 12 were covered more completely than adults with 
sunscreen lotion, including increased application onto the chest, back, face, hands, 
feet, and ears, based on parental responses in the survey. In children, 45% of 
the sample (parents) reported “redness” as a signal when to reapply sunscreen 
product. This study represents the most comprehensive assessment of consumer 
habits and practices among SPF product users in the US in the past 20 years. 
By determining more accurate exposure data, the reliability of the human safety 
assessment of SPF products can be improved.

 3795 Development of the Public-Facing ChemExpo Knowledgebase 
Web Application to Support Delivery of Chemical Use and 
Consumer Product Data

S. Handa1, K. Phillips1, J. T. Wall1, A. Larger2, M. B. Horton3, C. Lutz3, K. Isaacs1, and 
C. Elonen1. 1US EPA/ORD, Research Triangle Park, NC; 2General Dynamics Information 
Technology, Research Triangle Park, NC; and 3Oak Ridge Institute for Science and 
Education, Oak Ridge, TN.

The US EPA is responsible for evaluating thousands of chemicals for the potential 
risks to humans and ecosystems, which necessitates information on hazard and 
exposure potential for each chemical. To support chemical decision-making, EPA’s 
Office of Research and Development (ORD) must identify and characterize relevant 
exposure pathways - the path of a chemical from source to a receptor. How a 
chemical is used (e.g., in a consumer, occupational, or industrial context) is critical 
to determining exposure pathways. The ORD data management and curation 
application, Factotum, facilitates the rapid collection and distribution of high-quality 
chemical and exposure related data from public documents to inform chemical 
exposure and risk assessments. To date, Factotum has been used to collect 
and curate data from over 560,000 documents, representing 4 million individual 
chemical records and 35,000 unique chemical substances. A new publicly available 
data search and visualization tool, called Chemical Exposure Knowledgebase 
(ChemExpo), is being developed by ORD. ChemExpo will surface data managed 
and curated by the internal Factotum application. The initial release of ChemExpo 
will focus on specific chemical substances, chemical composition of consumer 
products, functional role of chemicals within products and processes, and 
presence of chemicals on reported specific or general use lists. This new applica-
tion will display more detailed curated data than currently available on the EPA 
CompTox Chemicals Dashboard, including additional document metadata; product-
level chemical ingredient information; and product category, function category, and 
chemical summaries. This application will allow for data exploration by chemical, 
function, and consumer product category to support exposure assessments and 
other risk-based chemical evaluations. This abstract does not necessarily reflect 
US EPA policy.

 3796 Applying a Conceptual Scientific Workflow for Exposure to 
Alternatives Assessments for Chemicals in Consumer Products

D. A. Vallero, and E. A. Cohen Hubal. US EPA, Research Triangle Park, NC. Sponsor: 
M. Evans.

Exposure potential is not only important in health risk assessment but also in the 
life cycle analysis of chemical/product combinations, including alternatives assess-
ments and chemical substitution. A scientific workflow is designed to identify 
and execute a series of data manipulation and computational steps to provide 
information needed for sustainable and risk-based decision-making. For chemical 
assessments, scientific workflows can support efficient and transparent analyses, 
especially for considering complex systems from a systems perspective. A concep-
tual scientific workflow has been developed which can be applied to various scenar-
ios and extrapolations from data-rich to data-poor chemical/product combinations. 
To demonstrate this approach, three types of consumer product exposure scenar-
ios will be presented: Type 1 - Data-rich compound only (fewer gaps for two major 
pathways - water and consumer products for 1,4-dioxane); Type 2 - Interpolation 
within a chemical class - A mix of data-rich and data-poor compounds (all pathways 
for polybrominated diphenyl ethers); and Type 3 - Interpolation of an emergent 
chemical class from chemicals both inside and outside of that chemical class - 
Data-rich to data-poor interpolation (all pathways for an entire chemical class from 
data-rich compounds for a specific product/chemical and life stage in the life cycle 
or product use category. This abstract does not reflect EPA policy

 3797 Assessment of Asbestos Exposure Associated with a 
Brake Grinder

C. Blake1, K. Guth2, and R. Harbison2. 1Apex Companies, Marietta, GA; and 2University of 
South Florida College of Public Health, Tampa, FL.

The wear patterns for drum-style automotive brakes tend to enlarge internal 
drum diameters. Such enlargement is most profound when used brake drums are 
machined to restore the metal friction surfaces. Specialized arc grinding machinery 
has been used to match replacement shoe-style brake friction materials to enlarged 
drums. The process of arc grinding removes friction material, thereby producing 
dust. When organic-style friction materials contained asbestos, use of arc grinding 
machinery posed an asbestos fiber exposure risk to operators and proximate 
personnel. The manufacturers of arc grinding machinery have incorporated local 
exhaust ventilation systems designed to capture and remove this dust at the point 
of grinding contact and propel this dust into collection bags or other systems. This 
research was designed to evaluate the dust capture and retention characteristics 
of a specific arc grinder product, when used to custom grind asbestos-containing 
brake friction materials. A Bear Model 1420 automotive brake shoe arc grinder 
was the subject of this study. During two separate but consecutive test sessions, 
newly relined sets of shoe-style automobile brake friction materials were precision 
ground. Both area and personal air samples were collected throughout each testing 
session. This work took place within a closed and unventilated metal building, with 
total interior volume of 2,500m3. Collected air samples were analyzed using phase 
contrast microscopy (PCM) and transmission electron microscopy (TEM). The 
results of analysis using PCM for personal samples (n = 6) ranged from ˂0.044 
to 0.055 fibers per cc (f/cc) (mean 0.05). Follow-up analysis of these personal 
samples using TEM indicated asbestos-adjusted PCM exposures ranging from 
˂0.0074 to 0.055 f/cc (mean ≤0.041). Area air samples, taken at distances ranging 
1.5 to 9 meters from the arc grinder (n = 12), showed asbestos-adjusted PCM 
concentrations ranging from ˂0.0075 to 0.041 f/cc (mean ≤0.017). The process of 
custom arc grinding shoe-style, asbestos-containing brake friction materials can 
cause exposure to airborne asbestos fibers. However, when done using properly 
equipped arc grinding machines, such exposures are not expected to exceed the 
current occupational exposure limits for asbestos of 0.1 f/cc 8-hour time-weighted 
average (TWA).

 3798 Assessing Metal Exposure in War-Injured Veterans with 
Embedded Fragments: Results of Repeat Urine Biomonitoring

J. Gaitens1,2, M. Condon1, S. Almashat1,2, and M. McDiarmid1,2. 1Maryland VA 
Health Care System, Baltimore, MD; and 2University of Maryland School of Medicine, 
Baltimore, MD.

Evidence in both animal and human studies has shown that embedded metal 
fragments from war-related injuries can oxidize in situ, leading to increased systemic 
metal concentrations, and thus, raised concern about potential target organ effects 
far from the site of injury. Consequently, the Department of Veterans Affairs has 
established an on-going medical surveillance program for Iraq and Afghanistan 
veterans, injured primarily by improvised explosive devices, who may have an 
embedded fragment. Enrolled veterans are asked to submit an exposure question-
naire and a urine sample to assess their metal body burden. Urinary concentrations 
of 14 metals, which have been found in surgically removed fragments or are known 
carcinogens, are determined using inductively coupled plasma mass spectrometry 
(ICP-MS). Creatinine-adjusted metal results are compared to established reference 
values to determine the presence of an elevation. When a metal elevation is 
observed, a repeat urine specimen is requested either immediately, within three-to-
six months, or within two years, depending on the veteran’s clinical history and 
how the excursion compares to the reference value and known toxicity thresh-
olds. If all metals are within normal limits, a repeat sample within five years is 
requested. To date, 124 surveillance-enrolled veterans have submitted at least 
one follow-up urine specimen. Among individuals who had normal metal results 
at ‘baseline’ (n=58), most (66%) continued to have normal metal concentrations an 
average of five years later, suggesting that if metal ions are being released from a 
metal fragment, they are not being released in excess into the systemic circulation. 
However, among the 66 individuals who had a metal excursion initially, on average 
two years later, 25 (38%) had at least one metal that continued to be elevated, 11 
(17%) had an elevation in a different metal, and 30 (45%) had no metal elevations 
in the second sample. Persistent elevations in zinc and tungsten concentrations 
were most common. In the absence of other identified metal exposures, evidence 
suggests the fragment may be the source of these sustained elevations. This idea 
is supported by the fact that two veterans had declines in urine metal elevations 
that corresponded with fragment content after fragments were surgically removed. 
Although interpretation of urine metal results is complex, as other non-fragment 
related exposure sources must be considered, on-going biomonitoring within this 
population, and comparison of urine findings to individual fragment composition 
data when available, is essential to better understand in situ fragment behavior, 
which may influence the recommended medical management and follow-up of 
affected veterans. This material is the result of work supported with resources and 
the use of facilities at the VA Maryland Health Care System, Baltimore, Maryland. The 
contents do not represent the views of the U.S. Department of Veterans Affairs or the 
United States Government.
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 3799 Methods for Extracting Wildfire-Specific PM2.5 for the Western 
United States

A. Orr, and E. Landguth. University of Montana, Missoula, MT. Sponsor: C. Migliaccio.

Air pollution and fine particulate matter (PM2.5) from wildfire smoke have steadily 
increased over the last decade despite decreasing anthropogenic emissions. The 
increase in wildfires in the western US has highlighted the need to understand 
better how wildfire-specific PM2.5 affects human health. To support health risk 
assessment studies from wildfire smoke inhalation, differentiating between 
wildfire-specific PM2.5 and non-wildfire-specific PM2.5 is essential, as policies may 
need to be adapted based on the emission source. We used PM2.5 data developed 
by four different PM2.5 models for the western United States to isolate wildfire-spe-
cific PM2.5. We then used three approaches to isolate and extract wildfire-specific 
PM2.5 from each model: (i) a temporal extraction using EPA monitoring station 
flags based on seasonal wildfire window, (ii) a spatial extraction using National 
Oceanic and Atmospheric Administration Hazard Mapping System smoke plume 
data, (iii) a combined spatiotemporal extraction by using dates defined in (i) and 
spatial plume locations defined in (ii). Comparing method extractions across the 
different PM2.5 modeling frameworks with a newly developed wildfire-specific 
PM2.5 as a benchmark showed vastly different results across models, but relatively 
little variation between method extraction. Our results suggest that determining 
the population-level burden of various health outcomes could be variable and 
dependent on the approach used to differentiate wildfire specific PM2.5., The results 
of our study highlight the need for more in-depth studies showing the impacts of 
specific components of PM2.5 on our health.

 3800 Toward Human Exposome: Nontargeted Large-Scale Pesticide 
Screening in Human Adult and Baby Urine with High-Resolution 
Accurate Mass Spectrometry

H. Zhao, C. Liu, Y. Hsiao, J. Feng, Y. Yang, and K. Lu. University of North Carolina at 
Chapel Hill, Chapel Hill, NC.

Exposure to pesticides is ubiquitous and poses human health risks due to their 
well-documented toxicity. Concerns have increased in the past decade regarding 
assessing exposure of these chemicals and their health impact, as accumulating 
evidence link low-dose, long-term exposure of pesticides to a variety of human 
health issues, such as cancer, diabetes, reproductive disorders and neurodevel-
opment. Therefore, a method to rapidly screen pesticides in humans is needed to 
better map human exposome and improve our understanding of health effects of 
pesticides exposure. High-resolution mass spectrometry (HRMS) has demonstrated 
strong power in detecting vast pesticides; additionally, novel methodologies and 
operational strategies have been developed to screen hundreds of pesticides 
retained on food. However, the large number of pesticides, variations of chemical 
structures and matrix effects have hindered the development of pesticide screen-
ings with high sensitivity in biospecimens such as serum and urine. To overcome 
this obstacle, we established a nontargeted data acquisition for targeted analysis 
(nDATA) workflow on a HRMS coupled to liquid chromatography (LC) to screen 
through >1000 pesticides in a 14-minute-run. The pesticides screened have differ-
ent types of pesticides (including organophosphorus, organochlorine, pyrethroid, 
and carbamate), and the database was composed by recording the retention time 
(RT), accurate m/z, and fragment information from the injection of the authen-
tic chemicals. A multiplexing data-independent acquisition (mDIA) strategy was 
applied to capture fragment signals of precursors with 14 segments across 
m/z 100 to 1,000 in 12 events and 4 multiplexes per cycle, with a full scan event 
accompanied after each mDIA cycle. The collected data was then screened across 
the expected RT, m/z of precursors under different adducts (default set to [M+H]+, 
[M+NH4]+, and [M+Na]+), and m/z of fragments (recorded up to 5 per compound) 
to match with the in-house pesticide-derived chemicals library. We then sought to 
apply this large-scale pesticide screening in human urine. Our preliminary result 
showed the matching results of ~15 pesticides on average (~10-20 pesticides in 
each human volunteer) in human adult urine samples we tested, with large individ-
ual variations being observed. We also analyzed urine samples of babies after C18 
solid phase extraction to enrich pesticide residues, and the preliminary matching 
showed detection of ~16 pesticides. Together, we have successfully detected 
multiple pesticides in urine of both adults and babies using our screening strategy. 
The development of our nDATA pesticide screening provide a novel and sensitive 
method for monitoring >1000 pesticides towards deciphering human exposome.

 3801 Concurrent Ambulatory Puff and Respiration Monitoring of 
Vaping Product Use to Inform Particle Deposition and In Vitro 
Toxicology Studies

R. J. Robinson, S. Jayasekera, and E. C. Hensel. Rochester Institute of Technology, 
Rochester, NY. Sponsor: D. Conklin.

The manner in which users puff and subsequently inhale aerosols from Electronic 
Nicotine Delivery Systems (ENDS), or electronic-cigarettes, affects the mass 
concentration of the aerosol and how various constituents may be deposited 
throughout the respiratory tract. Prior work demonstrated the mass concentration 

of total particulate matter depends jointly upon the puff flow rate and duration 
employed by the user and by the characteristics of the ENDS itself. Further, the 
manner in which users subsequently inhale diluted aerosol affects how much, and 
where, the aerosol is deposited in the lung. There is a need to measure the actual 
puffing and respiration behavior of ENDS users in their natural environment while 
actively engaging in product use. Quantifying puff topography (inhaled through the 
ENDS) allows us to understand what is in the aerosol which enters the mouth of 
an ENDS users. The respiration topography informs physiologically realistic flow 
conditions for particle deposition and in vitro toxicology studies of the respira-
tory tract. Ambulatory puff topography was measured using the validated wireless 
Personal Use Monitor, wPUM™, of pod-style ENDS users in their natural environ-
ment. A sensorized shirt was used to capture chest motion, step count and torso 
acceleration of users throughout a day-long observation period, herein denoted 
as a Wearable Respiration Monitor, WRM. The puffing and respiration monitors 
were time synchronized to one another and calibrated in the lab prior to deploy-
ment. The puffing monitor was calibrated using a machine puffing robot, while the 
respiration monitor was calibrated on the user’s body while they inhaled through 
a traditional spirometer. ENDS users were recruited and enrolled in the human 
subject study approved by the university’s Institutional Review Board (IRB). Data 
was collected from participants during both baseline and intervention deployments 
during a switching study on e-liquid nicotine concentration. Custom data analysis 
algorithms were used to estimate the ambulatory puffing and respiration behavior 
of users. Each puff was modeled as a square wave on puff flow rate, resulting in 
a triangular puff volume vs time. Each respiration volume cycle was modeled as 
a trapezoid including an inhale, breath hold, and exhale. Results were analyzed 
to assess how participants’ respiration behavior varied throughout the observa-
tion period, and the extent to which respiration differed while using the ENDS in 
comparison to not using the ENDS. Exemplar results indicate at least three classes 
of respiration behavior. First, participants exhibited a relatively high cycle volume 
while in motion, as would be expected. Second, a different respiration pattern was 
observed when the participant was sedentary and not using ENDS products. A 
third respiration pattern was observed while participants were actively engaged in 
using their ENDS, denoted Puff Associated Respiration (PAR). Among participant 
data sets analyzed to date, there was little evidence of ENDS use while participants 
were in motion. Results indicate that cycle volumes vary significantly between 
PAR, walking, and sedentary conditions. This variation may affect exposure predic-
tions using computational fluid dynamics and in vitro bio-response. In conclusion, 
understanding puff and respiration behavior is important for bio-relevant toxicology 
studies. First, these results inform boundary conditions for use with computational 
particle deposition models which predict the distribution of toxicants in the respira-
tory tract. Second, these results may be used as realistic “play back” inlet flow 
conditions to achieve physiological wall shear stress and local flow conditions for 
biomimetic in vitro toxicology studies.

 3802 The Balance between Multiple Exposure and Detoxification

M. Yang, and H. Kang. Sookmyung Women’s University, Seoul, Korea, Republic of.

The balance between exposure and detoxification can be a decisive factor for 
precision prevention from real exposure. To estimate real exposure, biomonitor-
ing of multiple exposures to environmental toxicants should be performed and 
the host lifestyle, particularly the habits for detoxification, should be considered. 
For this purpose, we simultaneously analyzed six toxicants, to which people were 
chronically exposed in daily life, and their metabolites, i.e., bisphenol A (BPA), an 
endocrine disrupting chemical, 2-naphthol (NT), and 1-hydroxypyrene (OHP) for 
air- , and food-route-specific polycyclic aromatic hydrocarbons (PAHs), respec-
tively, PhIP and MeIQx for red or processed meat-induced heterocyclic amines, 
and malondialdehyde (MDA) for oxidative stress, with LC/MS/MS or HPLC/FLD in 
small volume urine (0.1-1 ml) among 54 Koreans (N=30 for men; age, 42.2 ± 8.4 
yrs). We also analyzed the quality of life (QOL) for the balance between exposure 
and detoxification using our developed algorithm with 46 questionnaires in eight 
domains including physiology, stress, sleeping, environmental exposure (housing, 
occupation, smoking, etc.), detoxification habits including diet or exercise, etc. 
As result, the exposure ranges were 0.02-20.47 ug/L (median 0.58 ug/L) for 
BPA, 0.40-143.20 ug/L (median 1.97 ug/L) for 2-NT, 0.05-1.63 ug/L (median 0.17 
ug/L) for 1-OHP, 0.01-24.42 ng/L (median 0.01 ng/L) for MeIQx, 1.11-72.72 ng/L 
(median 21.93 ng/L) for PhIP, and 0.34-5.50 uM (median 1.99 uM) for MDA. We 
found positive associations between urinary levels of 1-OHP and BPA (p<0.01), 
and between the levels of MeIQx and 2-NT (p=0.04). Considering their exposure 
sources, our results suggest that PAHs and BPA share the exposure routes. As 
2-NT reflects air-route-specific PAHs, MeIQx can be exposed by air, e.g., cooking oil 
fumes, in the subjects. In addition, the women subjects, who were mainly cooking 
at home, showed higher levels of MeIQx (p=0.02) than the men. For the QOL and 
exposure, we found a positive association between stress status and total exposure 
(p=0.04). In addition, urinary MDA levels were related to the stress levels (P=0.03) 
and the sum of exposure levels of the six toxicants (P<0.01). Moreover, we found 
negative associations between urinary levels of MDA and good-being score, i.e., the 
integrated QOL score among the above 8 domains (P=0.03). Taken together, we 
suggest that an integrated approach for exposure and detoxification is needed for 
precision prevention from environmental toxicants.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 271



 3803 A Framework for Optimizing Dermal Exposure Assessment 
Methods in Occupational Risk Assessment

C. Hamaji1, L. Gloekler2, H. Lynch3, and A. Maier4. 1Stantec ChemRisk, San Francisco, 
CA; 2Stantec ChemRisk, Aliso Viejo, CA; 3Stantec ChemRisk, Boston, MA; and 4Stantec 
ChemRisk, Cincinnati, OH.

Dermal occupational exposure to chemicals is a toxicologically relevant route of 
exposure that is often not well characterized in the workplace. Agencies such as the 
U.S. Environmental Protection Agency (EPA) have become increasingly concerned 
with potential health risks associated with dermal exposure, particularly in workers, 
including through the Toxic Substances and Control Act (TSCA) risk evaluation 
process. Other occupational health-centric organizations are also developing 
tools and guidance to better characterize dermal occupational exposures. Despite 
increased interest in dermal exposure potential, there are few occupational 
exposure limits (OELs) for direct skin or indirect surface contact, and validated 
methods and standardized frameworks for evaluating dermal exposure have not 
been harmonized. To fill this gap, an integrated approach which incorporates 
qualitative and quantitative exposure modeling tools and empirical data collec-
tion was developed to identify occupational scenarios with the highest exposure 
potential. A framework was developed following a critical analysis of existing 
dermal exposure assessment tools and methods. Specifically, we evaluated 
available dermal exposure modeling tools in terms of applicability to common 
occupational scenarios, required input parameters, ease of use, data underlying 
the models, and whether the model has been validated against empirical data. 
The framework also includes assessment of empirical dermal sampling methods 
and characteristics, such as applicable route of exposure such as direct, surface 
contact, or air to skin deposition, and chemical form or type, that impact applicabil-
ity to specific occupational scenarios. Implementation of a tiered exposure assess-
ment scheme is proposed, which includes a checklist of key considerations (e.g., 
establishing baseline values, collection procedure, analytical recovery, comparison 
to OEL or dermal benchmark) for when empirical dermal sampling is performed. 
Further, we also provide an evaluation of methods to calculate a dermal benchmark. 
The dose-response assessment component of the framework addresses variability 
and options in current methods for deriving toxicological benchmarks and OELs for 
the dermal route. The framework approach was used for an example occupational 
scenario to verify the workability of the process flows and tools.

 3804 Quantification of Phthalates in Baby Urine by Liquid 
Chromatography Tandem Mass Spectrometry

C. Liu1, J. Thistle1, J. E. Rager2, K. Lu1, and S. M. Engel1. 1Gillings School of Global 
Public Health University of North Carolina at Chapel Hill, Chapel Hill, NC; and 2Institute 
for Environmental Health Solutions University of North Carolina at Chapel Hill, Chapel 
Hill, NC.

Phthalates are ubiquitous chemicals used in manufacturing plastics and 
polymer-containing products including consumer and personal care products. 
The toxicity of phthalates and its widespread exposure has raised serious 
concerns about their effects on human health, such as neurodevelopment. To 
better understand phthalate exposure profiles in children, representing subpopu-
lations with increased susceptibility to exposure-induced neurotoxicity, improved 
chemistry-based assays are required. To address this gap, this study established 
a sensitive assay using liquid chromatography-selected reaction monitory tandem 
mass spectrometry (LC-SRM-MS/MS), to simultaneously quantify 17 phthalates in 
urine, with absolute quantification made possible through sample spikes with stable 
isotope labeled internal standards (ISD) in urine before sample preparation. Briefly, 
100 μL urine was incubated with β-glucuronidase in ammonium acetate buffer 
(pH 6.5) with the presence of 4-methylumbelliferyl glucuronide and ISD mixture 
for 2.5 hrs at 37℃. After incubation, the reaction was stopped by addition of 200 
μL 25% acetic acid and further desalted by ISOLUTE C18 solid phase extraction. 
The elution was vacuum dried and reconstituted in 40 μL 10% acetonitrile before 
LC-SRM-MS/MS analysis (10 μL injection volume). Targeted quantification analysis 
in a 15-minute run using solvent A (0.1% acetic acid in water) and solvent B (0.1% 
acetic acid in ACN) was performed on a Vanquish UHPLC coupled with TSQ Quantis 
triple quadrupole mass spectrometer (Q1/Q3 resolution 0.7 and CID gas 1.5 mTorr). 
The separation column was Acquity UPLC HSS T3 column (1.8 μm, 2.1 mm*100 
mm) held at 40℃. Electrospray was conducted in the negative ion mode using a 
H-ESI source with 2500 V, sheath gas 50, aux gas 10, sweep gas 1, ion transfer 
tube temperature 300℃, and vaporizer temperature 350℃. The data was analyzed 
by Xcalibur QuanBrowser, and calibration curves were calculated using the ratio 
of the peak area of the analyte to ISD with a 1/x weighted quadratic regression (r2 
> 0.995). The method LOD (limit of detection) for each analyte was 0.469 (MiBP), 
0.782 (MnBP), 0.093 (MBzP), 0.295 (MEHP), 0.092 (MEOHP), 0.063 (MEHHP), 
0.012 (MECPP), 0.033 (MCMHP), 4.107 (MEP), 0.024 (MCNP), 0.006 (MONP), 
0.022 (MCOP), 0.315 (MCPP), 0.190 (MHNCH), 0.025 (MCOCH), 0.091 (MECPTP), 
0.035 ng/mL (MEHHTP). In the present study, 17 phthalates targets were quantified 
in 438 individual and 53 pooled quality control urine samples collected from the 
babies (mean age 27 months with SD 19.7 months). The quantification ratio for 
each phthalate within 491 real samples was 99.4% (MiBP), 100% (MnBP), 100% 
(MBzP), 89.4% (MEHP), 99.8% (MEOHP), 99.2% (MEHHP), 100% (MECPP), 96.1% 
(MCMHP), 84.7% (MEP), 7.7% (MCNP), 1.4% (MONP), 5.1% (MCOP), 88.6% (MCPP), 

69.2% (MHNCH), 70.5% (MCOCH), 100% (MECPTP), and 98.4% (MEHHTP). This 
study surveyed phthalate exposure in children during windows of susceptibility for 
neurodevelopment and laid the foundation to further interrogate the relationship 
between phthalate exposure and neurodevelopment in human.

 3805 Use of Probabilistic Exposure Assessments in Cumulative and 
Aggregate Dietary Assessments

P. Price, E. Hartnett, and G. Paoli. Risk Sciences International, Ottawa, ON, Canada.

Probabilistic exposure assessments (PEAs) have been used to characterize 
dietary exposures for more than forty years. The use of PEAs has been driven by 
the need to characterize the interindividual variation in aggregate and cumulative 
exposures to chemicals in our diets and the uncertainty in these estimates. The 
design of PEAs and the input data they require are determined by the source of 
the substances being evaluated. The sources can be organized into five catego-
ries. The first category is substances found in plants and animals and includes 
contaminants in crops and livestock from anthropogenic activities (e.g., PCBs in 
fish or atmospherically deposited cadmium in vegetables) and naturally occurring 
substances (e.g., nutrients, biologically active chemicals, and metals from geologi-
cal sources). The second category is direct food additives which are either a single 
chemical or mixture of chemicals intentionally added to foods. Examples of direct 
food additives include coloring agents, flavors, fortifiers, processing agents, and 
preservatives. The third category is chemicals formed during storage, compound-
ing, or processing. Examples include toxins created by fungi (e.g., aflatoxins and 
deoxynivalenol) during storage and chemicals formed during cooking (e.g., furfural 
and acrylamide). The fourth category is residues of pesticides applied to crops or 
stored commodities. The fifth category is chemical migrants from food contact 
materials. These include plastic additives and NIAS (Not intentionally Added 
Substances). An example of how the inputs needed for different PEAs of different 
sources can be seen in models of exposure to pesticide residues versus migrants 
from food contact materials. Pesticide PEAs require data on crops used to make 
food items and pesticide residues in the crops. Food contact material PEAs require 
data on the chemical properties of the food (pH and lipophilicity), the size (volume 
to surface area) of food packaging, and presence of chemicals migrants in the 
packaging materials. This presentation reviews: 1) the use of PEAs to assess 
chemicals from the five source categories, 2) the risk management needs that have 
driven the use of PEAs, 3) modeling longitudinal (chronic) exposures using PEAs, 
and 4) how PEAs can be performed using tiered approaches. Finally, barriers for the 
use of PEAs are identified including the: difficulty in communicating probabilistic 
information to decision makers and the public, lack of education on the concepts 
of probabilistic information, need to align decision making approaches based 
on bright lines (threshold guidance values) with the outputs of PEAs (probability 
distributions), absence of longitudinal information on consumption patterns, and 
absence of toxicity models that can take advantage of information on temporal 
variation in dose provided by PEAs. Suggestions for research and model designs to 
address these barriers are presented.

 3806 Exploration of Environmental Injustice in Exposure to 
Environmental Toxins in US Water Systems Using the National 
Aquatics Resource Surveys

P. Hurbain, and D. Li. University of Nevada Reno, Reno, NV.

Environmental justice (EJ) is the fair treatment of all people regardless of race, 
income, and religion with regards to their health and the environment. Negative 
environmentally linked health outcomes have been associated with socio-demo-
graphic status (SDS) factors in different regions of the United States. In this study, 
US Census Bureau (USCB) SDS factors including race, income, education status, 
and rural-urban status were matched to US EPA National Aquatic Resource Source 
(NARS) National Lakes Assessment (NLA) measurements for 2017. Pearson 
correlations showed minimal associations among measured NLA sites and 
matched USCB data except for income which was weakly correlated with organics 
and metals (r range -0.13 - 0.13, p-value > 0.05). Generalized multivariate linear 
regression models were performed to relate measured environmental pollutions in 
lake sediment across SDS factors. Analyses showed no relationship with measured 
environmental pollution and SDS factors. No evidence was found revealing the 
existence of any EJ issues; however several measured pollutants exceed parts per 
million values and the distribution of organics and metals is much higher in the 
Midwestern US, Southern US, and Eastern US states compared to the Western US. 
Future works should include analysis of multiple years of data as well as incorpora-
tion of additional available surveys including marine life health data alongside rivers 
and streams data to test the distribution of existing pollution and further explore 
potential EJ issues.
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 3807 Explore the Dosimetric Relationship between Intake of Chemical 
Contaminants and Their Occurrence in Blood and Urine

A. Olsen, D. Li, and L. Li. University of Nevada Reno, Reno, NV.

The dosimetric relationship between the human intake of a chemical contaminant 
(an “external dose”) and its concentrations in bodily fluids such as blood and urine 
(indicative of an “internal dose”), often characterized by a dose-to-concentration 
ratio, has critical applications in exposure science, toxicology, and risk assess-
ment, especially in the “new approach methods” era. However, there is a lack of 
a mechanistic, systematic understanding of how such a dosimetric relationship 
depends on fundamental chemical properties, such as partitioning and biotransfor-
mation. Here, we investigate this issue with a well-evaluated toxicokinetic model, 
which links external and internal doses through quantifying absorption and elimina-
tion of chemicals. These investigations are visualized in a series of chemical 
partitioning space plots, whereby a chemical’s dose-to-concentration ratio can be 
approximately predicted based on the coordinates representing its partitioning 
between air, water, and octanol phases. Our results indicate that with the intake 
dose being equal, chemicals with low volatility and moderate to high hydrophilicity 
are most abundant in blood, and bio-transformable chemicals are less abundant 
compared to their persistent counterparts with the same partitioning properties. 
Chemicals with high hydrophilicity are most abundant in urine. Such revealed 
property dependence is similar for both adults and children, and for individuals 
with normal body weights and with obesity. Overall, insights gained from this study 
are important in helping to predict blood and urinary concentrations with available 
information on exposure or toxicological benchmark doses, and to back-calculate 
the rate of exposure that sustains the blood or urinary concentrations observed in 
biomonitoring campaigns.

 3808 Environmental Chamber Studies of Eye and Respiratory 
Irritation from Use of a Peracetic Acid–Based Hospital 
Surface Disinfectant

B. Kerger1, P. Dalton2, C. Maute2, J. Hicks3, and A. Loccisano4. 1Exponent, Irvine, 
CA; 2Monell Chemical Senses Center, Philadelphia, PA; 3Exponent, Oakland, CA; and 
4Exponent, Alexandria, VA.

Peracetic acid (PAA)-based surface disinfectant was recently shown to reduce 
hospital-acquired Clostridioides difficile infections by 50% in a study across 8 
hospitals implementing a rigorous hospital-wide surface hygiene program (Carling 
et al., 2022). Personal exposures and measures of objective and subjective eye and 
respiratory tract irritation were assessed in a controlled environmental chamber 
study of 44 volunteers simulating hospital surface disinfectant use. Component 
effects were assessed in parallel trials of acetic acid (AA), hydrogen peroxide (HP) 
or deionized water. The double-blind, counter-balanced study design assessed 
breathing zone PAA, AA, and HP for 8 female multi-day volunteers (5 consecutive 
days) and 36 single-day volunteers (32 females, 4 males) as approved by Advarra 
institutional review board. Each day included 3 trials each of disinfectant mixture 
and AA only, and 1 trial each of HP only and water control. Four wetted microfiber 
cloths were used for consecutive cleaning in each trial where volunteers inside the 
chamber continuously wiped high touch surfaces found in hospital patient rooms 
for 20 min. Objective irritation measures included 2 endpoints for eye, 8 for nasal, 
and 4 for lungs in all volunteers; multi-day volunteers were also assessed for allergic 
sensitization (increased immunoglobulin E (IgE)) after exposure day 5. Mean + SD 
personal exposures for the disinfectant trials were 66 + 23 ppb PAA, 287 + 121 ppb 
HP, and 387 + 148 ppb AA. None of the volunteers exhibited sneezing, coughing, 
nasal congestion, runny nose, or significant increases in objective measures of 
eye and respiratory tract inflammation. None of the 8 multi-day volunteers had 
increased IgE. Subjective irritation scores were significantly greater for the disinfec-
tant mixture with PAA relative to the component trials (AA, HP, or water), and were 
significantly greater for AA only compared to HP only or water trials. Subjective 
irritation scores were similarly elevated for odor and nose, with lower scores for 
eye and throat. Females were 2.5-fold more likely than males to rate subjective 
odor intensity and nasal irritation at moderate or higher levels for the disinfec-
tant cleaning trials. Four clusters were identified based on odor and nose scores: 
Group 1 (average score 3.3, weak sensation, n = 16), Group 2 (average score 10.8, 
moderate sensation, n = 18), Group 3 (average score 22.0, strong sensation, n = 6), 
and Group 4 (average score 30.4, strong sensation, n = 4). The four male volunteers 
were clustered in Group 1. Personal exposures to PAA, HP, AA, PAA + AA, or PAA 
+ HP + AA were similar across Groups 1, 2, and 3 for each trial type, indicating that 
similar exposures can generate disparate subjective irritation ratings. Interestingly, 
Group 4 had significantly lower personal exposures in all trial types which may be 
explained by avoidance behaviors that reduced cleaning activities among individu-
als assigning the highest subjective irritation scores. We conclude that in this study 
of upper bound personal exposures during simulated hospital use of PAA-based 
disinfectant 23% of volunteers considered their personal exposures to be strongly 
irritating but these subjective irritation ratings did not correspond to higher actual 
personal exposures, increases in objective markers of inflammation or allergic 
sensitization, or occurrence of frank signs of eye or respiratory tract irritation.

 3809 Analysis of Urinary Arsenic Concentrations and Associations 
with Children’s Height and Weight in the US Population

A. LeBeau, N. Sunil Lilaramani, M. Bourgeois, and R. Harbison. University of South 
Florida College of Public Health, Tampa, FL.

Low levels of environmental arsenic exposure as it relates to potential human 
health impacts has received renewed focus in recent years. Specifically, there is a 
growing body of information that suggests early childhood exposure to arsenic can 
lead to delayed development early in life. Food and water ingestion is suggested to 
be the main pathway for young children’s purported arsenic exposure and arsenic 
in baby formula and rice-based products has been a major focus of recent scrutiny. 
The objective of this study is to assess the relationship between the detection of 
urinary arsenic biomarkers and anthropometric measurements in children. Data 
was obtained from the 2017-2018 National Health and Nutrition Examination Survey 
(NHANES) dataset (n=9,254). A data subset containing organic and inorganic 
urinary arsenic concentrations in micrograms per liter (n=1,017) was assessed and 
screened to identify biomarker data in children under 18 years of age. The speciated 
arsenic data subset was matched with the body measurement dataset to compile 
data for children aged 3 (n=116), 4 (n=147), and 5 (n=153) suitable for analysis. Both 
inorganic and organic speciated urinary arsenic concentrations were assessed to 
determine the frequency of detection for the selected age ranges. Of the arsenic 
metabolites screened in this study, only the organic metabolite dimethylarsinic acid 
was detected in more than 50% of the included children’s urine samples. Geometric 
means and standard deviations were determined for detectable dimethylarsinic 
acid concentrations for 3-year-old (GMdetect = 4.6 µg/L ± 1.8), 4-year-old (GMdetect = 
5.0 µg/L ± 1.8), and 5-year-old (GMdetect = 4.3 µg/L ± 1.8) participants with included 
arsenic biomarker data. Height (centimeters) and weight (kilograms) data included 
in the NHANES dataset were statistically evaluated (t-test) to determine if there 
were statistical differences between those children aged 3, 4 and 5 with detect-
able levels of dimethylarsinic acid compared with those children without urinary 
dimethylarsinic acid biomarker detected. Analysis revealed that there was a statis-
tically significant height difference between 4-year-old participants with dimethy-
larsinic acid biomarker detections versus the height of 4-year-old participants with 
no detectable urinary dimethylarsinic acid (GMdetect = 106 cm, GMnondetect = 104 cm, 
p = 0.043). No other significant differences were observed for height or weights 
of children evaluated for dimethylarsinic acid. This study suggests that arsenic 
exposure evaluated by the urinary detection of dimethylarsinic acid in children aged 
3, 4, and 5 did not negatively impact child height and weight.

 3811 The Influences of Household Behavior, Environmental, and 
Demographic Factors on Indoor and Outdoor Air Quality

L. Bramer1, B. N. Rivera2, C. C. Ghetu2, D. Rohlman2, K. Adams2, and K. A. Anderson2. 
1Pacific Northwest National Laboratory, Richland, WA; and 2Oregon State University, 
Corvallis, OR.

Americans spend approximately 90% of their time indoors, with more than 66% 
of that time spent in residential buildings. On average indoor air pollutants can be 
anywhere from two to five times higher than outdoors. Shifts in building construc-
tion, composition of building materials, and increases in use of consumer products 
indoors has resulted in increased exposure to semi-volatile organic compounds 
(SVOCs). There are a number of factors pertaining to household behavior and 
environmental and demographic factors that may influence concentrations or 
types of SVOCs found indoors. In this study, paired indoor and outdoor sampling 
for twenty-four locations across the United States took place using a community 
engaged approach. Samples were analyzed for over 1500 SVOCs to identify 
common patterns in exposure profiles representative of indoor and outdoor air 
quality. Of the 1500 SVOCs analyzed a total of 81 were detected in at least one 
sample (indoor or outdoor). This list was filtered to conduct paired comparisons 
between number of detects resulting in a total of 51 chemicals. Further filtering for 
paired comparisons of concentration of chemicals resulted in a total of 22 SVOCs. 
Unique differences between indoor and outdoor profiles were identified, with indoor 
having 28 compounds with significantly higher detections and 10 with significantly 
higher concentrations than outdoor (p < 0.05). Influences of household behavior 
and environmental and demographic factors on these compounds were then 
investigated. A significant relationship between household use of air fresheners or 
candles/incense and specific fragrance chemicals (amyl cinnamal, eugenol, benzyl 
benzoate, galaxolide, lilal, and b-citronellol) was discovered. Additionally, associa-
tions between carpet use and detection frequency or concentrations of fragrance 
chemicals, flame retardants, or building material-related chemicals was also found. 
These associations were chemical dependent with some showing a positive associ-
ation and others having a negative association with carpet use. Environmental and 
demographic factors also had an influence on indoor and outdoor profiles with 
the majority of chemicals identified being associated with emission from combus-
tion sources (i.e., polycyclic aromatic hydrocarbons). Results from this study 
provide valuable information regarding indoor and outdoor chemical profiles and 
factors that impact the composition and concentrations of these chemicals. These 
findings may also help inform ways to reduce chemical exposure, by identifying 
certain consumer behaviors that may affect exposure profiles.
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 3812 Amine Catalysts in Spray Polyurethane Foams: Identification, 
Characterization, Exposures, and Implications for Toxicology 
and Occupational Medicine Research

K. Biswas, A. Bello, P. Patel, and D. Bello. University of Massachusetts Lowell, Lowell, 
MA. Sponsor: J. Cohen.

Spray polyurethane foam (SPF) is a highly efficient building insulation material. 
Amine catalysts in SPF accelerate the polymerization reaction between the 
polymeric methylene diphenyl diisocyanate and polyols. Historically, the main 
concern has been the isocyanate, due to its high respiratory and skin-sensitizing 
potential. However, respiratory disease and non-specific complaints by workers 
and residents’ post-SPF application continue despite measurements confirming 
the lack of isocyanates in the air. Amine catalysts in SPF have, in such circum-
stances, been considered as potential suspects. Due to the proprietary nature of 
SPF formulations, little is known about the exact amine catalyst/s in use, their 
concentrations, variability in formulation across multiple products, workplace 
exposures and associated health risks. The main objective of this work was to 
systematically document amine catalysts used in SPF applications; to develop 
the necessary analytical methods for their quantitation in raw materials and 
SPF; and to quantify inhalation and dermal exposures among SPF applicators at 
various worksites. Following quantitation results, a detailed literature review of 
the toxicological profiles of identified amine catalysts in SPF was conducted to 
inform unmet research needs for biomonitoring, health effects and disease 
prevention. We pursued 10 amine catalysts. Personal breathing zone (n=32) and 
glove samples (n=34) were collected among 35 sprayers and helpers at 13 SPF 
insulation sites. Field samples and raw materials were analyzed in our laboratory 
using LC-MS/MS developed for this purpose. The ten amine catalysts investigated 
were: diazabicylooctane (DABCO: CAS# 280-57-9), triethylenetetramine (TETA, 
CAS# 112-24-3), triethanolamine (TEA# 102-71-6), bis-dimethyl aminoethyl ether 
(BDAE, CAS# 3033-62-3), N-[2-(dimethylamino)ethyl]-methylamino-ethanol (DMAE, 
CAS# 2212-32-0), pentamethyldiethylenetriamine (PMDT, CAS# 3030-47-5), 
3-dimethylamino-1-amino propane (DTAP, CAS# 109-55-7), quinuclidine (QD, CAS# 
100-76-5), 2,6,10-Trimethyl-2,6,10-triazaundecane (TMTU, CAS# 3855-32-1) and 
3,3′-Iminobis(N,N-dimethylpropylamine) (IBDP, CAS# 6711-48-4). In air samples, 
the most frequently found amines were DABCO (100% of samples); TETA (94%); 
TEA (85%) and DBAE (85%). The remaining 6 amines were detected in 20-60% of 
air samples. The highest air concentrations correspond to DABCO (GM 278.2; GSD 
9.4; Max 26,200 ng/m3) followed by TETA (259.2, 6.9, 494 ng/m3), DBEA (150.4, 
31.9, 167 ×103 ng/m3) and TEA (17.8, 7.0, 278 ng/m3). In glove samples, most 
amines were detected in < 40% of samples, except for TEA (94% detects, median 
0.16 μg/sample). The highest amounts on gloves were measured for BDAE (23.3 
mg) and TMTU (28.7 mg). Toxicological profiles for most SPF amine catalysts are 
only partially documented. Irritation of the eyes, skin and respiratory tract, and skin 
burns are a common feature. Serious eye damage can result from DABCO, TETA, 
BDAE, DMAE and possibly others. TEA may cause kidney and liver damage, as well 
as dermatitis. TETA is a skin sensitizer. Airborne exposures to these catalysts were 
low. For TEA and BDAE, airborne concentrations were 104× lower than their respec-
tive TLVs. Skin exposures can be important in this cohort for contact dermatitis and 
internal uptake. For the majority of these amines, there are no established exposure 
biomarkers and no biomonitoring data for exposures and health effects. We further 
outline specific priority areas for future research to fill in relevant data gaps.

 3813 Development of a Field Analysis Method for Metallic Aerosols in 
Welding Fumes

J. R. Klicker-Wiechmann, C. G. Lee, J. H. Lee, U. Dydak, S. Liu, and J. H. Park. Purdue 
University, West Lafayette, IN.

Workers are exposed to metallic aerosols produced during manufacturing 
processes such as welding. Welding fumes inhaled by welders generally contain 
large amounts of metals like iron (Fe) and manganese (Mn) which can negatively 
impact worker health. Identifying the size, composition, and quantity of metallic 
aerosols in welding fumes is essential for assessing the risks of workplace 
exposures. The industry gold standard for characterizing metallic aerosols involves 
collecting samples using a respirable sampler and sending them to third-party labs 
for metal analysis using inductively coupled plasma (ICP) techniques. However, 
conventional respirable sampling cannot provide detailed size information and the 
ICP techniques are expensive and time-consuming. To overcome these limitations, 
a cascade impactor and X-ray fluorescence (FP-XRF) were combined. Specifically, 
the cascade impactor was used to collect aerosols by size and then metal contents 
in the collected aerosols were analyzed using the FP-XRF. To test this method, area 
sampling was conducted near welding stations in a local truck-trailer manufactur-
ing facility. The metal contents in the collected aerosols were analyzed using both 
FP-XRF and ICP-optical emission spectroscopy (OES) and the correction factors 
were calculated. After applying the correction factors to the results from FP-XRF, 
the concentrations of metals were calculated by dividing the mass collected by the 
sampling volume. On average, the combined mass concentration of iron across 
each stage from the six sampling locations totaled 268 µg/m3 which was 7.2 times 
higher than the manganese concentration of 38 µg/m3. Two modes were found in 
the size distribution for Fe. One was located at a particle size smaller than 0.25 µm 
(235 µg/m3) and the other was located at a particle size larger than 2.5 µm

(11 µg/m3). The singular mode of Mn size distribution was observed at a particle 
size smaller than 0.25 µm (34 µg/m3). The results show the feasibility to overcome 
the limitation of the conventional methods. This alternative method can allow 
industrial hygienists to provide a more detailed understanding of metallic aerosol 
exposure characteristics and be also applied to further research on exposures 
to metallic aerosols in various occupational settings. This work is supported by 
the Centers for Disease Control and Prevention/National Institute for Occupational 
Safety and Health (CDC/NIOSH T42 OH008455), National Institutes of Health 
(NIH R01 ES032478), NIOSH training grant (CDC/NIOSH T03OH008615), and the 
International Manganese Institute research grant.

 3814 Biomonitoring of Exposure to Metals in Apprentice Welders 
after Shielded Metal Arc Welding (SMAW)

J. Buitrago Cortes, D. Dieme, J. Côté, N. El Majidi, P. Sarazin, and M. Bouchard. 
Université de Montréal, Montréal, QC, Canada.

Welding fumes have been associated with multiple lung and neurological diseases 
and are classified as human carcinogens by the International Agency for Research 
on Cancer. Most welding fume exposure studies do not consider the actual doses of 
metals and metalloids absorbed after inhalation and only measure a few chemical 
elements. The objective of this research was to establish the nature and level of 
exposure to welding fumes and their metallic components in apprentice welders, 
by performing concomitant measurements in different biological matrices. A total 
of 86 apprentice welders enrolled in welding training programs were recruited in 
three different schools in the Montreal area, Canada. Urine, hair, fingernail and 
toenail samples were collected at the beginning of the welding program (controls) 
and at the end of the 135-hour practical training in shielded metal arc welding 
(SMAW). Twenty-one elements, including aluminum (Al), cadmium (Cd), chromium 
(Cr), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn), 
were measured in these matrices by ICP-MS. Metal concentrations in control urine 
samples (beginning of training) were comparable to the general population values 
reported in the Canadian Health Measures Survey. Results showed that concen-
trations of Mn in urine and hair were higher in samples taken at the end of the 
SMAW module compared to the beginning of training, while there was no significant 
difference for the other elements. Significant correlations (p<0.01) were observed 
for most of the elements analyzed, especially between Fe and Mn in toenails, 
fingernails, and hair, whereas urine exhibited weak correlations between elements. 
Significant correlations (p<0.01) were found between fingernail and toenail levels 
particularly for Zn (rP =0.86), Cu (rP =0.78), Mn (rP =0.52), Fe (rP = 0.5), Ni (rP =0.45), 
Pb (rs =0.48), Cd (rs =0.47), Al (rP =0,45), and Cr (rP = 0.35). The study showed the 
interest of hair, fingernail and toenail measurements to assess exposure to metals 
and metalloids. The results also point to higher Mn exposure in apprentice welders 
related to the SMAW process.

 3815 The Plot Thickens: Determination of Heavy Metal Exposure in 
North Brooklyn Parks

A. F. Saporito, T. Huynh, C. Awada, A. Raja, L. Goodman, L. Bloodgood, 
L. Freire Rodriguez, and J. Zelikoff. NYU Grossman School of Medicine, New York, NY.

The history of Brooklyn has long been synonymous with industry, manufacturing, 
and shipping; practices known to release heavy metals and other toxicological 
agents into the surrounding environment. In recent decades Northern Brooklyn 
- particularly Williamsburg and Greenpoint - has transformed into predominantly 
residential areas. Due to Brooklyn’s inherent lack of green space, what few open 
space areas remain are heavily traversed, necessitating environmental studies 
to identify contaminated exposure pathways and human health. To explore 
this question, the environmental health and community advocacy group, North 
Brooklyn Neighbors (NBN) partnered with the NYU Division of Environmental 
Medicine to examine metal contamination in public open spaces - including parks 
and playgrounds. The community-based science initiative collected soil from 
community open spaces, analyzing 27 heavy metals. Elemental analysis using 
ICP-MS revealed concentrations of lead (Pb) and arsenic (As) as high as 563.3 
μg/g and 138.2 μg/g, respectively, greatly exceeding USEPA soil screening limits 
of 400 μg/g (Pb) and 0.7 μg/g (As); copper and zinc were frequently measured at 
concentrations >1000 μg/g. Potential human exposure risk in five age categories 
was assessed for each element based on receptor parameters, including ingestion 
and inhalation, adopted from the USEPA. Hazard indexes (HI) were within the 
acceptable limits of 1.00 for all sampled elements; however, the HI of As (0.16) 
and Lanthanum (La) (0.32) are notable as they may pose long term health risks. 
The carcinogenic and/or toxicologic consequences of such heavy metals in wildlife 
and humans are well documented. Adhering to pollutant guidelines/standards are 
critical for reducing adverse health effects and potential acute exposures. Despite 
Williamsburg and Greenpoint’s gentrification, the high concentrations of heavy 
metal legacies in this study, familiar in other urban environments, require further 
investigation and potential remediation to protect public health and particularly, 
high-risk populations.
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 3816 Characterizing Pathways of Exposure for Risk-Based 
Chemical Prioritization

C. L. Ring1, P. M. Kruse2,1, J. F. Wambaugh1, and K. K. Isaacs1. 1US EPA, Research 
Triangle Park, NC; and 2Oak Ridge Institute for Science and Technology, Oak Ridge, TN.

We categorized 64,413 chemical substances by broad pathways of exposure: 
consumer, industrial, pesticide, food, pharmaceuticals, and other pathways. These 
pathway categorizations can be used as a training set for automated read-across 
of chemical exposure pathways to better inform rapid exposure modeling as part 
of risk-based chemical prioritization. Pathway categorizations integrated multiple 
heterogeneous data streams that reported chemical use and/or occurrence. 
Data streams included large public inventories of chemicals—for example, lists 
of consumer product ingredients; lists of substances added to food; and lists of 
pharmaceutical active ingredients as well as government inventories of chemicals 
with reported use in industrial and consumer sectors. Chemical use and occurrence 
information from each data stream was organized into 19 harmonized, hierar-
chical categories for pathways of exposure and 3 aggregated pathways. Each 
chemical was categorized for each pathway as positive, negative, or unknown (no 
data), depending on the use/occurrence data available. We explored patterns in 
pathway categories and in the data streams underpinning the pathway categories. 
These analyses revealed common signatures or “fingerprints” for chemicals along 
exposure pathway categories and data streams. In addition, we explored correla-
tions between pathway categories and chemical class, using the ClassyFire tool for 
structure-based chemical classification according to the ChemOnt ontology, and a 
newly-developed software package to visualize the ChemOnt ontology as a “tree 
of life”. These results can be used to characterize evidence availability by pathway 
and by chemical class. One case study to be presented concerns more than 25,000 
chemicals categorized with respect to the food pathway. These chemicals were 
both positive and known negative examples of the food use pathway. The majority 
of these chemicals also had data informing other pathway classifications (primarily 
consumer, industrial, and pesticide). However, more than six thousand chemicals 
had data only for the food pathway, with no data available for other pathways. 
These “food data only” chemicals were identified primarily from two data sources: 
the VCF (Volatile Compounds in Food) database and a Food Packaging Forum 
Foundation database of intentionally-used food-contact chemicals. Chemical 
classes for these chemicals were primarily mixture/UVCB (unknown or variable 
composition, complex reaction product, or biological materials), fatty acyls, organo-
oxygen compounds, and prenol lipids. The views expressed in this presentation 
are those of the authors and do not necessarily reflect the views or policies of the 
US EPA.

 3817 Human Exposure Prioritization Using High-Throughput 
Toxicokinetics and Inferences for Volatile, Semi-volatile, and 
Non-volatile Environmental Chemicals

M. Breen1, Z. Stanfield1, K. Isaacs1, V. Hull1, J. Arnot2, A. Sangion3, M. Linakis4, 
S. Davidson-Fritz5, C. Ring1, M. Sfeir6, and J. Wambaugh1. 1US EPA, Research Triangle 
Park, NC; 2ARC Arnot Research and Consulting, Toronto, ON, Canada; 3University of 
Toronto, Toronto, ON, Canada; 4Ramboll US Corp, Raleigh, NC; 5US EPA, Cincinnati, OH; 
and 6Oak Ridge Institute for Science and Education, Research Triangle Park, NC.

There is a need to rapidly assess the potential risk of chemicals in our environ-
ment. Necessary toxicokinetics (TK) data, however, are most often unavailable for 
non-pharmaceutical environmentally relevant chemicals due to the lack of clinical 
trials. High Throughput TK (HTTK) methods provide the ability to characterize large 
numbers of chemicals by combining generic TK models with in vitro measurements 
and in silico predictions of chemical-specific TK properties. To support a greater 
number of chemicals, the U.S. Environmental Protection Agency (EPA) provides 
HTTK methods through an open-source R package “httk” with data and models. 
The CDC’s National Health and Nutrition Examination Survey (NHANES) provides 
biometric and chemical exposure biomonitoring data that are statistically represen-
tative of the U.S. population. Previously, reverse dosimetry was used to infer the 
steady-state (SS) human exposure rates for the U.S. population with urine biomon-
itoring data from the 2009-10 NHANES cohort for 106 environmental chemicals. 
Inference from urine was drawn using a SS assumption and a parent-metabolite 
stoichiometric mapping. In vitro-in vivo extrapolation (IVIVE) was performed using 
the HTTK physiologically-based TK (PBTK) models for those chemicals in the “httk” 
package with both ToxCast AC50 values and TK data. As a surrogate for risk, we 
used HTTK to convert ToxCast bioactivities into equivalent dose rates (mg/kg/day) 
and compared those doses to the exposures (mg/kg/day) inferred from NHANES. 
In this project, we expanded our analysis using two different approaches: 1) for 
semi- and non-volatile chemicals in urine, and 2) for volatile chemicals in blood/
plasma. The median SS human exposure daily intake rate estimates (mg/kg/day) 
were updated with urine biomonitoring data from the 2015-16 cohort, expanding 
the inference to 179 parent chemicals associated with 118 biomarkers. Among the 
179 chemicals investigated, we observed an overlap indicative of a high potential 
risk for 5 chemicals. Inference from blood for 18 volatile chemicals was made with 
a generic gas HTTK model, which includes gas inhalation/exhalation component 
with inhalation and oral routes of exposure. The inferences were compared to the 
results from a generic oral ingestion HTTK model to demonstrate the importance 
of the gas HTTK model. These enhancements to “httk” produced refined estimates 

of exposure, a faster workflow for integrating newly published NHANES data, and a 
template for analysis of other similar datasets. Inclusion of volatile chemicals for 
high-throughput chemical risk prioritization addresses a key limitation of previous 
efforts. These nationally representative exposure inferences provide critical 
chemical risk information and benchmarks for exposure models. By placing volatile 
chemical risk into the context with semi- and non-volatile chemicals, priorities can 
be better identified. This abstract does not necessarily reflect US EPA policy.

 3818 Developing a Predictive Model for Chemical Excretion in Urine

Z. Stanfield, R. W. Setzer, J. R. Sobus, and J. F. Wambaugh. US EPA, Research Triangle 
Park, NC.

Pharmacokinetic (PK) models encode physical, chemical, and biological processes 
that govern chemical adsorption, distribution, metabolism, and elimination. Many 
man-made chemical substances are eliminated in urine following phase I and II 
metabolic processes. Urinary biomarker measurements are therefore often used 
to evaluate PK model predictions and refine model parameters. Most PK models 
assume that urinary elimination occurs via glomerular filtration. Concentrations 
of chemicals excreted via glomerular filtration are directly affected by changing 
urine output (ml/min). As such, models must directly account for changing flow 
rates (using a defined model variable) or adjust urinary biomarker concentrations 
to negate the effects of changing urine flow. Urinary creatinine concentration is 
commonly used for this adjustment, as it is assumed inversely proportional 
to urine output. Recent work has highlighted two potential limitations of using 
creatinine correction as a default correction approach. First, creatinine excretion 
is not perfectly constant for any given person, making creatinine concentration 
not exactly (inversely) proportional to urine output. Second, some chemicals are 
excreted (at least in part) by passive diffusion rather than glomerular filtration; 
urinary concentrations of these chemicals are independent of changing urine 
output and therefore should not be corrected using creatinine concentrations. 
Here, we examined the correlation of creatinine concentration and urine output. We 
used metabolite concentrations from all individuals across 9 cohorts of the CDC’s 
National Health and Nutrition Examination Survey (NHANES). Based on these 
correlations, chemicals were clustered into 3 urine elimination groups (glomer-
ular filtration, passive diffusion, and an intermediate class). This cluster labeling 
was used to build a training set for a random forest model that was constructed 
using molecular descriptors (Mordred) for 145 of the NHANES metabolites. The 
preliminary model achieved an out-of-bag (OOB) error of 34.48% with clear distinc-
tion between the two primary elimination routes, glomerular filtration and passive 
diffusion, and strongly outperformed a y-randomized (null) model (OOB error of 
around 75%). The model was then used to classify the expected primary route of 
elimination for multiple chemical lists of interest, including chemicals occurring 
in consumer products and chemicals in the Toxic Substances Control Act (TSCA) 
active list. Additionally, the majority of the chemicals in these lists (about 80% 
on average) were shown to fall within the domain of applicability of the model. 
Predictions for a subset of chemicals were also validated through literature sources 
and metabolism databases. This model can serve as a high-throughput, first-pass 
method to determine how to handle urine concentrations of various chemicals in 
pharmacokinetic modeling, which may improve our ability to estimate chemical 
risk. As there is currently no broadly accepted guidance on how to treat urine data, 
this model may also serve as a first step toward establishing such guidance. This 
abstract does not reflect US EPA policy.

 3819 Encoding Exposure Pathways as Hierarchical Binary Descriptors 
for Chemical Source Identification in Non-targeted Analysis

K. Isaacs, J. Sobus, C. Ring, J. Wambaugh, and K. Phillips. US EPA, Research Triangle 
Park, NC.

New non-targeted analysis (NTA) technologies and supporting data analysis 
platforms have proven increasingly effective at identifying emerging contami-
nants in environmental and biological samples. Once contaminants are identified, 
effective mitigation strategies rely on the ability to trace the point(s) of origin, 
or “exposure sources”, for those contaminants. To date, no methods have been 
developed that would allow the rapid characterization of exposure sources for 
chemicals identified in NTA studies. Given this need, a fingerprinting approach 
was developed that encodes available exposure pathway information from existing 
U.S. Environmental Protection Agency (EPA) Office of Research and Development 
databases as hierarchical binary descriptor sets. These descriptors can be queried 
for enrichment using lists of chemicals identified in NTA studies to provide 
evidence of exposure sources. In total, 475 descriptors were developed based on 
existing chemical use and environmental monitoring information. These descrip-
tors represented occurrence of chemicals in broad commercial use sectors (e.g., 
consumer use), industrial categories (e.g., specific utilities or manufacturing types), 
consumer product categories (e.g., personal care), chemical functional use catego-
ries (e.g., solvent), and environmental media. Fingerprints, representing aggrega-
tions of binary descriptors, could be generated for over 26,000 chemical structures 
in EPA’s Distributed Structure-Searchable Toxicity (DSSTox) Database. As a 
proof-of-concept for linking chemicals to exposure sources, an enrichment analysis 
was applied to chemicals tentatively identified in pooled blood samples from 
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women (the selected chemicals of interest were those not also found in pooled 
samples from men). A Fisher’s Exact test was used to identify 44 descriptors that 
were enriched for chemicals in the women’s blood. These descriptors spanned 
a variety of consumer product and chemical function categories. An undirected 
chemical co-occurrence network analysis helped identify related patterns in 
chemical use across the enriched descriptors. Specifically, a co-occurrence thresh-
old of more than four chemicals helped elucidate patterns of chemical use as a 
fragrance, deodorizer, or solvent in cosmetics (e.g., lip color, lip balm, eyeliner), 
hair care products (e.g., shampoo and styling products), and laundry products. 
Given these early findings, fingerprinting and network analysis approaches show 
strong potential to rapidly inform exposure sources for chemicals identified in NTA 
studies. Complementary approaches that define directed relationships among 
exposure pathway components, or define a priori related descriptor sets, are also 
being investigated. Understanding the origin of exposure sources for chemicals 
sharing common mechanisms of toxicity will potentially inform mitigation priorities 
and risk management strategies.

 3820 PFAS Exposure Assessment Results and Findings

K. Scruton, G. Brad, R. Rogers, P. Kowalski, P. Ana, J. William, T. Kent, E. Cohen Hubal, 
and M. Jeffrey. CDC/ATSDR, Atlanta, GA.

The Agency for Toxic Substances and Disease Registry (ATSDR) conducted eight 
exposure assessments (EAs) in communities near military installations that have 
documented exposures to PFAS in drinking water. In all cases, exposure to PFAS 
in drinking water was mitigated prior to initiation of the biomonitoring efforts. 
These EAs built upon two pilot investigations conducted by state health depart-
ments, resulting in a total of ten EAs located in nine states. The objective of the 
EAs was to determine the distribution of PFAS serum concentrations in communi-
ties with recent or past exposure to PFAS in drinking water. A random sampling 
approach was conducted in communities where the size of the population made it 
appropriate for random selection of participants, to allow the results of the EAs to 
be generalizable to the community. PFAS were measured in urine samples from a 
subset of participants and in indoor dust and tap water from a subset of participat-
ing households at all eight EA sites and one of the pilot sites. The following PFAS 
were present in serum above the national average (2017-2018 National Health 
and Nutrition Examination Survey), after adjusting for the age of participants in 
each community: PFHxS (10 communities), PFOS (8 communities), and PFOA (7 
communities). Relationships between historical concentrations of PFAS in drinking 
water at the sites and serum PFAS concentrations were evaluated based on age, 
sex, residency duration, historical drinking water PFAS levels, and use of filtra-
tion. Overall, higher PFAS serum levels were found in participants that were older, 
male, had lived in the community for a longer period of time, and had higher PFAS 
levels in their water source prior to mitigation. Lower PFAS levels were associated 
with participants who used filtration devices or reported not drinking tap water. 
Following completion of the EAs, ATSDR teamed with the Environmental Protection 
Agency (EPA) to complete sampling and analysis of PFAS and PFAS precur-
sors in non-drinking water media at two of the EA sites: Westfield, MA and New 
Castle, DE. The goals of this exposure investigation were to sample environmental 
media located both inside and outside the home to evaluate: 1) the presence or 
absence of PFAS in each medium; 2) if present, the detectable levels of PFAS in 
each medium; and 3) whether PFAS detected in the medium may be associated 
with the existing body burden levels of PFAS measured during the EA. Samples in 
indoor media (filtered and bulk dust, surface wipes, air) and outdoor media (air, soil) 
were collected along with samples of locally-grown produce. Silicone wristbands 
were also worn by participants to evaluate exposure of an individual to PFAS both 
inside and outside the home. The results are being analyzed by ATSDR and EPA 
and will be provided in an EI report when complete. The results of the EAs in the 
ten communities indicated that elevated serum PFAS levels are associated with 
PFAS-contaminated drinking water. This presentation will include associations for 
the combined data set and differences observed among the sites. The follow-up 
environmental sampling at two of the sites will provide additional information 
on how both drinking water and non-drinking water sources of PFAS exposure 
may impact exposure, as measured in the serum. The findings and conclusions 
in this presentation have not been formally disseminated by the Agency for Toxic 
Substances and Disease Registry or the Environmental Protection Agency and should 
not be construed to represent any agency determination or policy.

 3821 Biomonitoring of Heat-Induced Food Contaminants: Biomarker-
Based Approach to Dietary Exposure Assessment of Furan

C. Kalisch1, M. Krieger1, M. Reiter1, L. Wüst1, B. Sänger1, R. Dekant1, D. W. Lachenmeier2, 
O. Scherf-Clavel1, and A. Mally1. 1University of Würzburg, Würzburg, Germany; and 
2Chemisches und Veterinäruntersuchungsamt Karlsruhe, Karlsruhe, Germany.

Furan is formed in a variety of heat-treated food items, including coffee, canned 
or jarred food, and processed baby food. Due to the high volatility of furan, 
human dietary exposure assessment based on consumption data and concentra-
tions of furan in food does not provide reliable exposure estimates. Considering 
the low margin between human exposure and doses that cause adverse health 
effects in rodents, a more accurate approach for exposure assessment of furan 

is needed. Furan biotransformation via CYP2E1 yields the highly reactive dialde-
hyde cis2butene1,4dial (BDA), which covalently binds to amino acids or glutathione 
(GSH), giving rise to a broad spectrum of urinary metabolites. In rats, we recently 
demonstrated a close correlation between urinary excretion of several furan 
metabolites and external doses, supporting the potential of a biomarker-based 
approach to furan exposure assessment. However, metabolites generated from the 
reaction of BDA with lysine as well as BDAderived lysinecysteine crosslinks were 
also detected in urine of untreated animals, suggesting either background exposure 
via animal feed or endogenous formation. As understanding the contribution of 
potential endogenous formation to overall furan exposure is critical for biomark-
er-based exposure assessment, the present study was designed to discriminate 
between external dose and endogenous formation or background exposure through 
administration of isotopically labelled [13C4]furan to rats at doses relevant to human 
exposure (0.11000 µg/kg bw) and subsequent analysis of urinary furan metabo-
lites using stable isotope dilution ESILCMS/MS. Specifically, urinary excretion 
of [13C4]labelled and unlabelled GSHBDA, NAcLysBDA, NAcCysBDANAcLys 
and NAcCysBDANAcLys sulfoxide was monitored for up to 7 days following a 
single dose of [13C4]furan, whereby [13C4]furan-dependent metabolites reflect 
external exposure and [12C]furan-dependent metabolites potential endogenous or 
background exposure. After a single oral dose of 1 mg/kg bw [13C4]furan, 2.2 % 
of the administered dose were rapidly excreted as GSH[13C4]-BDA within the first 
24 h after application, whereas NAcLys[13C4]BDA, NAcCys[13C4]BDANAcLys and 
NAcCys[13C4]BDANAcLys sulfoxide were excreted in a delayed manner, account-
ing for 0.59, 1.33 and 0.64 % of the external furan dose. With the exception of 
GSHBDA, which showed no background occurrence, unlabelled furan metabolites 
were also detected in rat urine. Excretion of unlabelled NAcCysBDANAcLys and 
NAcCysBDANAcLys sulfoxide was estimated to correspond to an external furan 
dose of about 60 µg/kg bw per day. Based on HSGCMS analysis of furan in animal 
feed, furan exposure via feed was estimated at 0.6 µg/kg bw per day, excluding 
feed as a significant source of background exposure and supporting endogenous 
formation of furan or BDA. Interestingly, background levels of NAcLysBDA in rat 
urine by far exceeded the levels of the BDAderived lysinecysteine crosslinks and 
were estimated to correspond to a theoretical dose of 1.6 mg/kg bw furan per 
day. This suggests that other exogenous sources such as diet may contribute 
to background exposure to this particular metabolite. Results obtained in rats 
and analyses of urine samples of humans exposed to a high furan diet, which 
indicated the presence of GSHBDA, NAcLysBDA, NAcCysBDALys and its sulfox-
ide NAcCysBDALysSO, support biomonitoring approaches to furan exposure 
assessment and highlight GSHBDA as a potential specific biomarker of dietary 
furan exposure.

 3822 Comparison of X-Ray Fluorescence (XRF) with Inductively 
Coupled Plasma-Optical Emission Spectrometry (ICP-OES) for 
the Measurement of Toenail Metal Levels

C. Lee, J. Lee, A. J. Specht, S. Liu, U. Dydak, and J. Park. Purdue University, West 
Lafayette, IN.

Welders are often exposed to a high concentration of metals in welding fumes. 
Chronic overexposure to metals, such as manganese (Mn), is known to cause 
neurotoxic effects. However, the dose-response of different metals in a chronic 
exposure setting is not fully understood. Key in the identification of the deleterious 
impacts of these exposures is the utilization of biomarkers for chronic exposure 
and their measurements. Our previous study showed that Mn concentration 
in toenails is an excellent biomarker of chronic exposure to Mn in occupational 
settings. Toenail metal levels are often measured via inductively coupled plasma 
(ICP)-mass spectrometry (-MS), a relatively cost-intensive method. Our group 
validated the use of ICP-optical emission spectrometry (-OES), a more cost-effec-
tive method, as an alternative to analyzing metal levels in toenail clippings as a 
biomarker of metal exposure. However, both ICP-MS and -OES methods require 
time and labor-intensive processing including acid digestion, which leads to 
sample destruction. In contrast, X-ray fluorescence (XRF) is a rapid, inexpensive, 
and non-destructive method to analyze metals. In this study, a benchtop XRF 
(b-XRF) and a portable XRF (p-XRF) were utilized to evaluate their applicability to 
measure toenail metals, in comparison with ICP-OES. Specifically, metal levels of 
toenail clippings collected from 13 welders and 13 non-welders were measured 
using b-XRF, p-XRF, and ICP-OES. Results from b-XRF and p-XRF were compared to 
ICP-OES results and Pearson correlations for six metals (Mn, iron (Fe), chromium 
(Cr), copper (Cu), nickel (Ni), and zinc (Zn)) were calculated. Results of b-XRF and 
ICP-OES showed strong correlations for Mn and Fe (Pearson correlation coefficient, 
r = 0.96 and 0.72, respectively), moderate correlations for Cr, Cu, and Zn (r = 0.45, 
0.45, and 0.48, respectively), and no correlation for Ni (r = 0.04). The p-values of the 
correlations for Mn, Fe, Cr, Cu, Zn, and Ni were < 0.01, < 0.01, 0.01, 0.01, 0.01, and 
0.83, respectively. Similarly, p-XRF results were strongly correlated with ICP-OES 
results for Mn and Fe (r = 0.70 and 0.80, respectively), moderately correlated for 
Zn (r = 0.62), and not correlated for Cr, Cu, and Ni (r = -0.33, -0.22, and 0.24, respec-
tively). The p-values for Mn, Fe, Cr, Cu, Zn, and Ni were 0.02, < 0.01, 0.06, 0.23, 
< 0.01, and 0.18, respectively. These results demonstrate that both XRFs can be 
used to measure Mn, Fe, and Zn in toenails but need to be adjusted using regres-
sion slopes. The b-XRF regression slopes for Mn, Fe, and Zn were 0.95, 0.29, and 
0.45, respectively, while the p-XRF regression slopes for those metals were 0.37, 
0.38, and 0.79, respectively. In addition, b-XRF can be used to measure Cr (slope 
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= 1.06) and Cu (slope = 1.77). In most cases, b-XRF results were slightly more 
similar to reproducing ICP-OES results. The results and methods will be used in 
future studies including the measurement of metals in welding fumes via personal 
air sampling and the understanding of how the different metals in toenails reflect 
chronic exposure to various welding types. This study is supported by NIEHS R01 
ES032478 and the International Manganese Institute.

 3823 How the 70-kg Man Impacts NIOSH-Recommended 
Exposure Limits

C. Whittaker1, and L. Lucas2. 1NIOSH, Cincinnati, OH; and 2Harvard 
T.H. Chan School of Public Health, Boston, MA.

This study examines the impact of assuming a single human body weight value 
when developing occupational exposure limits. NIOSH uses quantitative risk 
assessment to evaluate the risks of chemical exposures in the workplace and as 
a basis of its occupational exposure limits, Recommended Exposure Limits (RELs). 
Simplifying assumptions are a necessary part of quantitative risk assessment and 
there are several key assumptions that go into occupational risk assessments - one, 
of note, is the assumption that the typical human body weight is 70 kg (typically 
also assumed to be male). In this investigation, the public draft proposed NIOSH 
REL for 1-bromopropane (1-BP) was used as a case study to explore the impact 
of this assumption. In the public draft risk assessment, NIOSH used data from a 
National Toxicology Program mouse 2-year bioassay to estimate the risk of cancer 
in workers exposed to 1-BP over a working lifetime. The risks were calculated using 
Bayesian model averaging of Benchmark Dose estimates of the mouse dose-re-
sponse data. The BMDL (lower limit on the Benchmark Dose estimate) was extrap-
olated to humans, assuming dose equivalence in units of mg/kg-day scaled accord-
ing to body weight to the 0.75 power to find the human equivalent BMDL at 70 
kg. This value was then converted to ppm and adjusted to account for an 8-hour 
workday 5 days per week to derive the proposed REL of 0.3 ppm. At the draft REL, 
the risk of cancer was estimated to be 1 excess case per 1000 workers exposed to 
1-BP every workday over a working lifetime of 45 years. In this study, the NHANES 
data for body weights by gender in the United States were used to create a distri-
bution of weights for both adult male and adult female populations. From data 
collected in 2021, the mean body weight in the female population was 77.5 kg + 
21.2. In the male population, mean body weight was 90.6 kg + 20.85. A simulation 
was run on a randomly selected body weight from the distribution of body weights 
and the risk of 1-BP was recalculated based on this selection. This experiment was 
repeated 10,000 times, each time using different randomly selected body weights. 
The results show how risks vary depending on body weight. Instead of a risk of 
1/1000, for example, an 80 kg person exposed to 0.3 ppm 1-BP would have a risk 
of 0.91/1000 - a nearly 10% difference. Conversely, a lighter individual would have 
a higher risk when exposed to the same concentration of 1-BP. Since the mean 
body weights for males and females were higher than the assumption of 70 kg, the 
mean female risk was 0.99/1000 and the mean male risk was 0.87/1000. However, 
for more than 38% of the female population and 17% of the male population, the 
estimated risks were higher than the 1/1000 target risk level in the NIOSH public 
draft document. These results demonstrate the importance of understanding and 
explaining the impact of the assumptions used in quantitative risk assessment. The 
unbalanced impact of the assumption depending on gender also points out hidden 
potential gender bias in occupational risk assessment. Clearly identifying and 
discussing the assumptions used in a quantitative risk assessment is an important 
aspect of ensuring that the occupational exposure limit is appropriately used in 
the workplace. The findings and conclusions in this report are those of the authors 
and do not necessarily represent the official position of the National Institute for 
Occupational Safety and Health, Centers for Disease Control and Prevention.

 3824 Developing the Internal Threshold for Toxicological Concern 
(iTTC): Generating In Vitro Caco-2 Permeability and Hepatocyte 
Metabolism Datasets Needed for PBPK Modeling

D. Selechnik1, K. Joshi1, A. Api1, R. A. Becker2, N. Hewitt3, and C. Ellison4. 1Research 
Institute for Fragrance Materials, Woodcliff Lake, NJ; 2American Chemistry Council, 
Washington, DC; 3Cosmetics Europe, Brussels, Belgium; and 4Procter & Gamble, 
Cincinnati, OH.

The Threshold for Toxicological Concern (TTC) is a health-based guidance value 
used for risk-based screening and prioritization. If an exposure is below the TTC 
value, the probability of adverse health effects is low. Current TTC thresholds 
establish limits for external exposures. This project aims to derive internal TTC 
(iTTC) values for comparisons to in vitro assay responses or for risk assess-
ments based on internal exposures (e.g., plasma concentrations). Physiologically 
based pharmacokinetic (PBPK) modeling is being used to convert the external 
No Observable Adverse Effect Levels (NOAELs) of chemicals in the existing TTC 
database to estimates of internal exposure. PBPK modeling requires chemical-spe-
cific input parameters for absorption, distribution, metabolism, and excretion. 
Accordingly, in vitro Caco-2 permeability and hepatocyte metabolism studies were 
conducted for ~200 chemicals in a collaboration between the Research Institute 
for Fragrance Materials (RIFM), Cosmetics Europe (CosEU), and the American 
Chemistry Council (ACC). Caco-2 assays measured bidirectional cell permeability, 

with pHs of 6.5 and 7.4 in the apical (A) and basolateral (B) compartments, respec-
tively, to mimic intestinal pH. Metabolism assays used cryopreserved hepatocytes 
(from the species from which NOAELs were derived) to measure in vitro intrinsic 
clearance using the substrate (0.1 and 1 µM) depletion approach. The apparent 
A to B permeability of 189 chemicals measured in Caco-2 cells ranged from 0.03 
to 100.6×10-6cm/sec. Due to low recovery in plastic, 44 chemicals were incubated 
with 0.5% or 4% BSA in the Caco-2 buffers. Metabolism data for ~16% of the assays 
were unsuitable for clearance determination due to interference in the analytical 
method (these were endogenous in cells or media), chemical instability, or rapid 
loss of test chemical under the assay conditions. Clearance of >5µL/min/106 cells 
was observed for ~60% of the assays as indicated by a depletion slope that was 
significantly different (F-test) from zero, while 24% of the assays had no/very low 
clearance (< 5µL/min/106 cells). These in vitro values are currently being used in the 
PBPK modeling portion of the iTTC project and will help refine the interim iTTC value 
of 1 µM. Additionally, they will inform future research, e.g., high throughput toxicoki-
netic models or the design of new studies to address underrepresented chemistries.

 3825 Developing the Internal Threshold of Toxicological Concern 
(iTTC): Evaluation of Bottom-Up PBPK Model Performance

A. Nong1, T. Antonijevic1, J. Fitzpatrick1, M. Moreau1, J. W. Fisher1, A. Y. Efremenko1, 
P. McMullin1, N. J. Hewitt2, A. Schepky3, and C. A. Ellison4. 1ScitoVation, Durham, NC; 
2Cosmetics Europe, Brussels, Belgium; 3Beiersdorf, Hamburg, Germany; and 4Procter & 
Gamble, Cincinnati, OH.

The threshold of toxicological concern (TTC) is a risk assessment tool developed 
to screen and prioritize low level exposures to chemicals with unknown toxicity. 
The TTC limits define exposure thresholds below which there is a low probabil-
ity of adverse health effects. Current TTC thresholds establish limits for external 
exposures. A project is underway to derive internal TTC (iTTC) values (i.e., a TTC 
based on plasma concentration) to permit TTC assessments based on internal 
exposures. In vivo data was previously collected as a part of the systematic litera-
ture review for metabolism and pharmacokinetic data in rats on 1,251 chemicals. 
Physiologically based pharmacokinetic (PBPK) modeling is used to convert the 
chemical-specific external No Observable Adverse Effect Levels (NOAELs) to 
an estimate of systemic concentration. Bottom-up PBPK model (PLETHEMTM) 
simulations were compared with corresponding in vivo time course data (oral 
and intravenous (iv)) for a subset of 56 chemicals. For each rat in vivo study, four 
PBPK simulations were performed by combining restricted (predicted plasma 
binding, Fu) and unrestricted (no binding, Fu = 1) clearance with in vitro rat hepatic 
clearance measurements at 0.1uM and 1uM. For each chemical, ratios between 
in vivo data and PBPK simulated plasma concentrations (RatioC= Cinvivo/CPBPK) and 
ratios between corresponding AUCs (RatioAUC=AUCinvivo/AUCPBPK) were evaluated. 
For oral administrations, maximum plasma concentrations were compared with 
maximum in vivo concentrations. For iv administrations, plasma concentrations 
at the first blood draw were compared with corresponding simulated concentra-
tions. Additionally, the reproducibility of the in vivo PK data was tested by dividing 
the areas-under-curve (AUC) for the same chemical, administration, dose, species, 
strain, and sex, but different experiments across 16/56 chemicals. The average fold 
difference in AUC between repeated in vivo PK studies was 1.76, with a standard 
deviation of 0.85. The PBPK modeling workflow resulted in a total of 782 simula-
tions, and the best simulation conditions captured 75% plasma concentration and 
85% AUC values within ±10 fold. In general, unrestricted clearance gave better 
agreement between in vivo experiments and PBPK model simulations. Principal 
Component Analysis (PCA) did not show visible differences between chemicals’ 
physical-chemical properties (logKow, logD, vapor pressure, water solubility, molecu-
lar weight, and Henry’s law constant) and goodness of fit by the PBPK model. These 
results provide the first evaluation of the bottom-up PBPK modeling approach that 
will be utilized in the development of the iTTC; further model evaluation will be 
approached in an iterative manner.

 3826 Stochastic Simulation of Tumor Growth to Support Carcinogen 
Risk Assessment: Formaldehyde Case Study

R. Conolly, H. Clewell, and R. Gentry. Ramboll U.S. Consulting, Inc., Monroe, LA.

Clonal growth modeling in support of carcinogen risk assessment requires 
an estimate of the time needed for a single tumor cell to expand clonally into a 
clinically detectable tumor. We refer to this time interval as the delay (D). D cannot 
be measured directly, since the exact time at which a tumor cell arises by mutation 
of its precursor Is unknown. However, D can be estimated by formal optimization 
against tumor dose-response, time-course, and related mechanistic data (Conolly 
et al., Toxicol. Sci. 75, 432-447, 2003). Rodent bioassay tumors can be classified 
as incidental (identified at scheduled sacrifice) or fatal (identified in moribund rats). 
Conolly et al. (2003) assumed that the difference in D between incidental and fatal 
tumors was small enough to be ignored, thereby limiting the number of unknown 
parameters in their biologically based dose response (BBDR) model for formalde-
hyde. Subramaniam et al. (Risk Anal. 27, 1237-1254, 2007) altered the Conolly et al. 
(2003) model, using separate values of D for incidental and fatal tumors. The single 
value of D identified by Conolly et al. (2003) was 6,982 hr (290 days, 41 weeks) and 
the two values from Subramaniam et al. (2007) were 244.6 and 
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317.2 hr, which differ by 72.6 hr (3 days). We used stochastic computational 
modeling to clarify the biological underpinnings of these different values of D. The 
value of D depends on the growth kinetics of the tumor cells. Stochastic simulation 
used pseudorandom numbers from binomial and Poisson distributions to predict 
the division and death of tumor cells. The probability of division per hour was set 
to an upper bound on the rate of cell division (0.021) in rats exposed chronically to 
9.93 ppm formaldehyde by inhalation. Cell volume (3.4e-9 cm3) and the minimum 
size of clinically detectable tumors (0.1 to 1.0 cm3) were estimated from relevant 
literature. With these parameters fixed, the probability of cell death was varied to 
achieve different values of D. Some tumors became extinct, even when the probabil-
ity of division was greater than the probability of death. Average values for D and its 
upper and lower bounds were obtained by running the model repeatedly, typically 
from 1,000 to 10,000 times. These analyses showed that the values of D used by 
Subramaniam et al. (2007) are associated with little or no cell death as the tumor 
grows and that the 3day difference in D between incidental and fatal tumors would 
probably not be identifiable, given the stochastic variability of the system. The value 
of D used by Conolly et al. (2003) was associated with a relatively large death rate, 
with many of the tumors becoming extinct, and is consistent with the cytotoxic 
environment created by ongoing exposure to 9.93 ppm formaldehyde. Furthermore, 
p53 mutation, which is associated with inactivation of the apoptotic pathway, is not 
a consistent feature of formaldehyde-induced tumors in the rat nose. This genomic 
observation is consistent with a larger dearth rate and with the larger value of D 
identified by Conolly et al. (2003). This analysis increases confidence in the value of 
D used by Conolly et al. (2003) and in their BBDR modeling in support of cancer risk 
assessment for formaldehyde.

 3827 Moving beyond Similarity Scores: Use of Toxicokinetic and 
Toxicodynamic Data to Inform Selection of a Suitable Analogue 
for δ-HCH in Read-Across Assessment

J. P. Kaiser1, C. Heit2, H. Carlson-Lynch2, J. Rhoades2, M. Kawa2, L. Morlacci2, and 
M. Odin2. 1US EPA, Cincinnati, OH; and 2SRC Inc., North Syracuse, NY.

Delta hexachlorocyclohexane (δHCH) has limited toxicological data that are not 
adequate for traditional derivation of toxicity values. Instead, a tiered analogue 
approach relying on assessment of structural, metabolic, and toxicological similar-
ity between the target chemical and potential analogues was explored. This 
read-across case study highlights the utility of looking beyond similarity scores 
and examining all available data in selecting an analogue. Structural analogues 
identified for δ-HCH included three of its stereoisomers (α-, β-, and γ-HCH). Critical 
endpoints identified from subchronic and chronic oral studies of these stereo-
isomers were liver and immune system effects. The stereoisomers each score 
100% for structural similarity with the target compound (δ-HCH) and share the 
same structural alerts and molecular weight as the target. However, toxicokinetic 
data showed that β-HCH undergoes very little metabolism in mammals and has 
a much longer half-life in the body than δ-, α, or γHCH. Furthermore, comparative 
toxicity data on the hepatotoxicity of the HCH stereoisomers revealed similarities 
between δ-HCH and γ-HCH and differences from the other two stereoisomers. Ito 
et al. (1973 and 1975) examined liver effects in mice and rats, respectively, after 
24-to-48-week administration of δ, α, β , and γHCH. In these studies, dose-response 
relationships for liver weight and histopathology changes were similar between 
δ-HCH and γ-HCH, while α- and βHCH showed greater potency (larger magnitudes 
of effect at lower doses) for hepatotoxic effects in both species. In vitro data also 
suggested that, of the HCH stereoisomers, δHCH is most similar to γHCH with 
respect to immune system effects. Both δ- and γ-HCH inhibited mitogenic response 
to phytohemagglutinin in bovine lymphocytes while α- and βHCH did not. Based on 
structural similarity, physicochemical properties, toxicokinetics, and toxicodynamic 
comparisons for sensitive endpoints including liver toxicity and immune system 
effects, γHCH was selected as the most suitable analogue for δHCH. This case 
study demonstrates how toxicokinetic and toxicodynamic information can be used 
to refine selection of analogues in read-across assessment. The views expressed 
are those of the authors and do not necessarily reflect the views and policies of the 
US EPA.

 3828 A Systematic Comparison of the Temporal Transcriptional 
Responses by Hepatotoxicants in Primary Human Hepatocytes 
and HepaRG Cells Using Concentration Response Modeling of 
Gene Co-expression Networks

S. J. Kunnen1, E. Arnesdotter2, M. Vinken2, and B. van de Water1. 1Universiteit Leiden, 
Leiden, Netherlands; and 2Vrije Universiteit Brussel, Brussels, Belgium.

Next generation risk assessment (NGRA) of chemicals revolves around the use of 
mechanistic information without animal experimentation. In this regard, toxicog-
enomics has proven to be a useful tool to elucidate underlying mechanisms of 
toxicological action of adverse effects of xenobiotics. In the present study, two 
widely used human hepatocyte culture systems, namely primary human hepato-
cytes (PHH) and human hepatoma HepaRG cells, were exposed to chemical liver 
toxicants known to induce liver steatosis, cholestasis or necrosis. Benchmark dose 
(BMD) response modelling was applied to transcriptomics gene co-expression 
networks (modules) in order to derive benchmark concentrations (BMCs) and to 

gain mechanistic insight into the hepatotoxic effects. BMCs derived by benchmark 
dose modelling of gene co-expression modules recapitulated benchmark dose 
modelling of individual genes. PHH and HepaRG cells showed overlap in the deregu-
lated genes and modules by the liver toxicants. However, PHH demonstrated more 
biological activity compared to HepaRG cells, based on the lower BMCs of co-reg-
ulated gene modules, which could be used as point of departure for the associated 
cellular (stress) pathways/processes. This approach could serve next generation 
risk assessment practice to identify early responsive modules at low benchmark 
concentrations. In turn, this can assist in delineating potential hazards of new test 
chemicals using in vitro systems. Benchmark concentrations may be paired with 
chemical exposure assessment and used in a subsequent risk assessment. This 
project has received funding from Cosmetics Europe and the European Chemical 
Industry Council (CEFIC) (project AIMT10), the EC Horizon2020 EUToxRisk project 
(grant number 681002), the EC Horizon2020 RISK-HUNT3R project (grant number 
964537; part of ASPIS cluster) and the EU-EFPIA Innovative Medicines Initiative 
2 (IMI2) Joint Undertaking under the TransQST project (grant number 116030). 
This Joint Undertaking receives support from the European Union’s Horizon 2020 
research and innovation program and EFPIA.

 3829 Systematic Application of Mode-of-Action and Human 
Relevance Analysis: Styrene-Induced Lung Tumors in Mice

E. A. Frank1, and B. Meek2. 1NIOSH, Cincinnati, OH; and 2University of Ottawa, Ottawa, 
ON, Canada.

Risk assessment of human health hazards often relies on observations from 
animal experiments. Although exposure studies in rats and mice are a major basis 
for determining risk in many cases, observations made in animals do not always 
reflect health hazards in humans due to differences in biology. In this critical review, 
the mode-of-action (MOA) human relevance framework was used to assess the 
likelihood that bronchiolar lung tumors observed in mice chronically exposed to 
styrene represent a plausible tumor risk in humans. Available datasets were used 
to determine the weight-of-evidence 1) that styrene-induced tumors in mice occur 
through a MOA initiated by metabolism of styrene by Cyp2F2; and 2) whether the 
hypothesized key event relationships are plausible in other species. Analysis of 
data using five modified Hill causality considerations indicated that the hypothe-
sized Cyp2F2-dependent MOA is active in mice, but only results in tumorigenicity 
in susceptible strains. Assessment of species concordance to determine whether 
analogous key event relationships do or could plausibly occur in other species 
concluded that while some of the proposed key events are biologically plausible in 
rats, the MOA is improbable in humans due to poor concordance of both early and 
late key events reflecting key differences in airway biology and physiology. This 
analysis serves as a rigorous demonstration of the framework’s utility in increasing 
transparency and consistency in evidence-based assessment of MOA hypotheses 
in toxicological models and determining relevance to human health.

 3830 Interindividual Variability Assessments through Benchmark 
Dose-Response Modeling of Primary Human Bronchial 
Epithelial-Fibroblast Co-culture Responses to Acrolein

E. Hickman1, A. Simmons1,2, M. Wheeler3, S. S. Auerbach4, S. D. McCullough1,2, and 
J. E. Rager1,5. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; 2US EPA, 
Research Triangle Park, NC; 3NIEHS, Research Triangle Park, NC; 4NIEHS/NTP, Research 
Triangle Park, NC; and 5Gillings School of Global Public Health University of North 
Carolina at Chapel Hill, Chapel Hill, NC.

Human health risks are known to significantly vary according to individuals across 
populations; however, this interindividual variability cannot be captured by traditional 
in vivo or in vitro studies that utilize inbred animal strains and isogenic cell lines, 
respectively. The use of in vitro systems that utilize cells isolated directly from a 
range of individual human donors (i.e., “primary” cells) provides a novel opportunity 
to simultaneously increase the physiological and public health relevance of in vitro 
new approach methodologies. Unfortunately, the utility of incorporating interindi-
vidual variability into in vitro testing has not yet been integrated into toxicity testing 
strategies due to a lack of computational methods and software infrastructure. To 
address this gap, we hypothesized that benchmark dose-response (BMD) modeling 
could be leveraged to evaluate human interindividual sensitivities to chemical 
exposures. Here, we performed BMD modeling on a dataset containing a broad 
range of endpoints reflective of in vivo tissue physiology. Endpoints were derived 
from an inhalation assay battery, including 6 phenotypic and 11 secreted cytokine/
growth factor endpoints, to evaluate the effect of acute exposure to the ubiquitous 
reactive volatile organic gas acrolein (0-4 ppm) on primary human bronchial epithe-
lial-fibroblast co-cultures (n=14). We then clustered observations using model 
curve fit parameters to assess whether dose-response was associated with cell 
donor demographic variables. This study identified the following: First, we found 
that benchmark doses varied greatly on a per-donor basis, with BMDs spreading up 
to 10-fold after model averaging approaches (e.g., BMDs for vascular endothelial 
growth factor A ranged 0.84-7.32 ppm [at benchmark responses of 2 SD]). Second, 
BMDs were generally lower when analyzing response trends on a per-donor basis, as 
opposed to aggregating averaged responses across donors; this demonstrated the 
need to capture and quantify sensitive populations by evaluating individual-specific 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 278



responses rather than aggregating responses at the population level. Third, we 
found that BMD modeling of secreted cytokines and functional culture endpoints 
yielded similar BMDs, with potential sex-based differences captured through model 
parameter clustering. This study provides critical information towards the improve-
ment and implementation of in vitro-based methods to capture human response 
variability in chemical risk assessments. This abstract does not reflect EPA policy.

 3831 Investigation of the Fate and Effects of Microplastics upon 
Ingestion Using In Vitro and Ex Vivo Models

M. Kloukinioti1,2, F. Schooten1, E. Steeg2, and I. Kooter3. 1Maastricht 
University, Maastricht, Netherlands; 2Nederlandse Organisatie voor Toegepast 
Natuurwetenschappelijk Onderzoek, Leiden, Netherlands; and 3Nederlandse Organisatie 
voor Toegepast Natuurwetenschappelijk Onderzoek, Utrecht, Netherlands.

Humans are perhaps the most exposed organism to micro- and nano-plastics 
(MPs, plastic particles ≤ 5 mm) since can be exposed to them through multiple 
routes (ingestion, inhalation, or even contact). There have been several studies 
showing the presence of MPs in food, particularly seafood, sea salt, and drinking 
water, but also in human samples such as stool. Exposure of humans to MPs is 
most prominent via the oral route (ingestion) and respiratory route (inhalation) and 
is only expected to rise in the future. However, little is known about the effects of 
microplastics on gut health. Recent findings indicate that it is highly likely that MP 
can cross the epithelial barrier in the intestine (as well as airways/lungs and thus 
may exert detrimental biological effects on the human body). For this reason, one 
of this project’s main goals is quantifying human body exposure to MPs through the 
ingestion route and studying the effects of environmentally relevant sizes, shapes, 
and concentrations of MPs on gut health. In this study, an established in vitro cell 
model for the intestinal barrier (differentiated CaCO2 monocultures) as well as a 
more physiologically relevant ex vivo model representing the gut (InTESTineTM) 
were used to study translocation of MPs and their potency to induce cytotoxic 
effects (in terms of LDH), barrier disturbances (in terms of TEER, FD4 and radioac-
tively labeled compounds transportation) or pro-inflammatory cell activation (in 
terms of il-6 and il-8). Copper (II) Oxide (CuO) Titanium dioxide (TiO2) and commer-
cial Polystyrene (PS), of the same size (50 nm) in a dose-response setup (1-100ug/
ml) were used as reference particles to test and set up the exposure models. CaCo2 
cells were seeded in 3.0 pore inserts for 21 days until complete differentiation 
and formation of an intact monolayer, which was confirmed by high transepithelial 
resistance (TEER, accepted values > 300 ohm*cm2). The cells were subsequently 
exposed to different doses of MPs mentioned above for 48h. For the ex vivo set up 
intestinal tissue (colon) was obtained from sacrificed pigs with comparable health 
status, age, and diet to ensure reproducibility. Tissue segments are collected using 
a biopsy punch with an 8mm diameter and capped in inserts of 24 well plates, 
for a 6h exposure. None of the exposures, for both models, significantly affected 
cell viability or induced a high inflammatory response. However, in the cell culture 
model, exposure to CuO after 48h resulted in barrier disruption of the monolayer 
which was confirmed by both low TEER values and FD4 leakage to the basolateral 
compartment. These first results confirm the reliability of the models in simulating 
the complexity of the GTI barrier and follows the findings form previous studies that 
have already proven that porcine tissue reflects a great similarity with the human 
tissue, regarding the final responses after the exposures to MPs. In the following 
studies, MPs of interest to the oral exposure route ( e.g. the polymer types polyeth-
ylene (both linear low/low/high density, LLDPE/LDPE, HDPE), polypropylene (PP), 
polystyrene (PS), polycarbonate (PC), polyvinyl chloride (sPVC), and polyamide-6 
(PA-6)) prepared and fully characterized within the BRIGID consortium will be tested 
on a dose-response set up. Overall, this project represents a first step in identifying 
the effects of shape, size and material on ingestion processes and subsequently on 
the health of humans.

 3832 Refining High-Throughput In Vitro to In Vivo Extrapolation 
Modeling through Incorporation of Intestinal Toxicokinetics

E. Korol-Bexell1, A. S. Jarnagin1, M. F. Hughes2, J. F. Wambaugh2, and B. A. Wetmore2. 
1Oak Ridge Institute for Science and Education, Oak Ridge, TN; and 2US EPA, Durham, NC.

The Toxic Substances Control Act (TSCA) authorizes the U.S. Environment 
Protection Agency (EPA) to regulate commercially available chemicals that do not 
fall under the jurisdiction of other U.S. federal agencies. As of February 2022, there 
were 42,039 chemicals listed on the TSCA active inventory. Given this number, 
there is a clear need for a high-throughput (HT) risk-based prioritization and assess-
ment. HT screening (HTS) for toxicity and toxicokinetic (TK) data are often used 
in combination with HT in vitro-in vivo extrapolation (IVIVE) modeling to allow the 
conversion of in vitro point of departure (POD) and steady state blood concen-
tration (Css) values to an administered equivalent dose (AED) in mg/kg/day. This 
represents the mg per kg of body weight per day, of exposure to achieve in vitro 
concertation that can be used as an estimate for in vivo POD. The current HT IVIVE 
modeling system exhibits a gap between predicted AED levels and actual in vivo 
low effect levels (i.e., PODs) observed in animal studies. This is partially because 
the HT IVIVE model only considers plasma protein binding and hepatic clearance 
TK data, thus oversimplifying the whole-body metabolism contribution to chemical 
clearance. Comparing predicted AEDs to in vivo-derived PODs, the model proved to 

be on average 100-fold more conservative. This study attempts to narrow this gap 
by incorporating extrahepatic clearance data, namely intestinal clearance through 
consideration of CYP3A4 enzymatic contribution. So far, our new approach resulted 
in more predictive AED values when CYP3A4 enzymatic kinetics were introduced 
into the IVIVE approach for our chemical test set. CYP3A4 enzymatic contribu-
tion to clearance was evaluated for 12 chemicals using human liver microsome 
clearance rates derived with or without the CYP3A4 inhibitor- CYP3cide. Since 
over 80 % of intestinal cytochrome-P450 activity is due to CYP3A4, incorporating 
CYP3A4 enzymatic contribution to clearance could serve as an efficient surrogate 
of intestinal involvement in chemical clearance. The addition of CYP3A4 enzyme 
kinetics altered the bioavailability (F), Css and fraction escaping gut metabolism (Fg) 
predictions made by the HT IVIVE model. Prediction values for Css were between 
1.2-to-2.7-fold lower after the incorporation of CYP3A4 activity. Estimates of Fg for 
diazinon, acetochlor, azoxystrobin and difenoconazole, dropped from a default of 
1 to as low as 0.14 (difenoconazole) after CYP3A4 enzyme kinetics were incorpo-
rated in the calculations. Moreover, the results showed a consistent increase in 
the predicted AEDs when CYP3A4 TK data was added. Efforts are ongoing to 
evaluate CYP3A4 enzyme kinetics as a surrogate for intestinal clearance in IVIVE 
TK modeling. Human and rat in vitro intestinal microsome clearance rates as 
well as rat in vivo TK data are being generated for in vitro-in vivo comparison. If 
incorporating intestinal TK data through CYP3A4 contribution proves successful, in 
silico CYP3A4 prediction could be employed in place of in vitro intestinal clearance 
data to refine the current HT IVIVE approach. This will result in a more accurate 
risk-based prioritization of the existing TSCA chemical space. This abstract does 
not necessarily reflect the views of the US EPA.

 3833 Relevance of Lead Enrichment in Soil Particle Size Fractions for 
Assessing Exposure

A. Bailey, R. A. Schoof, and J. Tu. Ramboll, Seattle, WA.

Soil cleanup levels at contaminated sites may be adjusted to reflect site-specific 
relative bioavailability of soil lead as compared with soluble lead forms. Tools used 
to assess potential lead exposure and bioavailability are based on lead concentra-
tions in the particle size fraction most likely to adhere to children’s hands or other 
objects, thus leading to lead ingestion. Historically the less than (<) 250-micron (μm) 
fraction has been used for bioavailability studies. Recent recommendations from 
the USEPA suggest a finer particle size fraction should be considered. Directive 
9200.1-128 issued by the USEPA in 2016 recommends sieving soil samples 
collected from lead-contaminated sites to <150 μm for assessment of exposure 
via incidental ingestion, due to the greater potential for dermal adherence of finer 
soil particles to children’s hands. While greater enrichment has been observed at 
very fine soil fractions (e.g., <63 μm), published data assessing lead enrichment 
in the <150 μm fraction, compared with the previously-recommended fraction of 
<250 μm, are quite limited. The resulting uncertainty warrants further study. To 
investigate the potential for lead enrichment in the <150 μm fraction compared to 
the <250 μm fraction, this study compared lead concentrations measured in soil 
collected from Butte, Montana, an area with a long history of mining-related lead 
impacts. Arsenic, another constituent of interest in Butte, was also assessed. A 
total of 121 soil samples collected from multiple depth intervals were sieved to 
obtain the fraction less than or equal to (≤) 250 μm, analyzed for lead and arsenic, 
then re-sieved to obtain and analyze the ≤150 μm fraction. Samples were selected 
for the study to encompass a broad range of environmentally relevant lead concen-
trations, including samples representative of background concentrations with 
minimal anthropogenic influence. Concentrations measured in each fraction were 
statistically compared using a non-parametric variation of the paired t-test. Percent 
difference was also calculated as a measure of enrichment and compared between 
samples reflecting different ranges of lead and arsenic concentrations and depth 
intervals. Statistically significant differences were observed between lead and 
arsenic concentrations in the ≤250 μm and ≤150 μm fractions. Concentrations of 
both metals were higher in the ≤150 μm fraction. However, consistent with the 
other few studies that have compared lead and arsenic concentrations between 
similar particle size fractions, the overall magnitude of enrichment in the finer of 
the two fractions was relatively low for both metals. Average percent differences 
observed for lead and arsenic among all samples (excluding outliers) were 8% and 
13%, respectively. Enrichment was generally greater in samples with lower concen-
trations of both metals, and at the highest arsenic levels. Among samples with lead 
and arsenic concentrations indicative of anthropogenic influences, the average 
enrichment was 6% for lead and 11.5% for arsenic. Across three sampled depth 
intervals, lead and arsenic enrichment generally increased with sample depth. For 
both metals, greater enrichment was consistently observed in the 6-to-12-inch 
depth interval, with the lowest enrichment observed among samples collected from 
0 to 2 inches. Overall, the results of this study, along with other comparable studies, 
indicate a small difference in reliance on the ≤250 μm versus ≤150 μm sieve size.
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 3834 Refine and Strengthen SAR-Based Read-Across by Considering 
Bioactivation and Mode of Action

G. Yan, J. Rose, C. Ellison, A. Mudd, X. Zhang, and S. Wu. Procter & Gamble, Mason, OH.

Structure-Activity Relationship (SAR)-based read across is an important and 
effective method to establish the safety of a data poor target chemical (structure 
of interest (SOI)) using hazard data from structurally similar source chemicals 
(analogs). Many methods use quantitative similarity scores to evaluate the 
structural similarity for searching and selecting analogs as well as for evaluat-
ing analog suitability. However, studies suggest that read-across based purely 
on structural similarity cannot accurately predict the toxicity of an SOI. As more 
and more mechanistic data become available, we gain greater understanding of 
the mode of action (MOA), the relationship between structures and metabolism/
bioactivation pathways, as well as the existence of “activity cliffs” of chemicals, 
which can improve the analog rating process. For this purpose, the current work 
identifies a series of structural alerts for chemicals where a small change at a key 
position can result in significant change in metabolism and bioactivation pathway 
and may eventually result in significant changes in chemical toxicity that have 
a big impact on the suitability of analogs for read across. Additionally, a series 
of SAR-based read across case studies are presented which cover a variety of 
chemical classes that commonly link to the different toxic endpoints. For instance, 
adding a methyl/alkyl group at the ortho-position of 2-(4-tert-Butylbenzyl)propio-
naldehyde would block the CoA conjugation bioactivation pathway and alter the 
reproductive toxicity potential. Replacement of the OH group in eugenol with other 
alkoxy groups would result in different major metabolic pathways and thus lead to 
positive genotoxicity. While these chemical analogs show high structure similar-
ity score to the SOI, they are not suitable for read across. The case study results 
indicate that refine and strengthen SAR-based read across by considering MOAs or 
proposed reactive metabolites formation pathways can improve overall accuracy, 
consistency, transparency and confidence in evaluating analog suitability.

 3835 An Evaluation of Risk Assessments on Hexavalent 
Chromium (Cr(VI)): The Past, Present, and Future of 
Mode-of-Action Research

C. M. Thompson1, D. S. Wikoff2, D. M. Proctor3, and M. A. Harris1. 1ToxStrategies Inc., 
Katy, TX; 2ToxStrategies Inc., Asheville, NC; and 3ToxStrategies Inc., Orange, CA.

Risk assessments for hexavalent chromium (Cr(VI)) have proposed safe drinking 
water levels protective of cancer ranging from 35 to 100,000 ppt. These values 
range from below to above the median (1000 ppt) and 95th percentile (3000 ppt) 
Cr(VI) levels measured in U.S. water sources, and thus have very different implica-
tions for human health. Most Cr(VI) risk assessments have relied on the same 
2-year cancer bioassay that found that exposures to >=20,000,000 ppt (20 ppm) 
Cr(VI) cause proximal small intestine tumors in mice and exposure to 180,000,000 
ppt (180 ppm) Cr(VI) causes oral mucosa tumors in rats. The differences in safe 
drinking water levels among the various risk assessments are due, in large part, 
to mode of action (MOA) determinations influencing the selection of the critical 
effect for risk assessment, with some risk assessors developing a linear no 
threshold cancer slope factor based on intestinal tumors and others develop-
ing a threshold-based value based on cytotoxicity and regenerative hyperplasia 
in the proximal small intestine. Important for the field of risk assessment, these 
disparate approaches have been taken despite considerable mechanistic data 
characterizing MOA in the target tissues, including several in vivo transgenic rodent 
mutation assays. Herein, we demonstrate that Cr(VI) assessments reveal a high 
level of variability in review methods, including differential application and subjec-
tive scoring of quality and reliability of various in vivo studies, criteria applied to 
consider an in vivo genotoxicity study informative when the target carcinogenicity 
organs are known, criteria applied to consider when target tissue toxicity has been 
induced in in vivo genotoxicity studies, the applicability of genotoxicity results in a 
relevant tissue but in a species that did not develop tumors, integration of in vivo 
genotoxicity data, interpretation of the likely role of different models of intestinal 
carcinogenesis, interpretation of evidence of thresholds in Cr(VI) transcriptomic 
responses, interpretation of pharmacokinetics and PBPK models, and the overall 
weight of evidence evaluation for intestinal tumors. When topics are placed in 
the context of regulatory guidance and established methods in MOA analysis, it 
is apparent that the more recent use of the key characteristics of carcinogens - 
and evaluation of mechanistic data without important context of dose, temporality, 
essentiality, biological plausibility, and general pathway considerations standard 
in MOA analyses - may partially explain the disparate risk assessments for Cr(VI). 
Collectively, this evaluation demonstrates an apparent shift in the role of MOA 
in risk assessment decisions, which is likely to influence research programs in 
the future.

 3836 Updated Mode-of-Action Information Informing the Risk 
Assessment of HFPO-DA (GenX)

L. C. Haws1, M. M. Heintz2, and C. M. Thompson3. 1ToxStrategies Inc., Austin, TX; 
2ToxStrategies Inc., Asheville, NC; and 3ToxStrategies Inc., Houston, TX.

Risk assessments for HFPO-DA, a short-chain polyfluorinated alkyl substance 
(PFAS) used in the manufacture of some types of fluorinated polymers, have 
proposed reference dose (RfD) values ranging from 0.000003 to 0.01 mg/kg-day. 
These differences are due, in part, to mode of action (MOA) determinations influenc-
ing the selection of critical effects for risk assessment and the choice of uncertainty 
factors. Subsequent and concomitant to the development of these HFPO-DA risk 
assessments, new research on the mechanisms and adverse effects of HFPO-DA 
have been conducted. Herein, we review new data that inform the risk assess-
ment of HFPO-DA and perhaps other PFAS. These data include newly published 
in vivo liver transcriptomic analyses in mice, unpublished in vitro transcriptomic 
analyses in human and rodent hepatocytes (including knockout mice), develop-
ment of adverse outcome pathways (AOPs) for developmental effects in rodents, 
as well as published analyses on the applicability of the threshold of toxicological 
concern (TTC) to PFAS and metanalyses on how TTC and RfD values might inform 
the magnitude of RfD values. In the mouse liver, both molecular signatures and 
histopathological analyses do not support a cytotoxic MOA, but rather provide clear 
evidence of peroxisome proliferator-activated receptor-alpha (PPARα) activation. 
In vitro comparisons of transcriptomic signatures between HFPO-DA and cytotoxic 
agents (e.g., acetaminophen), rosiglitazone (PPARγ activator), and GW7647 
(PPARα activator) indicate molecular overlap primarily with GW7647. Analyses on 
the impact of the addition of PFAS to the chemicals comprising Cramer Class III 
compounds indicate little effect on the Class III TTC value of 0.0015 mg/kg-day. 
Metanalyses comparing Class III TTC and respective RfD values indicate that TTC 
values are, on average, ~6-fold lower than RfD values, whereas some RfD values for 
HFPO-DA are >400-fold lower than the Class III TTC value—perhaps indicating that 
such RfD values are overly conservative. Overall, these new data support that liver 
effects in mice are the result of a species-specific MOA with little human relevance, 
and that RfD values for HFPO-DA should not include liver effects that are the result 
of PPARα signaling.

 3837 Environmental Injustice in Estimated Cancer Risk from Modeled 
Airborne Toxics Exposure across the United States from 2011 
to 2018

P. Hurbain, D. Li, M. Stickland, and Y. Liu. University of Nevada Reno, Reno, NV.

Environmental justice is the fair treatment of all people regardless of race, income, 
and religion with regards to their health and the environment. Negative environmen-
tally linked health outcomes have been associated with socio-demographic status 
(SDS) factors in different regions of the United States. In this study, US Census 
Bureau SDS factors including race, income, education status, and rural-urban status 
were matched to US EPA National Air Toxics Assessment and Air Toxics Screening 
Assessment cancer risk estimates by census tract for years 2011, 2014, and 2018. 
Spearman correlations showed modest associations with various SDS factors and 
cancer risk estimates, both nationally and stratified by state. Multiple linear regres-
sions were performed to relate Z-scored estimated cancer risks with multiple SDS 
factors. In multivariate regression analyses across the United States, increases in 
the number of Black, Hispanic, and Asian racial populations (relative to the number 
of White households) was positively associated with increased estimated cancer 
risk in urban areas (p <0.0001). In suburban and rural areas however, such inequity 
is only seen for increasing Black populations while increasing proportions of mixed 
race, Hispanic and Asian populations were protective against estimated cancer risk 
(p < 0.0001). Areas with lower education attainment and income were also strongly 
associated with increased estimated cancer risk (p <0.0001).. In addition, dispro-
portionally high Black populations overlaps with the worst tracts of estimated 
cancer risk across the rural-urban continuum. While in general environmental 
justice seems improved across the examined years, equity is far from achieved and 
future work should incorporate targeted exploration of extreme values in estimated 
risks to reveal the magnitude in disparity in estimated risk.

 3838 Investigating the Uncertainty of Prediction Accuracy for the 
Application of Physiologically Based Pharmacokinetic Models 
to Animal-Free Risk Assessment

S. Terasaka1, A. Hayashi2, Y. Nukada2, and M. Yamane2. 1Kao Corporation, Sumida-ku, 
Tokyo, Japan; and 2Kao Corporation, Ichikai-machi, Haga-gun, Tochigi, Japan.  
Sponsor: Y. Nukada, Japanese Society of Toxicology.

Recently, animal testing in the risk assessment of cosmetic products has been 
restricted, necessitating animal-free risk assessment methods called new 
approach methodologies (NAMs). To achieve the risk assessment with NAMs, 
detailed understanding of exposure is required, thus the physiologically based 
pharmacokinetic (PBPK) models have been considered to be a robust tool. To 
utilize PBPK models for risk assessment, it is necessary to evaluate the accuracy 
of model prediction. However, for many cosmetic ingredients, there is limited in 
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vivo pharmacokinetic data for model evaluation, limiting the model applicability. 
To address these issues, we attempted to establish an uncertainty factor (UF) 
for PBPK models to utilize the prediction results without model evaluation. In this 
study, we defined the deviation between predicted and measured values as the 
uncertainty of PBPK modeling and established modeling uncertainty factor (MUF) 
as a novel concept. As the prediction accuracy was calculated by building a PBPK 
model for various chemicals and comparing prediction results with the clinical 
area under the curve (AUC) or Cmax, we built PBPK models for 150 compounds that 
have available clinical data. For input parameters, the intrinsic hepatic clearance 
and the fraction unbound in plasma were set to in vitro experimental values, and 
all other chemical-specific parameters were calculated using in silico tools. The 
AUC ratio and Cmax ratio (observed/predicted) were calculated for all compounds, 
and the 97.5th percentile of AUC and Cmax ratio were 12.1 and 17.9, respectively. 
Since differences in the absorption and major clearance pathways between 
compounds were expected to increase the variability in prediction accuracy, we 
aimed to minimize such variability and determine adequate MUF by limiting the 
applicability domain of compounds with similar PK properties. We used two classi-
fication methods, the Biopharmaceutics Classification System (BCS) and Extended 
Clearance Classification System (ECCS), well known for estimating the absorbabil-
ity or major clearance pathways. By applying BCS and ECCS, the 97.5th percentile of 
AUC and Cmax ratio improved to 9.15 and 5.27, respectively and MUF was defined at 
10 for the AUC and 6 for Cmax. Finally, we conducted a case study of animal-free risk 
assessment with MUF using Bisphenol A. Although further investigation is needed, 
our concept will serve as a useful tool to predict plasma concentrations without 
using in vivo data. Regulatory Toxicology and Pharmacology 135 (2022) 105262.

 3839 Risk Comparison of 1-Bromopropane in Production Enterprises 
and Use Enterprises with Two Toxicological Health Risk 
Assessment Methods

Y. Zhang, and B. Li. Chinese Center for Disease Control and Prevention, Beijing, China.

To compare and analyze the risk of 1-bromopropane(1-BP) hazards in produc-
tion enterprises and use enterprises through two risk assessment methods and 
to evaluate the occupational health risk. Occupational health investigation and 
1-BP detection for workplaces were carried out in three production enterprises 
in southern of China and in three use enterprises in northern of China. The risk 
ratings of different posts were assessed by US Environmental Protection Agency 
(EPA) inhalation risk ( EPA assessment model) and Singapore Semi-quantitative 
Assessment Model (MOM assessment model).The risk classification results of 
the 2 risk assessment methods were compared and analyzed, based on occupa-
tional exposure limits for hazardous agents in the workplace (GBZ2.1-2019) and 
classification for hazards of occupational exposure to toxicant(GBZ 230-2010). 
The concentration of 1-BP on the positions of reaction, rectification, lavation and 
packaging were 0.1, 0.9, 1.6 and 0.5mg /m3 respectively in production enterprises, 
while on the positions of clamping, cleaning 1 line, cleaning 2 line, and checking 
were 56.4,29.7,63.4 and 33 mg /m3 respectively in use enterprises. By the EPA 
assessment model, all of the positions were evaluated as negligible risk in produc-
tion enterprises, while the positions of cleaning 1 line and checking were low risk 
as well as the positions of clamping and cleaning 2 line were medium risk in use 
enterprises. Through the MOM assessment model, the four positions were negligi-
ble risk in production enterprises and all of the positions were medium risk in use 
enterprises. Current results suggested that 1-BP exposure levels were higher in use 
enterprises than production enterprises. The EPA assessment model could quanti-
tatively and qualitatively assess the non-carcinogenic effects of chemicals, but 
the assessment results were low risk and relatively conservative for two positions 
where the exposure concentrations were above the limit. Based on the comprehen-
sive consideration of both hazard level and exposure level, the MOM model was 
assessed as more suitable for risk warning than the EPA model for 1-BP occupa-
tional health hazard risk assessment in China.

 3840 Use of Physiologically Based Pharmacokinetic Modeling to 
Support Risk Assessment for Susceptible Populations

M. Moreau1, J. Fitzpatrick1, A. Efremenko1, J. Fisher1, S. Whalley2, A. Stevens2, A. Nong1, 
and S. Webb2. 1ScitoVation, Durham, NC; and 2Syngenta, Bracknell, United Kingdom.

Risk assessment is the characterization of the potential adverse effects in humans 
to exposures of environmental hazards. Traditional risk assessment methods 
include determining a point of departure (POD) from animal toxicity studies and 
calculating a human reference dose using uncertainty factors (UF) to account for 
data limitations and variability and uncertainty resulting from differences between 
and within test animals and humans. This traditional approach may not account for 
pharmacokinetic (PK) processes influencing the dose-response, PK processes that 
can vary across dose levels, dose routes, and species. In this project, to address 
the concern for age-related or disease-related sensitivity to chemicals we showed 
how a physiologically based pharmacokinetic (PBPK) model coupled with in vitro 
to in vivo extrapolation (IVIVE) can be used to predict internal concentrations of 
chemical X and its metabolite in different populations (adults, children and renally 
impaired population). Both in vitro metabolism parameters and in vivo kinetic data 
were developed for chemical X and its metabolite in rats. The model was used 

to recapitulate these in vivo pharmacokinetic results. The IVIVE approach was 
then similarly applied to the human model development. The blood area under the 
curve (AUC) was used as the dose metric to compare between species. The PBPK 
model was used to predict human internal dose metrics of various age groups 
(children and adult) including renally impaired adults. The resulting internal dose 
metrics were compared against equivalent rat (oral) POD metrics. The aggregate 
exposure values were then measured in terms of a margin of internal exposure 
(MOIE) and margin of exposure (MOE). The MOEs for chemical X metabolite are 
higher compared to the usual minimal MOE value of 100. However, the traditional 
MOE approach does not consider physiological animal to human differences 
that influence toxicokinetic. The MOIEs reported for chemical X metabolite are 
lower than the traditional MOE. This indicates that the use of the MOIE is a more 
conservative approach and more realistic as it considers differences in absorp-
tion, distribution, metabolism, and excretion. We also reported the margin of 
safety (MOS) between 21 and 3822 in adults with severe renal impairment and in 
adults, respectively.

 3841 Informing Selection of Drugs for COVID-19 Treatment through 
Analysis of Adverse Events

W. Guo1, B. Pan1, Y. Lu2, T. Komatsu2, W. Tong1, T. Patterson1, and H. Hong1. 1US FDA/
NCTR, Jefferson, AR; and 2US FDA, Silver Spring, MD.

Since the onset of the pandemic, a remarkable number of drugs have been consid-
ered for clinical trials in the treatment of COVID-19. To combat the pandemic and 
better protect public health, it is important for physicians to select safe drugs for 
COVID-19 patients. This study evaluated the safety concerns of drugs utilized 
for COVID-19 treatment by analyzing adverse events reported in post-market 
surveillance. Adverse events are undesirable experiences associated with drugs, 
and adverse events analysis can be used as a safety measurement to provide 
information regarding which adverse events are more likely to occur in patients. 
In this study we examined 296 drugs that have been evaluated in clinical trials for 
COVID-19 and identified 28,597,464 associated adverse events at the System Organ 
Classes (SOCs) level in the FDA Adverse Events Reporting System (FAERS). We 
calculated the Z-score for each SOC to determine a statistically relative frequency 
of adverse events in the SOC. The Z-scores analysis revealed that most drugs have 
multiple significantly frequent adverse events. Physicians may need to be cautious 
when prescribing drugs with high z-scores to patients who are vulnerable to the 
associated adverse events. Our results suggest that this safety concern metric 
may serve as a tool to inform selection of drugs with favorable safety profiles for 
COVID-19 patients in clinical practice. Disclaimer: This abstract reflects the views of 
the authors and does not necessarily reflect those of the US FDA.

 3842 Toxicogenomic Analysis of >25-Year-Old Archival Tissue 
Samples Indicate Metal Sulfate Mode of Action and Potency

L. Wehmas, and S. Hester. US EPA, Research Triangle Park, NC.

Archival tissues provide an invaluable resource for retrospective molecular 
analyses; yet widespread use for toxicogenomics has been limited by formalin-fix-
ation related damage to nucleic acids. Advances in targeted RNA-sequencing 
technologies have helped overcome this challenge by focusing reads on smaller 
expressed regions of the transcriptome; thereby opening archives for new studies 
into chemical modes of action and retrospective proof of principle research. In the 
present effort, formalin-fixed paraffin-embedded (FFPE) rat lung or liver tissue (>25- 
years-old) was obtained from early timepoints (15-16 days) of two chronic toxicity 
studies (nickel sulfate: NiSO4 by inhalation or cupric sulfate: CuSO4 by ingestion) 
archived by the National Toxicology Program (NTP). Each study tested multiple 
dose levels (3.5 - 30 mg/m3 NiSO4 or 1000-16000 ppm CuSO4 plus concurrent 
controls) in both male and female rats. Tissue type was selected based on the 
2-year pathology reports and collected from the NTP archive for targeted, whole 
transcriptome sequencing by BioSpyder Technologies (n=5/sex/treatment). We 
analyzed each chemical for significant differentially expressed genes (DEGs, FDR 
< 0.05, fold change ± 2) across treatment groups and looked for consistencies 
in molecular pathway response using comparison analysis in Ingenuity (Qiagen). 
Dose responsive genes underwent benchmark dose (BMD) analysis in BMDExpress 
(v.2) to compare short-term transcriptomic measures of chemical potency with 
traditional measures from the 2-year NTP pathology data. We observed a dose 
dependent increase in significant genes for the NiSO4 exposure from 54 - 106 DEGs 
at 3.5 - 15 mg/m3 with a slight drop at the highest treatment group whereas for 
CuSO4, there was an increase in DEGs across the upper three treatments, which 
identified 31 - 458 DEGs at 4000-16000 ppm. A total of 26 and 8 DEGs were 
shared across treatment groups for NiSO4 and CuSO4, respectively representing 
consistency in response that was not likely a result of fixation related damage. 
When mapped to pathways, NiSO4 DEGs indicated upregulation in inflammation 
and immune response, which has been linked to metal exposures while pathway 
analysis of CuSO4 DEGs suggested disruption in sterol synthesis as the top 
impacted pathway across treatments, which is known to be modified by copper 
levels. Dose response modeling of NiSO4 genes resulted in median BMDs of 0.91 
mg/m3 and 0.99 mg/m3 for female and male rats, respectively, when mapped to 
the most sensitive gene ontology biologic process. This was 8-fold higher than the 
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most sensitive lung-related BMD (hyperplasia) at 2 years. For CuSO4, the median 
gene set BMD values (2558 ppm for female and 4260 ppm for male rats) were 
also ~8-fold higher than the most sensitive 2-year BMD values of adverse health 
outcomes (liver inflammation and forestomach hyperplasia, respectively). These 
results show promise in obtaining potentially useful transcriptomic data from 
decades old archival tissue samples and suggest utility in using gene response 
to model chemical potency. The views presented in the abstract do not necessarily 
represent the US EPA.

 3843 A Physiologically Based Pharmacokinetic Modeling Approach to 
the Assessment of the Adequacy of the Default Relative Source 
Contribution Factor for Several Volatile Organic Compounds

M. Valcke. Institut National de Santé Publique du Québec, Montréal, QC, Canada.

The relative source contribution factor (RSCF) is applied when deriving noncancer 
health-based guidance values for a given contaminant in drinking water (DW) in 
order to ensure that the combined total exposure from DW and non-DW sources 
does not exceed a presumed threshold dose with no adverse effect, such as the 
contaminant’s reference dose (RfD). The objective of this work was to assess 
whether the 20% default value often attributed to the RSCF is adequate to preclude 
a total exposure from exceeding such levels of concern for selected volatile organic 
compounds (VOCs). The methodological premise followed was to evaluate whether 
internal dose metrics (IDM) resulting from the exposure to a potential default 
RSCF-based DW guidance may, if occurring concomitantly with an inhalation 
exposure to the reference concentration (RfC), lead to a total IDM that exceeds the 
level expected from an exposure to either the reference dose (RfD) or the reference 
concentration (RfC) alone. Physiologically-based pharmacokinetic (PBPK) models 
published in the literature for 10 VOCs were parametrized for a 70 kg, 30-years old 
adult and a 10 kg, 1-year old child. Three distinct 24-hours continuous exposure 
scenarios where simulated for each VOC: scenario A, ingestion of the RfD; scenario 
B, inhalation of the RfC; scenario C, ingestion of 20% the RfD combined with inhala-
tion of the RfC. IDM relevant to the critical effect of interest underlying the RfD or the 
RfC were compared between scenario C and either scenario A or B. The “scenario C 
vs scenario A” ratio of the amount metabolized per liver volume (AMET) exceeded 
1 in the adult and the child for vinyl chloride (1.2 and 2.8), dichloromethane (9 and 
12.8), carbon tetrachloride (1.4 and 1.8), toluene (5.9 and 8.8) and ethylbenzene 
(1.2 and 1.8). Corresponding ratios based on the area under curve (AUC) exceeded 
1 in the adult (6) and child (8.2) for benzene. “Scenario C vs scenario B” AMET ratios 
greater than 1 were observed in the adult and child for vinyl chloride (1.2 and 1.1), 
tetrachloroethylene (1.4 and 1.3), carbon tetrachloride (1.2 and 1.1) and trichloro-
ethylene (1.8 and 1.4). Whereas based on AUC, ratios greater than 1 were obtained 
in the adult for styrene (1.1), toluene (1.1) xylene (1.7) and ethylbenzene (1.1), as 
well as in the child for xylene (1.5). In conclusion, the PBPK modeling approach is 
useful to assess the adequacy of the RSCF with regard to the protection against the 
critical effects underlying the RfD or the RfC. IDM ratios above 1 as obtained herein 
may warrant an RSCF below 20% for the concerned VOCs, in order to ensure a 
combined “DW guideline + RfC” exposure that leads to an IDM which remains below 
a level associated to the exposure to the RfD or the RfC alone.

 3844 Evaluating Impacts of Anatomical, Physiological, and 
Biochemical Variability on Human Equivalent Doses Using 
PBPK Models

C. Schacht1, A. Meade2, D. Kapraun2, P. Schlosser2, H. Tran1, A. Bernstein2, and 
B. Prasad3. 1North Carolina State University, Raleigh, NC; 2US EPA, Research Triangle 
Park, NC; and 3New Jersey Department of Environmental Protection, Trenton, NJ.

Physiologically based pharmacokinetic (PBPK) models are regularly used to inform 
human health risk assessments of chemicals. By performing simulations with a 
PBPK model, one can estimate human exposure levels that result in internal doses 
equal to those predicted for laboratory animals exposed to substances according 
to specific experimental dosing regimens. Using point estimate parameter values 
representing an “average” adult human, one can apply a PBPK model to estimate 
a single “human equivalent dose” (HED), which refers to the human equivalent 
concentration (for inhalation exposure) or dose (for oral exposure) of a substance 
that is expected to induce the same magnitude of toxic effect for a human as 
that observed for laboratory animals exposed to a known concentration or dose. 
However, point estimates do not address variability among humans or uncertainty 
in parameter values. The World Health Organization International Programme on 
Chemical Safety (IPCS) has proposed a chemical hazard characterization approach, 
APROBA, that seeks to incorporate these and other elements of uncertainty to 
generate probabilistic reference values for chemicals. A key assumption in the 
APROBA approach is that various underlying distributions, including distributions 
of HEDs, are lognormal. To evaluate this assumption, simulations were performed 
using published PBPK models for dichloromethane and chloroform, and shapes of 
HED distributions were investigated when different assumptions about the distribu-
tions of PBPK model parameters were made. To account for pharmacokinetic (PK) 
variability in humans, Monte Carlo methods were used to draw sets of values for 
the PBPK model parameters based on distributions that describe uncertainty and 
human variability. Reverse dosimetry was then used to obtain samples of HEDs. 

Finally, global sensitivity analysis was performed to help inform parameter subset 
selection when predicting 1st and 99th percentiles. Using the Royston and Jarque-
Bera normality tests, it was found that while some HED distributions were lognor-
mal, this depended on the distributions chosen to represent parameter variability, 
the demographic group considered, and the applied doses. For higher doses (which 
generally coincide with higher internal dose metrics), HED distributions were less 
likely to be lognormal. Lognormal parameter distributions produced mainly lognor-
mal HED distributions, while uniform parameter distributions produced dramatically 
less lognormal HED distributions. Finally, it was found that 1st and 99th percentiles 
can be accurately predicted using distributional data for a relatively small subset of 
the model parameters (i.e., not considering variability in most of the model parame-
ters), but that the list of important (influential) parameters depends on the chemical 
and the dose. In the future, these conclusions about HED distributions and the 
impact of parameter distributions may be generalized by investigating other PBPK 
models to better characterize uncertainty in reverse dosimetry calculations.

 3845 Using NHANES Data to Characterize the Magnitude of Allostatic 
Load in Vulnerable Communities: Impact to Existing Risk 
Assessment Uncertainty and Variability Factors

A. W. East, W. Rish, and W. D. Klaren. ToxStrategies Inc., Asheville, NC.

Characterization of the degree of susceptibility among vulnerable communities 
is an emerging need in health-based risk assessments with particular interest in 
the impact of non-chemical stressors. Further, publications have suggested that 
basal stress levels, or allostatic loads, are elevated among vulnerable populations 
compared to the general population which may impact the sensitivity to chemical 
stressors. Recent agency and academic investigations have focused on historically 
disadvantaged communities likely impacted by non-chemical stressors with the 
development of geographical tools such as US Environmental Protection Agency 
(USEPA)’s EJScreen to locate such communities for additional consideration. The 
objective of this work is to investigate the degree of susceptibility within such 
populations. This was accomplished by leveraging publicly available National 
Health and Nutrition Examination Survey (NHANES) data (2015-2016 and 2017-2018 
datasets) and nine biometric indicators of human health to estimate allostatic load 
for the general population and for defined subpopulations. Considering survey 
and demographic information, subpopulations within the NHANES cohort were 
subset by specific criteria highlighted in EJScreen and other investigatory tools. 
These criteria broadly relate to income, attained education, food availability, and 
healthcare access. A cumulative subpopulation which matched criteria from all of 
the aforementioned subsets was also included. The allostatic indicators (serum 
albumin, body mass index, serum C - reactive protein, serum creatinine, diastolic 
blood pressure, glycated hemoglobin, systolic blood pressure, total cholesterol, and 
serum triglycerides) were evaluated by percentile and summed to generate a score 
from 0-9, i.e., an allostatic load score. Medication use and declared health status 
were reviewed and adjustments to allostatic score were made for medications 
which while potentially successful in treating the symptoms may not address the 
true basal stress of the respondents due to non-chemical stressors. NHANES exam 
weights were used to calibrate the results from the NHANES cohorts to the US 
population. Results suggest that there is an increased allostatic load within the low 
food availability and education subpopulations as median allostatic load scores 
shifted from 2 to 3 when compared with the total 2017-2018 NHANES cohort. 
These data groups had relatively large sample sizes (n = 892 and n = 3501, respec-
tively) within the 2017-2018 NHANES cohort (n = 5520). Clear demographic differ-
ences were seen within several of the subpopulations with a shift towards minority 
populations. Notably, the 2017-2018 NHANES general population consisted of 62% 
white and 38% non-white whereas within the cumulative subpopulation 43% were 
white and 57% non-white, with 28% being Hispanic, and 18% black. Additionally, 
this cumulative subpopulation was also younger with a mean age of 38 years vs. 45 
years for the general population. Lastly, the magnitude of the excess allostatic load 
observed in certain subpopulations was contextualized within current sensitivity 
uncertainty/adjustment factors commonly used in risk assessments. While there 
is no geographic data available in publicly released NHANES data to overlay onto 
EJScreen output, this analysis provides a potential methodology which could be 
applied to other datasets. Such quantitative investigations improve the understand-
ing of susceptibility and may provide the foundation for additional adjustment 
factors to incorporate into cumulative risk assessments.

 3846 Robust Phenotypic Profiling Assay for Predictive Toxicity on 
Human Hepatic Cells

W. Chen1, E. Sherer1, Z. Sutake1, C. Willis2, E. P. Costa1, E. Bianchi1, J. A. Harrill2, and 
J. LaRocca1. 1Corteva Agriscience, Indianapolis, IN; and 2US EPA, Research Triangle 
Park, NC.

Cell Painting, a high content imaging-based phenotypic profiling assay that 
multiplexes six fluorescent dyes, is currently being leveraged for high-throughput 
toxicology screening across diverse human-derived cell lines. However, these cell 
lines have minimal to no chemical metabolizing capacity, thus limiting the testing 
to individual parent compounds and neglecting relevant metabolism processes. 
The Predictive Safety Center from Corteva Agriscience, in collaboration with the 
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US EPA Center for Computational Toxicology and Exposure, successfully applied 
Cell Painting to an immortalized human hepatic cell line, HepaRG, and developed 
a cutting-edge comprehensive image data analysis pipeline. HepaRG cells have 
a gene expression profile resembling primary human hepatocytes, including 
expression of nuclear receptors and CYP450 activity leading to acceptance as a 
useful liver cell line for metabolism studies and xenobiotic toxicity screening. We 
have completed interlaboratory comparison of Cell Painting assays conducted 
in HepaRG in concentration-response screening mode. The results were highly 
concordant. All bioactivity points of departure (POD) estimates were within 1 order 
of magnitude across the two labs using a 22 chemical training set, providing strong 
indication of a robust assay with interlab reproducibility. Furthermore, we have 
identified the minimum number of biological and technical replicates, as well as 
field of views imaged per well, for optimal sensitivity and accuracy in detecting 
chemical effects in HepaRG cells with the Cell Painting assay. Data from this assay 
can be used for in vitro hazard identification and support chemical risk assessment. 
This abstract does not reflect US EPA policy.

 3847 Chemical-Biological Analysis of Seawater Weathering of Nine 
Diverse Crude Oils

A. C. Cordova, L. C. Ford, A. T. Roman-Hubers, W. A. Chiu, T. J. McDonald, and I. Rusyn. 
Texas A&M University, College Station, TX.

During an oil spill, proper understanding of hazards present and how they evolve 
through time is a challenge faced by first responders and authorities. It is even more 
challenging to conduct such assessments if spill responses are delayed, because 
chemical composition and bioactivity profiles of the secondary substances formed 
due to weathering are difficult to predict. Many studies have simulated marine oil 
spill conditions to evaluate chemical changes in both oil and water. Fewer studies 
focused on how oil weathering may affect its hazardous properties, most of which 
used low-resolution analytical methods and did not attempt to directly associate 
chemical analyses to toxic effects. Recent advances in nontargeted analytical 
techniques have improved the identification of weathered oil-derived substances, 
yet the identification of specific compounds that may be responsible for hazardous 
effects is still an elusive task. In this controlled case study, we therefore evaluated 
the seawater-based weathering of nine crude oil samples of diverse geographic 
origins using high-resolution chemical characterization and high-throughput in vitro 
experiments. Each sample was exposed to seawater collected from Galveston Bay, 
TX for a total period of one year. Samples of oil slick were collected at 1, 2, 3, and 
12 months and water samples were collected at 12 months. All crude oils and 
weathered samples were extracted and analyzed using ion mobility spectrome-
try-mass spectrometry for chemical characterization. In addition, bioactivity was 
evaluated across several human cell types including EA.hy926 endothelial cells, 
HepG2 hepatoma cells, and induced pluripotent stem cell-derived cardiomyocytes 
and hepatocytes. Cell-based assays exhibited increased bioactivity over the course 
of weathering for several of the oil types. In addition, we found that for some of the 
oil types, weathering products that have partitioned into the water column were 
more bioactive than the weathered oil itself. Together, the data on the chemical 
composition and cell-based bioactivity of weathered oil samples provides a unique 
case study for a chemical-biological analysis of complex environmental mixtures 
and identification of the constituents associated with the hazardous properties of 
a whole mixture.

 3848 Comparison of Toxicology Assessment Baseline Data Collected 
Using Two Restraint Methods in Nonhuman Primates: Restraint 
Chair/Pole and Collar vs. Procedure Cage

P. R. Magunda, N. Lalayeva, J. Forget, and N. Makori. Altasciences, Everett, WA.

Physical or chemical restraint has been historically used in the laboratory setting 
to allow for humane and efficient handling of nonhuman primates (NHPs) while 
minimizing animal stress or distress. When stress occurs, there are alterations to 
physiological homeostasis or psychological wellbeing of the animal. Among the 
several forms of restraint, restraint chairs have been shown to be the preferred 
method of restraint for research studies for NHPs. For this procedure, animals 
are fitted with a neck collar to which a pole can be attached and used to guide the 
animals from their home cage to the restraint chair termed pole and collar/ restraint 
chair for this study (PC/Restraint chair). This method allows for the application 
of positive restraint techniques with limited use of negative reinforcement (NRT), 
which increases animal cooperation, reduces distress and use of anesthesia and 
encourages increased cognitive stimulation. The other method of interest for this 
study, the procedure cage, relies primarily on physical (hand) contact and aspects 
of negative reinforcement training (NRT), where the animal moves into position 
for a procedure at the front of the cage and releasing the squeeze-back as soon 
as the desired movement toward the cage front is achieved. The goal of this 
study was to investigate the differences in outcomes of use of these methods on 
toxicological assessment in NHP studies and provide evidence for best practice in 
restraint in a laboratory setting. A retrospective analysis on acclimation data from 
six studies, 3 (83 males and 87 females that employed the procedure cage) and 
3(45 males and 75 females that used the pole and collar and restraint chair) was 
performed. Animals were acclimated over at least six sessions to ensure that they 

were adequately adapted to the restraint method with provision of visual access 
to restraint devices where applicable (i.e. chair and pole). Surrogate measures 
of stress (neutrophil, eosinophil, monocyte, and lymphocyte counts i.e., stress 
leucogram), inflammation (albumin, fibrinogen, and prothrombin time) and muscle 
damage (creatine kinase) levels, which are typically evaluated in toxicological 
assessments, collected during the acclimation period, were compared between the 
two restraint methods. A two-way ANOVA followed by the Šídák’s multiple compar-
isons test was used to evaluate differences in these clinical pathology parameters 
for each restraint method. Neutrophilia (p= 0.4684) and Lymphopenia (p=0.0026) 
indicative of the stress leucogram were present when the Procedure cage was 
used compared to the use of the PC/Restraint Chair method. Levels of creatine 
kinase and fibrinogen were significantly higher in Procedure cage vs PC/Restraint 
Chair animals (p=0.0027) and (p=0.0041) respectively, suggestive of acute muscle 
damage and inflammation. This study is a direct clinical evaluation of the Procedure 
cage vs PC/Restraint Chair and provides evidence that the PC/Restraint Chair leads 
to less destress and inflammation resulting in limited alterations to physiological 
homeostasis translating to psychological wellbeing of animals.

 3849 Human Intestinal Organoid Culture System for Drug-Induced 
Gastrointestinal Toxicity Screening

D. Leung1, M. Stahl1, W. Anderson1, J. Brandon1, K. Tse1, R. K. Conder1, A. C. Eaves1,2, 
S. A. Louis1, and V. Conlin1. 1STEMCELL Technologies, Vancouver, BC, Canada; and 
2Terry Fox Laboratory, Vancouver, BC, Canada.

Drug-induced gastrointestinal (GI) toxicity is one of the most common adverse 
events (AE) in Phase 1 clinical trials. Symptoms include diarrhea, dehydration, and 
ulceration which increases the susceptibility to infection partly due to epithelial 
damage causing impaired barrier function. Many chemotherapeutic agents have 
dose-limiting complications due to GI toxicity and result in compromised efficacy in 
the clinic. Therefore, the early detection of GI liability in novel therapeutics is crucial 
during preclinical drug discovery. Organoids generated from the human intestinal 
epithelium recapitulate numerous features of the in vivo adult intestine, includ-
ing self-renewal and differentiation pathways, cellular composition, and cellular 
organization. The current work focuses on utilizing intestinal organoids in 96-well 
viability and barrier function assays for preclinical drug-induced GI toxicity evalua-
tion. Human intestinal crypts were seeded in IntestiCult™ Organoid Growth Medium 
to yield proliferative intestinal organoids. Intestinal organoids were cultured in the 
presence of varying concentrations of small molecule drugs (gefitinib, colchicine, 
and acetaminophen) and the responses compared to those observed using Caco-2 
cells, a human colon epithelial cancer cell line often used as a model of human 
intestinal toxicity evaluation. Cultures were treated with small molecules for 5 days, 
with medium changes every 1-2 days, after which cell viability was assessed by 
Promega® CellTiter-Glo®. Human intestinal organoid cultures exhibited greater 
sensitivity to gefitinib (average IC50 = 0.819 μM for organoids; n=3 and 11.4 μM for 
Caco-2; n=2) and colchicine (average IC50 = 0.0281 μM for organoid; n=3 and 62.89 
μM for Caco-2; n=6) compared to Caco-2 cells treated with the same compounds. 
The negative control compound, acetaminophen, induced minimal toxicity on either 
intestinal organoids or Caco-2. The 96-well assay was reproducible, producing 
similar 50% inhibitory concentrations (IC50) in repeated experiments with cells from 
the same and different donors (e.g., IC50 values of colchicine = 0.0150 - 0.0340 µM 
for duodenum, 0.0296 - 0.0741 µM for ileum, and 0.0150 - 0.0370 µM for colon; 
n=3 donors). In addition to impacting cell viability, drug-induced GI toxicity may 
also be a result of perturbations to colonic epithelial barrier function, and thus in 
vitro models that more accurately represent the physiology of the intestinal epithe-
lium compared to immortalized or transformed cell lines may be more predictive 
of clinically adverse events. Organoid-derived monolayer cultures on Corning® 
Transwell® inserts were used as a means of evaluating barrier integrity in response 
to drug treatment, using passive low permeability marker molecules to evaluate 
the state of the barrier in both concurrent (4kDa FITC-Dextran) and post (Lucifer 
Yellow) multi-day drug exposure. The cultures were exposed to various concentra-
tions of colchicine and Sapitinib (AZD-8931) and the barrier integrity was assessed 
via transit of the marker molecule across the monolayer from the apical to 
basolateral chambers. Preliminary data suggest that organoid-derived monolayers 
exhibited >10-fold sensitivity to Sapitinib (AZD-8931) and Colchicine compared to 
Caco-2 monolayer cultures. Together, these data demonstrate the human intestinal 
organoid culture system is a valuable tool for investigating the potential toxicity of 
candidate therapeutics to the intestinal epithelium.

 3850 Primary Human Small Intestine Monolayers for Assessing Drug-
Induced Intestinal Liabilities In Vitro

F. Jardi1, D. Taylor2, J. Kanerva2, B. McQueen3, B. Zwarycz3, and 
G. M. Yanochko-Hoffman2. 1Janssen: Pharmaceutical Companies of Johnson & 
Johnson, Beerse, Belgium; 2Janssen: Pharmaceutical Companies of Johnson & Johnson, 
San Diego, CA; and 3Altis Biosystems, Durham, NC.

Drug-induced gastrointestinal (GI) complications are the most frequent adverse 
events reported in clinical trials. At present, late and expensive in vivo animal 
studies remain the cornerstone of preclinical GI safety evaluation. Stem cell-based 
in vitro assays hold the potential to improve early candidate compound selection 
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and mechanistic investigations, helping to accelerate programs and reducing the 
number of animals used. Here, we explored if a primary human small intestine 
(SI) monolayer cell culture system (RepliGut® Planar Platform) could distinguish 
between compounds with a low, medium, and high potency for the JNJ epigene-
tic target X with a known in vivo GI liability, using cell viability, proliferation (EdU 
incorporation), and stem cell gene expression as readouts. To evaluate if the 
assay was adequate for this intended use, we first tested a limited set of reference 
compounds including drugs with a high (> 50%) and a low (0-4%) incidence of 
diarrhea in the clinic at in vitro concentrations up to 100-fold the clinical Cmax. 
Following a 72-hour incubation, all 6 positive (high incidence diarrhea) but none of 
the 4 negative (low incidence diarrhea) compounds reduced viability and prolifera-
tion of SI monolayers more than 50% of DMSO controls. Positive drugs exhibited 
a proliferation IC50 to clinical Cmax ratio of ≤30, consistent with recent work in a 
human enteroid viability assay. Having validated the system, we next tested a set 
of 10 JNJ compounds targeting the JNJ target X at 6 concentrations ranging from 
0.123 to 50 µM. At the highest soluble dose (50 µM), only JNJ-001 and JNJ-003 
reduced viability and proliferation by more than 50% compared to DMSO controls 
at 72 hours. Still, there was a trend toward reduction in viability and proliferation 
with increasing potency for the JNJ target X. We also determined the expression 
of OLFM4 and LGR5, two intestinal stem cell genes that were down-regulated after 
target inhibition in in vivo mouse studies. Consistent with in vivo findings, OLFM4 
and LGFR5 were decreased in the RepliGut® Planar Platform in response to JNJ 
compounds inhibiting target X. OLFM4 was the most abundantly expressed of the 
2 genes in RepliGut®Planar Platform and exhibited a dose-dependent decrease in 
expression after exposure to JNJ compounds. Additionally, the reduction of OLFM4 
was more pronounced with increasing potency for the JNJ target X; a decrease 
in expression by more than 50% vs. DMSO controls was observed for most 
compounds with high and medium potency at 3.3 and 10 µM, respectively, and for 
1 out of 2 compounds with low potency at 50 µM. As seen in vivo, the reduction 
of LGR5 after inhibition of JNJ target X was less pronounced than that of OLMF4 
and only from 30 µM onwards most compounds decreased LGR5 expression by 
more than 50% compared to DMSO controls. These data support the use of stem 
cell-based models for predicting and mechanistically evaluating novel oncology 
drugs with non-cytotoxic mechanisms of action, therefore contributing to more 
informed selection of compounds prior to in vivo studies.

 3851 3D Primary Liver Cell Spheroids as a Promising In Vitro 
Tool to Evaluate the Hepatotoxic Potential of Therapeutic 
Antisense Oligonucleotides

S. Grepper1, M. Tu1, F. Wenz1, N. Zapiorkowska-Blumer1, K. Sanchez1, 
A. Wolf1, D. Misner2, S. Chanda2, S. Prill3, and B. Filippi1. 1InSphero AG, Schlieren, 
Switzerland; 2Aligos Therapeutics Inc., South San Francisco, CA; and 3AstraZeneca, 
Gothenburg, Sweden.

Antisense oligonucleotides (ASOs) are a promising therapeutic modality to 
modulate the expression of disease-causing RNA molecules, but their clinical 
development is hampered by hepatotoxicity. In preclinical and clinical safety 
evaluation, ASOs concentrate in the liver and can trigger Liver enzyme leakage. 
Investigative toxicology studies ASOs can induce a range of deleterious effects 
such as the induction of apoptosis, off-target effects, and the saturation of RNA 
processing machinery. 3D primary liver cell spheroids are regularly used as in vitro 
tools to study the hepatotoxic potential of small molecule drugs, however their 
relevance to study the hepatotoxic potential of ASOs has yet to be established. 
This work evaluates the relevance of the 3D primary liver cell spheroids to study 
the hepatotoxic potential of ASOs using a set of preclinical and clinical ASOs. In the 
first part of this work, the uptake of ASO by the model and the resulting downreg-
ulation of the RNA target was assessed. Histochemistry results show that ASOs 
are readily and uniformly taken up by the model, reaching the inner core of the 
cell spheroid. Also, quantitative PCR analyses show that treatment with ASO leads 
to a strong downregulation of the target RNA molecule lasting up to 14 days. In 
the second part of this work, the in vitro cytotoxicity of the ASOs was assessed 
by monitoring the viability of the model (Cellular ATP content), cytosolic leakage 
(LDH leakage) and the induction of apoptosis (cellular Caspase 3/7 activity). 
Interestingly, the in vitro cytotoxicity of the ASOs correlates with their hepatotox-
icity reported previously, with the viability measurement being the most sensitive 
biomarker. Finally, several ASOs led to an induction of apoptosis in the model, albeit 
at very different magnitudes, suggesting that this is a common hazard for ASOs. 
Altogether, these results suggest that 3D primary liver cell spheroids are a promis-
ing in vitro tool to assess the hepatotoxic potential of ASOs. In future investigations, 
more clinical ASOs will be assayed using the same approach.

 3852 3D Primary Cell Spheroids as a Predictive High-Throughput 
MPS for Hepatotoxicity Assessment during the Development of 
Pharmaceutical Drugs

B. Filippi, F. Wenz, M. Tu, N. Zapiorkowska-Blumer, K. Sanchez, L. Fäs, and A. Wolf. 
InSphero AG, Schlieren, Switzerland.

Hepatotoxicity is an important safety hazard that can cause the discontinuation 
of the development of drug candidates. Testing the toxicity of drug candidates in 
animal models (in vivo) is endorsed by regulatory authorities and therefore well-es-
tablished in the pharmaceutical industry. However, numerous drug candidates 
found to be safe in animal models are hepatotoxic in humans. Moreover, fourteen 
drugs initially approved by the regulatory agencies had to be finally withdrawn for 
the American and European markets because of hepatotoxicity in the last thirty 
years. This shows that the hepatotoxicity assessment process does not accurately 
predict hepatotoxicity in humans, and that the prediction of hepatotoxicity during 
preclinical and clinical trials must be further improved. Micro-physiological systems 
(MPS) raised expectations that their use in industrial practice would improve 
hepatoxicity assessment. However, only a few MPS effectively made it beyond 
proof-of-concept into the regular industrial workflow. Among the available MPS, 3D 
primary liver cell spheroids accurately model the essential features of the native 
liver and their ease of use make them compatible with standardized industrial high 
throughput applications. Moreover, 3D primary liver cell spheroids predict hepato-
toxicity more accurately than their 2D primary cultures. To further evaluate the 
relevance of 3D primary liver cell spheroids for hepatotoxicity assessment, a large 
set of small molecule drugs was randomly selected from the DILIrank dataset 
and tested in 3D primary liver cell spheroids. The DILIrank dataset consists of 
1,036 FDA-approved drugs that are divided into four classes according to their 
potential for hepatotoxicity: “Most-DILI-concern”, “Less-DILI-concern”, “No-DILI-
concern” and “Ambiguous-DILI-concern”. The 7-day cellular ATP IC50 values of 
the picked drugs were determined and compared to their human exposure data 
(total plasma Cmax). Using this approach, 84.2% of “Most-DILI-Concern” drugs 
were accurately predicted as hepatotoxic, whereas 83.3% of “No-DILI-Concern” 
drugs were accurately predicted as non-hepatotoxic. These results further validate 
the relevance of 3D primary liver cell spheroids as a useful in vitro tool for hepato-
toxicity assessment. Furthermore, the incorporation of human exposure data to the 
in vitro results lifts this assay to a yet unparalleled level of predictive power versus 
scalability and ease-of-use. The sensitivity, specificity, easy-of-use, and cost-effec-
tiveness makes of 3D primary liver spheroid models a productive, industry-com-
patible, MPS for liver safety assessment. It enables the generation of high-quality 
hepatotoxicity datasets for the drug development process, thus supporting critical 
internal go/no-go decision-making. In future studies, more DILIrank compounds will 
be assayed using this approach in collaboration with pharmaceutical partners and 
regulatory bodies.

 3853 Cardiac Proarrhythmic Risk Assessment Using Human-Induced 
Pluripotent Stem Cell–Derived Cardiomyocytes

V. M. Albert, M. Jahic, and N. Servant. Eurofins, San Diego, CA. Sponsor: Y. Zhao.

The Comprehensive in vitro Proarrhythmia Assay (CiPA) initiative is an effort to 
improve the accuracy of proarrhythmic risk assessment by reducing the focus on 
in vitro hERG channel assays and in vivo QT interval measurements. This novel 
approach includes the use of adult human induced pluripotent stem-cell derived 
cardiomyocytes (hiPSC-CMs) to assess compounds for potential cardiac liabilities. 
hiPSC-CMs express ion channels that underlie action potentials and exhibit electro-
physiological and mechanical characteristics of native human cardiomyocytes. 
Thus, hiPSC-CMs represent a more comprehensive and physiologically relevant 
preclinical model for cardiac liability assessment. In cardiomyocytes, calcium (Ca2+) 
acts as an intracellular second messenger linking the electrochemical signals of 
the action potential to cardiomyocyte contraction: High levels of intracellular Ca2+ 
lead to contraction of the cardiomyocyte and low levels of Ca2+ lead to relaxation. 
Consequently, the shape and duration of the intracellular Ca2+ oscillation may be 
utilized as a surrogate marker to evaluate the effects of compounds on cardiac 
function. Eurofins Discovery has developed and validated a high-throughput assay 
in hiPSC-CMs using a Ca2+ sensitive dye and the FLIPR Penta High-Throughput 
Cellular Screening System to monitor intracellular Ca2+ oscillation in the presence 
of test compounds. This assay shows that Ca2+ oscillation in hiPSC-CMs is affected 
by compounds that target other ion channels separate from Ca2+ channels (sodium 
(Na+) and potassium (K+) channels) and by compounds with known cardiac safety 
risks. Furthermore, IC/EC50 values may be calculated for various parameters of the 
Ca2+ oscillation. Taken together, our assay allows for high-throughput assessment 
of risk potential of drug-induced delayed ventricular repolarization and QT interval 
prolongation in humans in various stages of drug development.
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 3854 An Integrated Approach for Early In Vitro Seizure Prediction 
Utilizing Human-Derived Induced Pluripotent Stem Cells and 
Human Ion Channel Assays

K. Rockley1, M. Davis2, P. Levesque2, R. Roberts1, and M. Morton1. 1ApconiX, Alderley 
Park, United Kingdom; and 2Bristol-Myers Squibb Company, Princeton, NJ.

Seizure liability remains a significant cause of attrition throughout drug develop-
ment. The seizurogenic potential of drug candidates is not typically evaluated until 
the late stage of preclinical discovery, during in vivo toxicology studies. The timing 
of this assessment means that positive findings of seizure liability could result in 
the need to identify alternate clinical candidates. This emphasises the need for 
improved methodologies to detect seizure liability earlier, ideally with reduced 
reliance on costly animal studies. Advances in stem cell biology coupled with an 
increased understanding of the role of ion channels in seizure offer an opportunity 
for a new paradigm in screening. A combined approach could provide mechanistic 
insight into off-targets causative of seizure and improve identification of potential 
seizure risks preclinically. Neuronal cells derived from human induced pluripo-
tent stem cells (hiPSCs) can be incorporated into physiologically relevant in vitro 
models to predict seizure risk using high-throughput microelectrode array (MEA). 
hiPSC iCell GlutaNeurons containing 80% glutamatergic/20% GABAergic neurons 
were plated with astrocytes and monitored using the Axion Maestro Edge MEA 
system. Application of HESI NeuTox compounds (4-AP, amoxapine, amoxicillin, 
chlorpromazine, enoxacin, linopirdine, pentylenetetrazole, picrotoxin, pilocarpine, 
phenytoin, strychnine) and other seizurogenic drugs (bupropion, clozapine, diphen-
hydramine, paroxetine, quetiapine) caused characteristic changes to electrical 
activity in 5 parameters (mean firing rate, burst duration, network burst frequency, 
network burst duration, number of spikes per network burst) indicative of seizure. 
The majority of seizurogenic compounds increased network burst frequency, 
decreased burst/network burst duration, and decreased the number of spikes per 
network burst. Exceptions include 4-AP and pilocarpine which caused characteris-
tic changes to the network burst pattern and decreased the frequency of network 
bursts respectively. The antibiotics amoxicillin and enoxacin which are believed 
to act as GABA antagonists showed no activity. Assessment of rat hippocampal 
slices by MEA revealed that the seizurogenic compounds 4-AP, pentylenetetra-
zole, picrotoxin, bicuculline, gabazine and strychnine increased field potential area 
and peak number, which is indicative of increased activity and a seizurogenic 
response. This provides evidence that brain slice recordings may be useful as an 
early predictive assay for seizure liability, however the necessity for animal sacrifice 
points towards the hiPSC/MEA approach as a more ethical, high-throughput and 
translatable option. Acetaminophen was included as a negative control in both the 
hiPSC and hippocampal slice assays and had no effect. Alongside the hiPSC/MEA 
approach, the same 16 seizurogenic compounds were screened against a panel 
of 15 ion channels with strong links to seizure (Nav1.1, Nav1.2, Nav1.6, Kv7.2/7.3, 
Kv7.3/7.5, Kv1.1, Kv4.2, KCa4.1, Kv2.1, Kv3.1, KCa1.1, Cav2.1, GABA α1β2γ2, 
nicotinic α4β2, NMDA 1/2A) using automated electrophysiology. Of the ion channels 
tested, 9/16 compounds inhibited two or more ion channels, and all seizure causing 
compounds expect pilocarpine demonstrated at least one “hit” against our seizure 
panel. Typically, the potassium channels were sensitive to more compounds than 
the sodium channels and the GABA-A receptor antagonists and pilocarpine show 
strong specificity for their targets. These studies highlight the potential utility of 
an integrated in vitro approach for early seizure prediction to provide mechanistic 
information and support optimal drug design in early development to reduce animal 
usage and save time and resource.

 3855 Strategies for EEG Monitoring in Toxicology Studies: Chasing 
Biomarkers of Seizure Activity and Neuropharmacology

S. Authier, K. Bujold, M. Pouliot, N. Bennamoune, S. Maghezzi, and S. Bulera. Charles 
River Laboratories, Laval, QC, Canada.

Drug-induced seizures are a concern in preclinical development given the 
life-threatening consequences. New generations of telemetry transmitters allow for 
monitoring of physiological parameters such as EEG and EMG without significant 
disturbances to conventional toxicology endpoints. Telemetry studies generate 
significant amounts of data that require analysis to identify seizure activity biomark-
ers or to assess neuropharmacology. EEG traces were obtained in cynomolgus 
monkeys and Beagle dogs from general toxicology studies using telemetry with 
implanted electrodes from the 10-20 system (Cz-Oz, C3-O1 and C4-O2). The use 
of implanted telemetry devices and appropriate recovery (i.e., 21 days or more) did 
not significantly alter general toxicology endpoints including body weights, clinical 
signs, clinical pathology and anatomic pathology. Automated and manual analysis 
methods were compared to identify EEG biomarkers of seizure. Automated 
seizure detection tools identified spike trains but could not detect more complex 
biomarkers of increased susceptibility to seizure such as increased synchrony, 
isolated sharp waves and isolated spikes or isolated spike-and-waves patterns. 
Automated EEG analysis alone is insufficient to evaluate traces for biomarkers 
of seizure activity but can serve as a first line tool to identify areas of interest. 
EEG traces obtained in a Cz-Oz derivation presented the lowest artifact level which 
was optimal for automated seizure detection and this derivation was systemati-
cally used for the primary analysis including, ictal activity detection, qEEG and/or 
polysomnography. Tremors or myoclonus in normal healthy animals were generally 

not associated with abnormal EEG activity but this remains a regulatory concern. 
Based on video-EEG, the incidence of tremors in normal healthy dogs and cynomo-
lgus monkeys was 5.3% and 5.6%, respectively. The incidence of physiological 
myoclonus in normal healthy dogs and cynomolgus monkeys was 0.7% and 0.9%, 
respectively. Salivation was observed in 9.9% and 2.6% of normal healthy dogs and 
cynomolgus monkeys, respectively. Overall, the data presented herein supports 
the inclusion of EEG monitoring using telemetry in dog and non-human primate 
toxicology studies.

 3856 The Rat Femoral Epicondylar Defect, a Bone-Healing Model to 
Assess Skeletal Safety for Therapeutic Compounds Intended for 
Orthopedic Surgery

N. Petitdant1, Y. Trudel2, S. Caron1, V. Giguere-Santini1, G. Boyd1, R. Schafbuch1, 
C. Tremblay1, N. Doyle1, S. Authier3, A. Varela1, and M. Guillot1. 1Charles River 
Laboratories Montréal ULC, Senneville, QC, Canada; 2Charles River Laboratories, 
Boisbriand, QC, Canada; and 3Charles River Laboratories Montréal ULC, Laval, 
QC, Canada.

Therapeutic compounds developed for use during orthopedic surgeries need to be 
tested in a relevant model, representative of the clinical indication. The rat femoral 
epicondylar defect is a relevant model that allows addressing cancellous and 
cortical bone healing safely in a relatively short period of time. The objective of 
the study was to quantify and characterize bone healing up to 5 weeks following 
surgery. Twenty-one female Sprague Dawley rats (13 to 14 weeks old) underwent 
surgery at the right femur. The procedures involving the care and use of animals 
were approved by CRL’s Institutional Animal Care and Use Committee. Holes of 
2 mm in diameter by 5 mm in depth were made in the femoral medial epicon-
dyle while rats were under general anesthesia with appropriate pain management. 
Test material (control item/sterile saline) was instilled into the surgical area 
before suturing the site. While still under anesthesia, the femur was radiographed 
to confirm surgical procedure and position of the defect. Post-surgery, animals 
received appropriate analgesics, additional enrichments, and an Elizabethan 
collar for 5 days. Digital radiographs of the femur were obtained weekly up to 
necropsy. A semiquantitative radiographic score was used to assess bone healing. 
Animals’ general health was assessed throughout the study by recording weekly 
bodyweights, food consumptions, and clinical signs. Animals were euthanized 5 
weeks post-surgery and femurs were harvested and preserved in formalin. The 
distal femur was scanned by micro-Computed Tomography (CT), prior to histol-
ogy processing. For each defect, one volume of interest was contoured. The bone 
volume (BV) and relative bone volume (BV/TV) of the trabecular region (central 
region of the defect) and total region (complete defect) were analyzed. Following 
completion of imaging, the femurs were decalcified, processed histologically, and 
sectioned in the sagittal plane in the central region of the defect for semi-quantita-
tive histologic scoring of the bone healing. Incorrect defect creation was noted at a 
low rate and included secondary fractures or sub-optimal position/angulation of the 
defect within the epicondyle based on radiographs, or occasional severe skin lesion 
at the surgical site shortly after surgeries. Radiographic evaluation showed progres-
sive signs of bone healing starting at Weeks 2-3 in all animals. Micro-CT images 
allowed for new bone formation quantification with a mean trabecular and total 
BV/TV of 17% and 33%, respectively. Histopathology assessment and micro-CT 
results were well correlated and were characterized by trabecular and cortical bone 
in-growth into the defect area, which was more significantly in the peripheral cortex 
area than in the center or medullary region of the femur. In conclusion, by the end of 
the 5-week observation period, the bone healing was considered adequate to allow 
the evaluation of potential effects on new bone formation by radiographs, micro-CT 
and histopathology. The rat femoral epicondylar defect is considered as a relevant 
non-clinical model to address bone healing safety.

 3857 Rapid Cell-Based Profiling of Dehydrogenase Activity for 
Metabolic Pathway Analysis

N. Karassina, K. Haupt, M. Valley, D. Leippe, K. Sylvester, J. Cali, and J. Vidugiriene. 
Promega Corporation, Madison, WI. Sponsor: M. Bach.

Thorough characterization of active compounds in vitro is an increasingly import-
ant step during drug development. Metabolic profiling can be used to analyze the 
functional effects of active compounds, but existing metabolomics methods are 
resource intensive. Importantly, dehydrogenase enzymes play critical regulatory 
roles in the major metabolic pathways. Here, we present the selective monitoring 
of dehydrogenases using bioluminescent NAD(P)H detection technology to assess 
glycolysis, pentose phosphate pathway, and TCA cycle activity. Bioluminescent 
NAD(P)H detection technology offers low picomolar sensitivity with wide dynamic 
range (>3 logs), allowing measurement of dehydrogenase activity with low amounts 
of cells (<400 cells/well) and broad assay windows (>100-fold signal above 
background (S/B)). To validate our approach, we began by interrogating metabolic 
enzymes in monolayer A549 cells. Using this approach, the activity of GAPDH and 
Glc6P, two key dehydrogenases regulating glycolysis, were measured in 125 cells/
well with S/B >216 and >308, respectively. Phosphogluconate dehydrogenase, 
involved in nucleotide synthesis and NADPH generation in pentose phosphate 
pathway, was measured in 125 cells/well with S/B >37. To measure the TCA cycle, 
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malate dehydrogenase and isocitrate dehydrogenase were monitored in 400 cells/
well, and gave S/B >73 and 55, respectively. We also demonstrated compatibility of 
the approach with 3D spheroid models. Next, we sought to evaluate the dynamic 
metabolic changes that occur during T-cell activation. CD8+ T cells were activated 
with anti-CD3 and anti-CD28 antibody coated beads and expanded for 10-days in 
medium supplemented with IL-15. GAPDH and Glc6P dehydrogenase activity was 
measuring using 400 cells per 25 ul reaction in a 384-well plate. GAPDH and Gcl6P 
dehydrogenase activity increased by 4.5- and 5.3-fold respectively in activated T 
cells as compared to naïve cells, consistent with a known increase in glycolytic 
activity upon T cell activation. In conclusion, bioluminescent dehydrogenase assays 
can be implemented to monitor metabolic pathways in diverse cell types using low 
numbers of cells. These assays can also be miniaturized, making them amenable to 
high-throughput applications in drug discovery and development.

 3858 Minimally Invasive Detection of Acute Systemic Tissue Injury 
Induced by a Canonical Black Box Drug

S. E. Johnson1,2, J. Jeffery3, A. Mazar2, and M. Zhao1,2. 1Northwestern University, 
Chicago, IL; 2Durametrix LLC, Milwaukee, WI; and 3University of Wisconsin–Madison, 
Madison, WI. Sponsor: M. Zhao, American College of Toxicology.

While current drug discovery approaches are effective in discovering new chemical 
entities, attrition rates remain estimated as high as 90%. Though many drug 
candidates advance to later development stages, most drug candidates fail, and 
even those that are approved still carry the risk of unforeseen adverse events in 
patients which will result in at the very least black box warnings. Given that many of 
these adverse events are due to unforeseen drug-induced tissue damage, the ability 
to assess such systemic tissue injury induced by candidates as early as possible 
will have a significant impact on pharmaceutical development and drug safety. The 
goal of this study was to investigate the feasibility of using 99mTc-duramycin, an 
imaging agent which detects membrane reorganization as a surrogate marker for 
apoptosis/necrosis, for assessing systemic tissue injury induced by a canonical 
black box drug using celecoxib as a model. Dosages (high, 200 mg/kg; low 20 
mg/kg P.O.) of celecoxib with established toxicity profiles were used for proof of 
concept and compared with untreated and vehicle treated populations as controls 
(n=8). Dynamic planar imaging was utilized to determine timepoints for imaging. In 
vivo SPECT-CT imaging was then performed 72h after treatment and the elevation 
in 99mTc-duramycin uptake, a surrogate marker for tissue injury, was quantified 
using t-test and rank sum test. The ratios between each treated animal and the 
basal level were also calculated to determine the individual susceptibility to drug 
toxicity. Histopathology was used to validate the findings. Significant elevation 
in 99mTc-duramycin uptake was detected in multiple organs/tissues in treated 
animals compared to control. These changes were more apparent and diverse in 
high dose animals. Additionally, our technique detected nonapoptotic tissue injury 
that was not detectable by TUNEL but was accompanied with a prominent elevation 
in 99mTc-duramycin uptake. For treated rats, susceptible organs/tissues identified 
using 99mTc-duramycin uptake as indices were consistent with known toxicity 
of the drug. These changes could be detected in key tissues as early as 24h post 
treatment. SPECT studies indicated that the signal changes in 99mTc-duramycin 
as a result of drug toxicity are detectable and quantifiable, thus providing critical 
proof-of-concept for in vivo studies. Histopathology were used to validate the 
findings. The imaging technology provides useful information on both individual 
and population levels for potentially identifying and gauging systemic tissue injury 
induced by black box drugs early and in a minimally invasive manner. This approach 
has the potential to preemptively identify safety issues early and as to generate a 
real impact on pharmaceutical development, drug discovery, and drug safety.

 3859 Correlating Changes in Body Weights and Immune System 
Parameters in Cynomolgus Macaque

C. Johnson, J. Hackett, A. Hunerdosse, N. Lalayeva, and J. Forget. Altasciences, 
Everett, WA.

With the continued increase in development of biological and immune-modulating 
therapeutics, there is a need to assess for potential toxicity of the immune system, 
especially in relation to other toxicity parameters. Assessment of the immune 
system is routinely achieved through addition of endpoints, such as, immunopheno-
typing of circulating cells. Due to the nature of these therapeutics, the cynomolgus 
macaque is often the most appropriate test system to use. A new development in 
the recent past is that body weights of cynomolgus monkeys available for preclin-
ical studies have decreased significantly due to high demand and use of animals 
in research. Literature suggests that nutritional inadequacy can negatively impact 
the immune system resulting in an increased incidence of infection in humans. To 
improve the assessment of drug-related impact on the immune system, the typical 
phenotype of circulating immune cells was established in both young (2 to 3 years) 
and mature (≥ 3 years) test article-naïve cynomolgus macaque. Blood was collected 
while animals were conscious and restrained. The following cell populations: T 
cells, Helper T cells, Cytotoxic T cells, Total B cells, NK cells, and monocytes were 
quantified using BD FACSCanto II flow cytometer. Linear regression was performed 
to determine if there was a correlation between animal body weight and the relative 
circulating immune cell populations. The initial analysis revealed that there was no 

correlation between body weight and the relative cell populations in the young and 
mature animals. Furthermore, there was no difference in the relative cell population 
counts when comparing the young and mature animals.

 3860 AAV-Based Automated High-Throughput Live Imaging Assay for 
Monitoring Cellular Adaptation to Autophagic Flux Modulation

J. Qiu, C. A. Moreland, B. M. Paisley, J. P. Stutz, and T. K. Baker. Eli Lilly and Company, 
Indianapolis, IN.

Lysosomotropism and autophagy modulation has been linked to drug-induced 
toxicity in the liver, lung, retina, heart and gastrointestinal tract (1, 2). Although 
the mechanism is unclear, lysosomotropism and drug-induced tissue injury are 
reportedly concurrent and therefore assays that identify compounds that induce 
lysosomal impairment and subsequent cell injury are desired. Lysosomes damaged 
by lysosomotropic agents are selectively fused to autophagosomes during the 
autophagic process which is an adaptive pro-survival process to avoid lysosomal 
rupture and cell death (3). Hence, monitoring the activity of autophagy offers 
valuable insights on cell health. A gold standard for monitoring autophagy is to 
directly monitor LC3B during autophagosome to autolysosome formation. Imaging 
analyses have so far been conducted via low-throughput methods such as stable 
reporter cell line generation, transient transfections, fluorescent dye or antibody 
staining. Several imaging based LC3B ratiometric pH probes have been developed 
but are limited in their signal range for high pKa compounds. For example, 
previously reported EGFP-mCherry-LC3B ratiometric pH sensor can reliably detect 
pH5 to pH7 but lacks the sensitivity to detect >pH7 due to intrinsic limitation in 
the dynamic range. To overcome these limitations and improve monitoring of 
autophagy in a more robust manner, we developed an AAV viral-based ratiometric 
probe Superecliptic-pHluorin-iRFP670-hLC3B by fusing hLC3B with pH sensitive 
Superecliptic-pHluorin (SEP) and pH stable iRFP670 in tandem. Also, to better 
understand the dynamic autophagic process, we generated AAV-LAMP2a-mApple 
late endosome/lysosome reporter. The combination of LC3B and LAMP2a reporters 
allows classification and quantification of endosome, autophagosome and autoly-
sosome in the same cell. To test autophagy at the single cell level, we generated 
a nuclei reporter AAV-53BPtrunc-mTagBFP2, which serves as a reporter for nuclei 
integrity (4). Using a blue, fluorescent analog of chloroquine (Alkyne-chloroquine/
ACQ), we demonstrated that this assay can monitor endosome/autophagasome 
fusion and autolysosome formation, aggregation, and centripetal movement. After 
24hours treatment, CQ or ACQ dose dependently increased size and pH of autolyso-
some. While these effects peaked at ~10μM, the blockage of endosome/autopha-
gosome fusion occurred at doses near or higher than LC50 (~55μM). Autophagic 
vesicles was largely reduced prior to cell break down. Our data further showed that 
this imaging platform allows biphasic classification of small molecules as autoph-
agy inducers or inhibitors, as well as determination of lysosomotropism, by quanti-
fying pH, size and number of autophagic vesicles per cell level. The developed 
chemical dye staining-free live imaging assay allows us to monitor drug effects on 
autophagy in real-time and to test cytolethality in parallel. To understand cellular 
adaptation to autophagic flux modulation, we tested a list of >70 marketed drugs 
and tool compounds in HepG2 cells. We found that increase pH, size and decrease 
numbers of autophagic vesicles followed by dose dependently increased LDH 
release reflects a maladaptive response to autophagic flux inhibition. Finally, we 
further demonstrated this imaging platform is broadly applicable to a wide range 
of cell models. Reference: 1. Khoh-Reiter S, et al. Contribution of membrane traffick-
ing perturbation to retinal toxicity. Toxicol Sci 2015;145:383-395. 2. You M et al. 
Effect of ethanol on lipid metabolism. J Hepatol 2019;70:237-248. 3. Maejima I, et 
al. Autophagy sequesters damaged lysosomes to control lysosomal biogenesis and 
kidney injury. EMBO J 2013;32:2336-2347.4. Yang KS,et al. Single cell resolution in 
vivo imaging of DNA damage following PARP inhibition. R. Sci Rep. 2015;5:10129.

 3861 Gene Therapy Utilizing Adeno-Associated Viral (AAV) Vectors: 
Historical Data Review to Characterize Common Challenges and 
Identify Opportunities for Refinement

K. Brooks, N. Lalayeva, and N. Makori. Altasciences Preclinical & Bioanalysis Services, 
Everett, WA.

Recently there have been significant advances in gene therapy utilizing viral as 
well as non-viral vectors at both the preclinical and clinical stages of drug develop-
ment. In the preclinical space, safety assessment of adeno-associated viral (AAV) 
vector-based therapeutics requires use of the nonhuman primate (NHP) as the 
main species; the presence of naturally occurring neutralizing antibodies (nAb) in 
the primate population necessitates screening of a large number of animals to 
obtain an adequate negative titer cohort for the study. Additionally, pre-treatment 
with corticosteroids prior to AAV vector administration is often required to counter 
any adverse reactions. Given the unique challenges of working with AAV vector-
based test articles, we reviewed data collected in a large number of toxicology 
studies conducted in the past few years with the aims of (1) establishing ranges 
for the number of animals to screen for nAb; (2) establishing the dosage range 
for commonly used corticosteroid given prior to AAV vector administration; and 
(3) describing the most common in-life findings. Approximately 37% (182/491) of 
animals screened for nAb against AAV8 were suitable for study assignment based 
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on established criteria for negative or low viral titers by AAV neutralizing antibody 
assay (≤ 5 nAb50 in HEK293 cells). Pretreatment with 2 mg/kg of dexamethasone 
at approximately 1-2 hours prior to AAV administration was adequate to mediate 
immune related responses. There was no discernable effect of AAV administration 
on body weight, and most abnormal post dose clinical signs were minor and not 
directly attributable to the AAV vector. In conclusion, this historical data set serves 
as a guide for more informed study designs for AAV vector-based therapeutics and 
allows for potential reduction and refinement of animal use in their safety testing.

 3862 Strategies for Reducing the Number of Animals in Toxicity 
Testing: A Comparative Approach for Rodent and Large 
Animal Studies

N. Lalayeva, J. Forget, and N. Makori. Altasciences Preclinical Services, Everett, WA.

It is essential that the scientific community continually re-evaluates study designs 
and technology that will enable reduction in the number of subjects used for toxicol-
ogy studies, an approach that aligns with the 3Rs of experimental animal welfare 
(Replacement, Reduction and Refinement). In rodents, we adopted blood microsa-
mpling as a refinement to the more common technique of needle and syringe by 
leveraging the MitraTM Volumetric Absorptive MicroSampling (VAMS®) device for 
accurate and precise collection of low sample volume. For example, by microsam-
pling only 10 μL of whole blood, an entire cohort of study animals in the traditional 
needle and syringe collection was eliminated from the project since serial samples 
could also be collected from the main study animals. This represented a reduction 
in the number of study animals by 55% and 100% for mouse and rat studies, respec-
tively. Collection of samples from the same cohort of animals allows correlations 
between PD findings and the actual drug exposure profile. In nonhuman primates 
(NHP) and dogs, we carefully reviewed the number of animals in control and 
recovery cohorts in chronic studies that had data from prior subacute studies. This 
enabled reduction by >25% in number of control group with no recovery cohort 
including in the low dose group. The NHP study design was reviewed and accepted 
for conduct by a regulatory agency. Each approach will be discussed further to 
highlight the pros and cons of each in order to allow for a more informed decision 
when designing toxicity studies.

 3863 Intranasal Infusion: A New Approach to Drug Delivery

A. Zabaiou1, S. Sarret2, M. Freke1, and A. Varela1. 1Charles River Laboratories, Senneville, 
QC, Canada; and 2Eli Lilly and Company, Cambridge, MA.

The intranasal route of administration avoids certain disadvantages of other 
clinical routes by circumventing the first-pass effect, a potential low speed onset 
of action, and/or off-target effects. It not only allows for systemic exposure to 
occur of therapeutics and biologics (i.e., for analgesics, cardiovascular drugs, 
hormones, anti-inflammatory agents, and/or antiviral drugs) but can also be used 
as a self-delivered means of bypassing the blood-brain barrier. In the case of 
nucleic acids, achieving good brain exposure following nasal absorption has proven 
to be challenging. A pilot study was conducted to evaluate the feasibility of using 
intranasal instillation for nasal to brain delivery and its translatability for nucleic 
acids (siRNA). Pipet-based instillation of a siRNA into the Sprague Dawley rat nares 
was used by administering a total volume of 320 µL (2 discrete dosing sessions 
with 4 applications in each nostril at a volume of 20 µL/nostril/application) and 
the presence of siRNA in the predicted initial brain structures, the olfactory bulb 
and/or trigeminal nerve was detected using quantification of each siRNA strand 
by hybridization ELISA. Extremely low delivery efficiency [antisense values below 
quantification limit (BQL<11.7 ng/mL)] and high variability (%Instilled Dose/g by 
tissue between 1X10-5 and 1X10-1) were seen and theorized to be the result of ineffi-
cient dose localization and/or deposition at the olfactory epithelium. In an effort 
to optimize delivery, a catheter-based infusion technique was then employed. This 
involved threading a catheter through an anesthetized rat’s nares until it touched 
the back of the nasal cavity, and then slowly infusing a set amount of solution 
(maximum of 320 µL) during a maximum duration of 1 hour. A comparison of 
the catheter infusion technique versus pipet-based instillation was performed by 
collecting six different brain tissues (olfactory bulb, trigeminal ganglion, frontal 
cortex, brain stem, cerebellum, and hippocampus) to evaluate delivery of siRNA 
at each. Clear nasal to brain distribution of siRNA along different pathways to 
the frontal cortex was observed following catheter infusion (antisense values 
between 14.6 to 151 ng/mL), whereas no frontal cortex delivery was seen via the 
pipet-based technique [antisense values below quantification limit (BQL<11.7 ng/
mL)], the median %Instilled Dose/g delivery in the olfactory bulb or trigeminal nerve 
was up at least 10-fold when using intranasal infusion (%Instilled Dose/g by tissue 
between 1X10-3 and 1X10-1 while most of them were between 1X10-2 and 1X10-1). In 
conclusion, efficient localization of siRNA at the olfactory epithelium is critical for 
effective nasal to brain delivery. A comparison of 2 different intranasal techniques 
was made using siRNA and showed that frontal cortex delivery was consistently 
achieved using the intranasal infusion vs intranasal instillation.

 3864 Chronic Toxicity Studies of sPIF following Once Daily 
Subcutaneous Administration in Mice and Dogs to Support 
Immune Disorders and Transplant Therapy

T. Horn1, W. Johnson1, E. Barnea2, and P. Terse3. 1IIT Research Institute, Chicago, 
IL; 2BioIncept LLC, New York, NY; and 3National Center for Advancing Translational 
Sciences, Rockville, MD.

Preimplantation factor (PIF), a 15AA peptide, is secreted by viable embryos and 
found throughout mammalian pregnancy. Synthetic PIF analog (sPIF) has shown 
promising therapeutic benefits in preclinical models of immune disorders and 
Graft-versus-Host Disease (GVHD). Chronic toxicity studies of sPIF following once 
daily subcutaneous administration in mice (six-month duration at 0, 30, 100 and 300 
mg/kg) and dogs (nine-month duration at 0, 10, 30 and 90 mg/kg) were performed 
to support Phase II GVHD clinical trials. Twenty mice/sex/group for main cohort 
and ten mice/sex/group for recovery cohort and 4 dogs/sex/group for main cohort 
and 2 dogs/sex in control and high dose for recovery cohort were used. Lactated 
Ringer’s Solution was used as a vehicle control. The toxicity endpoints evaluated 
were mortality, clinical observations, body weight, food consumption, functional 
observational battery assessments (mice), anti-drug antibodies, ophthalmology, 
clinical pathology, organ weights and gross and microscopic pathology. In addition, 
body temperature, electrocardiogram, blood pressure, heart rate and pulmonary 
assessments were also evaluated in dog. Dose formulation concentrations were 
within acceptable limits (90-110% of the target values). Toxicokinetic evaluations 
were conducted on the first and last day of dose administration. TK evaluations in 
dogs indicated a Tmax of 0.5 hours, a mean T1/2 of 5.02 hours, and a dose dependent 
increase in exposure with tendency to accumulate; however, in mice the plasma 
levels were generally lower compared to Day 1. In dogs, skin irritation (sores and 
swelling) at injection sites were noted in Group 3 (30 mg/kg/day) and Group 4 (90 
mg/kg/day) with increased blood eosinophil levels. The highest anti-sPIF antibody 
titers were detected at Week 5 in dogs and Week 26 in mice. Test article-related 
microscopic findings of minimal severity and reversible were observed in the 
adrenal gland in group 4 dogs. In conclusion, the No-Observed-Adverse-Effect Level 
(NOAEL) of sPIF was 300 mg/kg/day (mean Cmax 2732 ng/mL, mean AUC0-1hr 1082 
hr*ng/mL) in mice and 90 mg/kg (mean Cmax 4170 ng/mL, mean AUC0-7hr 17,250 
hr*ng/mL) in dogs following once daily subcutaneous injection for 6 months in 
mice and 9 months in dogs demonstrating favorable safety profile to support the 
long duration clinical trials. Supported by Contract No. HHSN271201700016I under 
BrIDGs/NCATS program.

 3865 Cell Isolation following Apheresis Using an Immunomagnetic 
Beads Approach in Nonhuman Primates

E. M. Thurston, C. Para, C. Ballesteros, A. Dahmani, S. Hung, N. Ibrahim, C. Li, S. Bulera, 
and S. Authier. Charles River Laboratories, Laval, QC, Canada.

Out of twenty-five FDA-approved cell and gene therapy products, six employ 
chimeric antigen receptor T (CAR T) cells generated autologously and none harness 
allogenic CAR T. We evaluated a method used in a pre-clinical setting for hemato-
poietic replacement therapies and in the future, to produce cell therapies includ-
ing CAR T for allogenic applications. Clinically, apheresis can be used to collect a 
blood component from an autologous donor through one of two methods: contin-
uous mononuclear collection (CMNC) method, which employs outflow from one 
venipuncture and return flow through a second site (with ~120 mL dead volume) 
or a dual lumen catheter, or the peripheral blood mononuclear cell (MNC) method 
which has a smaller dead volume and only a single venipuncture. In macaques, 
Neupogen (G-CSF, 50 μg/kg/day; administered on days 1 to 5) and Mozobil 
(Plerixafor, 1.0 mg/kg/day; administered on day 5, three hours prior to apheresis) 
were used to mobilize CD34+ hematopoietic stem cells from the bone marrow 
compartment. This 5-day process increased the CD34+ cell concentration in periph-
eral whole blood ranging from 1.8 to 15.5 x 103 cells/mL, up to values between 55.7 
to 200.9 x 103 cells/mL prior to apheresis. CD11b-CD45+CD34+ cell concentration 
measurements were performed by flow cytometry at prior to mobilization, prior to 
Mozobil administration on Day 4 and 3 hours post Mozobil administration. A thresh-
old value (10 x 103 CD11b-CD45+CD34+ cells/mL in peripheral whole blood) on 
Day 4 was used to determine whether the mobilization was satisfactory to proceed 
with the apheresis procedure. Apheresis was performed using the Spectra Optia 
Apheresis System with outflow from the catheterized femoral vein and return flow 
through the catheterized carotid artery. The system was initially primed with PRBCs 
and then a CMNC collection was performed to harvest peripheral white blood cells 
and adjusted to collect the buffy coat fraction rich in CD34+ cells, whilst administer-
ing ACD-A (Anticoagulant Citrate Dextrose Solution, Solution A). At the same time, 
the subject’s heart rate, oxygen saturation, blood pressure, respiratory rate, body 
temperature, and ionized calcium levels among other laboratory parameters were 
monitored throughout the procedure. The subject can undergo the procedure for up 
to 6 hours, during which ionized calcium levels (targeted level of 1.2 to 1.45 mmol/L) 
were closely monitored and calcium gluconate was administered as needed to 
maintain safe ionized calcium levels in order to prevent citrate toxicity. Following 
the completion of the apheresis procedure, the apheresis product was subjected 
to a ficoll density gradient separation to isolate mononuclear cells. The mononu-
clear cell fraction was then immunomagnetically depleted of CD11b+ cells and the 
CD11b- fraction was once more stained, this time with anti-CD34 immunomagnetic 
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beads to allow positive selection of CD34+ cells. Our methods have produced 73 
to 95% purity of CD34+ cells across our studies, with a cell yield between 1.34 to 
40.70 x 106 CD34+ cells across studies. We demonstrate high degrees of purity 
(>70%) in isolating CD34+ cells from apheresis product of non-human primates by 
immunomagnetic bead separation. This method can be harnessed to produce a 
large variety of cells for immunotherapies, as well as to develop, test, and bring to 
market CAR T cells produced though allogenic methods.

 3866 Evaluation of Plasma Lactate as a Biomarker for Monitoring 
Mitochondrial Toxicity in Rats

L. Liu, K. Miyakawa, M. C. Kuhls, Q. Xu, T. Philip, H. Vu, A. Aslamkhan, W. E. Glaab, 
R. J. Gonzalez, K. M. Pearson, and J. Lebron. Merck & Co. Inc., West Point, PA.

Mitochondria are important ATP generating organelles that support cellular 
function and viability. Drug-associated mitochondrial dysfunction has been 
implicated as a cause of drug toxicity in non-clinical species and in humans. 
Pharmaceutical companies have leveraged several in vitro methodologies to 
evaluate the potential for drug candidate-induced mitochondrial toxicity. However, 
the determination of drug-induced mitochondrial toxicity in vivo is confounded 
by the complexity of the phenotypes and lack of sensitive and specific transla-
tional and mechanistic biomarkers. Elevation of lactate by aerobic glycolysis to 
compensate for decreased ATP production during mitochondrial inhibition is well 
established in in vitro systems, and lactic acidosis has been linked to toxicity of 
antiviral therapies, linezolid, and biguanide. But as many pathophysiological factors 
affect lactate levels in humans, this rendered doubt whether a moderately elevated 
plasma lactate is a useful biomarker for mitochondrial toxicity in vivo. Nevertheless, 
plasma lactate may be valuable as a weight of evidence biomarker for mitochon-
drial toxicity in a well-controlled rat study. In this work, we correlated in vivo findings 
with mitochondrial toxicity calls in vitro. First, we examined basal circulating levels 
in naïve and vehicle control Wistar-Han rats and determined an average of approx-
imately 1.6 mM lactate. Second, we evaluated 42 Merck chemicals for effects on 
plasma lactate in rats after 4 days of dosing. The test set included 17 compounds 
considered positive, and 25 compounds considered negative based on mitochon-
drial toxicity in vitro testing using glucose/galactose shift and Seahorse assays in 
HepG2 cells. Increases in plasma lactate levels ≥ 4 mM were observed for 12 out 
of 42 compounds. Eleven of the 12 compounds were positive for mitotoxicity in 
vitro. The in vitro IC50 of these compounds was then compared to the Cmax and 
AUC values in the respective rat studies. Among the 17 in vitro mitotoxicants, the 11 
compounds that had ≥ 4 mM plasma lactate in general had higher Cmax/IC50 and 
AUC/IC50 than the ones with subthreshold levels of lactate. The 12th compound 
that had ≥ 4 mM plasma lactate had very high in vivo exposure, and the mitotox 
negative result may reflect insufficient in vitro testing relative to in vivo Cmax. We 
also found that there was no significant elevation of lactate in mitotox negative 
compounds in studies with evidence of organ injuries and/or inflammation (based 
on gene signature, clinical biochemistry, and gross tissue evaluations) that could 
impact lactate production and removal, including liver, kidney, cardiac, and skeletal 
muscle. These results indicated that organ damage alone does not result in marked 
increases of plasma lactate in rats. Taken together, this evaluation supports 
exposure as a critical factor for mitochondrial toxicity in vitro/in vivo translation 
and the use of plasma lactate as an informative biomarker in well-controlled rat 
studies when mitochondrial toxicity is a concern. Additional evaluation is warranted 
to strengthen weight of evidence and knowledge of this biomarker to facilitate its 
use for detecting mitochondrial toxicity in vivo.

 3867 Obtain Drug Safety Rankings through Meta-analysis of Clinical 
Trial Data Using Penalized Bayesian Model

D. Wang. US FDA/NCTR, Jefferson, AR.

To manage patient care, it is often of interest to obtain safety ranking of several 
drugs in the same class for treatment selection. However, individual randomized 
clinical trials, which are designed to evaluate the efficacy of drugs, often do not 
have the sufficient sample size to accurately estimate the risk for adverse events. 
Meta-analysis, as an established method to synthesize evidence across studies, is 
a promising approach to address this problem. However, meta-analysis of clinical 
trials for adverse events has the added challenge that some adverse events are very 
rare and clinical trials might only report events above a certain threshold. Penalized 
Bayesian models provide a flexible way to accommodate study heterogeneity and 
the reporting threshold (Qi et al. 2022). In this paper, we present a case study in 
generating safety ranking for PD-1 and PD-L1 inhibitors. It builds on published data 
regarding 125 clinical trials for five immunotherapy drugs (nivolumab, pembroli-
zumab, atezolizumab, avelumab, and durvalumab), seven cancer types, and 
75 adverse event categories. Our results demonstrate that penalized Bayesian 
meta-analysis model can successfully borrow strength from different clinical 
trials to estimate the risk of each adverse effect for each drug cancer combination 
and in turn generate safety ranking for the drugs. We have developed a ranking 
method to summarize over dozens of adverse effect categories. As an advantage 
for Bayesian methods, the uncertainty of the results can be easily quantified. Our 
results show there is significant drug*cancer interactions while each drug tends 
to have better or worse risk ranking over the majority of adverse effect categories. 

These findings and the safety ranking of drugs will be useful for treatment selection 
regarding different cancer types. We plan to further compare our results to patterns 
in postmarket surveillance data such as those in the FDA Adverse Event Reporting 
System (FAERS).

 3868 Post-market Safety Assessment of a Commonly Used 
Antioxidant in Polymeric Food Contact Articles

L. C. Markley, A. Ogungbesan, A. Gonzalez-Bonet, O. Bandele, A. Bailey, and G. Patton. 
US FDA, College Park, MD.

Tris(2,4-di-tert-butylphenyl) phosphite, commercially known as Irgafos 168 (I-168), 
is a commonly used secondary antioxidant used in the manufacture of polymeric 
food contact articles. I-168 degrades during use in polymers to several degrada-
tion products, including phosphate species such as Irgafos 168-phosphate 
(I-168ate). The main toxicological concern for I-168 is the potential for I-168ate 
to present a hazard for neurotoxicity like some other organophosphates. As 
a result, we performed a safety assessment for I-168 and its degradants when 
used as an antioxidant in food contact articles. Our exposure assessment included 
extensive review of the U.S. food contact regulatory history of I-168 resulting in a 
combined cumulative estimated daily intake (CEDI) of 0.09 mg/kg bw/day for I-168 
and I-168ate when used as an antioxidant in food contact articles. Our compre-
hensive literature review of toxicological data and supporting structure activity 
relationship (SAR) analysis to predict I-168 reactivity against acetylcholinesterase 
diminished the concern for potential neurotoxic effects of I-168 and its degradants. 
An acceptable daily intake (ADI) value of 1 mg/kg bw/day for I-168 was derived 
from a two-year rodent combined chronic toxicity/carcinogenicity study, which is 
higher than the combined CEDI and supports the safety of currently authorized food 
contact use levels of I-168. This post-market review is an example of FDA’s re-eval-
uation of previously authorized food contact substances to support its mission of 
protecting the public by ensuring the safety of our nation’s food supply.

 3869 Aryl Hydrocarbon Receptor Is a Xenobiotic Sensor That Alters 
Intestinal Epithelial Homeostasis

D. Chakraborty1, I. A. Murray1, X. Zhou2, D. M. Coslo1, and G. H. Perdew1. 1Pennsylvania 
State University, State College, PA; and 2Institute of Radiation Medicine, Tianjin, China.

The Aryl Hydrocarbon Receptor (AHR) has been implicated in maintaining intesti-
nal barrier function through influencing epithelial cell proliferation and differentia-
tion, in addition to its widely known role in toxicological responses. Our data has 
demonstrated that AHR plays a role in adaptive reprogramming of small intesti-
nal epithelial gene expression leading to altered proliferation and lineage commit-
ment. Both Ahr gene expression and activity, as marked by its target gene Cyp1a1 
(Cytochrome P450 family 1, subfamily A, polypeptide 1) expression, demonstrate a 
decreasing trend across proximal-distal gradient and crypt-villus gradient. Genetic 
ablation of Ahr impairs the ability of intestinal epithelial cells to differentiate into 
Paneth and goblet cell lineages, enterocyte and secretory cell differentiation 
markers, compromises barrier function, while increasing crypt-associated epithelial 
cell proliferation as shown by short-term BrdU (Bromodeoxyuridine) incorporation. 
Exposure to AHR ligands through a 15% broccoli diet decreased the proliferative 
index in Ahr+/+ mice. A decrease in goblet cell numbers was also histologically 
observed in Ahr+/+ mice on a diet devoid of AHR ligands. In contrast, a broccoli 
diet increased goblet cell number. Expression of enterocyte and secretary cell 
differentiation markers (Math1, Klf4 and Tff3) positively correlated with AHR 
transcriptional activity in both chow and broccoli diet. Dietary AHR ligands are 
likely protective against intestinal damage caused in human pathologies such as 
infection and during side-effects of chemotherapeutic drugs such as doxorubicin. 
We demonstrate that ICZ (Indolo(3,2-b)carbazole) , a potent AHR ligand present in 
cruciferous vegetables, promotes wound-healing effect in Caco2 colon carcinoma 
cell lines, when co-treated with doxorubicin. Studies with the AHR antagonist 
CH223191 show decreased goblet cell numbers in broccoli-fed mice, and less 
wound-healing effect on treatment with doxorubicin. These data demonstrate that 
dietary cues through AHR transcriptional activation reshape the cellular repertoire 
of the gastrointestinal tract, and act as a cost-effective and readily available route 
to maintain intestinal resilience.

 3870 Validation of a Multi-mycotoxin Method for Detection of 
Fumonisins in Garlic

F. Rossi1, K. Hua2, J. Dung2, and J. Duringer1. 1Oregon State University, Corvallis, OR; and 
2Oregon State University, Madras, OR.

Fumonisins are a group of mycotoxins produced by Fusarium proliferatum that 
are known for their hepato-, nephro- and neurotoxicity to mammalian herbivores. 
The threat of fumonisins lies within several food items, including corn, wheat 
sorghum, asparagus and, more recently, garlic. Manifesting as garlic rot, F. prolif-
eratum infection of garlic poses severe economic threats as garlic is grown in 
nearly every region of the world; North America saw its first outbreak in garlic in 
September of 2001. In areas of the globe where diet may not be varied, fumonisins 
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can be a particularly potent threat. The aim of this project was to validate a method 
previously used in peanut and corn matrices for use in detecting fumonisin B1 and 
B2 in garlic. A method validation process was used to establish quality control 
parameters including linearity, accuracy, selectivity, and robustness. Linearity 
for fumonisins B1 and B2 was established across a range of 7 ng/g-1,665 ng/g, 
with R2 of 0.993 and 0.999, respectively. Accuracy was determined with a limit of 
detection of 2.5 ng/g and a limit of quantitation of 7 ng/g for both fumonisins B1 
and B2. Interday variation for fumonisin B1 was 21% and 19% for fumonisin B2; 
intraday variation was found to be 20% and 12% for fumonisin B1 and B2, respec-
tively. Garlic powder from the grocery store was determined to be an acceptable 
blank, as it was clear of fumonisins. Selectivity was evaluated by monitoring signal 
suppression from the matrix which was determined to be 26% for fumonisin B1 and 
1% for fumonisin B2. Based on these promising results, further work will include 
completion of method validation and analysis of real garlic samples infected with 
F. proliferatum to determine fumonisin B1/B2 concentrations and association 
with specific F. proliferatum strains to determine if there is a correlation between 
the two. This project is part of a larger goal to develop management strategies to 
minimize the economic loss, impact, and potential toxicity due to F. proliferatum 
infection in garlic.

 3871 Food Emulsifiers Increase Toxicity of Food 
Contaminant Acrylamide

M. M. Wu, Y. Yang, and K. W. Kwok. Hong Kong Polytechnic University, Hong 
Kong, China.

Emulsifiers are used extensively in processed food to enhance product stability 
while emulsifiers mostly have low toxicity, recent studies have found that they could 
lead to alteration of gut microbiota community and subsequently gut inflammation. 
Such effects opened up further questions as to whether emulsifiers could lead to 
higher sensitivity of the individual due to higher chemical uptake and/or increased 
toxicity as a result of impaired gut lining integrity. Importantly, food emulsifiers 
are typically used in food products containing other food additives and contami-
nants. For example, food emulsifiers are used in baked products which also contain 
process contaminant acrylamide. We performed a local survey of over 100 baked 
products and all contained at least one food emulsifier. Therefore, in this study 
we hypothesized that toxicity of acrylamide will be increased in the presence of 
food emulsifiers polyoxyethylene sorbitan monooleate (Tween80) and glycerol 
monostearate (GMS). As anticipated, addition of low levels of Tween80 and GMS 
increased acrylamide toxicity to small intestine epithelial cell HIEC-6 and human 
colorectal adenocarcinoma cell Caco-2. 72h IC50 values of acrylamide alone was 
4.87 ± 0.06 mM for HIEC-6 and 4.67 ± 0.18 mM for Caco-2. When Tween80 was 
added, IC50 value decreased by 22 % to 3.88 ± 0.36 mM in HIEC-6 and 50% to 
2.34 ± 0.45 mM in Caco-2. The effect of GMS was not as significant where IC50 
value increased by 54% to 7.50 ±0.35 mM in HIEC-6 and only decreased by 8% to 
4.28 ± 0.20 mM in Caco-2. In the presence of Tween80, uptake of acrylamide in 
HIEC-6 cells was increased by 44% and in Caco-2 cells 9% respectively. Tween80 
and GMS also significantly increased cell membrane permeability in HIEC6 and 
Caco-2 cells. Gene expression of proinflammatory cytokines (IL-1β and IL-8) and 
oxidative stress biomarker (SOD) were also significantly increased by Tween80 
co-exposure. These results suggested that low levels of food emulsifier Tween80 
could increase toxicity of acrylamide and is partly explainable by increased uptake. 
Acute uptake experiment in SD rats showed that when co-exposed with Tween80, 
glycidamide, main metabolite of acrylamide, was increased by as much as 52% in 
serum 3 hours after oral administration. The effect of GMS was even more signifi-
cant where serum concentration of glycidamide increased by 84%. The presence of 
emulsifiers, however, have no significant effect on serum acrylamide levels. Wide 
type C57BL/6J mice were given acrylamide and emulsifiers by oral gavage for 2 
weeks. Addition of Tween80 and GMS increased neurotoxicity of acrylamide as 
rotor-rod performance of mice decreased from 39.77s in acrylamide only treatment 
to 28.53s with Tween80 and 22.21s with GMS. Gene expression of inflam-
mation (iNOS, il-1β and tnf-α) of ileum were significantly increased by co-expo-
sure of emulsifier. The expression of il-1β was increased by 46% and 58% in the 
presence of Tween80 and GMS respectively. Gene expression of fatty acid binding 
protein (fabp2) and tight junction proteins (claudin-1 and occludin) of ileum were 
decreased when emulsifiers were added. Serum MCP-1 level was elevated more 
than acrylamide only treatment by 83.24 % and 43.34% in the presence of Tween80 
and GMS respectively. Our findings support that presence of food emulsifiers can 
exacerbate uptake and toxicity of acrylamide. Neurotoxicity and inflammation were 
increased by co-exposure of both Tween80 and GMS. The combined toxicity of 
realistic mixtures should be considered to better protect human health.

 3872 The Impact of Diisononyl Phthalate on Nonmalignant 
Colonic Epithelia

V. Tepe, Z. Bomstein, K. Allred, and C. Allred. University of North Carolina at Greensboro, 
Greensboro, NC. Sponsor: C. Allred, American Association for Cancer Research.

Diisononyl Phthalate (DiNP) can be found in construction equipment, food packag-
ing materials, gloves, toys, and other various consumer products, making it one of 
the most frequently used phthalates in plastics. DiNP is associated with cancer 

risk and reproductive toxicity in animal studies. However, despite oral exposure 
being a primary route of exposure, little is known about how DiNP influences intesti-
nal health. Reports of typical exposure varies but falls within 0.2-7.0μg/kg/bw per 
day, although this number can be higher in occupational settings or in children 
frequently teething on plastic toys containing DiNP. For this study we hypothe-
sized that DINP exposure would lead to decreased cell count and alter cellular 
physiology in a dose-dependent manner in nonmalignant colonic epithelial. To 
test this hypothesis, young adult mouse colonocyte (YAMC) cells were exposed 
to varying concentrations of DiNP, ranging from 0.001μM to 2mM, and cell number 
was assessed. A significant suppression of cell count was observed at 10 μM, 
100 μM, 1 mM, and 2 mM after 96 hours of exposure. To understand why cell 
number was suppressed, a 5-bromo-2-deoxyuridine (BrdU) cell proliferation assay 
was performed and showed a comparable reduction in proliferation at 1 μM, 100 
μM and 1 mM. Additionally, lactose dehydrogenase was measured to assess 
cytotoxicity. No significant increases in cytotoxicity were observed at any dose. 
Next, to understand the mechanisms contributing to DiNP’s role in the reduction 
of cell count and proliferation, DINP was tested as a ligand for the aryl hydrocar-
bon receptor (AhR), a tissue specific receptor known for binding many xenobiot-
ics and mediating toxicity. A BrdU assay in an AhR-knock out YAMC line showed 
equivalent reduction in proliferation, suggesting that DiNP suppresses cell count 
and proliferation in YAMC in an AhR-independent manner. Studies to further explore 
the mechanisms are ongoing, including evaluating gene expression associated 
with gut permeability and inflammation. In conclusion, DiNP exposure results in 
a reduction in cell count and proliferation at moderate to high concentrations in 
this model. It is unlikely that DiNP is exerting these effects by acting as an agonist 
for AhR. Understanding the physiological impact of oral DiNP exposure will allow 
further evaluation of its toxicity profile.

 3873 Collective and Fatal Poisoning Involving Adulterated Koutoukou 
in Regular Consumers of a Traditional Bistro in the Village of 
Abatta, Côte d’Ivoire

A. Diakite. Université Félix Houphouët-Boigny, Abidjan, Côte D’Ivoire.

Unlike in high income countries, fatal poisonings involving the ingestion of toxic 
alcohols are not uncommon in developing countries. In Côte d’Ivoire, several cases 
of serious poisonings related to ingestion of methanol in alcoholic beverages have 
been described. However, very few cases of fatal poisoning related to the ingestion 
of propanol in artisanal alcohol consumers have been reported. The objective of our 
study was to describe the circumstances of the poisoning, the clinical profile of the 
victims and to identify the main challenges related to the diagnosis and manage-
ment of poisoning. Eleven patients were admitted to the Abatta Rural Health Centre 
(CSR) and/or referred to the Bingerville General Hospital (HGB) or the University 
Hospital of Cocody in Abidjan (CHU) from July 1 to 8, 2019. Interviews with the 
medical staff, review of patient register and toxicological analyzes by GC-FID on 
the artisanal beverages consumed by the victims were carried out. All victims 
were male and between 27 and 35 years old. Eight patients died 8 to 60 minutes 
after their admission to CRS or HGB in a clinical picture of altered consciousness, 
abdominal pain and acute vomiting. Three surviving victims were referred to the 
ICU of the CHU and showed acute erosive gastropathy on fibroscopic examination. 
All victims had previously consumed koutoukou in the village of Abatta where they 
lived. Analysis of the remains of Koutoukou consumed by a victim who later died, 
indicates an ethanol content of 49,2%, methanol and isopropanol were 4% and 8% 
respectively. No visual disturbances were observed in victims and no determination 
of toxic alcohols levels in blood was performed. Of all the toxic alcohols, isopro-
panol is the most potent CNS depressant. The absence of a poison control center 
and the unavailability of toxicological analysis in emergency contributed to a late 
diagnosis and probably to the preventable deaths of some victims.

 3874 Influence of Inorganic Food Additives Nanomaterials on the 
Allergenicity of Milk Proteins

W. Phue, K. Xu, and S. George. McGill University, Sainte-Anne-de-Bellevue, QC, 
Canada. Sponsor: S. George, Society of Environmental Toxicology and Chemistry.

Although inorganic nanoparticles are widely used in food items, it is still unclear how 
they affect hazard potential, including the allergenicity of food proteins. In this work, 
the antigenicity and allergenicity of milk proteins (beta-lactoglobulin and casein) 
and skimmed milk were examined in relation to the effects of commonly used 
food additive nanomaterials (silica and titania). Quantification of protein adsorption 
on dietary nanomaterials was identified by UV-vis spectrometry and SDS-PAGE. 
The structural transformation of milk proteins in the presence of nanomaterials 
was studied by attenuated total reflection Fourier-transform infrared spectroscopy 
(ATR-FTIR), Ellman’s assay and fluorescence spectrometry. An indirect enzyme-
linked immunosorbent assay (indirect-ELISA) was used to identify changes in milk 
proteins’ antigenicity in the presence of dietary nanomaterials, and human mast 
cells (Laboratory of Allergic Diseases 2- LAD2) sensitized with allergic human sera 
were used to study changes in allergenicity. Results showed that the structure of 
milk proteins changed in the presence of nanomaterials, and an enhancement in 
the antigenicity of nanomaterials (both silica and titania) interacted-milk proteins/-
skimmed milk. Similarly, mast cell degranulation (a representation for allergenicity) 
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was higher when exposed to particle-interacted skim milk, where titania nanoma-
terials had the most significant impact, and this affinity persisted even after being 
subjected to simulated gut digestion. As evidenced by these studies, particles 
induced alterations in the structure of milk proteins are reasoned to increase the 
allergenicity of milk proteins.

 3875 Immunotoxic Effects of Gliotoxin and Ochratoxin A on 
Neuroblastoma Undifferentiated SH-SY5Y Cells

R. Penalva-Olcina, M. Ruiz, M. Fernández-Franzón, and A. Juan-García. Universitat de 
València, Burjassot, Spain.

Gliotoxin (GLI) and Ochratoxin A (OTA) have been shown to exert a detrimental effect 
over neuronal activity. Different mechanisms of action by which they exercise their 
cytotoxicity have been attributed to them including the triggering of the production 
of inflammatory mediators such as interleukin-6 (IL-6) and necrotic tumoral factor 
(TNF-α) and the production of reactive oxygen species (ROS). For this purpose, 
and taking our previous results of cytotoxicity, a measurement of the production 
of IL-6 and TNF- α, cell cycle assessment and monitorization of ROS production in 
neuroblastoma undifferentiated SH-SY5Y cells was performed when treated with 
GLI, OTA and its combination. Assays performed were based on the i) production of 
IL-6 and TNF- α ELISA assay using human specific monoclonal antibodies for both 
immunomarkers; ii) Cell cycle disruption study by flow cytometry and iii) intracellu-
lar ROS production by the H2-DCFDA probe. When cells were treated with GLI and 
OTA a marked increase in the production of IL-6 was observed; conversely, no TNF- 
α production was observed in OTA’s treatment showing that TNF-α is not involved 
in its cytotoxicity however a slight increase is observed in GLI treatment. Regarding 
cell cycle, a decrease in the G0/G1 was observed in both GLI and OTA treatment 
together with an increased production of ROS. This work has been supported by the 
Spanish Ministry of Science and Innovation PID2020-115871RB-100.

 3876 Effects of Acrylamide, Penitrem A, and Their Combination on 
Cell Viability, Cell Cycle, and Reactive Oxygen Species in Human 
Neuroblastoma SH-SY5Y Cells

L. Bridgeman, M. Ruiz, H. Berrada, and A. Juan-García. Universitat de València, 
Burjassot, Spain.

Acrylamide (AA) is a compound formed in starchy food products during cooking 
at high temperatures and it has been classified as a food processed contaminant. 
Mycotoxins have been widely studied and toxicity in several organs and systems 
has been reported, within humans and animals. AA jointly with other compounds 
as mycotoxins, with effect at neuronal level, is becoming an important topic in 
toxicological studies. Penitrem A (Pen A) is a mycotoxin produced by Aspergillus, 
Claviceps and Penicillium species, found growing in various plant species such 
as ryegrass. In this study, cytotoxicity, cell cycle and monitorization of ROS was 
carried out in SH-SY5Y neuroblastoma cell line when treated with AA, PenA and 
their combination. i) Cytotoxicity was carried out by the MTT (3-4,5-dimethylth-
iazol-2-yl]-2,5- diphenyltetrazolium bromide) assay over 24, 48 and 72 hours. ii) 
Cell cycle was performed by flow cytometry and iii) to test the potential of AA, 
Pen A and their combination to induce oxidative stress the 2’,7’-dichlorofluorescein 
diacetate (DCFH-DA) fluorescence probe was used. Results revealed decreases in 
cell viability were observed for all compounds at all exposure times for AA from 
13,3% 69,8% and 80,2%; for Pen A from 26,3%, 54,1% and 79,3% for 24h, 48h and 
72h, respectively. Combination of [PenA + AA], revealed a reduction of viability 
at the highest concentration ranging from 24,9% to 58%. Concerning cell cycle, a 
decrease in the G0/G1 was observed accompanied by a reduction in S phase at 
all concentrations and in G2/M phase as compared to the control in individual and 
combined treatment at the highest concentration tested. Increases in ROS produc-
tion levels in a dose-dependent manner were observed in all cases. This work 
has been supported by the Spanish Ministry of Science and Innovation PID2020-
115871RB-100; Conselleria de Innovación, Universidades, Ciencia y Sociedad Digital. 
Generalitat Valenciana AICO/2021/037. LB. would like to thank the PhD scholarship 
of the Generalitat Valenciana, (CIACIF/2021/203).

 3877 DEHP Inhibits Growth and Proliferation of Nonmalignant 
Colonocytes in a Dose-Dependent Manner

Z. S. Bomstein, V. A. Tepe, K. F. Allred, and C. D. Allred. University of North Carolina at 
Greensboro, Greensboro, NC.

Bis(2-ethylhexyl) Phthalate (DEHP) is a plasticizer thought to be an important 
component of the human exposome, with estimates of human exposure estimated 
to be around 8.2 μg/kg/ bodyweight/day. Though usage of DEHP has declined 
considerably, its ability to persist in environments such as landfills, sewage plants, 
water systems and airborne particulates make human exposure to it a contin-
ued threat. In fact, biomonitoring estimates derived from the National Health and 
Nutrition Examination Survey (NHANES) found 95% of participants had DEHP 
metabolites in their urine. In vitro and in vivo evidence point to DEHP exposure 
deleteriously affecting reproductive health, particularly when exposure occurs 

in utero, via ingestion of contaminated breast milk, or during preadolescence. 
Considerably less is known about the influence of DEHP exposures on other 
organs/organ systems, such as those in the lower gastrointestinal tract. The alkyl 
chain length of DEHP increases the likelihood of it transiting through the upper 
gastrointestinal tract unperturbed, potentiating an interaction between it and the 
large intestine. As such, we sought to characterize the effects of varying doses of 
DEHP in a conditionally immortal cell line derived from the colonic epithelium of a 
transgenic mouse: the Young Adult Mouse Colonocyte (YAMC) cell line. As DEHP 
has been shown to influence cellular physiology through estrogen receptor-medi-
ated mechanisms, we hypothesized that the compound would reduce the growth of 
YAMCs in a dose-dependent manner similar to that of estradiol. Using cell growth 
as our initial outcome, we first showed that 72-hour exposure of DEHP at concen-
trations of 10 μM, 100 μM, 1 mM, and 10 mM reduced cell number in a statistically 
significant, dose-dependent manner. In an effort to assess the manner in which 
DEHP reduced cell count, we assessed its influence on cell proliferation, using 
Bromodeoxyuridine (BrdU) as a cellular marker. Seventy two-hour DEHP exposures 
of 10 μM, 100 μM, 1 mM and 10 mM resulted in statistically significant decreases 
in BrdU incorporation into proliferating cells, in a dose-dependent manner. We then 
sought to determine if the reduction in YAMC growth and proliferation following 
dose-dependent exposure to DEHP was a product of cytotoxicity. Using a Lactate 
Dehydrogenase (LDH) colorimetric cytotoxicity assay, YAMCs were exposed to 
DEHP concentrations of 10 μM, 100 μM, 1 mM, and 10 mM over 24 hours; we found 
no statistically significant increases in the presence of LDH in the culture medium 
compared to vehicle control. Ongoing analyses include assessment of time and 
dose-dependent apoptosis as well as estrogen receptor signaling. Collectively, our 
findings highlight a growth inhibitory effect of DEHP on colonic epithelial cells as 
a product of proliferation inhibition. Future investigations will include analysis of 
gene expression associated with the above findings as well as defining the impact 
of DEHP on colonic epithelia in vivo.

 3878 Harungana madagascariensis Stembark Extract Abates 
Oxidative Stress from Dichlorvos Exposure in Wistar Albino Rats

C. O. Igboekwe, E. N. Onyeike, K. C. Patrick-Iwuanyanwu, and C. C. Ikewuchi. University 
of Port Harcourt, Port Harcourt, Nigeria.

Over the years, increasing exposure to environmental pollutants and contaminants 
has been a major challenge of public health concerns globally. Agrochemicals 
including organophosphates pesticides like Dichlorvos (DDVP) with brand name 
DD-Force in Nigeria, a major chemical used for control of pest infestation, fumiga-
tion, and storage of agricultural materials. This research investigated the ameliora-
tive potential of H. madagascariensis methanolic stembark extract against DDVP 
exposure in male albino rats. Thirty (30) weight-matched rats were grouped into 
five (5) cages of six (6) rats each and fed on rat chow and water ad libitum. Group 
one (1) was the control while group two (2) was the animal model administered 
DDVP alone. Groups 3, 4, and 5 were administered low, medium, and high doses 
of H.madagascariensis extract concurrently with dichlorvos exposure at 10mg/
kg-1. Oral gavage was adopted for administration for the thirty (30) days of study. 
The rats were humanely sacrificed under chloroform anesthesia and blood sample, 
liver, and kidney were harvested for laboratory analysis using standard biochemi-
cal procedures. Biochemical enzyme markers, Oxidative stress biomarkers as well 
as antioxidant properties were assayed. Also, histopathological examination and 
morphological changes were observed. Results from the study showed increased 
liver function enzymes (ALP, AST, ALT) in DDVP-exposed rats while kidney parame-
ters (Creatinine and Urea) showed increased enzymatic activities also. Reduced 
enzymatic activities were observed in treatment groups (3, 4, and 5). The result 
showed that DDVP reduced the GSH, SOD, CAT, and GPx antioxidant parameters but 
was gradually restored in a dose-dependent manner in treatment groups. Similarly, 
Oxidative stress biomarkers (MDA, NO) being reduced were reverted in treatment 
groups. The histopathological examination showed a distorted kidney revealing 
glomeruli and occulted bowmen’s capsular space. However, the treatment groups 
(3, 4, and 5) showed restored cell architecture. The findings validated the amelio-
rative potentials of H. madagascariensis stem bark against dichlorvos exposure in 
male albino rats.

 3879 Al, Zn, Cd, Pb, Ni, Co, and Cu in Protein Supplements: Dietary 
Exposure Assessment and Risk Characterization

M. Rubio-Armendáriz, E. Bethencourt, D. González-Weller, S. Paz, S. Alejandro, 
D. Niebla, Á. J. Gutiérrez, and A. Hardisson. Universidad de La Laguna, La Laguna, Spain.

Protein supplements’ (PS) consumption is globally increasing. 49% of adults in 
the US declare taking health supplements. The PS market size was valued at 
around US$ 20.19 Billion in 2021 and is projected to reach US$ 32.56 Billion by 
2028. Contrary to the popular belief that only those interested in fitness and sports 
consume these PS it has been observed that anyone (mainly 25 to 34-year-old) 
interested in physical health may be a potential PS consumer since not only PS are 
being used for the improvement of the physical performance but also for nutritional 
purposes. If ingested in combination with balanced eating and a fitness plan, 
the daily consumption of PS is associated with multiple benefits (Weight Loss, 
muscle Gain, contribution to daily nutritional requirements). Most manufacturers 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 290



recommend a daily intake of 25-30 g of PS. However, there is a rising concern about 
the risks derived from excessive intake. High daily doses of PS (> 60 g) may expose 
the consumers to potential health risks since these products may contribute not 
only to the daily ingestion of proteins but also to potentially toxic elements (PTE) 
like Al, Zn, Cd, Pb, Ni, Co, Cu which have daily intake reference values established 
as Tolerable weekly intake (TWI), Upper Level (UL), Tolerable Daily Intake (TDI) 
and BMDL10. The objectives of this study were to determine, using ICP-OES, the 
content of Al, Zn, Cd, Pb, Ni, Co, and Cu in different brands of PS; to estimate the 
dietary exposure to these PTE from PS in different daily consumption scenarios 
and to characterize the potential health risks. The estimated dietary intakes (EDI) 
were calculated considering 70 kg as average b. w. To characterize the risks, the 
percentages of contribution to the reference values (100·EDI/Reference value) were 
calculated considering the following recommendations: TWI for Al: 1 mg/kg bw/
week (EFSA, 2011a); UL for Zn: 25 mg/day (EFSA, 2006); TWI for Cd: 2.5 μg/kg bw/
week (EFSA, 2011b); TDI for Ni: 13 μg/kg bw/day (EFSA, 2020); TDI for Co: 0.0016 
mg/kg bw/day (EFSA, 2012a); UL for Cu: 5 mg/day (EFSA, 2006). In the case of 
Pb, the MOE approach was used (BMDL10/EDI) considering the BMDL10 values 
of 1.5 μg/kg bw/day set for cardiovascular toxicity and 0.63 μg/kg bw/day set for 
nephrotoxicity (EFSA, 2012b). A total of 74 SP samples of whey protein supple-
ments were analysed. Mean concentrations were: 7.189 mg Al/kg; 14.600 mg Zn/
kg; 0.021 mg Cd/kg; 0.051 mg Pb/kg; 0.319 mg Ni/kg; 0.065 mg Co/kg and 2.567 
mg Cu/kg but the max concentrations detected were 35.22; 101.51; 0.06; 0.45; 
1.40; 0.31 and 10.42 mg/kg for Al, Zn, Cd, Pb, Ni, Co, and Cu, respectively. In a 60 
g PS/day consumption scenario, the exposure assessment estimated the dietary 
intakes in: 2.113 mg Al/day; 6.091 mg Zn/day; 0.004 mg Cd/day; 0.027 mg Pb/
day; 0.084 mg Ni/day; 0.019 mg Co/day and 0.625 mg Cu/day which represents 
24.36% of the UL for Zn and 12.50% of the UL for Cu; 21.13% and 15.59% of the TWI 
for Al and Cd and 9.23% and 16.86% of TDI set for Ni and Co. In the case of Pb, the 
MOE is estimated to be 3.85 and 1.62 for cardiovascular and nephrotoxic effects, 
respectively. All estimated MOE were above 1 so no risks are expected from the 
occurrence of Pb in PS. Zn is the metal with highest concentrations followed by Al 
and Cu. High consumption of PS contributes to the daily intakes of PTE but these 
elements have several dietary sources so high consumers of PS may be at risk of 
overpassing the reference values set for these PET. To prevent potential health 
risks, it is recommended to monitor the occurrence of these elements in PS, to 
assess de total daily intakes of PTE in diverse profiles of consumers and communi-
ties and to legislate maximum levels of these elements in PS.

 3880 Polycyclic Aromatic Hydrocarbons, Acrylamide, and 
Heterocyclic Aromatic Amines Formation and Correlations 
in Air-Fried Foods and Evaluation of Dietary Exposure to 
These Contaminants

K. Lee1, H. Yoon1, M. Jung2, J. Lee3, and B. Moon3. 1Korea University, Seoul, Korea, 
Republic of; 2Woosuk University, Jeonbuk Province, Korea, Republic of; and 3Chung-Ang 
University, Anseng, Korea, Republic of.

Gas chromatography/mass spectrometry (GC/MS) was used to assess the 
content of polycyclic aromatic hydrocarbons (PAHs), heterocyclic aromatic amines 
(HAAs), and acrylamide (AA) in 184 samples of agricultural, fishery, and animal 
foods prepared in an air fryer. The PAH4 levels of benzo[a]pyrene (BaP), benzo[a]
anthracene (BaA), benzo[b]fluoranthene (BbF), and chrysene (CHR), which a marker 
for PAHs in food, were measured. The HAA8 concentrations of 2-amino-3-meth-
yl-3H-imidazo[4,5-f]quinoline (IQ), 2-amino-3,8-dimethylimidazo[4,5-f]quinoxal-
ine (MeIQx), 8-dimethylimidazo [4, 5-f] quinoxaline (8-MeIQx), 2-amino-1-meth-
yl-6-phenylimidazo[4,5-b]pyridine [PhIP], 2-amino-9H-pyrido[2,3-b]indole (AaC), 
2-amino-3-methyl-9H-pyrido[2,3-b]indole (MeAaC), 3-amino-1,4-dimethyl-5H-pyr-
ido[4,3-b]indole (Trp-P-1), and 3-amino-1-methyl-5H-pyrido[4,3-b]indole (Trp-P-2) 
were also determined in this work. The highest mean amounts of PAH4, AA, and 
HAA8 were found in air-fried foods of sea algae (0.56 μg/kg), root and tuber crops 
(583.89 μg/kg), and sea algae (3.91 μg/kg), in that order. Agricultural and fishery 
products had a positive correlation with three contaminants. In addition, there was 
a negative correlation between PAH4 and HAA8 in cattle products. The margin of 
exposure (MOE) for PAHs and HAAs in the South Korean population was rated as 
“unlikely a problem” in all samples when foods were prepared using an air fryer, 
whereas the MOE for AA in air-fried foods of cereal, vegetable, and root and tuber 
crops was rated as “may be a concern” in all age groups, with fewer than 10,000 
MOE values. This shows that dietary exposure to AA in certain food categories 
prepared in an air fryer should be evaluated, and that additional research is needed 
to lower AA concentrations.

 3881 Monitoring in Household Maesil (Prunus mume) Tea in Different 
Years by High-Performance Liquid Chromatography-Diode Array 
Detector (HPLC-DAD)

S. Cho, H. Ko, Y. Park, and K. Lee. Korea University, Seoul, Korea, Republic of.

Maesil (Prunus mume) is a stone fruit commonly consumed in East Asia. Maesil is 
processed in various forms of food such as maesil-tea, and drinks in South Korea. 
In stone fruits such as maesil, cyanide is the most concerning hazardous material 
that refers to substances having a cyanide group (-CN) in the molecule. Cyanide is 

generated in the stone fruit in the form of cyanogenic glycosides mainly prunasin 
and amygdalin. These compounds are decomposed to hydrogen cyanide (HCN) 
by the enzymatic reactions of β-glucosidase that was secreted in the gut intestinal 
bacteria or in the plant itself. In order to detect cyanide, there were two methods 
in the Food public code in South Korea. These methods were the titration and the 
picric acid method which had low accuracy and precision, and it was difficult to 
analyze cyanide derived from cyanogenic glycosides. The object of this study is the 
validation of total cyanide in fruit concentrate and the monitoring of maesil-tea that 
was collected in different produce years. To decompose cyanogenic glycosides, 
β-glucosidase was used. After the enzymatic reaction, hydrogen cyanide that had 
a low boiling point was distilled by Kjeldahl distillation which had a more effective 
working time. Collected cyanide was derived by o-phthalaldehyde reagent to 
detect by high-performance liquid chromatography with diode array detection 
(HPLC-DAD). The correlation coefficient value of linearity was over 0.99. The instru-
mental detection and quantification limit were measured. Furthermore, the method 
detection and quantification limit were also measured in the fruit tea. The inter- and 
intra-day precision and accuracy corresponded to the CODEX guidelines. A total of 
50 samples with different produce years were monitored.

 3882 Concentration of Eight Polycyclic Aromatic Hydrocarbons in 
Salted Mackerels Cooked with Different Cooking Methods 
and Conditions Analyzed by Gas Chromatography with 
Mass Spectrometry

Y. Park, S. Cho, and K. Lee. Korea University, Seoul, Korea, Republic of.

Food contains various hazardous substances, such as artificially occurring 
chemicals, synthetic compounds, and chemicals produced during cooking. The 
interest in hazardous substances generated during cooking is increased due 
to their impact on human health. Polycyclic aromatic hydrocarbons (PAHs) are 
various organic compounds containing 2 or more benzene rings, which are deriva-
tives of hydrocarbons. PAHs are ubiquitous environmental pollutants formed 
during the incomplete combustion and pyrolysis of organic substances known to 
be one of the most important pollutants in water and food processing. PAHs have 
carcinogenic, mutagenic, and bioaccumulative properties that can cause acute 
and chronic diseases such as nausea, diarrhea, cataract, and liver damage. These 
compounds enter marine ecological systems through the atmosphere, rivers, and 
sea waters. Then, they are transferred to fish via food, sediments, and water and 
accumulate in adipose tissue. The bioaccumulation or formation of these PAHs in 
fish is influenced by internal factors, such as the composition and pH of the fish, 
and external factors such as cooking time and temperature applied, and distance 
between the fish and heat sources. This study aimed to analyze 8 compounds 
of PAHs, benz[a]anthracene (BaA), chrysene (Chry), benzo[b]fluoranthene (BbF), 
benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), indeno[1,2,3-cd]pyrene (CDP), 
dibenz[a,h]anthracene (Daha), and benzo[g,h, i]perylene (BghiP) in salted mackerels, 
which is generally consumed fish in South Korea, cooked with 4 different cooking 
methods(air-fried, pan-fried, infrared-cooked, grilled) and conditions (time and 
temperature) by gas chromatography with mass spectrometry (GC-MS). PAHs were 
not detected in most of the salted mackerels cooked with an air-fryer, pan, and 
infrared cooker, but grilled salted mackerels showed a high concentration of PAHs, 
and the highest concentration of PAHs was detected in the salted mackerels grilled 
at 180 °C for 10 min.

 3883 Evidence of Glyphosate and Glufosinate Residues in Non-target 
Aquatic Food Animals: A Call to One Health Concern

S. A. Alarape, and O. K. Adeyemo. University of Ibadan, Ibadan, Nigeria.

The extensive worldwide use of broad-spectrum, non-selective, and post-emer-
gence herbicides like Glyphosate (N-phosphonomethyl glycine) and Glufosinate 
(ammonium dl-homoalanin-4-(methyl) phosphinate) in various applications 
for weed and vegetation control in aquatic systems and non-crop areas respec-
tively modifies the environment which stresses the living microorganisms. 
Aminomethylphosphonic acid (AMPA) is the major degradation product of glypho-
sate found in plants, water, and soil. A total number of live twenty-five adult Clarias 
gariepinus were sourced from five different Fish markets, and tissues (Muscle, liver, 
and kidney) were harvested and separately put inside the sterile sample nylons, 
sealed, and kept under the ice for glyphosate and glufosinate residue concen-
tration analysis using High-Performance Liquid Chromatography (HPLC, Model 
Waters 616/626). The results showed the presence of glyphosate, glufosinate, 
and Aminomethylphosphonic acid (AMPA) residues in all the seventy-five (75) fish 
tissue samples obtained from the selected fish markets in the Ibadan metropo-
lis and all residue concentrations were above both the recommended Acceptable 
Daily Intake (ADI) and Maximum Residue Limits (MRL) of 1.0 mg/kg and 0.01mg/
kg respectively. N-Phosphonomethyl has highest residue concentrations in each 
tissues analysed and average pooled mean residue concentrations (10.17mg/kg, 
16.32mg/kg, and 20.74mg/kg), followed by Aminomethylphosphonic Acid (8.64mg/
kg, 13.93mg/kg, and 17.78mg/kg), and glufosinate (0.94mg/kg, 1.53mg/kg, and 
1.96mg/kg) across the sampled markets in Liver, Kidney and Muscle respectively. 
Among the tissues analyzed, muscle samples have the highest glyphosate, glufos-
inate, and Aminomethylphosphonic acid (AMPA) residues concentration across all 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 291



the sampled markets in individual tissues and pooled mean residue concentration, 
followed by kidney tissues, while the liver had the least residue concentration. All 
the residue concentrations are significantly different across all the three analyzed 
herbicides since all the critical values were lower than F calculated. The presence of 
the residues of glyphosate, glufosinate, and Aminomethylphosphonic acid (AMPA) 
in non-target food animals is an indication of public and environmental health 
hazards with attendant effects on food safety.

 3884 Assessment of Glyphosate and Its Metabolites’ Residue 
Concentrations in Cultured African Catfish Offered for Sale in 
Selected Markets in Ibadan, Oyo State, Nigeria

A. F. Fagbohun1, S. A. Alarape2, A. O. Ipadeola2, A. A. Adeigbo1, and O. K. Adeyemo2. 
1Federal College Animal Health and Production Technology, Ibadan, Nigeria; and 
2University of Ibadan, Ibadan, Nigeria.

Glyphosate, a non-specific organophosphate pesticide with solubility and mobility 
hydrophilic solvents allows its rapid leaching into the soil leading to contamination 
of groundwater and accumulation into the plant tissues. This study was designed 
to assess the residue concentrations of glyphosate and its metabolites in cultured 
African Catfish offered for sale in selected markets in Ibadan. A total of twenty-
five (25) adult Clarias gariepinus (300 ± 50g) were sourced from five (5) selected 
active fish markets (Ojoo, Iwo road, Eleyele, Challenge, and Apata) within Ibadan 
metropolis and transported to the Fish and Wildlife Unit Laboratory, Department of 
Veterinary Public Health and Preventive Medicine, Faculty of Veterinary Medicine, 
University of Ibadan where the fish were sacrificed and tissue (liver, kidney, and 
muscles) were collected. The collected fish tissue samples were then placed on ice 
and transported to the International Institute of Tropical Agriculture (IITA) labora-
tory for glyphosate residue concentration analysis using High-Performance Liquid 
Chromatography (HPLC, Model Waters 616/626). The results showed that glypho-
sate residues were recorded in all the seventy-five (75) fish tissue samples obtained 
from the selected fish markets in Ibadan metropolis and all residue concentrations 
were above both the recommended Acceptable Daily Intake (ADI) and Maximum 
Residue Limits (MRL) of 1.0 mg/kg and 0.01mg/kg respectively. Isopropylamine 
has the highest residue concentration followed by N-Phosphonomethyl and 
Aminomethylphosphonic Acid (AMPA), while N-Acetyl Glyphosate has the least 
residue concentration across the sampled markets. Muscle samples have the 
highest glyphosate and metabolites’ residue concentration across all the sampled 
markets, followed by kidney tissues while the liver had the least residue concen-
tration. The presence of residues of glyphosate and its metabolites in ready-to-eat 
fish calls for holistic, systematic, and effective risk management strategies towards 
monitoring of pesticide/herbicide usage in aquaculture production and ensuring 
the provision of wholesome fish and fish products for the consumers.

 3885 Safety Evaluation of Oat Polar Lipids (Oat Oil PL40) Extracted 
from Avena sativa for Use as a Food Ingredient

A. R. Lobach1, S. Mueller1, and L. C. Wilms2. 1Givaudan International SA, Kemptthal, 
Switzerland; and 2DSM, Delft, Netherlands.

Oats are an excellent dietary source of fiber, minerals, vitamins and quality protein 
and also contain approximately 5 to 9% total lipids. Oat lipids may be extracted 
from oat grain seeds and utilized as a vegetable oil with unique nutritional and 
functional effects that vary based on the ratio of polar to neutral lipids. Oat Oil PL40 
is an oat polar lipid extract from food-grade oat grain seeds of the Avena sativa 
plant that contains 40% polar lipids. Due to the high polar lipid content, Oat Oil 
PL40 functions as a highly effective emulsifier in various food applications and can 
also replace other oils in food products. A comprehensive safety evaluation was 
conducted to ensure safe consumer exposure to Oat Oil PL40 when used as a food 
ingredient, which considered available product-specific toxicological and clinical 
data as well as information pertaining to the history of safe dietary consumption 
of oats/oat lipids. A bacterial reverse mutation assay (OECD 471) in S. typhimurium 
TA98, TA100, TA1535, TA1537, and TA102 (+/- S9) and a chromosomal aberration 
test (OECD 473) in cultured human blood lymphocytes (+/- S9) confirmed that Oat 
Oil PL40 is not genotoxic at up to the highest concentrations tested (5,000 μg/plate 
and 5,000 μg/mL, respectively). Two GLP-compliant 28-day studies in Crl:CD(SD) 
IGS BR rats (10/sex/group) and beagle dogs (3/sex/group) were conducted using 
oral doses of 0, 1, 250, 2,500, or 5,000 mg/kg body weight/day. No test article-related 
adverse effects on clinical, biological, biochemical, macroscopic, or histopatho-
logic parameters were reported and therefore the NOAEL for both studies was 
determined to be 5,000 mg/kg body weight/day, the highest dose tested. A random-
ized single-blind crossover study, identified in a literature search, examined the 
effect of oat polar lipids, including Oat Oil PL40 (30g), on various cardiometabol-
ic-related parameters in healthy adults. Although the study was not designed to 
evaluate safety, the lack of adverse effects on the measured parameters supports 
the human tolerability of high bolus exposures to Oat Oil PL40. The results of the 
product-specific toxicological and clinical studies demonstrate that Oat Oil PL40 is 
not associated with any adverse effects. Furthermore, dietary exposure to Oat Oil 
PL40 was estimated using dietary survey software based on the intended uses in 
food and compared with background dietary consumption data for oats. The safe 

application of Oat Oil PL40 as a food ingredient is further substantiated on the 
basis that the calculated dietary exposure from the intended uses of Oat Oil PL40 is 
comparable to the background human consumption of oats/oat lipids.

 3886 A Modified Subchronic Oral Study to Demonstrate Safety and 
Toxicokinetic Distribution of Paraffin Wax

A. L. Isola1, M. Lommatzsch2, and D. Danneels3. 1ExxonMobil Biomedical Sciences Inc., 
Annandale, NJ; 2Labor Lommatzsch & Säger GmbH, Cologne, Germany; and 3European 
Wax Federation, Brussels, Belgium.

A highly refined paraffinic wax listed in EU/10/2011 Annex 1 as a Food Contact 
Material was investigated in a rat model in order to understand the safety and 
toxicokinetic distribution of the substance in the body after oral exposure. The test 
substance, Food Contact Material (FCM) 93, was administered to Sprague Dawley 
rats in the diet for a period of 13 consecutive weeks with an additional recovery 
period of 6 weeks. Dose levels of 0.2, 2 and 10 g/kg/day were chosen based on 
historical studies. Oral administration in the diet of the wax was well tolerated at 
the nominal dosage level of 10 g/kg/day and did not cause lethality or any overt 
toxicity. The low dose in this study was over 8,000 times higher and the high dose 
was over 400,000 times higher than the estimated daily exposure of humans in the 
United States. No treatment-related adverse effects, including signs of neurotox-
icity, reprotoxicity, ophthalmological changes, thyroid hormone levels or clinical 
chemistry were observed throughout the study. Dietary administration of FCM 93 
resulted in increased mesenteric lymph nodes weights correlating with microscopic 
aggregates of macrophages in mesenteric lymph nodes, more pronounced in 
females. Increased weights were fully reversible and macrophage aggregates 
demonstrated evidence of ongoing recovery after a 6-week treatment-free period. 
These changes were expected and considered non adverse. Recent concern that 
certain saturated hydrocarbons (branched and cyclo-alkanes) may accumulate in 
human tissues has prevented regulatory authorities from deriving health-based 
guidance values for food exposures. The tissue retention of the hydrocarbons were 
evaluated in organs/tissues collected in the satellite animals in order to understand 
the toxicokinetics of waxes after ingestion. Comparison of hydrocarbon concentra-
tions in other organs during treatment resulted in the highest concentration found 
in the mesenteric lymph nodes, lower concentrations in the liver and adipose tissue, 
with the lowest concentrations in the spleen and lungs. Livers, the organ of toxico-
logical interest, were collected from the high dose and control group rats after 30, 
60 and 90 days of daily treatment, and after a 6-week recovery period. The concen-
tration of saturated hydrocarbons were measured by HPLC-GC-FID. The hydrocar-
bons in the liver were higher in the female rats compared to the male rats during 
treatment, however they were reduced to control levels after the 6-week recovery 
period. Overall, no adverse effects were observed in Sprague Dawley rats after a 
subchronic oral exposure to a high concentration of wax. Additionally, reduction of 
saturated hydrocarbons in the liver to control levels after a recovery period supports 
the lack of adversity of presence of hydrocarbons in the liver.

 3887 Expanding Toxicology Research Opportunities for 
Undergraduates through the SOT Internship Program

J. E. Mirowsky1, E. Ford2, and B. J. Eidemiller3. 1SUNY College of Environmental Science 
and Forestry, Syracuse, NY; 2Western New England University, Springfield, MA; and 
3Society of Toxicology, Reston, VA.

Consistent with the SOT goal of enhancing the recruitment of students in toxicol-
ogy, in 2013 the Faculty United for Toxicology Undergraduate Recruitment 
Committee (FUTURE) initiated an Internship Program to provide funding to increase 
the number of undergraduate summer interns conducting toxicology research. 
SOT provides up to a 50% match for each intern, with preference given to summer 
programs that recruit interns from underrepresented or marginalized groups. SOT 
receives feedback from the hosts and interns about their experience, and in the 
ten years that this Program has been active, we have collected a wealth of data. 
To date, the SOT Intern Program has provided funding for 185 interns from 99 
institutions located in 37 US states, Puerto Rico, and the Virgin Islands. Fifteen 
host institutions have received 81 awards, with host institutions representing 
research- and teaching-focused academic institutions, government agencies, and 
one pharmaceutical company; each summer program has been funded an average 
of five times, with some programs receiving funding all ten years and some only 
receiving one year of support. At these institutions, 19 SOT members have served 
as program hosts and 92 toxicologists were identified as research mentors. In the 
survey from the most recent groups of interns (2019-2022), 83.8% indicated that 
their likeliness to continue to conduct research was probable or high. When assess-
ing the potential career plans of the interns, 56.3% indicated that their likeliness to 
apply to a PhD program was probable or high, where 46.3% and 32.5% indicated 
that their likeliness to apply to a professional program or joint degree program 
(PharmD/PhD or MD/PhD) was probable or high, respectively. Overall, 82.7% of 
the interns rated the research experience as “very good” or “excellent”. Positive 
research experiences are a contributor to persistence in a career in biomedical 
sciences, so this underscores the value of SOT’s support of undergraduate student 
research experiences.
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 3888 ToxMSDT: Mentoring the Next Generation of Toxicologists

W. K. Rumbeiha1, J. Flaws2, D. Alexander3, C. Ana-Paula4, J. Danielson5, B. Eidemiller6, 
E. Gilbreath3, D. Kim1, P. Lein1, A. O’Connor7, R. Poppenga1, L. Van Winkle1, R. Warren3, 
R. Whittington3, and C. Vengrin5. 1University of California Davis, Davis, CA; 2University 
of Illinois at Urbana-Champaign, Urbana, IL; 3Tuskegee University, Tuskegee, AL; 4Ohio 
State University, Columbus, OH; 5Iowa State University, Ames, IA; 6Society of Toxicology, 
Reston, VA; and 7Michigan State University, East Lansing, MI.

Exposure of undergraduate students to toxicology is not common across US 
colleges and universities due to limited undergraduate toxicology major programs 
in the country. This is particularly true for underrepresented students who are 
needed to diversify the toxicology workforce. The Toxicology Mentoring and Skills 
Development Training Program (ToxMSDT) - a nationwide consortium amongst 
educators at the University of California Davis, Iowa State University, Tuskegee 
University, Michigan State University, The Ohio State University, and the Society 
of Toxicology -is acquainting promising underrepresented undergraduates in 
STEM disciplines with toxicology careers and knowledge through a year-long 1:1 
mentorship by toxicology professionals to aid their entry into graduate programs 
or careers. The 2022-2023 cohort is comprised of 25 mentees and 25 mentors 
recruited from across the country. Mentors reflect diversity of the profession and 
demographics. Currently, ToxMSDT has 60 alumni reflecting wide racial, ethnic, and 
socioeconomic backgrounds. The public face of this program is a web resource 
comprised of learning modules and case studies targeted to student learning as 
well as the general public.

 3889 Getting the Grant: Training Predoctoral and Postdoctoral 
Fellows through Peer Review-Based Writing Groups

L. M. Aleksunes. Rutgers, The State University of New Jersey, Piscataway, NJ.

Pursuing independent funding as predoctoral and postdoctoral fellows requires 
navigating the intricate steps of preparing an extramural grant application. The 
Toxicology T32 Training Grant and Workforce Development Core of the New Jersey 
Alliance for Clinical and Translational Science (NJ ACTS) sought to develop and 
evaluate an interactive grant writing group of predoctoral and postdoctoral fellows 
mentored by a trained coach. Participants meet weekly for 3 months to develop 
components of a fellowship application for submission to NIH and other private 
foundations. Sessions were moderated by a senior faculty member trained as a 
coach by the National Research Mentoring Network. Participant grant submissions 
and reviews of the program were collected annually for the period of 2019 to 2021, 
as well as demographics for the 2022 cohort. Over this period, 32 predoctoral and 
19 postdoctoral fellows participated in the peer review writing groups, with 24 
trainees currently enrolled. The peer review writing group moved to Zoom in 2020, 
enabling the expansion of training to include the 3 NJ universities and 6 additional 
colleges across the nation. Of the 41 survey respondents, 78% submitted fellow-
ship applications to NIH (N=28) or a non-NIH agency (N=4). Eight of these applica-
tions are currently under review or have been resubmitted for peer review. 54% of 
reviewed applications have been funded as NIH or non-NIH fellowships, diversity 
supplements, or career grants. Over 90% of participants have recommended the 
writing group to other trainees. In conclusion, a weekly grant writing group of 
predoctoral and postdoctoral fellows is an effective means to receive peer review 
of fellowship application components and to support submissions for extramural 
funding. Supported by T32ES007148, P30ES005022, and UL1TR003017.

 3890 All Hands on Deck! Interactive Learning Increases Student 
Engagement and Knowledge Retention in High School 
Toxicology Education

G. Guo, J. Woo, E. R. Stevenson, A. J. Gow, D. L. Laskin, and L. M. Aleksunes. Rutgers, 
The State University of New Jersey, Piscataway, NJ.

Active learning of fundamental principles of toxicology and environmental health 
sciences provides young scientists with the tools to identify and solve emerging 
public health problems. In 2013, the Toxicology, Health, and Environmental Disease 
(THED) Program was created to introduce high school students to toxicology princi-
ples and to provide insight into biomedical careers. We re-established fundamental 
experiments and included hands-on interactive activities that engaged students to 
learn about future career options in transition from a virtual format the past two 
years. Herein, we evaluated the impact of interactive educational approaches to 
knowledge gains and program satisfaction by participants. Students (n=55, 2022) 
participated in a five-day interactive in-person program that introduced toxicol-
ogy principles and methods of scientific research through didactic and labora-
tory training (lectures: n=3; hands-on activities: n=10). Evaluation of the program 
included 1) program/activity satisfaction using a qualitative 5-point Likert-scale, 2) 
confidence in performance of different activities, and 3) pre- and post-test examina-
tions. Overall, students (n=39) indicated that interactive learning increased satisfac-
tion ratings compared to lecture activities, often exceeding expectations (lecture-
based: 27±2, n=3; hands-on: 42±3, n=10; p<0.05). In a newly added interactive risk 
assessment activity, students indicated higher confidence in critically assessing 
product ingredient labels after completion of the program (difference: 54%). The 

percentage of students that responded as completely confident in a topic or task 
significantly increased by 50% after completion of the interactive program (prior: 
12±3; after: 63±3; p<0.0001 n=20 topics, 39-49 students). To highlight this gain, 
students earned a higher percentage of correct answers on a knowledge-based 
assessment after program completion (prior: 71%±5, after: 80%±4; p<0.05 n=24 
questions, 39-49 students). Taken together, the inclusion of interactive learning 
into toxicology curricula increases knowledge retention and overall educational 
satisfaction, exceeding expectations of students on multiple facets in didactic 
instruction. Overall, active hands-on learning for high school students enhanced 
student engagement, providing effective tools to answer research questions and 
explore career paths in the biomedical and toxicological sciences. Supported by 
NIEHS T32ES007148, P30ES005022.

 3891 CURE-Style Molecular Genetics Lab Using C. elegans 
and Toxicology

J. Hall. Lincoln Memorial University, Harrogate, TN.

Course-based undergraduate research experiences (CUREs) give students the 
opportunity to explore and investigate scientific topics within the structure of a 
classroom. Students are led through the development of research statements, 
execution of experiments, and analysis of data to foster an understanding of the 
scientific process. Part of the experience can be used to develop choice for the 
student and thus create ownership of the project as part of the student learning. This 
can be done in a structured way. In my 300-level molecular genetics lab, students 
choose a toxicant to investigate for two lab experiments using C. elegans. One lab 
experiment (Lab 1) focuses on utilizing reverse transcription and PCR to analyze 
gene expression. The second lab experiment (Lab 2) is a toxicological measure 
where students pick an outcome (movement, growth, reproduction, or death) to 
observe after exposure to their toxicant of choice. Students work in pairs to pick a 
toxicant to study. They perform a literature search to determine two concentrations 
to test for the experiments and an outcome to test in Lab 2 based on their readings. 
Lab 1 allows students to learn RNA isolation, PCR, and gel electrophoresis while 
testing a hypothesis related to gene expression in response to their toxicant. Lab 2 
provides more opportunities for students to have choice in which they explore an 
effect of the toxicant that interests them. Students present their research through 
the writing of an introduction, results, and discussion sections in the form a journal 
style paper. Student choice with these two labs provides them with the opportu-
nity to have ownership of the experiments through structured lessons. Students 
also practice skills of developing research statements and hypothesis through 
literature research and investigation. These labs are reported as being a favorite 
within the course and students become invested in conducting the experiments 
because they got to choose what was being tested (toxicant) and what they wanted 
to test (outcome).

 3892 A CURE for an Undergraduate Biochemistry Laboratory Course 
with a Toxicology Focus Using the C. elegans Model System

J. Gray. US Coast Guard Academy, New London, CT.

The C. elegans model is versatile, inexpensive, and was readily adapted for a 
biochemistry laboratory course built using the “Course-Based Undergraduate 
Research Experience (CURE)” structure first used in 2019. This work describes the 
basic structure of the course and success metrics supporting its adoption. In the 
first third of the course, students learn the basics of C. elegans culturing techniques, 
worm picking, and microscopy skills. Students are taught basic C. elegans assays 
including LD50, cell titer blue, chemotaxis, touch test, body bend assays, and 
fluorescent microscopy. Students simultaneously research their own research 
proposal topic on a yet-unexplored area of toxicology with input and guidance from 
the professor and classmates, ensuring that their proposal included aspects of 
biochemistry and toxicology relevant to their coursework. After the first six weeks, 
students begin planning and performing their own experiments aligned with their 
proposal, reporting out their experiences each week. Students are required to 
research and attempt to implement at least one additional assay not covered in the 
laboratory course in support of their proposal. Students were also invited to select 
additional C. elegans knockout models aligned with their proposal from the CGC 
center which provides additional strains for $10. The experience culminates with 
an updated research proposal with preliminary data generated during the semester 
together with an oral PowerPoint presentation and proposed further experiments. 
During the Fall 2022 semester, student-led research projects included investigation 
of toxic mechanisms of action of nicotine, illicit drugs including cocaine and heroin, 
redox cycling chemicals, orlistat, and several others. Overall, the CURE format 
provides students the opportunity to model what occurs in a research lab such as 
designing and conducting their own experiments in support of their own hypothe-
ses, to experience successes and failures, and to adapt to them. Student survey 
data (n=15) shows a high level of satisfaction with the laboratory course using the 
Grinnell College CURE post-course survey. Students rated themselves as having 
had moderate or better gains in scientific skills including “tolerance for obstacles 
faced in the research process”, “understanding how scientists think”, “ability to 
analyze data and other information”, and “ability to read and understand primary 
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literature.” In addition, overall perceptions of the course were highly positive, includ-
ing that the course was “a good way for learning about the process of scientific 
research” and “a good way of learning about the subject matter.”

 3893 Global Gardens: Cultivating Diversity and Inclusion through 
Gardening and Teamwork

S. B. Police, L. Xiang, and H. I. Swanson. University of Kentucky, Lexington, KY.

Gardens epitomize diversity, as many gardens encompass foliage with various 
origins. Raising awareness to the natural and rich diversity of gardens, and how 
diversity itself leads to a healthier garden space, is a lesson for understanding 
different groups, cultures, and foods. Thus, gardens are a natural unit for experien-
tial education projects that can focus on a variety of disciplines, including sustain-
ability and agriculture, cultural foods, medicinal and culinary applications, as well 
as promote diversity, equity and inclusion. This project sought to use team-based 
gardening as a vehicle to increase cultural awareness and familiarity with nonnative 
herbs and plants, as well as their medicinal properties. Undergraduate students 
and their near-peer mentors (n=17) were split into seven groups, and each group 
was assigned a world region (East Asia and Pacific, Europe and Central Asia, Latin 
America and Caribbean, Middle East and North Africa, North America, South Asia, 
and Sub-Saharan Africa). A series of educational and gardening activities were 
carried out with students, with a culinary medicine session as a final capstone 
event. First, student groups researched the medicinal applications of region-spe-
cific herbs and plants. Second, student groups researched regional distinctions 
related to art, nature, culture, and architecture and then designed and painted 
original planters to emulate selected themes. Third, students planted region-spe-
cific herbs and plants into their respective planters. Last, students met at the 
teaching kitchen for region-inspired recipes and culinary instruction for utilization 
of nonnative herbs and edible plants. Pre- and post-surveys (Likert-scale) were 
used to assess students’ familiarity with the global regions, nonnative herbs, and 
plants from each region, as well as their medicinal properties. Results indicate 
significant gains in the ability of student respondents to identify the seven global 
regions and localize herbs and plants utilized within these regions. Future plans 
involve scaling this project toward the design, development and installation of 
global region-inspired planters on the University of Kentucky campus. This work will 
inform educational approaches to enhance student learning regarding the use of 
medicinal plants for alleviating the adverse health effects of toxicological agents. 
In addition, team-based global gardening projects could be an effective approach 
for cultivating and increasing cultural awareness on university campuses. The 
effect(s) of team-based global gardening on participants’ perspectives of diversity 
and inclusion will be measured hereafter.

 3894 Plantation Paradox: A Problem-Based Learning Case on 
Reproductive Physiology, Assisted Reproductive Technologies, 
and 1, 2-Dibromo-3-Chloropropane

J. Laperche, and C. L. McGinnis. Quinnipiac University, Hamden, CT.

This interrupted case study was inspired by a real-life scenario and introduces 
students to the male reproductive toxin, 1,2-dibromo-3-chloroprone. The case 
follows Luis and Marta, fictional characters who were attempting to start of family 
of their own. Since the couple was unsuccessful starting a family, the introduces 
the students to Dr. Martin a reproductive specialist, who runs a series of tests 
while attempting to determine the couple’s reproductive health. The student or 
team of students completing the case will describe assisted reproductive technol-
ogies, hormones associated with female reproduction, and develop a hypothesis 
for the cause of Luis and Marta’s infertility. In doing so, students will gain a deeper 
understanding of how exogenous chemicals can play a role in infertility, as well as 
learn fundamental principles of toxicology. This case was originally developed for 
undergraduate anatomy and physiology, toxicology or environmental health studies 
courses; however, it could also be adapted for use in medical education programs. 
Students are expected to have some background knowledge in male and female 
reproductive structure and function before starting the case.

 3895 Inhalation Exposure Approaches for Nonclinical 
Toxicology Studies

A. Easley, T. R. Moir-Savitz, K. Dunigan Russell, and M. R. Perry. AmplifyBio, West 
Jefferson, OH.

Designing an inhalation study is not a “one size fits all” proposition. While many 
inhalation system configurations are available for inhalation studies, each does not 
produce data of equal quality. Two commonly used inhalation exposure approaches 
are nose-only also called muzzle-only (NOI) and whole-body (WBI). Both systems 
can be utilized to studies under Good Laboratory Practice (GLP) compliance and 
permit real-time or near real-time monitoring of concentration, particulate size, and 
test atmosphere homogeneity. When test material conservation is critical for a 
project, a NOI exposure design may be more suited. NOI exposure limits the test 
atmosphere to the immediate breathing zone of the animal model, minimizing the 

amount test article. NOI can be scaled to the exact number of animals required for 
a study further maximizing the test article usage. Since the test atmosphere in the 
system exposure carousel is separate from the ambient conditions in the exposure 
room, conditions can be monitored and controlled separately, which is particularly 
helpful in the generation of volatile compounds that require specific conditions 
to maintain stability/homogeneity. NOI design allows the animals to be exposed 
to an environment in which they are comfortable. Rodents are naturally content 
in enclosed spaces, so the design of the NOI restraint tubes can be comforting 
for the animals during exposure; this is due to their nocturnal nature. For canine 
NOI exposures, the dogs can be situated in slings with technicians nearby to help 
maintain a relaxing environment throughout the exposure. These designs also facili-
tate the sample collection from the animals, allowing for multiple timepoints during 
the exposure without requiring the exposures to halt for all other animals. After the 
exposure, rodents can be group housed in an enriching environment or individually 
housed to monitor food consumption or urine output if required. Limitations of NOI 
exposure designs include the lack of access to food/water during the exposure 
which can limit the permissible exposure duration. For study designs where the 
test article conservation is not paramount or the study’s desire is to mimic natural 
environmental or work/employment exposures, a WBI exposure approach may 
be appropriate. The WBI design can be an excellent option for modeling chronic 
exposures to rodents. By design, the rodents typically live in the WBI chamber 24/7, 
minimizing the movement/handling of the animals. The animals have continuous 
access to drinking water (food only available outside of exposure period to reduce 
potential toxicological findings caused by test material contaminating the feed). 
Also, the environmental conditions of the animals are continuously monitored. 
Limitations of the WBI study design include the inability to fully remove the potential 
for secondary exposure via routes other than inhalation, such as ingesting test 
material settled on fur during preening. Also, WBI exposure is subject to repriming 
anytime the system is opened, such as for sample collection from the animals. WBI 
chambers require more test article usage to maintain the desired concentration in 
the entire chamber. These chambers require wire caging since the test atmosphere 
freely flows through the environment to maintain homogeneity of concentration and 
environmental conditions throughout the entire chamber. Overall, while addressing 
the limitations of each of these inhalation exposures, these systems help provide 
vital information in advancing scientific questions. Identifying and designing the 
inhalation exposure methodology after developing your hypothesis leads to a more 
robust study, data, and results.

 3896 Introducing Toxicology to Undergraduates through Experimental 
Design in Lab Courses

E. Ford. Western New England University, Springfield, MA.

Many undergraduate institutions do not have a Toxicology course, let alone a 
toxicology major. This means that introduction to principles of toxicology often 
occurs in other courses and labs. In my upper division Cell Biology course, the 
laboratory relies on a guided inquiry framework using two distinct model 
organisms, Tetrahymena pyriformis and Physarum polycephalum, throughout the 
semester. Students carry out a variety of experiments with each organism includ-
ing doubling time, protein quantification, cellular fractionation, enzyme kinetics 
cytoplasmic streaming and chemotaxis. The final experiments with each model 
organism are ones that the students design based on their own interests from 
literature searches. In each model organism these self-directed experiments study 
a specific process - phagocytosis in Tetrahymena pyriformis and a stimulus driven 
behavior (chemotaxis, phototaxis or gravitaxis) in Physarum polycephalum. With 
each student-designed experiment the process occurs over at least two weeks of 
the lab. The first week consists of a design session where students come to lab 
with several primary literature articles supporting their proposal and then in class 
expand the idea into a full protocol for the following weeks experiment. There are 
several toxicants which impact phagocytosis and stimuli driven behaviors which 
have been published. Students often discover these articles and want to explore 
these toxicant impacts further which presents opportunities to introduce concepts 
of dose-response, mechanisms of action, and ADME. This modification to the lab 
started in 2021 and to date has included 45 students in the past 2 years. Of those, 
28 students have graduated and 6 have gone on to graduate school in the biomedi-
cal sciences, with 3 pursuing a PharmD or M.S. in Pharmacogenomics. This experi-
ence provides an opportunity to introduce students to the field of toxicology where 
they otherwise might not during their undergraduate career.

 3897 Risk Assessment Syllabus

G. M. Woodall1, F. Grimm2, N. Pechacek3, L. Yang4, J. Wignall5, G. D. Minsavage6, and 
L. M. Plunkett7. 1US EPA, Research Triangle Park, NC; 2Clariant, Frankfurt, Germany; 
3Ecolab, Eagan, MN; 4California Environmental Protection Agency, Cypress, CA; 5ICF 
International Inc., Fairfax, VA; 6Exxon Mobil Corporation, Irving, TX; and 7Biopolicy 
Solutions LLC, Houston, TX.

Risk assessment is a multidisciplinary approach which underpins decision-mak-
ing processes in protecting human and environmental health. In the risk assess-
ment paradigm, risk management decisions are informed via a risk characteri-
zation which uses scientific knowledge to identify potential hazards, determine 
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dose-response relationships, and evaluate exposure potential. While this fundamen-
tal paradigm has not changed since first defined in the 1970s, the discipline is 
evolving in scope and methodology, with an increased need to effectively communi-
cate potential risks (risk communication) to an increasingly skeptical public. Unlike 
other scientific disciplines, risk assessment is not strictly technical in nature due to 
its location at the interface between science and regulation/policy. Current develop-
ments affecting risk assessment are exemplified by the adoption of systematic 
review techniques into evidence integration strategies, as well as new legislation 
promoting the use of novel data streams, such as New Approach Methods (NAMs), 
to support decision-making. Given its inherent complexity and often specific focus, 
key concepts in risk assessment are frequently not comprehensively addressed in 
educational programs for individual disciplines such as exposure sciences, toxicol-
ogy, and epidemiology. As a result, current trainees and post-graduate professionals 
can benefit from educational opportunities that convey both fundamental concepts 
of risk assessment, and how these concepts are applied in health evaluations. 
The Society of Toxicology Risk Assessment Specialty Section (SOT/ RASS) has 
developed a dedicated “Risk Assessment Syllabus” series of educational events 
to convey key concepts and enhance the understanding of contemporary topics in 
the risk assessment sciences to members of the SOT. This training series comple-
ments both the existing RASS webinar series on contemporary topics in science, 
and other RASS-related mentoring initiatives. The objectives of the syllabus are to 
provide participants with an introduction to the fundamental concepts and terminol-
ogy associated with chemical risk assessment, and to offer perspectives on the 
application of risk assessment principles to inform decision-making practices. 
Trainees are provided with valuable insights of the potential importance of risk 
assessment in their sector-specific professional careers as well as a knowledge 
of the skills which would enhance their potential transition into a risk assessment 
career track. Instructors and panelists are experts and leading practitioners in 
their fields from academia, industry, and regulatory agencies such as US EPA. For 
current professionals, the syllabus provides an opportunity to refresh and advance 
their understanding of risk assessment principles while allowing an opportunity 
to develop sector-specific perspectives on contemporary topics in human and 
environmental health sciences. Much of the curriculum being used in the Syllabus 
comes from the Risk Assessment Training and Experience (RATE) catalog of 
courses which was designed for training US EPA staff.

 3898 Environmental Health Science in Action: Field Sampling with 
Community Partners

C. Doherty1, K. Butch1, L. Crespo2, J. Phillips2, B. Buckley1, D. L. Laskin1, and 
L. M. Aleksunes1. 1Rutgers, The State University of New Jersey, Piscataway, NJ; and 
2Groundwork Elizabeth, Elizabeth, NJ.

Working with communities to address their environmental concerns is central to 
translating basic toxicology research to humans and improving public health. In 
Summer 2022, the Summer Undergraduate Research Fellowship (SURF) Program 
at Rutgers University partnered with Groundwork Elizabeth in Elizabeth, NJ to 
learn about community sustainability and environmental justice efforts, as well as 
the potential for contamination of the local environment with toxic heavy metals. 
This collaboration was part of a 10-week research program that included didactic 
sessions on the developmental neurotoxicity of lead and assessment of persistent 
heavy metals in the environment. Twenty-one undergraduate students, including 
three youth leaders from Groundwork Elizabeth, and five graduate students were 
divided into five teams. Following interactive lessons on environmental sustainabil-
ity, including microfarms, and proper techniques in field sampling, the teams were 
tasked with field sampling at six sites across Elizabeth, NJ to collect soil, street 
dust, and water. Analysis of the samples collected indicated that soil and dust at 
most locations had heavy metal levels below EPA standard guidelines. Mean heavy 
metal levels for 34 soil and dust samples were 128 ppm lead (Pb; range: 5-1541 
ppm), 13 ppm chromium (Cr; range: 3-39 ppm), 7.7 ppm arsenic (As; range: 3.7-16.3 
ppm), and 0.4 ppm cadmium (Cd; range: 0.2-1.7 ppm). Of the six collection site 
locations, only one dust sample exceeded the EPA standard for lead in residential 
soils (400 ppm; EPA). Overall, road dust samples had higher Pb levels than adjacent 
soil samples, indicating potentially different sources of contamination. In addition, 
3 water samples collected along the Elizabeth Waterfront revealed elevated arsenic 
levels (30-39 ppb, n=3) above the NJ drinking water standard (5 ppb; NJDEP). 
These results highlight the importance of environmental monitoring for potential 
heavy metal exposure. Students completed pre- and post-activity surveys that 
allowed self-assessment of knowledge using a 5-point Likert scale (0-4). The 
greatest knowledge gains were related to steps involved in sampling (pre-test 
mean 1.5; post-test mean 3.3, p<0.05) and sources of lead and other pollutants 
in the environment (pre-test mean 1.8; post-test mean 3.0, p<0.05). Participants 
rated the sampling field trip as 4.7 out of 5 stars. Taken together, a partnership 
with the environmental community action group provided a unique training experi-
ence for toxicology students by incorporating team science and exposure science 
and demonstrates the importance of environmental justice efforts. Supported by 
R25ES020721, P30ES005022, T32ES007148, UL1TR003017, and the SOT and ASPET 
SURF Intern Programs.

 3899 Prioritizing Community Stakeholders in Environmental 
Health Research

S. Capps, S. Rodriguez, T. Taiwo, J. London, N. Martinez, M. Silva, J. Sellen, K. Hamilton, 
R. Jensen, P. Seaton, E. Vielma, D. Woo, M. Alatorre, M. Mares-Alatorre, T. Johnson, and 
E. Jahanzad. University of California Davis, Davis, CA.

Integrating Community Research Priorities at the UC Davis Environmental Health 
Sciences Center (EHSC) occurs by use of translational environmental health 
research in collaboration with community stakeholders in California’s Central 
Valley, home to 4 million people and one of the most agriculturally productive 
regions in the nation. Residents face high rates of poverty, racialized and dispro-
portionate exposure to environmental hazards, and limited access to health care. 
For each issue area identified by our stakeholders, we provide researchers with 
an overview of the policy, a set of specific research questions, and support for 
making connections with community collaborators. One mechanism the EHSC 
uses to focus on those most directly impacted by these issues is the produc-
tion of a Community Research Priorities document that synthesizes high priority, 
policy-relevant research needs identified by our stakeholders. EHSC Community 
Research Priorities are organized by stakeholder policy goals across four broad 
issue areas and a set of preferred methodologies and tools: 1) Air quality: Involves 
effective public notifications, health protective oil and gas setbacks, air toxics and 
ultrafine particulate regulations, and implementation of Calif. Assembly Bill 617, a 
statewide effort that includes community air monitoring and community emissions 
reduction programs. 2) Water quality and quantity: Calif. Senate Bill 200: Safe and 
Affordable Drinking Water Fund implementation, addressing sustainable groundwa-
ter management, drought preparedness and resiliency, perfluoroalkyl substances 
(PFAS) regulation and remediation, and sanitation / wastewater management. 
3) Pesticide Regulation: Advances public notifications of pesticide applications, 
further rulemaking for 1,3-D (Telone), school buffer zone assessments, and alterna-
tives to hazardous pesticides. 4) Hazardous Waste Disposal: Addresses initia-
tives by Kettleman City residents and other communities impacted by hazardous 
waste facilities who influence California’s new permitting framework for hazard-
ous waste disposal. 5) Climate Change and Health Equity: Includes health impact 
assessments of various proposed greenhouse gas emissions reduction strategies 
in heavily burdened communities. The Community Research Priorities document 
also provides research methods and tools for building evidence-based cases for 
health-protective policies, such as health risk assessments, true cost account-
ing, regulatory compliance / impact assessment, and the use of health equity 
data visualization tools. Twice a year, the Community Engagement Core facili-
tates a meeting between the UC Davis EHSC faculty and the Center’s Community 
Stakeholder Advisory Committee, composed of California environmental justice 
organizations and public agency representatives. The spring meeting focuses on 
revising the Community Research Priorities to reflect emerging issues and shifts 
in the policy landscape, and on identifying potential university-community research 
partnerships to support in the coming year. The Community Research Priorities are 
posted on the EHSC website and in the call for grant proposals for the Pilot Program 
in the fall. In 2021, alignment with the priorities was included for the first time 
as a scored criteria for all pilot proposals. The process of creating and updating 
the Community Research Priorities also supports EHSC’s focus on community-en-
gaged research by helping identify critical questions and potential partnerships that 
could develop into Community Based Participatory Action Research projects.

 3900 A Framework for Interfacing and Partnering with Environmental 
Justice Communities as a Prelude to Human Health and 
Hazard Identification in the Vulnerable Census Tracts of 
Columbus, Ohio

H. M. Lochotzki1, D. B. Hood1, K. P. Williams1, C. G. Colen1, O. Adetona1, C. B. Tavares2, 
G. M. Ginn3, R. Haynes4, W. Im5, and T. Bils1. 1Ohio State University, Columbus, OH; 
2PrimaryOne Health, Columbus, OH; 3Columbus Early Learning Centers, Columbus, OH; 
4St. Vincent Family Services, Columbus, OH; and 5Meharry Medical College, Nashville, TN.

Columbus, Ohio is one of the more prosperous, well-educated, and progressive 
cities in the United States. However, it ranks as the second worst life expectancy 
at birth, has a census tract wealth gap (27-year disparity), and one of the higher 
infant mortality rates in the country. These data suggest that there are likely 
several high-risk, vulnerable neighborhoods in Columbus with residents experi-
encing disparate and adverse outcomes. Illustrative of this fact are studies that 
have examined the social processes and mechanisms through which neighborhood 
contexts are at the forefront, including exposures to chemical stressors such as 
particulate matter (PM2.5) as well as non-chemical stressors including violence, 
social determinants of health, zoning, and land use policies. It is documented that 
disparate and adverse outcomes are magnified in the vulnerable neighborhoods 
on the Near East Side as compared to Columbus city proper, Franklin County and/
or the state of Ohio. As such, we developed a nuanced community engagement 
framework to identify potential environmental hazards associated with adverse 
pregnancy outcomes in those census tracts. The refined framework uses a blended 
version of traditional community-based participatory research (CBPR) models and 
is referred to as E6, Enhancing Environmental Endeavors via e-Equity, Education, 
and Empowerment.
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 3902 Deploying an Air Contaminant Dashboard in Urban Ohio Based 
on Robust, Open-Source, Low-Cost Platforms

C. Moore1, D. Hood1, B. Kalahar2, T. Bils1, and B. Li-Sauerwine2. 1Ohio State University, 
Columbus, OH; and 2Li-Sauerwine Inc Technology Consultants, Columbus, OH.

The fields of air pollution and public health are deeply intertwined. Harmful air 
pollution has led to adverse health outcomes such as coughing, heart attacks, and 
death. Solutions are constantly being made to better the air quality to also improve 
health outcomes. One way that we can track and evaluate air pollution is through air 
pollution sensors. Sensors can detect and quantify a wide range of pollutants. The 
Environmental Protection Agency (EPA) has sensor stations spread out throughout 
the contiguous United States. These sensors are considered the golden standard. It 
is also quite expensive to acquire the sensors for the station and constant upkeep 
is needed to keep everything online. These sensor stations are strategically placed 
in areas with background levels of pollution as well as near higher pollution areas 
(i.e., near highways). The placement of sensors by the EPA does not fully cover 
the pollution and possible exposures of every United States citizen. Places with 
no close sensor station have their daily pollution levels estimated based on the 
station with the closest proximity. This can become problematic when utilizing the 
data from these sensors for public health. It is too expensive to place more EPA 
stations, instead, using low-cost sensors may help solve this problem. By placing 
low-cost sensors in more vulnerable areas and properly calibrating the output to be 
comparable to EPA output, more accurate pollution levels can be determined. The 
EPA monitors the six major criteria air pollutants (lead, CO, NO2, SO2, particulate 
matter, and O3) as well as meteorological measurements (temperature, wind, and 
humidity). With these low-cost sensors, we can monitor the criteria air pollutants as 
well as contaminants such as volatile organic compounds (VOC) and methane. The 
coding for these sensors was done utilizing python. The sensors main body is the 
raspberry pi unit, built into 3-D printed shells for outside or indoor usage. Along with 
collecting data on the pollutants, the sensors can track GPS location as well as keep 
Wi-Fi connectivity for real time data uploads. The frontend is an accessible website 
where the data can be used either publicly or kept private. There are also data 
visualization tools available for use. An online dashboard will be built that contains 
the information gathered from the sensors. The platform to build the dashboard 
is R Shiny as it allows a simple way to create an interactive online interface. The 
dashboard will be built to pull data directly from SimpleAQ sensors. The air contam-
inant data is shown in real time. The dashboard will also incorporate a space for 
community input. This space can be utilized in community-driven citizen science 
and/or citizen engagement studies. One of the main goals of the dashboard is to 
be user friendly. The dashboard is being designed so that it is easy to navigate and 
understand. The end goal of the dashboard is to allow people to understand what 
they are being exposed to as well as what can be done to address exposure.

 3903 Association of Diabetes and Exposure to Fine Particulate Matter 
in the Southeastern United States

R. B. Valdez1, M. Tabatabai2, M. Z. Al-Handan3, D. Wilus2, P. D. Juarez2, W. Im2, 
A. Nori-Sarma4, A. Ramesh2, M. M. Donneyong5, M. A. Langston6, C. P. Mouton7, and 
D. B. Hood5. 1University of New Mexico, Albuquerque, NM; 2Meharry Medical College, 
Nashville, TN; 3University of Mississippi, Oxford, MS; 4Boston University, Boston, MA; 
5Ohio State University, Columbus, OH; 6University of Tennessee, Knoxville, TN; and 
7University of Texas Medical Branch, Galveston, TX.

Fine particulate matter (PM2.5) exposure can cause premature death and harmful 
chronic disease such as diabetes. The U.S. Environmental Protection Agency (EPA) 
sets annual PM2.5 standards to reduce these negative health effects. Currently, 
annual average exposure over 12 μg/m3 is considered unhealthy. This study tests 
whether individuals living in locations exposed to elevated ambient levels of PM2.5 
concentrations were more likely to self-report diabetes. We examined the associ-
ation of long-term exposure to PM2.5 and diabetes at enrollment (2002-2009) in 
a cohort of 44,610 individuals residing in 12 states, recruited into the Southern 
Community Cohort Study (SCCS). Annual average PM2.5 was estimated using 
remotely sensed satellite data integrated with ground monitoring data at partic-
ipants’ residence in urban and rural locations. We used multilevel mixed-effects 
logistic regression models to estimate the associations between self-reported 
diabetes and historical exposure to elevated ambient levels of PM2.5. We found 
a 10.1% increase in odds of reported diabetes with exposure to unhealthful levels 
of PM2.5 exposure (>12 μg/m3 at enrollment) compared to respondents living 
in areas with lower annual PM2.5 concentrations. Participants with medical 
histories of hypertension, hypercholesterolemia, and smoking had an overall 384% 
higher odds of reported diabetes than those without these clinical risk factors. 
Black participants were more likely to live in locations with higher ambient PM2.5 
concentrations, report high levels of clinical risk factors, and had a 29.1% increase 
in odds of reported diabetes than Whites. In SCCS participants, exposures to high 
ambient levels of PM2.5 were associated with self-reported diabetes at enrollment. 
Reduction in PM2.5 standards for the U.S. are recommended.

 3904 Concordance between Chemical Stressors, COVID–19 
Associated Hardships and Developmental Losses in Reading 
and Math

M. M. McCallister1, D. B. Hood2, H. Lochotzki2, W. Im3, T. Bils2, and P. Juarez3. 
1Tennessee State University, Nashville, TN; 2Ohio State University, Columbus, OH; and 
3Meharry Medical College, Nashville, TN.

The Public Health Exposome (PHE) framework and Big Data to Knowledge analyt-
ics can be utilized to inform the influence of the built, natural, physical, and social 
environment on disparate health outcomes in environmental justice communities. 
Additionally, information can be gleaned in the areas of access to food insecu-
rity, hospital admissions, and other much-needed resources for low-income areas. 
The PHE framework encompasses all general and specific environmental factors 
and non-genetic environmental exposures that a human is exposed to, beginning 
at conception. Simply put, the PHE is an integrated function of cumulative 
exposures over the life course as a function of where we live, work, play and pray. 
This includes chemical and non-chemical stressor exposures that contribute to 
disparate health outcomes. Chemical stressors include exposures to air contam-
inant pollutants, dietary factors, and non-chemical stressors include variables 
associated with the social determinants of health. Our concept, framework and 
analytics were developed and refined to direct attention to the need for a more 
enlightened, comprehensive, and rigorous socio-ecological life-course approach 
to characterizing exposures to chemical and non-chemical stressors. Our overar-
ching hypotheses were formulated to test the association of variables from the 
built, natural, physical, and social environment with disparate developmental 
health outcomes in pre-K children during and after the accommodations period 
of the COVID-19 syndemic. To test these hypotheses, we explored three specific 
aims: Aim 1: Curate a database at Tennessee State University of Daycare Centers/
Pre-K providers in low census tracts within the state of Tennessee. Aim 2: Recruit 
parents of children that attend these daycare centers (starting in the Nashville 
area) into a COVID-19 cross-sectional factorial comparison linked to the Public 
Health Exposome 5.0 database to understand and respond to the health, social, and 
economic impacts of the COVID-19 developmental slide in several of the specific 
TN communities that have been most adversely impacted by the syndemic. Aim 
3: Design and conduct air monitoring sampling to evaluate the concentrations of 
contaminants in and around daycare centers in Tennessee that are in low-census 
track areas. Unhealthy housing communities have a greater likelihood of residing in 
areas in which there is poor housing and poor air quality primarily defined in terms 
of particulate matter (PM2.5). Minority populations are especially vulnerable and 
susceptible to exposure to PM2.5 because of their homes being in close proximity 
to the emissions from point source emitters (smokestacks), heavy traffic volume, 
as well as indoor contaminants. This study will reveal the temporal and spatial 
distributions in chemical and non-chemical stressor exposures and associations 
with variables built, natural, physical, and social environment on disparate develop-
mental and growth outcomes.

 3905 Scope and Financial Impact of Unpublished Data and Unused 
Samples among US Academic and Government Researchers

E. Bowers1, J. Stephenson1, M. Furlong2, and K. S. Ramos3. 1LabPair, Tucson, AZ; 
2University of Arizona, Tucson, AZ; and 3Texas A&M Institute of Biosciences and 
Technology, Houston, TX.

Unpublished data and unused samples are common byproducts of research 
activity. Despite nearly universal agreement that these occurrences represent lost 
knowledge and ineffective use of resources, little is known about the scope and 
economic impact of this problem. To address this knowledge gap, we collected 
anonymous survey responses from 301 academic and government scientists 
from randomly selected institutions spanning 39 states. Our analysis showed that 
95% of respondents had unpublished data and that on average only 60% of their 
publishable data was published. Females had a lower self-perceived publication 
efficiency than males despite reporting equal numbers of unpublished datasets. 
Of those collecting specimens, 60% stored unused samples. Systemic and logisti-
cal issues as well as publication bottlenecks were identified as major contributory 
factors. Across all respondents, unused resources had a median estimated value 
of $40,992, with those designated as life sciences ($56k) and government ($109k) 
researchers reporting the costliest assets. Based on these data, the current total 
value of unused resources at US academic institutions approaches $10.3 billion. 
These findings highlight the scope and financial impact of unused resources and 
provide actionable information that can be used by decision makers to reduce 
obstacles that undermine scientific progress and productivity.
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 3906 A Retrospective Analysis of Nonrodent Spare Usage in 
Toxicology Studies

S. Nicotra, J. Ingram-Ross, and K. E. Thompson. Janssen Research & Development, 
Spring House, PA.

Due to recent pressures on animal procurement and significantly increased animal 
costs, the ability to obtain animals for nonclinical studies has become more difficult, 
especially when a study requires a non-rodent species. A potential mitigation would 
be the elimination of spare animal usage on non-rodent studies. A spare animal is 
ordered for the purpose of replacement during the pre-study period if any undesired 
characteristics are identified or during a defined initial on-study period in case of 
non-test article related mortality. An evaluation of spare usage on both dog and 
nonhuman primate (NHP) studies from the years 2016 to 2021 was conducted to 
determine the feasibility of eliminating spares from standard study designs. A total 
of 55 dog studies and 90 NHP studies were evaluated to determine the frequency 
of and reason for spare usage. The use of spares during the on-study replacement 
period was insignificant (3 NHP and 1 dog study, ≤3% of studies) and thus readily 
was considered not a meaningful factor in justifying the need for spare animals. 
Accordingly, this analysis focused on pre-study spare use outcomes. Reasons for 
spare use were grouped into 2 broad categories: physical issues and abnormal 
pre-study parameters. Physical issues included unexpected events such as animal 
aggression, severe clinical observations, and trauma. Abnormal pre-study parame-
ters consisted of 3 main categories: clinical pathology values, safety pharmacology 
endpoints, and ophthalmic evaluations. Of the 55 dog studies, spare animals were 
used in 6 (11% of studies), and physical issues were the reason for spare usage in 
3 (5% of studies). A total of 56 spare dogs were ordered in this timeframe; 10 spare 
animals (17.8%) were placed on study, with 6 of these instances related to physical 
issues and 4 related to undesirable pre-study parameters. As the use of spares in 
dog studies is infrequent, elimination of the practice of ordering extra dogs can 
be adopted with minimal risk to study objectives. Of the 90 NHP studies, spares 
were used in 37 (41% of studies), and physical issues were the reason spares were 
used in only 14 (16% of studies). A total of 131 spare NHPs were ordered in this 
timeframe; 49 animals (37%) were placed on study, with 19 (15%) of the replaced 
animals being excluded due to physical issues. Despite the common practice to 
use spares due to an anomalous pre-study parameter, undesirable pre-study values 
are not necessarily an obligate reason to exclude an animal from a study, and it 
was common for animals with abnormal pre-study parameters to be placed on 
study when no spare animals were available. Frequently, these situations can be 
accommodated by either ensuring the animal is not assigned to the high dose 
group and/or interpreting endpoints relative to pre-study measurement; both 
would minimize the impact of an outlier found on pre-study evaluation. As most 
NHP spare usage is related to concerns about pre-study parameters which can 
be accommodated by alternative approaches, the need for spare NHPs also could 
be reduced or eliminated without undue risk to study objectives. Ultimately, due to 
the low incidence of spare animal usage on study and the uncertain nature of the 
animal’s use when not selected for study, the practice of adding spare animals to 
standard non-rodent toxicity studies should be reconsidered. The need for spares 
in dog studies is minimal, and while spare use is more common in NHP studies, it 
also could be reduced by exploring alternative study assignment/interpretation. In 
summary, the need for spare dogs and NHPs can be reduced as a default practice 
in toxicology studies.

 3907 A Holistic Method for Chemical Safety and Sustainability

J. Arnot1,2, A. Sangion1,2, T. Brown1, L. Toose1, J. Armitage1,3, L. Hughes1, and L. Li4. 
1ARC Arnot Research and Consulting, Toronto, ON, Canada; 2University of Toronto, 
Toronto, ON, Canada; 3AES Armitage Environmental Sciences, Ottawa, ON, Canada; and 
4University of Nevada Reno, Reno, NV.

Thousands of new and existing chemicals require safety and risk assessment and 
the necessary information is quite limited or non-existent for most chemicals. The 
freely accessible on-line Exposure and Safety Estimation (EAS-E) Suite platform 
(www.eas-e-suite.com) comprises curated databases of measured physical-chem-
ical properties, environmental degradation half-lives, in vitro and in vivo biotrans-
formation rates, and production volumes for thousands of chemicals, as well 
as quantitative structure-activity relationships (QSARs) for predicting chemical 
information (if measured data are unavailable), and tools to aid chemical evalua-
tions. EAS-E Suite includes various multi-media mass-balance (process-driven) 
environmental fate (indoor and outdoor), bioaccumulation, toxicokinetics, and 
exposure models for humans and a wide range of ecological receptors (plants, 
invertebrates, fish, birds, and mammals). EAS-E Suite autoparameterizes the built-in 
models requiring a Chemical Abstract Service (CAS) number, name, or Simplified 
Molecular Input Line Entry System (SMILES) code for existing chemicals and a 
SMILES code for new chemicals. Models can be applied individually (e.g., dermal 
occupational or consumer exposure scenarios) or combined for aggregate 
exposure and safety assessment. For example, the PROduction-To-EXposure High 
Throughput (PROTEX-HT) model combines CiP-CAFÉ for calculating chemical 
life-cycle emission rates and the RAIDAR and RAIDAR-ICE models for simulating 
aggregate exposures to humans and representative ecological receptors following 
a one health approach. The recently developed internal Threshold of Toxicological 
Concern (iTTC) incorporated into EAS-E Suite provides conservative safety-based 

screening information for existing chemicals as well as prospectively for new 
chemicals that have not yet entered the market. This presentation illustrates how 
EAS-E Suite can be readily used to screen and prioritize thousands of chemicals 
for hazard, exposure, and risk. The case study comprises a range of chemis-
tries including flame retardants, plasticizers, biocides, personal care products, 
industrial chemicals, pharmaceuticals, and chemical intermediates. The chemicals 
are compared for their environmental persistence, biomagnification in aquatic 
and air-breathing organisms, as well as external and internal exposures and risk 
for humans and a range of ecological receptors. For the case study chemicals, 
overall persistence in the environment ranges from about 10 h to 1,000,000 h and 
the maximum biomagnification factors range from about 0.002 to 100 across 
all species. The exposure and risk estimates span over 12 orders of magnitude 
demonstrating the capacity to quickly screen and differentiate chemicals with 
potential risks to humans and the environment from those that are not. The model 
simulations can also be used to strategically and systematically prioritize data 
(research) needs and testing requirements to reduce unnecessary animal testing.

 3908 NAM Use for Regulatory Application (NURA) Program Provides 
Free Access to Toxicology Training on Human-Specific 
Approaches That Reduce Animal Testing

E. Slankster-Schmierer1, and E. Baker2. 1Physicians Committee for Responsible 
Medicine, Washington, DC; and 2Physicians Committee for Responsible Medicine, San 
Diego, CA.

Regulatory agencies and regulated industries are increasingly acknowledg-
ing deficits in animal toxicology testing and the need to phase in new approach 
methodologies (NAMs) to assess safety. These acknowledgements, along with the 
many recent advances in human-specific in vitro and in silico approaches have led 
to increased demand for NAM training. The NAM Use for Regulatory Application 
(NURA) program is a free educational platform aiming to address this training need 
by offering seminars and series spanning all sectors of regulatory toxicology. By 
providing a forum for scientists to present, discuss, learn, and build confidence in 
NAMs, the NURA program aims to support a shift from traditionally used animal 
tests to approaches that utilize human cells, tissues, processes, and information. 
NURA content includes topic-focused sessions with scientists and regulatory 
experts offering insight into cutting edge in vitro and in silico methods. Since its 
2018 inception, NURA has offered over ten training series, including over twenty 
individual sessions. Recent training series covered: using primary and population 
data for PBPK analyses, using NAMs to address population variability and suscep-
tibility, and the National Toxicology Program Interagency Center for the Evaluation 
of Alternative Toxicological Methods’ (NICEATM) Integrated Chemical Environment 
(ICE). NURA’s on-going DyNAMic Discussion series provides the opportunity for 
audience interaction with experts to address barriers to NAM use and explore 
solutions. In addition to the live training opportunities, all NURA events are recorded 
and publicly available for free at pcrm.org/NURA to allow flexible accessibility to 
this important information on human-relevant toxicological assessment.

 3909 Heavy Metal Exposure Induces Senescence as a Mechanism of 
Dopaminergic Neurodegeneration

A. Korrapati, J. Wickliffe, and B. R. De Miranda. University of Alabama at Birmingham, 
Birmingham, AL.

Heavy metal exposure is implicated in the etiology of neurologic diseases of 
aging such as Parkinson’s Disease (PD) and Alzheimer’s disease (AD) and metals 
represent an ongoing environmental risk factor for many populations around the 
world. Despite this well-known connection, the mechanisms behind metal-in-
duced neurodegeneration remain unclear. Recent work from our lab suggests 
that a common feature of toxicant exposure in neurons is the induction of cellular 
senescence, which accelerates cellular aging, promotes inflammation, and impairs 
protein degradation pathways. To this end, we hypothesized that exposure to 
heavy metals induces senescence within dopaminergic neurons as a mechanism 
of environmental influence on aging and age-related neurodegenerative diseases. 
To assess this, we used an in vitro platform within the dopaminergic neural N27A 
cell line that expresses human alpha-synuclein (αSyn), and treated neurons with 
5 μM manganese (MnCl2), lead 2.5 μM (PbNO3), or vehicle for 24 hours. Using 
immunocytochemistry, we detected significantly elevated levels of the senescence 
protein p21, a cell cycle regulating protein, in dopaminergic neurons following both 
manganese and lead treatment (p<0.0001). As senescent cells are reported to 
have autophagic impairment, we assessed lysosomal function via the Lysosomal 
Membrane Associated Protein (LAMP)-1, which was significantly decreased 
following manganese and lead exposure (p<0.0001). Furthermore, we observed 
an accumulation of αSyn within N27A cells, suggesting that heavy metal-induced 
senescence caused a reduction in protein degradation pathways that promoted 
αSyn aggregation. Together, these data suggest that heavy metal exposures 
may induce senescence as a mechanism that accelerates neurologic aging and 
influences neurodegeneration. In addition, these data indicate that inhibition of 
senescent proteins such as p21 may be effective at protecting neuronal damage 
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from exposure to heavy metals such as manganese and lead. Experiments to block 
senescent pathways in dopaminergic neurons to preserve autophagy and limit αSyn 
accumulation are currently ongoing in our lab.

 3910 Bisphenol A Single and Repeated Treatment Increases HDAC2, 
Leading to Cholinergic Neurotransmission Dysfunction and 
SN56 Cholinergic Apoptotic Cell Death through AChE Variants 
Overexpression and NGF/TrkA/P75NTR-Signaling Disruption

P. Moyano, A. Flores, J. García, J. M. García, M. J. Anadon, M. T. Frejo, E. Sola, 
A. Pelayo, L. Abascal, M. V. Naval, M. C. Fernández, and J. Del Pino. Universidad 
Complutense de Madrid, Madrid, Spain.

Bisphenol-A (BPA), a widely used plasticizer, induces cognitive dysfunctions follow-
ing single and repeated exposure. Several studies, developed in hippocampus and 
cortex, tried to find the mechanisms that trigger and mediate these dysfunctions, 
but those are still not well known. Basal forebrain cholinergic neurons (BFCN) 
innervate hippocampus and cortex, regulating cognitive function, and their loss 
or the induction of cholinergic neurotransmission dysfunction leads to cognitive 
disabilities. However, no studies were performed in BFCN. We treated wild type 
or histone deacetylase (HDAC2), P75NTR or acetylcholinesterase (AChE) silenced 
SN56 cholinergic cells from BF with BPA (0.001 μM-100 μM) with or without 
recombinant nerve growth factor (NGF) and with or without acetylcholine (ACh) 
for one- and fourteen days in order to elucidate the mechanisms underlying these 
effects. BPA induced cholinergic neurotransmission disruption through reduction 
of ChAT activity, and produced apoptotic cell death, mediated partially through 
AChE-S overexpression and NGF/TrkA/P75NTR signaling dysfunction, independently 
of cholinergic neurotransmission disruption, following one- and fourteen days of 
treatment. BPA mediates these alterations, in part, through HDAC2 overexpres-
sion. These data are relevant since they may help to elucidate the neurotoxic 
mechanisms that trigger the cognitive disabilities induced by BPA exposure, provid-
ing a new therapeutic approach.

 3911 Olfactory and Central Neurotoxicity of Occupationally Relevant 
Inhaled Aerosols

K. Sriram, G. X. Lin, W. McKinney, J. M. Antonini, J. S. Fedan, and A. F. Hubbs. NIOSH, 
Morgantown, WV.

Fine and ultrafine particles generated at the workplace can aerosolize and thus 
inhalation exposure is a major occupational concern. Aerosolized particles 
deposited in nose and/or lung can reach the brain via retrograde transport across 
the olfactory sensory neurons (OSNs) or through the systemic circulation. The 
OSNs extend into the brain from the air-interface in the nose and thus have direct 
access to airborne pollutants and toxic chemicals. Indeed, environmental air pollut-
ants are known to cause nasal pathology, neuroinflammation, and neurodegener-
ative changes, both in humans and animals. Toxicant-mediated olfactory damage 
often manifests as loss of olfaction, which precedes the hallmark clinical signs 
of neurodegeneration seen in Parkinson’s (PD) and Alzheimer’s diseases. Our 
recent experimental data suggest that olfactory and central neurotoxicity is elicited 
by a variety of chemicals and particulate aerosols. Here, we present evidence of 
neurotoxicity associated with exposure to two occupationally-relevant agents, 
welding fumes (WF) and diesel exhaust (DE). Welding generates fumes with high 
concentrations of fine and ultrafine metal aerosols composed of iron, manganese, 
chromium, and nickel, besides gaseous agents. There is growing concern that 
inhalation of WF causes PD-like manifestation, thus warranting extensive charac-
terization of the neurotoxic potential of WF. Rats (male Sprague-Dawley; ~3 m 
old) were exposed to fumes generated by gas metal arc-stainless steel welding 
(GMA-SS / WF; 15 mg/m3; 3 h/d × 10 d) and humanely euthanized after 7 d for 
neurotoxicity assessments. WF increased serotonin (5-HT; 43 %) levels in the 
olfactory bulb (OB), while reducing tyrosine hydroxylase protein (TH; 39 %) and 
glial fibrillary acidic protein (GFAP; 45 %). In the striatum (STR) and midbrain, brain 
regions typically affected in PD, WF reduced dopamine levels by 33 % and 14 %, 
respectively. A concordant reduction (22 - 33 %) in TH, alpha-synuclein (SNCA), and 
ubiquitin C-terminal hydrolase L1 (UCHL1 / PARK5) proteins was also seen in the 
STR, suggesting that a short-term repeated exposure to WF causes dopaminergic 
neurotoxicity. DE is a complex mixture of particulates and gases. The particulate 
fraction mainly consists of an insoluble elemental carbon core and an organic 
solvent soluble coating adsorbed on the carbon core that make up the bulk of 
the particulate matter in DE. The gaseous components primarily include oxides of 
carbon, nitrogen, and sulfur, as well as some low molecular weight hydrocarbons. 
Rats (male Sprague-Dawley; ~3 m old) were exposed to DE from a tier 2 engine (1 
mg/m3 particulate; 6 h/d × 4 d) and humanely euthanized after 1 d for neurotoxicity 
assessments. DE caused upregulation (3 to 5-fold) of mRNA transcripts for matrix 
metalloproteinase 9 (Mmp9), claudins (Cldn1 and Cldn2), and Gfap (1.6-fold) in 
the OB, suggestive of altered blood-brain barrier integrity and reactive gliosis. A 
reduction (20 %) in olfactory marker protein was also evident. In the hippocam-
pus, DE caused a robust increase in 5-HT (1000 %), tyrosine 3-monooxygenase/
tryptophan 5-monooxygenase activation protein epsilon (YWHAE / 14-3-3-ε; 130 
%), and GFAP protein (63 %). Activation of serotonergic receptors by 5-HT is known 
to inhibit hippocampal pyramidal neurons, which in turn is linked to cognitive 

impairment and cognitive dysfunction. Further, increased YWHAE is indicative of 
injury/damage to neural cells. Collectively, our findings show that occupational-
ly-relevant incidental aerosols can elicit olfactory and central neurotoxicity and calls 
for extensive investigation of the long-term effects to assess progressive neurode-
generation and neurobehavioral outcomes, if any.

 3912 Unraveling Neurotoxic Pathways of Manganese-Induced 
Parkinsonism In Vivo: Insights from High-Coverage Global 
Metabolomics Profiling

Y. Lai1, G. Maor2, G. W. Miller1, and S. Sarkar2. 1Columbia University Mailman School of 
Public Health, New York, NY; and 2Harvard Medical School, Boston, MA.

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease 
and the most common among motor disorders. PD cases over age 65 are largely 
sporadic, with new studies suggesting a predominance of environmental risk 
factors over genetics in PD etiology. Chronic exposure to manganese (Mn) from 
occupational or environmental settings has been widely linked to PD, as indicated, 
for example, by higher PD prevalence found in welder/miner populations. Mn toxicity 
itself manifests as a disease termed manganism, sharing strikingly common 
hallmark features of neurodegeneration for which the molecular underpinnings 
remain to be elucidated. In this study, we leveraged an in vivo model of Mn toxicity, 
reproduced in it the behavioral and pathological hallmarks of PD, and conducted 
high-resolution global metabolomic analyses to illuminate Mn-induced neurotoxic 
effects and biochemical pathways. Importantly, in a dose-dependent manner, 
Mn-exposed Drosophila melanogaster experienced reduced lifespan, displayed 
deficits in climbing and locomotor activities, and supported by histological data, 
underwent loss of neurons. On live fly brains, LysoTracker assay further confirmed 
Mn-enhanced autophagic defects, and both Seahorse assay and MitoTracker assay 
demonstrated dysregulated mitochondrial dynamics under Mn exposure. In light 
of model relevance to PD, upon the completed dose scheme, heads and bodies 
were extracted and subjected to a liquid chromatography quadrupole-orbitrap mass 
spectrometry analysis for global metabolomic profiling. Raw MS1 fullscan data 
were processed to yield alignment tables; dose-specific pattern was discerned 
through multivariate partial least square discriminant analysis (PLS-DA). Welch’s 
t-test and analysis of variance (ANOVA) were performed to single out statistically 
significant molecular features between groups, and tandem mass spectra were 
acquired for these features using pooled extracts. A streamlined high-coverage 
cheminformatic pipeline was applied, yielding a realm of unique structures owing to 
Mn-induced Parkinsonism including 234 and 405 respectively altered in head and 
body. The perturbed metabolomes embraced a vast chemical space, spanning for 
brain from lipids (e.g., acylcarnitines, sphingolipids, ceramides, lysophospholipids, 
fatty acids), amino acid neurotransmitters (e.g., arginine, glutamine/glutamate), 
purines (e.g., adenine), to vitamins (e.g., B family), etc. Quantitative pathway enrich-
ment analyses (qMSEA) of brain metabolites identified 35 significantly metabolic 
pathways adjusted for false discovery rates (Holm-Bonferroni procedures), as 
represented by arginine biosynthesis, pantothenate and CoA biosynthesis, and 
nicotinate and nicotinamide metabolism. Combining PD-mimicking Drosophila 
model of Mn toxicity and untargeted high-coverage metabolomics, this study may 
be of use to future research seeking therapeutic countermeasures against PD as 
well as toward a better understanding of the basic cellular pathways that regulate 
Mn-induced neurotoxicity.

 3913 Heterocyclic Aromatic Amines (HAAs) Target 
Mitochondrial Physiology

T. Syeda, S. Sammi, and J. Cannon. Purdue University, West Lafayette, IN.

Heterocyclic aromatic amines (HAAs) are classified as mutagens and potential 
human possible carcinogens. HAAs are toxicants that can be found naturally in 
plants or produced in a heat-dependent reaction between amino acids and sugars, 
producing pyridine, pyrimidine, or pyrazine, which reacts with creatine during 
high-temperature meat cooking. HAAs represent widespread exposure. HAAs 
exposure produces Alzheimer’s disease (AD) and Parkinson’s disease (PD) relevant 
neurotoxicity in cellular and animal models; data from our laboratory and others 
have shown that dopaminergic neurons are especially sensitive to HAA exposures, 
while other neuronal populations such as cholinergic neurons may also be affected. 
Biochemical mechanisms of neurotoxicity implicate elevated oxidative stress and 
mitochondrial toxicity. Notably, these mechanisms are critical to both AD and PD 
pathogenesis. There are many gaps in the literature with respect to the mechanism 
of neurotoxicity of HAAs that need to be addressed. We hypothesized that HAAs 
would target mitochondrial respiration as a key mechanism of neurotoxicity. Thus, 
we tested the effect of common HAAs harmane, harmine, norharmane (0-150 µM), 
PhIP (0-100 µM), and HONH-PhIP (0-10 µM) on mitochondrial physiology, a key 
pathogenic target in AD and PD. Upon assessing the parameters of mitochondrial 
function by measuring the oxygen consumption rate of cells, we observed a signif-
icant reduction in mitochondrial bioenergetics in primary cortical neurons exposed 
to HAAs for 24h, indicating that HAA negatively impacts mitochondrial respira-
tion. Studies on specific mitochondrial complexes of the electron transport chain 
showed that β-carboline subclass compounds (harmane, harmine, and norhar-
mane) inhibit mitochondrial complex I enzyme activity. Aminoimidazoaazarenes 
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subclass compound (PhIP) had no detectable effects on individual mitochondrial 
complexes in this system, whereas HONH-PhIP, a reactive metabolite of PhIP 
inhibits mitochondrial complex III enzyme activity in the isolated liver and brain 
mitochondria. Preliminary studies show that brain mitochondria are more suscep-
tible to HAAs than liver mitochondria. In primary cortical neurons, HAA produced 
oxidative damage, altered mitochondrial membrane potential, and autophagy 
related protein optineurin. Notably, these organelle studies do not test whether 
additional downstream metabolism may produce additional complex specific 
inhibitors. Overall, these results provide strong evidence of the potential role of 
HAA induced mitochondrial dysfunction in culminating neurotoxicity and further-
more, provide significant advancement with respect to underlying the molecular 
mechanisms of neurotoxic effects of HAAs.

 3914 Building a Multiplex Model in a Drosophila to Study the 
Interactions between the Genome and the Exposome in 
Parkinson’s Disease: A Primer for Personalized Medicine

S. Sarkar. Brigham and Women’s Hospital, Needham, MA.

Epidemiological studies strongly support a role for environmental factors, particu-
larly pesticide exposure, in the pathogenesis of Parkinson’s disease (PD). Genetic 
risk factors, including penetrant single-gene mutations and risk factors identified 
from genome-wide associated studies (GWAS), also contribute to PD risk and 
progression, but available model systems are limited in their ability to interrogate 
gene-environment crosstalk in vivo and at scale. In order to build a model that 
can study interaction among the genome and the exposome in neurodegenration 
we had to make sure that the model can be altered in a cell specific manner, is 
robust, and can be used for different types of exposure. To serve all these three 
purposes, we use Drosophila as a model system to understand complex gene-en-
vironment interactions in PD. We developed a multiplex model in Drosophila in 
which we knocked down GWAS candidate genes in neurons or in glia in a new 
α-synucleinopathy model and exposed the flies to environmental neurotoxicants, 
rotenone and Manganese. We identified multiple interactions among various genes, 
α-synuclein and environmental factors and decided to further study the interac-
tion among LRRK2, rotenone, and α-synuclein. Expression of the disease-causing 
Lrrk-G2019S mutant in the presence of rotenone and alpha-synuclein induced 
behavioral deficits and mitochondrial dysfunction. Further, super-resolution micros-
copy analysis revealed that the interaction of LRRK2, α-synuclein, and rotenone 
leads to hyperstabilization of the actin cytoskeleton. We have previously shown that 
LRRK2 has actin severing activity, and previous studies have implicated the GTPase 
domain in regulating actin severing. We next expressed a GTPase domain mutant, 
Lrrk-Q1003H, designed to mimic the human protective mutant LRRK2-R1398H. 
Interestingly, expression of the LRRK2 protective mutant attenuated behavioral 
deficits mediated by LRRK2-rotenone-synuclein interactions. Further, the expres-
sion of the protective mutant also attenuated the actin stabilization and mitochon-
drial deficits. Moreover, genetic analysis from a patient cohort who had previous 
pesticide exposure revealed that the patient’s LRRK2-R1398H mutation reduces 
the chance of developing PD. Since global actin severing may have unwanted 
side effects, we used a combination of forward genetic screen and proteomics 
to identify potential kinases that can be druggable targets. We identified Cdc42 
binding protein kinase MRCKα, an actin-binding protein, as a potential target. 
Genetic and pharmacological inhibition of MRCKα in Drosophila can modify the 
toxicity induced by the interaction among LRRK2, α-synuclein, and rotenone by 
inhibiting actin hyperstabilization. Using our novel multiplex model in Drosophila, 
we have identified an interaction between LRRK2, α-synuclein, and rotenone which 
is modulated by actin stabilization and mitochondrial dysfunction. We have further 
demonstrated that using this multiplex approach, we can study the mechanism of 
these interactions as well as identify novel drug targets for the interactions. Our 
findings have implications towards the development of a personalized approach for 
drug discovery and lead identification.

 3915 ALS-on-a-Chip: Toward Patient-Derived Models for 
Personalized Therapy Development

X. Spijkers1, D. Goubert1, S. Pasteuning-Vuhman2, G. Avramidou1, P. Vulto1, N. Wevers1, 
and J. Pasterkamp2. 1MIMETAS, Oegstgeest, Netherlands; and 2Universiteit Utrecht, 
Utrecht, Netherlands. Sponsor: M. de Boer.

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease affecting upper 
and lower motor neurons with an estimated lifetime risk of 1:400. ALS disease 
mechanisms are poorly understood, but motor axon aberrances are increasingly 
gaining interest as therapeutic targets. Here we describe a 3D motor neurite 
outgrowth model that can be leveraged to study axonal biology. Human iPSC-derived 
motor neurons were grown embedded in extracellular matrix in the OrganoPlate®, 
a 3D microfluidic culture platform that allows culture of 40 chips in parallel. The 
neurons extend their axons into an adjacent layer of gel, while the dendrites and 
soma remain in the somal compartment. The model was tested for its ability to 
recapitulate nerve damage caused by vincristine. Toxicity was assessed after 96 
hours of exposure, for a concentration range of 0.001-0.01-0.1-1-10-100 nM. The 
toxic effects were assessed by labeling the neuronal networks with green-fluo-
rescent calcein-AM and imaging using a high content confocal microscope. The 

outgrowth in the axonal compartment was quantified as a measure of toxicity. 
High concentrations 1-10-100 nM resulted in a more than 50% disruption of the 
axonal network. Lower concentrations did not induce damage. We then assessed 
the axonal network following a 7-day exposure to 5 mM of glutamic acid, mimick-
ing excitotoxic conditions that influence ALS pathogenesis. Outgrowth was signifi-
cantly reduced following glutamic acid exposure, while the number of stress 
granules was upregulated. These results demonstrate that the model is sensitive to 
compound-induced axonal toxicity, while the results from the vincristine exposure 
demonstrate that the model can be used for the generation of dose-response 
curves. In conclusion, our platform can be used to study toxic effects on periph-
eral neurons, and for the study of ALS-relevant processes. The 384-well format of 
the OrganoPlate® renders the model easily scalable and automation-compatible. 
The model will therefore be useful for studying axonal biology and disease and 
subsequent therapy development through drug screenings.

 3916 Acute Manganese Exposure Exacerbates Glutamatergic 
Dysfunction in a Mouse Model of Alzheimer’s Disease

R. A. Buchanan1, A. B. Bowman2, and F. E. Harrison3. 1Vanderbilt University, Nashville, 
TN; 2Purdue University, West Lafayette, IN; and 3Vanderbilt University Medical Center, 
Nashville, TN.

Manganese (Mn) is an essential metal that serves as a cofactor for metalloen-
zymes important in moderating oxidative stress and the glutamate/glutamine 
cycle. Typically, Mn is acquired through diet, however, Mn overexposure can 
arise through drinking well water or inhalation of Mn-containing industrial 
byproducts. Mn toxicity disrupts dopaminergic neurotransmission resulting in a 
Parkinsonian disorder referred to as manganism. However, the role of Mn toxicity 
on other neurotransmitter signaling and other neurodegenerative diseases, such 
as Alzheimer’s diseases (AD) is less studied. Excess Mn may contribute to dysreg-
ulation of astrocytic glutamatergic transport, leading to elevated extracellular 
glutamate, excitotoxicity, and ultimately cell death, a key feature of AD. Another 
feature observed in subpopulations of AD is subclinical epileptiform activity that 
correlates with accelerated cognitive decline. We hypothesize that Mn toxicity will 
result in glutamatergic signaling dysfunction and will exacerbate pathology seen 
in AD including excitotoxicity and epileptiform activity. To test this hypothesis, we 
used APPswe/PSEN1dE9 mice, a mouse model of AD, and wild-type littermates of 
both sexes which were exposed to 50mg/kg MnCl2·4H2O or the vehicle subcuta-
neously three times over the course of a week as an acute high dose exposure of 
Mn. Following acute Mn exposure, mice were given a single intraperitoneal injection 
of 20mg/kg kainic acid, and excitatory agonist, to test for increased susceptibility 
to seizures following Mn exposure. To quantify changes in epileptiform activity, 
mice underwent intracranial implantation of electroencephalogram (EEG) telemetry 
devices. Changes in aberrant neuronal spiking, seizures, brain wave power frequen-
cies, and sleep were quantified over the course of exposure. Additionally, changes 
in glutamate reuptake transporters, GLT-1 and GLAST, protein expression from 
cortical and hippocampal tissue were quantified using western blot. Our findings 
showed a significant accumulation of Mn in cortical and hippocampal tissue in 
Mn exposed mice. Alterations in the protein expression levels of GLT-1 and GLAST 
were observed in Mn exposed mice. Additionally, exposure resulted in increased 
spiking activity and increased susceptibility to seizures specifically in APP/PSEN1 
mice. Taken together, these findings support the hypothesis that manganese 
acutely interferes with glutamate homeostasis and could exacerbate phenotypes 
observed in AD. Increased subclinical epileptiform activity and susceptibility to 
seizure onset in Mn treated APP/PSEN1 mice, coupled with data showing worsened 
cognitive decline correlated with subclinical epileptiform activity in AD subpopula-
tions, indicates that Mn exposure may exacerbate glutamatergic dysfunction in this 
vulnerable population.

 3917 Gene-Environment Interaction between SORL1 Variant 
and the Environmental Toxicant Atrazine in Alzheimer’s 
Disease Pathology

K. S. Chelladurai1, A. Pitchai1, J. D. Selvan Christyraj2, and J. L. Freeman1. 1Purdue 
University, West Lafayette, IN; and 2Sathyabama Institute of Science and Technology, 
Chennai, India.

Alzheimer’s disease (AD) is a chronic neurodegenerative disorder responsible for 
70-80% of all dementia cases. Several variants are identified as genetic risk factors 
for AD including APOE and APP and most recently SORL1. SORL1 (sortilin-re-
lated receptor 1) plays a role in APP processing and trafficking and interacts with 
several brain metabolites. In recent years multiple studies suggest a potential 
role of several environmental factors like lead (metal), polystyrene (microplastic), 
atrazine (herbicide), and other agents in AD but studies are limited studying the 
gene-environment (GxE) interaction of most of these environmental agents in AD 
pathology. We chose to investigate the GxE interaction of SORL1 and the agricul-
tural herbicide atrazine (ATZ), which contaminates drinking water sources in areas 
in which this herbicide is applied. ATZ exposure is associated with neuroendo-
crine disruption, neurotransmission alterations, and other impacts to the central 
nervous system. A recently developed sorl1 CRISPR-Cas9 zebrafish mutant was 
used to study the GxE interaction, which has altered behavior and expression of 
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AD associated genes in larvae, along with sex-specific expression perturbations 
identified by proteomic analysis in the adult brain of these mutants. Specifically, 
PSEN1 and MAPT were upregulated in both sexes but APP was female-specific. 
The sorl1 mutants were then exposed to 0, 0.3, 3, or 30 ppb (µg/L) ATZ throughout 
embryogenesis (1-72 hours post fertilization, hpf) and larval behavior and expres-
sion of AD associated genes compared to the same ATZ treatments in wild-type 
zebrafish. The visual motor response behavior in the larval fish were assessed at 
120 hpf. Behavior alterations were more apparent in the sorl1 mutants compared 
to wild-type fish amongst the ATZ treatment groups with hypoactivity in the 30 ppb 
treatment group in the wild-type and in all ATZ treatment groups (0.3, 3, and 30 ppb) 
in the sorl1 mutants (p<0.05). In addition, qPCR analysis of AD associated genes 
showed variable outcomes when comparing among ATZ treatment groups in the 
sorl1 mutant and wild-type populations. Overall, the sorl1 gene variant exacerbates 
ATZ neurotoxicity, which could increase risk of AD pathology.

 3918 The Impact of Manganese on Glutamate Excitotoxicity in 
Alzheimer’s Disease Model

H. Kim1, A. M. Tukker1, F. E. Harrison2, and A. B. Bowman1. 1Purdue University, West 
Lafayette, IN; and 2Vanderbilt University Medical Center, Nashville, TN.

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder and the 
most common cause of dementia. The pathological alterations that occur at the 
molecular/cellular level begin many years before the onset of cognitive impairment 
and the majority of AD cases cannot be attributed to a single gene. This further 
supports the contribution of gene-environment interaction in this multifactorial 
disease and substantiates the involvement of chronic environmental risk factors 
in AD etiology. Manganese (Mn) is an essential metal that is widely present in 
the environment and in excess is a neurotoxin with broad impacts on neurologi-
cal systems, including altered neurotransmission. As the brain’s major excitatory 
neurotransmitter, glutamate homeostasis is under tight regulation. Under physio-
logical conditions, glutamate is rapidly cleared away from the synaptic cleft primar-
ily by astrocytes to prevent excitotoxicity. Previous studies have shown that acute 
exposure to high levels of Mn inhibits extracellular glutamate uptake and altered 
expression of glutamate transporters are observed in the brains of AD patients. 
This line of evidence suggests a potential pathological relationship between Mn 
neurotoxicity and AD pathology via glutamate excitotoxicity. However, interac-
tions between environmentally relevant chronic Mn exposures and AD genetics 
are unknown. Hence, we hypothesized that individuals with genetic risk factors 
for AD have enhanced susceptibility to glutamate dysfunction in response to 
chronic Mn exposure. To address this hypothesis, we utilize cortical glutamater-
gic neurons and astrocytes generated from human induced pluripotent stem cells 
(iPSCs) derived from neurotypical and AD patients. Cortical lineage neurons were 
cultured for approximately 100 days and subsequently exposed to environmen-
tally relevant levels of Mn (0.5 or 5 μM vs control) for up to 40 days. Alterations 
in glutamate uptake was quantified using 14C-labeled glutamate wherein we 
observed a significant 30~40% decrease in glutamate uptake in AD patient-derived 
neurons/astrocytes (n = 8 from two subjects), an effect that was not seen in the 
neurotypical controls (n = 6 from two subjects). Transcriptomic profiling via single-
cell RNA-sequencing and pathway analyses revealed alterations in key metabolic 
pathways. Additional functional alterations will be assessed via micro-electrode 
array assays. Supported by R01 ES031401 (FEH, ABB).

 3919 The Role of Peripheral Myeloid Cell HMGB1 in Persistent Gulf 
War Illness-Like Neuroinflammation

J. A. Johnson Jr., C. J. Ahmed, J. Malley, G. Chittam, C. Lombo Garza, H. J. Greve, 
M. T. Gomez Ponce, and M. L. Block. Indiana University School of Medicine, 
Indianapolis, IN.

Gulf War Illness (GWI) is a chronic, multi-symptom condition with central nervous 
system (CNS) and peripheral pathology that persists long after the toxicant/toxin 
exposures and immune triggers associated with the theater of war. We have 
recently shown that circulating HMGB1 (a DAMP released on injury, an immune 
signaling factor, and a transcription factor) is upregulated in the serum of veterans 
with GWI and plays a critical role in the persistent pro-inflammatory response of 
microglia in a murine LPS GWI model. However, whether peripheral myeloid cells 
are culpable in the persistent CNS effects and the role of HMGB1 in how periph-
eral myeloid cells may affect the brain is poorly understood. To begin to address 
this, we developed Hmgb1fl/flLysMCre+ mice, which have HMGB1 knocked out 
only peripheral myeloid cell populations, without any HMGB1 changes in microglia 
or the brain. Here, we employed an LPS model of a chronic microglial response 
derived from the periphery that mimics the persistent nature of the GWI neuroim-
mune response. Male Hmgb1fl/flLysMCre+ mice and the control strain (Hmgb1fl/
flLysMCre- mice) were injected with LPS (5 mg/kg, IP) and brain, circulating 
factors, and cervical lymph nodes were assessed at 3H (initiation phase) and 7 
days (persistent) after LPS administration. We found no genotype differences 
in LPS-induced serum HMGB1, IL-1β, nor TNFα at any time point measured, but 
genotype-specific changes in LPS-induced neuroinflammation gene expression in 
the midbrain were present. Further, whether LPS -induced neuroinflammation genes 
(Tnf, Gzma, Cd69, and Cxcl10) were increased or decreased in Hmgb1fl/flLysMCre+ 

mice was dependent on the timepoint (3 H vs. 7 days). Interestingly, Iba1 mRNA 
in the midbrain was upregulated at 3H after LPS, with the greatest changes of 
Iba1 expression in Hmgb1fl/flLysMCre+ mice. However, Iba1 gene expression was 
not upregulated at 7 days after LPS, regardless of treatment, nor were there any 
genotype differences, supporting that it is unlikely that myeloid cells translocated 
to or from the brain parenchyma to impact the persistent neuroimmune response. 
Recent reports indicate that peripheral immune cells in compartments external to 
the brain parenchyma (ex. choroid plexus and meninges) can influence the brain 
independent of circulating blood factors and that these peripheral immune cells 
drain to the deep cervical lymph nodes. To begin to explore how peripheral myeloid 
cell HMGB1 may be affecting these extra-parenchymal compartments during the 
initiation and persistent neuroimmune response to LPS, transcriptional changes in 
the cervical lymph nodes of the Hmgb1fl/flLysMCre+ mice were assessed with the 
Nanostring Immunology panel. At 7 days after LPS administration, Hmgb1fl/flLysM-
Cre+ mice expressed a unique transcriptional profile of 53 genes when compared to 
the initiating 3 H LPS response, highlighting a distinct persistent immune signature 
in the cervical lymph nodes that is modified by peripheral myeloid cell HMGB1. 
Taken together, these findings indicate that peripheral myeloid cells regulate the 
persistent neuroimmune response and may do so in part, independent from some 
traditional circulating factors or direct myeloid cell translocation into the brain. 
Further, this work points to the potential role of the glymphatic system in regulating 
the persistent neuroimmune response and highlights the importance of periph-
eral myeloid cell HMGB1 in this process. These findings provide much needed 
insight into how the peripheral and CNS immune system interact to dysregulate 
the neuroimmune response, which is critical to understand in a multisymptomatic 
illness involving both peripheral and CNS pathology, such as GWI.

 3920 Characterizing NLRP3 Function in the Microglial Response 
to Chlorpyrifos

F. Anderson, K. Biggs, A. Kettenbach, A. Andrew, and M. Havrda. Dartmouth Geisel 
School of Medicine, Lebanon, NH.

Exposure to agricultural chemicals increases the risk of neurodegenerative disorders 
including Alzheimer’s (AD) and Parkinson’s disease (PD). Pre-clinical models 
indicate that pesticide driven cell stress triggers sterile inflammation mediated 
by the NLRP3 inflammasome. Our prior work determined that long-term exposure 
to the PD-associated pesticide rotenone activated the NLRP3-inflammasome and 
that Nlrp3-/- mice were protected from rotenone-induced nigral cell loss. In recent 
studies, wild-type and Nlrp3-/- mice were chronically exposed to the chemically 
distinct AD and PD-associated pesticide chlorpyrifos (CPF). Unexpectedly, CPF 
increased ambulatory activity in aging wild-type mice but exacerbated age-re-
lated motor decline in Nlrp3-/- mice. Spatial learning and memory were normal 
in CPF exposed WT mice but impaired in similarly treated Nlrp3-/- animals. We 
observed increased microgliosis in CPF-treated Nlrp3-/- mice, not seen in their WT 
counterparts. Tandem Mass Tag Mass Spectrometry indicated a distinct chlorpyr-
ifos triggered Nlrp3-dependent microglial secretome, with numerous differentially 
expressed proteins contained within the extracellular vesicle fraction. In parallel, 
we conducted patient studies, identifying elevated indicators of inflammasome 
activity in plasma obtained from PD patients, also primarily contained in plasma 
borne EVs. Evaluation of lifestyle data obtained from currently available subjects 
suggests an increased risk of being a PD patient previously employed by the 
military and having high levels of plasma borne NLRP3. We also note that close to 
all subjects indicating prior military employment also report exposure to toxicants, 
including pesticides. Overall, these studies support ongoing analysis of NLRP3 in 
those at risk for exposure and neurodegenerative disease. Findings also highlight 
differential and cell-type specific activities for Nlrp3 in response to chemically 
distinct toxicants.

 3921 Enhanced NLRP3-Mediated Inflammasome Activation in 
Primary Microglia Isolated from Humanized APOE-3 and -4 Mice

N. Blum, I. Mhatre-Winters, C. Kim, and J. R. Richardson. Florida International University, 
Miami, FL.

Alzheimer’s Disease (AD) is a neurodegenerative condition of unknown etiology, 
with >95% of cases occurring sporadically. Various genes have been identified to 
contribute to sporadic AD, of which the apolipoprotein ε (APOE4) is the strongest 
genetic risk factor. Clinically, AD is characterized by amyloid plaques, tau pathology, 
and chronic neuroinflammation, which contribute to cell death. Individuals with the 
APOE4 genotype pose the greatest risk for disease onset and experience increased 
levels of IL-1b, microglial activation, and cell death. In AD, the NLRP3 inflammasome 
is a key mechanism that mediates IL-1b production and pyroptosis, a necrotic-like 
cell death characterized by vast inflammation, in microglial cells. The current study 
sought to investigate the genotypic differences in NLRP3 inflammasome activation 
between humanized-APOE3, -APOE4, and C57BL/6J mouse-APOE (C57-m-APOE) 
in primary microglia (PMG). PMG were isolated from whole brains from post-na-
tal day 0-1 old pups, cultured for 16 days, and magnetically separated using a 
CD11b+ selection kit. PMG were treated with LPS (10ng/ml), ATP (2mM), or primed 
with LPS for 3h followed by ATP for 30min to induce inflammasome activation. 
Immunoblotting revealed increased NLRP3 protein levels after LPS priming (118%, 
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153%) and LPS+ATP activation (60%, 102%) in APOE3 and APOE4 PMG, respec-
tively compared to APOE3 control. ASC adaptor protein levels increased in APOE4 
PMG (22%) compared to APOE3 PMG following LPS+ATP treatment. To assess 
pyroptosis, cell death was measured by live-dead assay. APOE4 PMG displayed 
a 127% increase in cell death compared to APOE3 PMG treated with LPS+ATP. 
Immunocytochemistry was conducted to determine active caspase-1 expression 
in LPS+ATP treated PMG. APOE4 PMG expressed 1.3-fold higher levels of active 
caspase-1 compared to APOE3 PMG. Lastly, pro-inflammatory IL-1b cytokine 
secretion was measured by ELISA. APOE4 PMG secreted 58% more IL-1b following 
LPS+ATP treatment compared to APOE3 PMG. Together, these data indicate that 
APOE4 PMG express greater levels of NLRP3 inflammasome mediated neuroin-
flammation and pyroptosis compared to APOE3 PMG, consistent with clinical data 
demonstrating a greater inflammatory response to LPS in APOE4 carriers and 
identifying the NLRP3 inflammasome as a key pathway affected by APOE genotype. 
Supported in part by R01ES026057 and R01ES033892.

 3922 Gene-Environment Interactions between APOE and Manganese 
Alter Metabolic Activity in Primary Astrocytes

A. J. Barahona, N. Blum, I. Mhatre-Winters, and J. R. Richardson. Florida International 
University, Miami, FL.

Alzheimer’s disease (AD) is a complex and debilitating neurodegenerative disease 
that affects over 6 million individuals in the United States. The APOE4 genotype 
is the strongest genetic risk factor for AD. The role of APOE in AD pathogenesis, 
including amyloid beta accumulation, tau pathology, chronic neuroinflammation, 
and mitochondrial dynamics has been extensively studied. However, evidence 
implicating modifiable risk factors that increase one’s risk of developing the 
disease is relatively scarce. Environmental factors such as metals have been linked 
with an increased risk of disease prevalence. Manganese (Mn) is an essential metal 
with a biphasic relationship with health outcomes. Epidemiological data suggest 
a correlation between manganese exposure and a decline in cognitive function. 
Studies have also linked Mn exposure to amyloid beta deposition, neuroinflamma-
tion, and mitochondrial dysfunction. The mechanisms through which Mn induces 
this toxicity and how these effects are modulated by the APOE genotype remain 
unclear. Here, we sought to investigate the gene-environment interactions between 
the APOE genotype and Mn, and the role that these interactions play in neurode-
generative disease. To investigate this, targeted replacement APOE mice were 
utilized. This is a mouse model where the mouse APOE gene has been replaced 
by the human APOE3/3 (E3) or APOE4/4 (E4) gene. Whole brains were isolated 
from 0-1 postnatal day pups and glial cells were cultured for 16 days. Primary 
astrocytes (PMAs) were obtained from the negative fraction using the CD11b 
microglial separation technique. PMAs were treated with different concentrations 
of Mn for 24 hours, and mitochondrial function was assessed. When compared to 
controls, metabolic activity assessed via MTS assay decreased ~10%, 14%, 31%, 
and 48% after treatment with 1, 3, 10, and 30 μM Mn, respectively, across both 
groups. While there were no significant differences across genotypes, E4 PMAs 
consistently had lower metabolic activity when compared to E3. When compared 
to C57BL/6J wild-type, APOE PMAs treated with 1, 3, 10, and 30 μM Mn had a 9%, 
15%, 23%, and 13% greater decrease in metabolic activity, respectively. Together, 
these data demonstrate an increased risk of metabolic dysfunction in mice with 
the humanized APOE gene compared to C57BL/6J mice which harbor the mouse 
APOEgene, with higher dysfunction seen in E4 PMA. These results have implica-
tions for Mn toxicity in populations with the APOE4/4 genotype and will provide a 
platform to elucidate mechanisms of toxicity that can be targeted in interventions 
for AD. Supported in part by R01ES026057 and R01ES033892.

 3923 CBD Therapy Alleviates Brain Dysfunction in a Mouse Model of 
Chronic Gulf War Illness

M. Kodali, Y. Somayaji, C. Huard, B. Shuai, X. Rao, and A. K. Shetty. Texas A&M Health 
Science Center College of Medicine, College Station, TX. Sponsor: L. Deshpande.

Gulf War Illness (GWI) is a multi-symptom illness afflicting ~30% of veterans 
who served in the first Gulf War. Chronic pain, dysregulated sleep, and persistent 
cognitive and affective impairments are hallmarks of Gulf War disease. According 
to epidemiological research, the underlying cause of GWI was exposure to a 
cocktail of chemicals, including the nerve gas prophylactic drug pyridostigmine 
bromide (PB) and the pesticide permethrin (PER). When administered concur-
rently to mice for ten days, PER and PB cause symptoms like those seen in GWI 
veterans. Numerous investigations using experimental models of GWI showed 
that persistent cognitive and mood impairments are linked to chronic neuroin-
flammation and reduced neurogenesis in the hippocampus. Cannabidiol (CBD), 
one of the significant phytocannabinoids, also an FDA-approved drug for certain 
forms of epilepsy, has gained significant attention because of its antiinflammatory, 
anticonvulsant and antioxidant effects. Moreover, it can mediate multiple beneficial 
changes without inducing any psychoactive effects. In this study, we investigated 
the efficacy of CBD for improving brain function and modulating neuropathologi-
cal changes in mice afflicted with chronic GWI. We first administered young male 
and female mice PER (200 mg/Kg/day) and PB (0.7/mg / Kg/day) dissolved in 50 
microliters of DMSO for ten days. Seven months later, GWI mice were interrogated 

for cognitive function through an object-in-place test (OIPT) which demonstrated 
a significant spatial recognition memory impairment. Commencing eight months 
post-exposure to PER and PB, separate cohorts of GWI mice received vehicle or 
CBD at 5, 10, or 20 mg / Kg (5 days/week) for eight weeks. Next, the mice were 
investigated with a battery of neurocognitive tests such as OIPT, object location 
test (OLT), pattern separation test (PST), temporal pattern processing test (TPPT), 
sucrose preference test (SPT), novelty suppressed feeding test (NSFT), and test 
for hyperalgesia. Both male and female GWI mice receiving vehicle treatment 
displayed cognitive and mood impairments. However, both male and female GWI 
mice that received different doses of CBD demonstrated improved cognitive and 
mood function, particularly at two higher doses. Such improvements were evident 
from their ability for better spatial recognition memory in an OIPT, improved pattern 
separation in a PST, better temporal pattern processing in TPPT, no anhedonia in 
an SPT, and reduced anxiety-like behavior in an NSFT. Next, analysis hyperalgesia 
by Von Frey apparatus revealed reduced paw withdrawal threshold in GWI mice. 
However, GWI mice receiving CBD treatment normalized the paw withdrawal thresh-
old to naïve control levels inferring reduced hyperalgesia in GWI mice. Analysis of 
brain tissues assessing the effects of CBD treatment on neuroinflammation, partic-
ularly activation of microglia, are currently in progress. Thus, eight weeks of CBD 
treatment could improve cognitive and mood function in mice afflicted with chronic 
GWI. The underlying mechanisms need to be elucidated in future studies.

 3924 Nontoxic Nanoligomers Targeting Key Neuroinflammatory 
Pathways Are Protective in Neurodegenerative Disease

S. J. Risen1, S. Boland1, G. Weisman1, A. Hines1, A. J. Hay1, S. McGrath1, S. Sharma2, 
P. Nagpal2, A. Chatterjee2, V. Gilberto1, and J. Moreno1. 1Colorado State University, Fort 
Collins, CO; and 2Sachi Bioworks, Louisville, CO.

Neuroinflammation is a key factor in the development of neurodegenerative 
diseases, including Alzheimer’s disease, Parkinson’s disease, and prion disease. 
There are currently no effective and non-toxic treatments to halt pathogenesis 
and progression of neurodegeneration. Pathogenesis includes the accumulation 
of misfolded proteins, glial inflammation, neuronal inflammation, and cognitive/
behavioral deficits, followed by irreversible neuronal death. We hypothesized 
that downregulation of two key neuroinflammatory targets, NF-κB and NLRP3, 
would be neuroprotective. To test this, we utilized transcriptional inhibiting 
Nanoligomers™ in a prion-diseased mouse to assess the impact on glial inflam-
mation, behavioral/cognition deficits, and loss of neurons. Established by PK/PD 
studies, Nanoligomers™ are systemic but nontoxic to mice, at doses up to 500mg/
kg. Nanoligomer™ treated mice displayed decreased numbers of inflamed glia 
and improved behavior and cognitive tests. Additionally, the Nanoligomers™ are 
protective against neuronal death. Critically, the Nanoligomers™ protected the brain 
from prion-induced spongiotic change, neuronal loss, and significantly increased 
life span, indicating that Nanoligomer™ inhibition of inflammatory pathways can 
prevent neuronal death and slow the progression of neurodegenerative diseases.

 3925 Oxidative Stress, Trace, and Toxic Metal Levels in Alzheimer’s 
Disease in an African Population

I. O. Omotosho, M. Ngwube, and J. O. Abdumalik. University of Ibadan, Ibadan, Nigeria.

Alzheimer’s disease (AD) is an age-related neurodegenerative disease character-
ized by loss of memory resulting from neurodegenerative disorders; this has been 
attributed to oxidative stress and accumulation of Amyloid (Aβ) protein in the brain. 
Environmental and genetic alterations have been implicated as the pathogenesis of 
the disease. This case-control study investigated levels of selected trace (iron, zinc 
and copper) and toxic (cadmium and lead) metals in 38 participants aged >60 years 
consisting of 18 clinically diagnosed with AD (cases) and 20 apparently healthy 
age-matched adults (controls) recruited from the University College Hospital 
Ibadan Geriatric Centre. Semi- structured questionnaires were used to obtain 
demographic information, clinical history, lifestyle and dietary patterns from partic-
ipants. Plasma levels of iron, copper, zinc and blood levels of lead and cadmium 
were analyzed using Atomic Absorption Spectrophotometry (AAS). Plasma levels 
of malondialdehyde (MDA), total antioxidant capacity (TAC), hydrogen peroxide 
(H2O2), and total plasma peroxide (TPP) were determined spectrophotometrically, 
while oxidative stress index (OSI) and copper to zinc ratio (Cu:Zn) were calculated. 
Mean plasma level of zinc was significantly lower in cases (86.04±11.07µg/dl) 
compared to controls (108.80±12.47µg/dl), while blood lead (13.85±2.96µg/dl, 
8.32±2.10µg/dl) and cadmium (1.34±0.71µg/L, 0.71±0.14µg/L) levels were signifi-
cantly higher in cases than in controls respectively. Although Fe and Cu levels 
were similar in cases and controls, Cu:Zn ratio was significantly elevated in cases 
compared to controls (p=0.000). Though other OS markers were not significantly 
different in both groups, TPP was significantly higher in cases (64.96±7.20 µmol/
H2O2 vs. 55.41±2.38µmol/H2O2) while MDA correlated inversely with TAC in cases 
(r= -0.477, p=0.045). The low plasma Zn coupled with high blood Pb and Cd levels 
may precipitate the elevated TPP and abnormal Cu:Zn ratio in cases. The reduced 
metallothionine defense of the system as indicated by the elevated Cu:Zn ratio in 
cases may also exacerbate this problem. Increased oxidative stress influenced by 
the high toxic metal level in cases may be participatory in the progression of AD.
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 3926 Ozone Dysregulates Vasculature-Associated Proteins in the 
Amyloid Plaque Microenvironment

C. Ahmed1, H. J. Greve1, C. Garza-Lombo1, J. A. Johnson1, A. L. Oblak1, and 
M. L. Block1,2. 1Indiana University School of Medicine, Indianapolis, IN; and 2Roudebush 
Veterans Affairs Medical Center, Indianapolis, IN.

Urban air pollution exposure, including ozone (O3), has been associated with 
increased Alzheimer’s Disease (AD) risk and there is recent support that urban air 
pollution exposure may increase amyloid plaque pathology. However, the underlying 
cellular mechanisms driving this effect are poorly understood. The CNS vasculature 
is known to be dysregulated early in AD and the accumulation of amyloid pathology 
in the vasculature is known to be a key component of the disease. While O3 has 
long been linked to cerebral vascular effects such as stroke, how O3 may affect the 
vasculature characteristics in AD pathology is largely unknown. To begin to explore 
this, 10-11-week-old male 5xFAD mice were exposed to filtered air (FA) or 1 ppm 
O3 for 13 weeks (4 hours/day and 3 days/week). Analysis of ThioS-stained plaques 
demonstrated that O3 increases amyloid plaque load. The Nanostring GeoMx Digital 
Spatial Profiling (DSP) platform was used to assess multiplex protein expression 
co-localized with laminin positive vascular endothelial cell structures, that were 
either in physical contact with amyloid plaques (plaque-associated vessels) 
or plaque distant, in the cortex. DSP analysis revealed that the expression of 19 
proteins were shared regardless of plaque association phenotype or O3 exposure. 
When comparing plaque-associated vessels to plaque distant ones, 13 proteins 
were changed in only FA exposed mice, such as IDE and TMEM119, supporting that 
a baseline change in plaque-associated vasculature proteins occurs, regardless 
of O3 exposure. However, the expression of 12 different proteins, such as C4B, 
CD169, Emp1, MSR1, and Lamp1 were dysregulated in plaque associated vascula-
ture in O3 exposed mice only, suggesting that O3 exposure selectively alters the 
vascular endothelial cell proteomic phenotype in the peri-plaque space. While there 
are some vasculature specific proteins such as Emp1, Vimentin, that are differ-
entially expressed in the peri-plaque space of O3 exposed mice, a closer look at 
these proteins shows that some microglia specific proteins are also dysregulated 
in the laminin positive areas, implicating an altered vasculature-microglia interac-
tion with ozone exposure. Taken together, these findings support that O3 modifies 
the amyloid-associated changes in the vasculature and potentially dysregulates 
microglial association with the vasculature, which is dependent on localization in 
the plaque microenvironment. These findings may provide much needed insight 
into how urban air pollution affects amyloid cerebral vascular pathology.

 3927 A Novel 3D Imaging Pipeline for Analyzing Efficacy of 
Compounds on Amyloid-Beta Plaque Dynamics in Preclinical 
Alzheimer’s Disease Animal Models

G. Ferron1, S. Linehan1, T. Ragan1, K. Elk2, D. Garceau2, and M. Sasner2. 1TissueVision 
Inc., Newton, MA; and 2The Jackson Laboratory, Bar Harbor, ME. Sponsor: S. Linehan, 
International Society for the Study of Xenobiotics.

Amyloid-beta (Aβ) plaque deposition in the brain represents a significant hallmark 
of Alzheimer’s Disease (AD). Standard laboratory approaches assessing Aβ 
lack the ability to pair high-throughput whole-organ imaging with region-specific 
quantitation, and often require tissue homogenization. To analyze changes in Aβ 
spatiotemporally, we developed a novel Serial Two-Photon Plus (STP2) pipeline to 
quantify plaque progression and depression as a function of brain region, resulting 
in indexed brain sections for secondary analysis using MALDI HiPLEX-IHC with 
imaging mass spectrometry (IMS). Plaques in the well characterized 5XFAD mouse 
model of AD were labeled with Methoxy-X04, an Aβ plaque-specific compound, 
prior to transcardial perfusion and whole-brain excision. The STP2 platform uses 
a TissueCyte system to produce high-resolution multi-channel datasets, yielding 
3D models of each brain. The Allen Mouse Brain Common Coordinate Framework 
(CCFv3) was registered to each sample, and our automated pipeline quantified 
plaque load and density per brain region. Select resulting sections were analyzed 
using AmberGen MALDI HiPLEX-IHC and Bruker Daltonics IMS for Aβ42, pTau, 
GFAP, GLUT1, MBP, NeuN, NF-L, PVALB, SNCA and SYN-I. Quantifying base load 
plaque distribution in the 5XFAD model at 2, 3, 4, and 6-months revealed signifi-
cant changes in density of Aβ plaques both spatially and temporally. STP2 imaging, 
combined with CCFv3 mapping and secondary proteomic analysis allows for 
targeted evaluation of compound treatment on the Aβ plaques. The STP2 pipeline 
produces translational high-throughput preclinical AD data using enhanced sensitiv-
ity and precision, with resulting sections remaining in-tact for further secondary 
analysis of spatial proteomics and pharmacodynamics in the brain.

 3929 Chronic Inflammation of Microglia by Combustion-Derived 
Pollution Induces Neurodegeneration

S. H. Pradhan, M. Gibb, A. T. Kramer, and C. M. Sayes. Baylor University, Waco, TX.

Combustion-derived air pollution is a multi-layered environmental toxin which is 
becoming a global health concern due to rapid urbanization. Air pollution contains 
mixtures of pro-inflammatory stimulants such as fine and ultra-fine particu-
late matter (PM<2.5), gases (CO and NOx), and metals (Mn). Inhalation of these 

compound are linked to damage within the lungs and peripheral circulatory system 
which implicates damage to the central nervous system. Air pollutants can induce 
neurodegenerative pathology from neuroinflammation through the microglia. This 
specific study focuses on the influence of systemic inflammation from air pollut-
ants (diesel particulate matter; DPM) on the degeneration of neurons in an in vitro 
model. In order to mimic peripheral inflammation, trans-well inserts (pore size 0.4 
µm) were utilized with differentiated alveolar macrophages on the apical layer and 
microglia basally plated in a chronic exposure (5-day) to diesel particulate matter. 
This allowed the transference of small proteins between the macrophages and the 
glia without the direct exposure to DPM to microglia. Microglia were measured 
for activation via CD68 and TLR-4 at exposure day 1 and again at day 5. PMA was 
utilized as a positive control for inflammatory activation. Post-chronic exposure 
unhealthy microglia were transferred to co-culture with healthy neurons and 
measured for ROS generation, viability, dopamine concentration and mitochon-
drial stress. Microglial cells, through a feedback loop, release neurotoxic pro-in-
flammatory markers including, IL1β, IL6, TNF-α and IL-8 causing neuronal dysreg-
ulation. Results indicated high expression of ROS measured through H2O2 and 
glutathione (for compensatory mechanism). Decreased viability and dopamine 
concentration were presented compared to the “healthy” co-culture model. This 
demonstrates the impact of chronic neuroinflammation influencing neurodegener-
ation and dysregulation.

 3930 C. elegans Nrf Homolog Skn-1 May Play a Role in 
Cannabidiol Neuroprotection

A. Alsulami. Colorado State University, Fort Collins, CO. Sponsor: K. Streifel.

Alzheimer’s disease (AD) is a neurodegenerative disease that is affecting an 
increasing number of the aged population worldwide. AD is characterized by the 
accumulation of amyloid-β and tau hyperphosphorylation along with a failure in 
redox homeostasis. The hallmarks of neurodegenerative diseases include the 
increased generation of reactive oxygen species (ROS) which is tightly controlled 
by an antioxidant defense mechanism under physiological conditions. The nuclear 
factor erythroid 2-related factor (Nrf-2) is a transcription factor that is responsible 
for the regulation of redox balance and antioxidant detoxifying responses. Since 
oxidative stress is believed to contribute to age-dependent neurodegenerative 
diseases, it could be predicted that Nrf-2 system may function in its prevention. 
Furthermore, Nrf-1 regulate proteosome activity to maintain protein homeostasis. 
The proteosome is a branch in the protein quality control system that degrades 
misfolded proteins in neurodegenerative diseases, thus; upregulation of proteo-
some activity would ameliorate proteotoxicity. This research aims to utilize various 
strains of the model organism C. elegans to understand the mechanism of cannabi-
diol at the cellular level in stressed models. The SKN-1 gene, the Nrf homolog in 
C. elegans, encodes for three different isoforms, skn-1a, skn-1b, and c. Skn-1b/c, 
which plays a role in oxidative stress, is negatively regulated by the repressor 
WDR-23. In C. elegans, skn-1a plays a role in proteotoxic stress through upregula-
tion proteosome subunits and is negatively regulated by the abundance of proteo-
some complex protein. Cannabidiol (CBD) is a non-psychoactive phyto-cannabi-
noid that has multiple beneficial effects including neuroprotection. We hypothesize 
that CBD-mediated survival extension is through the activation skn-1 isoforms. UV 
crosslinker is used to mimic the ROS generated from misfolded protein and to test 
if CBD can scavenge them independently of Skn-1b/c. Bortezomib, a proteosome 
stressor, is used to test if CBD’s upregulation of skn-1a could increase proteosome 
subunit expression. We are in the process of testing our hypothesis using skn-1 
mutated worms treated with and without CBD and performing touch test, longevity 
assays, and microscopy to confirm the role of skn-1. Our preliminary data show 
that CBD activates skn-1a and c. Also, CBD acts independently of the repressor 
(wdr-23). Knowledge gained will allow for a better understanding of how CBD is 
helping neurons function and survive due to increased mis-folded proteins.

 3931 Low Concentrations of Manganese Potentiate Rotenone Induced 
Production of Reactive Oxygen Species in Primary Astrocytes 
by Increasing Mitochondrial Calcium Levels

M. R. Hager, S. M. Rocha, and R. B. Tjalkens. Colorado State University, Fort Collins, CO.

Rotenone is a broad-spectrum insecticide, piscicide, and pesticide that continues 
to be used worldwide. This toxin is known for its capacity to uncouple mitochon-
drial complex I, as well as induce regionally distinct α-synuclein aggregation in 
C57Bl/6 mouse models causing symptoms that mirror those found in Parkinson’s 
Disease (PD). Manganese (Mn) is an essential trace mineral needed for cellular 
enzymatic function, however, excess accumulation in the basal ganglia results 
in manganism, a disease characterized by Parkinsonian-like symptoms. Genetic 
mutations or environmental perturbations leading to mitochondrial dysfunction 
remain a driving factor in numerous neurodegenerative diseases, including PD and 
manganism. Recent research, conducted by our lab and others, have implicated 
glial cell activation and inflammatory involvement in the progression of disease, 
yet exact mitochondrial mechanisms leading to inflammation in glia remains 
unknown. To determine if Mn priming increases the inflammatory response caused 
by secondary rotenone exposure, primary C57Bl/6 glial were isolated from neonatal 
(P0-P1) mouse pups and grown to confluency in thin-walled glass chamber 
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slides. Subacute concentrations of Mn (10µM) were used to prime cells for 24 
hours prior to additions of 100nM rotenone in respective comparative experimen-
tal groupings (Control, 10µM Mn, 100nM rotenone, 10µM Mn+ 100nM rotenone). 
Live-cell imaging of mitochondrial calcium concentrations (Rhod-2), mitochondrial 
membrane potential (TMRE), and intra-mitochondrial reactive oxygen species 
(ROS, MitoSOX) were fluorescently quantified over time, post addition of rotenone. 
Rhod-2 quantitative data showed increased mitochondrial calcium was present in 
10µM Mn+ 100nM rotenone treated cells, supporting detrimental mitochondrial 
effects due to calcium overloading. The results obtained from this experimentation 
represent some of the first showing that environmental toxin exposure utilizing Mn 
and rotenone, in concert, in glial cells increases mitochondrial stress.

 3932 Inhalation of Trichloroethylene Induces Cellular Senescence as 
a Mechanism of Parkinson’s Neurodegeneration

A. Adamson, and B. R. De Miranda. University of Alabama at Birmingham, 
Birmingham, AL.

The organic solvent and degreasing compound trichloroethylene (TCE) is a ubiqui-
tous environmental contaminant that is associated with Parkinson’s disease (PD) 
risk (odds ratio [OR]: 6.1; 95% CI). Previous research from our lab showed that six 
weeks of TCE exposure (200 mg/kg) via oral gavage in adult rats causes significant 
degeneration of nigrostriatal dopaminergic neurons, the accumulation of alpha-sy-
nuclein, endolysosomal impairment, and neuroinflammation. In addition to this 
previously characterized pathology, we recently observed a significant increase of 
senescent neuronal and glial cell populations within TCE-exposed rats, suggesting 
that acceleration of senescence may be a potential driver of TCE-induced neurode-
generation. As senescent cell populations are elevated in postmortem tissue 
from PD patients, we hypothesized that TCE exposure induces senescence as a 
mechanism that accelerates aging in the brain and influences neurodegeneration. 
To test this in a novel and environmentally relevant model, we developed an inhala-
tion exposure platform for TCE and exposed 10-month-old male and female Lewis 
rats to 50 ppm TCE or control (filtered room air) over 8 weeks in a whole-body 
passive exposure inhalation chamber. Rats exposed to TCE showed significant loss 
of dopaminergic neurons within the striatum and substantia nigra as well as pyrami-
dal neurons in the CA3 of the hippocampus (p = 0.0003; p = 0.0002, respectively). 
Concurrently, we observed a significant increase in the senescent proteins p16 
and p35 in nigral (p = 0.0019) and hippocampal (p = 0.0043) neurons as well as in 
surrounding microglia (p = 0.0044). In addition, we observed an increase in microg-
lial activation measured with CD68 (p = 0.0117) accompanied by an increase in 
expression of proinflammatory signaling proteins for innate and adaptive immune 
responses such as MHC1 in dopaminergic neurons and microglia (p = 0.0117; 
p = 0.0001, respectively). Together, these data show that inhaled TCE exposure 
caused neurodegeneration within both motor and cognitive brain regions associ-
ated with PD, which could ultimately influence disease phenotype. In addition, our 
data indicate that environmental toxicant-induced senescence within brain regions 
that degenerate in PD and similar neurologic diseases such as Dementia with Lewy 
Bodies (DLB) could be a fundamental new mechanism that drives neuroinflamma-
tion and neurodegeneration.

 3933 High-Sugar Diets Modulate Oxidative Stress Induction by 
6-OHDA to Reduce Dopaminergic Neurodegeneration

K. Morton1, N. Heffernan1, I. Ryde1, J. Hartman2, and J. Meyer1. 1Duke University, 
Durham, NC; and 2Medical University of South Carolina, Charleston, SC.

Parkinson’s disease (PD) is the second most common neurodegenerative disease, 
directly and indirectly impacting millions of Americans each year. Characterized 
by the progressive loss of dopaminergic neurons in the brain, sporadic PD has 
no established cause or cure despite being linked to environmental exposures 
and lifestyle factors. Current hypotheses suggest mitochondrial dysfunction is a 
critical component of PD pathology, and that dietary factors such as a western diet 
increase risk for PD development. However, the mechanism by which western diets 
and mitochondrial toxicants induce PD remains unclear. In contrast to previous 
evidence that western diets increase PD risk, we show that a portion of a western 
diet, high sugar consumption, is protective from 6-hydroxydopamine (6-OHDA) 
induced dopaminergic neurodegeneration. Utilizing the model C. elegans, we found 
that 6-OHDA exposure induces the same degree of neuronal ATP depletion regard-
less of diet and that sugar-fed worms show far greater organismal ATP depletion 
after rotenone exposure. Conversely, sugar-fed worms were resistant to the 6-OHDA 
induced increase in glutathione pool oxidation within dopaminergic neurons. Our 
results highlight that oxidative stress, not bioenergetic depletion, is critical to loss of 
dopaminergic neurons. Finally, sugar-fed worms are more susceptible to swimming 
induced paralysis (SWIP), suggesting alterations to the dopaminergic system 
despite no phenotypic neurodegeneration. As 6-OHDA uptake into the neurons is 
dependent on dopamine transport, this suggests high-sugar diets may protect from 
6-OHDA by altering its uptake and preventing subsequent oxidative stress. Taken 
together, this work underscores the importance of the interaction between diet and 
toxicokinetics in toxicant induced PD models as well as the critical mechanistic role 
of oxidative stress over bioenergetic inhibition.

 3934 Investigating the Role of Q-Site-Derived Superoxide Anion in 
Complex I Inhibitor–Induced Dopaminergic Neurodegeneration

K. Morton, and J. Meyer. Duke University, Durham, NC.

Mitochondrial electron transport chain complex I dysfunction has been directly 
implicated in the pathology of several diseases, including Parkinson’s disease (PD), 
via unclear mechanisms. Complex I (CI) inhibition by rotenone, a pesticide commonly 
used to model PD, results in increased CI superoxide production into the mitochon-
drial matrix. I used S1QEL1.1, an inhibitor of Complex I superoxide production at 
the quinone binding site, in C. elegans for the first time to determine the mechanis-
tic role of CI-derived superoxide in the induction of dopaminergic neurodegener-
ation. To confirm its effects in vivo, the impact of S1QEL1.1 on forward electron 
transport and the redox tone of the glutathione pool were investigated. As detected 
by whole worm respirometry, S1QEL1.1 does not inhibit forward electron transport 
in C. elegans. Surprisingly, S1QEL1.1 treatment alone increases the oxidation status 
of the glutathione pool. However, it completely ablates the increase in glutathione 
oxidation induced by rotenone. Finally, using a 6-OHDA induced model of dopami-
nergic neurodegeneration, I have demonstrated that S1QEL1.1 decreases suscepti-
bility to 6-OHDA induced neurodegeneration and alters mitochondrial morphology. 
Taken together, these findings suggest that the change in superoxide production 
by Complex I, potentially via reverse electron transport, plays an additive role in 
toxicant induced dopaminergic neurodegeneration.

 3935 Investigation of Exosomal miRNAs in Cerebrospinal Fluid/Serum 
of the Rotenone-Induced Rat Model of Parkinson’s Disease

F. M. Currim1,2,3, J. M. Brown-Leung1,3, T. Syeda1,3, J. Rochet3,4, R. Singh2, and 
J. R. Cannon1,3. 1School of Health Sciences Purdue University, West Lafayette, IN; 
2Maharaja Sayajirao University of Baroda, Vadodara, India; 3Purdue Institute for 
Integrative Neuroscience Purdue University, West Lafayette, IN; and 4Purdue University, 
West Lafayette, IN.

Parkinson’s disease (PD) is a chronic and progressive neurodegenerative disorder 
characterized by selective nigrostriatal dopaminergic degeneration in the brain. The 
etiology of PD is known to be a combined effect of environmental as well as genetic 
factors. Rotenone is a naturally occurring compound that is extensively used as an 
insecticide and pesticide. Rotenone is a potent mitochondrial complex I inhibitor 
that has been identified as a PD risk factor. Several studies have demonstrated 
that rat rotenone models can accurately recapitulate several features of PD, includ-
ing nigrostriatal dopaminergic neurodegeneration, alpha-synuclein aggregation, 
microglial activation, and oxidative modifications. Transynaptic PD pathology 
spread implies that intercellular communication is vital to pathogenesis. A class of 
extracellular vesicles, exosomes, are emerging as critical to these processes. Many 
studies have shown that cargo carried by these vesicles influences physiology in 
the bystander cells, impacting pathological fate. Exosomal miRNAs can regulate 
various molecular pathways and biological processes in the cell. Circulating 
exosomal miRNAs are found in various biological fluids, including serum and 
cerebrospinal fluid (CSF), and are suitable to be used as disease biomarkers. The 
identification of exosomal miRNAs can serve as early diagnostic and prognostic 
biomarkers for PD. Moreover, it is necessary to explore the molecular mechanisms 
by which these exosomal miRNAs control and regulate pathways related to PD 
pathogenesis. In this study, we tested the hypothesis that exosomal miRNAs in 
CSF/serum of rats would be modified in response to acute rotenone treatment. 
Primary cortical and midbrain neurons were treated with rotenone (60nM and 25nM 
respectively) for 24h to identify the exosomal miRNAs and their differential enrich-
ment. A number of miRNAs were differentially expressed in the exosomes in PD 
stress conditions. Further, 3-month-old Sprague Dawley male rats were acutely 
dosed with rotenone (3mg/kg) for 8 hours and 24 hours, and serum and CSF were 
extracted. The exosomal miRNAs in serum and CSF were also altered in PD stress 
conditions. Preliminary data suggest that miR-181c-5p is especially prone to modifi-
cation; this miRNA is important in modulation of mitochondrial functions. Our 
study associates the differential expression of miRNAs in circulating serum/CSF 
exosomes of rats as early diagnostic markers for PD which may be used to evaluate 
treatment response and prognosis.

 3936 Harnessing a Programmable, Microbiome-Based Genome 
Engineered Live-Biotherapeutic for Sustained Levodopa Delivery 
in Parkinson’s Disease

P. Padhi1, A. Abdalla2, B. Scheider2, N. Backes2, H. Jin1, V. Anantharam1, 
A. Kanthasamy1, K. Allenspach2, J. Mochel2, G. J. Phillips2, and A. G. Kanthasamy1. 
1University of Georgia, Athens, GA; and 2Iowa State University, Ames, IA.

Exposure to environmental toxicants such as pesticides, solvents, metals, 
and pollutants has been convincingly implicated in the etiology of Parkinson’s 
disease. To date, the combination of Levodopa and an L-DOPA decarboxylase 
inhibitor, either carbidopa or benserazide, remains the gold-standard dopamine 
replacement therapy for Parkinson’s disease (PD). Although oral administration 
of the conventional L-DOPA formulation 3-4 times a day is initially effective in 
managing PD symptoms, its long-term treatment is often linked to L-DOPA-induced 
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dyskinesia (LID) and motor fluctuations due to non-continuous, pulsatile delivery 
of L-DOPA to the brain. To address this issue, we developed an innovative strategy 
to augment the host’s microbiota with a genetically engineered bacterial live-bio-
therapeutic, E.coli Nissle 1917 (EcN), to continuously produce L-DOPA (EcNLDOPA) 
using synthetic biology. Thus far, we have developed three generations of the 
EcNLDOPA

(1-3) utilizing modern synthetic biology and genome engineering techniques 
and characterized their ability to endogenously synthesize L-DOPA from tyrosine 
using the recombinant hpaB/C genes. The initial two generations of EcNLDOPA were 
plasmid-based, and we further improved it by integrating the hpaB/C genes into the 
chromosome with a rhamnose (Rha) regulatable promoter system using advanced 
Sce-ROPE genetic engineering. Pharmacokinetics, pharmacodynamics, microbial 
kinetics, and safety and tolerability measures were assessed over time. Our results 
demonstrate that our lead candidate, reverse-oriented, chromosome-integrated, 
rhamnose-inducible EcNLDOPA, is more effective than plasmid-based EcNLDOPA

1,2 at 
producing L-DOPA in a Rha concentration- and time-dependent manner in vitro, 
implying the biotherapeutic dosage can be personalized to each patient’s needs. 
Our pharmacokinetic studies in both healthy wild-type, diseased mouse models of 
PD and healthy canines revealed steady-state levels of plasma L-DOPA, heightened 
brain dopamine concentrations in both acute and chronic oral dosing paradigms, 
all while being safe and well-tolerated. More importantly, our efficacy studies 
revealed that EcNLDOPA improved performance in motor and mood-related tasks in 
the progressive neurodegenerative MitoPark mouse model of PD. Microbial kinetic, 
colonization, and pharmacokinetic modeling studies reveal that once to twice-daily 
administration of the EcNLDOPA biotherapeutic is sufficient. In summary, our novel, 
engineered, non-colonizing, safe, Levodopa bacterial live-biotherapeutic offers a 
potential, paradigm-altering treatment capable of ensuring long-term efficacy while 
minimizing side effects compared to traditional forms of therapy in all our preclini-
cal models. NIH R61NS112441.

 3937 Modeling Synucleinopathy in LUHMES and SH-SY5Y 3D 
Neurospheres Using α-Synuclein Preformed Fibrils (PFF)

S. L. Boyd1, A. Cole-Strauss1, J. R. Patterson1, K. C. Luk2, and A. I. Bernstein3. 1Michigan 
State University, Grand Rapids, MI; 2University of Pennsylvania, Philadelphia, PA; and 
3Rutgers, The State University of New Jersey, Piscataway, NJ.

Parkinson’s disease (PD) is a progressive neurodegenerative movement disorder 
and the fastest-growing neurodegenerative disease. PD prevalence is predicted to 
more than double by 2040, with increases in prevalence outpacing the effects of 
aging and increased longevity alone, suggesting a role of environmental factors in 
the etiology of disease. A combination of epidemiological and human post-mortem 
studies implicates specific types of industrial compounds in the etiology of PD. 
To study the mechanisms by which such exposures lead to changes in neuronal 
susceptibility, we have adapted the α-synuclein (α-syn) pre-formed fibrils (PFFs) 
for use in Lund Human Mesencephalic (LUHMES) and SH-SY5Y 3D neurospheres. 
Previously, PFFs have been used to induce synucleinopathy in both in vivo and in 
vitro models, including mouse and rat, rodent primary neurons, and adherent human 
SH-SY5Y cells. However, this model has not yet been adapted for 3 dimensional 
in vitro models. Recently, 3D models have been more widely adopted as a screen-
ing tool because these show improved differentiation, survival, and cell-to-cell 
interactions to better recapitulate tissue structure and function. Here, we replicate 
and expand on work from other labs characterizing the dopaminergic differenti-
ation of LUHMES and SH-SY5Y 3D neurospheres. We used ddPCR, immunocyto-
chemistry, and western blots to show that SH-SY5Y and LUHMES neurospheres 
express dopaminergic markers, including TH, VMAT2, and α-syn, but only LUHMES 
neurospheres express DAT at measurable levels. Consistent with this, we show 
that LUHMES, but not SH-SY5Y, neurospheres are susceptible to 1-methyl-4-phen-
ylpyridinium (MPP+) toxicity via a concentration-dependent reduction in ATP 
levels and neurite outgrowth. In addition, we have adapted the α-syn PFF model 
in both LUHMES and SH-SY5Y neurospheres. Treatment with α-syn PFF leads 
to a concentration-dependent increase in detergent-insoluble α-syn aggregate 
formation. Thus, we report a novel tool for assessing the effects of environmental 
toxicants on synucleinopathy and for dissecting molecular mechanisms underlying 
these effects.

 3938 Exosomal Histone Drives Inflammasome Activation and 
α-Synuclein Aggregation

A. Bargues Carot1, M. Samidurai2, A. Charli3, C. Janarthanam1, H. Jin1, V. Anantharam1, 
X. Huang4, A. Kanthasamy1, and A. G. Kanthasamy1. 1University of Georgia, Athens, 
GA; 2SENS Research Foundation, Santa Clara, CA; 3Biogen, Cambridge, MA; and 
4Pennsylvania State University Milton S. Hershey Medical Center, Hershey, PA.

Our targeted exosomal proteomic analysis reveals elevated histone 3 (H3) levels 
in the serum of farmers with a history of high exposure to neurotoxic pesticides 
and Parkinson’s disease (PD) patients, as well as a transgenic mouse model of PD. 
Emerging evidence indicates that histones can be released into the extracellular 
space by damaged cells, and these circulating histones act as damage-associated 
molecular patterns (DAMPs) to augment inflammatory responses. Nevertheless, 
the key signaling molecules and pathways involved in the circulating histone-me-
diated neuroinflammatory process in neurotoxicity are still largely unknown. 

Therefore, herein, we examined whether H3 activates the NLRP3 inflammasome, 
a multiprotein complex that activates caspase-1 and promotes maturation and 
secretion of the proinflammatory cytokines IL-1β and IL-18. The NLRP3 inflam-
masome has been implicated in the neuroinflammatory processes associated with 
environmentally linked chronic neurodegenerative diseases such as PD. We first 
show that exposing N27 dopaminergic neuronal cells to the neurotoxic pesticide 
rotenone increased the amount of H3 in released exosomes. Next, we investigated 
whether exosomal H3 plays a role in mediating neuroinflammation by activating the 
NLRP3 inflammasome. Exposing primary mouse microglia to recombinant histone 
3 (rH3) promoted reactive oxygen and nitrogen species generation, proinflamma-
tory cytokine release, and NLRP3 inflammasome activation. Interestingly, we found 
rH3 interacted with monomeric α-synuclein, augmenting its aggregation, suggest-
ing that H3 can serve as one of the co-factors regulating the pathogenic α-synuclein 
protein misfolding process. Also, rH3 treatment exacerbated α-synuclein-mediated 
NLRP3 activation, cytokine release and nitrogen species generation in mouse 
primary microglia when compared to α-synuclein treatment alone. Collectively, 
these results demonstrate that exosomal H3 serves as a key pro-inflammatory 
amplifier of α-synuclein protein aggregation as well as neuroinflammation through 
activation of the NLRP3 inflammasome pathway. Funding support: NIH/NIEHS 
ES027245 and ES026892.

 3939 Environmental and Pharmacological Regulators of Vesicular 
Dopamine Dynamics

M. L. Bucher1, J. M. Bradner1, J. Dicent1, A. C. Knickerbocker1, X. Wang2, A. Salahpour2, 
and G. W. Miller1. 1Columbia University, New York, NY; and 2University of Toronto, 
Toronto, ON, Canada.

Proper dopamine homeostasis (i.e. synthesis, sequestration, release, reuptake, and 
degradation) underlies the regulation of behaviors such as attention, movement, 
and reinforcement. Consequently, dysregulation of dopamine homeostasis is a 
feature of several disorders and diseases such as ADHD, Parkinson’s disease, and 
substance use disorder, making dopamine homeostasis an attractive pharmaco-
therapeutic target for these disorders. Furthermore, as these disorders are known 
to have environmental risk factors, it is important to evaluate the effects of toxicant 
exposures on dopamine homeostasis. We have developed a 96-well plate in vitro 
assay to evaluate dopamine dynamics (i.e. vesicular uptake and retention) using 
the fluorescent false neurotransmitter 206 (FFN206) for pharmacological and 
toxicological screening. Variations of this assay can be employed to understand 
uptake dynamics, such as calculating IC50 or EC50, or retention dynamics, such as 
calculating linear and non-linear rates of fluorescent decay. Here, we demonstrate 
how this assay can be used to evaluate basic biological functions by identify-
ing the role of the synaptic vesicle glycoprotein 2C (SV2C) in vesicular retention, 
to evaluate pharmacological effects using established dopamine-associated 
pharmacotherapeutics tetrabenazine (TBZ) and bupropion, and to understand 
how dopamine-associated toxicants such as 1-methyl-4-phenylpyridinium (MPP+) 
and polychlorinated biphenyls (PCBs) affect dopamine dynamics. HEK293 cells 
expressing human vesicular monoamine transporter 2 (VMAT2) sequester FFN206 
within vesicles, resulting in a fluorescent signal measurable by plate reader. The 
addition of SV2C, a vesicle localized protein whose function remains unknown, to 
HEK293 cells expressing VMAT2 results in increased FFN206 uptake fluorescence 
as well as slower loss of fluorescence over time compared to cells lacking SV2C. 
These findings were validated in subsequent radiolabeled dopamine uptake and 
retention experiments performed in isolated vesicles from cells expressing VMAT2 
or VMAT2 and SV2C. Novel and existing pharmacotherapeutics can be evaluated 
in the FFN206 assays to understand the effect of treatment on vesicular dopamine 
dynamics. For example, bupropion, an atypical antidepressant with no known 
direct action on vesicular uptake, inhibits FFN206 uptake when co-incubated with 
FFN206; however, overnight pre-treatment with bupropion with a one-hour wash-out 
period results in enhancement of FFN206 uptake. In the retention assay, bupropion 
causes a rapid loss of FFN206 fluorescence, suggesting a mechanism by which 
bupropion causes fast efflux of FFN206 from vesicles. Intriguingly, these dynamics 
are distinct from those of MPP+, a known competitive VMAT2 inhibitor, and TBZ, a 
known non-competitive VMAT2 inhibitor. Thus, this assay can be used to compare 
the effects of pharmacotherapeutics and disease-associated toxicants to the 
effects of compounds known to regulate vesicular dopamine dynamics to identify 
novel therapeutics and to understand how environmental factors are involved in 
disease pathogenesis.

 3940 Novel “Seek-and-Rescue” Genetic Strategy to Uncouple the 
Synergistic Effects of Paraquat on Alpha-synuclein Propagation

M. S. Grames, X. Tian, K. M. Keys, L. Harrison, and X. Lu. Louisiana State University 
Health Sciences Center Shreveport, Shreveport, LA.

Exposure to paraquat (PQ), a Parkinson’s disease (PD)-associated environmental 
toxicant, heightened neuronal genomic instability, and elicited neuropathology. PD 
is the second-most prevalent neurodegenerative disease, where most incidences 
have no identifiable inheritance and occur in a sporadic form. Environmental risk 
factors (e.g., pesticide/herbicides, exposure to metals, solvents, and PCBs, virus 
infection, and head trauma) have been speculated as a trigger to the sporadic 
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PD. To explore the causal and pathogenic evidence of environmental triggers, 
we harnessed the recombinant adeno-associated virus (rAAV) genome-process-
ing machinery and the instability of a hypermutable repeat sequence to detect 
neuronal genomic instability and visualize neurodegeneration in post-mitotic 
differentiated neurons. The increased neuronal genomic instability was probed in 
a genetic alpha-synuclein (aSyn) transgenic mouse model infused with pre-formed 
fibrils (PFF). To determine the potential synergistic effects of PQ on aSyn, C57BL/6 
mice were treated with either PFF alone, PQ alone, or a PFF+PQ combination and 
then assessed for motor/sensorimotor and cognitive function. Neither PFF nor PQ 
alone produced differences in motor/sensorimotor behavior. However, PFF+PQ 
treatment exacerbated both motor/sensorimotor deficits, suggesting a synergis-
tic role for PQ on aSyn propagation. PFF induced progressive cognitive deficits, 
but no synergistic effect of PQ was observed in the PFF+PQ treatment group. 
To determine the causal link and to explore the potential for disease-modifying 
therapies, we developed a novel genetic strategy to “Seek-and-Rescue” neurons 
with DNA damage non-invasively via the systemic introduction of a genetic sensor 
and actuator of DNA damage response (DDR). A genetic actuator was implemented 
via a Cre-dependable conditional shRNA to knockdown ATM, a major orches-
trator of the DDR in the hope to slow down the progression of neurodegenera-
tion. Conditional knockdown of ATM expression ameliorated the progression of 
PFF+PQ-mediated motor and cognitive deficits. These studies can pave the way for 
new paradigms to determine the causal and pathogenic roles of DDR and exposure 
to environmental toxicants in the progression of neurodegenerative disease and 
identify therapeutic targets. Supported by NIEHS (R21ES031211).

 3941 PKD1-Mediated Compensatory Signaling in Pesticide-Induced 
Oxidative Damage in Dopaminergic System: Relevance to the 
Pathogenesis of Parkinson’s Disease

A. Jang1, B. N. Palanisamy1, M. Ay2, G. Zenitsky1, H. Jin1, V. Anantharam1, 
A. Kanthasamy1, and A. Kanthasamy1. 1University of Georgia, Athens, GA; and 2Alanya 
Alaaddin Keykubat University, Alanya, Turkey.

The etiology of Parkinson’s disease (PD) is complex and heterogeneous. 
Epidemiological and laboratory studies suggest exposure to the agricultural 
pesticide paraquat (PQ) as a putative risk factor that induces oxidative stress 
through reactive oxygen species (ROS) generation mediated by redox cycling. 
We previously reported that the serine-threonine kinase PKD1 is highly expressed 
in nigral dopaminergic neurons and its protein kinase Cδ (PKCδ)-dependent 
activation represents a novel intrinsic compensatory response in counteract-
ing the early-stage oxidative damage induced by H2O2 and 6-OHDA in dopami-
nergic neurons. Nonetheless, the exact molecular mechanisms underlying 
PKD1-mediated neuroprotective effects during the initial stages of oxidative stress 
remain enigmatic. Here, we report that a PKD1-dependent early activation of the 
mammalian target of rapamycin (mTOR) pathway may play a critical role in mediat-
ing the PKD1 compensatory signaling response in dopaminergic cells. The mTOR 
protein is well known to function as a regulator of cell growth, survival, protein 
synthesis, and autophagy, and its levels vary during PD development. First, we show 
that exposure to PQ induced time-dependent neurotoxicity in N27 dopaminergic 
neuronal cells, as determined by decreased cell viability and increased mitochon-
drial fragmentation. We also found that mitochondrial fragmentation was initiated 
during the early stage of the PQ treatment, suggesting the involvement of early 
mitochondrial dysfunction prior to cell death. Consistent with our published studies, 
treatment with PQ also induced an early compensatory PKD1 signaling response 
in N27 dopaminergic neuronal cells, as determined by enhanced phosphoryla-
tion of the Ser744/748 activation loop and Ser916. Importantly, PQ-induced early 
PKD1 activation was accompanied by rapid phosphorylation of mTOR, but not 
that of AKT, in N27 cells. Immunostaining confirmed the co-localization of PKD1 
and mTOR in N27 dopaminergic cells. Intriguingly, our proximity ligation analysis 
revealed strong interactions of PKD1 and three phosphorylated forms of mTOR 
(S2448, S2481, T2446) in PQ-treated N27cells, suggesting that PKD1 may directly 
phosphorylate mTOR in response to PQ treatment in dopaminergic cells. Western 
blot analysis confirmed the activation of the PKD1-mTOR pathway in the striatal 
regions of transgenic MitoPark mice, a mitochondrial dysfunction model of PD. 
Moreover, native PKD1 expression increased in surviving dopaminergic neurons 
in PD animal models as well as postmortem human brain tissues. Collectively, our 
findings demonstrate novel PKD1-mTOR signaling axis-mediated compensatory 
mechanisms during oxidative stress-induced neurotoxicity in dopaminergic cells in 
PD. Supported by NIH/NINDS grant NS121692.

 3942 Pharmacologic Modulation of the Glucocorticoid Receptor 
Reduces Neuronal Loss and Neuroinflammation Caused by 
Rotenone Toxicity in C57Bl/6 Mice

A. S. Latham, C. P. McDermott, and R. B. Tjalkens. Colorado State University, Fort 
Collins, CO.

Approximately one billion people suffer from a neurological disorder worldwide. 
This encompasses the 50 million people diagnosed with a neurodegenera-
tive disease, including Alzheimer’s Disease (AD), Parkinson’s Disease (PD), and 
dementia. Neurodegenerative disease cases are estimated to double over the 

next twenty years, further establishing the importance of research in this field. 
This estimated escalation in cases will occur due to the rising aging popula-
tion as well as the detrimental effects of environmental exposures. One such 
exposure is rotenone, a broad-spectrum insecticide and pesticide historically 
used in agriculture. Although the mechanism is not fully understood, increasing 
evidence demonstrates that prolonged exposure to rotenone causes pathology 
and symptoms which closely mimic PD. This includes degeneration of nigrostriatal 
dopaminergic neurons, glial activation, and the phosphorylation and subsequent 
aggregation of alpha synuclein. Because glial reactivity and neuroinflammation are 
key contributors to the formation of protein aggregates and loss of neurons, we 
postulated that inhibiting these pathways through use of the novel glucocorticoid 
receptor (GR) modulator, 11- (substituted phenyl)-estra-4,9-diene (PT150), would 
have neuroprotective benefits. C57Bl/6 mice were exposed to rotenone (2.5 mg/
kg/day) for 14 days followed by 14 days of post-lesioning recovery, during which 
time we previously reported the majority of neuroinflammation and neuronal loss 
occurs. Mice exposed to rotenone showed neuro-behavioral deficits and PD-like 
pathology, including loss of dopaminergic neurons and activation of microglia and 
astrocytes. Animals treated with PT150 for 14 days following rotenone exposure 
showed improved spatial memory and motor function compared to untreated 
animals, as well as preservation of dopaminergic neurons. These data suggest that 
anti-inflammatory modulators of GR could be tractable targets for mitigating the 
damaging effects of neuroinflammation in PD.

 3943 Anti-Neurofilament-Life (NF-L) and Anti-α-Synuclein (α-SYN) 
Autoantibodies Are Prevalent in Industrial Workers with 
Parkinson’s Disease (PD) and Associate with Metals

S. I. El Jaafary1,2, N. Shebl3, M. M. Salama3,2, and H. A. El-Fawal4,3. 1Kasr Elainy Medical 
Center, Cairo, Egypt; 2Global Brain Health Institute, Dublin, Ireland; 3American University 
in Cairo, New Cairo, Egypt; and 4Institute of Global Health and Human Ecology, New 
Cairo, Egypt.

Lacking clear etiological factors in idiopathic neurodegenerative diseases like 
PD, Alzheimer’s disease (AD) and Amyotrophic Lateral Sclerosis (ALS), has led 
to an appreciation of the environment as a major contributing factor. Here the 
environment being the sum total of external life-experiences and the interplay with 
internal milieu of “omic” activity. Hence, the exposome. Equally lacking in ND, are 
reliable biomarkers of ND. While NF-L and α-SYN have been suggested as potential 
biomarkers, recent hypotheses suggest that rather than contributing factors to the 
pathophysiology or as pathological landmarks, it is their loss that should be focus 
of investigation. Thus, the assay for autoantibodies (NAb) as potential biomarkers 
in ND and neurotoxicity of environmental agents. The present study recruited a 
reference group (R; n=40; 19 F, 21 M; age=40+8yr) with no diagnosis of ND. Subjects 
with a history of industrial and agricultural occupations and PD diagnosis of 6 
months to 10 years were also recruited (7F, 22M; age=54+9yr). Anti-NF-L, IgM and 
Anti-α-SYN, IgG, determined by ELISA, were highly prevalent in PD compared to R 
(100 vs 35%; p<0.0001). Median levels of these NAb were significantly higher in PD 
subjects [NF-L IgM PD=55 (IQR=64); R=0 (IQR=0.9); α-SYN IgG PD=17 (IQR=22); R=0 
(IQR=0.3); p<0.0001]. Serum levels of metals, Cd, Cu, Pb, Mn, and Al, determined 
using ICP, were higher in PD subjects, but were only statistically significant for 
Cu (0.0001). Spearman’s correlations for anti-NF-L and anti-α-SYN with Cu levels 
(µg/dL) were robust (r=0.7; p<0.0001), suggesting a highly relevant association. 
In addition, titers of both significantly associated with age (r=0.4- 0.5; p<0.0004), 
a recognized risk factor in ND, including PD. Relative risk (RR NF-L IgM 2.0526; 
p<0.0001; 95% CI=1.4875 to 2.8324; RR α-SYN=2.7857; p<0.0001; 95% CI=1.8314 to 
4.2372) confirmed the association with PD diagnosis. Furthermore, recent reports 
have implicated Cu in the aggregation of α-SYN in PD pathogenesis, which appears 
to be supported by the present findings. The present study suggests that NAb 
detection may be useful in identifying ND insult, and that environmental risk factors 
may contribute to disease outcomes. Supported by the Exposome Project funded by 
the Bartlett Research Fund at AUC.

 3944 Role of Prokineticin 2 and EGR1 Signaling Axis in Neurotoxic 
Metal-Induced Olfactory Dysfunction

G. R. Clabaugh1, B. N. Palanisamy2, H. Jin1, G. Zenitsky1, V. Anantharam1, and 
A. G. Kanthasamy1. 1University of Georgia, Athens, GA; and 2Iowa State University, 
Ames, IA.

Chronic environmental exposure to neurotoxic concentrations of manganese 
(Mn) is linked to olfactory dysfunction and may be a prodromal marker of metal 
neurotoxicity. Mn is known to accumulate in the basal ganglia (BG), mainly 
within the globus pallidus, and cause GABAergic neuronal dysfunction leading 
to a Parkinsonism phenotype. The underlying mechanism of Mn neurotoxicity 
causing olfactory dysfunction and BG pathology is poorly understood. Recently, 
we reported that the neuropeptide prokineticin 2 (PK2) is rapidly upregulated in the 
early stages of dopaminergic neurotoxicity in a neurotoxin-induced animal model of 
Parkinsonism, and it participates in a novel compensatory protective response to 
counteract neurotoxicity by activating pro-survival pathways. Thus, we hypothesize 
that PK2 is a promising endogenous neurogenic target in the olfactory system. 
PK2 is known to promote olfactory biogenesis, but the underlying neurogenic 
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mechanism and its relation to adult neurogenesis are still largely unknown. In this 
study, we investigated the beneficial interaction between PK2 and the resulting 
early protective mechanism against mitochondrial dysfunction and inflamma-
tion in olfactory ensheathing glia (OEGs) using both in vitro and in vivo models of 
Mn-neurotoxicity. Mechanistically, Mn exposure induced early upregulation of PK2 
in the OEGs through EGR1 upregulation and inhibition of STAT1, which protected 
the OEGs from mitochondrial dysregulation and inflammation. We also show that 
PK2 is expressed in the glomerular layer of the olfactory bulb and colocalizes with 
TH, indicating that PK2 is highly expressed in dopaminergic neurons and may play 
a regulatory role to promote the intrinsic neurogenic potential in the early stage 
of a neurotoxic insult. Furthermore, AAV-mediated overexpression of EGR1 in the 
mouse SVZ induced intrinsic adult neurogenesis, suggesting that the PK2-EGR1 
axis may be a key regulatory pathway associated with endogenous neuronal 
regenerative capacity that counteracts early stages of neurotoxicity. Collectively, 
our findings reveal a novel compensatory signaling pathway mediated by the 
neuropeptide PK2 in Mn-induced olfactory alterations and suggest PK2 could be 
a therapeutic target for environmentally linked olfactory dysfunction-associated 
chronic neurodegenerative diseases like Parkinson’s and Alzheimer’s diseases. 
Supported by NIH/NIEHS ES026892.

 3945 Mitochondrial Neurotoxic Stress Impairs the Nuclear Pore 
Complex: Implications for Pathogenesis of Environmentally 
Linked Parkinson’s Disease

Z. Riaz1, A. Charli2, H. Jin1, V. Anantharam1, A. Kanthasamy1, and A. Kanthasamy1. 
1University of Georgia, Athens, GA; and 2Biogen, Cambridge, MA.

Environmental exposure to neurotoxic pesticides, including mitochondrial complex 
I inhibitors, is a key etiological factor in the development of sporadic Parkinson’s 
disease (PD). However, the precise mechanisms driving neurotoxic pesticide-in-
duced dopaminergic (DAergic) neurodegeneration are not well understood. 
Disruption of the nuclear pore complex and impairment of bidirectional nucleo-
cytosolic transport are emerging as crucial pathogenic mechanisms of neurode-
generative diseases. We recently found that mitochondria-impairing pesticides 
induce phosphorylation and loss of nuclear Lamin B1, thereby compromising 
nuclear membrane integrity. The involvement of channel-forming nucleoporins 
(NUPs) in mitochondrial dysfunction-related DAergic neurodegeneration has 
not been investigated. Herein, we characterize the alterations in NUPs in both 
rotenone-induced and transgenic mitochondrial dysfunction-induced models of PD. 
Our immunoblot analysis shows that rotenone exposure induced a significant loss 
of the scaffold and central channel NUPs 107 and 62, respectively, as well as a 
notable reduction in the nuclear basket NUPs 50 and 153 in N27 DAergic neuronal 
cells. To validate our findings on how NUP levels respond to rotenone-induced 
mitochondrial stress, we generated a CRISPR/Cas9-based stable mitochondrial 
transcription factor A (TFAM) knockdown DAergic cell culture model of mitochon-
drial dysfunction. The results were consistent with the rotenone-induced model. 
We then examined these NUPs in MitoPark transgenic mice, an in vivo model of 
mitochondrial impairment. Double immunohistochemical staining for the DAergic 
neuron marker, TH, and NUPs in substantia nigra sections revealed reduced NUP 
levels, with altered staining patterns, in the surviving TH neurons in MitoPark mice 
compared to age-matched littermate controls. Interestingly, mass spectrometry 
analysis of the phosphopeptide-enriched nuclear fractions from rotenone- and 
vehicle-exposed N27 cells revealed that rotenone induced NUP153 hyperphosphor-
ylation. This increase in NUP153 phosphorylation was also confirmed by immuno-
precipitation and proximity ligation assays. To establish the functional relevance 
of mitochondrial stress-induced nuclear pore alteration, we are studying nucleocy-
tosolic transport using a reporter system with both GFP-tagged nuclear export and 
RFP-tagged nuclear localization signals in a single construct. Collectively, our data 
offer novel mechanistic insights into the role of environmental neurotoxic chemical 
exposure in PD pathogenesis by identifying nuclear pore complex dysregulation as 
a potential molecular event linking mitochondrial dysfunction to DAergic neuronal 
degeneration. Funding support: NIH/NIEHS ES027245 and NIH/NINDS NS121692.

 3946 Trichloroethylene Exposure Influences Brain Lipid Dysregulation 
as a Putative Mechanism in Parkinson’s Neurodegeneration

S. Chambers, L. Wilson, S. Barnes, and B. R. De Miranda. University of Alabama at 
Birmingham, Birmingham, AL.

Parkinson’s disease (PD) is a progressive neurodegenerative disease that is 
marked by a loss of dopaminergic neurons in the substantia nigra pars compacta 
and the accumulation of the protein alpha-synuclein, which comprise Lewy Bodies. 
Most (~85%) of PD is idiopathic, and environmental triggers of neurodegeneration 
are prevalent risk factors in PD etiology. One environmental risk factor associated 
with PD risk and of growing concern is the organic solvent (trichloroethylene) TCE, 
which is a commonly used chemical feedstock, degreasing agent, and a pervasive 
environmental contaminant. Recently, our lab demonstrated that TCE exposure 
in rats resulted in the death of nigrostriatal dopaminergic neurons as well as 
the accumulation of alpha-synuclein, indicating that TCE may influence multiple 
pathogenic disease pathways involved in PD. As TCE is reported to integrate into 
phospholipid bilayers, we hypothesized that the halogenated solvent may disrupt 

lipid membranes within the brain, resulting in increased risk for alpha-synuclein 
misfolding and aggregation.To assess this, we treated aged adult (12-month-old) 
male Lewis rats with a high dose (800 mg/kg) of TCE via oral gavage (or vehicle, 
olive oil) daily for 3 weeks, a timepoint prior to dopaminergic cell loss. Whole 
brain tissue was assessed for lipidomic analysis using mass spectrometry (MS), 
which we then analyzed via Metaboanalyst using peak intensities of the 10 most 
abundant lipids in each lipid category: phospholipids (positive and negative), 
sphingomyelins, and triacylglycerols. Orthogonal partial least squares-discriminant 
analysis (PLS-DA) revealed significant separation between vehicle and TCE treated 
rat brain total lipids, with an overall trend of reduced lipid peak intensities in TCE 
exposed brain tissue. However, direct comparisons of the top 10 lipids in each 
group revealed that a single triacylglycerol (TAG) 54:3+NH4(-FA 18:2 (NH4)), had 
the greatest variation in vehicle and TCE exposed rats (t-test, p<0.001). This lipid 
contains a fatty acid (FA 18:2), which corresponds with linoleic acid, a triglyceride 
that is reduced in PD patient plasma and brain tissue, and implicated in changes 
in membrane fluidity that promote the misfolding and accumulation of alpha-sy-
nuclein. Taken together, these data suggest that TCE-induced alterations in lipid 
composition in the brain may be a novel mechanism that influences early misfold-
ing and aggregation events in alpha-synuclein, possibly driving synucleinopathy and 
PD risk from exposure to this environmental pollutant.

 3947 Direct Paraquat Treatment Enriches NLRP3 Inflammasome and 
Microglia Transcripts via Voltage-Gated Proton Channels Hv1 in 
Mouse Brain Glial Profiling

C. Kim1, Y. Han1, L. Wu2, and J. R. Richardson1. 1Florida International University, Miami, 
FL; and 2Mayo Clinic, Rochester, MN.

One of the most commonly used herbicides, paraquat (PQ), has been shown to 
increase the risk of developing Parkinson’s disease (PD) by 2.5-fold. PQ exposure 
caused PD-like pathology in mouse brain, including selective nigrostriatal degener-
ation, aggregation of α-synuclein, and increased neuroinflammation. It is well-es-
tablished that PQ neurotoxicity is dependent upon neuroinflammation and microg-
lial activation, but the mechanisms underlying this are unknown. In this study, 
we explored the role of Hvcn1/Hv1, a voltage-gated proton channel specifically 
expressed in brain microglia, in PQ-induced neuroinflammation and neurodegen-
eration. C57 BL/6 and Hv1 knockout (Hv1KO) mice were randomly assigned to 
C57/Saline, C57/PQ, Hv1KO/Saline, and Hv1KO/PQ. Mice in the PQ group were 
administered a single dose of PQ (10 mg/kg i.p.) and sacrificed 48 hrs later. 
Multiplex gene expression was performed with the NanoString nCounter glial 
profiling panel consisting of 770 mouse target genes and more than 50 pathways 
including neuroinflammation, neuropathology, cell stress and damage, glial cell 
homeostasis and activation, neurotransmission, and peripheral immune invasion. 
The major NLRP3 inflammasome genes, including NLRP3, IL-1b, and IL18, were 
induced by PQ administration in the striatum from C57 mice, but not altered in 
Hv1 KO mice. Paraquat administration increased microglia genes including P2ry12, 
Aif1, Itgam, Cx3cr1, Ncf1, Gpr84, Spi1, Irf8, Lrrc25, Tmem119, and Tlr2 in the C57 
striatum but not in Hv1KO. Further, PQ treatment significantly upregulated several 
key disease-associated microglia (DAM) genes such as P2ry12, Gpr34, Tyrobp, 
Cst3, Siglech, Apoe, Hexb, Ctsl, Spp1, Cx3cr1, Axl, Fabp5, Trem2, Fth1, Lyz2, 
Fcrls, Msr1, Clec7a, Tmem119, and B2m in the C57 striatum but had no effect in 
Hv1KO. Interestingly, several DAM genes, such as Csf1, Ctsb, Timp2, Grn, Gnas, 
and Bhlhe40, were reduced by PQ in C57 striatum but not in Hv1KO. In addition, 
PQ treatment dramatically reduced the expression of A1 astrocyte markers while 
increasing markers of A2 astrocytes in the C57 striatum. Additionally, PQ treatment 
significantly reduced neuron target genes such as Dlx1, Dlx2, Grm2, Tbr1, Islr2, 
and Slc17a6 in the C57 striatum but this was not observed in the Hv1KO striatum. 
To confirm the loss of neuronal cells, we used unbiased stereology counting 
to demonstrate neuronal cell death in the substantial nigra (SN). PQ treatment 
resulted in 40% of TH+ neurons in the substantia nigra of C57, but not Hv1 KO mice. 
All endothelial target genes including Lsr, Nostrin, Flt1, Esam, Cldn5, Tie1, Emcn, 
and Icam2 were significantly reduced in the C57 striatum by PQ treatment, but 
PQ had no effect in the Hv1KO striatum. Oligodendrocytes target genes were also 
significantly reduced by PQ treatment, but the effects were abolished in the Hv1KO 
striatum. We found no specific pattern changes caused by PQ for transcripts 
associated with neutrophils, mast cells, dendritic cells, B cells, T cells, NK cells, or 
cytotoxic cells. These findings demonstrate that PQ treatment increases NLRP3 
inflammasome and pro-inflammatory transcripts in an Hv1-dependent manner, 
while decreasing neuron transcripts. Supported by R01ES033892 and a grant from 
NanoString Technologies, Inc.

 3948 Manganese Exposure in Juvenile Mice Exacerbates 
Neuroinflammation following Viral Infection

C. P. McDermott, S. Rocha, C. Bantle, K. Olson, and R. Tjalkens. Colorado State 
University, Fort Collins, CO.

Parkinsons disease (PD) is a neurodegenerative movement disorder caused by the 
interaction of multiple factors, including age, environmental exposures, and genetic 
predisposition. The pathological hallmarks of PD include inflammatory activation 
of glial cells, loss of dopaminergic neurons in the Substantia Nigra (SN), loss of 
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dopamine in the striatum, and aggregation of alpha synuclein. Both manganese 
(Mn) exposure and infection with Western Equine Encephalitic Virus (WEEV) in 
animals and humans has previously been shown to cause neurological symptoms 
like PD. In this study, we examined how exposure to Mn during juvenile develop-
ment could promote long-term neuroinflammation in astrocytes. To examine this, 
we used a two-hit strategy with Mn and WEEV in transgenic mice with conditional 
knockout of the NF-κB inflammatory signaling pathway in astrocytes. We postulated 
that exposure to Mn in drinking water during juvenile development would accelerate 
neuroinflammation and neurodegeneration post-infection with WEEV. To test this 
hypothesis, mice were administered manganese chloride (MnCl2) in their drinking 
water from postnatal (PN) day 21 - PN51. Following this, mice were infected with 
WEEV intranasally at 3 months of age. Neuropathology was assessed in multiple 
brain regions by immunohistochemistry and immunofluorescence staining, includ-
ing glial reactivity, protein aggregation, and neuronal loss. At 10 days post-infec-
tion, mice exposed to Mn as juveniles succumbed to neurotropic infection with 
WEEV, whereas astrocyte-specific NF-κB knockout mice all survived. There was 
a significant increase in microgliosis, astrogliosis, and dopaminergic neuron loss 
in the SN, entorhinal cortex and hippocampus that was ameliorated in KO mice. 
Polymerase chain reaction data supports that the loss of astrocyte specific inflam-
matory transcripts, such as Nos2, C3, and Ccl5, are reason for this recovery in the 
transgenic mice. These data support the hypothesis that pre-treatment with Mn is 
a priming event for the innate immune system that intensifies the inflammatory 
response to later infection with WEEV.

 3949 Oxidative Damage from Parkinson’s Disease–Associated 
Environmental Toxicants Is Attenuated by LRRK2 
Kinase Inhibition

N. M. Ilieva, and B. R. De Miranda. University of Alabama at Birmingham, 
Birmingham, AL.

Environmental toxicants that induce mitochondrial dysfunction are associated with 
increased risk of Parkinson’s disease (PD) such as pesticides rotenone (ROT) and 
paraquat (PQ), and organic solvents trichloroethylene (TCE) and tetrachloroeth-
ylene (PERC). Recently, we reported that the protein kinase Leucine Rich Repeat 
Kinase 2 (LRRK2), the most commonly inherited mutation in familial PD, exhibited 
aberrant kinase activity in the brain of rats exposed to ROT or TCE. Toxicant-
induced LRRK2 kinase activity elevation demonstrates neuronal pathology mirror-
ing that of inherited mutations in LRRK2, such as vesicular trafficking impairment, 
and oxidative damage. Based on these data, we hypothesized that inhibition of 
LRRK2 kinase activity may attenuate toxicant-induced damage to dopaminer-
gic (DA) neurons, and protect against neurodegeneration in idiopathic PD. To 
investigate this, we first assessed the efficacy of LRRK2 kinase inhibition against 
environmental PD toxicants using the dopaminergic rat neuronal N27-A cell line 
treated with 500 nM ROT, 100 µM PQ, 500 µM TCE or PERC. Toxicant exposure 
significantly increased reactive oxygen species (ROS), quantified using fluores-
cent indicator dye dihydroethidium (DHE; p<0.001) and was potently reduced by 
co-treatment with a LRRK2 kinase inhibitor (MLi2; p >0.05). We also observed that 
CRISPR-edited 293 HEK cells with the common G2019S LRRK2 mutation displayed 
elevated ROS at baseline, showing exacerbated phenotype with toxicant exposure 
compared to wildtype (p < 0.0001). In contrast, LRRK2 knockout cells were robustly 
protected from toxicant-induced ROS production (p <0.0001). We postulated that 
mitophagy may be a convergence point for LRRK2 and environmental toxicants 
and may serve as a potential mediator of its effects. We therefore assessed LC3B 
with TOM20 (autophagosomal, mitochondrial markers respectively) as a mitoph-
agy proxy in N27-A cells treated with the four toxicants, with and without MLi2. 
Toxicant exposure significantly reduced mitophagy which was ameliorated by 
MLi2 co-treatment (p < 0.001). To test this in vivo, 10-month-old female rats were 
exposed to 6 weeks of 200 mg/kg TCE or vehicle (olive oil) via oral gavage, which 
caused elevated oxidative damage within DA neurons measured with 3-nitroty-
rosine and 4-hydroxynonenal (p<0.05). DA oxidative damage was significantly 
reduced by post-lesion treatment with 10 mg/kg MLi2 (p < 0.0001). Collectively, 
our data indicate that wildtype LRRK2 kinase activity plays a key role in neurotox-
icity from PD-linked contaminant exposure, which may be exacerbated in individ-
uals with LRRK2 mutations. In addition, pharmacological LRRK2 kinase inhibition 
may be protective against DA neurotoxicity by restoring mitophagy and reducing 
oxidative stress.

 3950 Evaluating the Effects of Exercise as an Intervention 
for Neurological Deficits Induced by Early-Life 
Benzo[a]pyrene Exposure

A. Kyntchev, K. Clough, A. Honaker, K. Berling, C. Perry, T. Shumate, M. Kowalski, 
M. Feltner, and C. P. Curran. Northern Kentucky University, Highland Heights, KY.

Benzo[a]pyrene (BaP) is a polycyclic aromatic hydrocarbon (PAH) commonly found 
in vehicle exhaust, cigarette smoke and grilled food. Exposure to PAHs during 
pregnancy and early life has been linked to adverse cognitive and behavioral effects 
in children that persist into adolescence. We use a mouse model with allelic differ-
ences in the aryl hydrocarbon receptor pathway to identify genes that affect suscep-
tibility to developmental BaP exposure. Our initial studies found impairments in two 

lines of Cyp1a2(-/-) knockout mice. AhrbCyp1a2(-/-) mice with the high-affinity AHR 
and AhrdCyp1a2(-/-) mice with the poor-affinity receptor both had impaired perfor-
mance in the Morris water maze test of spatial learning and memory. Brain-derived 
neurotrophic factor (BDNF) supports brain development and aids in learning and 
memory. Several studies have reported that maternal or offspring exercise can 
increase BDNF levels and rescue neurological deficits induced by prenatal stress. 
We are now trying to determine if exercise by either the dams or their pups can 
mitigate the effects of developmental BaP exposure. In our pilot studies, pregnant 
C57BL/6J dams were dosed with 10mg/kg/day BaP in corn oil-soaked food from 
gestational day 10 through weaning at postnatal day 25. We compared control 
animals without exercise to three exercise groups: dam only, pup only or dam + pup. 
Exercise consisted of 1h/day voluntary running on exercise wheels. Dams exercised 
for two weeks prior to mating through gestational day 10. Offspring exercised from 
P30 to P60 when behavioral testing began. Blood was collected at P6O, and BDNF 
measured in plasma using a commercial ELISA kit. Once behavioral testing was 
complete at P120, hippocampi of the mice were collected and tissues BDNF levels 
were measured using the same ELISA kit. BaP treatment significantly decreased 
plasma BDNF levels (P < 0.05). We found significantly higher BDNF levels in the 
plasma of offspring from the dam-only and pup-only exercise groups (P < 0.001). 
Surprisingly, offspring from the dam+pup exercise group had BDNF levels similar 
to control animals. We also found a sex x exercise interaction with male pups that 
exercised having significantly higher BDNF levels compared to females (P< 0.05). 
This suggests that differences in muscle mass might contribute to increased BDNF 
signaling along the muscle-brain axis. There were no significant differences in 
hippocampal levels of BDNF at P120.

 3951 The Effect of Benzo[a]pyrene on the Stress Response and 
Depressive-Like Behavior in Four Genotypes of Mice

C. Perry, T. Shumate, A. Kyntchev, E. Foster, A. Honaker, K. Berling, and C. Curran. 
Northern Kentucky University, Highland Heights, KY.

Benzo[a]pyrene (BaP) is a carcinogenic polycyclic aromatic hydrocarbon found in 
cigarette smoke, grilled food, and vehicle exhaust. It binds to the aryl hydrocarbon 
receptor, inducing expression of CYP1 enzymes responsible for BaP metabolism. 
In human and animal studies, developmental BaP exposure is associated with 
impaired learning, memory, and motor skills. Interestingly, BaP is also associated 
with changes in serotonin and anxiety. In some studies, AHR agonists reportedly 
lead to neuronal loss in the raphe nuclei and reduced serotonergic signaling. In 
other studies, BaP reportedly increased serotonin levels and reduced anxiety-like 
behavior. To better understand the effect of developmental BaP exposure, we 
used a mouse with genetic differences in AHR pathway and a common test of 
depressive-like behavior. Pregnant dams were treated with 10mg/kg/day of BaP in 
corn oil-soaked food from gestational day 10 until postnatal day 25- equivalent to 
the second and third trimesters in humans. We collected blood for corticosterone 
measurements at baseline and following the forced swim test in offspring after 
they reached adulthood (P60). BaP exposure had no effect on performance in the 
forced swim test. However, there was a significant effect of genotype. Poor-affinity 
AhrdCyp1a2(-/-) mice spent more time floating v fighting to escape compared with 
high-affinity AhrbCyp1a2(+/+) and AhrbCyp1a1(-/-) mice. We found a significant 
difference between baseline and post-stress corticosterone levels (P < 0.001), but 
there were no significant differences in stress hormone levels based on genotype 
or treatment. In a follow-up study using Cyp1a1(+/+) wild-type and Cyp1a1(-/-) 
knockout mice, we found a main effect of sex for latency to float in the forced 
swim test with females having significantly shorter latencies to float than males 
(P < 0.01). There was a main effect of genotype with Cyp1a1(-/-) knockout mice 
floating for a longer percentage of time compared with wild-type mice (P < 0.01). 
Because maternal and offspring exercise reportedly reduces impairments related to 
prenatal stress, we ran a third experiment looking at the effects of exercise. There 
was a significant impact when offspring exercised, but the trends were opposite. 
Offspring that exercised voluntarily on running wheels from P30 to P60 had signifi-
cantly shorter latencies to float (P < 0.05), but they also spent significantly less time 
floating overall (P < 0.05).

 3952 Characterizing Neurogenesis in Zebrafish Exposed to Roundup 
over Neurodevelopmental Timepoints

S. McKenzie1,2,3,4, R. Lacroix2,3,4, and D. Kurrasch2,3,4. 1University of Western Ontario, 
London, ON, Canada; 2Cumming School of Medicine University of Calgary, Calgary, AB, 
Canada; 3Alberta Children’s Hospital Research Institute, University of Calgary, Calgary, 
AB, Canada; and 4Hotchkiss Brain Institute, University of Calgary, Calgary, AB, Canada.

Neurodevelopment is a particularly sensitive period to environmental contaminant 
exposure, wherein any disruption may contribute to the etiology of neurodevel-
opmental disorders diagnosed in later life. RoundUp, the most commonly used 
glyphosate-based herbicide in agriculture today, is believed to perturb typical brain 
development. We hypothesize that exposure of RoundUp during development will 
perturb zebrafish primary neurogenesis in the telencephalon (forebrain). Here, 
embryonic zebrafish were exposed to an environmentally relevant concentration 
of RoundUp (10 ug/L glyphosate acid equivalent) from 10 to 48 hours post-fertiliza-
tion (hpf). To quantify newly born neurons at various time points during and after 
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RoundUp exposure, zebrafish were treated with a 30 minute 5-ethynyl-2-deoxyuri-
dine (EdU) pulse at 24, 48 or 72 hpf and sacrificed at 5 dpf. Immunohistochemistry 
was performed on 5 dpf sections to identify α-HuC/D (neuron marker) and EdU 
positive cells, representing newly born neurons during these timepoints. An 
inverted confocal imaging microscope was used for imaging and arivis was used 
to count cells. All neurons for each zebrafish were counted for both the control 
and the fish treated with 10 μg/L of RoundUp. The total neuron count per zebraf-
ish demonstrated to have a nonsignificant difference in the comparison of the 
control to treatment for both the 24hpf and 48hpf EdU staining groups. However, 
in comparison to the control we see a significant increase (p≤0.01) of total neuron 
count for the zebrafish exposed to 10 μg/L of RoundUp in the 72 hpf Edu staining 
group. For zebrafish exposed to 10 μg/L of RoundUp, we found there to be a nonsig-
nificant increase in the ratio of newborn neurons to total neurons at 24hpf and 48 
hpf. However, we found there to be a significant increase (p<0.0001) in the ratio of 
newborn neurons to all neurons in zebrafish at 72hpf, after exposure to 10 μg/L of 
RoundUp. Our findings suggest that exposure to RoundUp during neurodevelop-
ment alters neurogenesis in the forebrain, which could have wider effects on the 
functioning of the organism.

 3953 Characterizing Social Behaviors in Roundup-Exposed Zebrafish

V. Almanza, R. Lacroix, and D. M. Kurrasch. University of Calgary, Calgary, AB, Canada.

Glyphosate-based herbicides (GBHs) are of the most widespread and globally used 
herbicides in current agricultural practices. The appeal for such an exorbitant use 
of glyphosate comes from the belief that it is safe for humans and animals in the 
surrounding environment. However, debates and contradicting opinions on the true 
safety of glyphosate for human health are ever-increasing. The period of neurode-
velopment is particularly sensitive of exposures to such environmental contam-
inants as they can contribute to future neurodevelopmental disorder diagnoses. 
We hypothesize that embryogenic exposure to RoundUpTM will cause autism-like 
behavioural phenotypes in a wild-type zebrafish model. Using three different assays 
measuring shoaling, social contact and startle behaviours we aimed to characterize 
larval zebrafish behaviours following chemical exposure. Here, zebrafish embryos 
were exposed to a range of environmentally relevant RoundUp concentrations (10 
ug/L, 100 ng/L, 1ng/L glyphosate acid equivalent) from 10 to 48 hours post-fertil-
ization (hpf). At 5-, 7- and 10- days post-fertilization (dpf), the ZebraBox recording 
chamber and Viewpoint software were used to spatially track and record these 
behaviours in lit-up and dark environments. Statistical analyses of the data were 
conducted using GraphPad Prism software. We found there to be a significant 
increase in the contact duration parameter of the social contact assay at the 5- and 
7-dpf points along with the polarization parameter of the shoaling assay at the 5-dpf 
point for all three of the chemical exposure concentrations. These findings suggest 
that greater social behaviours are displayed following exposure to RoundUp, 
which could be due to inherent characteristics of zebrafish at the larval stage or 
the interactions of RoundUp with neurodevelopment. Subsequent studies could 
investigate these interactions at a cellular and molecular level of the brain to further 
explain the underlying mechanisms of the observed behavioural manifestations.

 3954 Developmental Exposure to the Fox River Mixture of 
Polychlorinated Biphenyls (PCBs) Modulates Behavioral 
Endpoints in Juvenile Male and Female Mice

R. J. Wilson1, Y. Suh2, J. Y. Cui2, H. Lehmler3, and P. J. Lein1. 1University of California 
Davis, Davis, CA; 2University of Washington, Seattle, WA; and 3University of Iowa, Iowa 
City, IA.

Developmental exposures to PCBs are implicated in the etiology of neurodevel-
opmental disorders (NDDs). This is concerning given the continued presence 
of PCBs in the human environment and the increasing incidence of NDDs. We 
previously reported that developmental exposure to single PCB congeners or 
legacy commercial PCB mixtures (Aroclors) with ryanodine receptor (RyR) activity 
caused NDD-relevant behavioral phenotypes in animal models. However, the PCB 
congener profile in contemporary human samples is shifting away from that of 
the legacy Aroclors, raising the question of whether human-relevant PCB mixtures 
similarly interfere with normal brain development. To address this question, we 
assessed the developmental neurotoxicity of the Fox River Mixture (FRM), which 
was designed to mimic the congener profile identified in the serum of a human 
cohort whose primary source of dietary protein was PCB-contaminated fish from 
the Great Lakes. Adult female C57BL/6J dams (8-10 weeks old) were exposed 
to vehicle (peanut oil) or FRM at 0.1, 1.0 or 6.0 mg/kg/d throughout gestation 
and lactation, and neurodevelopmental outcomes were quantified in their pups. 
Ultrasonic vocalizations (USVs) were quantified at postnatal day (P) 7 and perfor-
mance in the spontaneous alternation task and the 3-chambered social approach/
social novelty task were conducted on P35. Preliminary data suggest that develop-
mental exposure to FRM at 0.1 or 6.0 mg/kg/d in the maternal diet decreased USVs, 
and impaired performance in the social novelty task in both male and female pups 
in the 0.1 mg/kg/d dose group but did not alter performance in the spontaneous 
alternation or social approach tasks. These findings suggest that FRM interferes 

with the development of social communication and social novelty, but not memory, 
supporting the hypothesis that contemporary PCB exposures pose a risk to the 
developing brain. This work supported by NIEHS (R01 ES031098).

 3955 Effect of Prenatal Chlorpyrifos on Behavior in Mice Housed in 
Automated Home-Cage Monitoring Systems

D. Kendricks1, L. Wilson1, B. Bernstein2, R. Arechavala1, J. Valdez1, P. Jensen1, and 
J. Cushman1. 1NIEHS, Research Triangle Park, NC; and 2Georgetown University, 
Washington, DC.

Automated behavioral monitoring allows for rapid and reliable screening of animal 
behavior occurring in their home environment. Automated monitoring of behavior 
has been used as a tool to isolate altered behavioral morphologies in animal models 
of psychiatric disorders and contaminant exposures. Here we sought to determine 
if such automated behavioral monitoring would allow for characterization of 
behavioral differences between male and female mice exposed prenatally to the 
organophosphate pesticide, chlorpyrifos. Male and female mice exposed to 5mg/
kg chlorpyrifos from gestation day 12-15 were tested in an automated behavioral 
battery from approximately 6-12 weeks of age. This battery included a neuromotor 
assessment using SHIRPA, a social and cognitive battery in the IntelliCage while 
animals were group housed, and a cognitive battery in the Noldus Phenotyper while 
animals were singly housed. Outcomes of this study may shed light on the unique 
capabilities of these system to isolate sex-dependent neurotoxic effects of prenatal 
chlorpyrifos exposure that can provide further weight of evidence for the develop-
mental neurotoxicity of organophosphate pesticides.

 3956 Gestational Bisphenol A Exposure Has Long-Lasting Effects on 
Vasopressin Sex Differentiation

J. Zheng, P. Moazen, D. Baimoukhametova, C. Lebel, J. Bains, and D. Kurrasch. 
University of Calgary, Calgary, AB, Canada.

Arginine vasopressin (AVP) circuits are one of the most conserved sex dimorphic 
systems across taxa and they play critical roles in regulating social behaviors 
such as aggression and parenting. Human and animal studies show that disrup-
tions in AVP are associated with neurological and neurodevelopmental disorders. 
Bisphenol A (BPA) is an estrogenic contaminant ubiquitously detected in pregnant 
women, among other populations. Gestational exposure to BPA is associated with 
sex-specific social behavioral deficits in many epidemiological studies; however, 
the mechanistic cause underlying this association remains unclear. Here we 
investigated the effects of gestational BPA exposure on sex dimorphism of the AVP 
system in mice. Using immunohistochemistry (IHC) to quantify the number of AVP+ 
neurons in the hypothalamic paraventricular nucleus (hereafter AVPPVN), we found 
that sex dimorphism of AVPPVN was established as early as E14.5, a timepoint prior 
to the perinatal estrogen surge around birth thought to drive sex differentiation. We 
then performed in utero injection of a pan-estrogen receptor antagonist into the 
hypothalamic third ventricle at E13.5 and observed a dose-dependent decrease in 
AVPPVN neurons at E15.5 in males but not females. In contrast, in utero injection of 
17β-estradiol increased the number of female AVPPVN neurons. We next showed 
that gestational exposure to environmental levels of the weak estrogenic contam-
inant bisphenol A (BPA; 2.25 μg/kg body weight/day) also caused masculinization 
of AVPPVN neurons in female brains. To ascertain the mechanism underlying this 
AVPPVN sex differentiation, we tested if males underwent earlier neurogenesis than 
females using 5-Bromo-2’-deoxyuridine (BrdU, 100 mg/kg) birth-dating assay and 
showed that males produced nearly double the number of AVPPVN neurons at E11 
than females, a finding that was reversed by gestational BPA exposure in females. 
We then asked whether this sexually dimorphic pattern was present postnatally 
and whether BPA exposure caused masculinization of female AVP neurons and 
found that AVPPVN neuronal number (IHC), intra-/extra-hypothalamic AVP projec-
tions (iDISCO+ tissue clearing and whole brain imaging) and electrophysiological 
properties (whole-cell patch clamping) were sex dimorphic across these readouts 
at postnatal (P0, P7, and P15), juvenile (P30) and adult (4 months) stages. Likewise, 
gestational BPA exposure caused female brains to display male-like properties 
across these readouts. Notably, our electrophysiological data showed that female 
AVPPVN neurons were more excitable than male neurons, evidenced by firing more 
spontaneous action potentials (sAP) and possessing a more depolarized resting 
membrane potential, and reversed by gestational BPA exposure. Combined, these 
data reveal that sex dimorphism of AVPPVN occurs prior to perinatal estrogen 
surge, and that gestational BPA exposure can disrupt AVPPVN sex differentiation 
at the cellular and circuitry levels. This study provides mechanistic evidence for 
epidemiological studies that show associations between prenatal BPA exposure 
and sex-specific social behavioral deficits.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 308



 3957 Impacts of Neonatal Methylmercury Exposure on Sustained 
Attention, Short-Term Memory, and Behavioral Perseveration in 
Adult Male Long-Evans Rats

D. Kendricks1, M. N. Reed2, and M. C. Newland2. 1NIEHS, Research Triangle Park, NC; 
and 2Auburn University, Auburn, AL.

Methylmercury is an environmental contaminant that impacts neurochemistry and 
behavior following exposure during various developmental time periods. However, 
sensitivity of the rodent neonatal period following exposure to this contaminant has 
been understudied, due largely to the lack of bioavailability of methylmercury via 
lactation, despite evidence suggesting sensitivity of this developmental window. 
Male Long-Evans rats were exposed to approximately 0, 30, or 130 ppm methyl-
mercuric chloride orally from postnatal days 1-10 and then, as adults, tested in 
a spatial discrimination reversal procedure to assess perseverative behavior and 
modified two-choice visual signal detection task to assess sustained attention 
and short-term remembering. Rats exposed to methylmercury displayed altered 
patterns of perseverative behavior in the spatial discrimination reversal procedure. 
Further, exposed rats were impaired in their acquisition of the two-choice visual 
signal detection but otherwise neither their sustained attention nor their remember-
ing were impaired. The magnitude of observed behavioral differences, however, 
was subtle compared to that observed following prenatal exposure but was 
comparable to effects observed following exposure during the adolescent period. 
This study provides evidence that the neonatal period may be sensitive to the 
neurotoxic effects of methylmercury.

 3958 Metabolites of Mitochondrial Dysfunction and Microbiome 
Influence Immunity and Behavior in a Mouse Model of Autism

D. A. Lawrence1,2, Y. Yao1, B. O’Sullivan3, and J. Graf3. 1New York State Department of 
Health, Albany, NY; 2University at Albany, Rensselaer, NY; and 3University of Connecticut, 
Storrs, CT.

Autoantibodies (autoAbs) to brain antigens (Ags) have been implicated in the 
development of autism spectrum disorders (ASD) and the specificities of these 
autoAbs are beginning to be identified. However, the mechanistic cellular and 
molecular events that lead to these autoimmune activities have not been fully 
elucidated. These autoAbs can interfere with neuronal connections and can 
affect numerous social behaviors as well as normal body functioning. Moreover, 
development of proper neuronal connections can also be disrupted by inflamma-
tion and mitochondrial dysfunction (MtD). The microbiome-gut-brain axis plays a 
role in exacerbating or moderating immune and mitochondrial influences on brain 
development. Peripheral and central biomarkers of BTBR T+Itpr3tf/J (BTBR) mice 
with ASD-like behaviors and low immune defenses against infections are investi-
gated. Production of the BTBR strain with mitochondria from C57BL/6J (B6) mice, 
which have normal behaviors and immunity, improved behavior and immunity of 
this new BTBR-MtB6 strain. Immune cells in BTBR mice use more lipids via β-oxida-
tion for their energy supply. The BTBR strain’s enhanced intestinal cholesterol 
absorption is via inhibition of the Nr1h3 targeted pathway. Dietary cholesterol is 
absorbed into small intestine epithelial cells (SIECs) through the NPC1L1 protein 
(Niemann-Pick-C1-like-1), esterified by acyl-cholesterol acyl transferase (ACAT2) 
in the endoplasmic reticulum, and incorporated into Chylomicrons (CMs). CMs 
are transported to the Golgi apparatus, secreted into the lymphatic system, and 
finally into the bloodstream. Inhibition of Nr1h3 in SIECs of BTBR mice promoted 
expression of NPC1L1and ACAT2; however, both ABCG5 and ABCG8 are signifi-
cantly decreased in BTBR mice indicating more dietary cholesterol is absorbed 
and less is excreted. The increased glycerol transport receptor AQP9 and fatty acid 
binding protein 1 (FABP1) in BTBR SIECs also confirmed this conclusion. However, 
no obvious difference was found between BTBR and BTBR-MtB6 mice. Hepatic de 
novo cholesterol synthesis was increased in BTBR mice, especially male mice due 
to the activated HMG-CoA-R. Inhibition on HMG-CoA-R lessened serum cholesterol 
in BTBR-MtB6 mice, especially male mice. Increased lipid deposit was observed in 
BTBR mice liver, resulting in hepatic steatosis. It was improved in BTBR-MtB6 mice. 
PPARγ as an adipogenesis marker further confirm this conclusion. High serum 
cholesterol was lessened from BTBR level in BTBR-MtB6 mice due to the inhibi-
tion on hepatic cholesterol synthesis. Activation of T lymphocytes (CD3+) and B 
lymphocytes (CD19+) in BTBR adipose tissue was also significantly decreased in 
BTBR-MtB6 mice. BTBR, B6, and BTBR-MtB6 mice have different gut microbiomes, 
which also could affect their metabolites, immunity, and behaviors. Thus, results 
suggest developmental biomarkers of microbiome-gut-brain axis and the neuroen-
docrine immune network effect onset of autistic processes in the brain. Since many 
clinical cases also link autism to cholesterol dyshomeostasis, our research may 
provide a new potential therapeutic intervention for autism.

 3959 Discovery of a Peroxisome Proliferator-Activated Receptor Delta 
(ppard)–Dependent Adverse Outcome Pathway for Hyperactivity 
in Larval Zebrafish

S. Gutsfeld1, L. Wehmas2, I. E. Omoyeni1, N. Schweiger1, D. Leuthold1, P. Michaelis1, 
G. Wu1, X. Howey2, S. Gaballah2, W. Busch1, N. Klüver1, S. Scholz1, and T. Tal1. 
1Helmholtz Centre for Environmental Research, Leipzig, Germany; and 2US EPA, Research 
Triangle Park, NC.

Per- and polyfluorinated alkyl substances (PFAS) are a diverse class of synthetic 
chemicals widely used in industrial manufacturing. We previously showed that 
exposure to alkyl sulfonic acid PFAS (perfluorooctanesulfonic acid (PFOS) or perflu-
orohexanesulfonic acid (PFHxS)) caused dark-phase hyperactivity in larval zebraf-
ish. To confirm that PFAS-dependent behavioral effects result from a develop-
mental perturbation, swimming behavior was assessed in 5-day post fertilization 
(dpf) larvae following either developmental (1-4 dpf) or acute (5 dpf) exposure 
to 0.43-7.86 µM PFOS, 7.87-120 µM PFHxS, or 0.4% dimethyl sulfoxide (DMSO). 
Relative to DMSO, dark phase hyperactivity occurred both developmentally and 
acutely in PFAS-exposed larvae. In contrast, visual startle response hyperactivity 
only occurred following developmental exposure. A wash-out study was performed 
where developmental exposure to PFOS or PFHxS from 1-4 dpf triggered irrevers-
ible concentration-dependent visual startle response hyperactivity at 5-8 dpf. To 
identify potential underlying mechanisms, RNA sequencing was performed in head 
tissue obtained 1-2 days prior to the onset of hyperactivity. Projection of differ-
entially expressed genes onto a self-organizing map showed that both chemicals 
produced similar global transcriptomic profiles. Benchmark concentration analysis 
revealed that gene expression changes occurred at nominal exposure concentra-
tions that provoke hyperactivity 1-2 days later. Peroxisome proliferator-activated 
receptors (ppara, ppard, pparg) were identified as putative upstream regulators. 
To test the hypothesis that ppars are required for PFAS-dependent visual startle 
response hyperactivity, CRISPR/Cas9-based gene editing was used to knockdown 
pparaa/ab, pparda/db, or pparg at day 0. As a control, two sets of knockdown 
larvae were generated that contained multiple different mutations in the same 
target gene(s). A negative control that lacked mutations in target gene(s) was also 
generated. Gene knockdown was molecularly confirmed using a modified qRT-PCR 
method. Knockdown larvae were exposed to 7.86 µM PFOS, 80 µM PFHxS, or 0.4% 
DMSO from 1-4 dpf and locomotor activity was assessed at 5 dpf. pparaa/ab or 
pparg knockdown did not affect the ability of PFOS or PFHxS to provoke visual 
startle response hyperactivity. In contrast, pparda/db knockdown blunted PFOS 
and PFHxS-dependent hyperactivity as compared to the exposed negative control. 
Orthogonal confirmation using the ppard antagonist GSK3787 confirmed that ppard 
is required for PFOS-dependent visual startle hyperactivity. This work identified two 
distinct phenomena. One, exposure to PFOS or PFHxS causes acute and transient 
dark-phase hyperactivity. Two, developmental, but not acute, exposure to the same 
chemicals triggers persistent visual startle response hyperactivity that requires the 
activity of ppard. Taken together, we identified a novel adverse outcome pathway 
for hyperactivity in the visual startle response elicited by structurally similar PFAS. 
More broadly, this work shows how gene editing can be used for rapid hypothesis 
testing in larval zebrafish. This abstract does not necessarily reflect EPA policy.

 3960 Tiered Testing of Arsenic Developmental Neurotoxicity Using 
Neural Organoid and 2D In Vitro Models

X. Wu. NIEHS, Research Triangle Park, NC.

Modeling brain development and function is challenging due to the complex-
ity of the organ. Recent advances in human pluripotent stem cell (PSC)-derived 
brain-like organoids provide new tools to study the human brain. These 3D models 
together with 2D cellular assays have the potential to enhance our understanding 
of the mechanisms of developmental neurotoxicity (DNT) during the early stages 
of neurogenesis and offer a rapid, cost-effective approach for assessing chemical 
safety. Arsenic (As) is a widespread environmental contaminant. Exposure to As is 
associated with DNT-related diseases. However, the mechanisms through which 
As impacts DNT are not well-defined. Here, we used 3D PSC-derived embryoid 
bodies (EBs) to recapitulate events involved in early embryogenesis and neurogen-
esis before neural induction, and EB-derived neural organoids to mimic neural 
development in vivo. A 7-day exposure to a human-relevant, non-cytotoxic dose 
(0.5 μM; 35 ppb) of As increased ectoderm differentiation within the EBs by upregu-
lating expression of PAX6, SOX1, all of which play critical roles in early embryonic 
development. Histological staining of As-treated EBs showed neural rosette 
structure disruption. The presence of both astrocytes (vimentin+) and neural 
stem cells (NESTIN+) confirmed that cerebral organoids had successfully formed. 
Ingenuity pathway analysis (IPA) of RNA-seq data from organoids indicated CREB 
signaling was activated in the neural induction stage and enhanced during neural 
maturation (day 7 to day 40) (data not shown). The IPA-identified top 5 pathways 
affected by As treatment were CREB signaling in neurons, Synaptogenesis 
signaling pathway, Endocannabinoid neuronal synapse pathway, GABA receptor 
signaling, Glutamate receptor signaling. GO enrichment analysis found G-protein 
signaling on the cell membrane was suppressed and WNT, gonadotropin-releasing 
hormone receptor signaling pathways were all inhibited by As treatment in day 
40 neural organoid. RNA-seq analyses were confirmed by real-time qPCR, which 
also found As-treatment inhibited expression of markers in mature neural cells 
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(MAP2, vGLUT2) and astrocytes (GFAP). At the cellular level, As inhibited neural 
stem cell proliferation (LC50=0.1 µM) and suppressed neurite outgrowth in the 2D 
morphology assay that mimics nerve growth and axon pathfinding. As disrupted 
neural rosette and neuropil structures in day 40 organoids and reduced the mean 
firing rate of the neurons dissociated from organoid detected by microelectrode 
array. In conclusion, our results show that this 2D and 3D (EBs, neural organoids) 
model system can provide valuable insights into the cellular events and molecular 
mechanisms of As-induced DNT.

 3961 Manganese Exposure in Risk Mechanisms for 
Neuropsychiatric Disease

A. A. Tienda, and F. E. Harrison. Vanderbilt University Medical Center, Nashville, TN.

Attention Deficit Hyperactivity Disorder (ADHD) affects approximately 9% of the 
population, although this varies by sex and ethnicity. Genetic variants implicate 
dopaminergic (DAergic) function in the underlying neuropathological pathways. 
However, the strength of the genotype-phenotype relationship is strongly impacted 
by environmental factors including exposure to toxicants through air pollution and 
contaminated water. While in the population overall the outward behavioral traits of 
ADHD are more strongly expressed or clinically recognized in males, females may 
be more sensitive to aspects of pollution and metal exposure. Excess manganese 
(Mn) exposure from water, air and soil is linked to adverse behavioral outcomes in 
children and this relationship may be stronger in females. Chronic high exposure 
to Mn is linked to neurodegenerative disorders via alterations in DAergic and other 
neurotransmitter systems, but less is known about developmental changes associ-
ated with chronic lower exposure levels. Mn was administered to male and female 
C57Bl/6J mice through diet (control (70 ppm) or high (2400 ppm)) or by subcuta-
neous injection (saline or 50 mg/kg MnCl2-tetrahydrate). Experimental diets were 
administered from weaning through to the end of the experiment. Injections were 
given 7, 4 and 0 days prior to the start of behavioral testing. At 8 weeks of age mice 
underwent assessment of locomotor activity, marble burying and nest building 
behaviors. Mn accumulation in the brain was measured via mass spectrometry, 
and expression of key proteins relevant to dopamine synthesis and transport were 
assessed using western blot. Locomotor activity and repetitive behaviors were 
impacted differentially according to sex and treatment route. Mn also altered 
sensitivity to pharmacological manipulation of activity levels differentially in male 
and female animals. Both dietary and injected Mn altered proteins related to 
dopamine synthesis and transport. Overall dietary exposures had a greater impact 
on female mice compared to male littermates and impacted repetitive behaviors 
and response to pharmacological manipulations. In contrast, high dose Mn may 
have had an acutely neurotoxic impact on behavior leading to decreased activity 
across all tasks. These data highlight a role for chronic low dose dietary exposures 
to metals in the development of activity-related behaviors. They also highlight the 
importance of testing in both sexes, and using translationally appropriate exposure 
approaches in animal studies.

 3962 Impaired Inhibitory Hippocampal Network Function in Adult 
Rats Exposed Developmentally to Perchlorate and Dietary 
Iodine Deficiency

M. E. Gilbert1, K. S. Bell2, M. Hawks3, and J. Ford1. 1US EPA, Research Triangle Park, NC; 
2University of Texas at Austin, Austin, TX; and 3Oak Ridge Institute for Student Education, 
Oak Ridge, TN.

Iodine is essential for production of thyroid hormones (TH) with severe deficiencies 
leading to hypothyroidism. As TH are necessary for brain development, maintain-
ing iodine status is especially critical during pregnancy. Perchlorate is an environ-
mental contaminant that interferes with the transport of iodine into the thyroid 
gland and reduces TH synthesis. As such, the offspring of pregnant women with 
iodine deficiency (ID) may be particularly susceptible to perchlorate exposure, with 
deleterious consequences on brain development. In a rat model, we have previously 
reported that developmental ID or perchlorate disrupts synaptic function in the 
hippocampus, impairing excitatory synaptic transmission but leaving functionality 
of inhibitory networks and synaptic plasticity intact. In this study, we investigated 
if the synaptic impairments induced by developmental perchlorate or marginal ID 
could be exacerbated if both treatments were delivered together. Naïve female 
rats were maintained on either an iodine-replete (Control) or ID diet for a minimum 
of 4 wks, a regimen that reduced serum T4 by ~35%. Animals were bred and on 
gestational day 6, half of each group was exposed to 0 or 300 ppm perchlorate in the 
drinking water. Serum T4 in newborn pups was not altered by perchlorate, and was 
only transiently reduced by ID, recovering to control levels by postnatal day (PN) 6. 
In contrast, decreases in serum T4 >80% were evident in offspring of dams exposed 
to both ID and perchlorate on the day of birth, deficits that persisted throughout the 
neonatal period. Under urethane anesthesia, electrodes were positioned stereotaxi-
cally in brains of adult male offspring to record field potentials in the hippocam-
pus. Pairs of stimulus pulses at varying intervals were delivered to the perforant 
path, the ratio of the 1st and 2nd response recorded in the dentate gyrus reflect-
ing the activity of GABAergic inhibitory interneurons. We observed a reduction 
in inhibitory output in animals born to ID dams exposed to perchlorate, with no 
difference from controls in groups exposed to ID or perchlorate alone. Preliminary 

findings indicate that these electrophysiological impairments are accompanied by 
a decrease in the number parvalbumin (PV)-expressing cells in the brains of litter-
mates assessed on PN14. PV is a calcium-binding protein expressed in a subset 
of inhibitory interneurons integral to functioning of hippocampal neurocircuitry. 
Altered expression of this protein is emerging as a common outcome in chemical-
ly-induced thyroid disruption in rat, thyroid receptor mouse mutants, deiodinase 
and hormone transporter knock-out models, and in humans with mutations of the 
brain TH transporter. Together, these findings demonstrate that ID can compound 
the effects of chemical exposure on neural function. Further, they provide impetus 
to examine PV expression as a marker of neurodevelopmental thyroid disruption. 
Does not reflect EPA policy.

 3963 Characterizing the Developmental Neurotoxicity Profile of the 
Lower-Chlorinated Polychlorinated Biphenyl (PCB) Congener  
PCB 37

J. Badley1, H. Lehmler2, and P. J. Lein1. 1University of California Davis, Davis, CA; and 
2University of Iowa, Iowa City, IA.

PCBs remain a significant risk to human health, and a primary target of concern 
is the developing brain. Epidemiological studies have reported positive associa-
tions between developmental PCB exposures and increased risk of impaired 
cognitive function. However, epidemiological and experimental studies have largely 
focused on higher-chlorinated (HC) PCBs, the predominant congeners in the legacy 
PCB mixtures. The limited data available regarding the potential for lower-chlori-
nated (LC) PCBs to interfere with neurodevelopment is a significant public health 
concern because: (i) in contrast to HC-PCBs, environmental levels of LC-PCBs, 
many of which are inadvertent industrial byproducts, are increasing worldwide; (ii) 
LC-PCBs are regularly detected in contemporary samples of indoor and outdoor air, 
water, food, and human tissues, including breast milk and brain; and (iii) LC-PCB 
congeners were found to comprise more than 70% of the total PCBs in the serum 
of pregnant women at higher risk for having a child with a neurodevelopmental 
disorder. To address this data gap, we characterized the developmental neurotox-
icity profile of the LC-PCB congener, PCB 37, which has been detected in human 
tissues. We quantified dendritic arborization, axonal growth, neuronal apoptosis, 
and cell viability in primary rat cortical neuron-glia co-cultures exposed to PCB 37 
at varying concentrations relevant to the gestational environment. Sex-segregated 
co-cultures derived from postnatal day 0 Sprague Dawley rat pups were plated on 
glass bottom 96-well plates or glass coverslips in 24-well plates precoated with 
poly-L-lysine. Cultures maintained in serum-free medium were exposed to vehicle 
(DMSO; 1:1,000 dilution) or varying concentrations of PCB 37 (fM-µM) for 48 h 
beginning on day in vitro (DIV) 0 or DIV 7. Cell viability was assessed by measuring 
lactate dehydrogenase (LDH) release into the culture medium and by quantification 
of live vs. dead cells labeled with Calcein-AM or Hoechst, respectively. Apoptosis 
was assessed using a fluorometric assay of caspase 3/7 activity. A multimode 
microplate reader interfaced with Gen5 data analysis software was used to quantify 
LDH levels and caspase 3/7 activity. To quantify dendritic and axonal growth, 
cultures were fixed with 4% paraformaldehyde and transfected with MAP2B-Red 
Fluorescent Protein (RFP) or reacted with Tau-1 antibody, respectively. Cells 
were imaged using an ImageXpress Micro XL high-content imaging system, and 
automated image analysis was performed using MetaXpress 6.2 custom MATLAB 
algorithms. An overlay of Hoechst and Calcein AM staining was used to determine 
the percentage of live cells, an overlay of Tau-1 and Hoechst was used to identify 
axons, and an overlay of MAP2B-RFP and Hoechst was used to identify dendrites. 
At concentrations ranging from 1 fM to 1 µM, PCB 37 did not alter cell viability in 
either male or female cortical neuron-glia co-cultures. In contrast, PCB 37 increased 
axonal growth at these same concentrations, increased caspase 3/7 activity at 100 
nM, and altered dendritic growth at 100 fM and 100 pM in male neurons. These 
data identify PCB 37 as a potential developmental neurotoxicant and suggest that 
LC-PCBs found in the human gestational environment and perinatal brain may pose 
a risk to the developing human brain. Supported by NIH NIEHS grant numbers T32 
ES007059 and R01 ES014901.

 3964 Human Embryonic Stem Cell–Derived Dopaminergic Neuron 
Model for Neurodevelopmental Toxicology Screening

A. Kreutz, G. Hu, and E. Tokar. NIEHS, Research Triangle Park, NC.

Identification of developmental neurotoxicants for risk assessment has tradition-
ally been performed using in vivo guideline developmental neurotoxicity (DNT) 
studies. These studies, however, are expensive and time-consuming, limiting 
their applicability for screening. With the increasing concern that environmental 
chemicals may contribute to neurodevelopmental disorders, there is an urgent need 
for higher throughput assays. Over the past decade, there has been a global effort 
to assemble a battery of in vitro new approach methodologies (NAMs) that could 
provide an alternative to traditional in vivo guideline studies for DNT. This battery is 
beginning to be employed for risk assessment purposes, but still lacks a number of 
endpoints critical to neurodevelopment, such as assessment of neuronal subtypes. 
This project aims to fill that gap by establishing an assay to screen chemical disrup-
tion of dopaminergic neuron development as dopaminergic neurons are particu-
larly sensitive to environmental factors and have been implicated in a variety of 
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neurodevelopmental and neurodegenerative disorders. Our approach uses human 
embryonic stem cells (hESCs), as differentiation using hESCs closely mimics 
embryonic development in vivo. We are utilizing CRISPR-mediated genome editing 
technology to construct a hESC triple-reporter system to monitor stages of dopami-
nergic neuron differentiation using fluorescent imaging. The current reporter line 
includes nestin-EGFP to monitor differentiation down the neural lineage, and 
tyrosine hydroxylase-mScarlet to monitor maturation into dopaminergic neurons. 
Our third reporter will be targeted to Nurr1 to monitor specification of neural 
stem cells towards dopaminergic neurons. Our dopaminergic neuron differentia-
tion protocol is based on the dual inhibition approach established by the Studer 
laboratory and includes three stages—specification, expansion, and maturation. 
This toxicological screening approach will be conducted in two phases—an initial 
phase to monitor how chemicals might impact dopaminergic neuron specification, 
and a 2nd phase to monitor maturation into dopaminergic neurons. This will allow 
for carefully assessing specific windows of susceptibility for dopaminergic neuron 
development. Screening will be performed using fluorescent high-content live-cell 
imaging and gene expression analyses. Hit compounds can subsequently be 
pursued for insight into mechanisms of action. We aim to incorporate this report-
er-based model into the battery of DNT NAMs to identify environmental toxicants of 
dopaminergic neuron development in a human in vivo-relevant context.

 3965 Physiologically Based Kinetic (PBK) Modeling to Predict Human 
Fetal Brain Concentration: Deltamethrin Case Study

C. Maass1, S. Schaller1, A. Dallmann2, K. Bothe3, and D. Müller3. 1esqLABS GmbH, 
Saterland, Germany; 2Bayer AG, Leverkusen, Germany; and 3Bayer AG, Monheim am 
Rhein, Germany.

Developmental neurotoxicity (DNT) is a potential hazard of chemicals. An in vitro 
testing battery (DNT IVB) was recently established to complement existing rodent 
in vivo approaches. Deltamethrin (DLT) has been selected as a reference chemical 
in the performance evaluation of the DNT IVB. DLT is a pyrethroid with a well-char-
acterized neurotoxic mode of action. Further, a DNT in vivo study according to 
OECD guideline 426 is available and considered to be clearly negative. The present 
study provides context for evaluating the relevance of these DNT IVB results for the 
human health risk assessment of DLT by estimating potential human fetal brain 
concentrations after maternal exposure to DLT. A physiologically-based kinetic 
(PBK) model was developed for rats and validated on in vivo rat toxicokinetic data 
of DLT over a broad range of doses. It was then translated to humans consider-
ing realistic in vivo exposure conditions (acceptable daily intake [ADI] of 0.01 mg/
kg for DLT). Human fetal plasma concentrations of deltamethrin were success-
fully simulated by integration of a maternal-fetal PBPK model. Subsequently, the 
model was used to estimate human fetal brain exposures across various case 
studies with variations of key model assumptions and parameters (e.g. blood-brain 
and blood-placenta barrier partitioning) assessed to address uncertainties. Model 
calculations from a so-called “realistic data-driven approach” up to “worst case 
scenarios” were conducted and the predicted fetal brain concentrations were 
compared to the lowest benchmark concentrations (BMC) of 0.5 µM (BMC50 rat 
neuronal network formation) from the DNT IVB. This resulted in margins of safety 
from 80 to 95639, with safety margins for the “realistic data driven approach” in the 
range of 28000 - 78000. The presented results indicate that DLT concentrations in 
the human fetal brain are highly unlikely to reach concentrations associated with in 
vitro findings under realistic exposure conditions. Therefore, the new in vitro DNT 
results are considered to have no impact on the current risk assessment approach.

 3966 High-Throughput Phenotypic Profiling Approach for the 
Screening and Prioritization of Potential Developmental 
Neurotoxicity Hazard

M. Culbreth1,2, G. Byrd1,3, F. Harris1,3, C. Willis1, K. Carstens1, and J. A. Harrill1. 1CCTE, 
ORD, US EPA, Durham, NC; 2PETA Science Consortium International e.V., Stuttgart, 
Germany; and 3ORAU, Oak Ridge, TN.

The prevalence of neurodevelopmental disorders has increased in recent years and 
environmental exposures may be contributory. Furthermore, numerous environ-
mental chemicals lack data on potential developmental neurotoxicity (DNT) hazard. 
As such, reliable and efficient methods are critically needed to circumvent these 
data gaps. We previously adapted a high-throughput phenotypic profiling (HTPP) 
approach for this purpose. This approach quantitatively measures alterations in 
human neural progenitor (hNP1) cell morphology (e.g., position, shape, subcellular 
structure) as a potential indication of DNT hazard. Presently, we have assessed 
282 DNT-relevant compounds, including compounds with evidence for DNT in vivo 
and in vitro (reference DNT “positives”), as well as compounds with no evidence 
of DNT in vivo and in vitro (reference DNT “negatives”). Of the 282 compounds, 
a concentration-response curve could be fit (i.e., ≥ 4 tested concentrations were 
not cytotoxic) and a benchmark concentration calculated for 281 chemicals (only 
carbamazepine [DTXSID4022731] was excluded) using a global Mahalanobis 
distance modeling approach. Further, 123 of these 281 compounds met the 
threshold for a response (i.e., 1 x standard deviation of the vehicle control) in the 
HTPP approach. Interestingly, 4 of the 36 reference DNT negatives (i.e., buspirone 
[DTXSID2022707], fipronil [DTXSID4034609], L-ascorbic acid [DTXSID5020106], 

mifepristone [DTXSID5023322]) also reached this threshold; 1 of the 4, mifepri-
stone, was also active in two other DNT in vitro assays that employ hNP1 cells. 
Moreover, 54 of the 106 reference DNT positives tested also reached the threshold 
for an HTPP response. Sixty-five of these 106 were evaluated in the other hNP1 DNT 
in vitro assays as well, and 33 were hits. Based on these data, the HTPP approach 
exhibited the same capacity to detect reference DNT positives (sensitivity = 51%) 
as other hNP1 DNT in vitro assays. Moreover, the specificity (ability to correctly 
classify reference DNT negatives) was 89%, with a false-negative rate of 11%. In 
conclusion, the HTPP approach is comparable (i.e., in terms of sensitivity and 
specificity) to other hNP1 DNT in vitro assays for the evaluation of potential DNT 
hazard; however, it has improved efficiency (i.e., high-throughput 384-well format) 
relative to these other approaches. In order to identify all developmental neurotox-
icants, additional neural models (e.g., neurons, glia) may need to be optimized for 
HTPP. Our next step is to examine whether different chemical groups (e.g., organo-
phosphates, glucocorticoid receptor agonists) exhibit distinct phenotypic profiles 
that are predictive of toxicity. This abstract does not reflect US EPA policy.

 3967 Proteomic and Behavioral Alterations following Developmental 
Emamectin Benzoate Exposure in Rats: Effects in Development 
and Adulthood

E. M. Pitzer, T. E. Beasley, G. L. Jung, K. L. McDaniel, W. T. Padgett, W. M. Winnik, and 
D. W. Herr. US EPA/ORD, Research Triangle Park, NC.

Early neurodevelopmental periods are vulnerable to environmental compounds. 
Unfortunately, there are few adverse outcome pathways (AOP) that explore these 
critical periods. AOPs detail a series of biological responses linked by key events 
following a molecular initiating event and ending in an adverse effect. We are using 
proteomic changes produced by xenobiotics that can occur during this susceptible 
period of development to assess molecular alterations which can be applied in the 
AOP framework. Additionally, behavioral endpoints were assessed to understand 
potential adverse outcomes that may be related to these molecular perturbations. 
Pregnant Long Evans rats were gavaged with emamectin benzoate (EB; 3.78 
mg/kg in 5 mL/kg DI water) or vehicle, from gestational day 6 to postnatal day 
(PND) 21. For proteomic experiments, pup region-specific brain tissues (cortex, 
hippocampus, striatum, hypothalamus, midbrain, brainstem, and cerebellum) were 
collected throughout the postnatal period of exposure (PND2, 8, 15, 22); animals 
were perfused with phosphate buffered saline, dissected and the tissues stored at 
-80°C. Cortex samples were assessed for proteomic content using Orbitrap LC-MS 
and identified proteins were then further processed using Proteome Discover and 
Ingenuity Pathway Analysis software. Behaviors were assessed throughout the 
experimental period, starting during early postnatal days, assessed at weanling/
juvenile timepoints, and into adulthood. Behavioral assays included pup righting 
(PND 2-7), a modified functional observational battery for pups and adults (PND 
22, 41, and 63), locomotor activity in figure-eight mazes (PND 13, 17, 21, 29, and 
64), novel object recognition (PND 34-37), acoustic startle response (PND 29 and 
PND 77), and the Morris water maze (PND 76-92). Proteomic analyses showed that 
protein signatures for EB-treated rats differed in the cortex by sex as well as by age. 
Analysis indicates alterations in proteins implicating presynaptic vesicle docking/
fusion machinery, cell-cell adhesion receptors and proteins, and enzymes involved 
in transcription and/or translation regulation. Behaviorally we observed that 
EB-exposed offspring displayed altered ontogeny of locomotor activity at PND17, 
decreased startle response at PND 29, and uncoordinated hindlimb movements 
that began in early postnatal weeks and persisted into adulthood. Additional 
proteomic analysis of other brain regions and inclusion of cognitive neurobehav-
ioral tasks are ongoing. Overall, we observe changes in proteomic signatures during 
developmental treatment with EB that differed across the postnatal period and 
between sexes. Behavioral changes are present in developmentally exposed EB 
rats, postnatally and through adulthood. The protein level changes and observed 
apical behavioral endpoints could aid in AOP development. This is an abstract of a 
proposed presentation and does not necessarily reflect US EPA policy.

 3968 Cytokine-Mediated Chemotherapy-Induced Cognitive 
Impairment in Cisplatin and Methotrexate Treated Sprague 
Dawley Rats

J. Yeary, C. M. Fogle, S. Burks, J. Talpos, and X. Zhang. US FDA/NCTR, Jefferson, 
AR. Sponsor: T. Chen.

As the survival rates of cancer patients gradually increase, patients often report 
chemotherapy-induced cognitive impairment (CICI). These cognitive impairments 
are diverse but are most often reported to affect memory and learning, attention, 
concentration, processing speeds and executive function. It is well known that 
cytokines mediate neuronal and glial cell function to facilitate neuronal regenera-
tion or neurodegeneration, and cytokine dysregulation is linked to microglial activa-
tion, neuroinflammation, neuronal damage, and cognitive deficits. The specific role 
of cytokines in CICI was examined in this study as they may be biomarkers of CICI 
and allow investigation of therapeutic targets against CICI. In this study, juvenile 
male and female rats were administered three intraperitoneal injections, with one 
injection per week for three weeks on postnatal day (PND 23, 30, and 37) of either 
cisplatin (2 or 4 mg/kg), methotrexate (20 or 40 mg/kg), or saline. The frontal 
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cortex, hippocampus, cerebellum, and plasma were then collected on either PND 43 
or 57 for cytokine analysis. In PND 43 rat frontal cortex, both high dose cisplatin (4 
mg/kg) and high dose methotrexate (40mg/kg) resulted in significant increases in 
proinflammatory cytokines interleukin 6 (IL-6), interleukin 12 (IL-12), and interleukin 
1α (IL-1α). In PND 43 and 57 rat plasma, high (40 mg/kg) and low (20 mg/kg) dose 
methotrexate had significant increases in IL-6 and IL-12. These results indicate 
that an enduring increase in systemic proinflammatory cytokines may occur after 
treatment with chemotherapeutics. This cytokine dysregulation may be a contrib-
uting factor to CICI.

 3969 Human Rosette Arrays for Quantitative High-
Throughput Screening of Neural Tube Defect Risk and 
Developmental Neurotoxicity

G. T. Knight1,2, B. F. Lundin1,2, N. J. Fedorchak1,2, N. Iyer1,2, J. F. Robinson3, 
B. J. Iskandar1, and R. S. Ashton1,2. 1University of Wisconsin–Madison, Madison, WI; 
2Wisconsin Institute for Discovery, Madison, WI; and 3University of California San 
Francisco, San Francisco, CA.

Human pluripotent stem cell (hPSC)-derived neural organoids are prominent in 
vitro models of human central nervous system (CNS) development. Their biological 
relevance can complement, or in some cases exceed, traditional animal models. 
Formed through spontaneous self-organization of neurally differentiating hPSC 
aggregates, these organoids can recapitulate extensive aspects of CNS tissue 
morphogenesis and obtain organotypic levels of cell phenotype diversity. As such, 
they have been shown to be excellent tools for drug discovery, toxicological screen-
ing, and disease modeling. Yet, their emergent 3-D morphology, cytoarchitecture, 
and/or composition can still be variable limiting inter- and intra-batch compari-
sons as well as scalability of post-hoc analyses. This has prevented widespread 
implementation of neural organoid technology as a quantitative high-throughput 
screening (qHTS) tool for detecting developmental neurotoxicity (DNT) associ-
ated with chemical exposure or pharmaceutical usage, i.e., environmental factors, 
and neural tube defect (NTD) risk associated with genetic variants/mutations, i.e., 
genetic factors. Neural rosettes comprised of polarized neuroepithelial cells (NECs) 
are the morphogenetic centers of neural organoids. As an analogue to neural tube 
emergence at the inception of CNS development, defects in in vitro neural rosette 
formation can be predictive of factors that cause congenital NTDs. Since neural 
rosette formation requires ‘normal’ hPSC viability, proliferation, neural differenti-
ation, and NEC, a.k.a. radial glial cell, physiology, in vitro neural rosette formation 
could also be a predictive tool for broadly assessing DNT. Here, we present 
development and validation of a hPSC-derived RosetteArray (hRA) platform for 
scalable, off-the-shelf, qHTS of environmental and multifactorial, i.e., combinations 
of genetic and environmental, factors capable of disrupting early CNS morphogen-
esis and thereby posing a neurodevelopmental risk. First, reproducible derivation 
of forebrain (FB) and spinal cord (SC) hRAs from direct seeding of cryopreserved 
hPSCs or neuromesodermal progenitors (NMPs), respectively, was demonstrated. 
Second, the hRA platform’s capability to enable detection of pharmaceuticals, 
agrochemicals, and genetic mutations associated with known clinical risk of 
causing NTDs was demonstrated. These studies revealed differential responses 
between FB- and SC-hRAs to Valproic acid, supporting the importance of including 
both region-specific assays for more comprehensive coverage of CNS morphogen-
esis. Third, since disruption of folate metabolism is the best known NTD-risk factor, 
FB-hRA detection of environmental and multifactorial pathway antagonism along 
with rescue by folate supplementation was demonstrated. Fourth, the hRA platform 
was evaluated for general DNT assessment by screening a small library (n=30 
compounds) of pharmaceuticals and agrochemicals, with resulting 0.96 sensitivity 
and 1.0 specificity values. This included integration of chemical pre-digestion with 
S9-pooled liver fraction to simulate human metabolism. Lastly, scale-up of the hRA 
assay to a 96-well platform is demonstrated with maintenance of reproducible and 
efficient singular rosette emergence. Collectively, these results support the hRA 
platform’s utility for qHTS of chemical DNT as well as genetic and multifactorial 
factors that increase the risk for NTDs.

 3970 Menthol-Flavored E-juice Alters Neuronal Development 
in Zebrafish

W. Rerkamnuaychoke, S. V. Sambukumar, and K. R. Svoboda. University of Wisconsin–
Milwaukee, Milwaukee, WI.

Maternal smoking during pregnancy results in the fetus being exposed to nicotine as 
well as numerous other toxicants resulting in a myriad of negative birth outcomes. 
But what would happen if a woman “vaped” during pregnancy? Vaping via the use of 
electronic nicotine delivery systems results in the exposure to ingredients found in 
e-juice which include nicotine, a wide assortment of flavorings, propylene glycol and 
vegetable glycerin. At its inception, vaping was marketed as the safe alternative to 
conventional smoking; but would it be safe for pregnant women to vape? This study 
utilized the zebrafish model to examine the consequences of e-juice exposure on 
the developing nervous system. Wildtype and transgenic zebrafish embryos that 
express green fluorescent protein in spinal excitatory interneurons were exposed 
to e-juice containing menthol flavoring, propylene glycol/vegetable glycerin, and 
nicotine (designated as: +nicotine). Embryos were also exposed to menthol flavored 

e-juice lacking nicotine (designated as: -nicotine). The exposures were performed in 
four discrete windows of embryogenesis to probe unique endpoints with linkages 
to nervous system development. These include: spontaneous coiling/bends of the 
musculature (5 to 23 hpf exposure; analyzed at 23 hpf), primary motoneuron axonal 
targeting (5 to 30 hpf exposure; analyzed at 30 hpf), axonal targeting of secondary 
motoneurons (5 to 48 hpf exposure and 24 to 72 hpf exposure; analyzed at 72 hpf), 
and spinal excitatory interneuron development (5 to 48 hpf exposure and 24 to 72 
hpf exposure; analyzed at 72 hpf). In all experiments, comparisons were made to 
stage-matched control embryos as well embryos that were exposed to 15 micromo-
lar nicotine in the same windows of development. Embryos exposed to menthol 
flavored e-juice (+nicotine) exhibited a decrease in spontaneous motor output 
similar to embryos exposed only to pharmaceutical grade nicotine. In contrast, 
embryos exposed to the menthol flavored e-juice (-nicotine) exhibited an increase 
in motor output. Moreover, primary motoneuron axonal trajectories were altered 
in embryos exposed to menthol flavored e-juice (+nicotine) as well as menthol 
flavored e-juice (-nicotine). At 72 hpf, zebrafish embryos exposed to both types of 
menthol flavored e-juice (+ or -nicotine) had alterations in secondary motoneuron 
axonal trajectories as well as altered spinal excitatory interneuron development. 
These results indicate that exposure to menthol flavored e-juice, even when it does 
not contain nicotine, can impact neuronal development. Consequently, vaping 
might not be safe for a pregnant woman and her unborn child, at least in the context 
of neuronal development.

 3971 Does the Zebrafish Microbiome Bioactivate 
Perfluorooctanesulfonic Acid (PFOS) Precursors?

S. Gutsfeld, N. Schweiger, G. de Macedo, H. Paschke, Q. Fu, U. N. da Rocha, N. Klüver, 
and T. Tal. Helmholtz Centre for Environmental Research, Leipzig, Germany.

Chemical exposure can alter host-associated microbiomes. In turn, host-associ-
ated microbiomes harbor the capacity to modify chemical structures and form 
biotransformation products. Whether these changes cause adverse effects at the 
level of the host remains an open question. We previously showed that develop-
mental exposure to perfluorooctanesulfonic acid (PFOS) evokes hyperactivity in 
5-day post fertilization (dpf) zebrafish. Although PFOS has been phased out of 
use, it has been replaced by larger, branched PFAS that are widely detected in the 
environment and can undergo biotransformation to form PFOS. We hypothesized 
that, similar to 5 dpf zebrafish, PFOS-dependent hyperactivity occurs in older larvae 
and that the microbiome can bioactivate PFOS precursors to generate the active 
metabolite PFOS. To test our hypothesis, zebrafish embryos were exposed to PFOS 
(0.28-5 µM), the PFOS precursors N-Ethylperfluorooctanesulfonamide (N-EtFOSA, 
0.07-1.25 µM), Perfluorooctanesulfonamido ammonium iodide (PFOSAmS, 
0.83-15 µM), or the solvent control 0.1% dimethyl sulfoxide (DMSO) from 5-6 
dpf. Chemical was removed at 7 dpf and swimming behavior was assessed at 
8 dpf using a light-dark transition test. Similar to 5 dpf larvae, exposure to PFOS 
resulted in light- and dark-phase and visual startle response hyperactivity at 8 dpf. 
In contrast, exposure to N-EtFOSA or PFOSAmS triggered light- and dark-phase 
and visual startle response hypoactivity. Concentrations of the PFOS precursors 
and the metabolite PFOS were analyzed using liquid chromatography coupled 
to tandem mass spectrometry (LC-MS/MS) for target quantification. To identify 
the enrichment of microorganisms that harbor the potential to biotransform 
N-EtFOSA or PFOSAmS into PFOS, gut dissections were performed in 8 dpf larvae 
exposed to 5 µM PFOS, 0.7 µM N-EtFOSA, 8.4 µM PFOSAmS, or 0.1% DMSO and 
used for 16S rRNA gene amplicon sequencing and metagenomic sequencing to 
describe changes in community structure. These results show that larval exposure 
to PFAS compounds results in different phenotypic outcomes. Future work will 
pair the developed analytical approach with metagenomic sequencing to identify 
species-specific enzymes that are capable of bioactivating PFAS precursors to 
form PFOS. Collectively, this work seeks to address the degree to which the host-as-
sociated microbiome bioactivates widely occurring environmental chemicals.

 3972 The Developmental Neurotoxicity In Vitro Testing Battery (DNT 
IVB) for Neurodevelopmental Hazard Assessment

J. Klose1, K. Bartmann1, A. Dönmez1, K. Koch1, E. Zühr1, A. Mosig1,2, and E. Fritsche1,3. 
1IUF—Leibniz Research Institute for Environmental Medicine, Düsseldorf, Germany; 
2Ruhr University Bochum, Bochum, Germany; and 3Heinrich-Heine University Düsseldorf, 
Düsseldorf, Germany.

Brain development underlies strictly controlled highly complex mechanisms, 
which makes the developing brain particularly vulnerable to a chemical insult. 
However, only a very small number of chemicals circulating worldwide have been 
assessed for their developmental neurotoxicity (DNT) potential. DNT testing of 
chemicals in the OECD (Organization for Economic Co-operation and Development) 
or USEPA (Environmental Protection Agency) in vivo guideline studies is currently 
not mandatory. Furthermore, they consume high amounts of animals, time, and 
money and bear the issue of species extrapolation. Therefore, there is a call for 
a paradigm shift in DNT evaluation, which recommends the implementation of 
faster, more cost-efficient, and human-relevant New Approach Methodologies 
(NAMs). To cover the need for DNT testing for regulatory purposes and data gap 
closure, the European Food Safety Authority (EFSA) and the OECD have recently 
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supported the preparation of an OECD guidance document that will facilitate the 
use of DNT NAMs within a DNT in vitro testing battery (DNT IVB) covering basic 
neurodevelopmental processes. As an integral part of the DNT IVB, we set up 
the Neurosphere Assay consisting of 3D primary human neural progenitor cells 
(hNPC). This test system covers the neurodevelopmental processes hNPC prolif-
eration and migration, neuronal and glia differentiation, neurite outgrowth, as well 
as neuronal and oligodendroglial migration. Test methods set up with the hNPC 
were scientifically validated by demonstrating cell-specific morphologies of the 
different cell types of the mixed culture, their marker expressions, dynamics of 
neurodevelopmental processes, physiological signaling responses, and toxicolog-
ical adverse effects. In addition, in a collaborative effort with the EFSA and the 
USEPA, we tested 120 compounds of different chemical classes in the assays. 
The R-based CRStats program generated concentration-response curves that were 
classified with a classification model. To close gaps identified in the DNT IVB, we 
have been setting up human cell-based assays for neuronal network formation 
(hNNF) and astrocyte maturation (hAM). For the hNNF assay, we establish neuronal 
networks from human-induced pluripotent stem cell-derived excitatory and inhibi-
tory neurons co-cultured primary human astrocytes on microelectrode arrays. With 
this assay, we tested 35 pesticides for their ability to disturb network formation. 
For the hAM assay, we differentiate hNPC into the astrocytic lineage and assess 
compounds’ effects on astrocyte maturation. Overall, we here present NAMs that 
cover an array of major neurodevelopmental key events that contribute to a regula-
tory-supported DNT IVB, thereby providing a promising approach for future risk 
assessment procedures.

 3973 Developmental Exposure to Minor Cannabinoids Causes 
Morphological and Behavioral Adverse Outcomes in 
Zebrafish Larvae

M. J. Skulsky, C. Thornton, and K. L. Willett. University of Mississippi, University, MS.

Minor cannabinoids found in cannabis are becoming more widely used/abused 
and have even been marketed to pregnant women to help relieve morning sickness, 
insomnia, and/or pain. There is a significant lack of understanding of develop-
mental adverse effects from minor cannabinoid exposure despite evidence that 
Δ9-tetrahydrocannabinol (Δ9-THC) causes lower birth weight and sex-dependent 
neurodevelopment deficits and social disorders in children. Our goal is to compare 
effects of ten minor cannabinoids namely: Δ8-tetrahydrocannabinol (Δ8-THC); 
Δ10-tetrahydrocannabinol (Δ10-THC); cannabigerol (CBG); cannabinol (CBN); 
cannabidiolic acid (CBD-A); tetrahydrocannabinolic acid (THC-A); tetrahydrocan-
nabivarin (THC-V); tetrahydrocannabinol acetate (THC-O); tetrahydrocannabiphorol 
(THC-P); and hexahydrocannabinol (HHC) to effects caused by Δ9-THC exposure 
during early development. Zebrafish (Danio rerio) were exposed to 0 (0.05% DMSO), 
0.03, 0.12, 0.5, 2, or 8 µM cannabinoid from 6-96 hours post fertilization (hpf) then 
transferred to clean water for an additional 24 hr. Survival and hatch were assessed 
daily, and at 120 hpf phenotypic malformations including bent body axis, yolk 
sac edemas, pericardial edemas, eye size, and fish length and larval photomotor 
response behavior were measured. While the 96 hpf LC50 for Δ9-THC was 11.6 
µM, THC-V and Δ8-THC were 100% lethal at 8 µM by 48 and 96 hpf, respectively. 
Δ9-THC and Δ8-THC (2 µM) caused significant yolk sac and pericardial edema. 
Additionally, compared to controls developmental exposure to Δ8-THC (2 µM) and 
THC-V (0.12, 0.5, and 2 µM) caused significant hypoactivity in the dark phase of 
the larval photomotor response assay. Overall, these results indicate that exposure 
to minor cannabinoids can, like Δ9-THC, cause significant morphological and 
behavioral changes in developing zebrafish, and suggest that the human relevance 
of developmental toxicity of minor cannabinoids needs further consideration. This 
research was supported by COBRE-NPN (Center of Biomedical Research Excellence 
in Natural Products Neuroscience) P30 GM 122733.

 3974 Developmental Hypothyroidism: An Underappreciated Risk 
Factor of Brain Barrier Disruption

A. L. Sasser1,2, K. S. Bell1,2, J. L. Ford1, M. E. Gilbert1, and K. L. O’Shaughnessy1. 1US EPA, 
Research Triangle Park, NC; and 2Oak Ridge Institute for Science and Education, Oak 
Ridge, TN.

Exposure to environmental thyroid-disrupting chemicals is a concern for pregnant 
women and children as thyroid hormone (TH) action controls brain development. 
Recently, through RNA-sequencing (RNA-seq) and confocal microscopy, we 
showed that the blood-brain and blood-cerebrospinal fluid barriers may be affected 
in newborn rats with moderate hypothyroidism. This is consistent with what is 
observed in adult hypothyroid patients, where brain barrier function is compro-
mised but rescued by TH supplementation. Thus, brain barrier function may be 
an overlooked target of endocrine disrupting chemicals. To address if TH action 
controls the development and/or function of the brain barriers, we gavaged 
pregnant rats with 0 or 0.875 mg/kg/day propylthiouracil (PTU) from gestational 
day (GD) 6 to postnatal day (PN) 14. This exposure significantly reduced dam 
and pup serum T4 and T3 during the first 2 postnatal weeks. Pup brain T4 and 
T3 were also significantly reduced. On PN8 we isolated pup choroid plexus 
(blood-cerebrospinal fluid barrier) and performed RNA-Seq. We detected 1102 
differently expressed genes (DEGs) in the choroid plexus of PTU exposed animals 

as compared to controls (q<0.05). Five different claudins (tight junction proteins) 
were altered in the choroid plexus, including downregulation of claudin-5, which 
maintains brain barrier occluding activity. Gene Ontology analyses of the DEGs 
showed enrichment for the following biological processes: oxidative phosphoryla-
tion, ATP metabolic process, and cellular respiration. Ingenuity Pathway Analysis 
showed similar enrichment patterns, and also indicated increased oxidative stress 
and apoptosis. To investigate the functionality of the brain barriers, in vivo permea-
bility assays were conducted using NHS-EZ-link biotin (443 Da). These experiments 
show that following cardiovascular perfusion, extraversion of the biotin marker 
into the brain parenchyma was observed in PTU exposed animals, while controls 
maintained this tracer within the brain’s vasculature. In summary, these data show 
that developmental hypothyroidism affects the transcriptome of the blood-cerebro-
spinal fluid barrier and the function of the blood-brain barrier. Thus, environmen-
tal thyroid disrupting chemicals can target the brain barriers, and may make the 
fetus, infant, and/or child more susceptible to additional neurotoxicant insult due to 
increased barrier permeability. This work does not necessarily reflect US EPA policy.

 3975 Examining Immune Modulatory Effects of Perinatal Cannabidiol 
Exposure in Sprague Dawley Rats

W. D. Gill1, L. E. Latham1, A. Shen2, and T. Flanigan2. 1Oak Ridge Institute for Science and 
Education, Jefferson, AR; and 2US FDA/NCTR, Jefferson, AR.

Cannabidiol (CBD) is a non-intoxicating chemical component of the cannabis plant 
and is known to have anti-inflammatory and immunosuppressive properties in both 
humans and rodents. Experimental data have shown CBD decreases inflamma-
tory cytokines, increases anti-inflammatory cytokines, alters macrophage, B cell, 
and T cell populations, and decreases LPS-induced microglial activation. While 
Epidiolex, which contains purified CBD, is FDA approved to treat rare childhood 
seizure disorders, nondrug use of CBD is increasing. CBD is purported to relieve 
anxiety, pain, and sleeplessness, which are often associated with pregnancy. It is 
concerning that pregnant women may use CBD because of its perceived safety 
and effectiveness. Yet, cannabis use during pregnancy has been linked to poor 
developmental outcomes, and CBD cannot currently be excluded as a contribut-
ing factor. CBD’s effects on the developing immune and neuroimmune systems 
are largely uncharacterized, and there is the potential for adverse immune system 
effects as a result of developmental CBD exposure. The purpose of this study is to 
investigate the immunomodulatory effects of perinatal CBD exposure in Sprague 
Dawley rats. Pregnant dams were orally gavaged with vehicle, 15, or 100 mg/kg/day 
CBD from gestational day 6 until the day prior to parturition. Then, pups were orally 
gavaged with the same dose as their respective dam from postnatal day (PND) 1 
to 21. To examine acute immune effects of perinatal CBD, rats were given a single 
LPS (0.5 mg/kg, i.p.) or saline injection 1 h after the final CBD gavage on PND 21. 
Brain tissue and plasma was collected 2 h after LPS injection to examine INF-γ, 
TNFα, IL-1β, IL-6, and IL-10 expression via ELISA, and the spleen was collected to 
quantify leukocyte populations via flow cytometry. A subset of rats were euthanized 
24 h after LPS or saline injection, and their brains were perfusion-fixed to assess 
microglia activation and neuronal damage via IHC. To investigate persistent effects 
of perinatal CBD, a cohort of rats was maintained until PND 180, at which point they 
also received an LPS (2 mg/kg, i.p.) or saline injection and the same assays were 
conducted as at PND 21. Using the cytokine profiles and leukocyte populations 
obtained as described, this study characterizes acute and persistent immune and 
neuroimmune system effects at both a basal state and in response to LPS-induced 
immune activation. Initial analysis suggests CBD had greater effects on cytokine 
profiles in response to LPS at PND21 than at PND180. CBD did not alter basal 
leukocyte populations.

 3976 Neurodevelopmental Changes in Rodent Behaviors and 
Hippocampal Plasticity Induced by Early-Life Exposure 
to Deltamethrin

J. Di Re, L. Koff, Y. Avchalumov, M. Bernabucci, M. Marosi, L. M. Hallberg, 
B. T. Ameredes, T. A. Green, and F. Laezza. University of Texas Medical Branch, 
Galveston, TX.

Pyrethroid pesticides have become one of the most commonly used classes of 
pesticide in recent years due to their favorable toxicity profile in adults. However, 
recent concerns have been raised regarding their ubiquitous use and associa-
tions between increased exposure to pyrethroid pesticides with the occurrence 
of neurodevelopmental disorders, including attention deficit hyperactivity disorder 
(ADHD) and autism spectrum disorder. For example, children with detectable 
urinary metabolites of pyrethroids are twice as likely to be diagnosed with ADHD. 
Likewise, animal research indicates that exposure to deltamethrin (DM), a type of 
pyrethroid pesticide, alters dopamine signaling in the striatum, neurogenesis in the 
hippocampus, locomotor activity, impulsivity, attention, and memory, all of which 
have been associated with neurodevelopmental disorders in humans. However, 
the impacts of early-life DM exposure during gestation and lactation on synaptic 
function in the hippocampus and associated behaviors in developmentally exposed 
pups have not been well-characterized. Using a developmental exposure model, 
in which pregnant dams were exposed to 3 mg/kg/72 hours, equivalent to 1mg/
kg/day, DM or vehicle through pregnancy and lactation, we measured synaptic 
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function in the hippocampus and the behavior of pups beginning between PND 
45-60. We found that long-term potentiation showed a significant decrease in male 
DM-exposed animals, a deficit which is rescued by the application of 0.5 μm clonaz-
epam, indicating a dysfunction in GABA signaling in the hippocampus in DM-treated 
males. Complementary experiments in females showed no change in hippocampal 
LTP was seen in DM-treated females. In males, no change in locomotor activity 
was seen on initial exposure to an open field, however on subsequent days, there 
was a decrease in the locomotor activity and locomotor speed of DM-exposed 
males and a decrease in the time spent in the center of the open field, a measure 
of anxiety-like behavior. There was no observed change in the time spent in the 
open arm of an elevated plus maze. DM-exposed males also showed an increase 
in intake of a palatable food upon initial exposure, indicating a decrease in food 
neophobia. DM-exposed females did not show any change in locomotor behavior, 
palatable food intake, or elevated plus-maze activity. Taken together, these results 
may indicate a critical period of vulnerability to the neurotoxic effects of DM in 
males and further supports that exposure to DM may be a contributing factor to 
the occurrence of NDDs. This research was funded by a NIEHS T32 training grant 
T32ES007254 (JD), an NIEHS R01 grant R01ES031823 (FL) and an NIEHS P30 grant 
P30ES030285 (FL).

 3977 In Utero Exposure to Real-Life Environmental Chemical Mixture 
Disrupts Hypothalamic Rostral Arcuate Nucleus Transcriptome 
of Rams

M. Ghasemzadeh Hsankolaei1, C. S. Elcombe1, V. Padmanabhan2, K. D. Sinclair3, 
R. G. Lea3, N. P. Evans1, and M. Bellingham1. 1IBAHCM University of Glasgow, Glasgow, 
United Kingdom; 2University of Michigan, Ann Arbor, MI; and 3University of Nottingham, 
Nottingham, United Kingdom.

Environmental chemicals (ECs) such as plasticisers and per- and polyfluoroalkyl 
substances (PFAS) are ubiquitously found in our environment. Health conditions 
including neurological disorders, obesity, diabetes, puberty disorders, subfertil-
ity and cancer have been reported as a consequence of EC exposure. Although 
adverse effects of some ECs have been confirmed, the exact mechanism(s) of 
action of many of these chemicals are still unknown. This uncertainty becomes 
more complex when “real-life” human EC exposure (long term exposure to hundreds 
of ECs at low levels) is considered. To evaluate the effects of in utero exposure to 
real-life ECs on health, we used a “biosolids-treated pasture (BTP) sheep” model. 
Biosolids are the by-product of wastewater treatment and are widely used as an 
agricultural fertiliser. Biosolids contain numerous ECs at low levels and therefore 
can be used as a suitable experimental paradigm to mimic the human exposome. 
In this study, ewes were kept on either control (C, fertilised with inorganic fertilisers) 
or biosolids (B) (4 tonnes/ha, twice per annum) treated pastures from about one 
month prior to mating until two weeks before parturition. To evaluate the effects 
of in utero exposure to biosolids EC mixtures, at 11 months of age, 10 B and 11 C 
offspring rams were euthanised and gene expression pattern evaluated in various 
tissues using real time RT-PCR. Preliminary results from the RT-PCR indicated 
that the rostral arcuate nucleus (ARC), a key site coordinating the hypothalamic 
response to the received metabolic and reproductive signals, was subject to many 
changes in gene expression. To gain an in-depth assessment of the gene expres-
sion profile of the rostral ARC and aid in characterisation of affected signalling 
pathways, RNA sequencing was performed with the same samples from B and 
C rams. Sequencing was performed using Oxford Nanopore PCR-cDNA barcod-
ing protocol (SQK-PCB109), GridION Nanopore sequencer (Oxford Nanopore) and 
an R9.4.1 flow cell (Oxford Nanopore - FLO-MIN106D). The results were analysed 
with the package ‘edgeR’ to detect differential gene expression and KEGG pathway 
analysis was performed using differentially expressed genes (DEGs) list in DAVID 
2021. We found that there were 1264 DEGs in the rostral ARC of B compared to 
C tissue samples (545 with downregulation and 719 with upregulation). KEGG 
pathway analysis revealed that neural function-related pathways e.g., neuroactive 
ligand-receptor interaction, cAMP signalling pathway, retrograde endocannabi-
noid signalling, dopaminergic synapse, morphine addiction, neuroactive ligand-re-
ceptor interaction, synaptic vesicle cycle were affected (p<0.01) as a result of B 
exposure. Other affected (p<0.05) pathways included those related to energy and 
lipid metabolism e.g., regulation of lipolysis in adipocytes, adipocytokine signal-
ling and lipid and atherosclerosis pathways (p<0.05), reproductive function, e.g., 
GnRH secretion and GnRH signalling pathways (p<0.001), immune system e.g., 
primary immunodeficiency and T cell receptor signalling, and also cancers such as 
pancreatic and lung cancer pathways (p<0.05). These findings indicate that in utero 
exposure to real life ECs disrupts gene expression and key pathways in the rostral 
ARC that could have contributed to the adverse effects seen in the B rams reflected 
as decrease in body weight, increase in subcutaneous fat mass and compromised 
glucose metabolism.

 3978 A Microphysiological System for Peripheral Neuropathy 
Evaluation Using Rat DRG

O. Perrault1, E. Dufour1, A. Hidalgo1, H. Lapostolle1, E. Lorenzin1, E. Boisserie1, 
F. Lozano1, G. Roussignol1, L. Mazelin-Winum1, and K. Adkins2. 1Sanofi, Montpellier, 
France; and 2Sanofi, Cambridge, MA.

Drug-induced peripheral neuropathies (DIPN) represent serious adverse effects 
not easily monitored in preclinical drug development. Currently, identification of 
neurotoxicity relies on clinical observations and histopathologic assessment in 
repeat-dose toxicity studies. Microphysiological systems (MPS) go beyond 
traditional two-dimensional (2D) culture by including a multi-cellular environ-
ment within a biopolymer extracellular matrix, 3D structures, and the inclusion of 
mechanical cues such as perfusion for continuous medium flow. To address the 
gap between DIPN identified in vivo and oversimplified 2D in vitro models, the aim 
of the present work was to develop a 3D MPS model using rat dorsal root ganglia 
(DRG). The 3-lane Organoplate® from Mimetas, a high-throughput microfluidic 
platform containing 40 individual tissue culture chips, was selected to generate 
a compartmentalized neurite and Schwann cell outgrowth model. On Day 1, 
cryopreserved neonatal rat DRG embedded in Matrigel® Growth Factor Reduced 
(GFR) were seeded in the top lane of the Organoplate® while the middle lane 
was filled with Matrigel® GFR and the bottom lane with culture medium. On Day 
12 and on Day 14, cells were exposed to seven concentrations of 3 neurotoxic 
compounds: Paclitaxel (0.03 to 25 µM), Cisplatin (0.3 to 100 µM) or Thalidomide 
(7.5 to 230 µM). On Day 16, beta 3 tubulin, myelin basic protein and DAPI staining 
was completed and analyzed by high content imaging using confocal microscopy. 
Three parameters were chosen to statistically evaluate the potential alteration of 
the neuronal network: the number of nuclei (representing the number of cells), the 
neurite volume (showing the neurite growth) and the myelin volume associated with 
the neurites (reflecting the quality of the network myelination). Treatments with 
Paclitaxel and Cisplatin showed dose-related alterations of the 3D cellular structure 
versus vehicle. A statistically significant Paclitaxel effect was detected from 30 nM 
regarding the 3 parameters of measure: number of nuclei (-56%), neurite volume 
(-40%) and myelin volume associated with the neurites (-33%). Cisplatin induced 
statistically significant alteration of number of nuclei (-70%) and myelin volume 
associated with the neurites (-53%) from 3 µM, and from 10 µM for neurite volume 
(-56%). Finally, Thalidomide showed heterogeneous and not dose-related effects 
from 60 µM, giving results either close to that of vehicle group or showing a major 
network alteration. These first promising results show that MPS can be an innova-
tive approach for early preclinical evaluation of DIPN. Future studies are needed 
to further refine culture conditions and to test additional neurotoxic compounds.

 3979 The Neurotoxic Potential of a Single Dose of Ketamine in 
Adolescent and Adult Rats

S. Sarkar1, G. Gamboa de Costa1, M. Vanlandingham1, K. Woodling1, S. Mathew2, 
I. Elayan2, and J. Talpos1. 1US FDA/NCTR, Jefferson, AR; and 2US FDA/CDER, Silver 
Spring, MD. Sponsor: Q. Gu.

In 2019, FDA approved esketamine (SPRAVATO®), an enantiomer of the dissocia-
tive anesthetic ketamine, for treatment-resistant depression and for depressive 
symptoms associated with acute suicidal ideation or behavior in adults. Ketamine 
is known to cause age-dependent neurotoxicity in rat brain. Data from published 
literature indicate that a single dose of ketamine can result in neuronal necrosis 
in the sexually mature adult rat brain and apoptosis in the developing rat brain 
(equivalent to late gestation up to three years of age in humans). Even though data 
are limited, scientists have speculated that the period between early childhood 
until sexual maturation is considered safe. Addressing this knowledge gap will 
reduce uncertainty about how ketamine can be safely used in children up to 
adolescent age. In this study, we treated male and female rats with a single dose 
of ketamine (50, 75, 100 mg/kg, s.c.), a positive control (2 mg/kg MK-801, i.p.), or 
vehicle on postnatal day (PD) 21, 30, 35, or 90. Animals were sacrificed 72 hours 
later and brains were collected for histopathological evaluation. The brain was 
sectioned to include the olfactory bulb, fronto-parietal cortex, mid-parietal cortex 
and thalamus, mid-brain, and cerebellum. The resulting sections were stained 
with H&E and evaluated for signs of neurodegeneration. Necrotic neurons were 
observed after treatment with MK-801 in both male and female animals at PND 
30, 35, and 90. However, ketamine (100 mg/kg, s.c.) only caused necrosis in the 
retrosplenial cortex of female rats dosed on PND 90 (N=3/12). These data show 
that younger animals are less vulnerable to the neurotoxic effects of ketamine as 
assessed by H&E at the tested doses. These findings provide supportive informa-
tion to determine if the speculated “protected period” in young animals is driven by 
a decreased sensitivity to the toxic effects of ketamine or age-related differences in 
pharmacokinetics. These data will help us determine safe parameters for the use of 
ketamine in the pediatric population.
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 3980 Role of the Aryl Hydrocarbon Receptor in Benzo(a)pyrene-
Mediated Behavioral Effects in Larval Zebrafish

C. Thornton1, A. Gardner1, M. Sturgis1, N. Aluru2, and K. L. Willett1. 1University of 
Mississippi, University, MS; and 2Woods Hole Oceanographic Institution, Woods 
Hole, MA.

Exposure to benzo[a]pyrene (BaP), a polycyclic aromatic hydrocarbon combustion 
byproduct, is associated with developmental deficits including low birth weight and 
neurocognitive disorders. The aryl hydrocarbon receptor (Ahr) is a known molecular 
mediator of BaP toxicities, but its role in BaP-mediated behavioral effects is yet 
to be fully elucidated. Zebrafish (Ahr2+/+, Ahr2+/-, Ahr2-/-) were exposed to DMSO 
(0.01%) or 100 µg/L BaP from 6 to 120 hours post-fertilization (hpf). At the end of 
the exposure, larval behavior was assessed in a photomotor response assay. To 
assess persistence of adverse impacts on behavior, a subset of developmentally 
exposed larvae was raised to 3 weeks pf (wpf) in clean water and their locomo-
tion and thigmotaxis is being assessed in an open-field behavior assay. At 120 
hpf, regardless of Ahr2 genotype, behavior was not significantly different among 
vehicle-exposed control larvae. BaP treatment caused significant hypoactivity in 
all Ahr2 genotypes compared to their respective controls during the dark phase of 
the photomotor response assay, with the least activity in BaP-exposed Ahr2 null 
fish (e.g. activity Ahr2+/+ > Ahr2+/- > Ahr2-/-). Because BaP metabolic fate is hypoth-
esized to be different depending on Ahr2 genotype, whole larvae were collected 
to quantify BaP bioaccumulation. BaP-mediated hypoactivity was independent 
of Ahr2 genotype, thus the underlying mechanisms of BaP behavioral outcomes 
remain to be identified. Research supported by NIEHS 1R21ES0301.

 3981 Oxidative DNA Damage Epigenetically Decreases Gene 
Expression in BRCA1 KO Fetal Brains Exposed In Utero to Saline 
or Ethanol

K. Afsharian, S. Geahchan, Z. Chen, and P. G. Wells. University of Toronto, Toronto, 
ON, Canada.

The DNA lesion 8-oxoguanine (8-oxoG) formed by reactive oxygen species (ROS) 
is implicated in the pathology of neurodevelopmental disorders (NDDs), which may 
involve altered epigenetic regulation. We have shown ROS can initiate NDD-related 
behavioural deficits when enhanced by ethanol (EtOH), or even at physiological 
levels in DNA repair-deficient progeny including heterozygous (+/-) breast cancer 
1 (Brca1) knockout mice. However, the precise mechanism is unclear. Here we 
report that enhanced 8-oxoG alters DNA methylation [5-methylcytosine (5-mC)] and 
expression of genes relevant to NDD pathogenesis in fetal mouse brains. Brca1 +/- 
mice were mated, and pregnant dams were treated intraperitoneally on gestational 
day 17 with 4 g/kg EtOH with or without pretreatment with the ROS blocker phenyl-
butylnitrone (PBN). Fetal brains were extracted 6 h later and each was assessed for 
8-oxoG levels by ELISA, gene expression by RT-qPCR, and 5-mC status by methyl-
ated DNA immunoprecipitation followed by qPCR (MeDIP-qPCR). In both Brca1 
wild-type (WT) and +/- progeny, EtOH exposure increased 8-oxoG levels compared 
to vehicle-treated littermates. Also, 8-oxoG was increased in EtOH-exposed Brca1 
+/- fetal brains compared to WT littermates, which was blocked by PBN pretreat-
ment in both genotypes. EtOH-exposed fetal brains exhibited downregulation of 
8 out of 12 assessed genes [e.g., DNA methyltransferase 1 and 3a (Dnmt1/3a), 
tet methylcytosine dioxygenase 1/2 (Tet1/2), histone deacetylase 2/3 (Hdac2/3), 
solute carrier family 6 member 1 (Slc6a1)] compared to vehicle-exposed littermates. 
Furthermore, Brca1 +/- fetal brains exhibited increased expression of Dnmt3a and 
Slc6a1 compared to WT littermates, the latter of which was prevented by PBN. 
MeDIP-qPCR analysis revealed that increased 8-oxoG levels were correlated with 
decreasing Hdac2 promoter methylation, suggesting an epigenetic mechanism of 
gene dysregulation dependent on oxidative DNA damage. Interestingly, promoter 
methylation of Dnmt1 and Dnmt3a was not affected by enhanced 8-oxoG despite 
showing EtOH- and Brca1-dependent gene expression changes, suggesting the 
involvement other 8-oxoG-dependent regulatory mechanisms such as epigenetic 
histone modifications. These data show EtOH-exposure or deficient DNA repair 
increase 8-oxoG in a ROS-dependent manner, which can decrease expression of 
genes relevant to NDD pathogenesis. The decreased Hdac2 promoter methylation 
associated with increased 8-oxoG levels suggests an epigenetic mechanism of 
transcriptional dysregulation and NDDs that can be pharmacologically targeted. 
Support: CIHR; UofT Faculty of Pharmacy.

 3982 Impact of Oxidative DNA Damage on Gene Expression Pathways 
in the Mechanism of Developmental Disorders

A. Cheng, and P. Wells. University of Toronto, Toronto, ON, Canada.

Fetal DNA damage, and particularly the 8-oxoguanine lesion (8-oxoG), caused by 
physiological and ethanol (EtOH)-enhanced levels of reactive oxygen species (ROS) 
is associated with developmental disorders. It is not known how 8-oxoG, which is 
repaired by oxoguanine glycosylase 1 (OGG1), causes developmental disorders in 
Ogg1 knockout mice, but emerging evidence suggests 8-oxoG/OGG1 may epigeneti-
cally alter critical gene expression. Herein, we examined the effect of 8-oxoG/OGG1 
on gene expression in the brains of OGG1-deficient progeny compared to Ogg1 

wild-type littermates exposed in utero to physiological or EtOH-enhanced ROS 
levels, respectively relevant to autism and fetal alcohol spectrum disorders (ASD, 
FASD). Heterozygous Ogg1+/- mice were mated, and pregnant dams were treated 
intraperitoneally on gestational day 17 with saline vehicle or EtOH (4 g/kg). Six hours 
post-treatment, RNA was extracted from 3 female Ogg1+/+ and Ogg1-/- fetal brains 
from each treatment group and gene expression was measured by whole-transcript 
microarray analysis (GeneChip Mouse Gene 2.0 Array). Differentially expressed 
genes were defined as having a fold change of >1.5 or < -1.5 and a p-value of < 0.05, 
and gene ontology pathway analysis identified pathways and key genes potentially 
involved in critical mechanisms of neurodevelopmental disorders. OGG1-dependent 
effects in Ogg1-/- vs. Ogg1+/+ brains included: (a) primarily downregulation of genes 
in the TGFbeta, Wnt and Hedgehog signaling pathways; and, (b) primarily upregula-
tion of pathways involved in oxidative stress, cell cycle regulation and neural crest 
cell differentiation. EtOH-dependent effects included: (a) primarily downregulation 
of genes in the TGFbeta and Wnt pathways; (b) primarily upregulation of miRNAs 
involved in DNA damage response; and, (c) downregulation of genes involved in 
maintaining histone methylation. EtOH downregulated several pathways in Ogg1+/+ 

and Ogg1-/- fetal brains, including biosynthetic and metabolic processes for sterol 
compounds like cholesterol. Interestingly, only EtOH-exposed Ogg1-/- brains 
exhibited downregulation of ribosomal and non-coding RNA processing pathways, 
and pathways that regulate the cell cycle. These novel findings reveal that 8-oxoG 
and OGG1 have an impact on gene expression in fetal brain, and a deficiency in 
OGG1 can worsen the response to EtOH exposure, which provide a novel perspec-
tive into the mechanistic impact of ROS in FASD, and the determinants of risk. 
Support: CIHR; UofT Faculty of Pharmacy & Centre for Pharmaceutical Oncology.

 3983 Ethanol Exposure Disrupted the Formation of Radial 
Glial Processes and Impaired the Generation, Migration, 
and Transformation of Outer Radial Glia Cells in Human 
Forebrain Organoids

L. Lu, J. Liu, and S. Chen. University of Louisville, Louisville, KY.

Radial glial cells (RGCs) play a pivotal role in cerebral cortical development 
by functioning as a source of new neurons and by supporting the migration of 
newborn neurons. These functions are primarily dependent on the apical-baso-
lateral structures of radial glial processes. This study aims to investigate the 
effects of ethanol exposure on the development of radial glial processes and the 
generation, migration, and transformation of outer radial glial cells (oRGCs). For 
this purpose, forebrain organoids were developed from human embryonic stem 
cells. These forebrain organoids contain abundant neural progenitor cells (SOX2+), 
express high levels of neural epithelial markers β-catenin and PKCλ, and dorsal 
forebrain marker PAX6, and display well-organized cortical architectures containing 
abundant apical and basal RGCs, intermediate progenitors (IPCs), and neurons. 
Exposure of forebrain organoids to ethanol resulted in a significant increase in 
apoptosis in Nestin-positive radial glial cells. Ethanol exposure also remarkably 
decreased the levels of radical glial process-associated proteins, including Nestin, 
GFAP, and Vimentin, in radical glial cells and distinctly impaired the integrity and 
morphologies of radial glial processes. In addition, the ethanol-induced impairment 
of the radial glial processes is associated with decreased migration and prolif-
eration of radial glial cells, reduction in the generation of HOPX+ oRGCs and the 
accelerated transformation of oRGCs into astrocytes. These results demonstrate 
that ethanol exposure can disrupt cerebral cortex development by impairing the 
formation of radial glial processes and the generation, migration, and transforma-
tion of oRGCs.

 3984 Xenoestrogen Bisphenol S– and Bisphenol F–Mediated Effects 
on Neurogenesis in the Rat Brain Hippocampus

S. Tiwari, R. K. Yadav, S. Goyal, and R. K. Chaturvedi. CSIR-Indian Institute of Toxicology 
Research, Lucknow, India. Sponsor: N. Tewari-Singh. 

Bisphenol S (BPS) and Bisphenol F (BPF) are environmental toxicants, which 
are used in the production of plastic products. BPS and BPF are the analogs of 
Bisphenol A (BPA). These are endocrine disrupters and mimic the structure of the 
estrogen hormone. Previously, our lab found that BPA exerts an adverse effect on 
neurogenesis, mitochondrial dynamics, biogenesis, and cognitive deficits. Herein, 
we studied the impact of bisphenol alternatives (BPS and BPF) on neurogenesis in 
rat brain hippocampus. In this study, we assessed the neurotoxicity of bisphenol 
alternatives on neurogenesis in the rat brain hippocampus. To explore the effects 
of Bisphenol S and F on learning and memory function, we performed the behavioral 
experiment and found a significant decrease in learning and memory behavior. We 
have investigated the gene expression and protein levels of parental factors of 
cellular proliferation, stem cell renewal, and differentiation (Wnt/β-cataein) after 
exposure of BPS and BPF in the developing rat brain hippocampus. BPS and BPF 
reduce the expression of neurogenic and the Wnt pathway genes and proteins. 
Bisphenol alternatives reduce the Gsk3α levels and increase the levels of phosphor-
ylated form of β-catenin proteins. Overall, our results conclude that BPS and BPF 
impaired neurogenesis via alteration Wnt/β-catenin signaling pathway.
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 3985 Behavioral Effects of Cisplatin and Methotrexate Treatment in 
Juvenile Sprague Dawley Rats

T. Flanigan, A. Shen, C. Law, W. Gill, J. Yeary, J. Talpos, and X. Zhang. US FDA/NCTR, 
Jefferson, AR.

The treatment of cancer is multifaceted encompassing the disease state, the 
developmental stage of the patient, emotional well-being, individual differences, 
and the therapeutics chosen to treat the disease. Nonetheless, chemotherapy 
induced cognitive impairment (CICI) is reported to affect up to 40% of patients. 
CICI is characterized by problems with concentration, memory, attention, and 
executive functioning. Chemotherapy during childhood may represent a period of 
vulnerability for CICI. Here, male and female Sprague-Dawley rats were adminis-
tered intraperitoneal injections of saline, cisplatin (CIS, 2 or 4 mg/kg), or methotrex-
ate (MTX, 20 or 40 mg/kg) on postnatal days (PNDs) 23, 30, and 37. Locomotor 
activity, motor coordination, and grip strength were measured on PNDs 38 and 
39. Anxiety-like behavior, working memory, and prepulse inhibition of the auditory 
startle response were assessed on PNDs 43, 44, and 45, respectively. Learning and 
memory were assayed in the Morris water maze on PNDs 49-53. Stimulant induced 
locomotor activity following a subcutaneous injection of 0.0, 0.3, 1.0, and 3.0 mg/
kg amphetamine was then assessed during four sessions between PNDs 57-67.
Baseline locomotor activity and motor coordination was not affected by CIS or 
MTX treatment. However, MTX produced a deficit in forelimb grip strength. Working 
memory was unaltered as measured on a Y-maze. Learning, but not memory, was 
impaired by MTX in female but not male rats in the Morris water maze. Examination 
of higher order cognition via operant conditioning and histopathological assess-
ments are ongoing and will be reported later.

 3986 Evaluation of Per- and Polyfluoroalkyl Substances (PFAS) In 
Vitro Toxicity Testing for Developmental Neurotoxicity

K. Carstens1, T. Freudenrich1, K. Wallace1, S. Choo2, A. Carpenter2, G. Patlewicz1, 
A. Richard1, B. Wetmore1, K. Paul Friedman1, and T. Shafer1. 1US EPA, Research Triangle 
Park, NC; and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.

Per- and poly fluoroalkyl substances (PFAS) are a diverse set of commercial 
chemicals widely detected in humans and the environment. However, only a 
limited number of PFAS are associated with epidemiological or experimental data 
for hazard identification. To provide developmental neurotoxicity (DNT) hazard 
information, the work herein employed DNT new approach methods (NAMs) to 
generate in vitro screening data for a set of 160 PFAS. The DNT NAM battery was 
comprised of the microelectrode array neuronal network formation assay and 
high-content imaging assays (proliferation, apoptosis, and neurite outgrowth). 
The majority of PFAS (116/160) were inactive in the DNT NAMs, leaving 44 active 
PFAS that decreased neural network connectivity and neurite length. Analytical 
quality control indicated 43/116 inactive samples and 10/44 active samples were 
degraded; as such, careful interpretation is required as some negatives may have 
been due to loss of the parent PFAS, and some actives may have resulted from a 
mixture of parent and/or degradants. PFAS containing a perfluorinated carbon (C) 
chain length ≥8, a high C:fluorine ratio, or a carboxylic acid moiety were more likely 
to be bioactive in the DNT NAMs. Of the PFAS positives in DNT NAMs, 85% were 
also active in other EPA ToxCast assays, whereas 79% of PFAS inactives in the DNT 
NAMs were active in other assays. These data demonstrate that a subset of PFAS 
perturb neurodevelopmental processes in vitro and suggest focusing future DNT 
studies on PFAS containing certain structural feature descriptors. This abstract 
does not reflect US EPA policy.

 3987 Investigation of the Developmental Neurotoxicity of Opioids 
Using Human-Induced Pluripotent Stem Cells

C. Cai, and A. Inselman. US FDA/NCTR, Jefferson, AR.

Exposure to opioids during early pregnancy has been associated with a risk of 
neural tube defects (NTDs) in non-clinical animal models and human epidemiologi-
cal studies. However, limitations with study designs, conflicting results from human 
and animal studies, and incomplete maternal toxicity data have complicated risk 
assessment for the drug class. Human induced pluripotent stem cells (hiPSCs) 
may provide an alternative approach for investigating potential drug effects on 
neurodevelopment. The previous study with hiPSC-DF19-9-7T indicates short-term 
opioid exposure at concentrations less than 30x Cmax does not impact in vitro 
embryoid body (EB) formation and neural rosette differentiation. For this study, 
three hiPSC lines (UCSD-163i, UCSD-092i, UCSD-079i) from healthy female donors 
were differentiated to neural precursor cells (NPCs) using an optimized EB-neural 
rosette differentiation protocol to recapitulate various stages of early development. 
Opioids, including morphine, methadone, codeine, fentanyl and buprenorphine were 
selected with concentrations ranging from 3x to 1000x Cmax. Valproic acid (VPA), a 
known human teratogen, was used as a positive control compound. In contrast to 
VPA, there was no clear effect of the opioids on iPSC proliferation, differentiation, 
EB development and neural rosette formation at concentrations <30x Cmax. Fentanyl 
and buprenorphine, when tested at up to 1000x Cmax, also had no observable effect 
on early neural differentiation endpoints. Methadone, however, inhibited iPSC 

proliferation and differentiation at concentrations of 300x and 1000x Cmax in all 
three of the cell lines, while codeine and morphine exhibited inhibitory effects only 
at 1000x Cmax. Methadone also significantly inhibited rosette formation by decreas-
ing rosette neural induction rate (NI) from 100% (30x Cmax) to 10% (1000x Cmax) 
in the UCSD-163i line and to 20% in the UCSD-079i line, but not in the UCSD-092i 
(NI=95%) line, while codeine at 1000x Cmax showed less effects in UCSD-092i 
(NI=60%) and UCSD-079i (NI=70%) lines, but not in the UCSD-163i (NI=90%) line. 
Morphine did not affect rosette formation. Preliminary gene expression (RNA 
sequence analysis) indicates gland morphogenesis, axon guidance, neuron projec-
tion guidance, axonogenesis, and central nervous system neuron development are 
the major biological process affected during methadone treatment at a concentra-
tion of 1000x Cmax. In conclusion, preliminary evidence indicates no or low associ-
ation with opioid exposure and disrupted neural proliferation and differentiation in 
vitro; however, EB formation and neural rosette differentiation were impacted at 
higher concentrations, particularly following methadone exposure. The inter-individ-
ual variation observed in the study suggests that a panel of patient-specific iPSCs 
may enhance the utility of this in vitro model for drug risk assessment.

 3988 Effects of Gestational and Lactational Exposure to 
Perfluorohexanoic Acid (PFHxA) on Cerebellum Development

E. C. Plunk1, K. E. Manz2, M. E. Sobolewski1, and A. K. Majewska1. 1University of 
Rochester Medical Center, Rochester, NY; and 2Brown University, Providence, RI.

Legacy per- and polyfluoroalkyl substances (PFAS) have been associated with 
long-term health effects such as hypothyroidism, decreased immune response to 
vaccines, attention-deficit/hyperactivity disorder, and autism spectrum disorder 
(ASD) following gestational exposures. As a result, industries have effectively 
replaced them with next-generation, short-chain PFAS, including perfluorohexanoic 
acid (PFHxA). However, the developmental neurotoxicology of these alternatives 
has not been characterized. Filling this gap is critically important as PFHxA is 
increasingly found in the serum of pregnant women and in breast milk. Furthermore, 
in adult human post-mortem studies, PFHxA is found in multiple brain regions, with 
the cerebellum and hypothalamus showing highest concentrations. The cerebel-
lum is the home of 50% of the neurons in the mature brain, which, in turn, has a 
long window of maturation that spans gestation and post-natal development. This 
protracted neuronal development is supported by microglial function, the immune 
cells of the brain. Given previous data on legacy PFAS and microglial dysregulation, 
evaluation of the effect of PFHxA on microglial function and neuronal develop-
ment is critical. We hypothesize that PFHxA will inhibit microglial function, in turn, 
preventing proper maturation of cerebellar development. To test this hypothesis, 
we exposed pregnant C57Bl/6 mice daily from gestational day 0 through postnatal 
day (P) 21 to ddH2O, and a lower (0.32 mg/kg of body weight (bw)) or higher (50 
mg/kg of bw) dose of PFHxA using treat based, oral administration. We assessed 
neuronal and glial morphology at P21 by analyzing Purkinje cell linear frequency 
and size as well as microglia density. We evaluated these effects in both sexes. 
Furthermore, using mass spectrometry, we quantified PFHxA concentrations in 
both brain and serum, in males and females at P21. Our preliminary results suggest 
that Purkinje cell linear frequency may indeed be affected by developmental PFHxA 
exposure, although the effect appears to be limited to females. PFHxA also seems 
to alter microglial densities in a layer specific manner. Furthermore, PFHxA is 
present in both serum and brain in a dose-dependent manner with concentrations 
similar between males and females. Together these data suggest that PFHxA 
exposure may impact the development of both neurons and glia in the cerebellum, 
highlighting the importance of studying the neurotoxicity of this PFAS. Given that 
the cerebellum plays a larger role in coordinating motor behavior, future studies 
should investigate functional effects on movement, coordination and hyperactivity.

 3989 Persistence of the Neurotoxic Effects of Developmental 
Ultrafine Particle Air Pollution Exposure in Mice: Critical Role of 
Sex and Brain Region

D. A. Cory-Slechta, C. Goeke, K. Bachmann, E. Marvin, and M. Sobolewski. University of 
Rochester Medical Center, Rochester, NY.

Epidemiological studies increasingly report links between air pollution (AP) 
exposures and multiple neurodevelopmental disorders, many of which are male-bi-
ased in prevalence. To further assess this link, we developed a mouse model of 
early postnatal (consistent with human third trimester brain development) inhala-
tional exposures to ultrafine particles (UFPs), considered the most toxic component 
of AP. Exposed mice showed neurotoxic effects consistent with multiple neurode-
velopmental disorders, including ventriculomegaly, hypomyelination, neurotrans-
mitter changes and behavioral impairments including cognitive deficits, many of 
which were largely observed in males. The current study sought to determine the 
persistence of these early developmental consequences of UFP exposures. For this 
purpose, mice were exposed to UFPs from postnatal days (PND) 4-7 and 10-13 for 
4 hours/day (average 44.3 ug/m3) as in prior studies. Tissue and serum were then 
collected at either PND14 or at a later time point of PND43 or PND50. Statistical 
analyses included ANOVAs for extant changes at PND14 and at PND43 or 50, 
while differences in percent change between PND14 and PND43 or PND50 were 
analyzed for assessment of persistence of effects. Neurotransmitter changes were 
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examined in in frontal cortex (FC) at PND14 and PND43, and in striatum (STR) at 
PND14 and PND50. In female FC, despite modest reductions in levels of glutama-
tergic, serotonergic and dopaminergic neurotransmitters at PND14, the only signif-
icant effects consisted of an increase in tyrosine at PND43. In STR of females, 
significant reductions in levels/turnover of glutamatergic, serotonergic and 
dopaminergic neurotransmitters were observed at PND14. Recovery of glutama-
tergic and serotonergic function was found at PND43 that included an overshoot 
of 5HT levels. Some recovery of dopaminergic function was observed, although 
the ratio of dopamine/tyrosine was even further reduced at PND43. In male FC, 
reductions of all three classes of neurotransmitters were observed at PND14, 
including significant or marginal reductions in levels of tryptophan, kynurenine, 
tyrosine, DOPAC and HVA/DA. With the exception of tryptophan and kynurenine, 
recovery was observed at PND43. In male STR, reductions in levels of all three 
classes of neurotransmitters were also observed at PND14, but no recovery at 
PND50 was observed in glutamatergic function, or of tryptophan or kynurenine, 
and with even further reductions in the dopamine/tyrosine ratio. While no changes 
in serum cytokine levels (IL1-a, IL1-b, IL2, IL6, IL10, INF-gamma and TNF-alpha) 
were observed in females at either time point, males showed reductions in cytokine 
levels at both time points that were significant or marginally significant for IL1-b, 
IL6 and IL2 at PND14 and for IL1-b and INF-gamma at PND50. Collectively, these 
outcomes indicate more dramatic effects of developmental UFP on STR than FC 
in both sexes, with females exhibiting a more resilient phenotype of recovery, and 
selective susceptibility of males to reductions in serum cytokine levels. Low levels 
of circulating cytokines may be related to changes in brain neurotransmitters, and 
may be of concern as they are critical to ontogenic development of brain. Supported 
by NIH Grants R01 ES032260 and R35 ES031689.

 3990 Developmental Exposure to Lead (Pb) Alters the Behavioral 
Response to Acute Stressors in Zebrafish (Danio rerio): 
Behavioral Alterations, Underlying Molecular Changes, and 
Links to Stress-Related Disorders

A. Abdelmoneim, and E. Savoie. Louisiana State University, Baton Rouge, LA.

Stress-related disorders are attributed to disruptions in the adaptive behaviors of 
organisms owing to genetic and environmental risk factors. Our understanding 
of the genetic factors has increased considerably through association studies of 
human subjects, but the role of environmental factors as contributors to these 
disorders remains poorly defined. Pb is a ubiquitous environmental contaminant 
and developmental neurotoxin linked with the prevalence of several neurological 
and mental disorders. A deeper understanding of the impacts of early exposure to 
Pb on behavioral stress response and the underlying mechanisms is warranted to 
better prevent or mitigate its effects. In this study, we investigated the developmen-
tal changes and alterations in the behavioral response to acute stressors in larval 
zebrafish (Danio rerio) following Lead (II) Acetate (Pb) exposures that extended 
between 6 and 120 hours post-fertilization (hpf). Zebrafish embryos were exposed 
to concentrations corresponding to the Maximum Contaminant Level (MCL) for Pb 
in drinking water as set by the US EPA (15 ug/L) and folds higher (5, 10, 25, and 
50-fold). Embryos were enzymatically dechorionated prior to the exposures to allow 
for direct chemical exposure, and medium changes (50%) were performed daily. 
At the end of the exposure period (120 hpf), the impacts on survival, development, 
baseline activity, and behavioral response to acute stressors and peripheral irritants 
were assessed. Exposure to concentrations corresponding to 25 and 50-fold the 
MCL significantly reduced the survival of zebrafish larvae. The overall larval develop-
ment, assessed by measuring total larval length, was significantly higher following 
exposure to 10-fold the MCL. Exposure to Pb concentrations at MCL and folds 
higher resulted in a significantly higher prevalence of deformities in the body axis, 
snout, jaw, brain, pericardium, heart, and swim bladder. The behavioral responses 
to visual or acoustic stimuli (acute stressors) were significantly altered follow-
ing exposures to Pb concentrations at 5-fold the MCL and folds higher. Exposure 
to peripheral irritants significantly increased the larval behavioral response in all 
treatment groups, suggesting the lack of locomotor deficit. Our findings shed light 
on the impacts of early-life exposure to environmentally relevant concentrations 
of Pb on the behavioral stress response and their possible links to the onset or 
aggravation of stress-related disorders such as pathological anxiety and depres-
sion. Furthermore, they highlight the need for further research to understand the 
underlying molecular and cellular-level changes in the stress circuitry, which we are 
currently undertaking and will uncover its latest at the meeting.

 3991 Caesarean Delivery Alters Brain and Gut Transcriptome in a 
Mouse Model of Neurodevelopmental Susceptibility

J. K. Lessing, H. Sun, X. Zhou, E. DiCicco-Bloom, and M. Dominguez-Bello. Rutgers, The 
State University of New Jersey, New Brunswick, NJ.

Neurodevelopmental diseases - including autism spectrum disorder, attention 
deficit hyperactivity disorder (ADHD), and intellectual disability - are thought to 
be caused by a combination of genetic susceptibility and environmental triggers. 
Caesarean-section delivery (CS) encompasses many environmental changes, 
including altered microbiome, altered hormonal environment, and anesthe-
sia exposure. Epidemiological studies correlate CS to a 33% increased risk of 

developing autism and a 17% increased risk of ADHD. We designed a system in 
a genetic model of neurodevelopmental susceptibility to study effects of CS on 
neurodevelopment and investigate gene x environment interactions. In humans, 
the 16p11.2 copy number variant (CNV) is responsible for approximately 1% of 
autism cases, and carriers have a 40-fold risk of autism, 4-fold risk of ADHD, and 
60-fold risk of intellectual disability. This heterozygous CNV is conserved in mice. 
These mice exhibit many behavioral phenotypes and cytoarchitectural abnormal-
ities associated with autism. In our current study, timed-pregnant dams were 
allowed to give birth vaginally (control) or underwent terminal CS on gestational 
day 19. Pups from both groups were cross-fostered by dams giving birth in the 
previous 24-hours. Following sacrifice on P7, we isolated hippocampus and ileum 
for transcriptomic analysis. Principle Component Analyses in males and females 
show the transcriptome in brain and gut segregate based on delivery status. Further 
analysis in the hippocampus shows 17 KEGG pathways were consistently altered 
in C-section mice across both genotype and sex. Out of 16 pathways significantly 
downregulated in CS mice, 11 may alter brain development: glutamatergic synapse, 
GABAergic synapse, cholinergic synapse, dopaminergic synapse, oxytocin signaling 
pathway, synaptic vesicle cycle, retrograde endocannabinoid signaling, long-term 
potentiation, circadian entrainment, morphine addiction, and nicotine addiction. 
The one up-regulated KEGG pathway in CS pups, herpes simplex virus 1 infection, 
relates to immune development. In contrast to the hippocampus, there were no 
KEGG pathways in the ileum that changed consistently across genotype and sex. 
Further investigations will determine pathways in the hippocampus and ileum 
that are susceptible to specific gene x environment combinations. Additionally, 
forthcoming investigation on the gut microbiomes of these groups will determine if 
the CS-associated gut microbiome is correlated with transcriptional changes. The 
results of this study have the potential to impact healthcare considerations for all 
women of childbearing age and their future children.

 3992 Diverse Effects of Early-Life Cadmium and Post-Weaning 
High-Fat Diet Exposures on Neuropathology and Behavioral 
Impairment in Offspring Mice

W. Zeng1, T. Chu1, J. P. Wise Jr.1, L. Cai1,2, G. Barnes2, and J. Cai1,2. 1Pediatric Research 
Institute, Louisville, KY; and 2University of Louisville, Louisville, KY.

Both genetic vulnerability and environmental influences contribute to the etiology 
of neurodevelopmental disorders (NDDs). The accumulating evidence indicates 
an association of either exposure to toxic metals including cadmium (Cd) or 
obesity with NDDs in humans. However, it is rarely known the gene-environment 
interactions among Cd toxicity, diet and NDDs pathogenesis. To determine whether 
early-life low-dose Cd exposure and post-weaning diet-induced obesity have a 
synergistic effect on brain impairment, 9-week-old parental C57BL/6J mice were 
administrated with drinking water containing either 0, 0.5, or 5 ppm Cd for one week 
prior to breeding. After weaning, the offspring were continuously exposed to Cd 
and were fed either a normal diet (ND, 13% kcal from fat) or a high-fat diet (HFD, 
60% kcal from fat) for 24 post-weaning weeks. Mouse behaviors, levels of Cd and 
essential metals (zinc, iron, copper, etc.) in different brain regions, and brain pathol-
ogy were examined. All data were presented as mean ± SD and analyzed by two-way 
ANOVA with a significance at p<0.05. Compared to the Cd level in control mice fed 
normal diet, Cd was dramatically accumulated in cerebral cortex, hippocampus, 
and cerebellum when mice exposed to 5 ppm Cd (p<0.001, n=6) but not to 0.5 ppm 
Cd. HFD did not significantly change the Cd level in all three regions in any experi-
mental groups. Neither Cd exposure nor HFD altered the Cu/Zn ratio. The Cu/Zn 
ratio was much higher in cerebellum than that in cortex (p<0.01, n=6) or hippocam-
pus (p<0.05, n=6). Cd exposure at 5 ppm or HFD induced increased DNA oxidation 
in prefrontal cortex, cortex and hippocampus (dentate gyrus, CA1-3, and subicu-
lum) but not in cerebellum. Moreover, HFD dramatically enhanced Cd-induced the 
DNA oxidation, especially in the pyramidal cells of CA1-3. Compared to the control 
offspring, both HFD- and Cd-exposed mice activated microglia and astrocytes. 
More severe glial activation was observed in Cd-exposed mice than that in HFD-fed 
mice, which was exaggerated by HFD. The transcripts of TNFα and IL10 were 
significantly increased only when mice exposed to Cd at 5 ppm, which were blunted 
by HFD (p<0.05, n=4). Albumin was accumulated in Cd-exposed offspring brain that 
aggravated by HFD, indicating that the impaired blood-brain barrier (BBB). After 
exposed to Cd and/or HFD for 24 weeks, some mice demonstrated the behavioral 
deficits. For the 3-chamber social tests, neither Cd nor HFD showed an impact 
on the sociability in mice. However, mice fed Cd but not HFD exhibited deficits 
in social novelty (p=0.213 for diet, p=0.018 for Cd conc., p=0.386 for interaction, 
n=4-10). In the self-grooming assay, mice significantly increased their grooming 
durations when exposed to 5 ppm Cd but not to HFD (p=0.584 for diet, p=0.023 for 
Cd conc., p=0.984 for interaction, n=4-10). More intriguingly, neither Cd nor HFD 
led to the repetitive behavior in mice, instead mice fed HFD lost their interest in 
burying marbles (p<0.001 for diet, p=0.813 for Cd conc., p=0.522 for interaction, 
n=4-10). Mice fed Cd and/or HFD traveled a less total distance in the open field 
assay compared to vehicle fed a normal diet (p<0.001 for diet, p=0.006 for Cd conc., 
p=0.008 for interaction, n=4-10). Taken together, early-life low-dose Cd exposure 
or post-weaning HFD can cause oxidative stress, glial activation, inflammation, 
and BBB damage in offspring brain. Post-weaning HFD exacerbates Cd-induced 
brain pathology. In addition, early-life Cd exposure rather than post-weaning HFD 
administration leads to the behavioral deficits. NIH/NIEHS P30ES030283, JC, LC, GB 
for pilot grant; KSEF-3937-RDE-020, JC.
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 3993 A Novel Approach for Neurobehavioral Analysis: Evaluation of 
FM 550 Behavioral Effects Using Factorial Models

S. Gillera1,2, W. Marinello2, L. Huang2, J. Rollman2, and H. Patisaul2. 1ICF International 
Inc., Durham, NC; and 2North Carolina State University, Raleigh, NC.

Although environmental chemical exposures, including to flame retardants, 
are suspected risk factors for neurodevelopmental disorders, direct experimen-
tal evidence linking specific chemicals to NDDs is limited. Studies focusing on 
the mechanisms by which social processing systems are vulnerable to chemical 
exposure are limited and often inadequate because traditional animal models like 
rats and mice are limited in their ability to model human prosocial behaviors such 
as paternal care and monogamy. Here we show how tools from the neurosciences, 
such as the NIMH Research Domain Criteria (RDoC) and use of the prairie vole 
(Microtus ochrogaster,a monogamous rodent model) can help improve experi-
mental design, and more comprehensive statistical approaches can be used to 
better interpret complex behavioral datasets. We have repeatedly demonstrated 
that exposure to Firemaster 550 (FM 550), a prevalent flame-retardant mixture 
used in foam-based furniture and infant products, can adversely impact a variety of 
behavioral endpoints. Our recent work in prairie voles demonstrated that perinatal 
exposure to FM 550 sex-specifically impacts a variety of socioemotional behaviors. 
Behaviors are typically assessed individually but here we utilized a factorial analysis 
approach on the entire behavioral data set to uncover underlying domains and 
patterns linked to FM 550 exposure. Pearson’s correlation identified behavioral 
endpoints associated with distance traveled and stranger interaction duration were 
highly correlated across five behavioral tests. Exploratory and confirmation factor 
analysis were used to determine any underlying patterns within these primary 
variables and identified two: anxiety (distance traveled endpoints) and sociability 
(stranger duration). ANOVAs of the factor scores extracted from this model found 
exposure increased anxiety and decreased sociability. This factorial approach to 
analyzing behavioral data offers the advantage of modeling numerous measured 
variables, simplifying the data set by presenting the data in terms of common 
factors. This in turn allows for a researcher to robustly analyze behavior in terms 
of their broad impacts on behavioral functions rather than individual traits. These 
data-driven models can predict behavior across multiple tests, enabling selection of 
behavioral tasks aligned with certain RDoC constructs for future studies.

 3994 Effects of Early-Life Exposure to Polychlorinated Biphenyls 
(PCBs) on Immediate Early Gene Expression Responses to 
Acute Alcohol Intake in Adolescent Rat Central Amygdala

G. M. Valdez, C. E. Dressel, and M. R. Bell. DePaul University, Wilmette, IL. 

Polychlorinated biphenyls (PCBs) are synthetic organochlorine chemicals that were 
commonly used in industrial applications before being banned in the US in 1977 due 
to their acute toxicity and ability to bioaccumulate in the environment. Since that 
time, they have been implicated in a range of health concerns related to endocrine, 
immune and neural dysfunction in humans. We have previously demonstrated that 
early life PCB exposure alters later neuroimmune gene expression and microg-
lial responses to an innate immune challenge (lipopolysaccharide) in ways that 
depend on the age and sex of the rats tested. However, organisms are exposed to a 
range of environmental influences across their lifetimes that also activate neuroim-
mune processes, including stress, dietary factors, and drugs of abuse. Given that 
neuroimmune dysfunction has been linked to mental health and substance abuse 
disorders, it is critical to understand how broadly PCBs influence neural responses 
to other neuroimmune challenges. We hypothesized that early life PCB exposure 
may alter later neural responses to acute ethanol intake during adolescence. To 
study this, Sprague Dawley dams were orally administered environmentally relevant 
doses of either a PCB mixture (20 μg/kg BW, 1:1:1 Aroclor 1242, 1248, 1254) or an 
oil vehicle control throughout their gestational period. Adolescent male and female 
offspring were then given either ethanol (5 mg/kg) or a water control gavage. As an 
initial assessment of overall changes in neural activity, immediate early gene cFos 
expression was quantified using immunofluorescence. We focused on the central 
amygdala, a region that is responsive to ethanol and is important for a range of 
stress, learning, and affective behaviors. One hour after ethanol exposure, animals 
were perfused; brains fixed and sectioned at 30 μm; and tissue labeled via immuno-
fluorescence. Anti cFos primary (1:2000, SySy, Cat No. 226 308, guinea pig anti 
cFos, 24 hours) and secondary (1:500, Jackson, goat anti-guinea pig, Alexa-488) 
antibodies were used to visualize cells and sections were coverslipped with DAPI 
containing mounting media. Fos positive and negative DAPI labeled nuclei were 
counted within the lateral subregion of the central amygdala in three sections and 
then averaged together within an animal. Preliminary data demonstrated greater 
Fos expression (number and percentage of cells) in ethanol-treated animals in 
comparison to the saline controls. PCB exposure appeared to blunt the Fos ethanol 
response, and continued analysis will test effects within both males and females. 
These results indicate that early life PCB exposures may shift neural responses to 
acute ethanol exposure in adolescence, which could have potential ramifications on 
later vulnerability to substance abuse.

 3995 Assessment of Paroxetine Neurotoxicity in CRISPR/Cas9-Edited 
Brain Organoids

Y. Wang, T. Hartung, and L. Smirnova. Johns Hopkins University Center for Alternatives 
to Animal Testing (CAAT), Baltimore, MD.

One of the selective serotonin reuptake inhibitors, paroxetine, was reported to 
show developmental neurotoxicity (DNT) effects within non-cytotoxic concentra-
tions. By utilizing the newly developed fluorescence-tagged 3D brain organoids, 
this study assessed the cytotoxicity of paroxetine and other key events of neural 
development. Using CRISPR/Cas9 gene editing, we tagged the pre-synaptic protein, 
synaptophysin (SYP) with the blue fluorescent protein (BFP) and the myelin proteo-
lipid protein (PLP) with the green fluorescent protein (GFP), in an induced plurip-
otent stem cell (iPSC) line. After rigorous quality control steps, we differentiated 
the two-color reporter iPSC line into brain organoids. At 7 weeks of differentia-
tion, brain organoids were seeded onto the Poly-L-Ornithine/Laminin coated wells 
and attached to prevent the fusion and for the later neurite outgrowth analysis. 
Paroxetine was obtained from SIGMA, and a stock of 5 mM was prepared in 
DMSO Hybri-Max (Sigma), stored at -20 °C. To cover a wide range of concentra-
tions as possible, five concentrations were selected for the range-finding experi-
ment. Treatment of paroxetine started when brain organoids were at 7weeks, and 
a one-week treatment was conducted. Medium with the chemical (DMSO for the 
control group) was changed every 2 days. Cell viability was assessed by Resazurin 
Reduction Assay after the one-week exposure. qRT-PCR was performed to quantify 
the expression of several neural markers and the Zeiss LSM800 microscope was 
used for the assessment of PLP morphology after the chemical exposure. High 
Content Imaging was used to quantify GFP and BFP. After the one-week paroxetine 
treatment, the half-maximum inhibitory value (IC50) was 7.703 µM in the 8-week 
brain organoid. For concentrations higher than the IC50 value, paroxetine treatment 
inhibited the attachment of brain organoids and their neurite outgrowth capability. 
Paroxetine treatment at 3.16 µM showed an inhibitory effect in neurite outgrowth. 
Paroxetine exposure at 3.16 µM also induced a higher number of DNA fragments as 
shown with DRAQ5 staining by immunofluorescence in confocal images. Blow-up 
of DRAQ5 staining also showed the colocalization of the DNA fragment and PLP, 
in which PLP appeared as a loop wrapped around the DNA fragment, while there 
was no difference in caspase 8 levels at all concentrations lower than the IC50 
value. Morphology changes were observed in oligodendrocytes by the endogenous 
fluorescent PLP after treatment with paroxetine, however, no significant decrease 
in PLP expression was noticed from qRT-PCR results. These results showed the 
effects of paroxetine on several neural development events and indicated paroxe-
tine to be a developmental neurotoxicant. Compared with the previous publication, 
in which 8-week paroxetine treatment on the brain organoid differentiated from a 
different iPSC line was proved to exert DNT, this study proved the DNT of one-week 
paroxetine exposure and showed CRISPR/Cas9 edited SYP-BFP/PLP-GFP brain 
organoid as a potential tool to accelerate neurotoxicity assessment by combination 
with high content imaging.

 3996 Hippocampal Transcriptome Changes in Thyroid Hormone 
System–Disrupted Rats

L. Ramhøj1, T. Svingen1, B. Evrard2, F. Chalmel2, and M. Axelstad1. 1Danmarks Tekniske 
Universitet, Kgs. Lyngby, Denmark; and 2University of Rennes 1, Rennes, France.

Thyroid hormone (TH) disruption is a threat to brain development since THs are 
crucial for brain development. THs help regulate neuronal differentiation, migration, 
synaptogenesis and myelination, hence TH system disruption (THSD) can cause 
adverse brain development in humans and animals. However, our ability to test for 
THSD using rat or mouse models in toxicity studies is limited by a lack of sensitive 
biomarkers and test methods. Here we used bulk-RNA-barcoding and sequencing 
(BRB-seq) to identify a transcriptional footprint of thyroid hormone deficiency in the 
developing hippocampus. We exposed pregnant rat dams (n = 12) to control, 8 or 
16 mg/kg/day methimazole or to 25 or 50 mg/kg/day amitrole. Both compounds 
are inhibitors of TH synthesis in the thyroid gland, and, as shown in our previous 
work, caused TH deficiency in dams, fetuses and postnatal pups. We observed 
large changes to gene transcription in the hippocampus, with 816 differentially 
expressed genes that clustered into 5 distinct expression patterns. Functional 
analysis revealed that affected genes were related to key developmental processes 
such as neurogenesis, axon development, glial cell differentiation, myelination and 
cell migration. Importantly, we found dose-response relationship between low and 
high dose groups and a large overlap between the two compounds, both in terms of 
affected genes and the associated functional terms. In fact, there were 345 genes 
that were downregulated in high dose methimazole and both doses of amitrole. It is 
likely amongst this set of genes that we can identify robust and sensitive markers 
of thyroid hormone deficiency in the developing hippocampus that are relevant for 
TH disruptors more broadly. Our study provides a rich resource for further studies 
and identifies a transcriptional footprint of developmental TH deficiency, as well as 
markers to explore further. Our results improve our ability to detect THSD chemicals 
and are an important step towards improved regulation of thyroid hormone system 
disrupting chemicals.
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 3997 Inhibition and Recovery of Cholinesterase Activity in Juvenile 
Rat Brain and Serum following Acute Exposure to a Nerve 
Agent Surrogate

K. N. McKinnon, S. K. Broadaway, J. E. Chambers, S. X. Guo-Ross, E. C. Meek, 
A. K. Ross, C. A. Taylor, and R. L. Carr. Mississippi State University, Mississippi 
State, MS.

The most toxic chemical warfare agents are organophosphates (OP) that are 
commonly referred to as nerve agents or nerve gases. The compounds exert their 
toxicity through the inhibition of acetylcholinesterase (AChE) leading to accumula-
tion of the neurotransmitter acetylcholine. This accumulation induces hyperactiv-
ity in the peripheral and central cholinergic system with death resulting from the 
loss of respiratory function. Exposure can produce prolonged repetitive seizures 
and status epilepticus, a medical condition that causes high morbidity. While 
nerve agent exposure is frequently considered mainly a military threat, events in 
Japan in the 1990’s and in Syria in the 2010’s have clearly demonstrated that the 
civilian population can be targeted as well. A component of this population that 
is thought to be the most susceptible is the pediatric population. However, the 
effects of nerve agents of juveniles have not been studied to a great extent. In the 
majority of studies involving exposure of preclinical models to OP nerve agents or 
surrogates, the OP exposure has been at lethal dosages and were accompanied 
by co-administration of the therapeutics against OP-induced lethality (i.e., atropine 
and 2-PAM). However, less is known about the persistent effects of high sub-le-
thal OP exposures. In this study, we used the sarin surrogate NIMP (nitrophenyl 
isopropyl methylphosphonate) to investigate the sub-lethal effects of nerve agent 
exposure. Male and female 16-day old rat pups were exposed subcutaneously to 
either the vehicle multisol or 0.175 mg/kg NIMP. Rats were sacrificed at 4 h and 1, 
4, 7, and 14 days post-exposure and brain (cerebral cortex) AChE and serum ChE 
activities were determined. The NIMP treated rats exhibited episodic seizure-like 
signs. There was significant inhibition of serum ChE at 4 h (80%) with recovery at 1 
day (57%) and at 4 days. Recovery to control activity was evident by 7 days. Brain 
AChE was also inhibited at 4 h (54%) and remained at this level through 1 day (52%). 
Inhibition was still present at 4 days (26%) and at 7 days (13%) with recovery to 
control activity levels by 14 days. These data suggest that NIMP exposure can elicit 
episodic seizure-like signs at moderate levels of brain AChE inhibition.

 3998 A Pilot Study to Understand the Effects of Exercise on 
Monoamine Neurotransmitters in Mice Exposed to Benzo[a]
Pyrene during Gestation and Lactation

M. Feltner, E. Foster, K. Clough, C. Branch, and C. P. Curran. Northern Kentucky 
University, Highland Heights, KY.

Benzo[a]pyrene (BaP) is a widespread pollutant that exerts neurotoxic effects on 
early brain development. In our previous studies, we found that Cyp1a2(-/-) and 
Cyp1a1(-/-) mice were more susceptible to developmental BaP exposure compared 
with wild-type C57BL/6J mice. We completed a pilot study to determine if a simple 
exercise intervention could be protective against developmental BaP neurotoxicity 
using only wild-type mice. We treated pregnant dams with either 10mg/kg/day 
BaP in corn oil-soaked cereal or the corn oil vehicle from gestational day 10 (GD 
10) to weaning at postnatal day 25 (P25). We used three levels of treatment in 
addition to the control condition of no exercise. Dams exercised for two weeks 
prior to mating and through GD10. Pups exercised from P30 to P60, or both dams 
and their offspring exercised. All were given free access to running wheels for 1 
hour/day, and activity was monitored using snapshot ethograms. After behavioral 
testing was completed ~P120, brains were harvested and high-performance liquid 
chromatography with electrochemical detection was used to quantify dopamine, 
serotonin and their metabolites in the hippocampus, striatum, prefrontal cortex 
and hypothalamus. We found a main effect of BaP treatment with significantly 
lower levels of serotonin and the metabolite 5-HIAA in the hippocampus (P < 
0.01) and significantly lower levels of 5-HIAA in the prefrontal cortex (P < 0.01), 
striatum (P < 0.05) and hypothalamus (P < 0.01). Exercise had the greatest impact 
on levels of dopamine and its metabolite DOPAC. In the hippocampus, dopamine 
was significantly lower in the offspring where only the dam exercised (P < 0.05). In 
the striatum, dopamine and DOPAC levels were highest in control mice and lowest 
where only the pups exercised (P < 0.05). In the hypothalamus, dopamine levels 
were highest in offspring where only the dams or only the pups exercised (P < 
0.05) although offspring where both exercised were also higher than control values. 
Dopamine turnover appeared to differ though as DOPAC was highest in offspring 
where only the dam exercised whereas the lowest DOPAC levels were found in 
offspring where both dam and pup exercised. Together, these data suggest that 
BaP negatively impacts monoamine neurotransmitter levels, but the effects of 
exercise vary by level of treatment and brain region.

 3999 Understanding the Toxicological Profiles of Dicamab and 
Glyphosate to Evaluate the Effect of Roundup Xtend on the 
Zebrafish (Danio rerio) Embryo-Larval Model

V. Sridhar, R. Bond, and J. Freeman. Purdue University, West Lafayette, IN.

Glyphosate is the most widely used agricultural herbicide in the US and over the last 
20 years, usage and production has tripled, particularly in the midwestern states. 
High usage over the past 20 years has resulted in weed species that are glyphosate 
resistant. To combat this issue, alternative formulations such as Roundup Xtend 
containing a mixture of glyphosate with another agricultural herbicide dicamba is 
now being marketed and the approval for usage has been granted in 36 states. 
Glyphosate can move into drinking water sources and is regulated at 700 parts 
per billion (ppb, µg/L) by the US EPA. While glyphosate is highly used in the US, it 
is banned in several other countries around the world based on health concerns 
including risk of carcinogenicity (Group 2A, likely carcinogenic to humans) and 
developmental toxicity. Dicamba, on the other hand, has not historically been 
used at high rate but is changing with the introduction of this new herbicide 
formulation. Based on historic low use there are no drinking regulatory levels for 
dicamba currently in the US but with increased use comes additional concern for 
contamination risks. At this time there are limited toxicity studies with dicamba 
but those that exist report genotoxicity and biochemical toxicity in lower models. 
The current study was designed to study the sublethal effects of glyphosate and 
dicamba exposure alone and also in a binary mixture to evaluate developmental 
and neurotoxicity effects using the zebrafish (Danio rerio). Zebrafish embryos were 
collected and exposed between 0 and 2 hours post fertilization (hpf) and exposed 
to varying concentrations of glyphosate (0.7 - 7000 ppb), dicamba (0,01 - 1000 
ppb) and binary mixtures of the two (700 gly/100 dic, 7000 gly/100 dic). They were 
exposed until 120 hpf and then taken out of the exposures to perform the neurobe-
havioral assessments and developmental malformations. The developmental 
malformations were observed after staining with Alcian Blue and Alizarin Red 
co-staining and were measured for head size (lower lay length, certohyal cartilage 
length, intraocular distance), brain length and body length. The neurobehavior was 
assesses using daniovision tracking software which altered the light phases into 
3 dark and 2 light phases alternatively and tracked the movement of the embryos. 
Results indicate that glyphosate and dicamba alone can cause severe developmen-
tal malformations such as a significant reduction in the lower jaw length, certohyal 
cartilage length, and brain length, which are all parameters used to evaluate head 
size or circumference, when compared to control larvae. An increased body length 
of larvae exposed to glyphosate alone was also observed. In the behavior assay, 
glyphosate exposure led to a significant reduction in the distance moved, velocity, 
and time spent moving. A similar trend was observed in the dicamba groups with a 
reduction in distance moved and velocity of movement. The binary exposures had a 
greater significant reduction in the same parameters as compared to the control or 
the individual exposures for both the herbicides. Overall, results show developmen-
tal and behavioral alterations at environmentally relevant concentrations for single 
and binary exposures.

 4000 Endocrine-Disrupting Chemical Mixture Exposure Disrupts 
Estradiol and Serotonin Pathways during Pregnancy in Mice

A. K. Merrill, E. Murray, K. Conrad, E. Marvin, K. Welle, D. A. Cory-Slechta, and 
M. Sobolewski. University of Rochester Medical Center, Rochester, NY.

Pregnant women are ubiquitously exposed to low concentrations of multiple 
endocrine disrupting chemicals (EDCs) known to disrupt estradiol function. During 
pregnancy, mothers undergo a surge in estradiol levels from 100 to 1000-fold 
greater than non-pregnant levels. This surge is critical for maternal health and fetal 
development with disruptions in estradiol associated with increased cardiomet-
abolic and neurobehavioral disease risk. Our previous research indicates that 
gestational exposure to a mixture of anti-estrogenic EDCs decreased the estradiol 
surge during late pregnancy in mice. Serum estradiol has been shown to alter 
neurotransmitter concentrations in the central nervous system. Understanding 
the effect of EDC-induced estradiol reductions on maternal neurochemistry during 
pregnancy is essential, because approximately 1 in 10 women experience postpar-
tum depression, often with increased anxiety. Research typically ignores the 
influence of EDC exposure during pregnancy on maternal health, while prioritizing 
fetal development and offspring health. To assess the effect of EDCs on maternal 
health through modulation of critical neurotransmitters during pregnancy, pregnant 
dams were exposed to either a mixture of four EDCs (MIX: atrazine (10mg/kg), 
bisphenol-A (50µg/kg), perfluorooctanoic acid (0.1mg/kg), and 2,3,7,8-tetrachlorod-
ibenzo-p-dioxin (0.036µg/kg)) or vehicle (control) per day beginning on gestational 
day (GD) 0.5 until birth. Serum concentrations for each EDC and metabolites were 
quantified. We quantified neurotransmitter concentrations along mesocorticolim-
bic pathways in frontal cortex, hippocampus, and striatum on GD 13.5, 17.5, and 
at birth utilizing LC/MS carried out by a Dionex Ultimate 3000 UHPLC coupled to a 
Q Exactive Plus mass spectrometer. We measured norepinephrine (NE), dopamine 
(DA), 3,4-Dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA), tyrosine 
(Tyr), glutamate (Glu), GABA, glutamine (Gln), kynurenic acid (Kyn), serotonin (5-HT), 
5-Hydroxytryptophan (5-HTP), 5-Hydroxyindoleacetic acid (5-HIAA), and tryptophan 
(Trp). Significant changes in amino acid and serotonergic compounds occurred as 
a result of gestational day and birth alone. In all three brain regions, Kyn showed 
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significant reductions at birth in both MIX and control dams compared to GD 17.5. 
In contrast, Tyr was elevated at birth compared to GD 17.5 in MIX and control dams. 
MIX exposure elevated 5-HT and NE before the surge in estradiol began at GD 13.5 
in frontal cortex. At the end of the estradiol surge during pregnancy at GD 17.5, 
MIX exposure altered serotonin metabolism lowering 5-HIAA levels in striatum. At 
birth, MIX exposure altered serotonin metabolism with lower 5-HIAA levels in all 
three regions: striatum, frontal cortex and hippocampus. Overall, more alterations 
occurred in serotonergic pathways, compared to dopaminergic pathways which 
showed minimal effects. MIX also altered Glu, Gln and GABA homeostasis. To 
evaluate the functional effects of these neurotransmitter changes, spontaneous 
locomotor and elevated plus maze (EPM) behavior was evaluated at weaning. MIX 
exposed female mice showed significantly increased stereotypic behavior along 
the edge of the locomotor chamber. MIX significantly increased time spent in the 
closed arms during the first few minutes of EPM testing. In conclusion, a mixture 
of anti-estrogenic EDCs triggers neurotransmitter dysregulation in multiple brain 
regions, with serotonergic pathways most vulnerable. Future studies are needed 
to evaluate effects during lactation and to measure changes in maternal behavior. 
Pregnancy is an understudied critical window for long-term maternal health and 
more studies focused on postpartum depression are needed. Supported by P30 
ES001247 and T32 ES007026.

 4001 Behavior-Based Identification of Chemical Mechanisms in 
Larval Zebrafish

D. Leuthold, N. K. Herold, and T. Tal. Helmholtz Centre for Environmental Research, 
Leipzig, Germany.

One in six children is diagnosed with a developmental disability including learning 
and intellectual disability. Chemical exposure during prenatal and early postnatal 
development is a known cause of neurodevelopmental disorders. However, due to 
extensive time, cost, and animal number requirements of developmental neurotox-
icity (DNT) guideline studies in rats, the potential hazard of most chemicals remains 
unknown. To fill this gap, we devised a battery of eleven automated behavior assays 
in larval zebrafish, a 3R-compliant model amenable to higher-throughput chemical 
screens. The battery captures various stereotypical visual and acoustic behaviors 
including habituation, a form of non-associative learning. We hypothesized that 
behavior-rich phenotyping of chemicals provides a comprehensive readout of 
potential adverse outcome pathways (AOPs) that dictate a broad range of events 
and interactions that orchestrate nervous system development and function. 
According to the AOP “Impairment of Learning and Memory”, we focused on the 
NMDA receptor (NMDAR) as a target of chemical exposure. In an initial step, 
the DNT-New Approach Method (NAM) was evaluated against seven drugs with 
distinct mechanisms including NMDA and GABA receptor (GABAR) antagonism. 
In line with effects reported in rats, exposure to the prototypical NMDAR antago-
nist MK-801 caused a deficit in habituation learning. Surprisingly, cluster analysis 
revealed high phenotypic similarity to the GABAR antagonist picrotoxin, pointing 
to a potential second mechanism of MK-801, GABAR antagonism. The battery was 
further evaluated against a set of ten US EPA ToxCast chemicals positive for ex 
vivo NMDAR antagonism. In addition to methadone, acute exposure to clorophene, 
a biocide and preservative in cosmetics, was confirmed to affect habituation 
learning in vivo. Defective habituation learning was also observed in a develop-
mental exposure paradigm (0.25-4 d post fertilization), indicating clorophene-in-
duced DNT. Strikingly, in addition to an NMDAR-mediated learning deficit, 
clorophene exposure caused ‘paradoxical excitation’, a phenomenon linked to 
GABAR agonism. Pharmacological intervention using GABAR antagonist picrotoxin 
blocked clorophene-induced sedation, substantiating its GABAergic interaction. In 
summary, these non-exhaustive examples highlight the capacity of this behavior-
based NAM to illuminate AOPs, to reduce/replace existing in vivo approaches and 
to accelerate DNT research.

 4002 Measuring Neurotoxic Effects of Antiretrovirals (ARVs) 
Using a Human iPSC–Derived Neural Progenitor Cell (NPC) 
Screening Platform

C. G. Rines1, K. L. Gordon1, N. Suarez1, A. S. Smith1, D. Rodriquez2, A. V. Terskikh2, 
K. L. Jordan-Sciutto3, J. H. Price1, and P. M. McDonough1. 1Vala Sciences Inc., San 
Diego, CA; 2Sanford Burnham Prebys Medical Discovery Institute, San Diego, CA; and 
3University of Pennsylvania, Philadelphia, PA.

HIV-infected (HIV+) individuals often develop HIV-Associated Neurocognitive 
Disorders (HAND), which present as a spectrum of cognitive impairments that 
can interfere with daily functioning and quality of life. Combination antiretroviral 
(ARV) therapy (cART) prevents HIV replication and has been shown to improve the 
life expectancy of many HIV+ individuals; however, these treatments may also be 
neurotoxic and contribute to the development of HAND. Particularly concerning 
is HIV+ pregnant women taking cART to prevent perinatal HIV transmission. The 
ARV dolutegravir, an HIV integrase inhibitor, has been linked to fetal neural tube 
defects, and there is growing concern that other ARVs may affect the CNS during 
development. Therefore, it is critical to develop assays to test for neurotoxic effects 
on neurons and neural progenitor cells (NPCs). To quantify neurotoxic effects of 
ARVs on the developing CNS we developed a 384-well screening platform. We 

utilized human induced pluripotent stem cell (hiPSC)-derived NPCs to examine 
the effects of ARVs on cell viability, self-renewal, and epigenetic markers. Three 
NPC lines (made in-house or obtained from Elixirgen Scientific or Cell Applications) 
were seeded in 384-well plates and exposed to ARVs (Emtricitabine, Elvitegravir, 
Dolutegravir, Tenofovir Disoproxil Fumarate, Tenofovir Alafenamide, or Bictegravir), 
either alone or in clinically relevant combinations. Following a 3-day treatment, 
we performed Click-iT EdU assay (Thermo Scientific) to measure DNA replica-
tion. Then, cells were fixed with paraformaldehyde and labeled with antibodies 
for self-renewal (SOX2) and epigenetic markers (anti-H3K27ac antibody). Nuclei 
were counterstained with Hoechst 33342. Image acquisitions were performed 
using Vala Sciences’ fully automated Structured Illumination Microscopy (SIM™) 
and resulting images were analyzed with Vala Sciences’ CyteSeer® automated 
image analysis software, which can identify cell structures and biomarkers at the 
single-cell level. Our results revealed that the HIV integrase inhibitor Elvitegravir 
reduced live cell count alone and in combination with the nucleoside analog reverse 
transcriptase inhibitors Tenofovir Disoproxil Fumarate and Emtricitabine. The 
second-generation integrase inhibitor Bictegravir also reduced live cell count alone 
and in combination with Tenofovir Alafenamide and Emtricitabine. The Microscopic 
Imaging of Epigenetic Landscapes (MIEL) assay identified ARV-induced changes 
in the distribution of the H3K27ac epigenetic marker. Epigenetic changes were 
most pronounced in NPCs treated with Elvitegravir alone and with the combina-
tion therapies. Altogether, our results suggest that cART can affect neural progen-
itor cell function in vitro, which may translate to an impact on neurogenesis. We 
are currently developing tri-culture model systems from hiPSC-derived neurons, 
-astrocytes, and -microglia to test the effects of cART on differentiated cells. 
Preliminary data show a neurotoxic effect of Elvitegravir in this system. Although 
terminally differentiated, our cell culture system represents young neurons. Thus, 
these findings are indicative of toxicity to the developing fetus or to young children. 
We aim to use our NPC and the tri-culture model systems to identify cART regimens 
with reduced developmental neurotoxicity.

 4003 Characterization of Neurotoxicity Induced by Engine Oil– and 
Hydraulic Fluid–Derived Contamination in Aircraft Cabin Air

L. Gerber1,2, P. Fokkens2, R. G. van Kleef1, F. R. Cassee1,2, and R. H. Westerink1. 
1Universiteit Utrecht, Utrecht, Netherlands; and 2Rijksinstituut voor Volksgezondheid en 
Milieu (RIVM), Bilthoven, Netherlands.

Most environment control systems (ECS) in commercial airplanes use bleed air to 
pressurize, heat, and ventilate the cabin. Since bleed air is extracted by the turbine 
compressors, there is ongoing debate on whether contaminated bleed air originat-
ing from engine oil or hydraulic fluid leakage in the ECS can cause neurological 
health complaints. We therefore investigated the neurotoxic potency of engine 
oil- and hydraulic fluid-derived fumes in an in vitro model. First, we prepared fume 
extracts from four commonly used engine oils and two hydraulic fluids. To do so, 
oil-contaminated air was generated by a laboratory bleed air simulator that heats 
(250-350 °C) and pressurizes (3 bar), and generated aerosols were collected on 
filters. Secondly, we exposed primary rat cortical cultures grown on microelectrode 
arrays (MEAs) to these fume extracts (1 - 100 µg/mL), and effects on spontaneous 
neuronal activity were recorded after acute (0.5-hour) and sub-chronic (24-hour and 
48-hour) exposure. While at doses > 30 µg/mL all tested fume extracts decreased 
spontaneous neuronal activity without inducing cytotoxicity, differences in the 
potency and persistence of the effects were observed. Fume extracts originating 
from the two hydraulic oils were significantly more potent (3 - 5- fold) than those 
from engine oils, in particular during acute exposure. Acute exposure to 1-3 µg/mL 
hydraulic fluid-derived fume extracts reduced mean spike rate (MSR) significantly 
to < 75% of control resulting in half maximal effect concentrations (EC50) values of 
2.3 and 5.8 µg/mL. However, after sub-chronic exposure, neuronal activity partly 
recovered in cells exposed to hydraulic fluid-derived fume extracts. Below 10 µg/
mL, MSR was unaffected resulting in increased EC50 values of 15 - 17 µg/mL. In 
contrast, acute exposure to engine oils-derived fume extracts only caused a signif-
icant reduction of MSR at 30 - 100 µg/mL. Interestingly, this reduction in neuronal 
activity was persistent and EC50 values remained in a comparable range for acute 
and sub-chronic exposure (EC50 acute: 39 - 121 µg/mL; EC50 sub-chronic: 37 - 98 
µg/mL). Our data show that bleed air contaminants originating from engine oil or 
hydraulic fluids exhibit neurotoxic hazard in vitro, but there are clear differences in 
the potency, with contamination deriving from hydraulic fluid leakage being most 
potent. This work was funded by the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 814978 (TUBE), the European 
Commission-DG MOVE Service Contract MOVE/BE/SER/2016-363/SI2.748114, the 
National Institute for Public Health and the Environment (RIVM, The Netherlands), 
and the Faculty of Veterinary Medicine (Utrecht University, The Netherlands).
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 4004 Effects of Exposure to Impulse Noise and Jet Fuel Inhalation on 
Hearing-Related Injury in a Rodent Model

D. R. McMeans1,2, M. J. Sonner1,3, E. W. Dirr1,3, J. M. Brune1, R. L. Howes1,2, 
N. A. Hanandeh1,3, C. P. Gut1,3, N. C. Schaal1, A. J. Keebaugh1,2, and S. H. Romer1. 
1Naval Medical Research Unit Dayton, Wright-Patterson AFB, OH; 2Oak Ridge Institute for 
Science and Education, Oak Ridge, TN; and 3Leidos, Reston, VA. Sponsor: J. Rohan.

Hearing-related injuries are the most common military service-related disabilities. 
Excessive levels of noise exist on U.S. Navy aircraft carriers due to flight deck 
operations, putting personnel at risk of exposure to elevated noise levels during 
occupational flight deck activities. Even in off-duty areas, elevated noise levels 
and intermittent impulse noise have been measured, extending the duration 
of these exposures past the occupational timeframe. In addition to high noise 
levels, exposures to jet fuel on Navy carriers are also common and some jet fuel 
components have been identified as ototoxicants. The effects of the combina-
tions of these exposures on hearing function have not been well characterized. 
The objective of this study was to evaluate the impact of extended duration noise 
exposures and inhalation of jet fuel aerosols and vapor on hearing-related injury in 
a rodent model. Adult Long Evans rats (n=8-10 per exposure group) were exposed 
to 6 hours a day of steady noise, (~89 decibels (dB) 8-hour equivalent, meant to 
represent an occupational noise exposure), an extended duration of 120 dB impulse 
noise for 16 hours a day (8 impulses/hour), an extended duration 75 dB steady 
noise for 16 hours a day, 1000 mg/m3 of a JP-5 jet fuel aerosol/vapor mixture 
for 6 hours a day, or combinations of these four exposures. A control group was 
exposed to <60 dB background noise during the same time period. Eight kHz 
octave band noise was used for all noise exposures. Rats were exposed for five 
days a week for four weeks total. Auditory function was assessed prior to and four 
weeks following the exposure. Peripheral auditory function was assessed using 
distortion product otoacoustic emission (DPOAE) testing, while the function of 
the peripheral and brainstem segments of the ascending auditory neural pathway 
were assessed by measuring auditory brainstem response (ABR). Cochleae from 
each rat were preserved at necropsy for histopathology of peripheral auditory 
structures. Exposure to extended duration impulse noise significantly increased 
auditory thresholds in DPOAE by approximately 25 dB at 4 kHz and 8 kHz and an 
approximately 15 dB increase in click ABR thresholds. Consistent with these data, 
rats exposed to extended-duration impulse noise demonstrated a significant 10% 
reduction in cochlea hair cells. These changes in hearing thresholds were detected 
four weeks following the final exposure, indicating that the changes in auditory 
function were likely permanent. JP-5 exposure did not significantly impact auditory 
thresholds alone, although decrements in neural auditory processing were present. 
Future work will examine the effects of JP-5 exposure on neural auditory process-
ing as well as to identify safe extended-duration impulse noise exposure limits in 
the rodent model.

 4005 The Brominated Flame Retardant Hexabromocyclododecane 
Induces Systemic Lipid Metabolism Alterations in Mice

N. Kramer1, H. Xu1, L. Barnett1, F. E. Leach, III1, T. L. Guo1, J. J. Wagner1, and 
B. S. Cummings2. 1University of Georgia, Athens, GA; and 2Wayne State University, 
Detroit, MI.

Brominated flame retardants are used in many household products to reduce 
flammability, but often leach into the surrounding environment over time. 
Hexabromocyclododecane (HBCD) is one brominated flame retardant detected 
in human blood across the world. HBCD exposure can result in neurological 
problems and altered lipid metabolism, but to date the two remain unlinked. As 
lipids constitute ~50% of brain dry weight, lipid metabolism plays a critical role in 
neuronal function and homeostasis. To determine the effect of HBCD exposure on 
brain lipid metabolism, young adult male C57BL/6 mice were exposed to 1 mg/
kg HBCD every 3 days for 28 days. Major lipid classes were found to change in 
the brain, including diacylglycerols (DG), triacylglycerols (TG), phosphatidyletha-
nolamines (PE), alkyl-phosphatidylcholines (PC O), etc. Within these lipid classes, 
4 individual lipids were altered in the dorsal striatum, 15 in the frontal cortex, 10 
in the liver, and 5 in the blood. Further, lipid alterations in the liver matched those 
in the brain - e.g., triacylglycerols and diacylglycerols were suppressed in both 
tissues, but in a region-specific manner. Within the brain, the frontal cortex and 
dorsal striatum displayed differential responses to HBCD, with an enrichment of 
alkyl-phosphatidylcholines in the frontal cortex, and a suppression in the dorsal 
striatum. In addition to the overt changes in lipid classes, phospholipid fatty acid 
tails also displayed distinct alterations in across organs. Polyunsaturated Fatty 
Acids (PUFAs) and Monounsaturated Fatty Acids (MUFAs) were enriched in the 
frontal cortex and liver, whereas saturated fatty acids (SFAs) were only enriched 
in the liver. Contrastingly, PUFAs, MUFAs, and SFAs were each suppressed in the 
blood. RNA-Sequencing of each of the brain regions and the liver was performed to 
understand the mechanisms underlying these lipid alterations. These data indicate 
that HBCD can cause systemic alterations in lipid metabolism, and provide a more 
holistic understanding of the mechanisms mediating the neurotoxic effects of 
HBCD on the brain. However, further study is necessary to determine the functional 
consequences of these lipid alterations.

 4006 Peripubertal Bisphenol A Exposure Is Associated with 
Dysregulated Puberty and Feeding Outcomes: A Role for the 
Orexin (Hypocretin) System

M. Bilotti1, V. Isskandar2, S. Anthony1, N. Bello3, T. Roepke1, and M. James2. 1Rutgers, 
The State University of New Jersey, Piscataway, NJ; 2Robert Wood Johnson Medical 
School and Rutgers Brain Health Institute, Piscataway, NJ; and 3Rutgers, The State 
University of New Jersey, New Brunswick, NJ.

The peripubertal period is associated with a heightened risk of eating disorder 
onset. Bisphenol-A is an endocrine disruptor that is known to dysregulate the 
normal functioning of hypothalamus, a key mediator of pubertal and feeding 
outcomes. To date however, no study has examined how BPA exposure during 
adolescence affects puberty and feeding outcomes. Here, we tested this directly in 
female rats, and explored how these effects might be mediated by changes in the 
functioning of the hypothalamic orexin (hypocretin) neuropeptide system. Female 
Long-Evans rats were exposed to BPA (0, 25, 250µg/kg/day) via their drinking water 
between post-natal days (PND) 29-56. Rats were monitored for vaginal opening 
(VO) and cytology throughout the BPA exposure period. Following BPA exposure, 
a subgroup of rats was tested for binge-like intake of palatable food using a 
paradigm where sweetened fat (10% sucrose and vegetable shortening) was made 
available intermittently (twice/week; 30 minutes) across four weeks. These rats 
were subsequently tested for anxiety-like behavior on the open field test. A separate 
group of rats were trained to lever press for sucrose pellets on a fixed ratio (FR) 1 
schedule. On PND 97, brains were collected for immunohistochemistry and qPCR 
analyses. BPA (25 and 250µg/kg) exposure was associated with irregular cycling, 
earlier VO, and enhanced anxiety-like behavior. BPA (250µg/kg) was also associ-
ated with reduced binge-like eating and FR1 responding for sucrose. BPA dose-de-
pendently decreased orexin gene expression in hypothalamus, and reduced reactiv-
ity of orexin neurons to food-associated stimuli. Together, these data indicate that 
peripubertal BPA exposure is associated with advanced puberty onset and a restric-
tive feeding phenotype in early adulthood. BPA exposure was also associated with 
a general downregulation in the functioning of the orexin system, pointing to this 
neuropeptide as a potential mediator of these outcomes.

 4007 Orexin-1 Receptor Antagonist SB-334876 Impairs Sustained 
Attention but Only at Suprapharmacologic Doses

N. Krishnakumar1, M. Paladino2, S. L. O’Connor1, U. Gyawali1, and M. H. James1. 
1Rutgers, The State University of New Jersey, Piscataway, NJ; and 2Texas A&M 
University, College Station, TX.

The hypothalamic orexin (hypocretin) system is involved in several physiological 
functions, including arousal, wakefulness, motivation, and sleep. Preclinical studies 
indicate that orexin-1 receptor (Ox1R) antagonists have promising therapeutics for 
the management of substance use disorder, as they reliably suppress drug seeking 
across all drugs of abuse tested. Here, we tested the potential off-target effects 
of the Ox1R antagonist SB334867 (SB), which reliably blocks drug seeking at a 
dose of 10mg/kg (i.p.). We carried out a dose-response study focusing on cognitive 
outcomes following treatment with SB. Male and female Long-Evans rats (n=22) 
were trained on the rodent psychomotor vigilance task (rPVT), an adapted version 
of a task used to measure cognitive fatigue and sustained attention in humans. 
Briefly, rats were trained to make a rapid response on a lever in response following 
presentation of a light cue that varied in onset time (3-10 seconds after trial initia-
tion); correct responses were rewarded with sucrose pellets. We first validated the 
task by testing the effect of three drugs with known attention-modulating properties 
(d-amphetamine, 0, 3, 10, 30 mg/kg; guanfacine, 0, 3, 10, 30 mg/kg) and atipamezole 
(0, 3, 10, 30 mg/kg). Next, all rats were tested following injections of SB (0, 3, 10, 
30 mg/kg; i.p.). All drugs were tested in a within-subjects design and the order 
of all doses was fully counterbalanced. Consistent with their known attention-en-
hancing properties, d-amphetamine and guanfacine dose-dependently improved 
performance on the rPVT, specifically in rats with low baseline performance. SB 
dose-dependently reduced performance on the rPVT, however significant deficits 
were only observed at 30 mg/kg (reduced accuracy and increased reaction time). 
At doses that reliably reduce drug seeking, the Ox1R antagonist SB has no effect 
on a rat assay of cognitive fatigue and sustained attention. These data support the 
development of selective Ox1R antagonists for the treatment of addiction, as they 
would be predicted to have limited off-target effects on cognitive outcomes. Grant: 
MHJ is supported by a grant from the National Institute on Drug Abuse (R00 045765).

 4008 Genotoxic Stress Is a Prominent Feature in COVID-19 That May 
Link Environmental Toxicant Exposure and Disease Severity

A. Trupp, X. Tian, H. Zhang, M. Grames, C. Haacker, K. Keys, E. Knott, and X. Lu. 
Louisiana State University Health Sciences Center Shreveport, Shreveport, LA.

Novel Coronavirus (COVID-19) has killed more than 6 million people worldwide 
since its outbreak in late 2019 and continues to mutate, causing an increase in 
infection, hospitalization, and death across the globe. According to CDC, 1 out of 5 
adults who are infected with COVID-19 develops longer-lasting chronic symptoms 
termed “long COVID.” Persistent symptoms of this so-called “long COVID” are 
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characterized by fatigue, “brain fog,” difficulty breathing, heart palpitations, joint and 
muscle pain, and most notably, death, among other symptoms. According to CDC, 
more than 1 in 5 adult COVID survivors in the U.S. may develop post-acute sequalae 
of SARS COV-2(PASC). Chronic neurocognitive and neurologic symptoms: “brain 
fog,” mood changes, sleep problems, and anosmia/ ageusia are prominent in 
PASC patients. Aging, underlying disease, and environmental exposure are the 
main risk factors for the adverse outcomes of COVID-19. However, the common 
pathogenic mechanism that exists across different demographic characteristics 
is still unknown. Previous work in our lab supports the hypothesis that persistent 
genotoxic stress associated with aging and environmental toxicant exposure are 
pathogenic and may contribute to the susceptibility and severity of COVID-19. 
To determine if genotoxic stress is indeed a prominent feature of COVID-19, we 
examined six COVID-19 postmortem tissue samples and six control cases. DNA 
and RNA samples were extracted from postmortem samples. We have identified 
significant upregulation of genes associated with genotoxic stress in lung tissue, 
including telomere attrition, inflammation (cytokines), DNA damage response 
(DDR), and cell senescence biomarkers. Pathology study via immunohistochemical 
(IHC) staining was performed to examine the DDR, cell senescence, and neuroin-
flammation with γH2AX, p21, and Iba1 antibodies, respectively. γH2AX, a phosphor-
ylated histone protein that indicates DNA damage response, was increased in the 
lung and brain of the deceased COVID-19 patients compared to that of the controls. 
Cell senescence maker p21 also was increased in patients but did not reach statis-
tical significance. Lastly, Iba staining in the patient brain revealed increased cell 
density and microgliosis, suggesting neuroinflammation. These observations 
revealed that genotoxic stress is a prominent feature in COVID-19 and could be a 
mechanistic link between environmental toxicant exposure and COVID-19 suscep-
tibility and severity. Our studies highlight the need for mechanistic and longitudi-
nal studies in animal models to confirm a causal pathogenic role. Funding: NIEHS 
R21ES031211and LSUHS COVID-19 awards to XHL. The study was approved by 
LSUHS IRBY00002040. 

 4009 The Adverse Outcome Pathway Framework Applied to 
Neurological Symptoms of COVID-19

H. Hogberg-Durdock1, A. Lam2, O. Elan3, M. A. Shahbaz4, L. Clerbaux5, A. Bal-Price5, 
S. Coecke5, R. Concha3, F. De Bernardi6, E. Edrosa3, A. J. Hargreaves7, K. M. Kanninen4, 
A. Munoz8, F. Pistollato5, S. Saravanan9, N. Garcia-Reyero10, C. Wittwehr5, and 
M. Sachana11. 1NIEHS/NICEATM, Research Triangle Park, NC; 2Physicians Committee 
for Responsible Medicine, Washington, DC; 3Green Neuroscience Laboratory, San 
Diego, CA; 4University of Eastern Finland, Kuopio, Finland; 5European Commission Joint 
Research Centre, Ispra, Italy; 6University of Insubria, Varese, Italy; 7Nottingham Trent 
University, Nottingham, United Kingdom; 8European Commission Joint Research Centre, 
Geel, Belgium; 9Centre for Cellular and Molecular Biology, Hyderabad, India; 10US Army 
Engineer Research and Development Center, Vicksburg, MS; and 11OECD, Paris, France.

Several reports have shown that the severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) has the potential to also be neurotropic. Many outcomes 
observed in corona virus disease 2019 (COVID-19) are associated with the nervous 
system. However, the mechanisms by which SARS-CoV-2 induces neurologic injury, 
including neurological and/or psychological symptoms, remains unclear. During 
the pandemic, the CIAO project “Modelling the Pathogenesis of COVID-19 using the 
Adverse Outcome Pathway (AOP) Framework” was launched with a dedicated neuro 
working group that aims at organizing the available knowledge on the neurobiolog-
ical mechanisms underlying COVID-19 using the AOP framework. Biological key 
events (KEs) were identified including binding to ACE2, blood-brain barrier (BBB) 
disruption, hypoxia, neuroinflammation and oxidative stress. The group collected 
scientific evidence to develop four AOPs leading to neurological adverse outcomes 
(AO): anosmia, encephalitis, stroke, and seizure. The modularity of AOPs allows 
construction of AOP networks offering a unique visualization of the core pathways 
and shared mechanisms. Here, the construction of an AOP network for neurological 
effects in COVID-19 highlights that long-term anosmia occurs following binding of 
the spike protein to ACE2 located in endothelial, neuronal, and glial cells while short 
term anosmia involves binding to ACE2  found in sustentacular cells of the olfactory 
epithelium. In addition, neuroinflammation and BBB disruption are emerging as 
common KEs to many individual AOPs, highlighting areas of overlap with toxico-
logical mechanisms that could lead to increased disease severity when combined 
with chemical stressors and other environmental exposures. Various challenges 
with applying the AOP framework to such a complex disease were identified. For 
example, the working group investigated the impact on the neurological AOPs of 
COVID-19 by modulating and multiscale factors such as age, psychological stress, 
nutrition, poverty, and food insecurity. It was then explored how these factors as 
well as their impact on the disease could be encompassed and integrated into new 
multiscale pathway perspectives. Future directions include developing additional 
traditional AOPs and multiscale pathways and exploring the neurological impact of 
long COVID. Organizing existing knowledge along an AOP framework can represent 
a valuable tool to understand the mechanisms of a disease, to characterize the 
potential for increased susceptibility due to concurrent toxicological effects, and 
to identify data gaps and potentially contribute to treatment and prevention. This 
AOP-aligned approach also facilitates synergy between experts from different 
backgrounds while the fast-evolving and disruptive nature of COVID-19 emphasizes 
the need for interdisciplinarity and cross-community research.

 4010 Identifying Biomarkers for Acute Neurotoxicity in a Pilocarpine-
Induced Rat Convulsion Model

H. B. Dodiya, E. F. Custodio, D. Gitnick, S. Sharma, and J. E. McDuffie. Neurocrine 
Biosciences, San Diego, CA.

There remains a need for sensitive soluble biomarker panels to detect acute 
neuronal toxicity which is a challenging issue in drug development. To identify 
biomarkers for monitoring acute neuronal injury, we used a pilocarpine status 
epilepticus model with characteristic gliosis due to recurring convulsions. 
Female Sprague Dawley rats received a single intraperitoneal (IP) dose of Methyl 
Scopolamine (MS, 1 mg/kg) or MS at 30 minutes prior to Pilocarpine (175 or 350 
mg/kg). Identification of candidate neurotoxicity biomarkers were elucidated 
from serum, CSF and brain tissue samples collected at 3 hours post dosing. At 
175 mg/kg, clinical signs of pilocarpine toxicity included moderate tremors, 
decreased activity, chewing, irregular breathing, lacrimation and hypersalivation. 
At 350 mg/kg, clinical signs of pilocarpine toxicity included convulsions, severe 
tremors, decreased activity, chewing, lacrimation and Straub tail. The neuronal 
injury marker neurofilament light chain protein (NfL) was significantly increased in 
CSF samples of 350 mg/kg group, with upward trends in serum, when compared 
to controls, suggesting that CSF may be the most useful biological matrix when 
monitoring for acute pilocarpine neurotoxicity in rats. Serumbased GRO/KC/CINC-1 
and CSF-based IL-10 and MIP-2 levels were significantly increased amongst 27 
cytokines/chemokines measured in the 350 mg/kg group. A Nanostring rat miRNA 
(423) Panel was utilized to investigate miRNA expression level in the hippocampus. 
Altered miRNAs included 31 and 41 in the 175 and 350 mg/kg groups, respectively, 
when compared to concurrent controls. Among these miRNAs, 14 were downregu-
lated and 27 were upregulated (uncorrected P<0.05) in 350 mg/kg group compared 
to controls. The most upregulated miRNA “rno-miR-7b” with predicted target genes 
of 401 (miRDB database) has been shown to affect necrotic cell death and cellular 
response to chemical stress pathways as top adverse outcome pathways (AOPs). 
The most downregulated miRNA “rno-miR-3590-3p,” has 316 predicted target 
genes of (miRDB database) and has been shown to affect brain development and 
translational initiation pathways as top AOPs. These findings provide evidence for 
NfL, cytokine (IL-10 and MIP-2) chemokine (GRO/KC/CINC-1) and miRNA profile 
changes as promising neurotoxicity biomarkers in a convulsion model of rats at a 
unique timepoint of 3 hours post dose.

 4011 iNOS Activity Is Required for Rapid Inhibition of P-Glycoprotein 
at the Blood-Brain Barrier by Erastin

S. M. Brown, and R. E. Cannon. NIEHS, Research Triangle Park, NC.

Erastin is a small molecule known to selectively target tumor cells that express 
small T oncoprotein and oncogenic RAS. It has demonstrated its utility in cancer 
therapies due to its ability to induce ferroptosis, an iron dependent cell death 
pathway. Cells treated in vitro with micromolar levels of erastin undergo ferroptosis 
and exhibit depleted cellular antioxidants. The loss of antioxidants is attributed to 
erastin’s ability to lower intracellular glutathione production by inhibiting the cystine/
glutamate antiporter, Xc

-, triggering oxidative stress. Here, we used freshly isolated 
brain capillaries from both male and female Sprague Dawley rats and measured the 
effect of micro- and nano-molar levels of erastin on P-glycoprotein, an ABC (ATP 
Binding Cassette) Transporter that resides within the blood-brain barrier (BBB). 
The BBB resides in the vast array of microvessels of the brain. The microvessels 
are formed of a tri-laminate design containing luminal facing endothelial cells with 
outward layering of pericytes and astrocytes. P-glycoprotein is an efflux transporter 
that is localized to the endothelial lumen of the barrier, preventing xenobiotics, 
drugs, or harmful metabolites from entering the brain. P-glycoprotein is the most 
studied of the ABC transporters because of its wide spectrum of substrates and 
the role it plays in cancer drug resistance. To determine erastin’s rapid effect on 
the BBB, we measured P-glycoprotein transport activity after exposing rat brain 
capillaries in vitro to 1x10-12 up to 1x10-6 molar erastin for 1-4 hours. We found that 
1 nM erastin rapidly inhibited P-glycoprotein transport activity in the brain capillar-
ies of both male and female rats. To determine the kinetics of P-glycoprotein inhibi-
tion to 1 nM erastin, we measured transport activity hourly for 4 hours in rat brain 
capillaries. P-glycoprotein transport was maximally inhibited at 3 hours in both 
male and female rats. Additional experiments demonstrated the effects of erastin 
on the P-glycoprotein transport are rapidly reversible and blocked by pretreatment 
with either N-acetylcysteine or cysteine, as well as NOS inhibitors. A cystine uptake 
assay was adapted to determine the effect of erastin at 1 nM on the Cystine/
Glutamate antiporter using a cystine analog, selenocystine. We extended our work 
to humans by treating tumor cells expressing P-glycoprotein with 0.1µm erastin. 
Human tumor cells treated with 0.1µm erastin exhibited increased cell killing by 
adriamycin, a substrate for P-glycoprotein. This work is significant because it 
suggests that an alternative low concentration and erastin dependent mechanism 
exists that can improve drug delivery to the CNS. This research was supported by 
the DTT research program at NIEHS.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 322



 4012 Coupled In Vitro BBB Triculture Assay and Computational Model 
Development to Predict Doses of Concern for Neurotoxicity

J. P. Sluka1, C. C. Zhang2, and G. T. Knipp2. 1Indiana University Bloomington, 
Bloomington, IN; and 2Purdue University, West Lafayette, IN.

Xenobiotic induced neurotoxicity is an important liability of modern therapeutics 
and environmental pollutants. While there are several in vitro neurotoxicity screens 
to assess neuronal response, the cells are often exposed to concentrations that 
far exceed levels what may traverse the Blood-Brain Barrier (BBB). The goal of this 
project is to extend the current High Throughput Toxicokinetic (HTTK) prediction 
of steady-state systemic exposure (Css) of environmental chemicals to predicting 
doses of concern using an assessment of their propensity of transporting across 
the BBB and into the brain. We have developed a novel, layered triculture in vitro BBB 
model that mimics the physiologically relevant in vivo barrier. We layer astrocytes, 
pericytes and brain microvessel endothelial cells (BMECs, HBEC-5i) in direct contact 
to establish cell-cell contact and signaling creating a BBB mimetic that restricts 
permeation. In our in vitro model we can measure paracellular, passive transcel-
lular, and transporter mediated transfer across our BBB mimetic layer. We used 
a Design of Experiment (DOE) approach to determine optimal assay conditions. 
The DOE maximized transendothelial electrical resistance (TEER) and minimized 
Dextran (4KD) transport by adjusting seeding densities for the three cell types, the 
days in culture and the choice of extracellular matrix. We have used this model to 
measure bidirectional permeability of selected compounds, obtaining forward and 
reverse permeabilities (rates) and net partitioning coefficients (ratios). To date, we 
have measured more than 25 compounds including pollutants such as bisphenol-A 
and paraquat, as well as a select number of CNS active drugs such as clozapine 
and fluoxetine. In our assay, the apparent permeability coefficients (Papp) in the 
apical (Ap) to basolateral (Bl) range from 0.05x10-6 to 21x10-6 cm/sec and Efflux 
Ratios (Bl→Ap/Ap→Bl) range from 4.0 to 0.02. In parallel with our in vivo model, we 
have developed a simple two compartment TK model and are extending the HTTK R 
library developed by the EPA as our models. The HTTK R model extension includes 
a CNS compartment with a BBB separating that compartment from the arterial 
blood flow. Using our measured forward (Ap→Bl) and reverse (Bl→Ap) Papp values, 
and the EPA PBTK reference data for compound parameters, we are developing a 
prediction of toxicant accumulation in the CNS. Using our computational model, we 
can set “Concentrations of Concern” in systemic exposure and blood levels relative 
to a range of Papp values. We then refine that prediction using compound specific 
HTTK parameters coupled with our measured BBB permeability. Our approach 
provides predictions of compounds that accumulate in the CNS as a function of 
environmental exposure and the resulting predicted blood levels, as well as the 
opposite case, where expected exposure levels would not be expected to lead to 
significant accumulation in the CNS. We gratefully acknowledge funding from the 
USA EPA in grant USEPA 840027. We also acknowledge Dr. Robert Stratford who 
helped initiate this project and provided critical early direction.

 4013 Exploiting the Xc- Cystine/Glutamate Exchange System 
to Quantify Xenobiotic-Induced Oxidative Stress at the 
Blood-Brain Barrier

R. E. Cannon, and S. M. Brown. NIEHS, Research Triangle Park, NC.

Inhibition of cystine uptake into cells indirectly reduces intracellular glutathione 
levels that disarms the cell of its natural defense mechanisms against oxidative 
stress and increases the likelihood of oxidative dependent cytotoxic and cytocidal 
events. Here we describe a modified fluorescent-based assay that measures 
cellular cytosine uptake through the Xc- Cystine/Glutamate antiporter exchange 
system of rat brain endothelium. To validate the assay, we used the ferroptotic 
inducing chemotherapeutic agent, erastin, and the Xc- exchange inhibitor, sulfas-
alazine, as investigative tools affecting this antiporter’s activity. We used, sulfora-
phane (SFN) as a positive control, a chemical known to upregulate the oxidative 
stress proteins; nuclear factor erythroid 2-related factor 2 (Nrf2) and heme oxygen-
ase-1 (HO-1) enzyme. Having successfully established the utility of the assay in rat 
brain capillaries, we subsequently screened three xenobiotics to determine their 
oxidative effects on the Xc- Cystine/Glutamate exchange system. The implications 
of our findings and the associated data will be discussed. It is important to note 
that this assay can be easily adapted to a 96 well format for the rapid screening of 
chemicals (xenobiotics) for their ability to induce oxidative stress in brain capillar-
ies or in human cell lines.

 4014 Comparison of the Toxicity of Mono 2 Ethylhexyl (MEHP) 
on Zebrafish (Danio rerio) Brain Cells versus HMC3 Human 
Microglial Cells

L. F. Torres Builes, K. Rios, K. M. Escalera, and B. Zayas. Ana G. Mendez University, San 
Juan, PR.

Phthalates belong to a family of synthetic chemical compounds that are commonly 
used as plasticizers and found in construction materials, textiles, and medical 
products, among others. Industrialization and anthropogenic activities around 
rivers are the main sources of phthalates in freshwater ecosystems, which can 

result in exposure to aquatic species as well as human. Mono-2-ethylhexyl phthal-
ate (MEHP) is the putative toxic metabolite of the Di-2-ethylhexyl phthalate (DEHP). 
The aim of this research is to determine and characterize the toxicity of MEHP in 
brain cells of zebrafish and compare it with toxicity on human brain cells (HMC3). 
Cell death mechanism has also been assessed by measuring the activation of 
apoptosis and autophagy cell death processes. Our hypothesis proposes that 
primary zebrafish and human brain cells exposed to MEHP can result in neurotox-
icity validating the applicability of zebrafish primary brain cells as model for human 
neurotoxicity. The project has implemented the zebrafish model (Danio rerio) 
as well as the human microglial cell line to determine the toxicity in the nervous 
system. Zebrafish primary brain cells were established after brain dissection, 
and primary cells dissociated and cultured. As for human brain cells these were 
obtained by ATCC and cultured. Zebrafish primary cells as well as human HMC3 
are then expose to MEHP for 48 hours to determine cell growth inhibition as well 
as apoptosis induction. Preliminary results indicated a GI50 at 48 hours of 50.5µM 
for zebrafish, primary brain cells very similar to the GI50 of 50.7µM on the human 
HMC3 microglial cells. For apoptosis induction, Annexin V assay was implemented 
to understand the mechanism of action of MEHP in zebrafish neurotoxicity. Results 
indicated that apoptosis is present after 48 hours of exposure in zebrafish brain 
cells. To better understand the apoptosis pathway in zebrafish as well as human 
brain cells, caspases activation and mitochondrial damage is being determined.

 4015 Prenatal Exposure to Ultrafine Particles May Predispose 
Microglia to Premature Activation

S. L. Mulatu, and C. Brinkmeyer-Langford. Texas A&M University, College Station, TX.

Past studies have shown that the brain is particularly vulnerable to air pollution, 
specifically particulate matter exposure capable of crossing the blood brain barrier. 
However, little is known about the effects of gestational exposure to diesel exhaust 
ultrafine particles (UFPs) on the brain. The goal of my project is to determine the 
outcome of gestational exposure to UFPs in relation to microglial activation. Here 
we hypothesize that gestational exposure to UFPs would prime microglia long-term, 
thereby accelerating and/or augmenting susceptibility to neurodegeneration. 
C57BL/6J mice were exposed gestationally to UFPs for 6 h daily at a low (100 ug/ 
m3) or high dose (500 ug/m3). Mice were exposed to UFPs until gestational day (GD) 
18.5 which is the gestational period for C57BL/6J mice. At post-natal day (PND) 18, 
fetal brains were extracted for qPCR analysis. UFP exposure is expected to induce 
elevated levels of TNFa, IFNG, ILB1, and IL6 inflammatory markers, associated with 
microglial activation, at higher concentrations (compared to age- and sex-matched 
control mice exposed to clean air only) throughout the brain. WHO estimates that 
approximately 90% of people around the world are exposed to polluted air (through 
auto exhaust, factory emissions, etc.). With this in consideration, it is crucial to 
identify potential adverse effects of air pollution on fetal development. The findings 
of this study will improve our current understanding of the relationship between 
pre-birth UFP exposure and susceptibility to neurodegenerative diseases.

 4016 Gliotoxicity and Structure-Activity Relationship of Lower 
Chlorinated Biphenyls and Their Human-Relevant Metabolites

N. Paranjape1, L. Dean1, A. Martinez1, R. B. Tjalkens2, H. Lehmler1, and J. A. Doorn1. 
1University of Iowa, Iowa City, IA; and 2Colorado State University, Fort Collins, CO.

Exposure to polychlorinated biphenyls (PCBs) is associated with developmen-
tal neurotoxicity and neurodegenerative disorders; however, the underlying 
mechanisms of pathogenesis are unknown. Because normal brain function is 
largely glial cell-dependent and recent evidence implicates astrocytes as a target 
for PCBs, we hypothesize that glia play an important role in PCB-mediated neurotox-
icity. We assessed the toxicity of four lower chlorinated PCB congeners (LC-PCBs) 
found abundantly in air; 4-chlorobiphenyl (PCB3), 3,3’-dichlorobiphenyl (PCB11), 
2,3’,4-trichlorobiphenyl (PCB25), and 2,2’,5,5’-tetrachlorobiphenyl (PCB52) and, 
their corresponding human-relevant hydroxylated and sulfated metabolites. Cell 
viability of C6 cells (rat astroglioma cell line) or primary glial cells (from C57BL/6 
mice or Sprague-Dawley rats, with cultures at least 80% astrocytes) exposed to 
test compounds at a concentration range of 0.5 to 50 μM for 24 h was assessed 
by MTT assay. Based on the properties of PCBs and their metabolites; and the 
protein, lipid, and water content of C6 cells, partitioning of PCBs in different biotic 
and abiotic compartments was estimated. Assays measuring the generation of 
oxidative stress, oxygen consumption rate, and induction of apoptosis were used 
to probe into mechanisms of LC-PB toxicity. PCB52 and both its metabolites were 
found to be the most toxic in C6 cells at LC50 concentrations of 8.8 μM (PCB52), 2.2 
μM (4-OH-PCB52), and 8.4 μM (4-PCB52-sulfate). PCB52 and its metabolites were 
similarly cytotoxic to primary astrocytes as for C6 cells. In rat primary astrocytes, no 
significant sex-dependent effects were observed in the cell viability assays. PCB52 
and metabolites generated mitochondria-targeted oxidative stress, and subsequent 
studies using a Seahorse analyzer demonstrated that they cause proton leak, 
suggestive of energetic crisis in C6 cells. PCB partitioning in compartments like 
plastic-air-cells and lipid-water-protein was structure-dependent. The parent PCBs 
are highly lipophilic and partition in the lipid compartment of cells; the hydroxyl-
ated metabolites primarily distribute between lipid and protein compartments; 
however, the sulfated metabolites are hydrophilic and largely distribute within the 
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media or, if taken into cells, distribute between the protein and water phase. PCB 
sulfates are predicted to primarily remain in media implying their low toxicity which 
is congruent with observed results except for the PCB52-sulfate. This indicates 
that PCB52-sulfate may be actively taken up into cells that may further lead to its 
observed toxicity. These estimations are thus useful in explaining the observed 
toxicity of PCBs and their human-relevant metabolites. These findings suggest that 
mechanisms of cytotoxicity by parent PCBs and metabolites are distinct, and that 
PCB cytotoxicity is structure-dependent for glial cells. Future studies will assess 
mechanisms of cytotoxicity in glial cells, including astrocytes and microglia, and 
the functional implications of these findings in PCB-mediated neurotoxicity. This 
work was funded by [ES005605, ES013661, ES029035].

 4017 Selective Inhibition of Soluble TNF Attenuates Hippocampal 
Neuroinflammation and PSD-95 Expression to Improve 
Neurological Functions in a Rat Model of Gulf War Illness

J. Udaiyappan, K. Larson, N. Nixon-Lee, A. Biscardi, E. Hawkins, L. S. Deshpande, and 
K. J. Dixon. Virginia Commonwealth University, Richmond, VA.

Systemic inflammation is a major contributor to poor brain pathology across many 
disease conditions. Specifically, the upregulation of the pro-inflammatory cytokine 
tumor necrosis factor (TNF) in the hippocampus activates its tumor necrosis 
factor receptor 1 (TNFR1), reducing AMPA receptor trafficking to impair LTP and 
associated behavioral outcomes. Studies using animal models of Gulf War illness 
(GWI) have shown both a chronic upregulation of TNF and impaired neurological 
function. Therefore, this study aimed to investigate whether selectively inhibiting 
only the soluble form of TNF (solTNF) that preferentially activates TNFR1 can 
reverse neuroinflammation to improve neuroplasticity and neurological function. 
GWI was induced in rats by induction of diisopropyl fluorophosphate (DFP) 
(or vehicle) for 5 consecutive days. Six months later, the rats were treated with 
XPro1595 (or vehicle) for 2 weeks to selectively inhibit solTNF, after which they 
were subjected to a battery of behavioral tests (cognition, anxiety-related, depres-
sive-like behavior, and neuropathic pain). MRI brain scans were performed, and the 
animals were euthanized for brain pathological analysis. The hippocampus of the 
GWI rats had significantly increased neuroinflammatory levels, resulting in edema 
and reduced AMPA receptor trafficking to the post-synaptic membrane that collec-
tively promoted impairments in memory, anxiety, depressive-like behavior, and 
neuropathic pain. However, treating the rats with XPro1595 in the chronic environ-
ment attenuated the neuroinflammatory response, reducing edema and improving 
AMPA receptor trafficking, allowing for improvements in all areas of neurological 
function. Overall findings suggest that selectively inhibiting solTNF using XPro1595 
reduces neuroinflammation, synaptic plasticity, and overall function when adminis-
tered in the chronic setting of a rat model of GWI. This data supports the use of 
XPro1595 in Veterans with GWI.

 4018 Neurotoxic Effects of Unregulated “Designer” Benzodiazepines

J. R. Thornton, J. P. Wopken, and R. H. Westerink. Universiteit Utrecht, 
Utrecht, Netherlands.

Once believed to be side effect-free wonder drugs for the treatment of anxiety, panic 
attacks, and sleep disorders, benzodiazepines have now been shown to elicit strong 
dependence, withdrawal effects, and general cognitive decline. Despite being illegal 
for recreational use, benzodiazepines are often consumed in substantial quanti-
ties for pleasure. Furthermore, there has been an explosion in the development 
of “designer” benzodiazepines, analogous compounds which mimic the effects 
but have slightly different chemical compositions thus evading criminal classifica-
tion. In the UK, while the number of deaths caused by legal high misuse is smaller 
(76) in comparison to other drugs such as cocaine (1,752) and heroin (7,748), the 
short-, mid-, and long-term impacts of these drugs remain unknown. Neurotoxic 
hazard characterization of these compounds is therefore of the utmost importance. 
In this study, four benzodiazepine class compounds were selected for investiga-
tion, the canonical benzodiazepines; diazepam (Valium), oxazepam (Alepam), and 
the “designer” benzodiazepines; flunitrazolam, and fluetizolam. Effects of these 
compounds on neuronal activity were studied in spontaneously active rat primary 
cortical cultures grown on microelectrode arrays. Key functional readouts were 
obtained detailing spontaneous spiking activity and bursting behavior of individual 
neurons and networks of neurons. Each test compound concentration-dependently 
reduced neuronal activity, in line with the notion that benzodiazepines primarily act 
as positive allosteric modulators of the γ-aminobutyric acid-A receptor (GABAA), an 
inhibitory neurotransmitter receptor. The canonical benzodiazepine, diazepam had 
an IC50 of 3.8 µM when measuring the inhibitory capacity of neuronal cell spiking. 
The IC50 of oxazepam to impact spontaneously active neuronal cells was found 
to be 1.2 µM indicating greater potency. Contrasting these canonical benzodiaz-
epines with those of the designer benzodiazepines, it is clear to see the designer 
drugs were far more potent. Flunitrazolam had a much greater inhibitory effect at 
a lower dosage providing an IC50 of 0.02 µM. This is further shown by fluetizolam 
which manifests the same great inhibitory potency yielding an IC50 of 0.1 µM. The 
most potent canonical benzodiazepine, oxazepam, was observed to significantly 
inhibit neuron network bursting activity with an IC50 and 2.5 µM, when contrasted 
against fluetizolam, the least potent “designer”, the same effect was observed 

with the much lower dose of 0.04 µM. This study is the first to demonstrate the 
clear potent effects of several “designer” benzodiazepines on rat primary cortical 
neuronal cultures which are shown to be much stronger than those of canonical 
benzodiazepines. This is particularly concerning given those abusing the drug tend 
to ingest them in large doses as standard, it is clear to see that these “designer” 
benzodiazepines are not only poorly regulated but open to a much greater margin 
of error when dosing.

 4019 In Vitro Neurotoxicity of Micro- and Nanoplastics Measured 
Using Microelectrode Array (MEA) Recordings in Rat 
Cortical Cultures

E. E. Kasteel, and R. H. Westerink. Universiteit Utrecht, Utrecht, Netherlands.

Micro- and nanoplastics (MNPs) are small plastic particles in varying shapes, 
compositions and sizes. Levels of MNPs in the environment are increasing and 
humans are exposed to MNPs through dust, drinking water, food and daily use 
products. However, not much is known about the potential human health risks of 
MNPs, including potential neurotoxic effects of MNPs. We demonstrated using a 
proof-of-principle in vivo study in mice, orally exposed to 1 or 10 µm polystyrene 
beads for one or ten days (4 mg/day), that polystyrene particles have the ability to 
reach the brain upon systemic uptake. We therefore subsequently investigated the 
ability of MNPs (different particle types and sizes, 10 µg/mL) to affect neuronal 
activity of rat primary cortical cultures using multi-well microelectrode array (MEA) 
recordings during acute (30 min) and chronic (21 days) exposure. The different 
sizes and types of plastic did not affect cell viability, but decreases in neuronal 
activity were seen for polyvinylchloride (PVC; size ranges <1 µm and 10-30 µm), 
polypropylene (PP; <1 µm and 5-10 µm) and polyamide 6.6 (PA6.6; >100 µm) during 
acute exposure. These decreases were not seen for other sizes of these plastic 
types, their leachates and other non-plastic nanoparticles (nano-talc and titanium 
dioxide). Remarkably, chronic exposure shows increases in neuronal activity after 3 
days of exposure for PVC (<1 µm), PP (<1 µm), PA6.6 (1-5 µm) and PVC Leachate. 
PVC (90-150 µm) and PP (90-150 µm) show an increase in neuronal activity after 
14 days and 10 days of exposure, respectively. All these effects persisted until 21 
days of exposure. Leachate of PA6.6 also shows an increase in neuronal activity, 
but only after 21 days of exposure. Other sizes and other nanoparticles show no 
effect. Taken together, these results give a first, urgently needed insight into the 
human neurotoxic health hazards and risks of different types, sizes and shapes of 
MNPs. The MOMENTUM project (458001101) has been made possible by ZonMw 
Programme Microplastics and Health, and Health-Holland, Top Sector Life Sciences 
& Health.

 4020 Critical Role of Mitochondrial Carrier Protein in 
PFOS-Led Toxicity

S. R. Sammi, and J. R. Cannon. Purdue University, West Lafayette, IN.

Per/polyfluoroalkyl substances (PFAS) are synthetic organo-fluorine chemicals 
used as flame-retardants, stain repellants, and coating additives in nonstick 
cookware and the food packaging industry. Designed to repel oil and water, PFAS 
are resistant to environmental and biological degradation rendering long (often 
unknown) environmental and biological half-lives. While diverse adverse outcomes 
have been identified, a more recent body of literature suggests that the nervous 
system may be vulnerable to PFAS, where multiple PFAS cross the blood-brain 
barrier (BBB) and alter neurotransmission. Much work has focused on perfluorooc-
tane sulfonate (PFOS), which is present in most human blood, crosses the human 
BBB, and has been found to alter neurophysiology in a number of experimental 
systems. Our previous studies have shown the selective vulnerability of dopami-
nergic neurons in Caenorhabditis elegans (25 µM) along with loss of mitochon-
drial viability observed at far lower doses (~ 2 µM), while the mitochondrial DNA 
content remained unaltered. As a critical next step, we tested the hypothesis that 
PFOS neurotoxicity was mediated through interactions with specific mitochondrial 
targets. Here, we investigated the effect of PFOS on mitochondria by exposing 
them to different concentrations of PFOS (10 to 500 µM for 15 minutes). Acute 
PFOS treatment in isolated mitochondria showed inhibition of complex II (succinate 
dehydrogenase) and complex III (cytochrome c reductase). The inhibitory effect 
on complex III activity was relatively severe compared to other complexes. 
There is currently a poor understanding of how PFOS enters mitochondria. By 
utilizing inhibitors specific to individual mitochondrial carrier proteins, we identi-
fied a significant role of oxoglutarate carrier protein in the uptake of PFOS and 
a lesser role of dicarboxylate carrier protein. Notably, these carrier proteins are 
also responsible for the uptake of GSH in mitochondria. Previous studies have 
indicated that GSH is critical for PFOS-induced neurotoxicity since GSH adminis-
tration ameliorated dopaminergic neurotoxicity. Furthermore, we have also identi-
fied that gamma-glutamylcysteine, an intermediate in GSH synthesis, is critical 
to ameliorating PFOS-induced neurotoxicity. Cytosolic-produced, mitochondri-
ally targeted GSH is a principal antioxidant for mitochondria. While a possible 
reduced GSH biosynthesis has been identified, an additional mechanism pertaining 
to the competitive effect on the uptake of GSH by mitochondria given that the 
same carrier proteins are utilized by both GSH and PFOS. In addition, there was 
no alteration in mRNA expression of genes involved in GSH biosynthesis, gcs-1, 
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and gss-1. However, a significant downregulation in xenobiotic-responsive genes 
cyp-35A2, and cyp-35A3 was observed. Overall, our studies identify a possible novel 
mechanism of PFOS neurotoxicity, specifically as it relates to carrier protein-medi-
ated mitochondrial uptake.

 4021 Brain Organoids on Demand: Cryopreservation as a Solution

L. Ding, T. Hartung, and L. Smirnova. Johns Hopkins University Center for Alternatives to 
Animal Testing (CAAT), Baltimore, MD.

Brain organoids, a human 3D brain model, are derived from induced Pluripotent 
Stem Cells (iPSCs). They simulate some important functional aspects of the brain. 
This model contains different types of neurons, astrocytes, oligodendrocytes, and 
iPSC-derived microglia which can be added to the model. Brain organoids are 
electrophysiologically active. Since animal-based approaches for Developmental 
Neurotoxicity (DNT) have limitations, new models for neurotoxicology need to be 
developed. Our lab developed highly standardized and reproducible human iPSC-de-
rived brain organoids. In this project, we have developed a brain organoid cryopres-
ervation protocol, so it is possible to establish a bank of brain organoids and have 
them on demand for any application. A series of endpoints were measured to 
make sure that cryopreservation does not perturb main functionality of the brain 
organoids and they can be used for the downstream applications. To generate brain 
organoids, we differentiated human iPSCs to neural progenitor cells (NPCs) and 
brought NPC cell suspension to form 3D brain organoids under constant gyratory 
shaking for up to 8 weeks. In order to test the best time point for cryopreserva-
tion, we used four different ages of the brain organoids -1, 2, 4 and 6 weeks of 
differentiation. We started with seven different freezing media (mFreSR, Crystor 
CS10, 3dGRO, NPC Freezing Medium, Cell-banker2, FBS/DMSO and TheraPEAK 
ProFreeze freezing Medium). Organoid viability and morphology were assessed 
after defrosting at 0 hours, 24 hours and 1 week later. Four (NPC Freezing Medium, 
Cell-banker2, FBS/DMSO and TheraPEAK ProFreeze freezing Medium) out of 7 
media were discontinued due to low viability after defrosting. Neurite outgrowth, 
glia migration, resazurin reduction assays were performed to test functionality 
and viability of the recovering organoids. Immunohistochemistry was performed 
to assess the morphology of different cell types. As ultimate functional endpoint 
electrophysiological activity after freezing was assessed. One day after thawing, 
the brain organoids showed fringed boarders and a lot of debris were observed in 
all the conditions. All conditions recovered in 2-4 weeks. The organoids frozen at 
2 weeks showed the best homogenous shape and more transparent center after 4 
weeks of recovery period in all three media. These organoids also showed higher 
viability compared to those frozen at weeks 4 and 6. The neurite outgrowth and glia 
migration were comparable among all the groups and even higher than the control 
group after recovery. The Mitochondrial membrane potential was not significant 
different in frozen organoids vs. the control group. Organoids frozen at 2 weeks 
in Crystor CS10 medium were plated on the microelectrode array system after a 
4-week recovery period and showed spike and burst activities. The results showed 
that cryopreservation of rather immature brain organoids is more feasible than 
older cultures and it can serve as a time-saving opportunity to optimize toxicity 
studies on demand. Further optimization steps are necessary to cryopreserve more 
mature cultures, as this will allow more flexibility in experimental designs.

 4022 Development of Neuro Organoids Derived from Human-Induced 
Pluripotent Stem Cells (hiPSCs) and Kinetic Image Cytometry to 
Test Compounds for Neurotoxic or Beneficial Effects Relevant 
to Epilepsy

P. M. McDonough, K. L. Gordon, C. G. Rines, A. Pascua, N. A. Suarez, and J. H. Price. 
Vala Sciences Inc., San Diego, CA.

Epilepsy, a common brain-disorder, affects ~3.5 million people in the US. Epileptic 
seizures are episodes of abnormally increased and synchronized neuronal activity 
in the brain which cause convulsions, repetitive movements/behaviors, and loss 
of consciousness. Seizures result from mutations (often in ion channels), fever, 
brain injury, and drug neurotoxicity, and may be associated with encephalopathies. 
Our goal is to develop high throughput screening assays, based upon neurons and 
glial cells derived from human induced pluripotent stem cells (hiPSC-neurons/-as-
trocytes) to screen agents for neurotoxic or beneficial effects relevant to epilepsy. 
In previous research, we developed methods to identify neuronal circuits exhibiting 
synchronized calcium transients in 2-dimensional (2-D) cocultures of hiPSC-neu-
rons/-astrocytes seeded in 384 well dishes, using Kinetic Image Cytometry® (KIC, in 
which cells are loaded with a calcium or voltage indicator, imaged in an automated 
fashion at 4 to 400 frames per second, and analyzed for activity on a cell-by-cell 
basis). We have now expanded our approach to utilize neuro organoids derived 
from hiPSCs and we developed Structured Illumination Microscopy (SIM) methods 
to improve spatial resolution of the cells within these structures. With SIM-KIC, 
multiple neuronal circuits can often be identified within a single neuro organoid. 
Addition of 4-amino pyridine (4-AP) increases overall synchronized activity of 
neurons within the neuro organoids, representing a pro-epileptic stimulus. Our 
assay system will enable testing of hiPSCs representing different genotypes and 

inclusion of additional cell types (e.g., hiPSC-microglial cells) into 3-D neuronal 
structures to facilitate screening candidate therapeutics for dangerous neurotoxic 
effects, or to help identify novel anti-epileptic medications.

 4023 A Model for High-Throughput Therapeutic Screening of 
Peripheral Neuropathy in a Human 3D Nerve-on-a-Chip 
Microphysiological System

J. L. Curley1, M. Terral1, C. M. Terral1, C. M. Rountree1, E. Schmidt1, and M. J. Moore1,2. 
1AxoSim, New Orleans, LA; and 2Tulane University, New Orleans, LA.

Toxicity is a leading reason drugs are withdrawn from the market, with neurotox-
icity responsible for 16%. Peripheral nerves are particularly susceptible to off-tar-
get effects resulting in permanent sensory-motor deficits, and chemotherapy-in-
duced peripheral neuropathy (CIPN) occurs with a 68% incidence rate and 30% 
retaining effects after 6 months. CIPN can also affect clinical outcomes, with 91% 
of cases leading to dose reduction and a 45% discontinuation rate. Preclinical 
animal models are historically expensive and low-throughput and have largely 
failed to deliver results that translate to success in the human system. Peripheral 
nerves (PNs), in particular, lack predictive human-relevant in vitro drug screening 
models, with less than 7% of neurological drug candidates reaching the market-
place. Microphysiological systems (MPS), including organs-on-chips, which utilize 
human induced pluripotent stem cell (iPSC)-derived cells to emulate specific 
organ systems, have emerged as promising screening platforms to bridge the gap 
between preclinical and clinical success. These systems are attracting attention 
from the pharmaceutical industry in the hope they will curb attrition rates, lower 
costs, and reduce reliance on animal models. Engineering 3D tissues relevant to the 
nervous system, particularly PNs, is challenging because of the complex ultrastruc-
ture and necessity of functional outputs. AxoSim has developed an all-human 
NerveSim® MPS platform, with human iPSC-derived sensory neurons and primary 
human Schwann cells for screening neurotoxic compounds using an embedded 
electrode array (EEA) to record compound action potentials (CAPs) from peripheral 
nerve cultures. The efficacy of this system was demonstrated by recording cultures 
exposed to Paclitaxel (PTX). The NerveSim® MPS is a custom tissue culture plate 
with integrated electrodes to allow in situ electrophysiological recordings. Each well 
contains a single cell-restrictive polymer mold and a cell-permissive inner gel that 
guides axonal growth across a series of 10 microelectrodes. Coculture spheroids 
were produced from human sensory neurons and Schwann cells in round-bottom 
multiwell plates then plated in one end of the inner cell-permissive gel. Spheroids 
were cultured for 4 weeks in a series of culture medias that promote neurite 
outgrowth through the gel, Schwann cell migration and alignment with axons, and 
ultimately, Schwann cell myelination. Robust neurite outgrowth of ~5mm was 
consistently observed, with Schwann cell migration and alignment along neuronal 
axons confirmed by S100 immunostaining. Using this system, multiple NerveSim® 
EEA cultures were stimulated in parallel at multiple distal sites with a stimulation 
current ramp while recording the CAPs at the cell body and axons. From these 
data, we collected the conduction velocity (CV), peak response amplitude (AMP), 
and threshold stimulus strength (TSS), which are all clinically relevant electrophys-
iological metrics in response to several known to cause peripheral neuropathy. 
Additionally, histopathology shows phenotypic responses of peripheral neurop-
athy including decreased fiber densities and increased degenerated fibers. The 
ability to collect clinically relevant data is an effective tool for in vitro modeling 
of CIPN towards screening of therapeutics for neuroprotection and neuroregen-
eration. Current efforts are focused first on increasing the number of myelinated 
nerve fibers in the NerveSim® sample, and second, on quantifying the effects of 
well-known demyelinating compounds, such as Cuprizone, to further establish the 
efficacy of NerveSim® as a drug screening platform.

 4024 Functional Testing of Human iPSC–Derived 3D Neural Spheroids 
against a Panel of Neurotoxic Compounds

S. Schachtele1, R. Fiene1, K. Tomotoshi1, Z. Tong2, C. Crittenden2, O. Sirenko2, and 
C. Carlson1. 1FUJIFILM Cellular Dynamics Inc., Madison, WI; and 2Molecular Devices LLC, 
San Jose, CA. Sponsor: I. Rusyn.

3D neural spheroids are a rapidly developing technology that has great potential 
for understanding neuronal diseases and testing the effects of seizurogenic 
compounds or neurotoxic agents. There has been significant progress in develop-
ing reproducible methods for 3D cell culture of neural cell types, specifically those 
derived from induced pluripotent stem cells (iPSC). In this study, we describe the 
generation of “neurospheres” that are formed by combining fully differentiated 
iPSC-derived neurons and astrocytes at defined ratios and cell numbers to mimic 
specific regions of the brain. Spontaneous functional activity of the 3D neural 
spheroids can be measured by recording calcium wave oscillations. Perturbations 
in the oscillation patterns can be used for detection of potential neurotoxic effects 
in vitro. During formation of the spheroids, we tracked size (350-450 um in diameter) 
and morphology over time using live-cell imaging. Neurospheres were immunos-
tained for cell-specific markers (TUJ1 and GFAP) and further analyzed using 
confocal imaging. The functional impact of different ratios of glutamatergic to 
GABAergic neurons (70:30 vs. 50:50 vs. 20:80) and whether or not astrocytes were 
incorporated into the 3D structure was demonstrated in the calcium oscillation 
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assays. Analysis of baseline neuronal activity from the spheroids focused on 
simple metrics, including peak count, peak amplitude, and peak width. To validate 
the use of neurospheres in functional cell-based assays, we tested a panel of >20 
compounds, including neuromodulators with known seizurogenic properties (such 
as 4-aminopyridine, bicuculline, GABAzine, picrotoxin, strychnine, and chlorprom-
azine) and neurotoxic substances (such as rotenone, baclofen, deltamethrin, 
amiodarone, and kainic acid). Acetaminophen and DMSO were used as negative 
and vehicle controls, respectively. The observed changes in oscillation patterns 
were consistent with expected mechanism of actions of respective compounds. 
Advanced systems of 3D neural spheroids composed of various human iPSC-de-
rived cell types, paired with high-content imaging and complex analysis of calcium 
oscillations demonstrate a promising, biologically relevant system for testing the 
effect of pharmaceutical drug candidates or toxic compounds.

 4025 Novel Analogues of the Natural Product Fraxinellone Protect 
against Exogenous and Endogenous Toxicants

A. Bartman, J. Doorn, and D. Martin. University of Iowa, Iowa City, IA.

Numerous toxicants, both endogenous (e.g., Glu) and exogenous (e.g., pesticides), 
compromise function of the nervous system and pose as risk factors for later 
disease and/or mediators of damage. For example, when extracellular levels of the 
excitatory neurotransmitter Glu rise, aberrant synaptic signaling leads to excitotox-
icity and oxidative stress, thought to contribute to neurodegeneration. Numerous 
pesticides, e.g., dieldrin, are known to induce oxidative stress and cause injury to 
neurons. In previous reports, limonoids such as fraxinellone showed significant 
neuroprotective activity against Glu excitotoxicity and oxidative stress in vitro. 
Given these findings, a library of novel fraxinellone analogues was synthesized with 
the goal of identifying a means of neuroprotection. In addition, the mechanism of 
action was explored. In vitro methods were used to assess the protective activity 
of the novel fraxinellone analogues, determine their mechanism of protection, 
and if these analogues mitigated oxidative stress from environmental neurotoxi-
cants such as dieldrin and rotenone in both PC12 and SH-SY5Y cells. Cells were 
pre-treated with each compound at a range of 0.05 to 1.0 μM for 30 minutes before 
being washed from the cells. Glu and other toxicants were then added for 24 hours 
before MTT analysis was performed to assess cell viability. To probe actions of 
the Nrf2 pathway, expression of antioxidant genes was assessed via qPCR. In 
addition, we utilized activators (e.g., sulforophane) and an inhibitor (ML-385) to 
confirm Nrf2 involvement. In addition, reactive oxygen species was measured 
following Glu exposure with and without fraxinellone analogues. Several of the 
compounds protected against Glu excitotoxicity and toxicity from rotenone and 
dieldrin. When cells were pre-treated with the compounds that afforded protection 
before adding the insult, we saw enhancement of gene expression of antioxidant 
response element, a key mechanism of Nrf2 activation. Antioxidant gene expres-
sion was not seen for a compound that did not provide protection. Sulforaphane 
provided similar protection against Glu toxicity when co-administered with the 
Glu insult but at higher concentrations when compared to the active fraxinellone 
analogues. ML-385 antagonized beneficial activity of a fraxinellone analogue. A 
protective analogue significantly decreased levels of reactive oxygen species from 
Glu exposure. Our findings suggest the fraxinellone analogues protect against 
exogenous and endogenous insults through Nrf2 activation and induction of an 
antioxidant response.

 4026 Prenatal Exposure to an Environmentally Relevant Phthalate 
Mixture in Female Mice Alters Male Ultrasonic Vocalization 
Courtship Behavior

S. Aktuna, J. Maxon, and M. M. Mahoney. University of Illinois at Urbana Champaign, 
Urbana, IL. Sponsor: J. Flaws.

Phthalates are endocrine disrupting chemicals used in personal care products, 
fragrances, medical tubing, building materials, and plastic food containers. Humans 
are exposed to a mixture of phthalates daily. Phthalates have detrimental effects on 
reproduction as prenatal exposures lead to changes in steroid hormone synthesis, 
ovarian function, and spermatogenesis in adult animals. However, relatively little 
work has examined the impact of phthalates on reproductive behaviors. Here we 
tested the hypothesis that prenatal exposure to an environmentally relevant phthal-
ate mixture alters sexual attractivity in adult female mice. To test, this we prenatally 
exposed female mice to a phthalate mixture, paired them with a sexually experi-
enced male, and recorded the ultrasonic vocalization (USV) courtship calls made by 
the male. Specifically, adult CD-1 pregnant dams were orally dosed from gestation 
day 10.5-birth with oil (control) or a phthalate mixture (20 µg/kg/day, 200 µg/kg/
day or 200 mg/kg/day). The doses represent typical daily human exposures or 
occupational exposures. The environmentally relevant phthalate mixture consisted 
of 35% Diethyl phthalate (DEP), 21% Di(2-ethylhexyl) phthalate (DEHP), 15% Dibutyl 
phthalate (DBP), 15% Diisononyl phthalate (DiNP), 8% Diisobutyl phthalate (DiBP), 
and 5% Benzyl butyl phthalate (BzBP). The percentages were calculated from 
concentrations of phthalate metabolites measured in urine from pregnant women 
in central Illinois. We used 1 female from each treated dam (N = 8-11/group). When 
exposed females were adults, they were ovariectomized and injected with estradiol 
for 2 days, followed by progesterone on the 3rd day. These hormone-primed 

females were then paired with a sexually experienced male in a sound attenu-
ating cabinet equipped with a microphone that detects USVs. Concurrently, a 
digital camera recorded the behavioral interactions. USV courtship calls from the 
males were recorded in a 10-min period using Avisoft Recorder USGH and Avisoft 
UltraSoundGate 416H. Spectral analysis was performed using automatic quanti-
fication in Avisoft SASLab Pro. Recordings were analyzed using Avisoft SASlab 
Pro with the Automated Parameter Measurement settings. As a measure of call 
complexity, the number and duration of USVs as well as frequency bandwidth 
were quantified. Males courting 200 mg/kg/day mixture exposed females made 
significantly more calls (p = 0.026), the call duration was significantly longer (p = 
0.012), and the frequency range was significantly larger (p = 0.038) when compared 
to males courting control females. These results suggest that prenatal phthalate 
exposure alters reproductive traits in females and affects behavioral interactions, 
potentially impacting sexual reproduction. Future studies will further quantify male 
USVs by correlating the timing of courtship calls with behavioral events. We will 
also examine additional components of female sexual behavior. Supported by NIH 
R01 ES032163.

 4027 Nonclinical Safety Assessment of AMX0114: An Antisense 
Oligonucleotide in Development for the Treatment of 
Amyotrophic Lateral Sclerosis (ALS)

D. Sullivan, Jr.1, J. Cohen2, J. Klee2, E. Mizerak2, and S. Gad1. 1Gad Consulting Services, 
Raleigh, NC; and 2Amylyx Pharmaceuticals Inc., Cambridge, MA.

Amyotrophic lateral sclerosis (ALS) is a rapidly progressive, fatal neurodegen-
erative disease. Degeneration of motor neurons leads to loss of motor function, 
resulting in loss of speech, fine motor skills, and mobility and eventual respiratory 
failure. It is believed that axonal degeneration is a key contributor to the clinical 
presentation and pathogenesis of ALS, beginning in the early stages of disease. As 
a result, therapies which target axonal degeneration are of interest in the treatment 
of ALS. AMX0114 is an antisense oligonucleotide (ASO) targeting calpain-2, 
a critical effector of axonal degeneration in ALS and other neurodegenerative 
diseases. AMX0114 is being developed with the goal of disrupting a key pathway 
leading to axonal degeneration, thereby affecting the disease course of ALS. ASOs 
represent an emerging therapeutic modality which mediates cellular processes at 
the RNA level. As a result, ASOs are a promising option for the treatment of ALS. 
However, previously approved systemic ASOs have exhibited a number of common 
adverse effects, including hepatotoxicity, renal toxicity, and hypersensitivity. 
Modern intrathecal ASOs with phosphorothioated chemistries and 2’-O-methoxy-
ethyl (MOE) modifications have generally not shown these toxicological signals. 
However, monitoring of these toxicities remains of interest given previous findings 
in earlier generation systemic antisense therapies. To support the initiation of a 
first-in-human (FIH) clinical trial, we have developed a nonclinical, IND-enabling 
safety program for AMX0114. This program includes studies to evaluate the 
potential systemic toxicity, genotoxicity, and any undesirable pharmacodynamic 
effects (safety pharmacology). We will review and discuss these studies and their 
preliminary results.

 4028 Real-Time Intraparenchymal Dosing Using MRI-Guided 
Convection-Enhanced Delivery in Beagle Dogs

M. Foret1, C. Li1, E. Larson1, C. Lecrux-Leblond1, N. Bennamoune1, K. Bujold1, S. Bulera1, 
and S. Authier1,2. 1Charles River Laboratories, Laval, QC, Canada; and 2Université de 
Montréal, St-Hyacinthe, QC, Canada.

Convection-enhanced delivery (CED) enables targeted delivery to parenchymal 
tissues and is used routinely in patients for neurological indications using a range of 
therapeutic modalities. Non-clinical development of cell and gene therapy products 
typically requires the same delivery methods to be used in toxicology studies. 
Standard procedures for CED include real-time MRI to target and confirm local 
delivery to brain tissues using a step-infusion paradigm and contrast agent (e.g., 
gadolinium). CED procedures are well established in non-human primates (NHPs) 
for dosing novel neurological therapeutics in multiple brain regions based on 
neuroanatomical atlases. With this foundation, a Beagle dog model was developed 
as a non-clinical alternative with dosing of up to six different parenchymal sites per 
animal. Dose volumes ranged from 30 to 100 µL per site with final infusion rates at 
120 to 300 µL/hour. Brain infusions of gadolinium-containing solutions achieved 
an estimated <0.5 mm radial error from the planned target while real-time MRI 
scanning allowed for monitoring dose distribution. Similar to NHPs, Beagle dogs 
recovered well from surgeries, presenting with expected procedure-related clinical 
signs including mild tremors, swelling, and decreased activity which resolved within 
approximately 4 days. The present work highlights an additional preclinical model 
for brain CED that utilizes clinically relevant methods and devices and addresses 
the need for characterize alternatives to NHPs in toxicology.

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 326



 4029 A Modified Approach of Fluoro-Jade C Labeling for 
Neurotoxicity Assessments

Q. Gu, S. Sarkar, J. Raymick, and J. Kanungo. US FDA/NCTR, Jefferson, AR.

Fluoro-Jade C (FJ-C) stain is a histochemical method for the labeling of degener-
ating neurons and has been widely used for the detection and confirmation of 
neurotoxicity in the central nervous system. In this study, we present a modified 
approach of FJ-C labeling in animals treated with kainic acid (KA) to induce 
neurotoxicity. The modified approach requires fewer chemical reagents and incuba-
tion steps than the conventional FJ-C labeling method. This modified approach also 
allows co-staining with other fluorescence-based histochemical and/or immuno-
histochemical methods simultaneously in the same tissue section for double- or 
multi-color labeling. FJ-C-labeled cells could be imaged regardless of whether 
tissue sections were wet or dried and cover-slipped, thus providing more flexibility 
if needed. More importantly, the modified approach demonstrated higher sensitivity 
than the conventional FJ-C labeling method. For example, when animals received 
KA-treatment but did not develop severe seizures conventional FJ-C stain failed to 
display labeled neurons in those brains. However adjacent brain tissue sections of 
the same KA-treated animals could still show FJ-C positive neurons when using the 
modified approach, suggesting neurotoxicity indeed occurred in those KA-treated 
animals that had mild seizures. In conclusion, this modified FJ-C labeling approach 
could be utilized as an added method for neurotoxicity assessments. Supported by 
NCTR Protocol E0772001.

 4030 Optimization of a Rat DRG Neurite Outgrowth Assay for 
Peripheral Neuropathy Prediction

Y. Feng, A. Ramirez, B. MacDonald, J. Bradley, and C. J. Strock. Cyprotex US LLC, 
Framingham, MA.

Many chemotherapeutics induce peripheral neuropathy, with symptoms of 
numbness, tingling or abnormal sensations. This impacts the long-term quality 
of patient’s life. Animal models used to evaluate this side effect are labor-inten-
sive and may be difficult to interpret. Therefore, we aimed to develop and optimize 
an in vitro cell-based model for peripheral neuropathy prediction. Previously, we 
compared the responses of three cell types in our high content imaging neurite 
outgrowth assay: rat cortical neurons, IPSC derived human neurons, and Rat Dorsal 
Root Ganglion (DRG) Neurons. We compared these cell types using a group of 
chemotherapeutics from different classes (72 h treatment) and determined that the 
rat DRG neurons have the greatest neurite outgrowth sensitivity to the chemothera-
peutic agents overall. Here, we continued to optimize the DRG assay conditions by 
comparing the neurite outgrowth responses to the same group of drugs in 24 h and 
72 h, with drug treatment beginning 1 h after cell plating. Our new findings showed 
that more drugs induced neurite outgrowth inhibition at 24 h before cytotoxicity 
occurred. Chemotherapeutic compounds such as taxanes (paclitaxel, docetaxel), 
microtubule interfering agents (vincristine, vinblastine, colchicine, nocodazole) and 
epothilones (ixabepilone) all showed dramatic inhibition on neurite outgrowth, with 
minimum effect on cell viability at 24 h. This is a significant improvement of neurite 
assay sensitivity and specificity compared to 72 h treatment, at which time neuron 
viability is much lower.

 4031 Innovative Methods for Regulatory Developmental and 
Adult Neurotoxicity Testing In Vitro in the Horizon Europe 
PARC Project

K. Bartmann1, J. Hartmann1, M. Taroncher2, F. Bendt1, L. Saborowski1, and 
E. Fritsche1,3. 1IUF—Leibniz Research Institute for Environmental Medicine, Düsseldorf, 
Germany; 2Universidad de Valencia, Valencia, Spain; and 3Heinrich-Heine-Universität, 
Düsseldorf, Germany.

In May 2022 the “PARC” (“Partnership for the Assessment of Risks from 
Chemicals”) initiative of the European Union (EU) was launched and aims on 
providing knowledge about chemical substances in order to better protect human 
health and the environment. In the EU Green Deal strategy, the Chemical Strategy 
for Sustainability specifically mentions neurotoxicity as a critical outcome, as the 
human nervous system is prone to chemical exposure. Dependent on the time 
frame, this disruption gives rise to either developmental neurotoxicity (DNT) or 
adult neurotoxicity (ANT). DNT and ANT testing are both currently performed in rats 
according to the OECD/US-EPA guidelines, which are enormously resource-intense 
and not suited for testing large numbers of chemicals and therefore insufficient 
to protect human health appropriately. It is broadly accepted that in vitro methods 
allow a much higher throughput and mode-of-action-based testing for hazard 
identification compared to traditional animal experiments. Recently, a DNT in vitro 
testing battery (DNT-IVB) has been assembled and is being challenged with a 
broad range of chemicals in collaboration with the European Food Safety Authority 
(EFSA), the US EPA and the US National Toxicology Program. The DNT-IVB includes 
human-based test methods that model a variety of neurodevelopmental processes 
including human neural progenitor cell proliferation, differentiation into neurons 
and oligodendrocytes and their migration developed at the IUF. Nevertheless, the 
current DNT-IVB contains some gaps concerning missing processes or cell types, 

e.g., human neural network formation (hNNF). The PARC project aims at closing 
these gaps by optimizing the hNNF assay to provide a higher sensitivity of the 
existing DNT-IVB. Furthermore, compound classes of concern, i.e., per- and polyflu-
oroalkyl substances (PFASs), bisphenol A (BPA) alternatives and mycotoxins, will 
be tested in the existing methods and first results will be presented. As opposed 
to this, an ANT-IVB systematically covering a panel of molecular initiating and key 
events relevant for ANT is currently missing. We optimized the 3D BrainSphere 
model that is based on 2D human induced pluripotent stem cell-based human 
induced neural progenitor cells (hiNPCs) growing and differentiating in 3D. For 
ANT assessment, BrainSpheres were plated on microelectrode arrays (MEAs) and 
challenged with model compounds identifying glutamatergic, GABAergic, dopami-
nergic, cholinergic and serotonergic neurons using spike sorting. The human 
multi neurotransmitter receptor (hMNR) assay was established with positive and 
negative compounds. These data will contribute to DNT and ANT Adverse Outcome 
Pathway (AOP) networks for facilitating regulatory acceptance. In summary, the 
described DNT and ANT in vitro test methods will contribute to the establishment 
and regulatory acceptance of DNT and ANT in vitro testing batteries within the 
PARC project.

 4032 Characterization of Local Field Potential Activity in a Cell-Based 
Neuronal Assay for Neurotoxicity

P. Ellingson, D. Sullivan, B. Streeter, A. Passaro, S. Chvatal, and D. Millard. Axion 
BioSystems, Atlanta, GA. Sponsor: M. Clements.

The flexibility and accessibility of induced pluripotent stem cell (iPSC) technology 
has allowed complex human biology to be reproduced in vitro at high throughput 
scales. Indeed, rapid advances in stem cell technology have led to widespread 
adoption for the development of in vitro models of neuron electrophysiology to be 
used in screening applications in drug discovery and safety. Furthermore, advanced 
cell preparations, such as spheroids or organoids, are under intense investigation 
with aims towards establishing mature human phenotypes in vitro. As in vitro 
neuronal models become more mature, the functional electrophysiological activity 
may begin to reproduce low-frequency brain rhythms, in addition to the spiking, 
bursting, and synchronization already observed. The objective of this work is to 
develop and validate a functional neuronal assay that quantifies the relationship 
between spiking activity of individual neurons and the network activity embedded 
in the local field potential (LFP). A planar grid of microelectrodes embedded 
in the substrate of each well of a culture plate interfaces with cultured cellular 
networks to continuously monitor broadband (1 - 5000 Hz) electrophysiological 
data from rodent cortical neuronal networks. The broadband voltage signal was 
then separately processed for action potential detection (200 - 5000 Hz) and low 
frequency oscillations (1 - 50 Hz). The power spectral density was computed from 
the low frequency signal sampled after network burst events, and then absolute 
power was computed in the delta (1-4 Hz), theta (4-8 Hz), alpha (8-14 Hz), beta 
(14-30 Hz), and gamma (30-50 Hz) bands. The spectral power within the LFP 
was correlated with the emergence of bursting activity within the rodent cortical 
neurons by 14 days in culture, and intra-burst oscillations in the alpha band were 
detected at 21 days in culture. Known reference compounds were then added to the 
cultures and the change in LFP features were quantified and compared with more 
traditional functional endpoints based on spiking activity. For example, Amoxapine 
reduced the burst duration and increased the network burst frequency, while also 
eliminating the intra-burst oscillations and thus decreasing the LFP power in the 
alpha band. These results support the continued development and use of in vitro 
neural assays for high throughput drug discovery and safety assessment.

 4033 Simultaneous Bilateral Intracerebroventricular Delivery in Mice

K. J. Jacob. Charles River Laboratories, Senneville, QC, Canada. Sponsor: A. Varela.

There are increasing demands to administer test items directly into the brain as 
a route of cerebrospinal drug delivery of potential therapeutic targets. Unilateral 
intracerebroventricular (ICV) administration into a lateral ventricle of the brain has 
been previously validated in our laboratory. However, one key limitation of small 
rodent models is the maximum feasible volume of test item administered into one 
hemisphere. Consequently, a methodology for simultaneous bilateral ICV adminis-
tration was validated, effectively doubling the maximum administered volume 
capacity. Briefly, NSGSGM3 mice received an analgesic and anti-inflammatory prior 
to and following the procedures and were anesthetized using isoflurane. Animals 
were placed and secured to a stereotaxic apparatus, the surgical site was shaved 
and prepared, and an incision made to expose the cranium. The stereotaxic arms 
holding the dosing syringes at a 10° angle were calibrated to the cranial landmarks 
and predetermined coordinates were demarked by a surgical pen. The cranium was 
subsequently punctured with a separate 20G hypodermic needle, and the dosing 
needle inserted through the punctured opening via the stereotaxic apparatus. To 
evaluate efficacy of the dosing coordinates, animals were administered ink, were 
immediately euthanized, brains excised, and spinal column exposed. The brain 
and spinal column were sectioned transversely for macroscopic confirmation of 
presence of dye in both lateral ventricles of the brain and in the cervical, thoracic, 
and lumbar spinal segments indicative of dye circulation from the ventricle. The 
brains were processed for H&E staining and the presence of needle tracts and dye 
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into the ventricles were evaluated microscopically. Following coordinate verifica-
tion, another batch of animals were administered an inert reference item (Cell Wash 
Solution) and monitored for up to 60 days. Clinical condition was monitored daily 
and body weights weekly. Following simultaneous bilateral ICV administration, a 
limited number of animals exhibited a few transient clinical signs immediately upon 
waking which were absent by the end of day. Body weights and body weight gains 
were unremarkable. In conclusion, a single simultaneous bilateral ICV administra-
tion in mice induced a limited number of transient clinical signs and is considered 
an acceptable rodent model, potentially reducing the need for larger animals to 
accommodate a larger dose volume.

 4034 Hippocampal Brain Slices as a Model for Traumatic Brain Injury 
and Ischemia

S. Zhang1, A. Li2, and S. Wang3. 1Canterbury School, Fort Wayne, IN; 2Johns Hopkins 
University, Baltimore, MD; and 3Indiana University School of Medicine, Fort Wayne, IN.

The culture system of brain slices has been established in many brain regions 
including cortex, striatum, hippocampus, cerebellum. The hippocampal slices in 
young animals are highly viable with high plasticity and can last for weeks without 
significant neurodegeneration. However, over weeks these underdeveloped cells 
may gradually lose their morphological properties and are more likely to differen-
tiate into different types of neural cells. Therefore, an acute slice system retaining 
original brain neuroanatomy and local network activity is needed for studying acute 
brain injury within hours, such as ischemia and traumatic brain injury (TBI). We 
developed an acute hippocampal slice system as a model for ischemic hypoxia 
and TBI using mature brain slices from adult rats in order to investigate how the 
brain responds to acute insults. In this model, hippocampal tissues were isolated 
and sliced rostrally-caudally along the hippocampus, where the cornu ammonis 
(CA1) and dentate gyrus (DG) areas of the hippocampus could be visualized and 
evaluated directly. During the preparation of this experimental model, the process 
of mechanical slicing created damages in neurons, astrocytes, glial cells, endothe-
lial cells and the axons of neurons resembling brain injury, while the core of brain 
slices could develop hypoxia due to little/no access to oxygen within the short term. 
The advantage of this model is that the traumatic tissue edge caused by slicing, 
and the hypoxic core at a depth of 100-200µm below the tissue surface, can both 
be viewed directly and compared side-by-side simultaneously in one single brain 
slice. Here we used pimonidazole to evaluate hypoxia in hippocampal slices and 
hence provide an ex vivo model to mimic hypoxia in ischemia. With Cresyl violet 
staining, we were able to differentiate cell survival status and count cell viability 
using Image J software (p<0.001). There was a significant increased hypoxia over 
6-hour period in the cores of rat brain slices (p<0.05). We also observed signifi-
cant time-dependent dendritic injury over the 6-hourhypoxic period using microtu-
bule-associated protein 2 (MAP2) immunostaining. Our acute non-cultured brain 
slice model enables us to eliminate inherent developmental differences which are 
often observed in young animals. Furthermore, it captures many physiological and 
pathological changes while the tissue still maintains the authentic functionality and 
architecture of brain characteristics. Overall, this model allows us to investigate 
both brain injury and ischemic hypoxia in a well-defined acute in vitro hippocampal 
slice and to reveal possible relationship of brain status under two pathological 
conditions, which holds the promise of a better understanding of the underlying 
mechanisms that causes the pathogenesis of stroke patients.

 4035 Analysis of Historical Control Locomotor Activity Data from 
Vehicle Control Groups in Adult Rats

J. R. Wendel. Labcorp Early Development Laboratories Inc., Greenfield, IN.

The identification of possible locomotor effects of a compound, resulting in 
motor activity deficits (hyper- or hypo-activity), compared with concurrent controls 
is crucial to aid in the assessment of potential toxicity. Locomotor activity is 
required in regulatory guidelines on crop protection and chemical safety assess-
ment studies [Organisation for Economic Co-operation and Development (OECD) 
407 and 408, respectively, and Office of Chemical Safety and Pollution (OCSPP) 
870.3050 and 870.3100 guidelines, respectively] and can be added to non-clinical 
pharmaceutical studies as indicated by target or mechanism of action. Locomotor 
activity is often performed with an abbreviated set of sensorimotor and reactivity 
behavioral assessments or a full functional observational battery in adult rats in 
the last week of a 28 or 90-day repeat dosing study. This data may be used as an 
endpoint to establish absence of test compound-related locomotor effects, confirm 
test compound-related locomotor effects, or trigger additional neurotoxicity studies 
to evaluate potential test compound-related locomotor effects. While concurrent 
control data are the gold standard for determining test compound-related effects 
or lack of effects, historical control data are often necessary to support the final 
interpretation. Potential shifts in background activity may be uncovered and used 
to explain study specific data. The purpose of the current study was to establish a 
site-specific (Greenfield, Indiana) historical control database of locomotor activity 
based on strain of rat. We compiled locomotor activity data; basic movements, X 
+ Y ambulations, fine movements, and rearing, as available, from GLP-compliant 
non-clinical studies conducted from 2019 to 2022 at Labcorp Early Development 
Laboratories Inc., Greenfield Indiana. These studies consisted of control animals, 

both males and females where possible, belonging to multiple strains: Han Wistar® 
and Sprague Dawley® used in general toxicology or developmental and reproduc-
tive toxicology studies. All control animals across these studies were administered 
an appropriate vehicle consistent with the compound formulation vehicle and route 
of administration of their compound-treated counterparts. Here we present the 
patterns and differences in locomotor activity endpoints across different strains 
and sex, which can allow for a better interpretation of the test compound compared 
to concurrent controls.

 4036 Impact of Prenatal Exposures to Per- and Polyfluoroalkyl 
Substances (PFAS) on the Developing Neonatal Immune System

D. Castro Melendez1, N. Laniewski1, X. Qiu1, Q. Wu1, C. Post1, B. Lawrence1, E. Barrett2, 
R. Miller1, T. Jusko1, T. O’Connor1, and K. Scheible1. 1University of Rochester, Rochester, 
NY; and 2Rutgers, The State University of New Jersey, New Brunswick, NJ.

Per- and polyfluoroalkyl substances (PFAS) are persistent synthetic chemicals 
widely used in industrial processes and consumer goods, and they are ubiquitous 
in the environment and humans, including women of reproductive age. There is 
compelling evidence of PFAS-associated immunotoxicity vis-a-vis lowered antibody 
responses to vaccination; however, little attention has been given to how these 
toxicants might affect early life T cell development. Fetuses and infants are particu-
larly sensitive to environmental exposures due to their rapid growth and developing 
systems. During fetal development, each immune cell type develops at different 
gestational stages, thus perturbations during pregnancy or in the early postnatal 
period could affect multiple types of immune cells. To test the hypothesis that 
maternal PFAS disrupts infant T cell development, a cohort of 286 pregnant women 
in Rochester NY, were enrolled between 2015 and 2019. Second-trimester maternal 
PFAS concentrations were determined by high-performance liquid chromatogra-
phy (HPLC) and tandem mass spectrometry (MS/MS). Infant immune population 
frequencies were measured at birth, 6, and 12 months of age using mass cytometry 
(n= 284 samples, 199 subjects). Results show the phenotypic and time-dependent 
complexity within the CD4+ and CD8+ T cell pool and the presence of 36 unique CD4+ 

and 14 unique CD8+ clusters of cells identified through high-dimensional analysis. 
We further show that higher PFAS concentrations are associated with lower IL-21 
producing CD4+ T cells. IL-21 is a cytokine essential for the germinal center reaction 
and supports antibody maturation. Thus, our data suggest a possible link to 
suppressed antibody responses associated with PFAS. These findings provide new 
insight into the complexity of the immune response during infancy, and the impact 
of antenatal exposures on reshaping the fetal developmental program.

 4037 Aryl Hydrocarbon Receptor Activation Alters Monocytic Cell 
Responses during Coronavirus and Influenza A Virus Infection

A. M. Healey, K. N. Fenner, C. O’Dell, and B. Lawrence. University of Rochester, 
Rochester, NY.

Respiratory viruses pose a significant threat to global health, causing morbidity, 
mortality, and socioeconomic loss. One mystery associated with respiratory viral 
infections, such as with influenza A viruses (IAV) and coronaviruses (CoV), is the 
broad variability in disease severity that is observed, even during outbreaks of the 
same strain. Environmental exposures are a likely contributing factor; however, 
the cellular mechanisms that explain connections between exposures and variable 
outcomes are poorly defined. One way through which environmental factors modify 
the immune response is via the aryl hydrocarbon receptor (AHR). The AHR is 
activated by a broad range of small molecules from the environment, including 
both synthetic and naturally derived substances. Ligands include certain pollut-
ants, such as dioxins and dioxin-like chemicals, which have long been associated 
with altered adaptive immune responses in human population studies and animal 
models. However, less is known about the impact of AHR ligands on monocytic 
cell responses. This is important because dysregulation of monocytic lineage 
cells contributes to poorer clinical outcomes in IAV and CoV infections. To test the 
hypothesis that AHR activation influences monocytic cell responses during respira-
tory viral infection, mice were infected with either a human IAV or a mouse CoV, 
and AHR was activated using the prototype agonist, 2,3,7,8-tetrachlorodibenzo-p-di-
oxin (TCDD). Monocytic cells were examined at multiple points in time relative to 
infection using flow cytometry. In the absence of infection, AHR activation had no 
discernible impact on the percent or number of monocytes in the lung. In contrast, 
during IAV and CoV infection, AHR activation significantly reduced monocytes in 
the lung. Further, AHR activation shifted the ratio of inflammatory to patrolling 
monocytes, such that there were significantly more inflammatory monocytes. 
Upon recruitment to the lung, monocytes regulate inflammation and aid in tissue 
repair, however, they can also differentiate into interstitial macrophages and 
dendritic cells (moDCs). AHR activation significantly reduced lung moDCs and 
interstitial macrophages during infection. Moreover, AHR activation diminished 
the frequency of circulating monocytes in infected, but not naïve, mice. These 
findings indicate that AHR activation disrupts multiple aspects of monocytic cell 
responses during infection, offering new perspectives on the role of AHR-binding 
chemicals in seasonal and pandemic viral outbreaks. Monocyte dysregulation has 
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been implicated in the pathogenesis of many diseases, including arthritis, diabetes, 
multiple sclerosis, and chronic lung diseases. Thus, AHR modulation of monocytes 
has the potential to affect the course of many diseases.

 4038 Activation of the Aryl Hydrocarbon Receptor Alters Emergency 
Hematopoiesis during Respiratory Viral Infection

K. Fenner, A. Healey, C. O’Dell, A. Franchini, and B. Lawrence. University of Rochester, 
Rochester, NY.

Hematopoietic stem and progenitor cells (HSPCs) give rise to immune cells 
through a process called hematopoiesis, which is crucial for maintaining the 
appropriate number of blood and immune cells at steady state, and in response to 
stress. Stressors, such as infections, result in immune cell recruitment to the site 
of infection, triggering HSPCs in the bone marrow to produce more leukocytes, via 
a process known as emergency hematopoiesis. This ability to sense and rapidly 
respond is essential for maintaining well controlled immune defenses; yet, how 
environmental signals influence emergency hematopoiesis during infection is not 
fully understood. The aryl hydrocarbon receptor (AHR) is an environment-sens-
ing intracellular receptor that is expressed in all hematopoietic cells. Previous 
research has shown exposure to AHR ligands influences immune responses to 
a range of antigenic challenges, including respiratory pathogens. Interestingly, 
AHR modulation influences steady state hematopoiesis, suggesting that AHR 
could regulate emergency hematopoiesis. Yet, the impact of AHR activation on 
emergency hematopoiesis during infection is poorly understood. Thus, the goal of 
this study was to delineate how AHR modulation affects emergency hematopoiesis 
during respiratory viral infection. To determine the impact of AHR activation, mice 
were exposed to the prototype AHR agonist, 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD), and infected with either a mouse coronavirus (CoV) or a human influenza 
A virus (IAV). We observed that during CoV infection, AHR activation altered the 
proportion of HSPCs, with a significant increase in the proportion of myeloid-bi-
ased progenitor cells and a decrease in the proportion of megakaryocyte-biased 
progenitor cells in the bone marrow. There were also fewer granulocyte/monocyte 
progenitor cells in the bone marrow, and reduced monocyte levels in the blood and 
lungs of TCDD-exposed mice during infection. Additionally, AHR activation reduced 
the number of megakaryocytes during infection. Overall, these data provide novel 
evidence that AHR activation influences emergency hematopoiesis during respira-
tory viral infections. These findings further support that AHR is a key mediator 
of hematopoiesis. Given the impact of respiratory viruses on human health, 
understanding how environmental signals, mediated through the AHR, influence 
immune responses to these common pathogens will advance our knowledge of 
factors that influence outcomes from infection.

 4039 Ahr Controls Pulmonary Inflammation from Cannabis Smoke

E. Wilson1, D. Eidelman2, and C. Baglole1. 1Research Institute of the McGill University 
Health Centre, Montréal, QC, Canada; and 2McGill University, Montréal, QC, Canada.

Δ9-Tetrahydrocannabinol (THC) is a well-known cannabinoid in Cannabis sativa. 
While THC may be anti-inflammatory, there is inconclusive literature on the effects 
of cannabis smoke on lung inflammation. This is relevant as inhaling cannabis 
smoke is the most common way that cannabis (marijuana) is consumed. Although 
cannabinoids classically interact with CB1 and CB2 receptors, non-G protein 
coupled receptors (GPCRs) can also interact with cannabinoids. This may include 
the aryl hydrocarbon receptor (AhR), a ligand-activated transcription factor highly 
expressed in the lungs that controls inflammation. We therefore hypothesize that 
the AhR is a key regulator of inflammation from cannabis smoke exposure. To test 
this hypothesis, age-matched (8-12 weeks) heterozygous (Ahr+/−) and knock-out 
(Ahr−/−) mice were exposed to cannabis joints containing 0.5g dried cannabis 
(total THC: 200 mg/g; total CBD: <1 mg/g). Nose-only inhalation exposures were 
performed using SCIREQ® inExposeTM system twice per day in groups of two 
joints at 3 puffs/minute for 3 days. Plasma, bronchoalveolar lavage (BAL), and 
lungs were collected. THC ELISA was performed on the plasma. Cytokine profil-
ing microarray was performed on plasma and BAL. Extracellular vesicles were 
extracted from the remaining BAL fluid. Proteins from lungs, extracellular vesicles 
(EVs), and cell-free BAL fluid were assessed through LC-MS/MS. Immune cells of 
the lung were assessed by flow cytometry. Cannabis smoke activated the AhR only 
in Ahr+/- mice as indicated by increased CYP1A1 mRNA expression in the lungs. 
Cannabis smoke-exposed Ahr-/- mice had a decrease in percent viable cells as 
well as percentage of total immune cells in the lungs. AhR expression repressed 
cannabis-smoke induced increase in lung neutrophils. Total macrophages and 
monocyte populations remained unchanged; however, the monocyte populations 
shifted towards the inflammatory sub-type with an increase in Ly6Chi monocytes 
and a decrease in the Lyc6Clow monocytes. Lung compartments (tissue, EVs, and 
BAL fluid) show distinct protein profiles as well as inflammatory pathway enrich-
ment from cannabis smoke treatments. Acute cannabis smoke exposure activates 
the AhR and increases lung inflammation in the absence of AhR expression. Overall, 
this work investigates the consequences of cannabis smoke on lung inflamma-
tion and its therapeutic potential in lung health, pointing toward a pivotal role for 
the AhR.

 4040 Nrf2-Dependent and Independent Effects of tBHQ on Dendritic 
Cell Function

S. Awali, Y. Jin, and C. E. Rockwell. Michigan State University, East Lansing, MI.

Dendritic cells (DCs) are professional antigen presenting cells that initiate both the 
innate and adaptive immune responses upon detecting antigen. Through antigen 
processing, DCs can activate naïve T cells by presenting antigenic peptides on 
MHC class II molecules. Previous research from our lab demonstrated that tert-bu-
tylhydroquinone (tBHQ), a potent activator of nuclear factor erythroid 2-related 
factor (Nrf2) and a widely used food additive, blunts the expression of CD107a, fas 
ligand and CD44, which are markers of activation and effector function, on CD8+ T 
cells. This suggests that tBHQ impedes CD8 T cell activation and effector function, 
but the mechanism for this is unclear. Since DCs bridge the innate and adaptive 
immune systems and play an important role in T cell activation, we hypothesize that 
exposure to tBHQ in dendritic cells inhibits expression of MHC class II and other 
co-stimulatory molecules involved in T cell activation and effector functions in a 
Nrf2-dependent manner. In our current in vitro study, isolated DCs and unfraction-
ated splenocytes were collected from spleens of female wildtype or Nrf2 -/- C57BL/6 
mice. The cells were activated by Influenza A Virus (IAV) in the presence or absence 
of tBHQ for 24 hours, after which the expression of markers for DC maturation, 
activation, and T cell priming was measured. tBHQ treatment led to a significant 
decrease in DC maturation marked by a decrease in MHCII expression. In addition, 
tBHQ significantly suppressed DC activation, as evidenced by a decrease in CD80 
and CD86 expression, which occurred in a Nrf2-dependent manner. Likewise, tBHQ 
also reduced secretion of IL-6 and IL-12 by IAV-activated dendritic cells, whereas 
TNFα secretion was not affected. Overall, our data suggest that tBHQ inhibits 
the expression of MHC class II and other co-stimulatory molecules expressed by 
activated DCs with the decrease in CD80 and CD86 occurring in a Nrf2-dependent 
manner. Furthermore, the tBHQ-mediated impairment of dendritic cell activation 
and maturation may account in part for the suppression of T cell activation by 
tBHQ. This study was supported by NIH R01 ES024966 and R21 ES033830.

 4041 Evaluation of Immunotoxicity of Sodium Metavanadate 
following Drinking Water Exposure in Female B6C3F1/N Mice in 
a 28-Day Study

R. P. Frawley1, V. J. Johnson2, K. R. Shockley1, M. F. Cesta1, G. Travlos1, G. Roberts1, and 
D. R. Germolec1. 1NIEHS, Research Triangle Park, NC; and 2BRT, Morrisville, NC.

Sodium metavanadate (NaVO3) is a pentavalent vanadium compound used in 
the metal industry and in dietary supplements; human exposure occurs primarily 
through ingestion of contaminated drinking water, as well as through ingestion of 
NaVO3-containing products and inhalation of fumes and dust. The objective of this 
study was to assess the potential immunotoxicity of NaVO3. Female B6C3F1/N 
mice were exposed to 0, 31.1, 62.5, 125, 250, and 500 ppm NaVO3 in drinking water 
for 28 days and evaluated for effects on immune cell populations, and innate, 
cellular-, and humoral-mediated immunity. There was a decreasing trend in body 
weight (BW) and BW gain in NaVO3 exposed mice, with a significant (p≤0.05) 
decrease in BW gain at >250 ppm, relative to control. Conversely, increasing trends 
in relative spleen, liver and kidney weights, and an increase (p≤0.05) in the organ:BW 
ratios at >250 ppm NaVO3 in spleen, at >125 ppm NaVO3 in liver, and at 500 ppm 
NaVO3 in kidney were observed. Erythrocyte counts in B6C3F1/N mice exposed to 
NaVO3 were significantly increased (p≤0.05) compared to control, in concert with a 
decrease in erythrocyte size (MCV) and hemoglobin metrics, suggesting microcytic 
erythrocytosis. NaVO3 exposure altered antibody production against sheep red 
blood cells (SRBC); antibody forming cells (AFC)/106 spleen cells exhibited a 
decreasing trend, with a significant decrease (p≤0.05) at 500 ppm NaVO3, concur-
rent with an increase in percent B-cells, however, systemic levels of anti-SRBC IgM 
were not affected. NaVO3 had no statistically significant effects relative to controls 
on AFC (x102)/spleen, the serum anti-SRBC IgM antibody titers or antibody produc-
tion against keyhole limpet hemocyanin. Exposure to NaVO3 decreased the percent-
age of natural killer (NK) cells at all dose levels (p≤0.05), however, the lytic activity 
of NK cells was not statistically different across treatment groups. NaVO3 altered 
T-cell populations at 500 ppm (p≤0.05) but had no significant effect on T-cell prolif-
erative responses or the lytic activity of cytotoxic T-cells. Collectively, these data 
indicate that NaVO3 induced variable alterations of humoral-mediated immunity, 
with no effect on cell-mediated or innate immunity.

 4042 Persistent Effects of Gestational Exposure to an Endocrine-
Disrupting Chemical Mixture on Maternal and Offspring 
Metabolic Health

T. Golden1, T. Moore2, L. Thompson2, A. Gore2, and R. Simmons1. 1University of 
Pennsylvania, Philadelphia, PA; and 2University of Texas at Austin, Austin, TX.

Endocrine-disrupting chemicals (EDCs) are ubiquitous in the environment and 
exposure increases the risk of metabolic diseases. The mechanism by which 
EDC exposure leads to metabolic dysfunction remains unknown, especially from 
exposure to mixtures. Using an EDC mixture model, we investigated the effect 
of gestational exposure on maternal and offspring outcomes. Pregnant Sprague 
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Dawley rats were orally exposed to the EDC mixture daily from gestational day 8 
to 18. Pups were spontaneously delivered and kept with the dams until weaning. 
Dams were assessed 3 weeks after birth at the time of weaning. Male and female 
offspring were assessed at 10 weeks old. Pancreas and blood were collected from 
all samples. Extracellular vesicles were isolated from dam plasma and quantified 
by Nanoparticle Tracking Analysis on the Zetaview. Plasma levels of EDCs were 
measured by LC-HRMS and cytokines were measured by Luminex. Pancreata were 
formalin-fixed and histologically assessed for insulin, Cd68, and S100A8 expres-
sion. At 3 weeks post-exposure, dams have elevated plasma levels of PFOS. 
Cytokines and circulating immune cell-derived extracellular vesicles are also 
elevated in exposed dam plasma. In the pancreas, there is increased islet expres-
sion of S100A8, a proinflammatory marker, in exposed dams compared to controls. 
Gestational exposed males, but not females, were born smaller than controls and 
caught up in body weight by postnatal day 14. Plasma PFOS levels are also elevated 
in exposed offspring at 10 weeks old, though to a lower concentration than in dams. 
Exposed males have decreased pancreatic islet area and inflammation (Cd68 and 
S100A8) at 10 weeks old. The results of this research demonstrate a persistent 
effect of gestational exposure on the maternal immune system. Additionally, male 
gestationally exposed offspring have persistent alterations to the pancreas. Further 
research will focus on the potential role of extracellular vesicles in mediating 
maternal and offspring metabolic dysfunction.

 4043 Polypropylene Microplastics–Mediated Potential 
Immunotoxicity to Mice Subacutely Administered through 
Intragastric Intubation

S. Kusma1, A. Maharjan1, D. Lee1, M. Acharya1, P. B. K C1, H. Kim2, C. Kim1, and Y. Heo1. 
1Daegu Catholic University, Gyeongsan, Korea, Republic of; and 2Catholic University of 
Korea, Seoul, Korea, Republic of.

Microplastic is one of the major problems as it is intruding into the ecosystem 
and altering the food chain in an unexpected way. Humans are being exposed 
to microplastics through contaminated foods, inhalation or dermal penetration. 
These exposures may cause oxidative stress or immunologic toxicities including 
inflammation in target organs. Heterogenous effects of microplastics (MPs) exist, 
depending upon the route of exposure and size range. Polypropylene microplas-
tics (PP-MPs) have a wide range of applications and have been merely studied for 
its toxicity. Two different sizes of PP-MPs (5 and 50 μm diameter) were used to 
evaluate their immunotoxic potency in 6week-old mice. PP-MPs were administered 
to male and female mice at 0 (vehicle control), 500, 1000, 2000 mg/kg/day for 
4 weeks. No significant differences were observed between groups in the major 
thymic or splenic immune cell populations, including thymic CD4+, CD8+, CD4+/CD8+ 
T lymphocytes, and splenic helper T cells, cytotoxic T cells, and B cells. The ratio 
of interferon-gamma to interleukin (IL)-4 in culture supernatants from polyclon-
ally activated splenic mononuclear cells ex vivo (48 h) was dose-dependently 
decreased in female mice that received small- and large-size PP-MPs. Level of 
IL-13, a representative cytokine involved with predominance of type-2 helper T cell 
response, was significantly upregulated in female mice that received small- and 
large-size PP-MPs. The serum IgG2a/IgG1 ratio was dose-dependently increased 
in male mice dosed with small- and large-size PP-MPs. The present study implies 
that immune functions could be affected in animals exposed to PP-MPs via 
gastric intubation. These effects are dependent on MP size, MP dose, and mouse 
sex. Further investigations with longer exposure periods could be necessary to 
more clearly define the immunotoxic effects of PP-MPs. Supported by grant # 
2020003120002, Korea Ministry of Environment (MOE) and by MOE-Educational 
training program for the management of information on the hazards and risk of 
chemical substances.

 4044 TCDD Increased Populations of B Cells That Produce IL-10 In 
Vitro and in Experimental Autoimmune Encephalomyelitis

B. Kaplan, A. McDonald, A. Nicaise, E. Rushing Sears, A. Bell, and E. Kummari. 
Mississippi State University, Mississippi State, MS.

Continued investigation into the mechanisms by which 2,3,7,8-tetrachlorodiben-
zo-p-dioxin (TCDD) alters immune function might delineate important mechanisms 
for aryl hydrocarbon receptor (AhR)-mediated toxicity, reveal important information 
for the development of less toxic AhR ligands as therapeutics, and/or increase our 
understanding of the role of AhR in immune homeostasis. We have used the experi-
mental autoimmune encephalomyelitis (EAE) model to study multiple sclerosis and 
found, similar to what others have also shown, that TCDD suppressed EAE clinical 
signs and inhibited effector T cell function (i.e., TH1 and TH17 cytokine production), 
and increased regulatory T cells. The goal of this project was to determine if the 
mechanism by which TCDD suppressed effector T cell function was due in part to 
TCDD-mediated increases in regulatory B cells. Indeed, we previously showed that 
TCDD increased the percentage of CD19+FasL+ B cells that might be involved in 
triggering T cell apoptosis. In this work, we hypothesized that TCDD would increase 
the percentage of CD24+CD38+ B cells exhibiting regulatory functions. TCDD’s 
potential to increase the percentage and/or function of CD24+CD38+ B cells was 
first assessed in vitro in response to lipopolysaccharide (LPS) + interleukin (IL)-4. 
In vitro, TCDD did not consistently increase the percentage of CD19+CD24+CD38+ 

cells using splenocytes, purified B cells or bone marrow (BM) cells. However, TCDD 
increased IL-10 in all three culture preparations, and TCDD increased the percent-
age of CD5+CD24+CD38+ cells producing IL-10. In EAE, TCDD did not affect the 
percentage of the CD24+CD38+ cell population in CD19, B220 or CD5 B cells in 
splenocytes (SPLC), lymph nodes (LN) or BM cells at end-stage disease, but TCDD 
increased the CD19+CD24+CD38+ percentage in the spinal cord (SC). Moreover, 
TCDD-treated B cells isolated from spleens or TCDD-treated BM cells in EAE mice 
modestly reduced the ability of naïve effector T cells to express interferon (IFN)-γ 
and tumor necrosis factor (TNF)-α and IL-10 staining in the spleens of EAE mice 
treated with TCDD showed a modest increase as compared to vehicle-treated EAE 
mice. Together these data show that TCDD can induce regulatory functions in B 
cells, although it was not obvious simply by examining the expression of regulatory 
markers but by assessing function by cytokine production or mixed lymphocyte 
responses. Funded by NIH R15ES027650.

 4045 Th-1 Cells from Male Mice Downregulate IFN-γ Related Genes 
during Trichloroethylene Metabolite Exposure In Vitro

C. V. Cabanlong1, S. R. Choudhury2, and S. J. Blossom1. 1University of New Mexico, 
Albuquerque, NM; and 2University of Arkansas for Medical Sciences, Little Rock, AR.

Trichloroethylene (TCE) is an industrial chemical used for a variety of applications 
acting as a degreaser, solvent, or detergent. Exposure to this toxicant is usually 
through the workplace or through drinking water. TCE exposure is associated 
with the progression of autoimmunity and accelerates the pathology in autoim-
mune-prone (MRL) mice. Our preliminary data shows that CD4+ T-cells play a role in 
the progression of autoimmune pathology. Additionally, we recently presented that 
CD4+ T-cells from non-autoimmune female mice (C57/Bl6) were disproportionately 
affected by TCE exposure compared to male C57BL/6 mice. Naïve CD4+ T-cells 
from females treated with TCE in vivo were more likely to differentiate towards 
IFN-γ secreting Th-1 cells compared to males. The IFN-γ secreting Th-1 cell subset 
is a hallmark response to TCE exposure and is associated with autoimmune pathol-
ogy in MRL mice. Generally, males are less susceptible to develop autoimmunity, 
but the underlying mechanisms remain unclear. Thus, we hypothesized that CD4+ 
T-cells from male C57Bl/6 mice are less likely than females to skew towards 
an IFN-γ secreting Th-1 subset because of altered gene expression due to TCE 
exposure. TCE needs to be metabolized in vivo into trichloroacetaldehyde hydrate 
(TCAH) to produce effects and is used here, in vitro to investigate effects on CD4+ 
T-cell differentiation in male C57/Bl6 mice. We differentiated CD4+ T-cells into the 
Th-1 subset in the presence or absence of 0.5 mM TCAH. Then after 4 days the cells 
were collected and assessed for changes in gene expression using RNA sequenc-
ing. Through differential expression analysis, males had significant downregulation 
in mRNA expression in the Th-1 subset when treated with TCAH. Pathway analysis 
revealed major interferon signaling genes like the interferon gamma receptor 1 and 
multiple interferon stimulated genes e.g., interferon-induced protein with tetratrico-
peptide & interferon induced transmembrane protein were significantly downregu-
lated in TCAH-treated Th-1 cells. Future experiments will compare both sexes and 
additional autoimmune-prone strains to look for gene expression changes that may 
explain the sex bias in autoimmunity.

 4046 Delta-8-Tetrahydrocannabinol Attenuates Experimental Multiple 
Sclerosis through Modulation of Ileal Microbiota

K. Kakar, M. Nagarkatti, and P. Nagarkatti. University of South Carolina School of 
Medicine, Columbia, SC.

Delta-8 tetrahydrocannabinol (delta-8 THC) is a psychoactive substance found in 
the Cannabis sativa plant. However, delta-8-THC is less psychoactive than delta-9-
THC. For this reason, delta-8 THC is becoming popular for recreational use and 
alleviating pain. Virtually nothing is known about the effect of delta-8 THC on 
the immune system. In the current study, therefore, we investigated the effect 
of delta-8 THC on Experimental Autoimmune Encephalomyelitis (EAE), a murine 
model for Multiple Sclerosis (MS), an autoimmune disease resulting in nerve 
damage, and loss of communication between the brain and the body. EAE was 
induced to female C67BL/6 mice by injecting myelin oligodendrocyte glycopro-
tein followed by intraperitoneal administration of delta-8-THC (10mg/kg body 
weight) or vehicle every day. The treatment with delta-8 THC led to amelioration 
of paralysis symptoms in EAE mice and reversed the weight loss when compared 
with vehicle-treated group. Delta-8 THC also suppressed neuroinflammation in EAE 
mice. Because gut microbiota play a crucial role in the regulation of EAE, we next 
examined gut microbiome dysbiosis in delta-8 THC-treated EAE mice. The compar-
ison of ileal and fecal microbiota from our 16s rRNA sequencing performed on 
V3-V4 hypervariable regions of bacterial DNA revealed that the stability of ileal 
microbiome was more crucial for EAE attenuation than fecal. The ileal microbiome 
disclosed significant decreases in the abundance of Bacteroidetes phylum which 
appeared to be higher in EAE diseased group. Treatment with delta-8 THC also 
caused homeostasis at class level in the ileum microbiota by significantly increas-
ing the abundance of Bacilli and decreasing Bacteroidia and Clostridia. Additionally, 
the beneficial effects of delta-8 THC treatment was also associated with the stabili-
zation of the abundance of Lachnospiraceae in ileum, the members of whose 
family are involved in the production of beneficial metabolites for the host. Taken 
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together, the current study demonstrates for the first time that delta-8-THC attenu-
ates neuroinflammation in EAE by stabilizing the ileal microbiome. This work was 
supported in parts by NIH grants R01ES030144, P01AT003961, P20GM103641, and 
R01AI123947, R01AI160896.

 4047 Dysregulation of Gut Microbiota-Derived Short Chain Fatty 
Acids in Trichloroethylene–Mediated Autoimmune Diseases

H. Wang, and M. F. Khan. University of Texas Medical Branch at Galveston, 
Galveston, TX.

Trichloroethylene (TCE), a ubiquitous environmental contaminant, is found in 34% of 
the U.S. drinking water supply that can potentially affect over 14 million Americans 
in 36 states. Exposed individuals can suffer from skin disorders, lupus-like disease 
(SLE) and acute hepatitis due to systemic inflammatory responses. Studies 
have shown that exposure to TCE via drinking water leads to hepatic inflamma-
tion, autoimmune hepatitis (AIH) and SLE-like disease in female MRL+/+ mice. 
Environmental factors, including diet and microbiota-derived metabolites, among 
which short chain fatty acids (SCFAs) are major players can influence AIH and SLE 
pathogenesis. Therefore, it is important to delineate the contribution of metabolic 
and signaling pathways as a result of microbiota dysbiosis in the induction of 
TCE-mediated ADs. This study was, therefore, focused on determining the cecum 
SCFAs and the involvement of fecal SCFA-producing bacteria and SCFA metabo-
lism-related pathways in MRL+/+ mice after chronic TCE exposure (0.5 mg/ml, via 
drinking water for 52 weeks). Liquid chromatography-mass spectrometry (LC-MS) 
analysis of cecum SCFAs, fecal SCFA-producing bacteria and SCFA metabolism-re-
lated pathways were evaluated using whole gene sequencing (metagenomic) and 
RT-PCR approaches in the control and TCE-exposed mice. TCE exposure led to 
a significant shift in the microbiota composition and remarkable changes in the 
levels of microbiota-derived metabolites, which were associated with the genera-
tion of various autoantibodies. In particular, the levels of acetate, isobutyrate, 
2-methyl-butyrate and isovalerate were decreased significantly in TCE-treated mice. 
Furthermore, TCE exposure led to reductions in fecal acetate producing bacteria 
(Bifidobacterium pseudolongum) and butyrate producing bacteria (Faecalibacterium 
prausnitzii), together with inhibition of amino acid metabolic pathways, including 
arginine, leucine, lysine, alanine and tryptophan. It is thus evident from our data 
that TCE exposure leads to dysregulation in SCFAs and SCFA-producing bacterial 
composition and genes related to microbial metabolism pathways. Our findings 
fill critical knowledge gap towards better understanding of the contribution of 
TCE-mediated dysbiosis of gut microbiota and their metabolites/SCFAs in ADs.

 4048 Intestinal Immune Dysfunction in Zinc Deficiency Reduces the 
Production of Secretory IgA and Causes Bacterial Translocation 
to the Liver

T. Kido, A. Nakamura, H. Yanagisawa, and M. Suka. Jikei University School of Medicine, 
Tokyo, Japan.

Nutritional zinc deficiency and its relationship to the gut-associated lymphoid 
tissues (GALT) immune system remains unclear. We evaluated the effects and 
underlying mechanisms of the intestinal GALT immune system on the sIgA barrier 
caused by Zn deficiency. Five-week-old male rats were fed a standard diet (17 g/
day), and two groups were fed a zinc-deficient diet (n = 7 each). Each group was 
also injected with saline or IL-4 (zinc deficient/IL-4 i.p.). Another group of rats were 
fed a zinc-deficient diet for 6 weeks and returned to the standard diet for 4 weeks 
thereafter (zinc deficient/standard). The sIgA concentrations, MUC-2 concentration, 
Th2 (IL-4/-5) cells, B-/plasma- cells, and mRNA expressions of tight junction in the 
small intestine on zinc deficiency rats were significantly decreased than those other 
groups. On the other hand, LPS+ area/bacteria of small intestine, number of white 
blood cells and LPS concentration of portal vain-, and CD68-, myeloperoxidase-, 
TLR4- cells of liver on zinc deficiency rats were significantly increased. For the 
IL-4 administration for zinc deficiency, sIgA concentrations in the small intestine 
were significantly decreased. After zinc supplementation for zinc deficiency, all 
the measurement indices were recovered. In conclusion, zinc deficiency can cause 
bacterial migration through the portal vein to the liver by lowering the GALT immune 
system (sIgA) in the intestinal tract. The IL-4 administration or zinc supplemen-
tation to the zinc-deficient rats, although the beneficial effects on respectively 
GALT-immune system were different, suggests that bacterial translocation to the 
liver could be prevented.

 4049 Interactions between Aryl Hydrocarbon Receptor and the 
Microbiome Regulate Intestinal Macrophages in Non-obese 
Diabetic Mice

K. Malany1, S. Sandoval1, M. Goodson1, N. Kerkvliet2, N. Shulzhenko2, A. Morgun2, 
and A. Ehrlich1. 1University of California Davis, Davis, CA; and 2Oregon State University, 
Corvallis, OR.

Type 1 diabetes (T1D) is an autoimmune disorder which arises from a complex 
interaction between genetic and environmental factors. Multiple environmental 
signals predicted to impact T1D development occur at the intestinal surface, as 
a result of exposures through ingestion, dietary antigens, and microbial coloni-
zation. It is hypothesized that an inappropriate immune response to these 
exposures precipitates overt T1D, but a mechanism of action remains elusive. We 
propose a novel mechanism by which environmental surveillance interacts with 
the immune system: immunosuppressive lamina propria (LP) macrophage regula-
tion via the aryl hydrocarbon receptor (AhR). To determine how AhR influences 
the intestinal immune response during T1D development, we generated NOD AhR 
knockout mice. Female AhR knockout mice had reduced insulitis at 12 weeks of 
age, and a decreased incidence and onset of hyperglycemia in comparison to their 
wild-type littermates. We discovered a population of resident-like macrophages 
(CD11b+CX3CR1+MHCIIhi) in the small intestine LP that were negatively regulated 
by AhR (AhR-MFs). These cells have a very strong positive correlation to LP 
Tregs, and correlate with protection against insulitis. NOD AhR knockout mice 
were derived as germ free and the AhR-MF population was measured. In the 
absence of the microbiome both AhR knockout and wild-type mice had high levels 
of AhR-MFs, demonstrating that the microbiome is required for AhR-mediated 
regulation of LP macrophages. Current work is aimed at single cell sequencing of 
CD45+ LP cells from AhR knockout and wild-type mice to identify how AhR alters 
macrophage differentiation.

 4050 Extracellular Metallothionein Can Influence the Progression of 
Type 1 Diabetes in NOD Mice

C. K. Melchiorre1, M. D. Lynes2, S. Bhandari1, Y. Tseng3, and M. A. Lynes1. 1University 
of Connecticut, Storrs, CT; 2Maine Health Institute for Research, Scarborough, ME; and 
3Harvard Medical School, Boston, MA.

Metallothionein is a small molecular weight, cysteine-rich metal-binding stress 
response protein that is readily inducible in many tissues upon exposure to a 
variety of stressors, including divalent heavy metal cations, aromatic hydrocarbons, 
reactive oxygen species, bacterial infection, and irradiation. Metallothioneins (MTs) 
can function as a reservoir of essential metals such as zinc and copper and can 
protect cells from toxicants including heavy metals and free radicals. In addition to 
its basic housekeeping duties, MT has many immunomodulatory functions, and has 
been show to stimulate lymphocyte proliferation and chemotaxis. Despite lacking a 
signal sequence, MT can be found in many extracellular spaces, and this pool of MT 
has been implicated in the progression of several inflammatory diseases such as 
inflammatory bowel disease and drug induced hepatotoxicity. The work described 
here relates to autoimmune Type 1 diabetes (T1D) and the role played by MT in 
disease onset and progression. T1D is characterized by immune cell infiltration into 
the islets of Langerhans, resulting in the destruction of insulin-producing beta cells 
and uncontrolled hyperglycemia. In the non-obese diabetic (NOD) mouse model, 
the onset of lymphocyte infiltration is thought to start several weeks in advance 
of glucose dysregulation and overt diabetes. Recruitment of these immune cells is 
mediated by several cytokines, including CXCL10, while other cytokines, including 
SDF-1a, can confer protective effects. A better understanding of the cumulative 
roles of these signaling molecules could lead to a treatment option that would 
block immune cell recruitment and subsequent destruction of beta cells. A review 
of global gene expression analysis in the pancreas of pre-diabetic (NOD) mice 
revealed increased expression of several isoforms of MT. Analysis of single cell 
RNA sequencing of human islets in prediabetic, autoantibody positive, patients 
also showed increased expression of metallothionein in insulin-producing cells 
compared to normal controls and patients with established T1D. Beta cells can 
release MT into the extracellular environment and that pool of extracellular MT can 
synergistically affect chemotactic responses of Th1 cells to CXCL10, and interfere 
with chemotaxis of Th2 cells to SDF-1α. In vivo, these inflammatory effects can be 
blocked with a monoclonal anti-MT antibody, clone UC1MT. When administered 
to NOD mice for a two-week period before the onset of diabetes, UC1MT reduces 
inflammation and prevents the development of diabetes when compared to NOD 
mice treated with an isotype-matched control antibody. Manipulation of extracellu-
lar MT with UC1MT may be an important approach in maintaining beta cell function 
and preventing the development of T1D in prediabetic populations, and it suggests 
that environmental toxicants that upregulate extracellular MT levels can potentiate 
the progression of T1D in susceptible populations.
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 4051 Indoor Volatile Organic Compounds Affect the Development of 
Allergic Symptoms in a Mouse Model of Atopic Dermatitis

K. Tomita1, C. Oohira2, M. Kaneki2, C. Hayakawa2, K. Yano1, Y. Ota1, S. Takagi3, and 
T. Fukuyama2. 1Center for Environmental Engineering, Institute of Technology, Shimizu 
Corporation, Koto-ku, Tokyo, Japan; 2Laboratory of Pharmacology, School of Veterinary 
Medicine, Azabu University, Sagamihara-shi, Kanagawa, Japan; and 3Laboratory of 
Small Animal Surgery, School of Veterinary Medicine, Azabu University, Sagamihara-shi, 
Kanagawa, Japan.

Atopic dermatitis (AD) is a multifactorial disease, and its symptoms have been 
reported to be affected by living environments, such as indoor temperature and 
humidity, particles, and chemicals. In this study, we focused on indoor volatile 
organic compounds (VOCs). VOCs have been reported to be one of the exacer-
bating factors of allergies and are constantly emitted from interior materials and 
fixtures indoors. A high concentration of VOCs can affect healthy people with 
sick building syndrome; therefore, indoor concentration regulations have been 
established. On the other hand, there needs to be more research on the effects of 
VOCs below indoor guideline values on disease development. We hypothesized that 
if indoor VOCs affect disease development, they may also affect the treatment of 
skin diseases. Initially, mice were exposed, respectively, to an indoor air (control 
group) and a chemically filtered air (CF group), whose VOCs were removed by an 
activated carbon chemical filter, and their pathophysiology of atopic dermatitis 
was compared. A mouse model of atopic dermatitis was developed in female 
NC/Nga mice by weekly topically sensitized with Toluene-2,4-isocyanate (TDI), a 
hapten that induces Type 2 helper T cells. The VOCs in the chemically filtered air 
were analyzed by a GC-FID method, and were found to be removed by about 90% 
compared to the indoor air. The CF group, compared to the control group, showed 
significant suppression of transepidermal water loss and skin thickness during 
the initial two weeks; however, they found to be comparablefrom two weeks to 
four weeks. Significant reductions of T and B cell counts in auricular lymph nodes 
and inflammatory responses in the pathological evaluation were found in the CF 
group compared to the control group. Co-stimulation with CD3/CD28 significantly 
suppressed IL-4, IL-6, and IL-17 produced by immune cells in the lymph nodes in the 
CF group. Furthermore, the CF group also significantly suppressed TNFα, IL-4, and 
IL-17 produced by ConA stimulation. Secondly, in order to investigate the indoor 
air quality in veterinary hospitals, air sampling was conducted in several hospitals, 
and their indoor VOCs were analyzed by GC-FID and GC-MS. The results showed 
differences in the VOCs’ composition and concentration of the sampled indoor air 
that could be caused by the size of the hospitals and the differences in ventilation 
systems. The chemicals measured included alcohols, aromatic compounds, and 
siloxanes. The results of this study suggest that the control of gaseous chemicals, 
including VOCs in the therapeutic environments, may influence the treatment of 
skin diseases since VOCs at concentrations similar to those in a typical hospital 
environment suppress the initial stage of allergic development in mice.

 4052 Removal of Volatile Organic Compound (VOC) by Chemical 
Filter Significantly Alleviates the Development of Mite Allergen–
Induced Allergic Asthma in a Mouse Model

O. Chiharu1, T. Kengo2, K. Mao1, K. Takashi2, Y. Keiichi2, O. Yukiko1, T. Satoshi1, 
and F. Tomoki1. 1Azabu University, Kanagawa, Japan; and 2Shimizu Corporation, 
Tokyo, Japan.

Gaseous chemicals in the atmosphere such as Volatile organic compounds 
(VOCs) and ozone gas have long been realized as the risk factor for respiratory 
diseases including allergic asthma, chronic obstructive pulmonary disease (COPD), 
and acute lung injury. Basically, gaseous chemicals are transparent and odorless, 
therefore, there have not been enough safety precautions so far. Recently, our 
group demonstrated that safety standard level ozone gas exposure significantly 
aggravates the symptoms of acute lung injury in a mouse model, which indicated 
that low levels of gaseous chemicals possibly have an impact on the development 
of respiratory diseases (Am J Respir Cell Mol Biol. 2021 Dec;65(6):674-676.). As the 
next step of this project, the toxicity of ozone gas (0.1ppm) and efficacy of removal 
of VOCs by chemical filter was examined in a mouse model of asthma. Initially, 
the impact of low concentration of ozone gas on the development of asthma was 
examined in a mouse model of allergic asthma. A mouse model of allergic asthma 
was developed in female BALB/c mice by the repetitive intranasal sensitization 
and challenge of dermatophagoides farina (Df). Several concentrations of ozone 
gas (0.1 ppm, 0.05ppm, 0.01ppm) were generated by the ultraviolet lamp, and 
whole-body inhalation exposure (6h/day) was performed for 5 consecutive days just 
before the end of the study period. To focus on the impact of ozone gas, contam-
inated VOCs in the air were initially removed by the chemical filter. Concentration 
of ozone gas inside the chamber was continuously monitored throughout the 
exposure period. At the end of the study, percutaneous oxygen saturation (SpO2) 
was monitored using pulse oximeter, and serum, lung, bronchoalveolar lavage fluid 
(BALF) and hilar lymph nodes (LN) were collected under the isoflurane anesthesia 
for further histological, immunological, and molecular biological analysis. Secondly, 
the efficacy of removal of VOCs from the air by the chemical filter was confirmed 
with the same experimental design described above. In the 0.1ppm ozone gas 
exposure group, there was a significant decrease in percutaneous oxygen satura-
tion. Asthmatic symptoms such as infiltrations of inflammatory cells, edema, and 

immune-related factors (IL-33, IL-13 and serum IgE level) were also significantly 
increased in the 0.1 ppm ozone gas exposure group compared to the asthma 
control group. On the other hand, there was no impact of asthmatic symptoms in 
lower ozone gas exposure groups (0.05 and 0.01 ppm). Our findings suggest that 
the current safety standard level of VOCs including ozone gas does not work for the 
patients with respiratory diseases. To better examine the toxicological impact of 
VOCs, the asthmatic symptoms of mice kept under the normal room air and VOCs 
removal air were compared in the next step. Interestingly, asthmatic symptoms in 
the VOCs removal group were significantly ameliorated in terms of percutaneous 
oxygen saturation, histological evaluation and immune-related factors (IL-4, IL-5, 
IL-13 and ILC2 level), suggesting VOCs are one of the risk factors for aggravating 
respiratory disorders.

 4053 IL4Rα Signaling in Myeloid Cells Cause Pathological Outcomes 
Associated with Allergic Asthma in Mice

I. Choudhary, T. Vo, D. Singamsetty, K. Paudel, Y. Mao, R. Lamichhane, S. Patial, and 
Y. Saini. Louisiana State University, Baton Rouge, LA.

IL-4 and IL-13 play an essential role in the pathogenicity of allergic asthma via 
their common receptor, i.e., IL4Rα. However, the myeloid cell-specific role of 
IL4Rα-mediated signaling in allergic asthma has remained unclear. We hypothesized 
that myeloid cell-specific IL4Rα signaling is essential for granulocytic inflammation 
and associated pathological outcomes in allergic asthma. To test our hypothe-
sis, we challenged myeloid cell-specific IL4Rα-deficient (LysMcre+/IL4Rαfl/fl) and 
myeloid cell-specific IL4Rα-sufficient (LysMcre+/IL4Rαwt/wt) mice with either mixed 
allergens (MA) or normal saline three times a week for four weeks and examined 
the lung phenotypes 24 hrs post-last MA/ normal saline dose. We performed total 
and differential cell counts on the bronchoalveolar lavage fluid, cytokine/chemok-
ine analyses on the lung lysates, total IgE analyses on the serum, histopatholog-
ical and immunohistochemical analyses on the lung sections, and lung function 
tests. In contrast to MA-challenged myeloid cell-specific IL4Rα-sufficient mice that 
had exaggerated immune cell recruitment, the MA-challenged myeloid cell-spe-
cific IL4Rα-deficient mice had significantly reduced immune cell recruitment into 
the lung airspaces. This reduction in immune cell recruitment in MA-challenged 
myeloid cell-specific IL4Rα-deficient mice was attributable to a significant 
decrease in the numbers of eosinophils and lymphocytes. Mirroring the significant 
decrease in eosinophils and lymphocytes, the MA-challenged myeloid cell-spe-
cific IL4Rα-deficient mice had significantly reduced levels of primary eosinophil 
chemoattractant, eotaxin-2, as well as Th2 cell chemoattractants, particularly 
TARC (CCL17) and MDC (CCL22). The levels of IL-33 (a master regulator of 
Th2 inflammation) and Th2 cytokines, i.e., IL-4 and IL-13, were also significantly 
reduced in MA-challenged myeloid cell-specific IL4Rα-deficient mice as compared 
to MA-challenged myeloid cell-specific IL4Rα-sufficient mice. Additionally, while 
MA-challenged myeloid cell-specific IL4Rα-sufficient mice exhibited pronounced 
peribronchiolar and perivascular lung inflammation, myeloid cell-specific IL4Rα 
deletion significantly ameliorated the peribronchiolar and perivascular lung inflam-
mation. MA-challenged myeloid cell-specific IL4Rα deficient mice also exhibited 
reduced airway hyperresponsiveness, had significantly reduced serum IgE levels, 
and showed mitigation of sub-epithelial lung fibrosis compared to MA-challenged 
myeloid cell-specific IL4Rα-sufficient mice. Interestingly, mucous cell metaplasia 
(MCM) and mucins production, two critical features of allergic asthma diathe-
sis, were unaltered in MA-challenged myeloid cell-specific IL4Rα-deficient mice 
when compared to MA-challenged myeloid cell-specific IL4Rα-sufficient mice 
suggesting the dispensable role of myeloid cell-specific IL4Rα signaling in mixed 
allergen-induced MCM and mucins production. Taken together, our data show 
that in MA-induced allergic asthma model, myeloid cell-specific IL4Rα signaling is 
critically required for eosinophil and Th2 lymphocyte recruitment, production of Th2 
cytokines and chemokines, airway hyperresponsiveness, IgE antibody production, 
subepithelial fibrosis, and inflammatory lung pathology. Findings from this study 
could be applied towards developing cell-specific therapeutics against allergic 
airway and other eosinophilic disorders.

 4054 Sex-Based Differences in Inflammatory Responses to 
Silver Nanoparticles

B. Canup1, P. Rogers1, W. Manheng2, B. Lyn-Cook1, and T. Fahmi1. 1US FDA/NCTR, 
Jefferson, AR; and 2US FDA, White Oak, MD.

Sex-based differences in the innate and adaptive immune systems are well 
recognized. There is an ongoing need to investigate of the potential effects of 
nanomaterials on the immune system. Silver nanoparticles (AgNPs) are used in 
consumer, healthcare, and industrial products, such as food packaging, feminine 
hygiene products, cosmetics, implants, and bandages due to their anti-micro-
bial properties. With the growing use of AgNPs, there is an increase in concerns 
about the potential health hazards of continuous exposure, which could be differ-
ent between males and females. Therefore, the objective of this study aims to 
investigate the potential sex-based differences in immune system function due to 
AgNP exposure using human peripheral blood mononuclear cells and plasma from 
healthy donors. AgNPs (30 nm) were characterized for their hydrodynamic size 
by dynamic light scattering (DLS) and their primary size by transmission electron 
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microscopy (TEM). Inflammasome activation was determined by monitoring the 
IL-1β expression levels after 6- and 24-hours of exposure to AgNPs. Leukocyte 
proliferation was measured by cell viability assay after an initial 24-hour exposure 
to AgNPs and 72-hours of phytohemagglutinin-M (PHA-M)-induced leukocyte prolif-
eration. Complement activation was determined by measuring the C3-split product. 
Plasma coagulation was determined by measuring prothrombin time and activated 
partial thromboplastin time. Inflammasome activity was higher in females after 
exposure to AgNPs for both exposure times. The 6-hour exposure to the AgNPs 
caused significantly more inflammasome activity in females than males. The 
24-hour exposure exhibited more inflammasome activity in females than males but 
was not statistically significant. Further analysis was conducted to compare the 
inflammasome activity within two age groups: younger and older. Inflammasome 
activity was higher in young females compared to young males; however, a differ-
ence was not observed in the older age groups. Interestingly, young males showed 
more inflammasome activity than older males after a 6-hour exposure, but there 
was no observed difference after a 24-hour exposure to AgNPs. Young females 
only showed more inflammasome activity for the 24-hour exposure with similar 
activity for the 6-hour exposure. Thus, AgNPs demonstrate a sex- and age-related 
response in the inflammasome activation. AgNPs suppressed the PHA-M-induced 
leukocyte proliferation with males demonstrating more tolerance than females to 
the presence of the AgNPs over the 72-hour period than the females. This indicated 
that the females exhibited more leukocyte cytotoxicity after prolonged AgNP 
exposure. AgNPs did not affect the complement activation or coagulation. The 
results highlight that there are distinct sex-based differences in inflammasome 
activity and leukocyte proliferation after exposure to AgNPs, which promotes the 
importance of developing a deeper understanding of the health risks associated 
with exposure to AgNPs for both women’s and men’s health.

 4055 Investigating the Relationship between Chemosensory Neurons 
and Immune Cells in the Main Olfactory Epithelium (MOE)

R. E. Owens, V. Haran, C. Chu, J. P. Meeks, and R. K. Rowe. University of Rochester 
Medical Center, Rochester, NY.

The nasal epithelium acts as a first-line defense, continuously exposed to foreign 
material including microbes (e.g., viruses and bacteria), aeroallergens, chemicals, 
and pollutants. Part of the nasal epithelium, the main olfactory epithelium 
(MOE) is the principal site of olfaction (the sense of smell). Disruption of normal 
functions of this tissue can result in hyposmia, a reduction in the sense of smell 
or anosmia, total loss of smell, and significant loss of quality of life. Hyposmia and 
anosmia are still poorly understood, and it remains unclear whether inflammatory 
responses influence olfactory function. It is also unclear whether olfactory activa-
tion influences resident immune cell populations. Given the capacity for bidirec-
tional neuronal-immune communication in the MOE, especially relevant given the 
evidence of olfactory dysfunction associated with diseases such as allergic rhinitis 
and respiratory viral infections, we have initiated a study investigating this topic in 
mice. The MOE contains multiple cell types, including olfactory sensory neurons 
(OSNs, which detect odorous molecules), supporting epithelial cells, secretory cells, 
and immune cells. Many known odorants, such as peptides, proteins, etc., have 
potentially immunogenic properties, but little is known regarding the intercellular 
interactions between immunogen-sensing OSNs and resident immune cells. We 
hypothesize that OSN activity influences the immune cell populations and functions 
in the presence of immunomodulatory odorants. Using flow cytometry and single-
cell RNA sequencing, we are able to identify OSNs and multiple immune subsets 
in the MOE. Functionally, using transgenic mice expressing genetically encoded 
Ca2+ indicators, we are able to identify how immunogenic and non-immunogenic 
odorants impact neuron activity. This was done with mice expressing GCaMP6s, 
a Ca2+-responsive fluorescent protein in OSNs. We isolated the MOE en bloc and 
exposed the epithelium to immunogenic, non-immunogenic, and immunomodu-
latory stimuli, and imaged GCaMP6s fluorescence using objective-coupled planar 
illumination (OCPI) microscopy to identify activated OSNs (those with increased 
fluorescence) in live tissue. Results from the OCPI approach suggest that OSNs are 
activated by common olfactory ligands, immunogenic ligands, and immunomod-
ulatory ligands such as Delta-9-tetrahydrocannabinol (THC), which is well known 
for its recreational use but also has anti-inflammatory properties. This experimen-
tal system establishes a platform to conduct detailed studies investigating how 
olfactory activity impacts nasal immune responses, filling gaps in our knowledge 
about the relationships between OSNs and immune cells in the MOE, informing our 
understanding of olfaction and immunomodulation, and potentially informing our 
understanding of hyposmia and anosmia.

 4056 Dose Response of the Food Additive tBHQ on OVA-Elicited Food 
Allergy in Mice

Y. Jin, A. P. Boss, C. Wilson, and C. E. Rockwell. Michigan State University, East 
Lansing, MI.

There has been a steady rise in the prevalence of food allergy for the past couple 
of decades for reasons that are not completely understood. While previous studies 
from our lab demonstrated that tert-butylhydroquinone (tBHQ), a food additive 
present in many processed foods, promotes the development of allergy in mice, 

our current experiment focuses on the dose response of tBHQ in the mice chow. 
Mice were fed AIN-93G with 0.0014% tBHQ, 0.0007% tBHQ, and 0.00028% tBHQ 
or control diet. Mice were exposed to OVA once every week for 4 weeks during the 
sensitization phase. Sensitization to OVA was assessed by the rise in OVA-specific 
IgE. Upon oral challenge, mice were monitored for hypothermia shock response 
(HSR) and mast cell protease (mMCP)-1 response. Sensitization with OVA elicited 
a more robust OVA-specific IgE antibody response in mice on the tBHQ diet with 
high concentration. Likewise, in response to OVA challenge, a greater decrease in 
body temperature was observed in the mice on the high concentration of tBHQ diet 
post-challenge compared to control animals. In addition, because tBHQ is a robust 
activator of the transcription factor Nrf2 in immune cells, we aimed to determine 
the role of Nrf2 in these tBHQ-mediated effects. Therefore, we performed a PCR 
array on splenocytes from SCID mice (immune-deficient mice) who received either 
wild-type CD4 T cells or Nrf2-knockout CD4 T cells and were sensitized to OVA. We 
found that the Th2-related genes were downregulated, but Tregs and Th1-related 
genes were upregulated in mice that received Nrf2-null CD4 T cells. Taken together, 
these data suggest that exposure to tBHQ through diet promotes OVA sensitiza-
tion and exacerbates anaphylactic response to OVA challenge in a mouse model 
of food allergy. This effect is tBHQ dose-dependent and dependent on the Nrf2 
transcription factor. 

 4057 Environmental Pollutant Trichloroethylene Enhances Responses 
to Egg Protein in a Human-Relevant Mouse Model of 
Food Allergy

M. P. Charollois1, H. C. Kaye2, M. Afaghpour-Becklund2, C. Cabanlong2, B. M. Tibbetts2, 
and S. J. Blossom2. 1Université de Paris, Paris, France; and 2University of New Mexico, 
Albuquerque, NM.

Food allergy is a growing health problem with a prevalence of 8%-10% in children 
and 4% in adults. In the US, food allergies cause 50,000 visits to the emergency 
room per year with 150-200 deaths and an estimate of 500 million in costs. 
Common food allergens include proteins in egg, milk, wheat, soy, peanuts, tree nuts, 
shellfish or fish (i.e., the “red flag” foods). The cause of the increase in food allergy 
is unknown. One potential environmental risk factor includes exposure to environ-
mental pollutants. While several environmental contaminants such as particulate 
matter and air pollution have been linked to allergic responses there is virtually no 
data on potential environmental contaminants that enhance risk for food allergy. 
The industrial solvent, trichloroethylene (TCE) is a halocarbon best known as a 
metal degreaser. It has polluted many of the water systems in the U.S., and human 
environmental exposure is not uncommon. Occupational TCE exposure promotes 
autoimmunity and a wide range of immune-mediated inflammatory disorders 
including skin rash with eosinophilia, exfoliative dermatitis, mucous membrane 
erosion, and epidermal necrosis. This immunological response is consistent with 
type I hypersensitivity reactions (i.e., allergy). Our goal is to investigate the effect 
of TCE in the development of food allergy in a human relevant epicutaneous mouse 
model of food allergy. We hypothesized that TCE exposure would enhance allergic 
responses egg protein in young mice. Female balb/c mice (6-8 weeks of age) were 
exposed to low-dose TCE (5 μg/ml or <1 mg/kg/day) or vehicle in the drinking 
water for a total of 9 weeks. Subsets of TCE and control mice were sensitized to 
egg protein (OVA; 100 μg) applied to depilated abdominal skin once a week for 6 
weeks during the TCE exposure. After 6 weeks, mice were orally challenged with 
50 mg OVA by gavage serum levels of OVA-specific IgG1 and IgE both pre- and 
post-challenge were assessed by ELISA. After oral challenge mice were assessed 
for inappropriate clinical responses (anaphylaxis). There was variability in the 
OVA-specific Ig response when comparing serum levels (ng/ml) obtained both 
pre- and post-challenge. However, the mean percentage of OVA-sensitized mice 
that developed OVA-specific antibodies was significantly higher in mice exposed 
to TCE compared to vehicle controls (66% vs.44%, n=6 per group, respectively). 
After OVA challenge, mice were evaluated for clinical signs of anaphylaxis by 
measuring rectal temperature every 5 minutes for 60 min. Strikingly, TCE exposure 
significantly reduced body temperature in OVA-sensitized mice to a greater degree 
than OVA-sensitized vehicle controls (p<0.05). Mice not exposed to OVA (saline 
controls) did not exhibit OVA-specific Ig or experience a drop in body temperature 
as expected. Further study will address the impact of TCE as a potential environ-
mental trigger of food allergy. Future studies will focus on the role of gut mucosal 
immunity in TCE-mediated responses to food proteins after exposure during 
sensitive time periods of immune development.

 4058 Development of a Human In Vitro De-risking Approach to 
Improve the Relevance of Drug-Induced Mast Cell Activation 
Evaluations for Nonclinical Drug Safety Assessment

B. A. Vega, F. Chen, B. Bhatt, N. Li, and R. J. Gonzalez. Merck & Co. Inc., West Point, PA.

Mast cells play critical roles in allergic response, anaphylaxis, and defense 
against pathogens and toxins. Mast cells secrete vasoactive and proinflamma-
tory mediators including histamine, serotonin, and proteases stored in secretory 
granules to promote anti-pathogen immunity during infections. Uncontrolled mast 
cell degranulation (MCD) results in clinical signs of anaphylaxis consisting of 
flushing and/or more adverse events including changes in blood pressure, heart 
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rate, respiratory rate, and in severe cases, mortality. Substructures within many 
peptide and small molecule drugs such as basic residues and aromatic or aliphatic 
hydrophobic residues have the potential to trigger activation of mast cells and 
subsequently pseudoanaphylaxis by inducing mast cell degranulation in humans 
and animals. We have previously established an ex vivo rat peritoneal mast cell 
degranulation assay as a tool to elucidate the role of mast cells in the mechanism 
of toxicity for peptide and small molecule drug candidates. Although the assay has 
demonstrated a strong in vitro-in vivo correlation and is highly predictive of rodent 
toxicity, it was unclear whether these findings offer clinically relevant prediction of 
pseudoanaphylaxis risk in humans. In the present study, we report on the evaluation 
in vitro human MCD assays using either LAD2 human mast cells or CD34+ stem cell 
differentiated mast cells. Over 60 benchmark compounds with diverse chemical 
structures, including those reported to carry pseudoanaphylaxis risks in the clinic, 
were evaluated. Our results demonstrate a high correlation between the rat mast 
cells and LAD2 based human MCD assay. Additionally, several drugs known to 
cause pseudoanaphylaxis reactions in human can induce histamine release in 
both rat peritoneal and human LAD2 mast cells, suggesting correlation between 
in vitro and in vivo effects. Stem cell differentiated human mast cells, however, did 
not show consistent effects in histamine release with these compounds which 
likely attributed to differential expression of key mast cell activation receptors 
among different cell batches. Overall, our results showed a high correlation 
between rat peritoneal and human LAD2 based in vitro mast cell degranulation 
effects, suggesting the LAD2 assay may be predictive of human pseudoanaphylaxis 
risk. Compounds activating rat and human mast cells shared similar features in 
structures which suggest pseudoanaphylaxis risk by these structures are shared 
between human and rats. Our results also showed that LAD2 cells can be used to 
establish a relatively high throughput and low variability platform which will reduce 
animal usage for pseudoanaphylaxis derisking.

 4059 Priming Treatment with T Cell-Redirecting Bispecific Antibody 
ERY974–Reduced Cytokine Release without Losing Cytotoxic 
Activity In Vitro by Changing Chromatin State

Y. Iwata. Chugai Pharmaceutical Co. Ltd., Shizuoka, Japan. Sponsor: Y. Iwata, Japanese 
Society of Toxicology.

CD3-bispecific antibodies (CD3-BsAbs) are an emerging form of cancer immuno-
therapy, but their adverse effects in clinical contexts are difficult to manage. 
Cytokine release syndrome (CRS), a potentially life-threatening systemic inflamma-
tory response associated with elevated levels of circulating cytokines, commonly 
occurs with this type of antibody. CRS frequently strikes after the first dose, and 
its severity decreases with each subsequent dose. Although the repeated adminis-
tration of CD3-BsAbs has been shown to reduce CRS, the mechanism behind this 
effect remains unclear. The purpose of this study is to elucidate the mechanism 
underlying reduced cytokine induction after repeated treatment with ERY974, a 
GPC3/CD3-BsAb. In this study, human peripheral blood mononuclear cells (PBMCs) 
and GPC3 expressing cells were treated with ERY974 or negative control (KLH/
CD3-BsAb). PBMCs were then cultured for one week before being treated again 
with ERY974 or negative control. We examined cytokine concentrations, mRNA 
expression of cytokines, CD3 expression, CD3-mediated signal transduction, T-cell 
activation markers, cytotoxic activity, and T-cell chromatin state. The repeated 
ERY974 treatment showed lower cytokine levels (mRNA and protein) than the first 
treatment, and ATAC-seq analysis revealed that the priming treatment changed 
chromatin accessibility in T cells. The priming treatment decreased chromatin 
accessibility at the transcription regulation region of IL2 and decreased IL-2 expres-
sion. CD3 expression, CD3-mediated signal transduction, T cell activation markers, 
and cytotoxic activity after repeated ERY974 treatment was similar to that after the 
first treatment. These results suggest that epigenetic changes to T cells after the 
priming treatment play an important role in the mitigation of cytokine release after 
the repeated ERY974 treatment.

 4060 Developing In Vitro Models for Assessing Off-Target Toxicities 
of Antibody-Drug Conjugates

M. A. Oropallo, T. G. Griffiths, D. L. Clark, U. Devanaboyina, K. Tanis, N. Li, and 
R. J. Gonzalez. Merck & Co. Inc., Rahway, NJ.

Antibody-Drug conjugates (ADCs) are an emerging modality that hold promise for 
improved therapeutic index through targeted drug delivery. ADCs with cytotoxic 
payloads targeting tumor antigens are of particular interest, however, adverse events 
still limit the full benefit of these molecules in the clinic. Studies have demonstrated 
that ADC payloads accumulate in cells with enhanced endocytic capability such 
as neutrophils and megakaryocytes. Accordingly, non-target mediated uptake is 
implicated as an underlying off target ADC toxicity. To gain mechanistic insight 
and better characterize ADC safety, we established in vitro approaches to examine 
non-target mediated ADC toxicity in neutrophils and megakaryocytes. A series of 
ADCs, including Kadcyla (anti-HER2 DM1) and Polivy (anti-CD79b MMAE) were 
used for proof-of-concept studies. Human CD34+ hematopoietic stem cells were 
differentiated into neutrophils or megakaryocytes and subsequently treated with 
ADCs at a range of concentrations. Cell viability was measured using ATP or flow 
cytometry to determine in vitro cytotoxicity IC50s. We found that megakaryocytes 

were more sensitive to Kadcyla-induced cytotoxicity as compared to Polivy, consis-
tent with the incidence of clinical thrombocytopenia observed in patients treated 
with these ADCs. Our preliminary results suggest that in vitro assays can differen-
tiate susceptibility to ADC induced cytotoxicity between cell types associated with 
clinical adverse findings. Future work, including the assessment of additional cell 
types/ADCs, mechanisms of cellular ADC internalization, and in vitro/in vivo correla-
tion will be conducted to further understand ADC mediated toxicity. Overall, our 
results with neutrophils and megakaryocytes are consistent to the ADC mediated 
adverse effects observed in the clinic and can potentially be considered in project-
ing therapeutic index alongside in vitro/in vivo preclinical efficacy data.

 4061 Strategies to Evaluate Potential Effector Function of Glycan 
Variants: A Case Study of Ordesekimab (AMG 714 or PRV-015)

Y. Wei1, T. Wegesser2, S. Kuhns2, J. Werner2, H. Lebrec3, and X. Wang1. 1Amgen 
Inc., South San Francisco, CA; 2Amgen Inc., Thousand Oaks, CA; and 3Sonoma 
Biotherapeutics Inc., South San Francisco, CA.

The potential for effector functions of therapeutic antibodies, including antibody-de-
pendent cell-mediated cytotoxicity (ADCC), is a biological activity of interest for 
characterization, regardless of whether ADCC is an intended primary pharmaco-
logical effect. The composition of the conserved antibody Fc glycan can vary as a 
function of post-translational processing which may affect the binding affinity to 
Fc receptors, leading to a change of effector activity. Ordesekimab (AMG 714 or 
PRV-015), a fully human immunoglobulin G1 kappa (IgG1κ) anti-interleukin (IL)-15 
monoclonal antibody, is in clinical development by Amgen Inc. and Provention 
Bio Inc. for gluten-free diet non-responsive celiac disease (NRCD). The binding of 
ordesekimab to IL-15 inhibits the interaction of IL-15 with the IL-2Rβ and common γ 
chain of the IL-15 receptor complex, but not the interaction of IL-15 with the IL-15Rα 
chain. Therefore, the simultaneous binding of ordesekimab to the Fcγ receptor (R) 
IIIα expressed on natural killer (NK) cells and to the IL-15/IL-15Rα complex on cells 
such as monocytes may theoretically enable ADCC toward the IL-15Rα-expressing 
cells, resulting in the killing of target cells. The high mannose (HM) levels on 
the Fc glycan were found to vary in different lots of ordesekimab resulting from 
refinements to the manufacturing process, and the impact on ordesekimab-me-
diated ADCC activity was evaluated in in vivo and in vitro studies. To assess the 
potential effector function of ordesekimab, we focused on ADCC against a target 
cell expressing cell surface IL-15Rα with either in vivo or in vitro treatment of 
ordesekimab or a surrogate antibody Hu714MuXHu. Since monocytes represent 
a large cell population expressing IL-15Rα in peripheral blood in both human and 
cynomolgus macaque, they were selected as target cells in the following in vivo 
and in vitro investigations. A review of non-clinical toxicology studies from 1-month, 
3-month and 6-month GLP studies and clinical data from two phase 2a studies in 
patients with celiac disease (NCT02637141, and NCT02633020) found no evidence 
of ordesekimab-induced depletion of monocytes, or cytotoxicity in organs with wide 
IL-15Rα expression, suggesting a lack of in vivo ADCC activity. In addition, an in vitro 
peripheral blood mononuclear cell (PBMC)-based ADCC assay did not reveal any 
cytolytic effect of ordesekimab with various levels of HM contents when co-cul-
tured with recombinant human IL-15. Taken together, these data demonstrate that 
ADCC is not a potential liability for ordesekimab and does not contribute to the 
reduction of IL-15-mediated inflammation, the intended pharmacological effect. 
Overall, a strategy including in vivo and in vitro investigations was able to address 
concerns of ADCC mediated by ordesekimab with varying glycan compositions.

 4062 CPH:SA Microparticle-Based Delivery of Interleukin-1 Alpha 
Reduces Systemic Inflammation and Toxicity in HNSCC 
Tumor-Bearing Mice

M. Hasibuzzaman1, R. He1, I. Khan1, R. Sabharwal1, A. Salem1,2, and A. Simons1,2. 
1University of Iowa, Iowa City, IA; and 2Holden Comprehensive Cancer Center, University 
of Iowa, Iowa City, IA.

Interleukin-1 alpha (IL-1α) is a pro-inflammatory cytokine that can activate immune 
effector cells and trigger anti-tumor immune responses. However, concern over 
increased dose-limiting toxicities including cytokine storm and hypotension 
has limited its use in the clinic as a cancer therapy. We propose that polymeric 
microparticle (MP)-based delivery of IL-1α will suppress the acute pro-inflammatory 
side effects by allowing slow and controlled release of IL-1α systemically, while 
simultaneously triggering an anti-tumor immune response. Recombinant IL-1α 
(rIL-1α) were encapsulated within 20:80, 1,6-bis-(p-carboxyphenoxy)-hexane:se-
bacic anhydride (CPH:SA) micro-particles (CPH:SA_IL-1α MPs). In vitro release 
assays and activity tests were performed. IL-1α-MPs were injected intraperito-
neally in C57BL/6J mice bearing mEERL (murine oropharyngeal epithelial cells 
stably expressing HPV16 E6/E7 together with hRAS and luciferase) tumors in 
their right flank. Mice weight, circulating cytokines, blood pressure, and serum 
liver and kidney enzymes were monitored for toxicity assessment. Tumor volume 
and tumor-infiltrating immune cells were analyzed for therapeutic assessment. In 
vitro release kinetic studies showed slow and sustained release of IL-1α from the 
particle without changing the activity of released IL-1α. In HNSCC tumor bearing 
mice, IL-1α-MPs produce less systemic inflammation and associated toxicity 
compared to parent rIL-1α molecule. Moreover, the anti-tumor activity and immune 
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cell infiltration in the tumor micro-environment were similar between IL-1α-MPs 
and rIL-1α. These results indicate thatCPH:SA-based IL-1α-MPs generated a slow 
and sustained systemic release of IL-1α, resulting in reduced systematic inflam-
mation and toxicity accompanied by an adequate anti-tumor response. Therefore, 
MPs based on CPH:SA formulations may be promising as delivery vehicles for 
IL-1α to achieve safe, effective, and durable antitumor responses for head and neck 
squamous cell carcinoma (HNSCC) patients.

 4063 Identification of Strategies to Block Nuclear Translocation of 
Interleukin-1 Alpha in Head and Neck Tumors

I. Khan, M. Hasibuzzaman, and A. L. Simons. University of Iowa, Iowa City, IA.

Interleukin 1 alpha (IL-1α) is a proinflammatory cytokine that is believed to play 
a pro-tumorigenic role and is associated with tumor aggression and metastasis. 
Unfortunately, efforts to target IL-1α as a cancer therapy have been unsuccessful 
in clinical trials despite encouraging preclinical data. The subcellular localization of 
IL-1α to the nucleus is a lesser-known phenomenon in tumor biology but is believed 
to have a “transcription factor-like” function. Our preliminary data have suggested 
that IL-1α, specifically in the nucleus, plays a significant role in the pro-tumorigenic 
characteristics of IL-1α. This ongoing work aims to identify strategies to block the 
nuclear translocation of IL-1α. Associations between tumor IL1A ligand expression 
and survival outcomes were assessed in HNSCC patients from publicly available 
gene expression datasets. Attempts to block the nuclear translocation of IL-1α 
were by 1 - mutating the nuclear leading sequence (NLS) of IL-1α at the lysine 
82 position, and 2 - knockdown of HCLS1-associated protein X-1 (HAX1), which 
is an intracellular nuclear-cytoplasmic shuttle protein that regulates the nuclear 
translocation of IL-1α using siRNA. IL-1α gene expression, secretion, and subcel-
lular localization in control, NLS-mutated, and HAX-1 knockdown head and neck 
squamous cell carcinoma (HNSCC) cell lines were analyzed by RT-PCR, ELISA, 
and Western blot, respectively. IL1A gene expression was significantly increased 
in HNSCC tumors compared to normal tissues, and high IL1A gene expression 
was significantly associated with poor survival outcomes compared to low IL1A 
gene expression in HNSCC patients. There were no differences in IL1A gene/
protein expression, protein secretion, subcellular localization, or cell survival in NLS 
mutated cells compared to control cells. However, in HAX1 knockdown cells, IL1A 
gene and protein expression was significantly decreased compared to control cells. 
These results suggest that the nuclear translocation of IL-1α is not affected by a 
single mutation in the NLS of IL-1α, and more work is ongoing in this area. However, 
HAX1 knockdown showed promising results. Further studies are in progress to 
determine the ideal mechanism to block the nuclear translocation of IL-1α, which 
may reveal novel functions of nuclear IL-1α in tumor cells.

 4064 Novel PBMC Humanized Mouse Model That Can Distinguish a 
Distinct CAR-T Response against Different Tumor Types

J. Yang, D. R. Rose, W. Lee, M. Cheng, and J. G. Keck. The Jackson Laboratory, 
Sacramento, CA. Sponsor: J. Yang, American Association for Cancer Research.

Chimeric antigen receptor T-cell (CAR-T) therapy has emerged as a revolutionary 
treatment for certain hematological malignancies. While several CAR-T therapies 
showed an efficacious response in selected patients, wider adoption of the therapy 
is challenged due to various side effects, such as cytokine release syndrome (CRS), 
and lack of efficacy. We have developed a novel peripheral blood mononuclear 
cell (PBMC)-humanized mouse platform to assess the efficacy and safety of 
CAR-T therapy. The model allows assessing CAR-T efficacy and expansion, CRS, 
and downstream toxicity altogether in the same mouse. Here, we established 
tumor-bearing PBMC humanized mice using two different tumor cell lines, Raji B 
cell lymphoma and Nalm6 leukemia. We compared the effect of CAR-T therapy in 
different tumor types and tumor burden, focusing on CAR-T efficacy and expansion, 
CRS, and downstream toxicity. To establish a tumor-bearing PBMC humanized 
mouse model, NSG™-MHC Class I/II double knock-out mice that show delayed 
GvHD were used. The mice were irradiated and injected with 0.25M Raji-Luc cells or 
6M Nalm6-Luc cells. Seven days (low tumor burden) or 10 days (high tumor burden) 
post-tumor cell injection, mice were humanized with PBMCs, followed by PBS or 
CD19 CAR-T treatment. Sera were collected for human cytokine analysis, and whole 
blood was used for flow cytometry analysis to assess peripheral human B cell 
levels and CAR-T expansion. Tumor burden was monitored using an IVIS imaging 
system. Raji cells engrafted better than the Nalm6 cells, with higher luciferase 
signal in vivo and more hCD19+ cells in the blood. All of the Raji high tumor burden 
mice treated with PBS reached the endpoint by day 17 due to tumor burden-re-
lated poor clinical outcomes. CD19 CAR-T treatment showed great efficacy in 
both tumor models, with delayed response in the high tumor burden model. CAR-T 
cells overall expanded better in mice with Raji tumor, compared to mice bearing 
Nalm6. This is partially due to a more target (hCD19) expression in the Raji model 
resulting from better tumor engraftment. High tumor burden mice showed better 
CAR-T expansion than lower tumor burden, in both Raji and Nalm6 models. Human 
cytokines were measured 2-, 4-, and 7-days post-CAR-T treatment. The majority 
of the CAR-T-induced cytokines, such as GM-CSF, IFNy, TNFa, IL-2, IL-5, IL-6, and 
MCP-1, peaked at 2 days. The level of cytokines was higher in the high tumor 
burden compared to the lower tumor burden, and most of the cytokine levels were 

higher in the Raji model compared to the Nalm6 model. After peaking at 2 days, 
CAR-T-induced cytokines were decreased, except IL-5 level in the Nalm6 high tumor 
burden model, which remained elevated until 4 days (590 pg/mL). Interestingly, 
several cytokines were highly increased in the PBS-treated Raji tumor model group 
at a later time point on day 17. Those cytokines include TNFa, MIP-1a, MIP-1b, IL-10, 
IL-6, IL-4, and IL-12p40, and the levels are higher in the high tumor burden model, 
compared to the low tumor burden model. This delayed cytokine induction is likely 
due to the tumor burden itself, and is tumor-type-specific. In summary, we have 
developed a novel PBMC humanized mouse model that can distinguish a distinct 
CAR-T response against different tumor types. This platform can be used to assess 
several parameters in the same mouse, such as CAR-T efficacy and expansion, 
cytokine releases against CAR-T treatment and the tumor, and downstream toxicity.

 4065 Comparison of Nonhuman Primate Cytokine Release Assays in 
Whole Blood and PBMC Formats

A. McDermott, D. Flouro, I. Rojo Muchacho, B. Simons, and A. Lucchini. Labcorp Drug 
Development, Immunology and Immunotoxicology, Madison, WI.

Cytokine release assays (CRAs) are an essential in vitro safety assessment for 
biologics prior to first-in-human studies. However, CRAs using whole blood or cell 
populations isolated from the whole blood of preclinical animal models can also be 
used to screen drug candidates and otherwise de-risk potential therapeutics prior 
to long and expensive in vivo safety studies. In the current study, we compare the 
performance of several commonly used CRA positive control compounds against 
samples isolated from nonhuman primates, an important pre-clinical safety species. 
These comparisons were made across the two most commonly requested CRA 
formats, whole blood and peripheral blood mononuclear cells (PBMCs) stimulated 
in the liquid phase. Whole blood or PBMCs from at least three animals were 
stimulated with either PMA and Ionomycin, pokeweed mitogen, anti-CD3 (OKT3), 
phytohemagglutinin, or all five in combination for a nominal 24 hours. Plasma or 
cell culture supernatant was collected and assessed for levels of GM-CSF, IFNy, 
IL-1β, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 p70, IL-13, IL-17/IL-17A TNFα, IFNα, IP-10 
and MCP-1 using NHP XL Cytokine Luminex® Performance Premixed Kit on the 
Bio-Plex® 200 platform. Overall, whole blood produced less cytokine compared to 
PBMCs when stimulated with the same concentration of control compound, includ-
ing TNFα, IL-2, and IFNγ production following stimulation with PHA. Additionally, 
PMA and Ionomycin elicited the most robust cytokine production when compared 
to other control compounds within the same assay format, as demonstrated by 
TNFα and IL-1β levels in stimulated PBMC samples. Taken together, these data 
represent a rigorous evaluation of routine control compounds in commonly utilized 
CRA formats and can guide study design in an important preclinical species for 
safety assessment.

 4066 Development of Cryopreservation Procedures to Allow 
Retrospective Immunophenotyping Analysis of Nonhuman 
Primate Peripheral Blood Samples

K. J. Schmunk, B. Bhatt, L. Zhu, E. Anziano, K. Q. Tanis, N. Li, and R. J. Gonzalez. Merck 
& Co. Inc., Rahway, NJ.

The cellular heterogeneity of the immune system is crucial for generating a diverse 
and effective defense against pathogens. For nonclinical safety assessment, 
effects of drugs on the immune system are often evaluated in animals by immuno-
phenotyping subsets of immune cells, such as T, B, and NK cells, by flow cytome-
try. Although this technique allows for rapid analysis of immune cells, the require-
ment for fresh samples limits retrospective analysis of previously stored samples. 
Previous attempts to immunophenotype cryopreserved samples have been limited 
to clinical samples and shown minimal success, particularly with samples stored 
over a week. In the present study, we evaluated various cryopreserved nonhuman 
primate peripheral blood samples and established procedures that can perform 
retrospective immunophenotyping analysis with samples stored for at least 6 
months. Aliquots of nonhuman primate peripheral blood samples were cryopre-
served in FBS with 10% DMSO, CryoStor® cryopreservation media with various 
DMSO concentrations, or 20% FBS with 10% glycerol in RPMI medium. Samples 
were stored at either -80°C or -196°C (liquid nitrogen). Immunophenotyping of total 
and subsets of T (CD4, CD8, naïve, memory, and regulatory T cells), B (naïve and 
memory), and NK cells were performed in fresh and cryopreserved samples stored 
over a course of 6 months (24 hours, 1 week, 1, 4, and 6 months). Absolute counts 
of each lymphocyte subset were determined by the relative percent values (via flow 
cytometry analyses) multiplied by the absolute count of lymphocyte via hematol-
ogy analyses. Results showed that samples stored in either FBS with 10% DMSO 
or CryoStor® CS10 medium demonstrated exceptional quality and persistency 
over time. Immunophenotyping results with these cryopreserved samples were 
highly comparable to those from fresh samples. In particular, samples stored 
in FBS with 10% DMSO in liquid nitrogen demonstrated minimal changes (<10% 
and were within a typical range of analytical variation) in the majority of lympho-
cyte subsets compared to fresh samples. Samples stored at -80°C also showed 
comparable readings to fresh samples up to 1 month followed by a gradual quality 
deterioration over time. Samples cryopreserved in 20% FBS with 10% glycerol in 
RPMI medium showed sample degradation within a week and were unable to meet 
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quality attributes in flow cytometry analysis. Overall, our study identified multiple 
cryopreservation methods to enable retrospective immunophenotyping analysis 
of nonhuman primate peripheral blood samples (both rhesus and cynomolgus 
macaques). Samples stored in FBS with 10% DMSO can be used for at least 6 
months without negative impact in data quality. These methods can be benefi-
cial for nonclinical studies where retrospective immunophenotyping is needed. 
Retrospective immunophenotyping could also facilitate sample shipment across 
sites and allow for the ability to analyze samples from different timepoints concur-
rently, which could limit assay variability.

 4067 Single Cell RNA Sequencing Reveals That TCDD 
(2,3,7,8-Tetrachlorodibenzo-p-Dioxin) Skews In Vitro Human 
Hematopoietic Differentiation toward the Myeloid Lineage

D. Khan1, P. W. Karmaus2, R. B. Crawford1, and N. E. Kaminski1. 1Michigan State 
University, East Lansing, MI; and 2NIEHS, Washington, DC.

The role of AHR agonist TCDD in early human hematopoietic differentiation is not 
well understood. We developed and characterized an in vitro culture system to 
study the effect of AHR activation by 1 nM TCDD on hematopoietic differentiation of 
human cord blood CD34+ hematopoietic stem and progenitor cells (HSPCs) over a 
period of 28 days. Using single cell RNA-sequencing (scRNA-seq) and flow cytome-
try, we identified that our model facilitates the formation of most major hematopoi-
etic lineages except T cells. scRNA-seq analysis suggested that TCDD treatment 
led to a decrease in development of cells of lymphoid and megakaryocyte-erythroid 
lineages and an increase in pro-myelocytes and monocytes compared to vehicle 
(0.02% DMSO) treated cells. Flow cytometric analysis confirmed reduction in 
CD10+ lymphoid progenitors and CD19+ B-cells, and a significant increase in CD14+ 
(monocyte) and CD66b+ (granulocyte) progenitors with TCDD treatment at multiple 
time points. Differential gene expression analyses showed that genes critical for 
development of B-cells (EBF1, BCL11A, LEF1) were downregulated in the lymphoid 
cluster (p value < 0.01) by TCDD treatment. BCL11A protein expressing CD10+ CD19- 
lymphoid progenitors were also reduced with TCDD on days 14 and 21. scRNA-seq 
analysis demonstrated monocytes from TCDD group had significant suppression 
of genes associated with immune competence (IFITM2, HLA-DRA, THBS1, etc.). In 
late monocytes, genes mediating lipid transport (APOE, APOC1) and genes associ-
ated with an M1 macrophage phenotype (ADAMDEC1, CLEC5A, etc.) were upregu-
lated. Macrophages that developed in presence of TCDD showed a reduced gene 
signature for genes associated with M2 macrophages. Transcription factor activity 
inferred from gene expression revealed lower activity of IRF4 and IRF8, important 
modulators of macrophage polarization, in the TCDD group. Overall IRF8 protein 
expression was also significantly suppressed on days 14 and 21 in TCDD-treated 
cells. In conclusion, using a novel in vitro model of hematopoiesis that can be 
useful in developmental immunotoxicity testing, this study demonstrates that 
TCDD treatment skews human hematopoietic differentiation towards monocytes 
and granulocytes. We also identify changes in expression of key mediators that 
may account for the development of an aberrant hematopoietic profile with TCDD. 
Supported by NIH P42 ES004911.

 4068 Single Cell RNA Sequencing Suggests That Naïve CD8 T Cells of 
Smokers Are Primed to Exit Quiescence

S. N. Martos, M. R. Campbell, A. K. Merder, K. V. Embury, X. Wang, and D. A. Bell. NIEHS, 
Research Triangle Park, NC.

Tobacco use is the leading cause of preventable morbidity and mortality in the 
United States and cigarette smoke exposure is a risk factor for chronic inflamma-
tory diseases, cancer, and communicable diseases. As the effectors of adaptive 
immunity, CD8 T cells are responsible for killing virus-infected and cancer cells. 
As such, altered CD8 T cell function represents a potential link to understand 
smoking-mediated diseases. We previously reported an expansion of late-stage 
and reduction of naïve CD8 T cells in smokers using single-cell RNA sequencing 
(scRNAseq). Referred to as memory inflation, the reduction in naïve (antigen-in-
experienced) T cells and increase in memory (antigen-experienced) T cells is a 
hallmark of immunosenescence and associated with immune dysfunction. 
To expand the finding of memory inflation to a larger population, we used our 
previously published scRNAseq data as a reference to deconvolute bulk RNAseq 
data, which allowed us to estimate the naïve proportion of CD8 T cells from 118 
donors. We found that smoking was associated with lower naïve cell proportion 
(β = −0.082, p < 0.05). To investigate altered CD8 T cells in smokers, we used 
scRNAseq combined with surface protein staining to classify CD8 T cells from 
smokers (n = 14) and nonsmokers (n = 12) into four major subsets: naïve (TN), 
central memory (TCM), effector memory (TEM), and late-stage EM (TEMRA). Single-cell 
differential gene expression analysis revealed that compared to nonsmokers the TN 
cells of smokers had elevated expression of MYC (FDR = 6.58 x 10-13), which plays 
a role in T cell transition from quiescence to proliferation upon activation, as well as 
MYC target genes (CDK4, DUT, IMPDH2, RPLP0, RPS3, SRSF3, and CCT). Smokers’ 
CD8 TN cells also showed elevated levels of CD27 (costimulatory molecule for T cell 
activation; FDR = 1.98 x 10-08) and DHFR (FDR = 4.86 x 10-251). Repression of DHFR 
expression is critical for maintenance of TN cell quiescence. Notably, we detected 
expression of DHFR in only 1.6% of nonsmokers’ CD8 TN cells, whereas 8.8% of 

smokers’ CD8 TN cells expressed DHFR. Taken together, these transcriptional 
changes indicate that CD8 TN cells of smokers may be primed to exit quiescence, 
which provides a potential explanation for how cigarette smoke may contribute to 
memory inflation. We are currently analyzing single-cell T cell receptor data from 
these donors to determine whether TN cells with loss of quiescence are clonally 
expanded or derived from a diverse group of CD8 T cells. Since escape from 
quiescence requires metabolic changes, we plan to further analyze scRNAseq data 
to confirm that smokers’ CD8 TN cells show metabolic transcriptional signatures 
consistent with quiescence exit.

 4069 CD8 T Cells of Smokers Show Elevated Costimulatory Molecules 
and Activation Markers

M. R. Campbell, S. N. Martos, A. K. Merder, K. V. Embury, and D. A. Bell. NIEHS, 
Durham, NC.

Approximately 480,000 US deaths from cigarette smoking-related diseases 
occur each year. Exposure to tobacco smoke impacts the immune response, 
leukocyte subtypes, gene expression and blood DNA methylation profiles. Using 
primary peripheral blood mononuclear cells (PBMCs) by single-cell RNA sequenc-
ing (scRNAseq) and mass cytometry (CyTOF), we previously characterized gene 
expression profiles and cell surface proteins which showed a shift in the composi-
tion of CD8 T cells towards terminally differentiated states. To further immuno-
type CD8 T cell differentiation states and quantify subtype functional markers, we 
developed a 37-antibody CyTOF panel. The panel was run on PBMCs collected 
from healthy smokers (n=32) and nonsmokers (n=23), measured for cytomegalovi-
rus (CMV) seropositivity (CMV+ or CMV-), and characterized for DNA methylation 
levels at the epigenetic biomarker of smoking exposure, AHRR cg05575921. Some 
subjects were immunized for COVID-19 during the study. Analysis focused on CD8 T 
subtypes and these consisted of naïve (TN), central memory (TCM), effector memory 
(TEM), and CD45RA+ effector memory (TEMRA). Among CMV- donors, smokers had 
increased expression of costimulatory markers CD28 (TCM, p<0.01; TEMRA, p<0.05), 
CD27 (TEMRA, p<0.05), and CD278 (ICOS, TCM, p<0.05). CMV+ smokers had increased 
CD28 (TN, p<0.01) and ICOS (TEM, p<0.05). Activation markers CD25 and CD44 
were increased in CMV- smokers (CD25 TEM, p<0.05; CD44 TEM, p<0.05; TEMRA, 
p<0.01). CD25 was also increased in CMV+ smokers (TCM, p<0.01; TEM, p<0.01). 
We evaluated CCR4 and CCR5 levels to determine Tc2 (CCR4) versus Tc1 (CCR5) 
response polarization. Both CMV+ and CMV- smokers had significantly elevated 
levels of CCR4 and decreased expression of CCR5 in specific subsets (p<0.05) 
suggesting a Tc2 biased response. Taken together, this suggests enhanced activa-
tion of CD8 T cells in smokers. We are further exploring how COVID-19 vaccination 
status impacts smoking-associated CD8 T cell responses.

 4070 Heated Tobacco and Cigarette Smoke Exposures Alter T CD4+ 
Responsiveness and Lead to Immunotoxic Outcomes

P. Scharf, S. Sandri, and S. H. Farsky. Universidade de São Paulo, São Paulo, Brazil.

Exposure to combustible products of cigarette smoke (CS) is associated with 
several toxic outcomes. Hence, non-combustible tobacco products, such as 
heated tobacco products (HTP), which mainly release nicotine and humectants, 
could reduce those toxicities caused by CS, and be considered as a potential harm 
reduction tool for current smokers. CS can trigger a variety of diseases by activat-
ing or suppressing physiological functions, including the immune system. T CD4+ 
are adaptive immune cells with high phenotypic plasticity, which can acquire an 
effector or regulatory profile. CS is a well-known risk factor for autoimmune disease 
because it disrupts the effector/regulatory T CD4+ balance; however, the impact 
of HTP remains unclear. To address the effects triggered by CS or HTP on T CD4+ 
cells, we employed in vitro and in vivo exposures to evaluate their outcomes on 
T CD4+ phenotype, activation, and functions. Human T CD4+ were isolated from 
peripheral blood mononuclear cells collected from healthy donors using microbe-
ads. For such, in vitro exposures were conducted using peristaltic pumps for 30 
min (2 s of smoke/vapor followed by 28 s of airflow). Cell viability and activation 
(CD69, CD25) were evaluated 24h after exposures; and mitochondrial and total 
reactive oxygen species (mROS and ROS) and aryl hydrocarbon receptor (AhR) 
expression 1h after; cell proliferation, Th17/Treg polarization, and CD25/CTLA-4 
expression were evaluated 96h after exposures. . Mice were exposed for 7 days for 
1h/twice a day under the Health Canada Intense (HCI) smoking regime (55 mL of 
smoke for 2 s puffing, for every 30 s). In vitro, HTP and CS were not cytotoxic, but 
only CS exposure increased AhR, mROS, and ROS. Conversely, HTP or CS exposures 
decreased CD69 and CD25 activation markers, while HTP exposure impaired T 
CD4+ proliferation and late CD25 expression. CS exposure increased pathogenic 
Th17 frequency and RORyT expression; and reduced Treg frequency. Although HTP 
did not alter Th17/Treg balance, T CD4+ exposed cells display a higher expression 
of the anergy marker CTLA-4. Mice exposed to both CS and HTP showed a reduced 
number of splenocytes than the control group. No differences were observed in the 
frequency and expression of CD25 and CD69. CS exposure increased the frequency 
of Th17 cells and AhR expression, while the HTP-exposed group showed a higher 
number of Treg cells. Associated, data obtained here highlights that CS can trigger 
the environmental sensor AhR activation and favor an effector/inflammatory 
profile. Although HTP did not lead to a pro-inflammatory profile as CS did, HTP 
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exposures impaired T cell proliferation and led to a hypo-responsive phenotype. 
Altogether, our findings show that CS and HTP exposures affect CD4+ T biology 
in different ways favoring an enhanced or impaired T cell response, which can 
culminate in immune-mediated disorders.

 4071 Heated Tobacco and Cigarette Smoke Exposures Impair Human 
Macrophages Functions

S. Sandri1, P. Scharf1, T. de Oliveira2, and S. P. Farsky1. 1Universidade de São Paulo, São 
Paulo, Brazil; and 2Universidade Federal de Ciências da Saúde de Porto Alegre, Porto 
Alegre, Brazil.

Xenobiotics released by cigarette smoke (CS) exert pro-oxidant and inflamma-
tory effects, which are associated with respiratory and cardiovascular diseases, 
cancer, and, autoimmune diseases. Non-combustible tobacco products are arising 
as a potential harm reduction alternative for current smokers. Heat-not-burn 
tobacco (HNBT) devices heat tobacco but do not burn it. HNBT releases mainly 
nicotine, and humectants and lower emission of toxic xenobiotics than CS. While 
it is known tobacco products exert dual effects in regulating immunity, resulting 
in complex mechanisms of toxicity, the immunotoxicity caused by HNBT it is not 
known. Hence, we evaluated the effects of HNBT, CS, or nicotine exposures on 
U937-differentiated macrophages activated or not by lipopolysaccharide of E. coli 
(LPS). U937 monocytic lineage was differentiated into macrophages by phorbol 
12-myristate-13-acetate (100 nM) for 48 hours. Afterward, cells were exposed for 
30 min (2s of smoke/vapor followed by 28s of airflow) using peristaltic pumps, 
followed by culturing in the absence or presence of LPS (1μg/mL). In vitro exposure 
was characterized by quantifying total polycyclic aromatic hydrocarbons (PAH) 
amounts in the culture medium by gas chromatography- mass spectrometry 
(GC/MS). Macrophage viability was evaluated 24h after exposure by annexin V 
and 7AAD labeling was assessed by flow cytometry. Macrophage activation was 
evaluated in different periods after exposures to verify: oxidative stress markers (1 
hour; flow cytometry), zymosan phagocytosis (2 hours; flow cytometry), cytokines 
release (24h; ELISA) and polarization (48 hours; flow cytometry). Levels of PAHs 
were reduced in HNBT exposed culture medium; exposures to HNBT and CS did 
not affect the viability of the macrophages; both HBNT and CS exposures increased 
the production of total reactive oxygen species (ROS), however, the exposures 
impaired the ROS induced by LPS. The same effects aforementioned by HNBT were 
observed in macrophages cultured with growing concentrations of nicotine (0.01; 
0.1; 1μg/mL). Furthermore, pre-incubation of macrophages with a α7-nicotine-ace-
tylcholine (α-BTX) receptor antagonist abrogated the effects promoted by HBNT 
and nicotine exposures, which was not observed for CS. Only CS exposure per se 
increased the IL- 1β release, and both HBNT and CS exposures impaired the IL-1β, 
TNFα, and IL-10 secretion induced by LPS. Moreover, HBNT exposure increased 
the expression of CD163 M2 macrophage and CS exposure enhanced CD80 M1 
macrophage. Altogether, our data show CS or HNBT exposures modify macrophage 
functions and polarization. CS or HNBT drives macrophages into inflammatory and 
anti-inflammatory phenotypes, respectively, and the HNBT effects are mediated by 
nicotine receptor.

 4072 Role of Autophagy in E-cig Vapor Condensate–Induced 
Inflammation in A549 Cells

D. Mutyala, S. Batra, R. Begum, S. Thota, and N. Bidarimath. Southern University and 
A&M College, Baton Rouge, LA.

In recent years e-cigarettes have rapidly gained popularity among youth and 
non-smokers due to extensive marketing to quit smoking. However, recent investi-
gations suggest that the molecular consequences of vaping are quite like that of 
conventional smoking. Autophagy is a self-degradative process that is important 
for balancing sources of energy at critical times in development and in response to 
nutrient stress. Autophagy also plays a housekeeping role in removing misfolded or 
aggregated proteins, clearing damaged organelles as well as eliminating intracel-
lular pathogens. Thus, autophagy is generally thought of as a survival mechanism, 
although its deregulation has been linked to non-apoptotic cell death. Earlier 
findings from our laboratory demonstrate an important role of autophagy process 
in cigarette smoke induced inflammation. Based on earlier reports and findings 
from our laboratory we hypothesized important role of autophagy mechanism in 
e-cigs vapor condensate induced inflammation. Using human type II lung alveolar 
epithelial cells (A549), we conducted detailed studies by exposing them to filtered 
air or (1%) TF-ECVC±N (6 mg/ml) for 24hrs. The transcription and/or translational 
levels of Beclin-1 (autophagy inducer), p62 and autophagy related genes (ATG’s) 
were induced, while mTOR (negative regulator of autophagy process) was found 
significantly reduced in TF-ECVC challenged cells. Additionally, the inflammatory 
mediators-cytokines/chemokines and transcription factors (STAT-3 and Nf-KB) 
were found augmented in challenged cells. Overall, our findings provide evidence 
about the important role of autophagy mechanism in cellular homeostasis in 
TF-ECVC challenged cells Further studies using knockdown and chemical inhibition 
approach to link autophagy flux with the expression of inflammatory mediators are 
in progress.

 4073 Asbestos Exposure-Characteristic Alteration in Gene Expression 
in Human CD8+ T Cell Line Clarified by Transcriptome Analysis

Y. Nishimura1, N. Kumagai-Takei1, S. Lee1, A. Kamezaki1, and T. Otsuki1,2. 1Kawasaki 
Medical School, Kurashiki, Japan; and 2Shinjo-son National Health Insurance Clinic, 
Shinjo-son, Japan.

We have earlier reported the features about asbestos exposure-caused suppres-
sion in immune functions by cell culture experiments, some of which were also 
found in patients with malignant mesothelioma or people exposed to asbestos. 
However, it is unclear what is the key event in the functional suppression. Recently, 
it was found that human CD8+ T cell line EBT-8 continuously exposed to chryso-
tile asbestos showed decreases in intracellular perforin and production of IFN-γ. 
Then, five types of sub-lines were made by long-lasting cultures with or without two 
kinds of chrysotile (CA, JAWE), crocidolite (CR) fibers and titanium dioxide particles 
(TiO2), and all of the sub-lines CA, JAWE and CR showed gradual decrease in IFN-γ 
mRNA level with the increasing days of culture, whereas those of TNF-α and other 
examined genes do not decrease. Therefore, these five sub-lines were analyzed for 
transcriptome by next-generation sequencing (NGS). NGS analysis informed 29,638 
consensus transcripts to be compared about expression levels, where there are 
five transcripts with 4 times or more alteration in expression common to CA, JAWE 
and CR, while 78 transcripts showed double that amount. Those five transcripts 
included IFN-γ, two known and two unknown genes. The expression levels of 
those four genes showed significant and good correlation with IFN-γ expression 
(r>0.9). Those alterations in expression of the two known genes were confirmed 
by real time RT-PCR. In contrast, CR also showed unique types of alteration in gene 
expression, where some part of gene expressions in CR negatively correlated with 
those in CA. Those findings indicate that continuous exposure to asbestos causes 
gradual alteration in gene expression pattern, which is common to different types of 
asbestos. It is possible that accumulated asbestos fibers in draining lymph nodes 
might cause those alterations in gene expression, leading to suppressed immune 
functions in the pleural cavity upon inhalation exposure to asbestos related 
with onset of malignant mesothelioma. In addition, it was found that crocidolite 
exposure causes a different type of alteration in gene expression compared with 
chrysotile in addition to common feature, suggesting different immunological 
effects between those asbestos fibers.

 4074 Δ9-Tetrahydrocannabinol (THC) and JWH-015 Treatment 
Suppress CD8+T Cell Secretion of Interferon Gamma (IFNγ), 
Interleukin 2 (IL-2), and Tumor Necrosis Factor Alpha (TNFα)

J. R. Marty1,2, R. B. Crawford1,2, L. K. Blevins1,2, and N. E. Kaminski1,2,3. 1Michigan 
State University, East Lansing, MI; 2Institute for Integrative Toxicology Michigan State 
University, East Lansing, MI; and 3Center for Research on Ingredient Safety Michigan 
State University, East Lansing, MI.

Δ9-tetrahydrocannabinol (THC) is a cannabinoid identified in Cannabis sativa and 
has been well characterized to possess immunomodulatory properties in addition 
to its psychotropic activity. THC is known to bind cannabinoid receptor (CB) 1 and 
CB2, which are predominantly expressed in the central nervous system and the 
immune system respectively. There is currently a knowledge gap on how THC 
affects primary human CD8+ T cells, which is critical because of the role these 
cells play in various inflammatory conditions, including HIV associated neurocog-
nitive disorders and irritable bowel syndrome. The purpose of these studies is to 
characterize the effects of THC treatment on primary human CD8+ T cell inflam-
matory cytokine responses. For these studies, cultured primary human pan CD8+ T 
cells were utilized containing both naïve and memory cells to assess the secretion 
of interferon gamma (IFNγ), interleukin 2 (IL-2), and tumor necrosis factor alpha 
(TNFα) in response to T cell receptor (TCR) engagement. To determine the kinetics 
of cytokine secretion, a 5 day time course was conducted. The cells were activated 
via the TCR by plate bound anti-CD3 and soluble anti-CD28 antibodies. It was 
determined that 3 days post stimulation was the peak time of response to sample 
supernatants for cytokine secretion. The following experiments implemented a 
30 minute treatment with increasing concentrations (0.1, 0.5, 1, 5, or 10μM) of 
either THC or the selective CB2 agonist JWH-015 prior to activation. After pretreat-
ment cells were activated as previously described and supernatants were collected 
3 days post activation. THC and JWH-015 suppressed secretion of IFNγ, IL-2, 
and TNFα at the 1, 5, and 10μM concentrations, with no effect on cell viability. 
Additionally, THC treatment was capable of suppressing the secretion of all 3 
cytokines as at concentrations below the 1μM treatment, while JWH-015 was not. 
These data suggest that THC is capable of suppressing the CD8+ T cell contribution 
to inflammation, and that this inhibition is partially mediated by cannabinoid ligation 
of CB2. Supported by NIH R01 DA053047 and T32 ES007255.
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 4075 BTN2A2 Protein Expression by Human Peripheral 
Blood Mononuclear Cells (PBMC) and the Influence of 
Cannabidiol (CBD)

D. Martinez, R. B. Crawford, J. W. Zagorski, and N. E. Kaminski. Michigan State 
University, East Lansing, MI.

Cannabidiol (CBD), first discovered in 1940, is one of 113 cannabinoids found 
within the Cannabis sativa plant and is considered non-psychotropic phytocanna-
binoid due to its extremely low binding affinity to the cannabinoid receptor (CB1). 
In recent years there has been a dramatic increase in use of CBD as an additive to 
skin creams and to food and beverage products. CBD is known to have immune 
modulating effects. This research study was prompted by a case study that 
reported that Epidiolex, an epilepsy drug made from CBD, caused some patients to 
experience liver toxicity. Preliminary experiments in our laboratory were conducted 
using RNA-seq on a human hepatocyte cell line (HepaRG) that was treated with 
varying concentrations of CBD to determine what genes were differentially 
regulated in response to CBD treatment. One gene of interest in particular, BTN2A2, 
was increased with CBD. BTN2A2 belongs to the butyrophilin family of genes that 
resemble the B7 protein (CD28L). BTN2A2 has been noted to inhibit the stimula-
tion of T lymphocytes, along with inhibiting proliferation in both CD4+ and CD8+ 
T cells. The objective of this research project is to determine the protein expres-
sion of BTN2A2 on the different cell types found in human peripheral mononu-
clear cells (PBMC) and the effect CBD has on the expression of BTN2A2 in human 
PBMCs. Human PBMC were treated with CBD (1, 3, 10, and 32mM) and incubated 
for various times (6, 24, 48 and 72 hours). RNA was isolated and RT-qPCR was 
performed for the expression of BTN2A2 and showed a modest upregulation in 
BTN2A2 after exposure to CBD at 6 hours post addition. Since PBMC are heterog-
enous, cell surface staining was used to characterize the expression of BTN2A2 
on specific cell types within the PBMC population (monocytes, B cells, T cells, NK 
and plasmacytoid dendritic cells (pDC) along with intercellular antibody staining for 
BTN2A2 and analyzed by flow cytometry. Monocytes showed the highest percent-
age (91.3 ± 2.4%) and the highest mean protein expression per cell (geometric 
mean fluorescence index (gMFI)= 155116) followed by pDC (23.8 ± 7.9%, gMFI = 
20426), B Cells (21.4 ± 3.7%, gMFI = 45077), NK cells (10.6 ± 3.5%, gMFI = 41849) 
and then T cells (1.5 ± 0.2%, gMFI = 16508) (N=12). These studies show that the 
cell types with the highest expression of BTN2A2 are antigen-presenting cells (i.e., 
monocytes, pDC and B cells). Understanding how CBD affects the expression of 
BTN2A2 in human PBMC could be a potential mechanism, in part, by which CBD 
elicits its immune modulating effects. Supported in part by NIH R01 DA047180 and 
R01 DA053047.

 4076 Impact of Endocrine Disruptors on In Vitro T Cell Differentiation

A. Maddalon1, M. Naghavi2, L. Cari2, M. Iulini1, V. Galbiati1, G. Nocentini2, and E. Corsini1. 
1Università degli Studi di Milano, Milan, Italy; and 2Università degli Studi di Perugia, 
Perugia, Italy.

Endocrine disruptors (ED) are a class of synthetic or naturally occurring substances 
able to interfere with the endocrine system, altering their synthesis, secretion, 
transport, binding or elimination. Recently, an increased interest was posed on 
ED, since evidence supporting their negative impact on human health is rising. 
The exposure to ED may lead to adverse outcomes, mainly involving reproductive 
and hormonal diseases, but also immune disorders. The interconnection between 
endocrine and immune system is well established, and it is known that hormones 
and substances perturbing the endocrine pathways can influence immune cell 
functions. Therefore, it is reasonable to hypothesize that ED can interfere with the 
immune system and modulate it. In this study we selected 6 different classes of 
ED: atrazine (herbicide), cypermethrin (insecticide), diethyl phthalate (plasticizer), 
ethynyl estradiol (contraceptive drug), perfluorooctanesulfonic acid (persistent 
organic pollutant), and vinclozolin (fungicide). The aim of this study was to analyze 
if the selected ED were able to interfere with T cells differentiation. To this aim, 
peripheral blood mononuclear cells obtained from healthy volunteers of both sexes 
were exposed to the selected ED for 4 days, together with T cells activation stimuli 
(anti-CD3 and anti-CD28 magnetic beads). At the end, T cells were stained with 
fluorophores-conjugated antibodies anti-CD4, CD8, CD25, GITR, FoxP3, IFN-γ, IL-4, 
IL-9, IL-10, IL-17A, IL-22 and their expression was analyzed at the flow cytome-
ter. Data were further examined using the t-SNE (t-distributed stochastic neighbor 
embedding) algorithm. The obtained results indicate that some of the selected 
ED were able to induce changes in the differentiation of T cells, above all regard-
ing cytokine secreting-CD4+ cells. In detail, ethynyl estradiol and vinclozolin were 
able to induce a slight increase in CD4+IL-17+ cells in males and diethyl phthalate, 
ethynyl estradiol and perfluorooctanesulfonic acid induced a slight decrease of 
CD4+IL-22+ cells in males, but not in females. Furthermore, following tSNE analysis, 
we identified different populations CD4+IFN-γ+, CD4+IL-4+, CD4+IL-9+, CD8+IFN-γ+, 
CD8+IL-4+, CD8+IL-9+, CD8+IL-10+ that were modulated by several ED, evidencing 
also sex-related differences, in particular with some of them. Briefly for CD4 cells, 
an increase of IFN-γ populations and a decrease of IL-4 was observed in male 
donors, differently from females. The main effect was obtained on IL-9 popula-
tions that were impacted mainly by diethyl phthalate and perfluorooctanesulfonic 

acid with sex differences. In conclusion, this study evidenced the ability of the 
selected ED to modulate the immune system, in particular T cells differentiation, 
with different profiles.

 4077 Cannabidiol (CBD) and Δ9-Tetrahydrocannabinol (THC) 
Differentially Suppress Inflammasome Formation in Toll-Like 
Receptor (TLR) 4, 7, and 8 Stimulated Human Monocytes

B. M. Finn1,2, R. B. Crawford1,2, and N. E. Kaminski1,2,3. 1Michigan State University, East 
Lansing, MI; 2Institute for Integrative Toxicology Michigan State University, East Lansing, 
MI; and 3Center for Research on Ingredient Safety Michigan State University, East 
Lansing, MI.

Cannabidiol (CBD) and Δ9-tetrahydrocannabinol (THC) are two of the most studied 
cannabinoids in recent years due to the legalization of cannabis in many of the 
United States. Both cannabinoids have been observed to have anti-inflammatory 
effects in humans. When activated with various pathogen- and damage-associ-
ated molecular patterns, human monocytes will form multimeric protein complexes 
called inflammasomes. A hallmark of inflammasome formation is the relocalization 
of the apoptosis-associated speck-like proteins containing a caspase recruitment 
domain (ASC) which recruits inactive pro-caspase 1. Oligomerization of pro-caspase 
1 induces autoproteolytic cleavage which results in active caspase-1. Caspase-1 
will then cleave pro-forms of pro-inflammatory cytokines including interleukin-1β 
(IL-1β) into its active form which is then secreted from the cell. Previous work in 
the Kaminski lab has shown that both CBD and THC suppress IL-1β secretion in 
toll-like receptor (TLR) stimulated human monocytes. To determine if CBD- and 
THC-mediated suppression of IL-1β secretion by human monocytes is through the 
inhibition of inflammasome formation, human peripheral blood mononuclear cells 
(PBMCs) were pre-treated with either CBD (10 µM) or THC (10 µM) before a 7-hour 
stimulation with various TLR agonists, including lipopolysaccharide (LPS), R837, 
and ssRNA40 (TLR4, 7, and 8 agonists, respectively). After the 7-hour incubation, 
flow cytometry was utilized to evaluate ASC relocalization in the CD14+ monocyte 
population. Supernatants were quantified via ELISA for IL-1β. THC significantly 
suppressed inflammasome formation in TLR4 stimulated monocytes (26.9%), while 
having no effect on inflammasome formation in TLR7 and 8 stimulated monocytes. 
CBD significantly suppressed inflammasome formation in TLR7 stimulated 
monocytes (40.3%), while having no effect on inflammasome formation in TLR4 
and 8 stimulated monocytes. These results suggest that CBD and THC are mediat-
ing their immunomodulatory effects through different mechanisms to suppress 
inflammasome formation. Supported by NIH R01 DA053047 and T32 ES007255.

 4078 Δ9-Tetrahydrocannabinol (THC) and Cannabidiol (CBD) 
Suppress TLR8-Activated CD16+ Monocyte–Mediated Astrocyte 
Production of Pro-inflammatory Cytokines and Chemokines in a 
Human Co-culture Model

S. Sermet1, R. B. Crawford1,2, and N. E. Kaminski1,2. 1Michigan State University, East 
Lansing, MI; and 2Institute for Integrative Toxicology, Lansing, MI.

Inflammatory CD16+ monocyte infiltration into the central nervous system has been 
implicated in various neurodegenerative diseases in association with neuroinflam-
mation (e.g., Alzheimer’s Disease, Parkinson’s disease, HIV-associated neurocog-
nitive disease). Secretion of pro-inflammatory cytokines by toll-like receptor (TLR) 
activated pan monocytes have been demonstrated to mediate cytokine and chemok-
ine production in astrocytes, a major regulatory cell type in the brain. Furthermore, 
studies from the Kaminski laboratory have shown that cannabinoids, such as 
Δ9-tetrahydrocannabinol (THC) and cannabidiol (CBD), suppress the production of 
inflammatory factors by TLR activated pan monocytes. With widespread legaliza-
tions of cannabis use on the state level, it is important to better understand the 
potential immunotoxicological roles of major cannabis components, such as THC 
and CBD, on the modulation of inflammatory conditions in the context of human 
neuroinflammation. The objective of these studies was to evaluate how THC and 
CBD modulate TLR activated CD16+ monocyte-mediated neuroinflammation via 
a previously established completely humanized co-culture model. Co-cultures 
containing primary human astrocytes and CD16+ monocytes from healthy subjects 
were activated through TLR 8 and simultaneously treated with THC or CBD (0.5, 1, 
5, 10µM) for 22 hours. Secretion profiles for co-culture IL-6, MCP-1, and IL-8 produc-
tion were quantified by ELISA. Co-culturing astrocytes with CD16+ monocytes 
significantly induced the basal production of astrocyte pro-inflammatory mediators 
and is further upregulated by TLR8 activation in a monocyte driven fashion. 
Interestingly, THC and CBD significantly suppressed co-culture secretion of all 3 
cytokines, partially in a monocyte IL-1ß-mediated manner. Astrocyte expression 
of the glutamate transporter excitatory amino acid transporter 1 (EAAT1/GLAST) 
was also suppressed in response to cannabinoid treatment of co-cultures in a 
concentration dependent manner, as determined by flow cytometry. To determine 
what other immune mediators were significantly induced by TLR8 activated CD16+ 
monocytes, a LEGENDplex analysis was conducted on supernatants from monocul-
tures and quantified for IL-4, IL-2, IP-10, IL-1β, TNFα, MCP-1, IL-17a, IL-6, IL-10, IFNγ, 
IL-12p70, IL-8, and TGF-β1. Monocytes had a significant induction of IL-1ß and 
TNFα with TLR8 stimulation. This study is of particular importance as it provides 
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insight into the immunomodulatory capacity of widely used cannabinoids on a 
subset of monocytes implicated in neuroinflammatory disease states in a human 
model system. Supported in part by NIH R01 DA047180.

 4079 Unraveling Mechanisms Underlying Perfluoroalkyl Substance 
(PFAS)–Induced Decreased Antibody Response

A. Janssen1, M. Iulini2, R. Hoogenboom1, K. Beekmann1, A. Peijnenburg1, E. Corsini2, and 
J. Louisse1. 1Wageningen Food Safety Research, Wageningen University and Research, 
Wageningen, Netherlands; and 2Università degli Studi di Milano, Milan, Italy.

Evidence from animal and human studies indicate that perfluoroalkyl substances 
(PFASs) cause adverse effects on the immune system. The CONTAM Panel of 
EFSA defined a health based guidance value of a series of PFASs based on human 
data on PFAS-induced decreased antibody response for certain vaccines. So far, 
mechanisms underlying PFAS-induced decreased antibody responses are poorly 
understood. Such data are important to support causality between chemical 
exposure and adverse effects observed in human observational studies. Also, these 
data may help to select readouts in in vitro test systems to study potency differ-
ences between PFASs and/or to provide in vitro points of departure for next genera-
tion risk assessment. In a project funded by the European Food Safety Authority 
(EFSA), we assessed the effects of PFOA and PFOS on test systems that were 
selected to be of biological relevance for the T-cell dependent antibody response, 
including a dendritic cell model, a cell model for T cell differentiation and activation, 
a model on B cell differentiation and antibody production, and an in vitro model 
mimicking the primary antibody response. PFOA and PFOS caused immunosup-
pressive effects in all cell models, showing model- and chemical-related differ-
ences in potencies. To better understand molecular and cellular effects underlying 
this immunosuppression, we performed RNA seq studies, to understand the effects 
of PFOA and PFOS on dendritic cell maturation, and T cell differentiation and activa-
tion. Various cellular processes showed to be affected, of which some were shared 
by both PFASs. Altogether, this study provides in vitro mechanistic insight that 
increases our understanding of reported immunotoxic effects of PFASs in vivo. This 
information will allow the selection of test systems and readouts to study the in 
vitro immunotoxicity of other PFASs for which no data are available.

 4080 Arsenic Trioxide Impairs Primary Human NK Cell Responses 
against Influenza A Virus

A. Boss, R. Freeborn, Y. Jin, L. Kaiser, E. Gardner, and C. Rockwell. Michigan State 
University, East Lansing, MI.

Arsenic is a naturally occurring contaminant that is commonly found in water 
supplies. Chronic exposure to arsenic has been associated with multisystem 
disease, including respiratory diseases such as viral infections. Arsenic is known 
to regulate immune cell activity and has been shown to alter NK cell frequency 
and function. However, our knowledge on effects of arsenic on NK cell response 
to influenza remains limited. The following study aims to identify the effects of 
arsenic trioxide on NK cell activation and function against influenza A virus in 
primary human immune cells. Primary human peripheral blood mononuclear cells 
were treated with environmentally-relevant concentrations of arsenic trioxide prior 
to an influenza A virus challenge. Flow cytometric analysis of NK cells showed 
arsenic trioxide significantly decreased NK cell viability. Additionally, NK cell activa-
tion markers, CD69 and NKp46, were reduced with increasing concentrations of 
arsenic. Consistently, the production of NK cell effector mediators, including IFNg, 
granzyme B and perforin, were significantly impaired with treatment of arsenic 
trioxide. Overall, these data suggest that environmentally relevant concentra-
tions of arsenic trioxide impaired NK cell responses to influenza A virus, which 
could negatively impact NK cell-mediated host defense. Furthermore, this study 
suggests that coculture of primary human NK cells with virally-infected cells is a 
useful model that can be used to assess the impact of chemicals on the effector 
function of human NK cells. This study was supported by the NIH R01 ES024966 and 
R21 ES033830.

 4081 The Attenuation Effect of TCDD on Acute Respiratory Distress 
Syndrome Is Associated with Epigenetic Regulation of Aryl 
Hydrocarbon Activation of Pulmonary Mononuclear Cells

A. K. Aladhami, M. Nagarkatti, and P. Nagarkatti. University of South Carolina, 
Columbia, SC.

Acute respiratory distress syndrome (ARDS) is a major trigger of mortality 
associated with coronavirus-induced disease (COVID-19) due to development of 
life-threatening acute lung injury (ALI). Leukocyte infiltration, pro-inflammatory 
cytokine production, poor oxygenation, and respiratory failure are major clinical 
presentations of ALI, and yet there is no effective and specific treatment against 
such lethal symptoms in ARDS patients. Our lab already showed that 2, 3, 7, 
8-Tetrachlorodibenzo-p-dioxin (TCCD), one of aryl hydrocarbon receptor (AhR) 
ligands and a potent toxicant, attenuated several inflammatory processes in differ-
ent murine preclinical models of inflammatory, autoimmune, and hypersensitivity 

diseases. Using Lipopolysaccharide-endotoxin (LPS)-induced murine preclinical 
model, our data showed that TCDD treatment effectively improves pulmonary 
functions. Furthermore, reduction of pulmonary leukocyte infiltration and circulating 
cytokine tissue necrosis factor alpha (TNFα) were major observations in ALI-female 
mice treated with TCDD. We aimed epigenetic regulation of TCDD on LPS-activated 
lung mononuclear immune cells (MNCs) in which specific pathways such as 
leukocytes trafficking and migration, and immune cells apoptosis and prolifera-
tion were altered. MicroRNAs (miRs) are 21-23 nucleotides, single-stranded, 
non-coding RNA molecules that epigenetically control gene expression. Microarray 
analysis revealed that 127 miRs were dysregulated (71 were up-regulated and 56 
were down-regulated) in pulmonary MNCs upon TCDD treatment. Interestingly our 
analysis showed that miR-34a was up-regulated, while both miR-23a and let7a were 
downregulated in TCDD treated mice. Ingenuity pathway analysis (IPA) predicted 
that immunosuppressive genes were among the targets of those miRs. Pulmonary 
MNCs In vitro transfection studies confirmed that immunosuppressive genes such 
as Arginase1, TGF-β, and FOXP3 were direct targets of those miRs and their expres-
sion was dysregulated accordingly as well. Furthermore, apoptosis induction genes 
of pulmonary MNCs were validated as target genes of those dysregulated miRs. 
Together, our study demonstrates that TCDD mitigates LPS-induced ARDS progres-
sion through epigenetic regulation of pulmonary MNCs via cytokine reduction. 
Thus, AhR could be a target of potential therapeutic strategies for more effective 
and specific treatment of ARDS. This work was supported in parts by NIH grants 
R01ES030144, P01AT003961, P20GM103641, and R01AI123947, R01AI160896.

 4082 Investigating the Impact of Per- And Polyfluoroalkyl Substances 
(PFAS) on Macrophage Phagocytosis

A. M. Connors, and J. A. Yoder. North Carolina State University, Raleigh, NC.

Immune function can be impaired by environmental contaminants. One class of 
chemicals recently shown to interfere with the immune system is per- and polyflu-
oroalkyl substances (PFAS). Earlier work focused on impacts on the adaptive 
immune system, though disruptions to the innate immune system have also been 
identified. These studies indicate that PFAS exposure can influence the numbers of 
innate immune cells, cellular signaling, and functional endpoints. For example, we 
reported that certain PFAS can reduce the oxidative burst in vivo in larval zebraf-
ish (Danio rerio), in vitro in a human neutrophil-like cell line, and ex vivo in primary 
human neutrophils. To complement these neutrophil studies, we are evaluating 
how macrophages are affected by a 2-day (in vitro) and 4-day (in vivo) exposure 
to ten PFASs: perfluorobutanesulfonic acid (PFBS), perfluorohexanesulfonic acid 
(PFHxS), perfluorooctanesulfonic acid (PFOS), perfluorohexanoic acid (PFHxA), 
Perfluorooctanoic acid (PFOA), perfluorononanoic acid (PFNA), perfluorodecanoic 
acid (PFDA), Nafion Byproduct 2, perfluoro-2-methoxyacetic acid (PFMOAA), and 
hexafluoropropylene oxide dimer acid (HFPO-DA or GenX). In single-PFAS cytotox-
icity studies with macrophage-like THP-1 cells, exposure to 320 µM PFDA, PFNA, 
PFOS, and Nafion Byproduct 2 significantly reduced viability. We observed no 
changes in cell viability at or below exposures to 80 µM PFAS. We are currently 
investigating how phagocytosis is affected during PFAS exposures using both 
zebrafish larvae and THP-1 cells: macrophage populations derived from zebrafish 
and THP-1 cells will be challenged with fluorescent heat-killed E. coli. Phagocytic 
index and number will be measured with flow cytometry. Thus far, we have 
observed that PFOS, but not PFOA, increases the average extent of phagocytosis. 
Based on these functional assays, 2-3 PFASs will be selected for further studies 
to elucidate currently unknown molecular mechanisms of PFAS immunotoxicity. 
Understanding how PFAS affect innate immunity will help us better understand how 
these chemicals can alter an organism’s ability to recognize and destroy pathogens 
in its environment as well as infected or transformed cells.

 4083 Effects of Acute Alcohol Treatment on RAW 264.7 
Cells Polarization

L. Liu1, J. V. Stokes2, W. Tan1, L. Li3, and S. B. Pruett1. 1Mississippi State University, 
Starkville, MS; 2Tufts University, North Grafton, MA; and 3Weill Cornell Medicine, New 
York, NY.

Alcohol is an underestimated toxicant, and binge drinking is remarkably prevalent 
in the US. Acute alcohol intoxication can cause impaired brain function, dilation 
of blood vessels, increased risk of certain cancers, stroke, and liver diseases like 
cirrhosis, and suppression of inflammatory responses. Macrophages are scaven-
ger cells and a fundamental part of innate and adaptive immune responses, 
and they are important in wound repair and tissue remodeling. The functions of 
macrophages include engulfing and killing invading pathogens, processing and 
presenting antigens, initiation of inflammation, secreting cytokines and other 
inflammatory mediators, and participating in the maintenance and repair of tissues. 
There is clear evidence that consuming excessive amounts of alcohol impairs 
macrophage function. However, the mechanism is not fully understood. We hypoth-
esize that acute alcohol treatment will interfere with the macrophage polarization 
process. To assess the effects of the toxicity of alcohol on macrophage polariza-
tion, the mouse macrophage cell line RAW 264.7 cells were employed as in vitro 
model which were extensively used for the study of macrophages responses 
and their products. Three sets of experiments have been conducted. Set One, a 
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polarizing stimulus was added first then alcohol treatment was performed 2 hours 
before flow cytometric assessment of polarization. Set Two, alcohol treatment 
was done first then rinsed with PBS twice. After this, a polarization stimulus was 
added. Set Three, alcohol treatment was done first then a polarization stimulus 
was added without PBS rinses. For the polarization, 3×105 of the RAW 264.7 cells 
were treated with 10 ng/mL IFN-γ ± 100 ng/mL LPS, 20 ng/mL IL-4, or 20 ng/mL 
IL-10 for 24 hours to get M1, M2a, M2c type macrophages, respectively. Alcohol 
treatment was done by adding pure ethanol to 86.8 mM in complete cell culture 
medium and incubated for 2 hours. After treatment and harvest macrophages were 
labeled with the following antibodies and analyzed by flow cytometry to identify 
each marker’s expression: F4/80, Arginase 1, TLR4, CD86, VEGF, CD14, CD206, 
MHC Class II, and TNF-α (surface and internal). The TNF-α level of cell supernatants 
was tested by ELISA. We have identified clear distinctions between macrophage 
subtypes using these markers and the results indicate that 2 hours acute alcohol 
stimulation does not change the marker’s expression on polarized RAW 264.7 cells. 
But pre-treatment with acute alcohol before polarization suppresses the expres-
sion of TLR4, increasing the expression of M2 type macrophage related makers, 
like MHC II and Arginase-1. In addition, acute alcohol enhances the expression 
of CD86 on M1 type macrophages both with or without LPS stimulation which 
was not observed on M2 or Naïve cells indicating different mechanisms involved 
between macrophage subtypes. In general, alcohol suppresses macrophage 
function by inhibiting the induction of inflammatory macrophages not changing 
existing polarized macrophages which is consistent with our previous results in 
which alcohol suppresses resistance to gram-negative sepsis. This lab is supported 
in part by NIH P20103646-09.

 4084 Impacts of Polystyrene Microplastics on the Growth, Survival, 
and Macrophage Differentiation of Human THP-1 Monocytes

K. J. Martin, A. M. Baca, L. V. Santos-Medina, Z. A. Yee, and S. Medina. New Mexico 
Highlands University, Las Vegas, NM.

Microplastics (MPs) are environmental pollutants of increasing concern for 
human health. Humans are exposed to MPs in a variety of ways including through 
drinking water. However, the immune and other health issues associated with MPs 
exposures remain largely unknown. In the present study, the human monocytic cell 
line, THP-1, was exposed in vitro to increasing concentrations (0.1 µg/mL, 1 µg/mL, 
10 µg/mL, and 100 µg/mL) of 1 µm and 5 µm polystyrene MPs, as well as mixed 5 
µm (polystyrene and polyethylene) MPs for 5 days. The effects on viability, growth, 
and macrophage differentiation were evaluated after exposures. It was found that 
the growth of THP-1 cells was significantly reduced by high-dose MP exposures, 
independent of particle size or type. Interestingly, this suppression of THP-1 cell 
growth was not accompanied by significant alterations to cell viability with either 
the 1 µm, 5 µm, or mixed MPs at any of the doses investigated. Additionally, the 
impacts of MP exposure on the macrophage differentiation of THP-1 cells were 
also evaluated. This study provides novel information regarding the immunotoxicity 
of MPs, which is critical information for understanding the health impacts of these 
persistent and ever-increasing environmental pollutants. This work was supported 
by National Institute of General Medical Sciences (NIGMS) of the National Institutes 
of Health (NIH) Grant Number 1R16GM146669-01 and Institutional Development 
Award (IDeA) P20 GM103451.

 4085 Organophosphate Esters Dysregulate THP-1 Macrophages’ 
Phagocytosis Ability

N. Kukolj, B. Giles, and K. Mann. McGill University, Montréal, QC, Canada.

Organophosphate esters (OPEs) are a group of multiple chemicals generally 
found in indoor environments due to their use as flame retardants and plasticiz-
ers. Many impacts of OPE exposure remain unknown. However, previous research 
has established that exposure to a single OPE, TPHP, leads to lipid accumulation 
within macrophages, thus, impairing their function. These findings have also been 
confirmed in macrophages exposed to OPE mixtures similar as would be found 
in a Canadian household. It remains unknown which macrophage functions are 
altered when exposed to OPE mixtures. In this study, we tested the hypothesis that 
a mixture of OPEs could affect THP-1 macrophage phagocytosis ability. THP-1 
human monocytes were exposed to phorbol 12-myristate 13-acetate to induce their 
differentiation. THP-1-derived macrophages were then exposed to a mixture of 
OPEs diluted to sub-cytotoxic concentrations for 48 hours. To assess phagocy-
tosis ability, Jurkat cells, an immortalized human T lymphocyte cell line, were 
initially exposed to UV light for 15 minutes to induce apoptosis. This produces the 
necessary eat me signals for the initiation of the phagocytosis process when co-cul-
tured with THP-1 macrophages. To quantify the THP-1’s phagocytosis capabilities, 
the Jurkat cells that were fed to THP-1 macrophages were stained with CFSE. Using 
flow cytometry, THP-1 macrophages were analyzed on the BD FACSCanto II for 
their CFSE expression. THP1- macrophages exposed to the diluted OPE mixture at 
a 1 in 20 000 and 1 in 50 000 dilutions showed a significant decrease in the uptake 
of CFSE-stained Jurkat cells. These data suggest that a certain concentration of 
OPEs could impact macrophages’ phagocytosis ability. Further research assessing 
phagocytosis markers on macrophages once exposed to a pure OPE mixture is 
needed to support this claim.

 4086 Organophosphate Esters Dysregulate Lipid Homeostasis and 
Macrophage Function

B. H. Giles, N. Kukolj, K. K. Mann, and B. Robaire. McGill University, Montréal, 
QC, Canada.

Organophosphate esters (OPEs) are an emerging class of toxicants comprising 
a diverse group of chemicals used as flame retardants. Some OPEs are immuno-
toxic. In macrophages, exposure to individual OPEs has been found to induce 
significant functional alterations. However, research thus far has focused on single 
OPEs. In the environment, OPEs exist as mixtures in which 1) certain OPEs have 
an increased relative abundance; and 2) some OPEs have opposing activities. 
Previous research from our lab focused on an environmentally relevant mixture of 
OPE’s modelling Canadian household dust. We found that macrophages exposed 
to the Canadian household OPE mixture develop a dose-dependent increase in lipid 
accumulation as assessed by Nile red staining. Based on these data, we hypoth-
esize that the OPE mixture disrupts lipid homeostasis with resultant deficits in 
macrophage function. In the present study, THP-1 human monocytes were exposed 
to phorbol 12-myristate 13-acetate to induce differentiation before treatment with 
diluted concentrations of the Canadian household OPE mixture (1x10-6, 5x10-4, 
2x10-4) for 48 hours. Utilizing confocal imaging of the PLIN2 lipid droplet marker, 
we found that exposure to OPEs increases the number, but not the volume, of 
lipid droplets; this is consistent with previous observations. We further show that 
cholesterol is significantly increased following a 48-hour exposure to OPE mixtures 
(5x10-4 and 2x10-4) using an AMPLEX red assay for the measurement of total and 
free cholesterol. Thus, cholesterol accumulation correlates with increased lipid 
droplets. The accumulation of lipid in macrophages is known to generate functional 
deficits such as reduced efferocytosis and migration. We assessed efferocyto-
sis, the recognition and degradation of apoptotic cells, by fluorescently labelling 
apoptotic T-cells and measuring their engulfment by THP-1 macrophages exposed 
to the Canadian OPE mixture for 48 hours. OPE mixtures, at dilutions of 5x10-4 and 
2x10-4, significantly suppressed efferocytosis in macrophages. The accumulation 
of lipids in cellular membranes can also disrupt lamellipodia formation required 
for macrophage migration. As such, a wound scratch migration assay was used 
to monitor the movement of murine bone marrow-derived macrophages after 
pre-treatment with the OPE mixture for 48 hours. Preliminary data suggest that 
macrophages pre-treated with the OPE mixture have reduced migratory capacity 
at a dilution of 2x10-4, the same dilution found to suppress efferocytosis. Together, 
these data suggest a link between OPE exposure, cholesterol accumulation, and 
functional deficits in macrophages. Funded by CIHR.

 4087 Evaluating the Role of Rodent Macrophage Immunometabolism 
in Response to Endotoxin

R. Sun, J. A. Meshanni, J. M. Lee, K. Vayas, C. Guo, A. J. Gow, and D. L. Laskin. Rutgers, 
The State University of New Jersey, New Brunswick, NJ.

Cellular metabolism has emerged as a key regulator of macrophage activation 
towards a proinflammatory M1 or a proresolution M2 phenotype. Previous studies 
have demonstrated that M1 macrophages upregulate glycolysis for rapid ATP 
production, while M2 macrophages are dependent on mitochondrial respiration. 
One mechanism by which metabolism is regulated is by breaking the citric acid 
cycle (CAC) at points, such as succinate dehydrogenase. Evaluating the balance 
between metabolic pathways and macrophage activation is essential for elucidat-
ing the role of macrophages in tissue injury. Such analysis has required the use of 
expensive metabolomics, however, here we used the Biolog MitoPlateTM mitochon-
drial functional assay to assess macrophage immunometabolism by evaluating 
their substrate preference and respiration. RAW 264.7 mouse macrophages, 
cultured in Dulbecco’s modified Eagle’s medium (DMEM) with LPS (10 ng/mL) or 
DMEM control and bone marrow-derived macrophages (BMDMs) collected from 
male Wistar rats, cultured with macrophage-colony stimulating factor (MCSF, 
days 0, 3, and 6; 20 ng/mL/day) and LPS (day 6; 0, 10, 100 ng/mL) for 18-24 h 
were used. To assess mitochondrial specific metabolism, cells were permeabi-
lized with saponin and treated with Redox MC Dye in Biolog Mitochondrial Assay 
Solution (BMAS). For whole cell metabolism, cells were treated with MB Dye in 
RPMI. Dye reduction, an indicator of substrate utilization, was measured spectro-
photometrically (OD590-OD750, 37 degrees Celsius) every 5 min for 4-8 h. Cellular 
permeabilization was required to assess mitochondrial usage of malate, α-keto-
glutarate, or citrate metabolism. LPS treatment of RAW cells and BMDM resulted 
in increased reliance on malate, indicating a break in CAC at succinate dehydro-
genase. Similar effects were observed at the whole cell level. Overall these data 
confirm breaks in CAC at isocitrate dehydrogenase and succinate dehydrogenase. 
These data demonstrate that the MitoPlateTM is effective to evaluate specific steps 
in the CAC that may be modified by toxicants. Supported by NIH Grants AR055073, 
5R25ES020721, and ES005022.
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 4088 The Cross-Talk between Complement Components and 
Neuro-Immuno-Metabolic Pathways in In Vitro Alzheimer’s 
Disease Model

A. Engin1, E. Engin2, A. Aral1, O. Gulbahar1, and A. Engin1. 1Gazi University, Ankara, 
Turkey; and 2Ankara University, Ankara, Turkey.

Hyperglycemia and oligomeric amyloid-β (OAB) accumulation induced insulin 
resistance (IR) is one of the prominent causes of oxidative stress leading to 
the neuronal death in diabetic patients experiencing Alzheimer’s Disease. The 
cross talk between complement factors and neuro-immuno-metabolic pathways 
becomes increasingly important in reprogramming of neuronal cells. To assess 
neuronal damage under conditions mimicking the Alzheimer’s disease, SH-SY5Y 
cells were exposed to OAB at high glucose and insulin concentrations in different 
periods of time. The effect of de nova synthesis of C1q, C3a and CD59 on neuron 
viability were evaluated. The alteration in the IRS1, GLUT3 and complement factors 
were determined by ELISA, while NOx concentrations were measured spectro-
photometrically. In the neurons exposed to high glucose-insulin, the decrease in 
GLUT3, NOx and IRS1 levels were the result of neuronal IR, in which the increases 
in oxidative stress and glutamate toxicity were accompanied (p<0.05). Whereas, 
high glucose-insulin-OAB group could not meet the IR criteria. Both CD59 and C3a 
showed parallel alterations with C1q in all experimental conditions, in which the 
presence of glucose was mandatory. The resistance of neurons to complement 
damage was increased via the modulation of CD59 and C1q, while IR decreased the 
C1q and CD59 levels. This study was supported by TUBITAK, 214S112.

 4089 Effect of Sex Hormones on Extracellular Vesicle Function

S. Carver-Tchagna1, D. Soliman2, M. L. Willis2, S. Wallet3, and R. Maile3. 1North Carolina 
Central University, Durham, NC; 2University of North Carolina at Chapel Hill, Chapel Hill, 
NC; and 3University of Florida, Gainesville, FL.

The American Burn Association estimates nearly ~500,000 individuals suffer from 
burn injuries in America each year that require medical burn care; resulting in~ 
3,500 deaths per year. Mortality is due to bacterial infection as a consequence 
of severe cytokine dysfunction and impaired wound healing. Previous research 
conducted within our group has shown females have worse outcomes than males 
following burn injury, but the reasoning is unknown. We hypothesize that concen-
trations of Estrogen can create a pro-inflammatory effect in epithelial cells, which 
is controlled in a negative feedback loop. To test this hypothesis, we utilized an in 
vitro cell model using human Airway Epithelial Cells (hAECS). We stimulated hAECs 
with 250 nM of estradiol for 24 hours and isolated extracellular vesicles (EVs) from 
the supernatant. miRNA was isolated from the EVs using Qiagen miRNeasy Mini 
Kit and differential expression of miRNA was assessed using NanoString technol-
ogies (nCounter Human v3 miRNA panel). Following estradiol stimulation several 
miRNAs were significantly induced by estradiol-stimulation compared to control, 
including miR-376a, miR-548aa and miR-100-5p (p-value < 0.05). Ingenuity Pathway 
Analysis (IPA) was performed to assess miRNA-mRNA interactions. IPA resulted in 
several miRNA-mRNA targets that play role in biological pathways of immunity or 
pathogen response, for example miR-100-5p has known targets to several mRNAs 
including MTOR, RPTOR and TLR2. These data suggest following exposure to 
estradiol, there are differential expression of miRNA within EVs, which may affect 
mRNA regulation by altering the immune pathways leading to the described sex 
differences in burn injury.

 4090 The Proximity of High-Traffic Roads Affect the Immunotoxicity 
of Pollen

M. Martikainen, T. Tossavainen, and M. Roponen. University of Eastern Finland, 
Kuopio, Finland.

Pollen and air pollution particles are both significant respiratory health stressors 
worldwide. Studies have shown that the properties of pollen can be influenced 
by interactions with air pollutants, thereby altering their allergenicity and even the 
severity of pollen-induced symptoms. This study aimed to examine whether birch 
pollen harvested from trees grown in locations with different levels of air pollutants 
differ in their immunomodulatory properties. We collected pollen samples from six 
different locations, including downtown, sites along major roads, and parks distant 
from major roads in Kuopio, Finland. Pollen samples were analyzed for elemen-
tal composition with a scanning electron microscope. Cell model of the first line 
of defense i.e., co-culture of human alveolar epithelium (A549) and macrophages 
(THP-1) was exposed to three doses of pollen extracts (concentrations: 0,625 mg/
ml, 2,5 mg/ml, and 10 mg/ml) for 24 h. LPS and commercial reference pollen were 
used as controls. Toxicological endpoints (viability, metabolic activity, oxidative 
stress), cell cycle phases, and several cytokines (eotaxin, GM-CSF, IFN-γ, IL-10, 
IL-1β, IL-6, MCP-1, MDC, MIP-1β and TNF-α) were studied. Pollen samples collected 
near high-traffic roads contained more metallic elements. When assessing the 
toxicological properties of pollen, no differences in cell viability and only a few differ-
ences in metabolic activity were seen, whereas oxidative stress responses differed 
between pollen samples collected from different locations. Pollen harvested from 
trees growing along the freeway showed the highest oxidative potential. Pollen 

collected downtown induced the highest cytokine release (i.e., TNF-α, GM-CSF, and 
MIP-1β), whereas pollen collected near minor roads and parks induced the lowest 
secretion. Our study shows that the growing location affects the immunotoxicolog-
ical properties of pollen.

 4091 A New Model to Detect and Analyze the Human T Lymphocyte 
Response to Chemical Sensitizers

J. Dagher1, N. Szely1, E. Tumbaco Valarezo1, D. Antonios2, H. Azouri2, and M. Pallardy1. 
1Université Paris-Saclay, Orsay, France; and 2Saint Joseph University, Beirut, Lebanon.

Allergic contact dermatitis, caused by contact sensitizers, is a delayed type IV 
hypersensitivity reaction that is T-cell dependent. The study aims to set up a highly 
sensitive model to detect human T lymphocytes responding to chemical sensitiz-
ers and to semi-quantify their frequency. We have developed an in vitro human 
monocyte-derived dendritic cells (mo-DC) /T lymphocyte autologous co-culture 
assay, allowing us to evaluate the activation of T lymphocytes and their subpopu-
lations (CD4+ or CD8+) using human peripheral blood mononuclear cells (PBMCs) 
from healthy donors. Purified T cells were seeded in multiple wells and stimulated 
weekly by autologous mo-DCs previously loaded overnight with the chemical 
sensitizer in media supplemented with 10% human AB serum. Chemical-specific T 
lymphocytes were detected after three rounds of stimulation using an IFN-γ Elispot 
assay. The analysis was considered valid if the number of spots counted was 
greater than 30 in the loaded wells and if the spot count was at least two-fold higher 
in the presence of the chemical sensitizer compared to unloaded DCs. A second 
IFN-γ Elispot was performed on positive cell lines using antibodies directed to MHC 
class I or II molecules. We were able to detect dinitrobenzene sulfonic acid (DNBS), 
cinnamaldehyde (CinA), isoeugenol (IsoE), nickel sulfate (NiSO4), cobalt chloride 
(CoCl2), and methylisothiazolinone (MIT) responding T lymphocytes in 4/4, 2/4, 3/3, 
2/3, 2/3 and 2/2 of tested donors respectively. We calculated a mean frequency of 
1.06 for DNBS, 0.97 for CinA, 0.30 for IsoE, 2.00 for NiSO4, 0.58 for CoCl2, and 1.05 
for MIT per million circulating T lymphocytes using the Poisson distribution law. 
We tested twenty-one T-cell lines specific to DNBS and seventeen specific cell lines 
to CinA in a secondary Elispot assay. The results confirmed the positivity of these 
T-cell lines and showed that the response was primarily dependent on MHC class 
I molecules for DNBS, indicating the implication of CD8+ T-cells. However, CD4+ 
T-cells were mainly observed for CinA. Our results contribute to a better understand-
ing of the mechanism of immunization to chemical sensitizers and propose a T-cell 
assay to identify T lymphocytes responding to chemical sensitizers.

 4092 A Role for Microplastic Fibers and Azobenzene Disperse Dyes in 
Allergic Airway Disease

A. O’Connor, and T. Sabo-Attwood. University of Florida, Gainesville, FL.

Microplastic fibers (MPFs) of various sizes have been detected in human lung 
tissue and may harbor chemical additives, such as azobenzene disperse dyes 
(ADDs), which are of high toxicological concern as they have been shown to have 
carcinogenic and mutagenic properties. The effects of both MPFs and ADDs on 
the pulmonary system remain underexplored despite epidemiological reports 
finding occupational asthma to be associated with microplastic and ADD exposure. 
To examine the ability of ADDs to act as respiratory sensitizers as the molecu-
lar mechanism driving toxicity, small airway epithelial cells (SAECs) and human 
immature monocyte derived dendritic cells (iMDDC) were exposed to three ADDs 
that constitute an abundant black dye used in textiles: disperse blue 373 (DB373), 
disperse violet 93 (DV93), and disperse orange 61 (DO61). Cells were exposed to a 
range of ADD doses (0.01ug/mL to 4ug/mL) and cell viability was quantified after 
48hrs or 24hrs using a CellTiter-Glo assay. To identify elevated mRNA expression 
of genes associated with an asthmatic response in vitro, RT-qPCR was performed 
on SAECs and iMDDCs exposed to 1ug/mL of DB373 and 1ug/mL of DV93 for 24 
hours. Results showed that DV93 lead to the greatest decrease in cell viability for 
both cell types. For SAECs, DV93 and DB373 resulted in an upregulation of lung 
injury and asthmatic genes (TGF-β1, IL-8, TSLP, etc,.) compared to control cells. 
For iMDDCs, DV93 resulted in an upregulation of Nrf2-regulated genes (HMOX1 
and SRXN1, CXCL8), highlighting an important molecular initiating event involved 
with sensitization. Next, intracellular reactive oxygen species (ROS) production 
was determined in iMDDCs following exposure to a range of ADD concentrations 
for 2, 4, 6, 24, 48hrs. ROS levels increased as early as 2hrs following exposure 
and the highest ROS production occurred in dendritic cells exposed to the lowest 
concentrations of ADDs at all time points. Furthermore, a Quantitative Structure 
Activity Relationship (QSAR) model was used to distinguish asthmagenic from 
non-asthmagenic ADDs based on electrophilicity and compound structure. The 
QSAR model ranked DV93 as having the highest hazard index, which agrees with 
the above in-vitro data that shows DV93 impacts viability, ROS production, cytopro-
tective pathways, and gene expression associated with sensitization in both epithe-
lial and immune cells. Lastly, to begin to understand the effect of MPFs on lung 
cells, A549 cells were exposed to 600-1,500 polypropylene or polyester fibers and 
cell viability was quantified after 24hrs using a CellTiter-Glo assay. There was not a 
significant decrease in viability for any of the MPF doses. We anticipate that future 
experiments involving the chronic aerosolization of MPFs to epithelial cells cultured 
at an air-liquid interface (ALI) will involve the upregulation of genes involved with 
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type 2 helper T cell polarization (i.e. TSLP) like what is observed with ambient 
particulate matter and diesel exhaust particulates. This would provide insight as 
to how a simultaneous inhalation exposure to MPFs containing ADDs may exacer-
bate allergic airway disease. These observations demonstrate for the first time that 
commonly used ADDs can alter cytotoxicity and gene expression in human lung 
cells in a dye-dependent manner associated with sensitization. These results also 
stress the need to further investigate pulmonary health implications of ADDs and 
MPFs that are abundantly used in consumer goods.

 4093 Pharmaceutical Agent Cetylpyridinium Chloride Inhibits Immune 
Mast Cell Function by Interfering with Calcium Mobilization

B. Obeng1, C. M. Potts1, J. E. Burnell1, B. E. West1, P. J. Fleming1, J. K. Shim2, 
M. S. Kinney1, A. Y. Baez Vasquez1, M. Paine1, S. Sangroula1, C. Frangos2, L. Bennett1, 
D. J. Wagner1, and J. A. Gosse1. 1University of Maine, Orono, ME; and 2University of 
Maine, Augusta, ME.

Cetylpyridinium chloride (CPC), the positively-charged broad-spectrum antimicro-
bial, has been used widely in consumer products and agricultural processes at 
concentrations up to 3 mM, thus exposing much of the U.S. populace to signifi-
cant levels of CPC. However, minimal information exists on the eukaryotic toxicol-
ogy of CPC; hence, there is an urgent need for information. Mast cells, ubiquitous 
throughout the human body, particularly at interfaces, are implicated in many 
diseases and key players in normal immune and nervous system functioning. We 
have demonstrated that CPC potently (low-µM) inhibits antigen (Ag)-stimulated 
function of RBL-2H3 mast cells, including degranulation. We have interrogated the 
molecular mechanism(s) underlying CPC’s inhibition of degranulation. Following 30 
min pre-treatment, CPC drastically inhibits Ag-stimulated store-operated Ca2+ entry 
(SOCE) into the cytosol, a core mediator of the degranulation pathway. Inhibited 
SOCE may be caused by CPC’s inhibition of Ca2+ efflux from the endoplasmic reticu-
lum (ER) into the cytosol, a trigger of SOCE. In turn, Ag-stimulated mitochondrial 
Ca2+ uptake from the ER is reduced by CPC. Inhibited ER Ca2+ efflux may be caused 
by CPC’s interference with Ag-stimulated tyrosine phosphorylation and phosphati-
dylinositol 4,5 bisphosphate, which together provide the trigger signal for ER Ca2+ 
efflux. CPC inhibits Syk phosphorylation following 30 min pre-treatment detected 
via ELISA and western blot. Using In-Cell Western, global tyrosine phosphorylation 
was inhibited by 30 min CPC pre-exposure. Plasma membrane potential (PMP) and 
cytosolic pH, contributors to SOCE, are not affected by CPC. Dampened cytosolic 
Ca2+ leads to CPC inhibition of microtubule polymerization, which is necessary for 
degranulation. This work outlines biochemical mechanisms underlying the effects 
of CPC on immune signaling and allows the prediction of CPC effects on disparate 
cell types that share similar signaling elements.

 4094 Development of an In Vitro Model for Assessing Immune-
Mediated Changes to Vascular Permeability by Cytokine 
Drug Candidates

B. Bhatt, K. J. Schmunk, A. Simpkins, N. Li, and R. J. Gonzalez. Merck & Co. Inc., West 
Point, PA.

Vascular Leakage Syndrome (VLS) is characterized by an increase in capillary 
permeability accompanied by a progressive extravasation of fluids and proteins 
which often result in edema and organ failure. Several cytokine and cytokine 
mutein therapy candidates, including tumor necrosis factor α (TNFα) and interleu-
kin-2 (IL-2), have been reported to induce VLS in humans via primary or second-
ary immune-mediated effects on the endothelium. Several endothelial cell-based 
transwell assays have historically been developed to inform on the potential for 
drug-induced vascular permeability changes. These systems showed some 
promise in detecting agents which directly impact endothelial functions; however, 
they were known to be less sensitive to cytokine-induced endothelium damage 
through secondary immune activation mechanisms. In the present study, various 
in vitro models were evaluated to establish a platform that can detect both primary 
and secondary effects of cytokine-mediated vascular permeability changes. 
Human umbilical vein endothelial cells (HUVECs) were cultured in a hanging insert 
to allow for the formation of a monolayer with tight junctions. Inserts were either 
treated with cytokines directly, co-cultured with peripheral blood mononuclear 
cells (PBMCs) in transwells or incubated with supernatants collected from PBMCs 
pre-treated with different cytokines. Results showed that incubation of cytokines 
known to directly interact with endothelial cells (i.e., TNFα, or IL-1β) induced a 
dose-dependent increase in permeability after a 24-hour incubation, demonstrated 
by an increase in fluorescently labeled dextran across the cell monolayer. In 
contrast, increases to HUVEC monolayer permeability were not observed following 
incubation with IL-2 alone for up to 72 hours. However, incubation with superna-
tants collected from IL-2-treated human PBMCs resulted in increased permeabil-
ity within 24 hours. Concentrations of IL-2 used to activate PBMCs were in the 
range of Cmax observed in Aldesleukin (recombinant human IL-2) patients with 
documented VLS. These results provide evidence that IL-2-mediated permeability 
changes are mainly attributed to a secondary effect via treatment-related release 
of cytokines or potentially other soluble factors from activated PBMCs. Increased 
permeability was not observed in HUVEC/PBMC co-culture up to 72 hours due to 
a suppression of IL-2 mediated lymphocyte activation by hydrocortisone in the 

HUVEC culture media, which further indicated the importance of lymphocyte activa-
tion in vascular permeability changes. Cytokines not known to be associated with 
VLS in the clinic, including IL-4, did not induce permeability changes at concentra-
tion ranges relevant to clinical exposure not associated with adverse findings which 
confirm the specificity of the transwell assay. Taken together, these results support 
an in vitro HUVEC-based transwell assay which can identify risks associated with 
cytokine drug-induced vascular permeability changes. In particular, incubation 
of HUVEC cells with supernatants collected from pre-treated PBMCs can detect 
effects of drugs that induce secondary immune-mediated vascular permeability 
changes. This in vitro approach can potentially be used to investigate clinically 
relevant vascular leakage associated with cytokine drug candidates.

 4095 Tryptophan Metabolites Are Not the Main AhR Agonists in Fecal 
Water Derived from IBD Patients and Healthy Controls

S. Wang, R. Godschalk, A. Mommers, D. Jonkers, and F. van Schooten. Maastricht 
University, Maastricht, Netherlands.

The activation of aryl hydrocarbon receptor (AhR) in the gastrointestinal tract plays 
a role in maintaining intestinal homeostasis. Tryptophan metabolites are so far the 
most studied endogenous ligands of AhR. There are three tryptophan metabolic 
pathways in the gut including the kynurenine and serotonin pathway in the intestinal 
cells, and the indole pathway in the gut microbiota. This study aimed to identify the 
involvement of intestinal tryptophan metabolism in the pathogenesis of inflamma-
tory bowel disease (IBD) and investigate their role in intestinal AhR activation. In 
this study, clinical information, dietary intake data and fecal samples were collected 
from propensity score matched 20 healthy controls (HCs) and 80 IBD patients: 
ulcerative colitis (UC) patients in active status (n=20) and remission (n=20), 
Crohn’s disease (CD) patients in active status (n=20) and remission (n=20). Fecal 
water (FW) was extracted and added to human colonic epithelial cells (Caco-2), 
to measure their AhR activation levels by using ethoxyresorufin-O-deethylase 
(EROD) assay. Tryptophan and ten tryptophan metabolites in FW were quantified 
by liquid chromatography-quadrupole-time-of-flight-tandem mass spectrometry. As 
a result, the FW derived from IBD patients induced significantly lower AhR activa-
tion in Caco-2 cells, when compared to FW from HCs. A negative correlation was 
observed between AhR activation by FW and intestinal inflammation, as indicated 
by increased fecal calprotectin level (Coefficient=-0.256, Pspearman=0.013). There 
is no difference in either dietary tryptophan intake or fecal tryptophan concen-
tration between groups. However, tryptophan metabolite indole was significantly 
increased in FW from IBD patients, especially patients with active inflammation. 
Fecal indole-3-acetic acid (IAA) and serotonin levels were significantly decreased 
in IBD patients, with more reduction in CD patients. In addition, the activation of 
kynurenine pathway (elevated kynurenine/tryptophan) is positively correlated to 
intestinal inflammation, but negatively correlated to AhR activation ability of FW. On 
the contrary, the enhanced serotonin pathway and IAA production by gut microbiota 
(increased serotonin/tryptophan and IAA/tryptophan) were negatively associated 
with intestinal inflammation, but positively associated with AhR activation of FW. 
Caco-2 cells were then treated with a mixture of 10 tryptophan metabolites with 
their concentrations determined in FW. The results showed that the mixture of 10 
metabolites did not induce obvious AhR activation, when compared to FW itself. In 
conclusion, tryptophan metabolites in FW are predicative of intestinal inflammation 
and AhR activation ability of FW, but they cannot explain the AhR activation of FW. 
The dominant AhR agonist in the FW still needs to be further identified.

 4096 Modulatory Activity of Chrysophyllum albidum on the Microbial-
Gut-Brain Axis during Experimental Ulcerative Colitis in 
Wistar Rats

A. Salami1, S. Olugbuyiro1, A. Oyagbemi1, U. Akpamu1, T. Iyiola1, O. Olagoke2, 
N. Aitokhuehi1, C. Omeonu1, A. Onasanwo1, and S. Olaleye1. 1University of Ibadan, 
Ibadan, Nigeria; and 2Harvard Medical School, Boston, MA.

Microbial-gut-brain axis pathway is necessary in curbing neurobehavioral flares 
during colitis management via enhanced release of neurotransmitters by the gut 
microflora. Chrysophyllum albidum (CMeCaB) and chromatographic fractions (CFrA 
and CFrC) ameliorate dysbiosis during ulcerative colitis (UC). However, its activities 
in microbiota-gut-brain axis during UC is vague which this study unravels. Sixty 
male Wistar rats were grouped into 6 (n=10); A - Negative Control (Con); B - Positive 
Control (CUn); C - 500mg/kg C.albidum (CMeCaB); D - 100mg/kg Fraction1 (CFrA); 
E - 100mg/kg Fraction3 (CFrC); F - 500mg/kg Sulphasalazine (CSul). Animals were 
pretreated for six days before colitis induction (CI), and 7 days after induction. 
Animal neurobehavioral studies were carried out before CI, days-3 and 7 post-CI. 
Excised cleaned colon were evaluated for ulcer score, with immunohistochemis-
try on brain and colon tissue for expressions of serotonin and NF-κB by days 3 
and 7 post-CI. Microbial fecal samples per group were counted and characterized 
using 16S rDNA gene sequencing amplified by PCR. Data were expressed as Mean 
±SEM, analyzed using one way ANOVA and p≤0.05 was significant. C.albidum and 
fractions significantly increased neurobehavioral (grooming, line crossing, rearing 
and fecal droppings) activities in (CMeCaB>CFrA>CFrC>Con) compared with CUn. 
A significant reduction in stool score, colon weight-length ratio, ulcer score was 
observed in CFrC >CFrA>CMeCaB treated animals by day post-CI compared with 
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CUn. Expressions of NF-κB was upregulated in CFrC > MeCaB> Con> CUn> CFrA) 
compared with CSul by days 3 and 7 post-CI. Serotonin expression was up-regu-
lated in the colon (Con> CSul>CFrC>MeCaB>CFrA) compared with CUn and brain of 
(Con>CFrA >CSul>CMeCaB>CUn) compared with CFrC respectively on both days 3 
and 7 post-CI. C.albidum and fractions had increased Lactobacillus plantarum and 
Leuconostoc mesenteroides isolates while E.coli, Candida albicans, and Clostridium 
perfringens were observed in other groups. Chrysophyllum albidum and fractions 
also increased microbial gut-brain communication probably from upregulation of 
serotonin, a neurotransmitter in both the colon and brain tissues due to increased 
probiotics Lactobacillus plantarum and Leuconostoc mesenteroides despite colonic 
expressions of NF-κB.

 4097 Indole-3-Carbinol Prevents Colitis through Induction 
of Antimicrobial Peptides and Mucins in an 
AhR-Dependent Manner

M. Palrasu, K. Kakar, V. Kulangara, A. Aladhami, T. Carter, K. Wilson, X. Yang, 
P. B. Busbee, N. P. Singh, P. S. Nagarkatti, and M. Nagarkatti. University of South 
Carolina School of Medicine, Columbia, SC.

Aryl hydrocarbon receptor (AhR) plays an important role both as an environmental 
sensor and a regulator of the immune response. In the current study, we investi-
gated the role of AhR in colitis, a chronic inflammatory disease of the gastroin-
testinal tract. Colitis is caused by the multifaceted interplay between microbial 
dysbiosis, dysregulation of host immune response, environmental factors, and host 
genetic profile. To that end, we investigated the effect of natural AhR ligands such 
as Indole-3-carbinol (I3C) on 2,4,6-trinitrobenzene sulfonic acid (TNBS) or dextran 
sulfate sodium (DSS)-induced colitis. We found that I3C attenuated colitis which 
was associated with decreased inflammation in the colon. Microarray analysis of 
intestinal epithelial cells from TNBS-induced colitis mice treated with I3C revealed 
a significant increase in AhR signaling pathways and induction of antimicrobial 
peptides (AMPs) such as cryptdin, Reg3b, and mucins, including muc2 and muc3, 
when compared to vehicle-treated mice with colitis. Our analysis also found that 
LPS/IL-1 pathway was upregulated in TNBS-induced colitis mice suggesting 
that TNBS enhances LPS-producing bacteria and inflammation. However, I3C 
decreased the LPS/IL1 pathway by modulating the microbiome in the ileum. We 
validated the data by studying the colonic expression of AMPs and mucins. Our 
analysis found that I3C significantly increased the mRNA expression of AhR, antimi-
crobial peptides such as β-defensins, cryptdin, Reg3b, and mucins such as Muc2, 
when compared to vehicle-treated mice with colitis. Similarly, the mRNA levels of 
AhR, AMPs, and mucins were significantly increased in DSS+I3C-treated MC-38 
cells (murine colon carcinoma cells) when compared to DSS-treated MC38 cells. 
Together, the current study suggests that I3C attenuates colitis primarily through 
AhR-mediated induction of AMPs and protective mucins, resulting in the enrich-
ment of beneficial gut microbiota. This work was supported in part by NIH grants 
R01ES030144, P01AT003961, P20GM103641, and R01AI123947, R01AI160896.

 4098 Mucosal Antibiotic Exposure Aggravates Acute Renal Distress

Y. Moon. Pusan National University, Yangsan, Korea, Republic of.

Epidemiological and experimental evidence has implicated a potent link between 
antibiotic exposure and susceptibility to various diseases. Clinically, antibiotic 
treatment during platinum chemotherapy is associated with poor prognosis in 
patients with malignancy. In the present study, mucosal antibiotic exposure was 
assessed for its impact on renal distress as a sequela of platinum-based chemother-
apy. Clinical transcriptome dataset-based evaluations demonstrated that levels 
of dysbiosis-responsive genes were elevated during renal distress, indicating 
pathological communications between gut and kidney. Experimentally, mucosal 
exposure to streptomycin aggravated platinum-induced renal tubular lesions in a 
mouse model. Moreover, antibiotic-induced dysbiosis increased susceptibility to 
gut mucosal inflammation, epithelial disruption, and bacterial exposure in response 
to cisplatin treatment. Further investigation of the luminal microbes indicated that 
antibiotic-induced dysbiosis promoted the dominance of Bacteroides species. 
Moreover, the functional assessment of dysbiotic microbiota predicted tryptophan 
metabolic pathways. The results of this study including bacterial community-based 
evaluations provide new predictive insights into the interorgan communications 
and interventions against dysbiosis-associated disorders. This research was 
supported by the Basic Science Research Program through the National Research 
Foundation of Korea, funded by the Ministry of Education (2018R1D1A3B05041889).

 4099 The Role of Sex Chromosome Complement and Gonadal 
Hormone in Lung microRNA Expression in a Mouse Model of 
Allergic Inflammation

S. Commodore, C. D. Ekpruke, D. Rousselle, R. Alford, M. Babayev, S. Sharma, and 
P. Silveyra. Indiana University Bloomington, Bloomington, IN.

Epigenetic alterations such as dysregulation of microRNAs (miRNAs) have been 
reported to play important roles in interactions between genetic and environmental 
factors. miRNAs, a class of small noncoding RNAs with ≤25 nucleotides, play a 
vital regulatory role in a wide range of cellular and biological processes includ-
ing immune regulation, cell differentiation and inflammatory responses. Abnormal 
miRNA expression has been associated with both the development and exacerba-
tion of pulmonary pathophysiology in clinical and animal models and sex differ-
ences exist. For instance, asthma affects more adult females than males, and 
females are more susceptible to air pollution exposure than men. However, few 
studies have investigated the role of miRNAs in mediating such sex disparities. 
In this project, we aimed to assess differences in miRNA expression in a mouse 
model of allergic asthma and their association with sex chromosome complement 
and gonadal hormones. We hypothesized that hormonal effects or chromosomal 
effects alter miRNA expression, which in turn contributes to the mechanisms 
responsible for the higher susceptibility of females to asthma. We challenged the 
four core genotypes model (FCG) through intranasal sensitization with a house 
dust mite (HDM) solution (or PBS as a control) for 5 weeks. Then we evaluated 
differences in the expressions of miRNAs associated with pro-inflammatory 
genes in lung tissue. After harvesting lungs and extracting RNA, small RNAs were 
retro-transcribed from 50 ng of total RNA using the miRCURY LNA RT Kit (Qiagen). 
The expression of 84 mouse miRNAs predicted to regulate inflammatory genes 
were assayed with the Mouse Inflammatory Response and Autoimmune Focus 
V2 Array (YAMM-205YE-2, Qiagen). Results were analyzed using QuantStudio 12K 
Flex Software, and Ct values were exported to a MS Excel spreadsheet. Data were 
analyzed using Ct values for each sample, normalized to the global mean Ct as 
ΔCt = (Ct_Target − Ct_globalmean). For fold change calculations, ΔΔCt-based 
foldchange values were obtained using a sample as calibrator. Statistical analyses 
were performed with R, using the Bioconductor limma package to detect differ-
ences among treatments and correction for multiple comparisons were done 
using the Benjamini-Hochberg method. Differential expression is defined as a false 
discovery rate of less than 0.05. In the FCG mouse model, the Sry gene is deleted 
from the Y chromosome and transplanted as a transgene onto an autosome. Since 
the FCG model results in four combinations of gonads and sex chromosomes, in 
our study we had 4 different genotypes with a sample size of three each: 1) XX mice 
with ovaries, 2) XY mice with testes, 3) XX mice with testes, and 4) XY mice with 
ovaries. With two possible treatments (HDM or PBS), we had a total of 24 samples. 
We found sex differences in the expression of 9 unique miRNAs in controls and 
HDM-exposed mice. Among XY mice with testes and XX mice with testes, HDM 
exposure did not result in statistically significant differential miRNA expression 
when compared to PBS controls. Levels of miR-135a -5p, miR-497a-5p, miR-181c-5p 
and let-7i-5p were higher in HDM challenged XX mice with ovaries are compared to 
PBS controls. On the other hand, miR-27a-3p, miR-30a-5p and miR-30c-5p levels 
were lower in this genotype compared to PBS controls. Finally, among XY mice with 
ovaries challenged with HDM, let-7i-5p, miR-135a-5p, miR-155-5p and miR-29c-3p 
levels were higher compared to mice exposed to PBS. We conclude that hormonal 
effects may alter miRNA expression, which in turn contribute to the mechanisms 
responsible for the higher susceptibility of females to asthma. In particular, let-7i-5p 
and miR-135a-5p may play important roles in sex-specific mechanisms of asthma.

 4100 Photobiomodulation-Induced Nrf2 Controls the Inflammatory 
Response in Human Keratinocytes

S. Salman1, C. Guermonprez2, M. Pallardy1, A. Rousseaud2, L. Declercq2, and 
S. Kerdine-Römer1. 1Université Paris Saclay, Orsay, France; and 2Lightinderm, 
Paris, France.

Photobiomodulation (PBM), also known as low-level light therapy, is a fast-growing 
technology using low levels of visible or near-infrared light to stimulate the healing 
of tissues, relieve pain or reduce inflammation. It is a valuable tool in cosmetic 
and medical dermatology for treating numerous inflammatory skin conditions. 
However, the regulatory pathway responsible for the anti-inflammatory effect 
of PBM has not been well defined. Previous studies showed that nuclear factor- 
erythroid 2 like 2 (Nrf2), besides being a key transcription factor in maintaining 
redox homeostasis, is a master regulator of the skin inflammatory response. To 
explain the cellular mechanisms contributing to the immunoregulatory effect 
of visible light in pathological skin, we hypothesize that PBM activates the Nrf2 
pathway to control the inflammatory response. Primary human keratinocytes (KCs) 
were stimulated with 2,4-dinitrochlorobenzene (DNCB), an electrophilic chemical 
sensitizer used to mimic pro-inflammatory cellular stress. The KCs were then 
illuminated with two selected wavelengths separately: 660 nm (red) or 520 nm 
(green), at 3 J/cm2 for 250 sec. Several pro-inflammatory mediators’ gene expres-
sion was assessed in KCs in response to DNCB, followed by illumination. Red and 
green lights significantly suppressed the mRNA expression of the DNCB-triggered 
TNF-α, IL-6, and IL-8 cytokines, at 3 hours post-illumination. To study the Nrf2 
pathway in response to light exposure, Nrf2 protein accumulation and activation 
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were assessed by western blot and DNA-binding activity of Nrf2, respectively. Our 
results showed that Nrf2 stabilization and activation in response to DNCB were 
exacerbated by each wavelength used 3 hours after light exposure. Regarding 
Nrf2-regulated genes, DNCB increased the expression of HMOX1, NQO1, and GCLC 
mRNAs, while PBM further enhanced the expression of these Nrf2-target genes 
after illumination of DNCB-treated KCs with both wavelengths. To investigate the 
role of Nrf2 in controlling the PBM-mediated pro-inflammatory response, a small 
interfering RNA-mediated Nrf2 knockdown model has been used. In the absence 
of Nrf2, illumination of KCs with red light did not reduce the TNF-α, IL-6, and IL-8 
mRNAs expression in response to DNCB, nor did it suppress the production of 
these cytokines measured with a multiplex assay. These findings implied that 
light’s anti-inflammatory depends, at least in part, on Nrf2. This study is the first to 
report the involvement of Nrf2 in the PBM-induced anti-inflammatory response in 
KCs. To further demonstrate the role of PBM in cutaneous immunomodulation, skin 
explants will be exposed to light under inflammatory DNCB-induced conditions, and 
the Nrf2 pathway will be addressed.

 4101 Lysosomal Cholesterol Attenuates Silica-Induced 
Membrane Disruption

M. J. Sydor1,2, R. L. Kendall1,2, and A. Holian1,2. 1University of Montana, Missoula, MT; 
and 2Center for Environmental Health Sciences, Missoula, MT.

The ability of inhaled crystalline silica to cause chronic inflammatory disease has 
been well established. When airborne silica is inhaled, the particles can deposit 
into the lungs and depending on the size, into the alveolar spaces. These particles 
can be encountered and phagocytosed by alveolar macrophages. Once phagocyto-
sed, silica contained in the phagolysosome, has been reported to cause an event 
known as phagolysosomal membrane permeability (LMP). This disruption of the 
lysosome can release degradative enzymes into the cytosol, causing cell death and 
NLRP3 inflammasome activation. The NLRP3 inflammasome activates caspase-1, 
which cleaves IL-1ß and IL-18 to their active forms for secretion. While there is 
substantial detail surrounding this inflammatory pathway, not much is known about 
the mechanisms of LMP and potential therapeutic measures. This work involved 
examining the effects of lowered lysosomal cholesterol on silica-induced LMP. 
Bone marrow derived macrophages (BMdM) were used as a macrophage model and 
were treated with 18:1 phosphatidylglycerol (DOPG) to reduce lysosomal choles-
terol. Pre-treatment with DOPG prior to BMdM silica exposure caused increased cell 
death and IL-1ß release compared to cells with no DOPG pre-treatment. Increasing 
lysosomal cholesterol with the compound, U18666A, produced an opposite effect 
to that of DOPG by reducing cell death and IL-1ß release. Silica-induced LMP was 
measured by examining n-acetyl-ß-glucosaminidase (NAG) activity in the cytosol. 
Cells treated with DOPG and silica had increased cytosolic NAG activity compared 
to cells that only received silica treatment. Filipin staining was used to assess 
cellular and lysosomal cholesterol. Treatment with U18666A produced increased 
lysosomal cholesterol that was visualized with confocal microscopy as distinct 
puncta. When treating with both U18666A and DOPG, the amount of lysosomal 
cholesterol puncta in the BMdM was reduced compared to U18666A treatment, 
indicating the ability of DOPG to reduce lysosomal cholesterol. The ability of 
cholesterol to attenuate silica-induced membrane disruption was examined in 
100-nm 18:1 phosphatidylcholine (DOPC) liposomes with and without cholesterol. 
Lipid order was measured by time-resolved anisotropy of the membrane probe, 
Di-4-ANEPPDHQ. Cholesterol containing liposomes showed no significant change 
to lipid order after silica incubation. However, DOPC liposomes without choles-
terol had a significant increase to lipid order after silica treatment. These results 
demonstrate that increased membrane cholesterol can mitigate silica-induced 
membrane disruption while reducing lysosomal cholesterol enhances the ability of 
silica to cause LMP and inflammation. This work was funded by National Institute 
for Environmental Health Sciences [grant numbers, R01ES033533, F31ES033562, 
S10OD021806]. The content of this manuscript is solely the responsibility of the 
authors and does not necessarily represent the views of the NIH.

 4102 Lysosomal Big-Conductance Potassium Ion Channel Activity 
Implicated in Susceptibility to Silica-Induced Inflammation 
in Macrophages

R. L. Kendall, and A. Holian. University of Montana, Missoula, MT.

Lysosomal dysfunction plays a contributing role in many inflammatory diseases. 
In particle-induced inflammatory diseases such as silicosis, lysosomal dysfunc-
tion occurs as lysosomal membrane permeabilization (LMP). LMP promotes cell 
death and perpetuates a cycle of NLRP3 inflammasome driven inflammation in 
macrophages, increasing the likelihood of fibrotic disease onset. Prevention of 
LMP then, is key to increasing the resolution of crystalline silica-induced inflamma-
tion thereby reducing the likelihood of disease onset. Because NLRP3 activation 
has been linked to a decrease in cytosolic K+, lysosomal ion channel activity could 
play a critical role in maintaining lysosomal function. There is a large concentra-
tion gradient of K+ across the lysosomal membrane in part due to the activity of 
the large conductance Ca2+-activated potassium channel (BK channel) within the 
lysosomal membrane. Here, we confirm the importance of BK channel function to 
silica-induced LMP by treating BMdM with paxilline to inhibit BK channel activity. 

Paxilline pre-treatment significantly reduced LMP and IL-1β release in silica treated 
macrophages. Conversely, treatment with the BK channel activator NS1619 or 
NS11021 resulted in a significant increase in silica-induced LMP and IL-1β release. 
We confirmed that silica caused a decrease in cytosolic K+ and assessed the 
impact of paxilline and NS1619/NS11021 treatments on the change in cytosolic 
K+. Because lysosomal ion channel function can easily impact the acidification and 
subsequently cholesterol trafficking within the lysosomal environment, the impact 
of paxilline on lysosomal cholesterol was assessed with filipin staining in treated 
macrophages. Paxilline treatment resulted in increased filipin-stained puncta within 
the lysosomes, indicating an increase in lysosomal free cholesterol. In compar-
ison, U18666A treated macrophages were treated with NS1619 or NS11021 to 
assess the impact of BK channel activity on lysosomal cholesterol accumulation. 
Because increased membrane cholesterol has been demonstrated to alter silica 
interactions with phosphatidylcholine phospholipids, the increase in lysosomal 
cholesterol is important to prevent LMP in silica-exposed macrophages. Here, we 
demonstrate that modification of lysosomal BK potassium channel activity can 
reduce or increase susceptibility of silica-exposed macrophages to LMP and IL-1β 
release and does so in a cholesterol-dependent manner.This work was supported by 
funding from the National Institute of Environmental Health Sciences [grant numbers 
R21ES033511, F31ES033562]. The content of this manuscript is solely the respon-
sibility of the authors and does not necessarily represent the views of the National 
Institute of Health.

 4103 Lung Response to Coal Dust and Crystalline Silica Exposure 
in Rats

P. Joseph1, W. McKinney1, T. Beck2, and T. Sager1. 1NIOSH, Morgantown, WV; and 
2NIOSH, Pittsburgh, PA.

The role of crystalline silica in the re-emergence of coal workers pneumoconio-
sis reported in certain U.S. Appalachian states was investigated by employing an 
experimental rat model of lung toxicity. A computer-controlled, automated aerosol 
generation system was custom-built and employed to generate aerosols contain-
ing crystalline silica (Min-U-Sil 5) or coal dust (Keystone Mineral Black 325BA). 
Determination of the particle size distribution in the aerosol samples generated, 
using a micro-orifice uniform deposit impactor (MOUDI), showed a mass median 
aerodynamic diameter of 1.6 μm [geometric standard deviation (σg) 1.6] and 1.36 
μm (σg 2.3), respectively, for the crystalline silica and coal dust particles. Male 
Fisher 344 rats (n=4/group) weighing approximately 200 g were used in the 
whole-body inhalation exposure lung toxicity study. The four exposure groups were: 
1. Filtered-Air (6 hours/day, 5 days/week during week 1 followed by 6 hours/day, 4 
days/week during weeks 2-5), 2. Min-U-Sil 5 (15 mg/m3, 6 hours/day, 5 days during 
week 1 followed by filtered air for 6 hours/day, 4 days/week during weeks 2-5), 3. 
Coal dust (filtered air for 6 hours/day, 5 days during week one followed by coal 
dust, 10 mg/m3, 6 hours/day, 4 days/week during weeks 2-5), and 4. Min-U-Sil 5 
+ coal dust (Min-U-Sil 15 mg/m3, 6 hours/day, 5 days during week 1 followed by 
coal dust, 10 mg/m3, 6 hours/day, 4 days/week during weeks 2-5). At the end of 
the fifth week, since the initiation of the first exposure, the rats were euthanized, 
and bronchoalveolar lavage (BAL) was performed to determine the induction of 
lung toxicity. Exposure of rats to Min-U-Sil 5 or coal dust alone did not change 
lactate dehydrogenase (LDH) activity in bronchoalveolar lavage (BAL) fluid at the 
post-exposure time interval when the analysis was performed. On the other hand, 
combined exposure of the rats to Min-U-Sil 5 and coal dust, at the same post-ex-
posure time interval, resulted in a 1.3-fold increase in LDH activity suggesting a 
modest induction of lung toxicity in the rats, compared to the individual agents. 
Similarly, the number of PMNs detected in the Min-U-Sil 5 alone, coal dust alone, or 
Min-U-Sil 5 + coal dust exposed rats were 1.41-, 1.13-, and 4.24-fold higher than air 
controls, respectively, confirming mild, but enhanced lung toxicity of the combined 
exposure. A similar trend in the generation of oxidants by the lung phagocytes was 
detected in the rats exposed to the test agents alone or in combination. Collectively, 
these results indicate that the combined exposure to Min-U-Sil 5 (crystalline silica) 
and coal dust results in lung toxicity in the rats whereas exposure of either of the 
agents separately, under the conditions employed in the current study, did not 
result in significant lung toxicity. This data is consistent with the theory of potential 
involvement of crystalline silica in the re-emergence of coal workers pneumoconi-
osis reported in the US.

 4104 ACAT-1 Inhibition Limits iNOS in an In Vitro Model of 
Macrophage Activation

S. Lee, and A. Gow. Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ.

Each year in the United States, there are 190,600 cases of acute lung injury (ALI), 
associated with over 74,000 deaths. Data shows acyl-coenzyme A acetyltransfer-
ase-1 (ACAT-1) inhibition improves pulmonary inflammation in an in vivo murine 
model of ALI. We hypothesize that ACAT-1 inhibition has anti-inflammatory effects 
beyond its intended use to reduce cholesterol esterification. The purpose of this 
study is to establish an in vitro bone marrow-derived macrophage (BMDM) model 
to investigate the effect of ACAT-1 inhibition on macrophage activation. Monocytes 
were harvested from the bone marrow of 6-8 week old C57BL/6J (wild-type) 
mice. Cells were stimulated with M-CSF on d0, 3, and 7 to induce macrophage 
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differentiation. To examine if ACAT-1 inhibition limits macrophage activation, 
K-604 was co-administered with M-CSF in the wild-type derived cells. Cells were 
then treated with LPS on d7 and harvested after 24h. Nitrite, Nos2 expression, and 
iNOS protein density were determined through nitrite colorimetric measurement, 
RT-qPCR, and western blot, respectively. SeahorseTM Glycolysis and Mito Stress 
Tests determined glycolytic function and oxygen consumption rate. Nitrite (µm/
protein) was observed to significantly increase (*p<0.05) in LPS-stimulated cells 
compared to control (8±1.5* v. 0.9±0.1), which was reduced with K-604 treatment 
(3.2±1.0). LPS-induced Nos2 fold change (11,709±2,955* v. 1.0±0.1) was reduced 
with K-604 conjunctive treatment compared to LPS alone (2,235±586). These data 
suggest that LPS-induced NO production was hindered due to a lack of the iNOS 
protein, which may have implications for macrophage activation. This aligns with 
reported in vivo data, where K-604 reduced pulmonary inflammation in a rodent 
model of ALI. We will analyze the metabolic effects of ACAT-1 inhibition in this 
model. Pharmacological ACAT-1 inhibition via K-604 will be compared to genetic 
ablation of the enzyme using BMDM harvested from myeloid-specific ACAT-1 
knockout mice. Metabolic and signaling implications of ACAT-1 inhibition and 
enzyme ablation will be discussed. Supported by NIH HL086621, 4T32ES007148-30, 
and Bristol-Myers Squibb.

 4105 miRNAs Modulate Phagocytosis and IL-12 Production in 
Macrophage Activation Syndrome

V. Kontham Kulangara, X. Yang, Y. Zhong, P. Nagarkatti, and M. Nagarkatti. University of 
South Carolina School of Medicine, Columbia, SC.

Macrophage activation syndrome (MAS) is a severe complication of systemic 
inflammatory disorders featured by cytokine storm and activation of macrophages 
with phagocytic potential. In this study, we induced MAS in C57Bl/6 female mice 
by multiple injections of the TLR-9 agonist CpG. Complete blood count analysis 
showed peripheral pancytopenia along with remarkable hepato-splenomegaly 
which are characteristics of MAS. Serum analysis by ELISA revealed an upsurge in 
the inflammatory cytokines, IL-6, IL12/23, IFN-γ and TNFα. Flow cytometry analysis 
of liver mononuclear cells (MNCs) showed an increase in F4/80+ cells in the MAS 
group indicating macrophage activation. miRNA sequencing of liver MNCs was 
performed and the differential expression analysis of MAS against control identi-
fied 181 miRNAs significantly altered in mice suffering from MAS. Pathway analysis 
revealed alteration in the expression of miRNAs involved in Fcγ receptor-mediated 
phagocytosis (FRMP) in macrophages and monocytes as well as IL-12 signaling 
and production in macrophages. RNA sequencing of liver MNCs in order to find out 
the miRNA targets revealed significantly altered expression of genes involved in 
FRMP in macrophages and monocytes as well as IL-12 signaling and production. 
Expressions of miRNAs, mir-3084a-3p, mir-501-3p, mir-3547-3p and mir-3090-3p 
involved in FRMP in macrophages and monocytes along with miRNAs, mir-129-1-3p, 
mir-150-3p, mir-219a-3p and mir-188-3p involved in IL-12 signaling and production 
in macrophages were further validated by RT-qPCR. Expressions of target genes, 
GAB2, PLD1, FCGR1, FCGR3/4, CRK and EZR which participate in FRMP as well 
as expression of IL12A, IL12B and IL12RB1 which are involved in IL-12 signaling 
and production were confirmed by RT-qPCR. Together, our studies demonstrate 
the role of miRNAs in MAS pathogenesis. Supported by NIH grants P01AT003961, 
P20GM103641, R01ES030144, R01AI129788, R01AI123947 and R01AI160896 to PN 
and MN.

 4106 Repeated Diesel Exhaust Particle Inhalation Enhances 
Inflammasome Activation after Acute Lung Injury

B. Guo, C. Hsu, A. Elder, and B. C. Berk. University of Rochester, Rochester, NY.

Diesel exhaust particulates (DEP) are a major contributor to airborne fine and 
ultrafine particulate matter in some urban environments. Recent studies showed 
DEP can activate NOD-like receptor protein 3 (NLRP3) inflammasome in murine 
and human macrophages. Inflammasome activation, which mediates caspase-1 
activation and subsequent processing of pro-IL-1β into its mature forms, may 
cause sustained inflammation and poor functional recovery from lung damage 
such as acute lung injury (ALI). Despite recent studies on the role of diesel exhaust 
in pulmonary disease, the effects of DEP exposure; in particular how a history of 
DEP inhalation affects inflammatory responses to subsequent ALI, is incompletely 
understood. To address this question, we exposed mice to DEP (SRM 2975) at 
a concentration of 0.5 mg/m3 by inhalation for 21 days. After this DEP inhala-
tion period, the mice lived for 27 days in a DEP free environment. Finally, ALI was 
induced in these mice through inhalation of a non-lethal dose of aerosolized LPS 
solution (10mg/10mL) for 30 minutes. We hypothesized that DEP inhalation would 
enhance subsequent LPS-mediated ALI by stimulating the inflammasome pathway. 
The mice were euthanized 24 hours after LPS challenge. ELISA was performed 
with bronchoalveolar lavage (BAL) fluid to assess cytokine secretion. RNA and 
protein samples were extracted from the superior and inferior lobes of right lung, 
respectively. RT-qPCR and immunoblots were performed to measure the expres-
sion of components in the inflammasome pathway. We also assayed the expres-
sion of several cytokines whose production is associated with inflammation. In the 
absence of LPS challenge, PCR data showed minimal expression of inflammasome 
pathway components including NLRP3, IL-1β, and caspase-4. The expression of 

other inflammatory cytokines including IL-6, MCP-1 and TNF-α was also minimal, 
indicating an absence of active inflammation with either DEP or filtered air. In 
individuals that were administered LPS, expression of these inflammatory markers 
showed a dramatic increase (NLRP3: 5.0 ± 0.6 (mean ± SEM) fold vs. filtered air 
(FA) + saline control; IL-1β: 12.9 ± 2.8; caspase-4: 2.0 ± 0.6; IL-6: 29.8 ± 5.7; MCP-1: 
51.4 ± 7.6; and TNF-α: 4.6 ± 0.7) compared to the saline control group. Mice that 
were exposed to DEP demonstrated significant increases in IL-1β (34.1 ± 10.2 fold), 
IL-6 (142.2 ± 56.0 fold), and MCP-1 (154.4 ± 48.6 fold) expression compared to 
those that inhaled FA and similarly underwent LPS challenge. Immunoblots showed 
significantly elevated expression (3.0 ± 1.0 fold) and cleavage (3.7 ± 0.6 fold) of 
pro-IL-1β in mice that underwent DEP inhalation and subsequent LPS challenge. 
The amount of secreted IL-1β in BAL fluid increased with DEP inhalation (FA+LPS 
vs. DEP+LPS; 25.1 ± 10.9 vs. 64.8 ± 10.6 pg/mL). Cleavage of caspase-1 (2.3 ± 
0.7 fold) and expression of NLRP3 (0.4 ± 0.2 fold) demonstrated an increasing 
trend. Expression of GSDMD, another important component of the inflammasome 
pathway, was also increased (2.9 ± 0.7 fold). Elevated IL-1β production and 
secretion, combined with increases in GSDMD, NLRP3, and caspase-1, are consis-
tent with enhanced inflammasome activation. In conclusion, our data show that 
repeated DEP inhalation stimulates the inflammatory response to subsequent 
LPS-mediated acute lung injury through activation of the inflammasome pathway. 
The finding that responses were still elevated 27 days after exposure suggests that 
a population of memory immune cells is responsible for persistent inflammasome 
activation. These results provide new insight into mechanisms by which chronic 
inflammation stimulates disease progression.

 4107 Phenotypic Analysis of Fibrogenic Monocyte/Macrophage 
Subsets in Acute Inflammatory Exacerbations of Lung Disease 
Driven by Mutant Surfactant Protein-C Expression

A. Venosa, P. Moos, and T. Musci. University of Utah, Salt Lake City, UT.

Acute inflammatory exacerbations (AIE) represent precipitous deteriorations of 
a number of chronic lung conditions, including pulmonary fibrosis (PF), COPD, 
and asthma. AIEs are marked by diffuse and persistent polycellular alveolitis 
that profoundly accelerate lung function decline and mortality. Excess monocyte 
mobilization during AIE, and their persistence in the lung are linked to poor disease 
outcome. Guided by clinical evidence, we have developed an inducible model of 
pulmonary fibrosis leveraging the PF-linked missense isoleucine to threonine 
mutation at position 73 [I73T] in the alveolar type-2 cell-restricted Surfactant 
Protein-C [SP-C] gene [SFTPC]. We have previously shown that genetic and pharma-
cological ablation of infiltrating monocytes results in reduced disease progres-
sion, as shown by improved lung histopathology, mouse survival, and overall 
inflammation following mutant SP-C induced lung stress. Notably, deletion of 
CCR2 monocytes yielded significant reduction in TGFβ1 signaling, as shown by 
reduced SMAD2/3 phosphorylation. Using single cell sequencing we annotated 
and phenotypically characterized resident and recruited monocytes/macrophages 
populations intervening during the peak of AIE-PF. We found that inflammatory 
exacerbations are accompanied by influx of activated monocytes (itgax- itgam+ 
ccr2+ cx3cr1+) producing a pro-inflammatory transcriptional signature (ccl and 
cxcl, and galectin signaling). Comparatively, use of CellChat Explorer database 
identified an activated mature macrophage subset (cd68+ itgax+ itgam+ arg1+) 
coordinating intense tgfb1, fn1/fibronectin and spp1/osteopontin profibrotic signal-
ing 14 days after SP-C mutant induction. These results provide a clear picture of the 
fibrogenic role of specific activated monocyte/macrophage subsets responding to 
alveolar epithelial stress. Identification of phenotypically analogous populations in 
the context of chemical induced injury and fibrosis has the potential to establish 
convergent inflammatory mechanisms of fibrotic injury.

 4108 CYP2C8*3 Expression Alters the Production of Lipid and 
Cytokine Mediators of Inflammation

M. Almestica-Roberts, N. D. Nguyen, L. Sun, S. Serna, E. Rapp, C. Deering-Rice, and 
C. A. Reilly. University of Utah, Salt Lake City, UT.

Asthma is a chronic inflammatory disease of the airways. Despite treatment, 
many patients experience suboptimal symptom control, in part, due to variability in 
genes that dictate drug disposition and response. 170 single nucleotide polymor-
phisms (SNPs) in genes associated with asthma, and of unknown significance, 
were evaluated for an effect on symptom control in children with asthma. The 
cytochrome P450 (CYP) 2C8*3 (R139K/K399R) SNP (rs11572080) was correlated 
with improved asthma symptom control: Mean asthma control scores were 3.5 
[n=184] versus 4.4 [n=909] for CYP2C8*1/*1 (p=0.0006). Furthermore, when data 
were stratified by inhaled corticosteroid use, the mean asthma control score was 
3.66 [n=89] versus 5.26 [n=418] for CYP2C8*1/*1 (p=0.0002). CYP2C8 is one of 
three CYP epoxygenases expressed by airway epithelial cells isolated from the 
proximal and distal human airways. Targeted oxylipin analysis demonstrated 
increased ratios of the linoleic acid-derived epoxides 9(10)- and 12(13)-EpOME 
compared to their corresponding diols for human lung epithelial cells engineered 
to over-express the CYP2C8*3 enzyme when compared to the CYP2C8*1 enzymes, 
despite reduced mRNA and protein expression for CYP2C8*3-expressing cells. 
Furthermore, expression of CYP2C8*3 modulated the expression of IL-6 and IL-8 
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mRNA (i.e., key cytokines in asthma exacerbations) in a stimulus-dependent manner. 
Specifically, CYP2C8*3 reduced cytokine induction by pine wood smoke particu-
late matter (WSPM) and cigarette smoke condensate, but increased induction by 
lipopolysaccharide (LPS) and poly I:C. Direct modulation of the EpOME:DiHOME 
ratio using a soluble epoxide hydrolase inhibitor (AUDA) mimicked the stimulus-de-
pendent effects observed with the CYP2C8*3 variant. A novel role for the human 
transient receptor potential ankyrin-1 (TRPA1) ion channel in mediating the 
observed stimulus-dependent effects was also revealed. 9(10)-EpOME pre-treat-
ment was found to reduce TRPA1 activation by the known TRPA1 agonist allyl-iso-
thiocyanate (AITC) independent of channel activation. However, 9(10)-DIHOME, 
the soluble epoxide hydrolase metabolite of 9(10)-EpOME, increased intracellular 
calcium flux in airway epithelial cells and this was inhibited by a TRPA1 antagonist. 
TRPA1 has been implicated in asthma and in responsiveness to environmental 
pollutants including WSPM and cigarette smoke, and 9(10)-EpOME was found to 
alter cytokine induction by WSPM and cigarette smoke condensate. The cumulative 
data suggest a role for CYP2C8-driven EpOME production, the epoxide:diol ratio, 
and TRPA1 in mediating inflammation caused by environmental pollutants that can 
exacerbate asthma. These findings raise the possibility of targeting the CYP2C8-
TRPA1 nexus for asthma. Supported by the Skaggs Graduate Research Fellowship 
Award, R01GM121648, DoD W81XWH-17-1-0413, R01ES017431, and R01ES027015.

 4109 Bryostatin1 and 3 Alleviate TRPM8-Related Environmental Lung 
Inflammation via Modulating PKC Signaling

L. Sun, C. E. Deering-Rice, J. G. Lamb, S. Raghuraman, and C. A. Reilly. University of 
Utah, Salt Lake City, UT.

The macrolide lactone bryostatin 1, from the bryozoan Bugula neritina, has been 
shown to activate PKC, block neutrophil transmigration and cytokine-induced 
barrier alterations, and promote an anti-inflammatory phenotype. Given the promis-
ing pharmacological profile of bryostatin 1 in inflammation, we tested the hypoth-
esis that bryostatin 1 and 3 could modulate transient receptor potential (TRP) 
channel-mediated pro-inflammatory signaling in the lungs. This study revealed that 
bryostatin 1 and 3 selectively and dose-dependently desensitized icilin-induced 
calcium flux in HEK-293 overexpressing human TRPM8. Effects on other TRP 
channels (A1, V1, V3, V4) and on menthol-dependent activation of TRPM8 were not 
observed. The mechanism of inhibition of TRPM8 was also found to be time and 
PKC-dependent, whereas TRPM8 activity in the absence of bryostatin treatment 
was modulated by protein kinase B or Akt. Species comparisons showed weak 
desensitization of mouse and rat TRPM8 compared to human TRPM8, providing 
initial insights as to the location of PKC phosphorylation leading to TRPM8 inhibi-
tion. Additionally, previous studies by our group have shown that Coal Fly Ash (CFA) 
particles can stimulate proinflammatory gene (i.e., CXCL1 and IL8) expression in 
BEAS-2B and primary human bronchial epithelial cells through activation of TRPM8 
and TRPV1. Here, it is further shown that Bryostatin 1 and 3 can inhibit the induction 
of CXCL1 and IL8 by CFA via PKC. These findings imply that bryostatin 1 and 3 
could potentially be used to reduce TRPM8-driven lung inflammation. Support: 
ES017431, ES027015, and DoD W81XWH-17-1-0413.

 4110 A Tiered High-Content Kinase Inhibitor Screen in iPSC-Derived 
Cell Lines to Unravel Mechanisms of Toxicity with a Focus on 
Inflammatory Signaling

M. Vlasveld, L. van den Berk, M. Niemeijer, S. Le Dévédec, G. Callegaro, and 
B. van de Water. Universiteit Leiden, Leiden, Netherlands.

Kinase inhibitors (KIs) are promising new small molecules for many indications, 
including cancer and inflammatory diseases. However, over 80% of the currently 
available KIs are known to induce various types of toxicity, including cardiotox-
icity, hepatotoxicity and kidney toxicity. Enhancement of tumor necrosis factor 
alpha (TNFα) signaling has been shown to contribute to the mechanism of toxicity 
within these organs, leading to changes in cellular processes or decreased cell 
viability. Therefore, there is a high need to test KIs for their potency to affect TNFα 
signaling. Here we present a high-throughput screen of 760 KIs for their potency 
to upregulate or increase ICAM1-GFP expression upon treatment with these KIs 
in combination with or without TNFα. Increased ICAM1 expression is associated 
with enhanced monocyte attraction and pro-inflammatory cytokine production in 
vitro. Induced pluripotent stem cells were differentiated towards cardiomyocytes 
(CMCs), hepatocyte like cells (HLCs) or proximal tubular like cells (PTLCs) and 
treated with a KI library for 8 hours at a concentration of 10 µM. Thereafter, 10 
ng/mL TNFα or solvent control was added and ICAM1 expression was measured 
at 24, 48 and 72 hours. Upon treatment with the KIs alone, no induction of ICAM1 
was observed. However, an increased ICAM1-GFP induction was observed for 24, 
31 and 65 KIs in CMCs, HLCs and PTLCs, respectively. Remarkably, only 3 of these 
KIs overlapped between cell types. The most observed intended targeted pathway 
within this group of KIs was the PI3K/AKT pathway. Moreover, we also identified 
88 (CMCS), 91 (HLCs) and 12 (PTLCs) KIs that blocked ICAM1-GFP expression. 
Here, cell cycle inhibitors were found to be most potent. To be able to distinguish 
between target/tissue specific and off-target effects, all identified compounds were 
further validated in all three cell types in a dose-dependent set-up between 1 nM 
and 10 µM. Here we found that most of these KIs affected ICAM1-GFP expression 

at clinically significant dose levels. To further unravel contributing mechanisms, 
cells were lysed after 24 hours of exposure and submitted for TempO-Seq gene 
expression analysis. Taken together, we show a high-throughput testing method 
to unravel mechanisms of toxicity of KIs using iPSC derived cell types and a tiered 
testing strategy. The work received funding from the Innovative Medicines Initiative 2 
(IMI2) Joint Undertaking for the eTRANSAFE (agreement grant 777365) project. This 
Joint Undertaking receives support from the innovation program and EFPIA.

 4111 Exploring the Systemic Impacts of Fentanyl Overdose in 
SKH1 Mice

J. Boyd1, M. Newman1, H. Connery2, L. Wright3, N. Chakraborty4, A. Gautam4, and 
R. Hammamieh4. 1Virginia Commonwealth University, Richmond, VA; 2West Virginia 
University, Morgantown, WV; 3DEVCOM Chemical Biological Center, Gunpowder, MD; and 
4Walter Reed Army Institute of Research, Silver Spring, MD.

Fentanyl has outpaced all other opioids in overdoses and was the leading cause 
of death in individuals aged 18-45 in the United States in 2020 and 2021. Further, 
even clinical anesthetic doses of fentanyl have been described as producing 
“Wooden Chest Syndrome”, a life-threatening combination of respiratory depres-
sion and laryngospasm that requires intubation and pharmacological intervention. 
Given the rising number of attributable mortalities and overdoses annually, basic 
research with animal models is needed to explore the systemic impacts of high 
doses of fentanyl. Current fentanyl research in animal models primarily addresses 
addictive properties and protective treatments at doses that are therapeutically 
relevant, but seldom investigates the temporal outcomes or organ-specific effects 
of fentanyl overdose beyond the brain. This study explores the overdose lethality 
of subcutaneously-administered fentanyl in SKH-1 mice, which are a hairless yet 
immunocompetent outbred strain ideal for translational safety and efficacy studies. 
Subcutaneous exposure and overdose, as the result of missed intravenous injection 
or as a surrogate of dermal exposure, are increasing concerns for both public 
health and occupational safety. All protocols herein were approved by Institutional 
Animal Care and Use Committee and the U.S. Army Medical Research and Materiel 
Command Animal Care and Use Review Office. Lethality was determined via 
up-down procedure to limit animal numbers. Mice were administered subcuta-
neous fentanyl citrate and monitored for 5 minutes by pulse oximetry (SpO2 and 
heart rate) followed by whole body plethysmography for up to 40 minutes post-in-
jection. Fluorodeoxyglucose Positron Emission Tomography (18-FDG PET) was 
performed on animals given LD10 fentanyl (110mg/kg), representing overdose, at 
40 minutes, 6 hours, 24 hours, and 7 days after administration. Our findings define 
the dose-response curve for this mouse model, identify key temporal cascades 
of metabolic events post-exposure to overdose that differentiate survival and 
death, and systemically explore the multiorgan impacts of this toxic opioid via 
imaging. Additionally, we offer non-invasive monitoring evidence of Wooden Chest 
Syndrome, a physiological response unique to fentanyl that is presumed to promote 
naloxone resistance and is often a contributing factor associated with overdose 
death. Disclaimer: Material has been reviewed by the Walter Reed Army Institute of 
Research. There is no objection to its presentation and/or publication. The opinions 
or assertions contained herein are the private views of the author, and are not to be 
construed as official, or as reflecting true views of the Department of the Army or the 
Department of Defense.

 4112 A Transcriptomic Perspective of Fentanyl Exposure to 
Mouse Cortex

N. Chakraborty1, A. Gautam1, M. Patel1, S. Kannan1, C. C. Moyler1, M. Newman2, 
H. Connery3, J. Boyd2, and R. Hammamieh1. 1Walter Reed Army Institute of Research, 
Silver Spring, MD; 2Virginia Commonwealth University, Richmond, VA; and 3West Virginia 
University, Morgantown, WV.

There is a growing traction about the biomechanisms that can explain fentanyl’s 
fast analgesic action. The recent interest is primarily stemmed from the increased 
prescription and illicit use of fentanyl drugs that has superseded all other opioids 
combined in overdose deaths. Fentanyl’s binding ability to the specific and off-tar-
get receptors is dose dependent, which is potentially the primary cause behind rapid 
fatality of fentanyl overdose. However, the molecular knowledge driving such rapid 
assault across the tissues, particularly brain, is yet obscure. To meet this knowledge 
gap, SKH1 mice were exposed to an increasing dose of fentanyl (Highest survival 
dose (HSD): 62 mg/kg; LD10: 110 mg/kg and LD50: 135 mg/kg) and post-mor-
tem organs were extracted 0h (40 mins), 6h, 24h and 7d post exposure (p.e.). The 
baseline was constituted by a sham cohort that was euthanized at the same time 
points. Present work is focused on the cortex region of the brain, since it was 
shown to be greatly impacted following fentanyl exposure as revealed by PET and 
IVIS Imaging data. Cortex is one of the major brain regions tasked for pain manage-
ment and sensing; therefore, this brain region was investigated in the past for 
similar opioid exposures. Whole mouse genome microarray data was fist probed by 
unsupervised Principal Component Analysis (PCA). A longitudinal separation was 
evident at the transcriptomic landscape; mice at 0h were separated from that at 7 
days p.e. irrespective of fentanyl doses. Follow-up timepoint specific PCA showed 
dose dependent separations among the mice 0 hours, 6 hours and 24 hours p.e., 
respectively; but at 7 days p.e., no clear separation was observed. Likewise, the 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 346



longitudinal separations were evident in LD10 and LD50 cohorts, respectively, but 
not in HSD. This observation corroborated with the fact that the fentanyl exposure 
is both time and dose dependent. Acute assaults of high doses of fentanyl differ-
entially impacted the cortex gene profile. A 2-way ANOVA was computed to curate 
those gene profiles that were significantly altered by the co-factors, namely dose 
and time. Applying the cut-off at p<0.05 and fold change >|1.5|, we curated 48, 313 
and 530 genes that were differentially expressed (DE) due the effects of dose, time, 
and their cumulative effects (dose x time). Supervised analysis mined those gene 
sub-families that demonstrated shifts in expression values in sync with increasing 
dose or time delay. Functional analysis of DE gene profile identified networks linked 
to reward circuitry, inflammation and neuronal functions. A time- and dose-sen-
sitive dynamics of gene functions threw light on fentanyl driven biomechanisms. 
Validation work and additional omics assay are underway to present a confirmatory 
holistic picture. Disclaimer: Material has been reviewed by the Walter Reed Army 
Institute of Research. There is no objection to its presentation and/or publication. 
The opinions or assertions contained herein are the private views of the author, and 
are not to be construed as official, or as reflecting true views of the Department of the 
Army or the Department of Defense.

 4113 Use of Transcriptomics in Early Stage Agrochemical Research to 
Identify the Model Candidates

A. K. Goetz1, D. Mav2, M. Balik-Meisner2, D. Pradke2, L. B. Doonan3, A. Brookhart1, 
R. Shah2, R. A. Currie3, and K. A. Bailey1. 1Syngenta Crop Protection LLC, Greensboro, 
NC; 2Sciome LLC, Research Triangle Park, NC; and 3Syngenta Jealott’s Hill International 
Research Centre, Bracknell, United Kingdom.

A candidate chemical for crop protection development needs proposed uses that 
are both efficacious and safe to humans and the environment. Therefore, a suitable 
lead candidate must have an acceptable predicted chronic toxicity profile. To 
predict this, we performed subacute dietary toxicity studies in male and female rats 
(4/sex/group) and used transcriptomics with benchmark dose modeling (BMD) to 
provide information on the biological mode of action (MoA) and predict the chronic 
no=observed-effect-level (NOEL). Three structurally similar gamma-aminobutyric 
acid (GABA)-gated chloride channel antagonists (GABA-Cl) were evaluated follow-
ing a 14-day exposure to inform target organ toxicity and aid dose level selection 
for subsequent studies. Based on the apical endpoints in the subacute toxicity 
studies and the MoA for GABA-Cl chemicals, we selected paraffin-embedded 
formalin-fixed tissue sections from the testis in males and the adrenal glands, 
heart, liver, spleen, thymus, and thyroid in both sexes for transcriptomics analysis 
using the TempO-Seq™ (Templated Oligo-Sequencing) Whole Transcriptome Assay 
(BioClavis). Differentially expressed genes and pathways (DEGs/DEPs) were 
identified. Gene set over-representation was used to assess the biological context 
of apical changes, and BMD analyses were conducted to identify a molecular 
point of departure to identify key tissues to forecast chronic toxicity and provide 
a benchmark for dose level selection. All three compounds were well tolerated 
when administered up to ~40 mg/kg body weight/day in the diet. Two compounds 
(C1 and C2) were well tolerated up to the highest dose tested (~300 mg/kg body 
weight/day) and elicited no clinical signs, but one compound (C3) resulted in 
severe toxicity at dietary levels >100 mg/kg body weight/day and these animals 
were euthanized prior to the end of the study. Among surviving animals, each 
compound resulted in increased serum cholesterol and increased adrenal gland 
weights in both sexes. For C1 (lead compound), there were no additional effects 
besides increased cholesterol levels at dose levels at or greater than 115/10 mg/
kg/day (males/females) and increased adrenal weights at or greater than 12/30 
mg/kg/day (males/females). C1 did not elicit a robust transcriptional response 
and BMD analyses identified few dose-responsive pathways across any evaluated 
tissue, including the adrenal gland. In contrast, C2 and C3 had more apical findings, 
including more severe effects in the adrenal glands (C2, C3) and effects in the 
spleen (C3), and BMD analyses identified significant dose-responsive genes and 
pathways in these tissues for both compounds. In addition, C2 and C3 had subsets 
of upregulated genes indicating effects on growth in the testis and PXR activation 
in the liver, and BMD analyses identified the heart as a sensitive tissue for C2. We 
conclude that short-term transcriptomics studies combined with phenotypic data 
can be used to inform earlier decisions in new chemical development and predict 
registration study outcomes and project risks.

 4114 The Utility of Toxicogenomics to Assess Biological Relevance of 
a Putative Proliferative Response

L. B. Doonan1, R. A. Currie1, and A. Hofstra2. 1Syngenta, Bracknell, Berkshire, United 
Kingdom; and 2Syngenta Canada Inc., Guelph, ON, Canada.

Toxicogenomics can be used to support assessment of in vitro experiments, 
including those limited by small sample size. The potential biological relevance of 
a small increase in replicative DNA synthesis (RDS) observed in hepatocytes from 
only one human donor, NLW, at one exposure concentration of a new pesticide, 
TYMIRIUM® technology (cyclobutrifluram) was explored using RNA-seq. Samples 
from three donors were sequenced and a combination of differential expression 
(DEG), congruence, gene ontology (GO) and functional enrichment analyses were 
performed. Following this, a targeted analysis of genes and pathways associated 

with cell-cycle/proliferation was conducted. DEG and pathway analysis found that 
genes in the cytochrome P450 2B and 3A families were upregulated across all 
donors, congruent with previous studies. A small number of genes associated with 
some pro-proliferation signaling pathways were differentially expressed in more 
than one donor; however, these were not uniformly altered, suggesting that enrich-
ment of these pathways was probably not indicative of a proliferative response. 
No other DEGs, Reactome pathways or GO terms associated with proliferation 
or cell-cycle hierarchies were observed in NLW that were unique to the test item. 
Furthermore, common marker genes associated with cell-cycle and proliferation 
such as MKI67, were not differentially expressed in any donor. Gene set enrichment 
analysis of proliferation-related Hallmark signatures found an overall inconsistent 
response after test item exposure across all three donors. Some of these gene sets 
were more positively enriched in NLW samples compared to the other two donors. 
In particular, signatures associated with MYC target signaling showed modest 
positive enrichment in NLW in both test item and phenobarbital treated samples. 
However, the upstream regulator MYC was not differentially expressed, again 
indicating that enrichment was likely not indicative of a proliferative response. 
Although there was more positive enrichment of some proliferation-related 
Hallmark gene sets in donor NLW, there was little evidence for overexpression of 
DEGs, nor enrichment of Reactome pathways/GO-terms associated with cell-cycle 
and proliferation. Overall, there was a lack of consistent response of proliferation/
cell-cycle genes in any donor. Consequently, the small apparent increase in RDS 
in donor NLW, was not consistent with the underlying biochemical changes and 
therefore was not considered biologically relevant. This demonstrates how toxicog-
enomics can be used as a robust tool to investigate unusual in vitro findings.

 4115 Comparison of Transcriptional Benchmark Dose Modeling and 
Point-of-Departure Derivation Approaches

J. P. Rooney1, L. B. Doonan2, R. Shah3, and R. A. Currie2. 1Syngenta Crop Protection, 
Durham, NC; 2Syngenta Jealott’s Hill International Research Centre, Bracknell, United 
Kingdom; and 3Sciome LLC, Research Triangle Park, NC.

Transcriptional Benchmark Dose Modelling (TxBMD) and derivation of associated 
transcriptional Points of Departure (tPODs) from short term in vivo studies for risk 
assessment purposes have great potential to reduce the need for traditional animal 
based chronic toxicity studies. However, significant challenges remain in identify-
ing best practices for the informatic processing required to perform these analyses. 
Here, we performed TxBMD modeling using BMDExpress3 on five agrochemicals 
in development, including herbicides, insecticides and fungicides, with varying 
modes of action. Gene expression data was generated from multiple tissues via 
TempO-seq after 14-day dietary exposures in male and female rats. Analyses were 
limited to tissues that had a robust transcriptional response to treatment, defined 
as at least 150 dose responsive genes. We tested two methods for each of the 
following parameters: 1. Identifying dose responsive genes; William’s Trend test or 
curve fit based pre-filter with a 2.6 standard deviation benchmark response (BMR). 
2. Selecting individual gene models; winning model approach (lowest AIC) between 
power, linear, poly2, exponential 2,3,4 and 5, and hill models or the ToxicR MAP/
Laplace Bayesian model averaging method. 3. Deriving tPODs; most sensitive GO 
biological pathway, or individual gene accumulation plot maximum curvature. Final 
tPOD estimates were selected for each compound + sex combination based on the 
most sensitive tissue. Comparing methods for tPOD determination within a prefilter 
+ modeling combination resulted in very consistent estimates. Correlation coeffi-
cients ranged from 0.72 (William’s Trend + Model Averaging) to 0.99 (William’s 
Trend + winning model). 38/40 tPODs were within 5-fold, and 31 within 2-fold 
between the two methods. There was more variability in tPOD estimates when 
different prefilters or modeling approaches were used. Comparing the William’s 
Trend test prefilter with the curve fit prefilter, tPOD correlations ranged from 0.59 
(wining model + pathway) to 0.94 (model averaging + pathway). Similarly, 37/40 
tPODs were within 5-fold and 31 within 2-fold. In general, the William’s trend test 
produced lower predicted tPODs than the curve fit prefilter. Choice of modeling 
approaches resulted in the most variable tPOD estimates regardless of prefilter or 
tPOD method. Correlation coefficients ranging from 0.27 (curve fit + pathway) to 
0.56 (curve fit + max curvature). Only 21/40 estimated tPODs were within 5-fold, 
with the winning model approach tending to produce lower estimates. Importantly, 
for the only compound analyzed here that has undergone a 90-day toxicity study, 14 
of the 16 tPODs predicted for this compound were at (within 3%) or lower than the 
90-day LOEL. 6 of the 16 were below the 90-day NOEL. Chronic 2-year studies for 
this compound are currently underway. Our work demonstrates that while there can 
be variability within tPOD estimates based on methodology, overall the approach is 
robust and relevant for risk assessment endpoints using many of these methods. 
Furthermore, we highlight the need for more research into the informatic method-
ologies that are encompassed in TxBMD modeling to inform on best practices that 
will help further leverage tPODs in risk assessment and regulatory applications.
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 4116 Comprehensive Histone, DNA Methylation, and mRNA 
Expression Analysis of Murine Liver Repeatedly Exposed to 
Chemicals: Percellome Project 2023 Update

J. Kanno1,2, K. Aisaki1, R. Ono1, and S. Kitajima1. 1National Institute of Health Sciences, 
Kanagawa, Japan; and 2University of Tsukuba, Tsukuba, Japan.

The Percellome Project aims at reinforcing and replacing the “safety factor” by 
comprehensively identifying the transcriptomic networks induced by xenobiotics. 
“Percellome” normalization method was developed to generate absolute copy 
numbers of mRNAs in a “per one cell” basis. After a single oral gavage to male B6 
mice at 4 dose levels (control, low, middle, and high), liver and other organs are 
sampled at 4 time points, i.e. 2, 4, 8, and 24 hours after dosing in triplicate, and 48 
GeneChip data per chemical/organ are obtained. Up to now, about 160 chemicals 
are tested. Data from newly designed repeated-dosing studies are added. This 
study uses 48 wild-type mice repeatedly given a same dose of a chemical for 4 
or 14 days to create a “chemically induced transgenic state”, and then, the next 
day, a single gavage of a chemical in four dose levels was given, and the liver 
was sampled at 2, 4, 8, and 24 hours thereafter; CCl4, tributyltin, deet, clofibrate, 
valproic acid, acetaminophen, phenobarbital, thalidomide, 5-fluorouracil, acephate, 
imidacloprid, diethylnitrosamine, pentachlorophenol, acephate, 2-Benzotriazole-2-
yl-4,6-di-tert-butylphenol and PFOA are tested. We found that the effect of repeated 
dosing can be interpreted as a combination of two elements, i.e. baseline response 
(BR: gradual shift of the basal expression level) and transient response (TR: 
alteration of the magnitude and/or pattern of the quick response in 2 to 24 hours). 
For a limited number of chemicals, whole genome bisulfite analysis (WGBA) was 
performed. As the 14-day CCl4 pre-treatment did not alter the status of DNA methyl-
ation, we now concentrate on the up-stream analysis of genes of which histone 
status have been modified. And ChIP-Seq against H3K4me3, H3K27me3, H3K27Ac, 
and H3K9me3 are performed to interpret the BR and TR responses of thalidomide 
and methyl cellulose, in addition to CCl4, Valproic acid, Clofibrate and Corn oil. 
To narrow down the enhancer-promoter regions of interest, hypomethylated areas 
identified by WGBA was utilized efficiently. 14-day repeated dosing of thalidomide 
induced increase in BR for about 400 genes including Cyp2b10, Cyp2a5 and Cds2. 
Many, if not all, are accompanied by increase in the signal of H3K4me3 and/or 
H3K27Ac, i.e. activation marks. Our comprehensive data would explain the effect of 
the repeated dosing on the gene expression by the modification of Histone marks. 
The gene lists generated by the alteration patterns of histone marks would further 
reveal the upstream signaling pathways activated/repressed by the repeated 
dosing. Comparison with the gene expression data of the single dosing study might 
add information to predict the effect of repeated dosing from the single dosing 
study data. More details will be presented. Supported by Health and Labor Sciences 
Research Grant of MHLW, Japan.

 4117 Untargeted Metabolomics to Characterize the Urinary Chemical 
Landscape of E-cigarette Users

Y. Hsiao1, R. S. Matulewicz2, S. Sherman3, I. Jaspers1, M. Weitzman3, T. Gordon3, K. Lu1, 
and M. A. Bjurlin1. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; 2Memorial 
Sloan Kettering Cancer Center, New York, NY; and 3New York University, New York, NY.

Electronic cigarette (e-cig) use is a public health crisis. Although there are health 
risks associated with e-cig use, their definitive safety profile has not been fully 
characterized. To date there is a paucity of data profiling the chemical landscape of 
vaping, including chemicals originated from e-cig exposure and perturbed endoge-
nous metabolites in e-cig users. To address this gap, we applied liquid chromatog-
raphy-mass spectrometry (LC-MS) based nontargeted metabolomics to analyze 
compounds in urine of e-cig users and cigarette smokers. The unbiased mapping 
of chemical landscape may provide new insights into the health effects of e-cig and 
how the effects differ from cigarette smoking. Subjects with e-cig (N=34), cigarette 
smoking (N=37) as well as their controls (N=44) were recruited for urine collection. 
Compounds extracted from urine samples were analyzed with a high-resolution 
Orbitrap detector. We further captured MS2 spectra for those signals with statis-
tically significant differences to annotate or identify these compounds of interest. 
The compounds were annotated with our in-house database and open-source 
spectrum/compound libraries to increase the mapping coverage. Our untargeted 
LC-MS analysis robustly detected over 5,000 compounds and ~ 500 showed statis-
tically significant differences among e-cig, cigarette, and control groups, highlight-
ing the chemical landscape in e-cig users is different from cigarette smokers (and 
controls). After compound annotation, pathway analysis, and biological interpreta-
tion, higher abundance and significant enrichment were observed for compounds 
including nicotine metabolites, steroid hormones, and carnitines in both e-cig and 
cigarette users, compared to controls. Our state-of-art high-resolution MS-based 
metabolomics demonstrated differences in the chemical landscape in the urine of 
e-cig users compared to cigarette smokers. These data suggest that e-cig use may 
have different adverse effects than cigarette smoking. Future studies are warranted 
to further characterize the compounds in e-cig users and their health effects.

 4118 In Vitro Toxicity Testing, Metabolic, and Molecular Changes in 
2D Cultures versus 3D Models of Cancer Cell Lines in Response 
to Standard Chemotherapy Drugs

M. Alwahsh1,2,3, ,R. Marchan2, L. Hamadneh1, J. Lambert2, R. Knitsch4, E. Tolstik2, 
D. Belharazem3, A. Marx3, and R. Hergenröder2. 1University of Jordan, Amman, Jordan; 
2Leibniz-Institut für Analytische Wissenschaften, Dortmund, Germany; and 3University of 
Heidelberg, Mannheim, Germany.

The survival of a tumor depends on its ability to accommodate changes of pH, 
reactive oxygen species (ROS), nutrient supplies and hypoxia. 2D cell culture 
fails to reproduce the 3D interactions observed in tumors, including the effect of 
cell-cell interaction and nutrient gradients. This may be a reason for the failure 
of newly developed anti-cancer drugs to succeed in vivo after showing promising 
results in 2D cell culture. In recent years, improved protocols for the production 
of 3D cell culture models have been established, allowing for a reliable produc-
tion of 3D spheroids from different cell types. The measurement of metabolic 
responses in the optimized 3D tumor models instead of 2D cell culture would 
provide a drug testing strategy that accounts for the inherent complexity of tumors. 
Furthermore, as cytotoxic perturbations in metabolism are often observed prior to 
cell death, metabolic profiling could become be a key issue in drug development. 
Therefore, we established 3D models of a breast cancer cell line (MDA-MB-231), 
lung carcinoma cell line (A549), and two thymic carcinoma cell lines (TY82 and 
1889c) using 3D molds for 1889 and MDA-MB-231 cell lines and simple rotation 
for A549 and TY82 cell lines. Characterization of the 3D models were performed 
using live imaging with a variety of dyes that detect viability and hypoxic conditions, 
as well as structural analyses. Subsequently, the effect of colchicine, doxorubicin, 
paclitaxel and bortezomib were compared between the 2D and 3D models using 
toxicity assays - CellTiter-Glo® and MTT. For the first time, we could produce 
reproducible spheroids using different media recipes to decrease/increase differ-
entiation. Metabolic/Molecular profiling of the 2D and 3D models were performed 
using Nuclear Magnetic Resonance (NMR) that is suitable for measuring ultra-small 
volume samples, as well as real time PCR. 3D models showed higher IC values 
compared to 2D models in all cell lines, indicating that cells in a 3D configura-
tion were more resistant to the tested drugs than cells grown in a monolayer. 
Finally, we could improve our established technique for noninvasive toxicity testing 
employing NMR. The present findings using 3D models of a number of different 
cancer cell lines revealed a higher resistance to drug-induced toxicity as compared 
to 2D models. Moreover, our newly designed NMR technique gives access to the 
investigation of small tissue-like models, normally unaccessible using standard 
analytical techniques. Analytical techniques known so far are both destructive 
and deliver merely a “snap-shot” of the measured time point. For this reason, 
specimens have to be dissected and imposed to multiple measurements to obtain 
3D Information. Our technique based on NMR spectroscopy does not face the 
aforementioned limitations.

 4119 Assessment of the Toxicity of Cannabidiol (CBD) in Rats upon 
Oral Developmental Exposure

L. Camacho1, P. Malhi2, R. Patton2, C. Silva1, A. Shen1, and T. Flanigan1. 1US FDA/NCTR, 
Jefferson, AR; and 2Toxicologic Pathology Associates, Jefferson, AR.

The passing of the Agriculture Improvement Act of 2018, along with the perception 
that cannabidiol (CBD) could have beneficial effects, have led to a dramatic increase 
in the number of CBD- and hemp-containing consumer products in the US market; 
however, large data gaps remain regarding their safety. Previous studies reported 
effects in several organ systems upon oral exposure to CBD, including in the liver 
and male reproductive system. We have evaluated the effects of a developmental 
oral exposure to CBD in Sprague-Dawley rats. Pregnant dams were exposed orally 
to 0, 15, 30, 100, or 250 mg CBD/kg bw/day by gavage from gestational day 6 until 
the start of parturition and their pups were dosed daily by gavage from the day after 
birth (postnatal day [PND] 1) until PND 21. Animals were sacrificed on PND 21 or at 
the end of a recovery period on PND 180. No differences were observed on body or 
organ weight at either timepoint, except for a significant trend of decreasing testic-
ular weight with increasing CBD dose at PND 21. A dose-dependent increase in the 
number of mitotic figures was observed in the hepatocytes of the liver of males 
and females at PND 21, but not at PND 180. No other CBD-related histopatho-
logical changes were observed. Sperm parameters, evaluated at PND 180, were 
not affected by the CBD exposure. The expression of genes encoding enzymes 
of the testosterone biosynthesis pathway was decreased at the highest dose of 
CBD at PND 21. These data are expected to help the FDA in its assessments of the 
potential adverse outcomes of CBD use during pregnancy and early life.
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 4120 Disruption of Dioxin Response Element (DRE)–Dependent PKM2 
Induction Compromises Antioxidant Defenses and Increases 
TCDD-Elicited Hepatotoxicity

K. Orlowska, R. Nault, and T. Zacharewski. Michigan State University, East Lansing, MI.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) elicits adverse hepatic effects 
mediated by the aryl hydrocarbon receptor (AhR). We have shown that TCDD 
reprograms central carbon metabolism in the liver by switching expression from 
pyruvate kinase isoform M1 (Pkm1) to M2 (Pkm2) following AhR activation and 
interaction with the dioxin response element (DRE; 5’-GGTCTGCGTGACTAG-3’) 
between exon 9 and 10 in the Pkm loci. In the present study, the GCGTG core within 
the Pkm loci (DREPkm) was deleted by CRISPR to create a mutant mouse to further 
investigate the role of AhR-mediated PKM2 induction in hepatotoxicity following 
oral gavage with TCDD every 4 days for 28 days. TCDD dose-dependently increased 
relative liver weight in both WT and DREPkm mice while gonadal white adipose tissue 
weight was decreased only in DREPkm mice at 30 µg/kg TCDD. Serum cholesterol 
levels were dose-dependently decreased, at 30 µg/kg TCDD in WT and at 10 and 
30 µg/kg TCDD in DREPkm mice while triglyceride level decreased at 30 µg/kg TCDD 
in DREPkm mice only. Moreover, reduced glutathione (GSH) only increased in WT 
mice while oxidized glutathione (GSSG) levels increased in both WT and DREPkm 
models with a 24-fold decrease in the GSH/GSSG ratio in DREPkm mice suggesting 
lower antioxidant capacity and higher oxidative stress. Quantitative assessment of 
collagen deposition by PSR staining showed more severe fibrosis in DREPkm mice 
after treatment with a 4.8- and 3.2-fold increase in collagen deposition in DREPkm 
and WT mice, respectively. Collectively, these data demonstrate that AhR binding 
to the DREPkm is required for Pkm2 induction by TCDD with loss of Pkm2 induction 
increasing oxidative stress and hepatotoxicity. Overall, these results support the 
hypothesis that DRE-dependent induction of Pkm2 represents a novel antioxidant 
response. Supported by the National Institutes of Health Science R01ES029541.

 4121 The Role of MANF in Coordinating ER and Mitochondrial Stress 
with Toxicant Exposures in C. elegans

K. E. Glorioso1, R. F. Romersi2, J. N. Meyer2, and J. H. Hartman1. 1Medical University of 
South Carolina, Charleston, SC; and 2Duke University, Durham, NC.

Mesencephalic astrocyte-derived neurotrophic factor (MANF) is a small, soluble 
protein that is retained in the endoplasmic reticulum (ER) via its N-terminal KDEL 
sequence and is secreted through the conventional ER-Golgi pathway during ER 
stress. MANF was discovered as a neuroprotective protein found in conditioned 
media from cultured astrocytes that protected dopaminergic neurons in culture 
from 6-hydroxydopamine cytotoxicity. However, it is now appreciated that MANF is 
expressed in the highest abundance outside of the central nervous system, mainly 
in endocrine and reproductive tissues. We have previously demonstrated that in 
C. elegans, MANF deletion protects the animals from tunicamycin-induced growth 
arrest, potentially through abrogating tunicamycin-induced expression of innate 
immunity genes. We also found that at baseline, MANF knockout animals have 
a higher expression of ER stress-related genes. We and others reported genetic 
interactions between manf-1 in C. elegans and genes related to ER stress, and in 
the literature genetic interactions have also been reported between manf-1 and 
mitochondrial respiratory complex I. In the current work, we hypothesized that 
manf-1 can coordinate stress responses between the mitochondria and ER. To 
test this hypothesis, we generated new strains with overexpression of MANF 
(MANF++) and with deletion of the KDEL sequence to drive constitutive secretion 
of MANF through the conventional ER-Golgi secretory pathway (manf-1ΔKDEL). 
At baseline, we observed that the expression patterns of hsp-4 (BiP/GRP78) were 
different between the strains, indicating a shift in baseline ER stress with MANF 
status. We exposed these strains to varying doses of tunicamycin and found that, 
as we reported previously, MANF deletion prevents tunicamycin-induced growth 
arrest (p<0.05). By contrast, MANF++ and manf-1ΔKDEL strains responded similarly 
to wild-type. We then used a pharmacological approach to look for interactions 
between MANF status and mitochondrial complex I inhibition using 6-hydroxydopa-
mine (for effects in dopaminergic neurons) or rotenone (for whole-animal effects). 
We found that MANF deletion or overexpression both caused increased sensitiv-
ity to 6-OHDA-induced neurodegeneration (p<0.05). Wild-type animals expressing 
GFP in the dopamine neurons had a small number of animals with severe damage 
including dendritic breaks or missing dendrites (12%) compared to MANF++ (37%) 
and MANF deletion (26%) which was significant (p<0.05). In preliminary experi-
ments, when the animals were exposed to rotenone, MANF++ and MANF-null 
animals were slightly more sensitive to lethality, but showed negligible differences 
in respiration following sublethal doses of rotenone. These experiments will be 
repeated with more sensitive larval stages. These strains will also be exposed to ER 
stressors thapsigargin and dithiothreitol to further understand the role of MANF in 
coordinating mitochondrial and ER stress.

 4122 Systems Biology Modeling of Insulin-Driven Akt Signaling 
Dynamics in HepG2 Cell Line with Chronic Low-Dose Exposures 
of Cadmium (CLEC)

A. Mishra, R. Kumar, and R. R. Gullapalli. University of New Mexico, Albuquerque, NM.

The incidence of hepatocellular carcinoma (HCC) is increasing in the Western world 
over the past decade. Within the United States, rise of HCC cases has been mainly 
observed in the South-West part of the country including states of Texas, New 
Mexico and Arizona. In New Mexico, elevated numbers of HCC cases are seen 
among Hispanic and Native American populations of the state. Historically, these 
racial populations are prone to key risk factors of HCC such as diabetes and obesity. 
However, those risk factors alone are not sufficient to explain the rapid increase of 
HCC incidence observed in the past decade. We hypothesize additional environ-
mental risk factors (e.g., heavy metal exposures) play a key role in the South-West 
United States including New Mexico. Cadmium (Cd) is a major heavy metal pollut-
ant of global implications. Cd exposures are reported to be associated with chronic 
metabolic alterations driving multiple, pre-neoplastic risk factors of HCC such as 
obesity, diabetes and non-alcoholic fatty liver disease (NAFLD). Our lab is focused 
on understanding the impact of chronic, low-dose exposures of Cd (CLEC) as a key 
driver of metabolic alterations, such as insulin signaling dysfunction, leading up 
to diabetes, NAFLD and HCC. In the current abstract, we use a combined systems 
biology-experimental approach to understand dysfunction of a key insulin signal-
ing master regulator, Akt, due to chronic Cd exposures. A well-characterized HCC 
cell line of liver function, HepG2, was grown for 24-weeks under conditions of 
normoglycemia (5.6 mM) and hyperglycemia (15 mM) at two Cd dosing levels (0 
nM, and 1000 nM). All of the exposure conditions were designed to mimic physio-
logical dosing levels of significance in humans. HepG2 cells obtained using the 
CLEC exposure protocol were subsequently assessed for the insulin responsivity 
and Akt signaling with the following protocol - Each test condition was exposed 
to 100 nM insulin and total protein was collected at 0 sec, 20 sec, 40 sec, 1 min, 
5 mins and 30 minutes intervals. The collected protein was then assessed for the 
phospho-Akt (S473)/total Akt, phospho-mTOR/ total TOR, phospho-IRS1/ total 
IRS-1 signaling activity to assess the dynamics of insulin responsivity in each CLEC 
exposure condition. The ratio data obtained from the time series activity of Akt 
activation is then incorporated into an ordinary differential equation (ODE) model 
comprised of four equations describing a simplified Akt-mTOR-IRS signaling loop 
with negative and positive feedback. This model is based on recurring network 
motif, the Goldbeter-Koshland loop, which is based on Michaelis-Menten kinetics. 
Our initial findings show that the CLEC exposure paradigm leads to a blunting of the 
insulin signaling pathway responsiveness in CLEC HepG2 cell line due to baseline 
alterations in the Akt and mTOR activity. The mathematical model indicates that 
this may be primarily due to the lowered mTOR responsiveness that occurs over the 
course of chronic Cd exposure within these cells.

 4123 Association of Environmental Chemical Exposure during 
Pregnancy with Subsequent Breast Cancer Risk

Y. Go1, S. Teeny1, P. Cirillo2, N. Krigbaum2, B. Cohn2, and D. P. Jones1. 1Emory University, 
Atlanta, GA; and 2Child Health and Development Studies, Oakland, CA.

Breast cancer became the most common cancer globally as of 2021, accounting 
for 12% of all new annual cancer cases worldwide, according to the World Health 
Organization. Despite epidemiologic studies having established a number of risk 
factors for breast cancer on a population level, predicting an individual’s risk of 
breast cancer is not yet possible. In this study, we used highly informative, existing 
pregnancy cohort biospecimens to predict individual breast cancer risk by identifi-
cation of environmental chemical exposure using powerful high-resolution metabo-
lomics (HRM) and environmental chemical (HRE) analysis approaches. We used 
archived samples available in the Child Health and Development Studies (CHDS) 
in California, US, one of the largest prospective pregnancy cohorts, to analyze 
for HRM and HRE. These include second (T2) and third (T3) trimester archival 
samples of 182 women who subsequently developed breast cancer, compared to 
second and third trimester archival samples from 384 women who did not develop 
breast cancer. For HRE and HRM, environmental chemicals and metabolites were 
extracted from 50 μL aliquots of thawed pregnancy serum (n=1,148 including T2 
and T3 breast cancer case and control) and analyzed by ultra-high-resolution mass 
spectrometry with liquid chromatography followed by advanced data extraction 
and annotation using the Toxin and Toxin-Target Database (T3DB). The results 
show that a number of different environmental chemicals were detected in T2 and 
T3 serum. Of these chemicals, the fungicide benomyl, the insecticide acephate, 
the flame retardant bromophenyl and the sedative drug prazepam were found 
with higher abundances in both T2 and T3 serum of women who subsequently 
developed breast cancer compared to controls (P<0.05). In addition, these 
chemicals were positively correlated with pregnancy markers previously shown to 
predict breast cancer in this cohort, estrone E1, estradiol E2 and estriol E3 (r>0.1, 
p<0.05). Metabolic pathway enrichment analysis showed that metabolites related 
to inflammation such as prostaglandin and long chain fatty acids were higher in 
breast cancer cases than controls (P<0.05). The results suggest that each trimester 
involves distinct environmental chemical exposures and metabolism associated 
with breast cancer development. The environmental chemicals and inflammatory 
metabolites could be potential risk markers for breast cancer development.
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 4124 Consumption of Contaminated Passaic River Fish Alters the 
Mammalian Gut Microbiome

R. Kim, and T. Gordon. New York University Langone, New York, NY.

During the Vietnam War era, the Diamond Alkali pesticide manufacturing plant 
dumped thousands of gallons of Agent Orange and Dioxin into the Passaic River. 
Fish and crabs inhabiting the Passaic River/Newark Bay area, now a superfund site 
in NJ, are contaminated with toxic agents including heavy metals and polycyclic and 
polychlorinated aromatic hydrocarbons (PAHs and PCBs.) Consumption of fish in 
this region is associated with the highest cancer risks and noncancer health hazards 
compared to other exposure pathways (ingestion, dermal contact of surface water). 
Despite published warnings for susceptible populations to avoid consumption of 
contaminated fish, this practice continues in high numbers, particularly amongst 
anglers and their families in low-income communities. We hypothesized that 
consumption of this contaminated (aka “dirty”) fish produces alterations in the GI 
tract microbiome.The GI tract microbiome encompasses metabolic, immune, and 
endocrine communication and function in the host. Alteration, or dysbiosis, of this 
community can have negative implications in disease development and overall 
homeostasis. While microbiota disruption is common in humans, characterization 
of the response to environmental stressors like dioxin, PCBs, and heavy metals 
remains a gap in research. To test our hypothesis, C57BL/6 mice were fed a 7-day 
baseline diet followed by 10 days of diets supplemented with 2.5% or 7.5% “dirty” 
or “clean” eel. 16s ribosomal RNA was collected from feces and sequenced at 
~10,000 reads per sample using Illumina MiSeq. Principal Component Analysis 
(PCA) was used to examine the effect of diet and sex on GI tract microbial diversity 
in the mice. On day 1 of the dirty eel supplement, the community structure began to 
diversify, and by day 9, a significant difference in microbiota makeup was seen in 
male mice fed the 7.5% dirty eel diet. Taxonomy analysis indicates that beneficial 
microbes involved in lipid metabolism and gut barrier integrity are reduced at higher 
doses of “dirty” feed. This data demonstrates that consumption of contaminated 
aquatic species alters the microbiome in the mammalian gut, with a sex-dependent 
effect. This suggests that everyday environmental exposures for Newark residents 
can result in significant changes to one of the key communities of organisms that 
are responsible for the upkeep of overall health.

 4125 Exposure to Low-Level Vanadium Pentoxide in Drinking Water 
Triggers Pulmonary Inflammation and Fibrotic Signaling

X. He, Z. R. Jarrell, X. Hu, M. R. Smith, S. Teeny, Y. Liang, M. Orr, Y. Go, and D. Jones. 
Emory University, Atlanta, GA.

Increasing use of heavy metals such as vanadium in multiple industrial, agricul-
tural, and medical sectors have raised concerns over their potential effects on 
human health and the environment. Exposure to vanadium may occur during the 
production and processing of steel, mining, tobacco smoking, vehicle combustion, 
and dietary intake. Vanadium is known to be toxic if inhaled, yet little information 
is available concerning effects of vanadium on mammalian metabolism when at 
concentrations found in food and water. Additionally, there is no drinking water 
standard established by U.S. EPA. Notably, vanadium pentoxide (V+5) is the main 
form of vanadium exposure for humans. Studies have shown that pulmonary inflam-
mation and fibrosis could be induced by V+5 exposure. However, less is known 
about the adverse health effects of V+5 exposure through drinking water because 
it was thought to be used as a treatment for diabetes. In this study we treated 
mice with V+5 at environmentally relevant concentrations (0.02, 0.2, and 2ppm) 
through drinking water for 6 months. Mouse lungs were harvested and analyzed 
at the end of exposure. We employed liquid chromatography-high resolution mass 
spectrometry (LC-HRMS) and RNA-seq to assess the effect of V+5 exposure to 
mouse lung metabolism. Both RNA-seq and LC-HRMS confirmed the dysregulation 
in fatty acids, amino acids, and vitamin metabolic process in mouse lungs receiving 
V+5. RNA-seq data indicate that exposure to V+5 strongly upregulated T-cell activa-
tion, cell cycle and proliferation, cytokine signaling, RAS/MAPK signaling, Ca2+ 
signaling, WNT signaling, DNA damage and apoptosis, while suppressed adaptive 
immune defense, indicating escalated pulmonary inflammation. In addition to the 
observed upregulated TGF-beta signaling, the upregulation in collagen formation 
and ECM remodeling aligns well with the observed excessive collagen deposition in 
mouse lungs using TEM, strongly suggesting that early-stage fibrotic signaling has 
occurred. Taken together, our data show that exposure to low-level V+5 in drinking 
water could initiate cascade of inflammatory responses and fibrotic signaling in 
mouse lungs.

 4126 Investigating the Adverse Outcome Pathway of 
Protoporphyrinogen Oxidase Inhibition Leading to Anemia

R. A. Currie1, L. Doonan1, L. Swindale1, A. Kende1, G. Graca1, E. McInnes1, S. Whalley1, 
and L. Minnema2. 1Syngenta, Bracknell, Berkshire, United Kingdom; and 2Syngenta Crop 
Protection LLC, Greensboro, NC.

Protoporphyrinogen IX oxidase (PPO) catalyzes the oxidation of protoporphy-
rinogen IX to protoporphyrin IX, which is the final common enzyme in both the 
heme and chlorophyll biosynthetic pathways. PPO inhibitors (PPOi) are used as 

agrochemicals for weed control. Regenerative anemia is a common treatment 
related effect in repeat dose toxicity studies of PPOi and is characterized by 
decreased red blood cells (erythrocytes) and an increase in immature erythro-
cytes in the blood. Design of new PPOi would benefit from having a quantitative 
biologically-based computational model of PPOi-induced anemia. To inform this 
modelling, the temporal progression of putative key events in the adverse outcome 
pathway (AOP) of a PPOi-induced anemia were evaluated. Female Han Wistar rats, 
5/group, were treated with an exemplar PPOi by daily oral gavage of 0, 1, 3, or 100 
mg/kg bwt/d, for up to 14 days with interim sampling and sacrifices on day 1, 6, 7 
and 8. Liver, bone marrow, spleen, heart, and kidney were examined histologically 
and using whole transcriptome TempO-Seq mRNA sequencing. Clinical pathol-
ogy was performed for blood hematology, plasma erythropoietin (EPO), and bone 
marrow smears. Blood plasma and liver extracts were subjected to metabolomics 
analysis. PPOi treatment caused dose-dependent increases in porphyrins in blood 
and liver from 4 hours. Simultaneously bone marrow smears showed dyseryth-
ropoiesis. Subsequently blood reticulocyte counts substantially decreased. The 
decreased reticulocyte counts progressed to decreases in red blood cell mass with 
increased plasma EPO and extramedullary hematopoiesis (EMH) in the liver and 
spleen. Consistent with these pathological changes, differentially expressed genes 
in liver, bone marrow and spleen were associated with hypoxia, heme metabo-
lism and inflammatory pathways. After 14 days, the reticulocyte counts partially 
recovered, remaining minimally lower than controls. However, marked decreases in 
multiple red blood cell parameters and indices remained as did increased plasma 
EPO and EMH in liver and spleen. In conclusion, we identified the temporal progres-
sion of key events in the AOP from PPO inhibition to anemia. Early biochemical 
changes in the porphyrin pathway trigger a rapid primary alteration in the bone 
marrow erythropoietic stem cells, which then secondarily cause anemia due to 
decreased erythropoiesis. This anemia triggers the well-established EPO-driven 
compensatory response that attempts to restore red blood cell mass. Therefore, 
the parameterization of a quantitative computational model of this AOP requires 
an understanding of the cell autonomous role of heme in controlling erythropoi-
etic stem cell differentiation, and later key events can be parameterized using the 
existing models of anemia induced EPO feedback control.

 4127 An In Silico Model of Protoporphyrinogen Oxidase (PPO)–
Inhibiting Herbicides: Predicting Porphyria

S. Webb, R. Currie, S. Oliver, and S. Whalley. Syngenta, Bracknell, United Kingdom.

Protoporphyrinogen oxidase inhibiting herbicides (PPOi) are used to control weeds 
in a variety of crops. These herbicides inhibit heme biosynthesis and photosyn-
thesis in plants leading to the accumulation of peroxidative agents that cause the 
breakdown of cell membranes. The first PPOi was introduced in the 1970’s and they 
are now widely registered globally. In mammals, the inhibition of PPO increases 
porphyrin levels, blocks the production of hemoglobin and erythrocytes, resulting in 
anemia. However, there are significant species differences in the levels of porphyrin 
accumulation resulting from exposure to PPOis, and subsequent toxicity correlat-
ing with porphyrin accumulation. In this work, we utilise an in silico approach to 
rationalise these species differences in porphyria accumulation and understand 
species relevance to human health risk assessment. We have developed a novel 
mechanistic in silico model for PPO related toxicity, which consists of a systems-
based description of the haem biosynthetic pathway coupled to a pharmacoki-
netic (PK) model for systemic exposure of the pesticide active ingredient (AI). The 
final model takes as inputs PK measurements along with simple in vitro potency 
data of the AI against the PPO target. The model is then capable of predicting 
blood porphyrin accumulation levels, a key indicator of downstream toxicity, follow-
ing PPO inhibition. The model has been validated against data on well-profiled 
exemplar compounds. With appropriate parameter adjustments, the model allows 
for interspecies extrapolation and thus an evaluation of potential multispecies risks 
associated with exposure to PPOis. The model also provides a multiscale platform 
which can be extended to cover the role of heam in controlling erythropoiesis and 
the systemic homeostatic system for anemia via erythropoietin (EPO) to get to a 
quantitative understanding of the entire Adverse Outcome Pathway (AOP) of PPO 
inhibition. This supports the transition from descriptive knowledge to a quantitative 
assessment of PPOi safety evaluation.

 4128 Identifying Xenophobic Transporter Polymorphisms to Rule Out 
Genetic Sources of Variability

P. C. Lindberg, C. M. Myers, C. L. Smith, and N. J. Cherrington. University of Arizona, 
Tucson, AZ.

Non-alcoholic steatohepatitis (NASH) is a chronic liver disease (CLD) that alters the 
pharmacokinetics of numerous drugs which may lead to drug reactions. Genetic 
polymorphisms in OCT1, MATE1, MATE2, and MRP4 have also been shown to alter 
drug pharmacokinetics. Therefore, the purpose of this study was to establish a 
genetic screening for single nucleotide polymorphisms (SNP) to rule out genetic 
factors altering drug elimination in NASH patients in order to determine the role 
of NASH in altered disposition. DNA was isolated from patient blood using a 
QIAamp DNA Blood Midi/Maxi kit, concentrations determined using a NanoDrop 
2000 Spectrophotometer. Samples were diluted to 10 ng/μl using Ultrapure DNase, 
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RNase-Free Distilled Water and stored at -80°C. A total of 15 SNPs have been identi-
fied in the 4 transporters of interest—MRP4 (rs11568655, rs11568658, rs11568695, 
rs1557070, rs1751034, rs2274405, rs2274406, rs2274407, rs3742106, rs899494), 
MATE2 (rs12943590, rs34399035, rs34834489), MATE1 (rs2252281, rs2289669) 
and OCT2 (rs316019). Sequences for these SNPs were identified using the UCSC 
Genome Browser. Primers were designed to amplify regions of interest and PCR 
was carried out with GoTaq Master Mix. Reaction conditions consisted of three 
stages. First, an initial denaturation phase at 95°C for 2 minutes. Second, 35 cycles 
of a denaturation phase at 95°C for 30 seconds, an annealing phase at 55°C for 1 
minute, and an extension phase at 72°C for 1 minute. Third, a final extension phase 
at 72°C for 10 minutes. The PCR product was cleaned, normalized and subjected 
to high-volume sequencing by the University of Arizona’s Genetics Core. Sequences 
were aligned to a reference sequence obtained from the UCSC Genome Browser 
using NCBI BlastN tool. Electropherograms were analyzed to verify accuracy. This 
genetic screening process was successful in identifying patients with polymor-
phisms and working primers were identified for all SNPs of interest. By eliminating 
patients with genetic polymorphisms in critical transporters, the NASH-specific 
alterations in pharmacokinetics can be more confidently attributed to NASH.

 4129 Rinskor: Toxicokinetic Data Support High-Dose Selection for the 
Rat Carcinogenicity Study

J. Goodell1, M. Himmelstein1, J. Domoradzki2, and Z. Yan2. 1Corteva Agriscience, 
Newark, DE; and 2Corteva Agriscience, Indianapolis, IN.

Rinskor (XDE-848 benzyl ester) is a crop protection herbicide for which a 2-year rat 
carcinogenicity dietary study was conducted at dose levels set at 10, 50, and 300 
mg/kg bw/day. These were based on the apical and toxicokinetic (TK) results of 
the 90-day toxicity study in which rats received 100, 300, and 1000 mg/kg bw/day. 
Evaluation of TK data from the 90-day toxicity study and the 14C-ADME (absorp-
tion distribution metabolism and excretion) study are compared to justify dose 
selection. Upon systemic uptake, rapid ester hydrolysis of Rinskor results in the 
primary acid metabolite XDE-848. For both sexes in the 90-day toxicity study, daily 
systemic blood exposure (as area-under-the-curve, AUC24h) was calculated from 
measured blood concentrations of XDE-848 acid and did not increase proportion-
ally at doses above 100 mg/kg bw/day, indicating kinetic nonlinearity. An ADME 
study in which rats were administered 14C-Rinskor at 10 and 300 mg/kg bw was 
evaluated to provide additional explanation for departure from linearity. The ADME 
study consisted of time-course 14C plasma collections for determination of peak 
plasma concentration (Cmax) and AUC24h, and metabolite identification and % 
of dose recovery in urine and feces. Total 14C excretion in urine decreased from 
41.3-42.2% to 5.97-8.62% as the dose was increased from 10 to 300 mg/kg bw. 
XDE-848 acid was the major metabolite in urine, and it declined 4.4-6.1-fold at the 
high vs low dose. The corresponding fecal elimination of total 14C increased from 
50.7-51.2% to 73.4-80.5% with increasing dose. The major metabolite in the feces 
was the parent XDE-848 benzyl ester, and it increased 2.2-2.7-fold at the high vs low 
dose. The shift from excretion of XDE-848 acid in urine to increased fecal elimina-
tion of parent XDE-848 benzyl ester with increasing dose fully corroborates the 
loss of dose proportionality for XDE-848 acid in blood and urine observed with 
increasing dose in the 90-day study. The saturation of absorption can be attributed 
to saturation of pre-systemic esterase metabolism and increased excretion in feces 
as un-metabolized benzyl ester. Therefore, increasing doses beyond 300 mg/kg 
bw/day would result in greater fecal elimination due to saturation of pre-systemic 
metabolism and diminished systemic blood concentrations. TK data from the 
2-year chronic study indicated sub-linear departure from proportionality at the 300 
mg/kg bw/day dose. The TK results from the 90-day, 14C-ADME, and 2-year studies 
indicate that the 300 mg/kg bw/day as the highest dose selected for the 2-year 
chronic study provided sufficient systemic exposure to adequately assess chronic 
toxicity and carcinogenicity potential.

 4130 Spinosad: Pharmacokinetics and Metabolism in the Rat, Dog, 
and Human

M. Himmelstein1, R. Mingoia1, M. Mawn1, J. Domoradzki2, M. Bartels3, and M. Corvaro4. 
1Corteva Agriscience, Newark, DE; 2Corteva Agriscience, Indianapolis, IN; 3Toxmetrics, 
Midland, MI; and 4Corteva Agriscience, Rome, Italy.

Spinosad, a natural product insecticide, is comprised of two major components, 
Spinosyns A and D. The pharmacokinetics and metabolic fate of these two 
compounds are reviewed to understand the identity and quantity of systemic 
exposure to parent Spinosyns and metabolites across dose levels, life-stages, and 
animal species. Overall, Spinosyns A and D are well absorbed via the oral route 
in rat and dog (66-80%). Metabolism involves glutathione (GSH) conjugation of 
the parent compound and formation of demethylated metabolites. Systemic 
exposure in rat blood and tissues is primarily to parent Spinosyns and demeth-
ylated metabolites. Non-dose proportional (supralinear) pharmacokinetics were 
observed in the pregnant and non-pregnant rat, consistent with saturation of 
elimination of Spinosyn A and its N-demethylated metabolite (Spinosyn B). The 
nonlinear systemic exposure is likely due to perturbation of GSH homeostasis in 
the liver. The non-dose proportional systemic exposure to Spinosyns in the blood 
and uterus of the pregnant rat occurred at dose levels consistent with difficulties 

in parturition (dystocia) and was primarily comprised of Spinosyns A and B. In vitro 
metabolism of Spinosyns A and D was greater in liver microsomes and hepatocytes 
from rabbits or human donors vs. mouse, rat or dog. Metabolite profiles in vitro are 
comparable to in vivo results (primarily CYP-based dealkylations, GSH conjuga-
tions). Dermal bioavailability of Spinosyns A and D in human has been previously 
shown to be non-detectable following topical application of a Spinosad pedicu-
licide. The extensive in vivo and in vitro data are useful to physiologically-based 
pharmacokinetic modeling and prediction of systemic exposure to Spinosyns A and 
B in rat and human in support of future risk assessments with Spinosad.

 4131 A Mechanistic and Probabilistic PBPK Model for Amiodarone for 
Quantitative In Vitro to In Vivo Extrapolation

S. Proenca, and N. I. Kramer. Wageningen University and Research, 
Wageningen, Netherlands.

Amiodarone is a broadly used arrhythmia drug which repeated exposure has 
induced lung, liver and neurotoxicity in some patients. Given the plethora of 
observed toxic endpoints (e.g. steatosis, cognitive impairment, tremors and periph-
eral neuropathy) associated with the drug, this is an ideal chemical to evaluate 
the predictive potential of next generation risk assessment. The pharmacokinetic 
profile of Amiodarone is abnormal for a drug. It highly accumulates in tissues and 
has a long half-life in the body. The mechanism behind this pharmacokinetic profile 
is poorly understood and so, previous pharmacokinetic models for amiodarone 
were mostly empirical. Using physiologically based pharmacokinetic (PBPK) 
modelling to elucidate these mechanisms is challenging because, amongst others, 
reported physicochemical parameters for amiodarone vary greatly and quality 
experimentally obtained in vitro parameters for absorption, distribution, metabolism 
and excretion are scarce. The aim of this study was to build a mechanistic and 
probabilistic PBPK model for amiodarone that accounts for parameters uncertain-
ties. This model provides insights into mechanisms of tissue accumulation and 
which uncertainties have the highest impact on kinetic simulations of amiodarone. 
A PBPK model for intravenously and orally administered amiodarone in rats was 
first developed. This PBPK model written in R was parameterized solely using in 
vitro and in silico-derived parameters. The uncertainty of these parameters was 
accounted by setting probability distributions for the different parameters based 
on their variability found in literature. Markov-chain Monte Carlo sampling method 
was then used to generate different sets of input parameters. The model simula-
tions for acute and repeated exposure in rats were evaluated against experimental 
pharmacokinetic profiles reported in literature. While most tissue concentrations 
were predicted within 3-fold of experimental data, brain and fat levels were overpre-
dicted. The variability in reported log D7.4 and the quantitative structure-property 
relationship (QSPR) used for tissue distribution and fraction unbound in plasma 
had negligible impact on concentration-time profiles in tissues and blood. On the 
other hand, different intrinsic hepatic clearance values cause large differences on 
the predicted concentration-time profiles of amiodarone in tissues and blood. In 
addition to the variability in reported in vitro intrinsic clearance, different normaliza-
tion and scaling methods resulted in in vivo hepatic clearance values spanning three 
orders of magnitude. The PBPK model was subsequently adapted to predict tissue 
concentrations in a human population using the physiological parameters from 
the PopGen database. The human PBPK simulations were compared to concen-
trations in plasma in humans. The difficulty in predicting human concentrations 
in repeated exposure scenarios highlights the importance of including uncertainty 
propagation in PBPK modeling. Finally, the human PBPK model was used to 
perform QIVIVE using cell-associated maximum concentrations that caused lipid 
metabolism disruption in brain and hepatic in vitro models. This was performed to 
simulate dosing regimens predicted to cause steatosis or neurotoxicity. By incorpo-
rating parameter uncertainty as well as biological variability into amiodarone PBPK 
models, this study allowed the identification of which parameters PBPK modelers 
can rely on QSPRs and which ones high-quality experimental data (e.g. intrinsic 
clearance) is needed. This information on PBPK parameterization can help next 
generation risk assessment of data-poor highly lipophilic chemicals.

 4132 Predicted Pharmacokinetic Properties of Botanical Constituents

M. Lawless1, M. Embry2, K. Fairman3, M. Li3, C. A. Mitchell2, and Y. Liu4. 1Simulations 
Plus, Lancaster, CA; 2HESI, Washington, DC; 3US FDA/NCTR, Jefferson, AR; and 4US FDA, 
Laurel, MD.

Botanicals have broad use as traditional medicines, natural health products, and 
dietary supplements globally. Due to the complexity and variability in chemical 
constituents, safety testing for botanicals is challenging. A cross-sector initiative, 
with experts from industry, academia, and government are working to promote new 
approach methodologies, such as in silico modeling, to enhance the botanical safety 
toolkit. Pharmacokinetic (PK) simulations predict the internal concentration, e.g., 
plasma concentration, of a specific dose of a botanical constituent. The estimated 
internal concentration can then be used to assess safety. The consortium obtained 
13 botanicals (Aristolochia fangchi, ashwagandha, Asian ginseng, blue cohosh, 
comfrey, ephedra, goldenseal, green tea, kava, kratom, milk thistle, usnea lichen, 
and yohimbe). These were either obtained as extracts, or the plant material was 
powdered then extracted with ethanol. Analytical methods were used to identify the 
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constituents and their amounts in mg per gram of botanical. Ninety-five (95) constit-
uents were identified. The recommended dose of each botanical was obtained from 
commercial products and expressed as a range of milligrams, e.g., Ashwagandha’s 
recommended dose varied from 400 to 1,000 mg. The minimum, maximum, and 
average recommended dose of each botanical was multiplied by the amount of 
constituent per gram of botanical to yield minimum, maximum, and average dose, 
respectively, in milligrams of each constituent. The average dose ranged from 0.01 
mg for raubasine in yohimbe to 132 mg for (-)-epigallocatechin-3-O-gallate in green 
tea. ADME properties, e.g., pKa, solubility, permeability, logD, of each constituent 
were predicted using in silico models in ADMET Predictor®. The average dose, 
predicted intrinsic solubility, and human jejunal permeability were used to classify 
each constituent according to the Biopharmaceutical Classification System. 
Most of the constituents (60), were in class I (high solubility/high permeability). 
Twelve compounds were in class II (low solubility/high permeability). Twenty-one 
compounds were in class III (high solubility/low permeability) and 2 compounds 
were in class IV (low solubility/low permeability). Twenty compounds in classes III 
and IV are glycosides and are expected to have low fraction absorbed. The sugar 
groups on these compounds can be cleaved by enzymes in the gastrointestinal 
tract and the aglycones will have higher permeability and lower solubility which 
will move them into classes I or II. Classes based on the Extended Clearance 
Classification Systems were also predicted. Most of the compounds (~59%) are in 
classes 1A and 2 that are assigned clearance via metabolism. Thirty-eight percent 
are in classes 3A and 4 (renal clearance). No compounds were in class 1B where 
hepatic uptake is the limiting factor for clearance. Pharmacokinetic simulations 
were performed in ADMET Predictor using a 70 kg subject and the human liver 
microsomal clearance model. Using the average dose, the fraction absorbed varied 
from 4.6 (withanoside IX/ashwagandha) to 100% with an average of 82%. Predicted 
oral bioavailability ranged from 0.2 (daucosterol/kratom) to 97.8% with an average 
of 63.9%. The highest Cmax was 8.7 µM for aristolochic acid I in Aristolochia. 
The highest AUC was 54.4 µM*hr for (-)-epigallocatechin-3-O-gallate in green tea. 
When the maximum dose was used as input, (-)-epigallocatechin-3-O-gallate in 
green tea had the highest Cmax (9.8 µM) and AUC (90.5 µM*hr). These estimated 
internal concentrations for constituents help assess safety of botanicals at the 
recommended dose in commercial products.

 4133 Toxicokinetics of 14C-Labeled 2,2’,5,5’-Tetrachlorobiphenyl in 
Rat Tissues following Intratracheal Administration

Y. Adamu1,2, A. Adamcakova-Dodd1, X. Jing1, D. K. Lee1, and P. S. Thorne1. 1University of 
Iowa, Iowa City, IA; and 2Bayero University Kano, Kano, Nigeria.

Despite significant evidence supporting adverse outcomes associated with inhaled 
lower-chlorinated polychlorobiphenyl (PCBs), assessment of their health risks 
has been hampered by the lack of toxicokinetic data on various PCB congeners. 
Tetra-chlorinated PCBs dominate the congener profile of indoor air in schools, with 
PCB 52 being found at the highest concentration. Therefore, we selected PCB 52 for 
this study to provide time-course tissue concentration data to develop toxicokinetic 
models for risk assessment because of its high prevalence in both environmental 
and human samples. Male Sprague-Dawley rats (262 ± 16 g) were intratracheally 
exposed to [14C]-PCB 52 in a single dose of 160 µg/kg or 16 µg/kg body weight for 
the high and low dose groups. Radioactivity was measured using a scintillation 
counter from 36 different tissue types and digestive matters collected at 12, 25, 50, 
100, 200, 360, 720, and 1440 min post-exposure. Exhaled air, urine, and feces were 
also sampled and analyzed at designated intervals. The total radioactivity concen-
tration-time course data were analyzed by non-compartmental analysis using 
Phenix WinNonlin 8.3 to derive toxicokinetic parameters. Metabolites were fraction-
ated using a GC MS validated liquid-liquid serial extraction method. Pulmonary 
uptake was near complete (>99%) and was independent of the dose. The recovery 
rates of the administered [14C]-PCB 52 ranged from 79.3 to 98.9 % for both high 
and low doses. Absorption was rapid, with serum concentrations increasing from 4 
to 7 folds in 30-60 min. The absorbed [14C]-PCB 52 was distributed throughout the 
tissues, gastrointestinal digestive matter, and excreta within minutes. The disposi-
tion initially showed a marked affinity for highly perfused tissues and subsequently 
for fat-containing tissues. The maximum tissue concentration in serum, liver, and 
heart were achieved at 12 minutes after lung dosing. Muscle and liver were the 
primary early deposition sites due to the large tissue volume and high perfusion, 
respectively. Redistribution processes resulted in high radioactivity in adipose 
tissues and skin at later time points because of their high lipid content. More than 
half of the administered [14C]-PCB 52 remained in adipose and skin tissues, and 
33.1% in gut content 24 h post-exposure. Our findings demonstrate metabolism 
and biphasic elimination of PCB 52 from blood and highly perfused tissues, includ-
ing the lung, liver, trachea, heart, esophagus, and kidneys. More than two thirds of 
the total delivered dose remained in the body 24 h after exposure. High and low 
doses of [14C]-PCB 52 resulted in high and low tissue concentrations, respectively, 
and dose-normalized blood concentration time-course dispositions demonstrated 
a linear toxicokinetic profile. The metabolism of [14C]-PCB 52 was extensive, with 
more than half of the parent [14C]-PCB 52 converted to phase I and II metabolites. 
The majority of recovered metabolites were more polar than the parent compound. 
Total elimination was 32.7% by 24 h after exposure and was primarily via feces and, 
to a smaller extent, urine, with a serum terminal elimination half-life of 37 h. The 
absorption and distribution of PCB 52 following intratracheal exposure were rapid 
and extensive. Biomonitoring for PCB 52 in the blood reflects exposure within one 

to two days. PCB 52 undergoes extensive metabolism, with phase II metabolites 
as the significant component. Our results provide a foundation for toxicokinetic 
modeling to inform risk assessment.

 4134 L-Amino Acid Hydrophobicity in Position (2) Determines 
OATP1B1-but Not OATP1B3-Mediated Transport of 
Microcystins in Humans

R. Fotler, M. Wrona, S. Jaeger-Honz, V. Wittmann, F. Schreiber, and D. R. Dietrich. 
Universität Konstanz, Konstanz, Germany.

Microcystins (MC) represent a family of cyclic peptides with approximately 250 
congeners, many of which are demonstrated to be toxic to humans. The toxico-
logical profile of MC is characterized by active cellular uptake via organic anion 
transporting polypeptides (OATPs) and the subsequent irreversible inhibition of 
primarily ser/thr phosphatases (PPP) amongst a number of other cellular proteins. 
Despite that a comparison between rodents and humans demonstrated rodents 
being poor surrogates for humans with regard to the i) type of OATP expressed 
in the various tissues, ii) the affinity and iii) capacity of the expressed OATPs for 
specific MC congener transport. The current risk assessment is still based on i) 
a single MC congener and ii) 90-day toxicity study in mice. The fact that humans 
demonstrate major differences in OATP expression and thus susceptibility to MC 
only compounds the fact that current risk assessment premises could severely 
underestimate the potential toxicities of MC due to their congener-specific kinetics. 
With the use of 21 structurally different MC congeners, covering the known spectrum 
of MC hydrophobicity, a range of molecular weights, and included common as well 
as unusual modifications of the consensus structure, we could demonstrate MC 
congener-dependent transport in OATP1B1 and OATP1B3 expressing HEK293 
cells. Using in silico calculated LogP values, we show a strong correlation between 
the hydrophobicity of the MC molecule in OATP1B1 and OATP1B3 mediated 
transport into the cell. For both OATP1B1 and OATP1B3 expressing HEK293, having 
comparable PPP expression levels, we demonstrate that with increasing hydropho-
bicity of the congener, cell toxicity increased. Based on the observations that both 
transporters clearly preferred hydrophobic MC, the significant differences between 
OATP1B1 and OATP1B3 were investigated. MC congeners with a highly hydrophilic 
arginine residue at position (2), e.g. MC-RR, or a hydrophilic tyrosine at position (2), 
e.g. MC-YR, appeared to provide for the differences observed in the HEK293 cells. 
To test the hypothesis that position (2) is critical for uptake into cells via OATP1B1, 
MC pairs with a highly hydrophobic amino acid and a highly hydrophilic amino acid 
residue were synthesized: MC-FR and MC-RF; MC-YR and MC-RY; MC-LR and MC-KL. 
Accordingly, these MC pairs with transposed positions (2) and (4) were tested and 
thereby allowing the direct comparison of MC pairs with identical overall hydropho-
bicity of the MC molecule yet allowing to determine the role of the positions. While 
reduced transport via OATP1B3 was observed only with a phenylalanine at position 
(2), hydrophobicity at position (2) was critical for transport in OATP1B1 transfected 
cells. By using MC pairs, e.g. MC-YR and MC-RY, we demonstrated that hydrophilic 
residues at position (2) could significantly increase MC concentrations required to 
reduce the cell viability to 50%.

 4135 Improved Pharmacokinetic Profile of a Poorly Water-Soluble 
Compound through the Development of a Sustained Release 
Formulation for Intravitreal Administration in Animals

A. Salvatore1, P. Piccinni2, D. Codoni1, S. Bertani2, and E. Del Vesco2. 1Evotec, 
Abingdon, United Kingdom; and 2Evotec, Verona, Italy. Sponsor: S. Bertani, Safety 
Pharmacology Society.

Intravitreal drug administrations have become an efficient approach to deliver drugs 
to the retina and/or choroid with the great advantage of the spatial and temporal 
control on the release of the payload, avoiding the undesirable side effects of the 
systemic administrations. Several animal models, such as pigs, mice and rabbits, 
are commonly used to conduct intravitreal pharmacokinetic studies. Despite some 
anatomical and functional differences, the pharmacokinetic parameters (clearance, 
volume of distribution, half-life) of the human and animal eye have good correlation 
and comparable absolute values. The present work focused on the development 
of a sustained release formulation of a neutral poorly water-soluble API at 10 mg/
mL concentration for intravitreal administration in animal studies. A number of 
compounds for the treatment of an ocular disease were developed and topical 
solutions of these APIs (API active pharmaceutical ingredient) were tested in an 
animal model. Suboptimal bioavailability was observed and deemed due to low 
API permeability through the corneal epithelium and/or rapid drainage through the 
nasolacrimal ducts. To enhance the bioavailability of these drug candidates further 
development work was required to design and manufacture sustained release 
formulations. The poor solubility of the compound in water was used to develop 
aqueous suspensions and obtain a depot to be administered and achieve sustained 
release. To develop suitable aqueous microsuspension for intravitreal administra-
tion, the particle size distribution of the API is a key quality attribute. Measurements 
of the particles size distribution (PSD) of the API showed that the compound had 
a mean size of 40.82 µm and this was considered unacceptable for an intravitreal 
suspension (target PSD ~10 µm). Hence, an attempt was made to reduce the API 
particle size using a wet milling approach. The particle size of the API was reduced 
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to 8.29 µm following optimization of the milling time and an aqueous suspension 
suitable for intravitreal injection, with an API concentration of 10 mg/mL was 
successfully prepared by means of the two vehicles detailed thereafter: vehicle 
A contained sodium carboxymethyl cellulose, tween 80, mono sodium phosphate 
monohydrate, disodium phosphate dihydrate and NaCl while vehicle B contained  
sodium hyaluronate, tween 80, mono sodium phosphate monohydrate, disodium 
phosphate dihydrate and NaCl. The suspensions were prepared by low shear 
mixing the API in each vehicle and appeared visually homogeneous. In addition, the 
formulations were chemically and physically stable as confirmed by UV-HPLC and 
X-ray powder diffraction (XRPD) analysis, respectively. Furthermore, an acceptable 
pH (7.2-7.3) and osmolality (270-280 mOsm/Kg) was achieved which remained 
stable over a period of 24 hours. In vivo animal studies showed that after 7 days 
the compound dosed as a suspension was still present in the vitreous cavity at 
significantly higher values in comparison to the compound dosed as a solution. 
A tolerable dose was delivered in animals using a simple approach of formulation 
development involving micronisation of the API and preparation of a suspension for 
a sustained release.

 4136 Determination of Unbound Platinum Concentrations in Human 
Plasma Using Ultrafiltration and Precipitation Methods

X. Wen1, C. Doherty1, B. S. Buckley1, M. S. Joy2, and L. M. Aleksunes1. 1Rutgers, The 
State University of New Jersey, Piscataway, NJ; and 2University of Colorado Anschutz 
Medical Campus, Aurora, CO.

The platinum (Pt)-based antitumor drug cisplatin has been reported to be highly 
protein bound in the blood (65-98%). Therefore, determination of the unbound 
portion of Pt in human plasma is important for assessing the pharmacokinet-
ics and pharmacodynamics of cisplatin. There has been recent interest in using 
Nanosep centrifugal filters for ultrafiltration as they enable rapid filtration and 
are an economic alternative to similar products. However, the performance of 
Nanosep filters in separating bound and unbound cisplatin under varying ultrafil-
tration conditions compared to competitor products and techniques has not been 
reported. In the present study, we sought to compare the recovery of unbound Pt 
using Nanosep filters compared to 1) other widely used filters (Centrifree, Centrisart 
and Amicon) and 2) precipitation of protein using trichloroacetic acid (TCA). For the 
tested filters, we evaluated the influence of different 1) molecular weight cut-offs 
(MWCO, 10/30kDa), 2) centrifugation speeds, and 3) total Pt concentrations in 
pooled human plasma. Using a baseline total cisplatin concentration of 0.9 µg/ml 
in human plasma, the unbound Pt percentage increased from 17.5% to 31% when 
the centrifugal speed increased from 1000xg to 14000xg, respectively, in all filters 
tested. By comparison, the percentage of unbound Pt was 42.1% with TCA precipi-
tation. There were no differences in unbound Pt concentrations when comparing 10 
kDa and 30 kDa cutoffs for Amicon and Nanosep filters. To evaluate the influence 
of starting concentration on the extent of protein binding, a range of Pt concentra-
tions (0.09 to 9 µg/ml) were compared using the Nanosep, Amicon and Centrifree 
filters (MWCO 10kDa). The percent of unbound Pt (~20-30%) was consistent for all 
three filters when cisplatin plasma concentrations were less than or equal to 0.9 
µg/ml. At higher concentrations of cisplatin (> 0.9 µg/ml), the unbound concentra-
tion increased to between 36.5-48%, while the percentage of unbound Pt measured 
by TCA precipitation was increased from 63.4% to 79%. These data suggest that 
cisplatin exhibits nonlinear protein binding in plasma. In summary, ultrafiltration 
with Nanosep filters is a feasible and comparable method to determine the percent-
age unbound Pt in human plasma. The centrifugal speed and concentration of 
cisplatin in plasma, but not MWCO, can impact the unbound concentration of Pt 
when using ultrafiltration. Supported by GM123330, ES007148, ES005022.

 4137 Spinosad: Comparative In Vitro Kinetics and Metabolic Fate in 
Mammalian Test Systems

R. Mingoia1, M. Himmelstein1, M. Mawn1, J. Domoradzki2, M. Bartels3, and M. Corvaro4. 
1Corteva Agriscience, Newark, DE; 2Corteva Agriscience, Midland, MI; 3ToxMetrics.com 
LLC, Midland, MI; and 4Corteva Agriscience, Rome, Italy.

A series of in vitro absorption, distribution, metabolism, and excretion (ADME) 
assays were conducted for the insecticide Spinosad (a mixture of Spinosyns A and 
D) and the demethylated metabolites Spinosyns B, J, M, and N-demethyl Spinosyn D 
to support the parameterization of a physiologically based pharmacokinetic (PBPK) 
model. Specific investigative objectives included 1) identification of Spinosyn A and 
D metabolites in hepatocytes with quantitative profiling to determine species differ-
ence between humans and other toxicological test species including the rat, mouse, 
dog, and rabbit; 2) metabolic stability (intrinsic clearance) of the six Spinosyns 
in female rat, pregnant rat, pregnant rabbit, female dog, and female human liver 
microsomes; 3) metabolic stability in non-pregnant rat uterine microsomes; 4) 
rates of saturable (Vmax, Km) metabolism of Spinosyns A and D to a variety of 
demethylated metabolites in liver microsomes from female rats and female human 
donors; 5) microsomal and plasma protein binding; 6) blood:plasma partitioning, 
and 7) Caco-2 permeability. Several observations arise from these in vitro results. 
Metabolite profiles in vitro are comparable to in vivo results, and no unique metabo-
lites of Spinosyns A or D were formed from human hepatocytes at levels ≥5% of 
initial substrate concentrations that were not also found in incubations from one 

or more animal species. The metabolic loss of all six Spinosyns was 3 to 20-fold 
faster in human liver microsomes than any of the animal species except rabbit, 
consistent with the results from experiments with hepatocytes. Clearance rates for 
Spinosyns A and D were 3 and 8-fold higher, respectively, in rat uterine microsomes 
than liver microsomes, on a mL/min/mg protein basis, but predicted to be lower on 
a mL/min/g tissue basis. As seen in the microsomal clearance experiments, rates 
of saturable metabolism of both Spinosyns A and D were at least 10-fold faster 
in human liver microsomes than rat. Binding of the six Spinosyn biomarkers to 
plasma proteins of female human, female rat, and female dog was quite high, (91 to 
>99%) while binding of the same six Spinosyns to liver microsomes was somewhat 
lower (83-99%). Partitioning of the six biomarkers between RBC or whole blood vs. 
plasma ranged from 0.3 to 2.0. Spinosyn A and D permeability through Caco-2 cell 
monolayers indicated a classification of high absorption. These in vitro data along 
with separate in vivo study results are useful for PBPK modeling and prediction of 
systemic exposure in rat and human in support of risk assessments with Spinosad.

 4138 Sustained Low Plasma Levels of CBD without Liver Toxicity 
Using a Nanochannel Delivery System

A. K. Ross1, B. L. Kaplan1, E. A. Swanson1, M. K. Ross1, A. K. Olivier1, S. X. Ross1, 
K. J. Burroughs1, M. Matula2, T. Tarbox2, M. Greenberg2, and R. L. Carr1. 1Mississippi 
State University, Mississippi State, MS; and 2NanoMedical Systems Inc., Austin, TX.

Cannabidiol (CBD) is a plant-derived cannabinoid found in marijuana and hemp 
that is non-psychotomimetic. It has been studied for its putative anti-inflammatory, 
anxiolytic and/or analgesic effects. Since all these conditions require long-term 
treatment, sustained release formulations are being investigated. The nanochannel 
delivery system (nStradaTM), an implant device containing 1 ml of CBD formulation 
in either sesame oil (SES: CBD 180 mg/ml) or medium-chain triglyceride (MCT: 
CBD 400 mg/ml) vehicles was used in a 35-day sustained-release pharmacoki-
netic (PK) experiment in female rats. Rats were surgically implanted with either a 
polyetheretherketone (PEEK) or titanium (Ti) device on day 0 (D0) and blood was 
obtained several times a week over 35 days. Following the maximum concentration 
(Cmax) at D1 of 74.3±26.9 ng/mL and 26.3±16.5 ng/mL in MCT and SES, respec-
tively. The subcutaneous release of CBD from the nStradaTM implants exhibited 
sustained in vivo release kinetics by D14 until termination of the study on D35. The 
average steady-state levels were 0.8 ng/mL for CBD delivered in MCT and 0.4 ng/
mL for CBD delivered in SES. At necropsy on D35, serum alanine aminotransferase 
(ALT) was determined, and liver histopathology was evaluated, and neither revealed 
liver toxicity. Skin histopathology surrounding the implanted devices revealed 
changes consistent with fibrosis as expected. In vitro release data confirm consis-
tent delivery of CBD into media containing phosphate buffered saline (PBS) with 5% 
Labrasol. Overall, these results provide a pre-clinical evaluation of CBD PK following 
implantation of a constant release device over 35 days and confirm that there is no 
evidence of liver toxicity at these CBD plasma levels.

 4139 Considerations for Applying the Parallel Artificial 
Membrane Permeability Assay (PAMPA) in the Screening of 
Gastrointestinal Absorption of Chemicals of Environmental or 
Occupational Concerns

S. Wang, Z. Zhang, D. Li, and L. Li. University of Nevada Reno, Reno, NV.

Chemicals present in the environmental and occupational settings can exert 
adverse health effects on humans after gastrointestinal absorption into the 
systemic circulation. Parallel Artificial Membrane Permeability Assay (PAMPA) has 
gained advocacy for its application to measure the effective permeability towards 
pharmaceuticals. However, since chemicals of environmental or occupational 
concerns differ from pharmaceuticals in hydrophobicity and volatility, a thorough, 
mechanistic understanding of chemical mass transfer in PAMPA is warranted 
if we seek to expand the applicability of PAMPA. Here, we introduce an in-silico 
mass balance model, which describes chemical mass transfer in PAMPA based on 
inputs of fundamental physicochemical properties, e.g., molecular weight, partition 
coefficient, and dissociation constant. The model’s performance is evaluated by 
an agreement between predicted and measured permeabilities of 1383 chemicals, 
which indicates that 95% of the estimated permeabilities are either fall in the same 
order of magnitude or are more conservative than the measurements. The model 
predicts an inverted U-shaped dependence of permeability on the octanol-water 
partition coefficient (log KOW for neutral compounds and log DOW for ionizable 
compounds), with the maximum permeability occurring in log KOW or log DOW 
ranging between 0 and 2. The model estimates a high membrane retention rate for 
hydrophobic chemicals, as well as the loss of volatilization to the headspace of the 
PAMPA apparatus for highly volatile chemicals. Notably, the measured permea-
bilities of hydrophobic chemicals are remarkably sensitive to specific experimen-
tal conditions, e.g., frequency of stirring, and incubation time, making measure-
ments under different conditions less comparable. More important, for highly 
hydrophobic chemicals (log KOW or log DOW greater than 3.8), steady-states mass 
transfer, which is the fundamental assumption of PAMPA can never be achieved. 
Therefore, the current design of PAMPA needs to be modified before its application 
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to chemicals of environmental or occupational concerns. Our work provides an 
in-silico mechanistic approach in support of efficiently and defensibly predicting 
the permeability of chemicals and complements the current laboratory approach.

 4140 The Relationship between the Physicochemical Properties of 
Industrial Chemicals and Their Percutaneous Absorption

R. Wang1, T. Toyooka1, Y. Qi1,2, Y. Yanagiba1, and S. Koda1. 1Japan National Institute of 
Occupational Safety and Health, Kawasaki, Japan; and 2Kitasato University Graduate 
School of Medical Sciences, Sagamihara, Japan.

Industrial chemicals can enter the body via dermal contact and cause a variety 
of damages including cancers, and understanding their percutaneous absorption, 
therefore, is important for the risk assessment and exposure prevention of the 
chemicals. Some factors, such as molecular size, vapor pressure and hydropho-
bicity/hydrophilicity, are known to influence the degree of dermal absorption. For 
chemicals with a molecular weight below 500 and low evaporability, the log of 
the octanol:water partition coefficient (log Kow) is mostly important to the dermal 
absorption. However, the quantitative relationship between the two parameters is 
not well known. We measured the degree of dermal absorption of chemicals with a 
wide range of log Kow values and a quadratic curve was produced. When evaluated 
with this curve, not only the absorption, but also the transparency as well as the 
accumulative property of chemicals could be rated. 3D cultured human skin was 
used to evaluate the dermal absorption. A piece of the skin was put into a Franz 
diffusion cell, and 14C-labelled chemical in PBS was applied onto it. The radioactivity 
in the skin, the receiving phase as well as the upper PBS solution, was measured at 
multi time points after the addition. Tr50%, the time (h) half of the added amounts 
that was translated from the upper PBS solution to the lower receiving phase, was 
calculated. A total of nearly 40 chemicals was evaluated. It was found that the 
amounts of chemical that remained in the upper PBS solution, accumulated within 
the skin and passed into the lower receiving phase, were different for chemicals 
with different log Kow values. With the log Kow being the horizontal and the Tr50% 
the vertical axis, a quadratic curve could be drawn with the R2 being 0.9118. When 
referring to the absorption fastness (Tr50%), the log Kow could be divided into three 
portions. Chemicals with log Kow below 0.5 could be hardly absorbed into the skin, 
those with log Kow between 0.5-3.5 are highly skin absorbable and easily transpar-
ent, and those with log Kow beyond 3.5 could easily enter the skin but the release 
from skin is much slow, suggesting high accumulation. With this simple model, a 
chemical could be estimated how easy and how fast it could be absorbed via skin, 
and also whether it is accumulative within the skin. Taking the information of the 
skin absorption as well as toxicity into consideration, measures of skin exposure 
prevention should be implemented for industrial chemicals, while caution in the 
sampling time of blood/urine for biomonitoring should be taken for those with 
accumulative property.

 4141 Application of a High-Throughput Physiology-Based 
Pharmacokinetic/Toxicokinetic (httk) Dermal Route Using 
Human In Vivo Caffeine Exposure Data

M. V. Evans1, A. Meade2, G. Lian3, B. N. Deacon3, T. Chen3, and J. F. Wambaugh1. 1US 
EPA/ORD, Research Triangle Park, NC; 2Oak Ridge Institute for Science and Education, 
Oak Ridge, TN; and 3University of Surrey, Guildford, United Kingdom.

Dermal absorption represents an important route of exposure to chemicals from 
multiple sources: environmental, pharmaceutical, occupational, and consumer 
products. A high throughput approach is well suited for estimation of potential 
health risk from dermal exposure. Our approach consists of developing a generic 
and open-source high throughput toxicokinetic (httk) model that can be used 
with multiple chemicals. The httk estimates can then help inform data gaps for 
chemicals of concern. A dermal route has been added to httk and used to predict 
systemic dose following dermal absorption. Dermal permeability (Kp) is a key 
chemical-specific parameter needed to quantify dermal absorption. Using caffeine 
as an example, we used two different methods to calculate dermal permeability, 
both based on quantitative structure activity relationships (QSAR). The Potts-Guy 
QSAR equation is the default approach used by the US EPA to calculate dermal 
absorption permeability. The UK Surrey model makes a novel combination of a 
QSAR approach with a diffusion-based “brick and mortar” model representative 
of the stratum corneum (SC). Realistic membrane thickness and composition are 
used to represent the SC and sequential layers underneath the SC, assumed to 
behave as sinks (rapid diffusion). The hybrid combination of a QSAR and mechanis-
tic approach allows for estimation of QSAR parameters with realistic diffusion-
based values. Both the Potts-Guy and UK Surrey QSAR approaches use molecular 
weight and the octanol/water partition coefficient to calculate Kp. The well-estab-
lished Potts-Guy equation estimated permeability for caffeine to be 1.16e-04 cm/h. 
In comparison, our novel UK Surrey model estimate for permeability was about half, 
6.36e-05 cm/h. Both Potts-Guy and the UK Surrey permeability methods have been 
incorporated into httk and can be chosen by the user. Our work concentrates on the 
application of the UK Surrey hybrid approach, with httk dermal simulations used to 
predict an in vivo clinical dataset of 1.25 mg applied to an area of 25 cm2 on the 
chest (Otberg et al, 2008). The experimental data indicate that metabolic clearance 
needs to be adjusted, suggesting than an experimental value needs to be added 

to the model. Our work is also considering the volatility of different chemicals to 
be used in httk, and we are exploring the inclusion of an evaporation calculation 
to be added to our model. Preliminary inclusion of simultaneous absorption and 
evaporation from the SC is being explored as an additional factor necessary to 
explain our simulation results. In summary, a hybrid approach combining QSAR and 
mechanistic concepts have been applied using caffeine as an example chemical. 
Continued evaluation of the hybrid model Is expected to provide additional insights 
into mechanisms needed to improve our dermal representation for httk application. 
This abstract does not reflect US EPA policy.

 4142 Improving Computational Derivation of PFAS 
Toxicokinetic Half-Lives

M. C. Tague, V. Correa, M. Horton, M. Huse, E. Rowan, K. Wolf, C. Ring, T. Wall, 
J. F. Wambaugh, and R. R. Sayre. US EPA, Research Triangle Park, NC.

Per- and polyfluoroalkyl substances (PFAS) are a diverse class of long-lasting, 
man-made chemicals that have been used for a variety of industrial and consumer 
purposes. Long-term exposure to PFAS has been linked to a range of adverse 
health effects, including immunosuppression and liver damage. PFAS have been 
found in the environment and in drinking water across the US, and in the blood 
stream of humans and other animals globally. The toxicokinetic (TK) half-life - the 
amount of time required for 50% of the chemical analyte to be eliminated from the 
body - is a critical metric for characterizing potential adverse health effects. We 
present a cheminformatics-ready process for computationally deriving half-lives of 
PFAS utilizing the existing EPA/ORD developed invivoPKfit R package. InvivoPKfit 
is available as an open-source package on GitHub: USEPA/CompTox-ExpoCast-
invivoPKfit. Concentration versus time (CvT) experimental data for various PFAS 
were extracted and harmonized from a variety of literature, including both peer-re-
viewed studies and grey literature. When applied to the PFAS CvT dataset, invivo-
PKfit systematically and consistently estimates TK parameters for each combina-
tion of chemical and species in the dataset. InvivoPKfit obtains initial estimates of 
TK parameters, such as volume of distribution (Vd) and elimination rate (kelim), by 
using non-compartmental heuristics. The package then calculates and optimizes 
the log-likelihood of the model by varying the TK parameters. InvivoPKfit repeats 
the process for every unique combination of chemical and species in the dataset. 
Akaike Information Criterion (AIC), used to estimate prediction error, is calculated 
for both 1-compartment and 2-compartment models as well as a null (no-time 
response) model. The model with the lowest AIC is chosen as the best model. 
The estimated kelim values from the chosen model allow for the direct calculation 
of chemical half-lives. Derived TK parameters are then made publicly available via 
the USEPA/CompTox-PK-CvTdb GitHub, and the US EPA Computational Toxicology 
(CompTox) Chemicals Dashboard. Toxicokinetic half-lives of PFAS provide critical 
information to stakeholders and decision makers as they seek to understand and 
mitigate the public health impacts from this widespread and persistent class of 
chemicals.” This abstract does not necessarily reflect US EPA policy.

 4143 Development and Analysis of High-Throughput Physiology-
Based Pharmacokinetic/Toxicokinetic (PBPK/TK) Dermal 
Exposure Model

A. E. Meade1,2, J. F. Wambaugh1, and M. V. Evans1. 1US EPA/ORD, Research Triangle 
Park, NC; and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.

Dermal absorption of chemicals represents an important route of exposure in 
pharmaceutical, occupational, and environmental settings. There are thousands 
of chemicals in use with little or no toxicity or toxicokinetic data and it is not 
feasible to collect in vivo data for all these chemicals. One alternative is to estimate 
human toxicokinetics using high-throughput methods. The aim of this study was to 
develop a generalized physiology-based pharmacokinetic/toxicokinetic (PBPK/TK) 
dermal exposure model for the R package httk. For dermal exposures this model 
can be used in a high-throughput manner to estimate human blood and tissue 
concentrations and estimate risk for many chemicals. The structure of the dermal 
PBPK/TK model was based on Campbell, Clewell, Gentry, Anderson, and Clewell, 
Computational Toxicology, 929, 439 (2012). Chemical-specific metabolism and 
protein binding data were obtained from the literature as collected by R package 
httk. The physiochemical property data needed for the model were obtained from 
the EPA CompTox Chemicals Dashboard. Here we have compared three different 
in vitro methods for estimating chemical-specific and vehicle-specific permeability 
in the skin: 1) Potts-Guy [Potts and Guy, Pharm Res, 9, 663 (1992)], 2) Chen-Lian 
[Chen, Han, Saib, and Lian, Pharm Res, 32, 1779 (2015)], and 3) UK Surrey [based 
on Wang, Chen, Lian, and Han, Int J Pharm, 398, 114 (2010) and available as 
open source in Python code]. The model was constructed to allow comparison of 
dermal, oral, and intravenous exposures. Over 26 exposure scenarios across 14 
chemicals were modeled and compared to published concentration-time in vivo 
data from the EPA CvT database [Sayre, Wambaugh, and Grulke, Scientific Data, 
7, 122 (2020)]. Of these 14 chemicals, four are pharmaceuticals, 10 are lipophilic 
(log of the octanol to water partition coefficient, logP > 2), three have low water 
solubility (< 10 mg/L), four have high water solubility (> 1,000 mg/L), and eight 
are considered volatile. The Root Mean Squared Error (RMSE) between log-trans-
formed simulated and observed concentrations was calculated to determine how 
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well the model captures the behavior of this data when using the three methods for 
dermal permeability. Based on these results, the Chen-Lian and UK Surrey methods 
perform better compared to the Potts-Guy method of calculating dermal permeabil-
ity. We also found that model simulations of highly volatile chemicals tend to have 
worse fits to the given data with larger RMSE. This leads us to believe that evapora-
tion of chemical from the skin is an important component in the model, since highly 
volatile chemicals evaporate more readily. The views expressed in this abstract are 
those of the authors and do not necessarily represent the views or the policies of the 
US Environmental Protection Agency.

 4144 Drugging the Epigenome of Human Malignant Melanoma 
Enhances Therapeutic Effectiveness of Clinical Epigenetic 
Drugs: The Case of Tazemetostat

I. Anestopoulos, I. Paraskevaidis, L. Giova, and M. Panagiotidis. The Cyprus Institute of 
Neurology & Genetics, Ayios Dometios, Cyprus. Sponsor: R. Franco.

Malignant melanoma is one of the most aggressive types of human cancer with a 
high fatality rate due to its resistance to current therapies. On the other hand, the 
extensive deregulation of normal epigenetic marks is associated with melanoma 
onset and progression. Given the well-established association between epigen-
etic modifications and alterations in gene expression, together with the revers-
ible nature of such modifications, it becomes apparent that they have attracted 
the scientific interest as potential therapeutic targets. Recently, our group has 
shown that isothiocyanates (ITCs; bioactive compounds in cruciferous vegeta-
bles) possess significant anti-melanoma activity in addition to acting as epigene-
tic regulators by modulating the expression of various acetylases/deacetylases, 
methyltransferases/demethylases and their associated H3 and H4 histone marks. 
Finally, Tazemetostat (TAZ) is a third-generation epigenetic drug very recently 
utilized, in the clinical setting, for its capacity to act as an inhibitor of the enhancer 
of zeste homolog 2 (EZH2) methyltransferase which constitutes the enzymatic 
catalytic subunit of the polycomb repressive complex 2 (PRC2). To this end, 
EZH2 has been shown to act as a chromatin-modifying enzyme in maintaining 
transcriptional repression thereby contributing to silencing of tumor suppressor 
genes consequently promoting uncontrolled cell proliferation and cancer progres-
sion. The aim of the present study was to delineate the underlined mechanism of 
therapeutic effectiveness of TAZ either alone or in combination with various ITCs 
[sulforaphane (SFN), iberin (IBN), phenethyl (PEITC) and benzyl (BITC)] in a number 
of human malignant melanoma and non-tumorigenic immortalized keratinocyte 
(control) cells. Our results revealed, for the first time, that exposure to TAZ signifi-
cantly reduced cell viability, in a dose- and time-dependent manner (via activation 
of apoptosis), in all melanoma cells while non-tumorigenic (control) cells remained 
unaffected. In addition, combinatorial treatments resulted in further reduction of 
cell viability an effect that was accompanied by higher apoptotic rates as well as 
increased expression levels of critical genes involved in intrinsic (BAD, APAF1), 
extrinsic (TNF, TNFRSF1A, TRADD, TRAF5) and other (CASP2) apoptotic pathways as 
well. Moreover, treatment with TAZ reduced expression levels of EZH2, embryonic 
ectoderm development (EED) and suppressor of zeste 12 (SUZ12), all of which 
constitute PRC2’s major subunits, an effect accompanied by decreased expres-
sion levels of trimethylation of histone H3 on lysine-27 (H3K27me3; an epigenetic 
modification strongly associated with repressed transcriptional activity), indicative 
of reduced repression of transcriptional activity and quite possibly re-activation of 
these critical apoptotic gene targets. Finally, combinatorial treatments of TAZ with 
each ITC exerted an even more profound effect in reducing expression levels of 
EZH2 and SUZ12 either by a synergistic (SFN, PEITC) or additive (IBN, BITC) manner 
thereby documenting the effectiveness of this novel nutriepigenetic approach 
against human malignant melanoma cells. In conclusion, the significance of our 
results is in the development of a novel approach in drugging the epigenome of 
human malignant melanoma cells not only by enhancing the therapeutic potency of 
TAZ but also ensuring its reduced toxicity which is often associated with the clinical 
utilization of many epigenetic drugs.

 4145 Effect of the Weight-Loss Drug Lorcaserin on DNA Methylation 
in Mammary Glands of Sprague Dawley Rats

I. T. Roudachevski1,2, I. P. Pogribny2, T. Bourcier3, F. A. Beland2, and V. P. Tryndyak2. 
1University of Arkansas, Fayetteville, AR; 2US FDA/NCTR, Jefferson, AR; and 3US FDA/
NCTR, Silver Spring, MD.

The development of cancer in humans is caused by irreversible modifications of 
the genome through genetic or epigenetic alterations resulting in the acquisition 
of multiple heritable abnormal cellular phenotypes. DNA methylation is the major 
and most-studied epigenetic mechanism that may cause alterations in the expres-
sion of genetic information without changing in the primary DNA sequence. In the 
present study, we investigated the effect of the weight-loss drug lorcaserin on the 
status of cellular DNA methylome in mammary glands of Sprague Dawley rats. 
Female Sprague Dawley rats received lorcaserin by gavage 7 days/week for 24 
weeks, at doses previously used in a 2-year cancer bioassay (0, 30, and 100 mg/kg 
bw/day). DNA methylation changes were investigated in mammary glands, a target 
organ for lorcaserin carcinogenicity in rats, by reduced representation bisulfite 
sequencing. Lorcaserin exposure resulted in dose-dependent DNA alterations 

in the mammary glands, as evidenced by the presence of 1591 and 1961 signifi-
cantly differentially methylated CpG sites (a Benjamin-Hochberg adjusted p < 0.05 
and 20% DNA methylation difference) in the 30 and 100 mg/kg bw/day treatment 
groups, as compared to the control group. Pathway enrichment analysis of these 
differentially methylated CpG sites demonstrated their strong representation in 
genes associated with cell morphology, cellular function and maintenance, cellular 
movement, and molecular transport. Importantly, among these differentially methyl-
ated CpG sites, 437 CpG sites were present in both treatment groups, with 401 
being changed in the same direction. A detailed analysis of differentially methylated 
CpG sites demonstrated that while the number of hypomethylated CpG sites did not 
differ between treatment groups, the number of hypermethylated CpG sites was 1.3 
times greater in rats treated with 100 mg/kg bw/day of lorcaserin compared to rats 
treated with 30 mg/kg bw/day. In summary, we have demonstrated that lorcaserin 
induced extensive DNA methylation changes in mammary glands at early preneo-
plastic stages of lorcaserin-induced rat carcinogenesis. These findings suggest the 
importance of epigenetic alterations in the carcinogenicity of lorcaserin.

 4146 Global and Gene-Specific Methylation in Lead-Exposed Children

Y. B. Yohannes1,2, S. Nakayama1, J. Yabe3, H. Toyomaki1, A. Kataba3, H. Nakata1, 
K. Muzandu3, Y. Ikenaka1, K. Choongo1, and M. Ishizuka1. 1Hokkaido University, 
Sapporo, Japan; 2University of Gondar, Gondar, Ethiopia; and 3University of Zambia, 
Lusaka, Zambia.

Lead (Pb) exposure among children is a global concern, especially in developing 
countries. Its exposure can change transcriptional and post-transcriptional epigen-
etic regulation and is associated with various diseases. DNA hypermethylation at 
the promoter region contributes to transcriptional silencing, and the global DNA 
hypomethylation in the body region is associated with genomic instability. Since Pb 
accumulates in erythrocytes, the hematopoietic system is one of the targets of Pb 
poisoning. It inhibits the biosynthesis of heme by inhibiting a protein called δ-amino-
levulinic acid dehydratase (ALAD). Thus, ALAD activity is considered a biomarker 
indicator for the early Pb effect. LINE-1 is an interspersed repeated DNA that is 
used as a surrogate marker for estimating genomic DNA methylation levels and is 
used as a proxy marker in a wide range of diseases, including cancer. It has been 
examined whether Pb affects epigenetic alterations in patients and adults based 
on global DNA methylation, CpG site-specific DNA methylation, and differentially 
methylated regions. However, no study has examined the effects of Pb exposure on 
epigenetic alterations in healthy children exposed to Pb. We, therefore, examined 
global DNA methylation using LINE-1 and CpG-specific DNA methylation using 
ALAD gene in children exposed to environmental Pb in Kabwe, Zambia, one of “The 
10 World’s Most Polluted Places” due to its Pb-Zn mine, which operated in Kabwe 
for almost a century (1902-1994). Blood samples were collected from children aged 
2 to 10 years old in Pb-polluted and Pb-unpolluted areas with permission from the 
Ministry of Health, Zambia. The methylation status of ALAD and LINE-1 was investi-
gated using MSP and pyrosequencing techniques, respectively. The ALAD profile 
methylation in Pb-polluted area (mean BLL = 24.0 µg/dL) showed significantly high 
methylation rate (84.3% vs 42.1%) compared to the unpolluted area (mean BLL 
=7.9 µg/dL). Moreover, the methylated ALAD gene showed an increased risk of Pb 
poisoning (adjusted OR = 7.84, p<0.001). Regarding LINE-1, global DNA methylation 
was found to be inversely associated with BLLs (β = -0.046). The highest quartile of 
BLL had a significant hypomethylation of LINE-1. This suggests that the higher the 
BLL, the lower the methylation of LINE-1. Thus, Pb-induced health problems could 
arise from hypermethylation of CpG site-specific DNA at the promoter region, such 
as ALAD, as well as hypomethylation of global DNA due to high BLLs.

 4147 Effects of Developmental Lead (Pb) and Di(2-Ethylhexyl)
phthalate (DEHP) Exposures on Epigenome-Wide DNA 
Hydroxymethylation in a Mouse Model

R. L. Petroff, L. K. Svoboda, K. Wang, J. A. Colacino, C. Lalancette, R. K. Morgan, 
J. M. Goodrich, B. P. Perera, M. A. Sartor, and D. C. Dolinoy. University of Michigan, Ann 
Arbor, MI.

Prevalent toxicants, such as the metal lead and the plasticizer DEHP, are well 
studied in toxicology. While the primary health effects of these compounds have 
been delineated, the mechanisms underlying exposure induced effects on neurode-
velopment, growth, metabolism, and other disease risks are poorly understood. 
Molecular mechanisms underlying these impacts may include changes in the 
epigenome, including that of DNA hydroxymethylation, which plays a key role in 
neurodevelopment and the maintenance of health. To investigate the relationship 
between developmental exposure to lead and DEHP and hydroxymethylation, a 
collaborative, NIEHS-sponsored consortium, TaRGET II, initiated longitudinal 
mouse studies of developmental exposure to human-relevant lead and DEHP. 
Briefly, perinatal exposures to 32 ppm lead-acetate in drinking water (equivalent 
to 16-60 μg/dL in human drinking water) or 25 mg DEHP/kg of food (approx-
imately 144 ng/mL in mouse blood) were administered to nulliparous adult 
female mice. Exposure began 2 weeks before breeding, and continued through-
out pregnancy and weaning, until offspring were 21 days old. At 5 months of age, 
blood and cortex tissue were collected from perinatally exposed mice. For a total 
of 25 male mice and 17 female mice (n=5-7 per tissue and exposure; 1 male and 
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1 female per litter), DNA was extracted and hydroxymethylation was measured 
using hydroxymethylated DNA immunoprecipitation sequencing (hMeDIP-seq). 
Differential peak analysis was conducted in R using Bioconductor packages 
DiffBind and DESeq2, comparing across exposure types, tissue types, and animal 
sex. The R Bioconductor package annotatr was used to annotate differentially-hy-
droxymethylated regions (DhMRs). Lead exposed females had no statistically 
significant differences in blood or cortex hydroxymethylation compared to controls. 
Lead exposed males, however, had 385 DhMRs (all increased, FDR<0.15) in cortex, 
but no DhMR was identified in blood. DEHP exposed females had two regions 
with lower hydroxymethylation in blood (FDR<0.15) and no statistical differences 
in regional cortex hydroxymethylation. For DEHP males, 10 DhMRs in blood (six 
increased and four decreased, FDR<0.15) and 246 DhMRs (242 increased and 4 
decreased, FDR<0.15) in cortex were identified. There was no overlap in regions 
or genes comparing exposures across sexes and comparing tissues across 
females. There were four genes in both DEHP and lead exposed male cortex that 
overlapped, including two genes important for brain function: calmodulin-lysine 
N-methyltransferase (Cmkmt) and acid-sensing ion channel 2 (Asic2); a metabo-
lism gene: polypeptide N-acetylgalactosaminyltransferase 2 (Galnt2); and a lncRNA 
gene, coiled-coil domain containing 192 (Ccdc192). Overall, perinatal exposure to 
human-relevant levels of two common toxicants showed specific differences in 
DNA hydroxymethylation based on sex, exposure type, and tissue, but male cortex 
had the highest number of differences by exposure. Because hydroxymethylation 
occurs at the highest levels in the brain and is essential to normal brain develop-
ment and function, these differences could have impacts on brain health through-
out life. Future assessments will combine multiple epigenetic measures from the 
same animals to assess how sets of epigenetic marks are collectively impacted by 
perinatal exposure to lead and DEHP.

 4148 Activation of Progesterone Receptor by DEHP and Endogenous 
Progesterone Differentially Impacts Cell Growth

O. Paul, and E. M. Martin. NIEHS, Research Triangle Park, NC.

Many everyday consumer products such as food containers, personal-care 
products, and children’s toys contain phthalates, a class of chemicals that are used 
to make plastics more durable and soluble. One of the most toxic phthalates is 
Di(2-ethylhexyl)phthalate (DEHP). Its major metabolite is Mono-2-ethylhexyl phthal-
ate (MEHP). DEHP has been hypothesized to bind to progesterone receptor (PR) 
via QSAR modeling. Additionally, exposure to DEHP has been linked to increases 
in the risk of breast cancer. We hypothesize that DEHP exposure can increase 
PR expression, which has been shown to alter the histone landscape and lead to 
an increase in breast cancer risk as [PO([1] epigenetic reprogramming can alter 
disease outcomes. To test whether DEHP, and its major metabolite, activate PR, we 
exposed T47D cells to progesterone (P4), DEHP, and MEHP (1.5-15,000nM). Cell 
growth and protein levels were assessed by running crystal violet, cell count, and 
western blots respectively. Our results demonstrate that DEHP and MEHP have no 
impact on cell growth at any dose, unlike P4 which demonstrates a decrease in cell 
growth. Interestingly, DEHP and P4 show a slight increase in PR following exposure, 
while MEHP shows no change. Taken together, this suggests that DEHP and P4 
may act through PR but result in different phenotypic effects. Future studies will 
address how exposure impacts the transcript levels of PR, epigenetic modifications 
associated with PR activation in the context of DEHP and P4, as well as addressing 
whether DEHP binds directly to PR.

 4149 Discovering the Putative Epigenetic Adverse Outcome 
Pathway for Reproductive Toxicity of Chemical Additives Using 
Caenorhabditis elegans

J. Kim, and J. Choi. University of Seoul, Seoul, Korea, Republic of. Sponsor: J. Meyer.

Adverse Outcome Pathway (AOP) was introduced as a framework to assemble, 
integrate, evaluate, and visualize toxicological data and knowledge relevant 
for adverse effects by a stressor, linking the molecular initiating event (MIE), a 
cascade of key downstream events (KE), and an adverse outcome (AO) into a 
pathway network. Although histone modifications have been proposed as the toxic 
mechanism of various environmental chemicals due to its role in transcription 
regulation, relatively little is known about the hazard information and AOPs for 
chemicals inducing these epigenetic changes. Thus, this study aims to investigate 
the alteration of repressive histone marks by environmental chemical exposure 
and apply to an AOP leading to reproductive toxicity. To this end, we conducted 
germline de-silencing screening on 18 environmental chemicals, human exposure-
based chemical prioritization, histone methyltransferases (HMTs) activity measure-
ment, histone methylated protein expression and gene expression analysis, and 
reproductive toxicity evaluation in C. elegans. In addition, benchmark doses (BMDs) 
for experimental values with multiple concentrations were calculated to quantify 
the POD of each endpoint and compare the sensitivities to exposure. Among the 18 
chemicals, based on the exposure information (EPA CompTox dashboard and CTD 
database), di(2-ethylhexyl) phthalate (DEHP), hexabromocyclododecane (HBCD), 
tetrabromobisphenol A (TBBPA), bisphenol A (BPA), and triclosan were selected 
as chemicals with a high probability of exposure to reproductive aged females. 
The selected five chemicals were chemical additives in plastics, and triclosan and 

TBBPA showed the higher reproductive toxicity and increased HMTs activity in 
concentration-dependent manner. Protein expression analysis and screening of 
germline de-silencing demonstrated that HMTs activity can be proposed as a MIE 
of triclosan and TBBPA exposure to cause fallowing KEs, H3K9 and H3K27 methyl-
ation. We also identified genes that are likely to be regulated by histone methylation 
through the comparative analysis of BMD for HMT activity and gene expression. 
Lastly, reproductive toxicity of two additives was alleviated by H3K27-specific HMT 
inhibitor exposure, suggesting that repressive histone modification play a key role 
in adverse outcome. To further propose epigenetically regulated transcriptional 
responses as KEs in epigenetic AOP of which MIE is “HMT activation”, gene expres-
sion (AO-associated genes) analysis using HMT inhibitors should be conducted. 
Acknowledgement: This work was supported by the National Research Foundation 
of Korea (NRF) grant funded by the Korea government (MSIT, Ministry of Science and 
ICT) (NRF-2020R1A2C3006838).

 4150 Diethylstilbestrol Induces Multigenerational Alterations in the 
Expression of microRNA in the Thymus Indicative of Long-Term 
Effects on Immune Functions and Disease Susceptibility

N. P. Singh, X. Yang, P. Nagarkatti, and M. Nagarkatti. University of South Carolina 
School of Medicine, Columbia, SC.

Diethylstilbestrol (DES) is a well characterized endocrine disruptor and has been 
shown to mediate transgenerational toxic effects in humans and animals. Studies 
have shown that prenatal exposure to DES causes thymic atrophy in the fetus, 
alters thymic T cell differentiation, and causes changes in immune functions, 
thereby potentially increasing susceptibility to cancer and autoimmune diseases. In 
the current study, we investigated the effect of DES on microRNA (miR) expression 
profile in parent (F0), F1, and F2 generations by examining miRs in the thymocytes. 
To that end, pregnant mice (GD 14) were injected with DES (10 µg/kg body weight). 
The thymi of mothers (F0), F1, and F2 generations of mice were harvested and high 
throughput miR arrays were performed. Data obtained from this study showed that 
more than 100 miRs were common to and dysregulated greater than 1.5-fold in 
thymocytes of all three generations of mice post-DES exposure, when compared to 
controls. miR array data demonstrated changes in miR profile affecting expression 
of a large number of genes, known to regulate thymic atrophy, cancer, immuno-
suppression, apoptosis, autophagy, signaling, and other physiological pathways. 
Also, miR array data showed dysregulation of miRs by DES that may affect 
various pathways involved in diseases including cancer, autoimmune diseases, 
and immune dysfunction. Our study suggests that prenatal DES exposure triggers 
long-term and multigenerational effects by altering the miR profile that regulates 
genes involved in immune functions as well as a number of clinical disorders. Our 
findings support the concept of fetal basis of adult disease following exposure to 
DES. This work was supported in part by NIH grants R01ES030144, P01AT003961, 
P20GM103641, and R01AI123947, R01AI160896.

 4151 Characterization of Extracellular MicroRNA Profiles in 
HepaRG to Identify Biomarkers of Chemical-Mediated Toxicity 
and Mechanism-of-Action

G. Nelson, J. Harrill, and B. Chorley. US EPA, Research Triangle Park, NC.

Previous in vivo and in vitro chemical exposure studies have indicated that dose 
responsive microRNAs (miRNAs) are linked to the known mechanisms of action 
(MoA) of chemical perturbagens. The plausibility of using extracellular miRNA 
profiles as non-destructive biomarkers of chemical exposure is currently being 
investigated. We had previously identified the presence of 181 extracellular miRNAs 
of human hepatic HepaRG cells by small RNA sequencing, and a panel of 65 were 
chosen for direct measurement in media by Abcam Fireplex assay based on highest 
level of presence. Cells were treated with a set of 40 chemicals representing 14 
MoAs. After nine days in culture, cells were dosed over a 4- or 8-point range with 
half-log spacing. MiRNA and lactate dehydrogenase (LDH) release into the media 
were measured after 24h of exposure. MicroRNA profiling identified three basic 
patterns: 1) response of most measured miRNAs, 2) a partial response of miRNAs 
(either higher or lower compared to vehicle control), and 3) no or little change. A 
response of many measured miRNAs usually correlated with cellular toxicity as 
indicated by significant LDH release. In contrast, the Cyp3a4 inhibitors amiodarone, 
ketoconazole and itraconazole demonstrated a reduction of release into the media 
compared to control for most of the measured miRNAs. Many chemicals/doses 
not resulting in overt toxicity demonstrated a partial pattern of released miRNAs 
into the media, some of which were consistent within chemical MoA. Benchmark 
dose (BMD) analysis identified the potential dose-responsive miRNA biomarkers 
common within a MoA group. Unsupervised hierarchical clustering of both miRNA 
measurements and BMD responses revealed some clustering of chemicals by 
MoA for several groups, including HMGCR inhibitors (statins), HDAC inhibitors, 
PPAR-gamma activators, unfolded protein response and heat shock response. 
BMD estimates identified examples of altered extracellular miRNA release that 
were more sensitive than measurements of toxicity. This included 19 miRNAs that 
demonstrated BMDs one-half below the BMD for LDH release when HepaRG were 
exposed to statins. Future analyses will examine paired intracellular miRNA and 
mRNA profiles to further link findings with known mechanistic pathways of toxicity. 
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In summary, extracellular miRNAs may be useful as accessible early indicators 
of toxicity and may inform chemical MoA. Further work to define these profiles 
could be invaluable for screening of chemicals and mixtures of unknown effect by a 
simple and non-destructive sampling of the media. This abstract does not necessar-
ily reflect EPA policy.

 4152 Impact of Lead Exposure on Epigenetic Regulation during 
SH-SY5Y Neural Differentiation: Focus on piRNA and 
Transposable Element DNA Methylation

R. K. Morgan, K. M. Polemi, A. Tapaswi, M. Quaid, B. P. Perera, L. K. Svoboda, 
J. A. Colacino, and D. C. Dolinoy. University of Michigan School of Public Health, Ann 
Arbor, MI.

Early neurotoxicant exposures can have long-lasting implications for cognition and 
health, due in part to effects on epigenetic mechanisms governing neurodevelop-
ment. In addition to DNA methylation and histone modifications, small, non-coding 
RNA serve as an epigenetic link between environmental exposures and adverse 
health outcomes. One such class, PIWI-interacting RNA (piRNA), associate with 
PIWIL proteins to regulate transposable elements (TEs), and this complex interacts 
with DNA methylation machinery as a part of this function. While piRNA were long 
thought to be exclusively expressed in the germline, work from our group and 
others has overturned this conclusion with somatic piRNA expression in both mice 
and humans. In early developmental human tissues (gestational days 90-105), 
PIWIL mRNA expression in the brain was comparable (PIWIL1 and 2) or exceeding 
(PIWIL3 (182%) and 4 (294%)) that of germline tissues. Our group has previously 
demonstrated that developmental lead (Pb) exposure, from conception to weaning, 
disrupts TEs within the mouse brain, with 3.86% (16ppm Pb dose), 2.83% (32ppm 
Pb dose), and 1.77% (32ppm Pb dose) less DNA methylation at intracisternal a 
particle (IAPs) 110, 236, and 506, respectively. Given the presence of the piRNA 
system as well as Pb-associated hypomethylation at TEs in the brain, we hypoth-
esize that disruption of the piRNA system plays a mechanistic role in this relation-
ship. We are testing this hypothesis in the SH-SY5Y neuronal differentiation cell 
model, wherein we found PIWIL1 expression increased 89% on Day 6 with 10µM 
Pb exposure, as well as 131%, 240%, and 170% by Day 12 with 0.16µM, 1.26µM, 
and 10µM Pb exposure, respectively, relative to control. Correlated with these 
results, we saw significant changes in molecular and morphological markers of 
SH-SY5Y differentiation with Pb exposure. Upon the completion of differentiation 
(Day 18), we observed increased cellular proliferation at the 0.16µM and 1.26µM 
doses, with 333%-435% increase in cell number, and 125%-181% increase in neuron 
branching and synapse generation, relative to control. Quantitative immunofluores-
cence revealed an almost doubling of the expression of β-tubulin II, a 33% increase 
in GAP43, and a 19-25% increase in MAP2 expression across doses, relative to 
control. We are currently exploring how the profile of expressed piRNA transcripts 
as well as LINE-1 DNA methylation changes under these same conditions. In 
conclusion, we have found Pb exposure significantly alters neural differentiation 
and is associated with changes in the expression of PIWIL machinery in vitro. 
Coupled with evidence of Pb-induced hypomethylation at TEs in the developing 
brain in vivo, further investigation into this relationship is key to understanding the 
mechanisms of early epigenetic programming and those of Pb-induced epigenetic 
disruption during neurodevelopment.

 4153 Role of lncRNA AW112010 in Staphylococcal Enterotoxin 
B–Induced Inflammation

X. Yang, K. Kakar, P. S. Nagarkatti, and M. Nagarkatti. University of South Carolina 
School of Medicine, Columbia, SC.

Staphylococcal enterotoxin B (SEB) is a bacterial superantigen that induces 
massive expression of pro-inflammatory cytokines leading to toxic shock 
syndrome. In this study, we investigated the role of a long noncoding RNA, 
AW112010, in SEB-induced inflammatory response in vivo and examined global 
gene expression profiles in activated immune cells. In our previous study, we have 
shown that AW112010 promotes inflammation by suppressing IL10 expression 
through histone H3K4 demethylation. Down regulation of AW112010 in immune 
cells increases IL10 expression and suppresses IL6 expression, suppresses Th1 
and Th17 polarization in vitro. In this study, we generated AW112010 knockout 
(KO) mice. After those mice were challenged with SEB, cells in popliteal lymph 
nodes were isolated to determine gene expression. We found that lymphocytes 
in KO mice had significantly decreased expression of pro-inflammatory cytokines 
IL6, IL12 and IL17. On the other hand, the expression of anti-inflammatory cytokine 
IL10 was increased. RNA-seq revealed that about 250 genes were down regulated 
while about 200 genes were upregulated in KO mice compared to wildtype mice. 
Pathway analysis indicated that many dysregulated genes were involved in LPS/
IL-1 mediated inhibition of RXR function and FcyRIIB signaling in B lymphocyte 
pathways. These results indicate that lncRNA AW112010 is a key regulatory factor 
in inflammation. Overall, this study has provided novel insights into the epigenetic 
regulation of inflammatory response in a mouse model. Supported by NIH grants 
P01AT003961, P20GM103641, R01ES030144, R01AI129788, R01AI123947 and 
R01AI160896 to PSN and MN.

 4154 Early-Life Exposure to Inorganic Arsenic Primes the Offspring 
to Increased Airway Hyperresponsiveness: Insights from 
Integrative Analysis of Epigenome

W. Tang1, D. Rajasundaram1, Y. Sun1, B. Yeung2, J. Pulczinski2, B. Park2, W. Mitzner2, 
and S. Biswal2. 1University of Pittsburgh, Pittsburgh, PA; and 2Johns Hopkins University, 
Baltimore, MD.

Over 200 million individuals worldwide are exposed to inorganic arsenic (iAs) in 
drinking water and/or food at levels above the WHO provisional guideline value of 
10 parts per billion (ppb). Furthermore, it raises public concern about the inhala-
tion of iAs in tobacco smoke and electronic cigarettes. Prenatal exposure to iAs 
may increase the risk of adverse health effects during early childhood as well as 
later in life, perhaps through epigenetic modifications. In humans, maternal iAs 
exposure has been shown to be associated with child lung inflammation and airway 
allergy, in part through disrupting immune responses and hindering lung function. 
However, less is known about how early-life exposure to iAs promotes inflamma-
tory responses. In the present study, we aim to explore the unrecognized associa-
tion between maternal iAs exposure and child lung inflammation and airway allergy, 
in part through the alteration of epigenome during critical windows. Female virgin 
C57B1/6J mice were exposed to 0 or 10 ppb iAs in drinking water two weeks before 
conception to the end of lactation for a total of eight weeks. Blood sample from 
five-month-old progenies was collected for transcriptomic and epigenomic analysis. 
Ingenuity pathway analysis revealed that the differentially expressed genes were 
highly enriched in inflammatory response and organismal development. In partic-
ular, the top networks linking TGFB1 were validated through qPCR in blood and 
lung tissues, suggesting their role in regulation of airway inflammation and reactiv-
ity. Of note, these changes were in concordance with increased offspring airway 
hyperresponsiveness in response to second insult of house dust mite challenges. 
While F1 progenies did not receive iAs after weaning, these findings suggest that 
maternal iAs exposure may prime the offspring to inflammatory responses, through 
the modification of transcriptome and epigenome, causing increased risk of allergic 
airway diseases later in life.

 4155 Epigenetic Mechanisms for the Antidepressant Actions of 
Ketamine in an Organophosphate-Based Rat Model for Gulf 
War Illness

A. Ribeiro, E. Hawkins, F. Jahr, J. McClay, and L. Deshpande. Virginia Commonwealth 
University, Richmond, VA.

Gulf War Illness (GWI) is a chronic multisymptomatic disorder that afflicts approx-
imately a third of veterans deployed during the First Gulf War. Amongst the 
various complaints, mood disorders, anxiety, depression, and memory difficulties 
are commonly reported by GWI veterans. It is believed that sustained exposure 
to the organophosphate (OP) category of compounds, including pesticides and 
accidental exposure to nerve agents, underlies GWI development. Using repeated, 
low-dose exposures to an OP and a nerve agent surrogate (diisopropyl fluorophos-
phate (DFP)), we previously identified signs of chronic depression in rats. We also 
reported reduced brain-derived neurotrophic factor (BDNF) and epigenetic histone 
dysregulations in this GWI model. Additionally, ketamine (KET) boosted BDNF 
levels and produced an antidepressant effect in GWI rats. In this study, we investi-
gated how DFP-induced BDNF reductions could allow for the persistence of GWI 
symptoms. We also examined whether KET was producing long-lasting antidepres-
sant effects via an epigenetic pathway. Male Sprague-Dawley rats (3-m age) were 
injected with DFP (0.5 mg/kg, s.c., 1x daily for 5 days). After about 6-m, rats received 
either a single dose of KET (10 mg/kg, i.p.) or saline and, 24 hours later, rats were 
euthanized, their hippocampi was collected and processed for confocal imaging 
and western blot quantifications. In agreement with our published data, GWI rats 
displayed a significant decrease in BDNF levels. At the same time, KET produced a 
long-lasting antidepressant effect and was associated with significantly increasing 
BDNF levels in GWI rats. Epigenetic screening indicated that GWI rats expressed 
increased histone deacetylase (HDAC) activity, a significant increase in HDAC1 
and HDAC5, and higher levels of HDAC3 proteins. In the KET-treated GWI samples, 
significant decreases in the expression of all HDAC enzymes (HDAC1, 3, and 5) were 
noted (n= 5 rats/group, one-way ANOVA, p<0.05). Alterations in spine morphology 
and density profoundly affect neuronal plasticity and disease outcomes, includ-
ing depression. To directly evaluate whether DFP-induced changes to proteins 
involved in synaptic plasticity were producing dendritic remodeling, we assessed 
hippocampal spine density using DiI staining. Confocal imaging revealed a slight 
decrease in dendritic spine density in GWI rats, while KET treatment produced a 
small increase in spine density over saline-treated GWI rats. Interestingly, we noted 
dendritic remodeling in GWI rats as evidenced by reductions in plastic, thin spines 
(T-type) and an increase in immature spines (S-type). Treatment with KET boosted 
T-type spine numbers and decreased S-type spines in GWI rats. Spine maturation 
requires support from brain trophic factors such as BDNF. We hypothesize that 
KET, by blocking HDACs, overcomes the DFP-induced transcriptional block on Bdnf. 
The concomitant increase in BDNF levels supports spine maturation, ameliorates 
pathological synaptic plasticity, and produces a long-lasting antidepressant effect 
in GWI rats.
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 4156 Associations between Prenatal Exposures to Heavy Metals and 
Placental Epigenetic Aging in Extremely Low Gestational Age 
Newborns (ELGANs)

K. K. Huff, K. R. Roell, T. M. O’Shea, and R. C. Fry. University of North Carolina at Chapel 
Hill, Chapel Hill, NC.

Prenatal exposure to metal and metalloid contaminants can influence fetal 
programming via DNA methylation and have been linked to adverse birth and later 
life consequences. Epigenetic clocks utilize machine learning to estimate biological 
aging of a given tissue based upon DNA methylation of aging related CpG loci and 
have been considered potential health biomarkers. While previous studies have 
demonstrated that several maternal environmental cues like socioeconomic stress 
are associated with aberrant epigenetic gestational aging (eGA) in the placenta, a 
critical fetal organ during pregnancy, less is known about the relationship between 
exposures to heavy metals and eGA. In the present study, placental DNA methyla-
tion data from the Extremely Low Gestational Age Newborn (ELGAN) study (N=408) 
was used to calculate epigenetic gestational age acceleration (eGAA) with the 
Robust Placental Clock (RPC) algorithm. We aimed to examine the associations 
between 11 metal/ metalloid concentrations derived from ELGAN cord tissue and 
two outcomes: 1) placental eGAA and 2) differential methylation of the individual 
558 RPC CpGs. Models were run for the overall sample as well as stratified for 
infant sex to test for potential effect modification. When stratified by infant sex, 
mixed effect linear regression modeling showed an association between prenatal 
exposure levels of cadmium (Cd) and lower placental eGAA for females (-0.01 
weeks, 95% CI: -0.03, 0). Prenatal exposure to manganese (Mn) and antimony (Sb) 
were associated with eGAA in placentas derived from male infants. Specifically, 
Mn was associated with lower eGAA (-0.68 weeks, 95% CI: -1.34, -0.01), while Sb 
was associated with a modest acceleration of 0.01 weeks (95% CI: 0, 0.01). Further 
analyses on the DNA methylation of RPC CpGs revealed five RPC CpGs associated 
with prenatal Mn in males, which annotated to genes including CYP24A1, DNMT3A, 
and CRTC1. Both DNMT3A and CRTC1 regulate transcription and have been associ-
ated with differential DNA methylation in placenta. Additionally, CYP24A1 aids 
in the metabolism and bioavailability of vitamin D, which are vital for pregnancy 
and fetal growth. Overall, our findings suggest that prenatal Mn, Sb, and Cd are 
associated with placental eGAA and differential RPC CpG methylation in a sex-de-
pendent manner in ELGANs that could contribute to the toxicity of these contam-
inants. Further work is needed to validate these results as well as explore other 
mechanisms of the RPC surrounding exposures to other chemicals and mixtures.

 4157 Pharmaceuticals Associated with Mood and Cognitive Adverse 
Events Promote Epigenetic Changes in Human-Induced 
Pluripotent Stem Cell–Derived Glutamatergic Neurons at 
Clinically Relevant Concentrations

S. Marques, H. Carmo, F. Carvalho, and J. P. Silva. Universidade do Porto, 
Porto, Portugal.

Pharmaceuticals from different classes have been associated with the occurrence 
of mood and cognitive adverse events (MCAEs)[1], which are only detected at later 
stages of clinical trials or during pharmacovigilance, posing serious concerns to 
the patients’ health and safety. However, the mechanisms underlying the onset 
of MCAEs by these pharmaceuticals remain underexplored. As epigenetic modifi-
cations have been increasingly associated with the onset of neuropsychiatric/
psychological adverse events, we aimed at assessing whether global epigenetic 
changes like DNA methylation and histone acetylation are induced by a set of 
distinct pharmaceuticals reported to frequently induce MCAEs: paroxetine; vareni-
cline; dimethyl fumarate; rimonabant; and ciprofloxacin. D-mannitol and riluzole 
were used as negative controls, as they have not been associated with MCAEs. 
Human-induced pluripotent stem cell (hiPSC)-derived glutamatergic neurons (iCell® 
GlutaNeurons, Fujifilm-Cellular Dynamics, Inc) were treated for 24h or 96h with 0.01 
and 1µM for rimonabant and paroxetine, or 0.1 and 10µM for the remaining pharma-
ceuticals. Global DNA methylation (% 5-methylcytosine) and histone H3 acetylation 
were determined using colorimetric and fluorometric, respectively, commercially 
available kits (Abcam).Histone H3 acetylation was increased by paroxetine and 
varenicline at the concentrations of 1 and 0.1µM, respectively, at 24h, as well as 
by 0.01µM rimonabant after 96h, while riluzole, dimethyl fumarate, and ciproflox-
acin had no effect on histone H3 acetylation. Interestingly, 0.1µM D-mannitol also 
increased histone acetylation after 24h. No statistically significant differences were 
observed for DNA methylation for the pharmaceuticals tested. Nevertheless, at 24h, 
decreasing trends (p > 0.05) in DNA methylation were noted for rimonabant, paroxe-
tine, riluzole, and varenicline, while increasing trends were observed for ciprofloxa-
cin and D-mannitol. At 96h, an increasing trend was noted for all pharmaceuticals 
but ciprofloxacin and DMF.Considering that higher histone acetylation is associated 
with increased accessibility of transcription factors to the DNA,our data indicate 
that paroxetine, varenicline, rimonabant, and D-mannitol may increase overall gene 
expression. This is also in line with the decreasing trends in DNA methylation 
observed for paroxetine, varenicline, and rimonabant. Nevertheless, further research 
is thus required to identify specific acetylated amino acid residues in histones or 
specific methylated genes, as a way to better understand the epigenetic impact 
of these pharmaceuticals and their correlation with MCAEs. Funding: This work 
was funded by the Innovative Medicines Initiative 2 Joint Undertaking, supported by 

EU’s H2020 Research Framework and EFPIA, under the grant agreement No 821528 
(NeuroDeRisk); and by the Portuguese Foundation for Science and Technology (FCT) 
by projects UIDP/04378/2020 and UIDB/04378/2020 (UCIBIO), and LA/P/0140/2020 
(i4HB). S.I.M. is supported by FCT via PhD grand 2020.09080.BD. [1] Andronis, C. et 
al. Arch Toxicol 2020 94(8):2829-2845.

 4158 Epigenetic and Transcriptional Memory Caused by Nickel 
Exposure Promotes Nicotine-Induced Interferon Signaling

B. Bradford1,2, X. Zhang1, S. Baweja1,2, C. Zhou1, T. Tan2, N. Kim1,2, H. Lee1, C. Jose1,2, 
M. Katari2, and S. Cuddapah1,2. 1New York University Grossman School of Medicine, New 
York, NY; and 2New York University, New York, NY.

Nickel is an environmental toxicant prevalent in the atmosphere. Exposure to 
nickel can occur through various industrial processes, use of nickel containing 
products, sewage sludge incineration and the combustion of fossil fuels. Nickel 
exposure is associated with a multitude of human health hazards including chronic 
respiratory ailments and lung and nasal cancers. To understand the long-term 
impact of nickel exposure, we examined the transcriptome and the epigenome 
of the lung epithelial cells during nickel exposure (nickel-exposed cells) and after 
the termination of exposure (nickel-washed-out cells). Our results showed that a 
majority of the gene expression changes caused by nickel exposure persisted even 
after the termination of exposure. We also found changes to the epigenome that 
persisted post exposure. This suggested epigenetic and transcriptional memory 
in cells previously exposed to nickel. We then aimed to examine the impact of a 
secondary toxicant exposure on the nickel-washed-out (Ni-W) cells as compared 
to the cells that were never exposed to nickel. To accomplish this, we exposed 
the untreated control cells (UT) and the nickel-washed-out cells (Ni-W) to multiple 
doses of nicotine. RNA-Seq analysis showed that the exposure of Ni-W cells to 
nicotine caused unique gene expression changes that were markedly different 
from the gene expression changes caused by nicotine exposure of UT cells, which 
were never exposed to nickel. Analysis of the differentially expressed genes using 
Gene Ontology Biological Processes analysis (Toppfun) and Pathway analysis 
(Toppfun/Reactome) predicted interferon signaling only in the Ni-W cells exposed 
to nicotine. Next, we used IPA Upstream Regulator Analysis (URA) to identify the 
upstream transcription factor regulatory network that is likely responsible for the 
observed gene expression profiles. URA predicted STAT-1, a transcription factor 
that mediates cellular response to interferons, as the top potential upstream 
regulator in the Ni-W cells exposed to nicotine. Furthermore, chromatin immuno-
precipitation (ChIP) analysis revealed increased STAT-1 binding at the promot-
ers of genes associated with interferon signaling in nicotine-exposed Ni-W cells. 
Aberrant STAT-1 activation has been shown to promote carcinogenesis and 
interferon signaling promotes pathogenesis of autoimmune disease. Therefore, our 
results suggest that the epigenetic and transcriptional memory of the cells from 
the previous nickel exposure could negatively influence the outcome of secondary 
exposure to nicotine.

 4159 Reversible Epigenetic Adaptation to Polycyclic Aromatic 
Hydrocarbons at the CYP1A Gene in Fundulus heteroclitus

S. Carrothers1, R. Trevisan2, N. Pelletier1, J. N. Meyer3, R. Di Giulio3, S. K. Murphy3, 
N. Jayasundara3, and C. Weinhouse1. 1Oregon Health and Science University, Portland, 
OR; 2French Institute for Ocean Sciences, Brittany, France; and 3Duke University, 
Durham, NC.

Human exposure to polycyclic aromatic hydrocarbons (PAH) is a significant 
and growing public health problem, Frequent, high dose exposures are likely to 
increase due a warming climate and increased frequency of large-scale wildfires. 
Here, we characterize a known transcriptional memory at the cytochrome P450 1A 
(CYP1A) gene in a population of wild Atlantic killifish (Fundulus heteroclitus) that 
has adapted to chronic, extreme PAH pollution. CYP1A is an AHR target gene that is 
highly induced in response to PAH in non-adapted populations. In PAH-adapted fish, 
CYP1A induction is blunted. However, PAH-adapted fish reared in clean water in the 
laboratory for one generation show PAH-induced CYP1A levels that are comparable 
to those of non-adapted fish. These data indicate that blunted CYP1A induction is 
a non-genetic memory of past transcriptional responses to PAH. To explore the 
underlying mechanism of this memory, we caught wild Atlantic killifish (previously 
characterized PAH-adapted fish from a contaminated site on the Elizabeth River 
in Virginia, as well as PAH-sensitive fish from a nearby clean site). We depurated 
fish, manually fertilized eggs, and exposed half of the embryos in each fish group 
to 5% Elizabeth River sediment extract (ERSE) for 14 days post-fertilization. In 
adult fish, we re-sequenced the CYP1A gene via primer walking (N=4, one male 
and one female per site) and evaluated basal expression of CYP1A, as well as AHR 
targets CYP1B and CYP1C, via qPCR (N=20, 5 males and 5 females per site). We 
evaluated both basal and inducible gene expression of all three genes in embryos 
(N=12 pools of 10 embryos, 3 pools per condition) and performed ChIP-qPCR at 
AHR-responsive xenobiotic response elements (XREs) in the CYP1A promoter-en-
hancer region for the activating histone modifications H3K4me3 and H3K4me1, as 
well as the repressive histone modification H3K27me3 (N=4 pools of 10 embryos, 1 
pool per condition). In adults, we confirmed prior reports of high sequence variation 
in this gene, which is consistent with positive selective pressure of PAH exposure. 
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However, all three XREs in the CYP1A promoter-enhancer were conserved, indicat-
ing that the observed loss of CYP1A inducibility was not due to sequence changes 
in AHR motifs. In embryos, we confirmed prior observations of blunted CYP1A 
induction by PAH in adapted fish. However, unlike prior reports, we did not observe 
similar responses at CYP1B and CYP1C, which suggests that this memory is specific 
to CYP1A and is not generalizable to other AHR targets. In addition, we observed 
enrichment of bivalent histone modifications (activating H3K4me3/1 and repres-
sive H3K27me3) at all XREs in both PAH-sensitive and PAH-adapted embryos at 
baseline. However, in response to ERSE challenge, PAH-sensitive embryos showed 
increased enrichment in all three modifications, but PAH-adapted embryos showed 
a marked decrease in H3K4me1 and H3K27me3. These data are consistent with a 
loss of poised chromatin, and therefore environmental responsiveness, at CYP1A 
in PAH-adapted embryos. These data represent one of the first reports of environ-
mental responsiveness of bivalent chromatin. Our findings represent an import-
ant advance in understanding the formation and persistence of a transcriptional 
memory at CYP1A in response to chronic PAH exposure. Since CYP1A induction is 
protective against PAH toxicity in multiple studies, human populations that develop 
a similar memory in response to high dose PAH are likely to be an increased risk of 
toxic outcomes, including cancer.

 4160 DNA Methylation of Candidate Imprint Control Regions 
Associated with Alzheimer’s Disease in African Americans and 
European Americans

S. Eren-Cevik1, D. A. Skaar1, D. Jima1, A. J. Liu2, T. Østbye2, R. Jirtle1, C. Hoyo1, and 
A. Planchart1. 1North Carolina State University, Raleigh, NC; and 2Duke University, 
Durham, NC.

Alzheimer’s disease (AD) is the sixth leading cause of death in the United States. 
AD exhibits ethnic disparities whereby the prevalence is 2-fold higher in African 
Americans (AA) compared to European Americans (EA). It is hypothesized that 
aberrant imprinting caused by early life exposure to adverse environmental agents 
may contribute to AD risk later in life, although to date a comprehensive assess-
ment of the imprinting state of the genome in AD-affected populations has not 
been reported. To address this hypothesis, we investigated cytosine methylation 
at genomic sequences that control imprinting in DNA derived from post-mortem 
tissues of AD cases and non-AD controls, using an expanded set of putative imprint 
control regions (ICRs) previously reported by our group, in which we identified 1465 
previously unreported loci. When we performed whole genome bisulfite sequencing 
of DNA derived from the temporal cortex or cerebellum of nine AD cases (5 AA 
and 4 EA) and eight controls (4 AA and 4 EA), we identified 120 candidate ICRs 
that are differentially methylated in AD cases compared to controls. Of these, 13 
were within known ICRs, whereas 107 overlapped with the expanded set of 1465 
candidate ICRs. When we stratified the patient/control bisulfite sequencing dataset 
by race, we found that 58 of the 120 differentially methylated regions were unique 
to AA and 22 were unique to EA, with only one of the 120 differentially methylated 
regions common to both racial categories (chr17:5771278-5771364). These results 
suggest that AA harbor significantly more AD-related differentially methylated loci 
than their EA counterparts, whereas the near absent overlap of affected regions 
seen in the two populations may reflect differences in environmental exposures 
culminating in unique signatures of aberrant methylation. Next, we performed a 
limited clinical study in which blood samples from six individuals, three AD patients 
(2 AA, 1 EA) and three controls (all AA), were subjected to targeted methyl sequenc-
ing and confirmed that the locus on chromosome 17 is hypermethylated in all three 
AD cases compared to the controls. Our results support the hypothesis that errors 
in imprinting, possibly due to adverse exposures during early development, contrib-
ute to later onset of Alzheimer’s disease, and that the increased prevalence of AD 
in African Americans may be the result of higher exposures to adverse environmen-
tal agents and their influence on DNA methylation. Furthermore, the concordance 
between post-mortem brain tissue and blood samples derived from extant patients 
at the chromosome 17 locus is consistent with an aberrant imprinting phenomenon 
and a promising avenue of research with the goal of identifying biomarkers of AD 
risk in a readily accessible tissue.

 4161 mTOR-Mediated Blood-Testis Barrier Permeability Regulates 
Epigenetic Aging of Sperm

O. Arowolo1, S. Amir2, E. Mironova3, O. Oluwayiose4, J. Pilsner5, J. McGaunn1, and 
A. Suvorov1. 1University of Massachusetts Amherst, Amherst, MA; 2COMSATS University 
Islamabad, Islamabad, Pakistan; 3Moscow State University, Moscow, Russian Federation; 
4NIAID Collaborative Bioinformatics, Bethesda, MD; and 5Wayne State University, 
Detroit, MI.

The sperm epigenome is affected by a variety of environmental xenobiotics and 
other factors, such as age, paternal diet, and health. A range of adverse health 
outcomes in offspring, including impaired metabolic, reproductive, and neurode-
velopmental health was recently attributed to the legacy of paternal exposures 
transmitted via the sperm epigenome. Almost nothing is known about the 
mechanisms that link together internal paternal cues and their sperm epigenetic 
program. Given that significant epigenetic reprogramming during spermatogen-
esis occurs in the biochemical environment regulated by the permeability of the 

blood-testis barrier (BTB), we hypothesize that changes in sperm epigenome may 
be mediated via altered permeability of the BTB in response to environmental 
stressors, age, and other factors. To test a hypothesis that age-dependent changes 
in sperm DNA methylation may be reversed or accelerated by genetic manipulations 
decreasing and increasing BTB permeability respectively. It was demonstrated that 
the balance of mammalian target of rapamycin (mTOR) complexes (mTORC1 and 
2) regulates the permeability of the blood-testis barrier (BTB), with mTORC1 promot-
ing disassembly of the BTB and mTORC2 promoting its integrity. Thus, to generate 
an animal model with permanently tight and permanently loose BTB, mice with 
Sertoli cell-specific inactivation of mTORC1 or mTORC2 were created respectively 
via knockout of corresponding components of mTOR complexes, Raptor and Rictor, 
using Cre-Lox approach, where Cre recombinase was controlled by Amh promoter. 
Knockout (KO) mice and their WT siblings were euthanized at 8 or 22 weeks of age. 
Sperm were collected and subjected to reduced representation bisulfite sequenc-
ing, to analyze all-genome changes in DNA methylation. Reads were mapped to 
mm10 mouse reference genome using Bismark and bowtie-2. Methylkit was used 
to identify differentially methylated regions (DMRs) by using a weighted methyla-
tion level for each sliding window of 1000 bp. Subsequent analyses was restricted 
to DMRs with ≥ 10x coverage, ≥ 3 CpG sites per regions, 10% methylation change 
and FDR-adjusted q-value ≤ 0.05. We demonstrate that changes in sperm DNA 
methylation induced by age (comparison of 8 and 22 weeks old WT animals) and 
changes induced by Sertoli-specific inactivation of mTORC1 (comparison of WT 
and Raptor KO 8 weeks old mice) include highly overlapping DMRs (Fisher exact 
test < 0.0001) which in both comparisons change in the same direction. We also 
observe that changes in sperm DNA methylation induced by age in WT mice highly 
are reversed in mice with Rictor KO: DMRs are highly overlapping (Fisher exact 
test < 0.0001) changes induced by age and KO are opposite. Loosening of the BTB 
through mTORC2 suppression accelerated sperm epigenetic aging in younger mice 
while tightening of the BTB through mTORC1 suppression in older mice rejuve-
nated sperm DNA methylation profile. Thus our study for the first time establishes 
the mechanistic link between sperm epigenome regulation, BTB permeability, and 
mTOR pathway. This mechanism may mediate changes in sperm epigenome in 
response to chemical exposures.

 4162 In Vitro Canine Testicular Organotypic Model for Environmental 
Chemical and Pharmaceutical Safety Testing

L. Yin1, H. Hsiao1, C. Hu2, and X. Yu2. 1Reprotox Biotech, Albuquerque, NM; and 
2University of New Mexico, Albuquerque, NM.

Animal testing for evaluating potential reproductive toxicity from environmental 
compounds or drugs uses large numbers of animals and is costly and time-con-
suming. Testing under the current guidelines requires a large number of animals, 
ranging from 560 to 6000 animals per chemical or drug. Currently, in vitro models 
for testicular development and spermatogenesis are actively being developed. 
Advances in biomedical engineering provide a possible solution to the challenges 
of a sustained culture of adult-derived cells. Building on our previous primary rodent 
testicular model, we developed testicular organoids from the canine. In this study, 
we collected Beagle dog testicles from animal spay-and-neuter clinics, and three 
steps of enzymatic digestion were used to isolate the testicular cells. Testicular 
cells were cultivated in the gelled agarose micro-mold and equilibrated with an 
extracellular matrix (ECM) containing optimized growth factors. The organoids 
were examined daily and fixed after culturing 1-14 days for morphological charac-
terization. High-content immunofluorescence assay was applied to quantitatively 
characterize these temporal changes of the testicular population in the culture. 
Spermatogonial, Leydig, and Sertoli cells were labeled with germ cell nuclear antigen 
1 (GCNA1), hydroxysteroid dehydrogenase type 3 (HSD3B), and SOX9, respectively. 
By self-organization, we observed the formation of testicular organoids and various 
types of spermatocytes, spermatids, and spermatogonia. Furthermore, testicular 
toxicant cadmium and BPAF treatment significantly disrupted organoid structure 
and decreased testicular cell-specific marker expression, including depletion of 
Leydig and Sertoli cells. Establishing the canine testicular organoid model with 
active spermatogenesis will provide a valuable in vitro model for examining 
effects on the male reproductive system. Supported by NIEHS R44 ES027374 and 
R43 ES031890.

 4163 Transcription Analysis of Male Infertility for Predicting 
Genomics Changes Caused by Behavioral Factors

J. Zhu1, and T. V. Damodaran2. 1Nankai University, Tianjin, China; and 2North Carolina 
Center University, Durham, NC.

Male infertility encompasses any health issue that impedes the likelihood of 
conception and can be caused by abnormal sperm function or obstructions that 
prevent ejaculation. Multiple factors, including illness, injury, chronic morbidity, 
and lifestyle choices, contribute to its onset and progression. Male infertility is 
attributed to abnormal spermatozoa parameters, such as total absence (azoosper-
mia), low count (oligozoospermia), abnormal morphology (teratozoospermia), and/
or abnormal motility (asthenozoospermia). According to the genetic central dogma, 
diseases such as azoospermia are caused by abnormal gene expression due to 
behavioral choices leading to alteration in human gene expression profiles. We 
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try to investigate the connection of differentially expressed genes (DEGs) from 
azoospermia patients and the normal population to the daily behaviors in azoosper-
mia patients etiologically by means of transcriptome analysis. Differential gene 
expression (DEGs) analysis was performed by using the high-throughput molecu-
lar profiles of existing male infertility patients and case control groups in public 
databases Gene Expression Omnibus (GEO) in order to identify DEGs related to 
male infertility. Results were used to weighted gene correlation network analysis 
(WGCNA) to get the co-expression DEGs between male infertility and risky 
behaviors. Then GO/KEGG enrichment analysis and gene set enrichment analysis 
(GSEA) was performed to determine the biological processes influenced by hub 
genes. Hub genes were obtained by establishing protein-protein network (PPI 
network), and was ultimately used for analogizing how behavioral factors contrib-
ute to the onset and progression of male infertility. We selected 3 GEO Series (GSE) 
related to male infertility, including GSE145467, GSE45585, GSE9210. According 
to the results of differential gene expression analysis in GSE145467, here are 
5250 DEGs obtained, including 2153 upregulated genes and 3097 downregulated 
genes. After the WGCNA of GSE45585, we obtained 12 modules. The most relative 
module was used for detecting hub genes, with which a functional network was 
constructed. According to GSEA in GSE145467, here are 5 top pathways obtained: 
(a) synthesis of PC; (b) sphingolipids; (c) endocrine therapy resistance; (d) 
Lissencephaly 1 (LIS1) pathway; (e) activation of the N-methyl-D-aspartate (NMDA) 
receptors and postsynaptic events. According to GO/KEGG enrichment analysis in 
GSE9210, we formed visualized results between the biological process and gene 
expression in male infertility. Through a series of transcriptome analysis of the 
diseased population and the control group, it can be inferred that behavioral factors 
can cause changes in biological processes and cellular components by certain 
mechanism, thereby causing the alterations leading to abnormal gene expres-
sion and the onset of male infertility. It also can be confirmed that the method of 
transcriptome analysis has biological significance in the study of the toxicological 
mechanism in male infertility.

 4164 Exposure to Genistein and Acetaminophen Mixtures Alter 
Immature Sertoli Cell Functions

M. Corpuz, A. Tran-Guzman, N. Mohajer, and M. Culty. University of Southern California, 
Los Angeles, CA.

Perinatal exposure to endocrine disrupting chemicals (EDCs) is known to disrupt 
male reproductive functions, while fetal exposure to acetaminophen (AC) and 
non-steroidal anti-inflammatory drugs (NSAIDs) is associated with increased male 
reproductive disorders in humans. Infants can be exposed to the phytoestrogen 
genistein (GEN) from soy formula, or to the plasticizer di-(2-ethylhexyl) phthalate 
(DEHP) leaching from consumer product or medical devices. Meanwhile, feverish 
infants may be treated with AC or NSAID ibuprofen (IB). Considering the essential 
role of Sertoli cells in germ cell development, disruptive effects of EDCs and 
analgesic/anti-pyretic drugs on Sertoli cells could jeopardize spermatogenesis and 
contribute to male infertility. In vitro analysis of immortalized TM4 Sertoli cells 
exposed to AC, IB, GEN, and MEHP alone and as mixtures at 10, 50, and 100µM 
were performed to assess gene and protein expression. The gene expression of 
the immature Sertoli cell marker Anti-mullerian hormone (Amh) was upregulated in 
a dose-dependent manner by exposure to AC+GEN mixtures in TM4 cells, whereas 
the expression of Androgen Receptor (Ar) a marker of Sertoli cell differentiation, 
initially increased, then decreased at the highest dose. Taken together, these data 
suggest that AC+Gen may maintain Sertoli cells longer in an undifferentiated stage.
To understand the extent at which TM4 cells are representative of primary Sertoli 
cell responses, postnatal day 8 (PND8) rat Sertoli cells were isolated and treated 
with AC/IB and EDCs alone and as mixtures. Interestingly, SRY-box transcription 
factor 9 (Sox9) gene expression was downregulated in a similar trend in both TM4 
cells and primary rat Sertoli cells after 24-hour exposure to AC, GEN, and AC+GEN 
mixtures. Similarly, TM4 cells exhibited decreased Sox9 protein expression after 
exposure to GEN and AC+GEN mixture at 50µM by immunofluorescent (IF) staining. 
In previous experiments, we found that both AC and GEN alone or mixed decreased 
the production of prostaglandins PGD2 and PGE2 in a similar manner. Thus, we 
examined the expression of eicosanoid pathway related genes. Both Cox-1 and 
Cox-2 genes and proteins were downregulated by GEN alone and AC+GEN mixtures 
in TM4 cells, while Cox-2 expression was downregulated in rat Sertoli cells. In 
contrast, the gene expression of the PGD2 synthase Ptgds was increased by 50µM 
treatments in TM4 cells, but only by the mixture in rat Sertoli cells. Whole transcrip-
tome RNA-seq and KEGG analysis of TM4 cells and rat Sertoli cells revealed more 
genes altered in TM4 cells than in primary Sertoli cells. Several functional pathways 
were altered in both cell types by 50µM of either single compounds or their mixture. 
This included FOXO, TNF, cAMP, Hedgehog, PI3k-Akt, cell cycle and cellular 
senescence pathways. Interestingly, cJun phosphorylation was strongly reduced 
in TM4 cells treated with GEN and AC+GEN, but not AC.These results suggest that 
exposures to AC and GEN, alone and mixed, significantly dysregulate immature 
Sertoli cell function They further highlight signaling mechanisms that could aid in 
elucidating novel EDC and drug targets that could impact male gonad development 
and contribute to the origins of male infertility.

 4165 Cannabidiol-Induced Transcriptomic Changes and Cellular 
Senescence in Human Sertoli Cells

Y. Li1, X. Li1, P. Cournoyer2, S. Choudhuri2, X. Yu3, L. Guo1, and S. Chen1. 1US FDA/
NCTR, Jefferson, AR; 2US FDA, College Park, MD; and 3University of New Mexico, 
Albuquerque, NM.

Cannabidiol, commonly known as CBD, is one of the major cannabinoids found 
in the plant Cannabis sativa L. (hemp). The U.S. Food and Drug Administration 
approved Epidiolex (a CBD-containing prescription drug) in 2018 to treat seizures 
associated with two rare and severe forms of epilepsy (Dravet and Lennox-
Gastaut syndromes) in patients one year of age and older. CBD has been reported 
previously to induce male reproductive toxicity in animal models. However, it is not 
clear whether CBD has similar effect on human reproductive health. In our previous 
study, we found that CBD-induced cytotoxicity phenotypes were similar in mouse 
and human Sertoli cells where CBD inhibited cell proliferation and DNA synthesis. 
In this study, we revealed the molecular mechanisms underpinning CBD-induced 
cytotoxicity in primary human Sertoli cells by integrating a transcriptomic approach 
with RNA sequencing analysis. Through the analysis of the dose dependent 
response of genes, DNA replication, cell cycle, and DNA repair were found to be the 
most significantly impacted pathways in human Sertoli cells by CBD. Additionally, 
we also observed dose-dependent changes in genes related to senescence associ-
ated secretory phenotype (SASP) and p53 pathway, a crucial upstream pathway 
playing in cellular senescence. As shown by the steady halt of proliferation and the 
activation of senescence associated-galactosidase (SA-β-gal), two hallmarks of 
senescence, long-term treatment with 10 μM CBD promoted cellular senescence 
in human Sertoli cells. Furthermore, we discovered a concurrent increase of p16, a 
crucial marker of cellular senescence, on both mRNA and protein levels.

 4166 Possible Teratogenic Effects via Male Semen Exposed to 
Thalidomide in Rabbits

M. Kuwagata1, H. Takashima2, R. Haneda2, K. Tanaka2, T. Hasegawa3, H. Yamazaki4, and 
S. Kitajima1. 1National Institute of Health Sciences, Kawasaki, Japan; 2BoZo Research 
Center Inc., Shizuoka, Japan; 3BoZo Research Center Inc., Ibraki, Japan; and 4Showa 
Pharmaceutical University, Tokyo, Japan.

A new approach for teratogenesis evaluation via semen exposed to thalidomide 
(THA) in rabbits has been developed. A new test system will be useful to determine 
whether, and for how long, male contraceptives should be used when taking medica-
tions. THA and its 5hydroxylated metabolite (major metabolite pathway in humans) 
and 5’-hydroxylated metabolite (major metabolite pathway in rodents) concentra-
tions in rabbit semen were analyzed using liquid chromatography-mass spectrom-
etry, after providing oral THA teratogenic doses (250 and 500 mg/kg) for 14 days 
that were the same as or slightly lower than those in plasma. Rabbit and human 
semen samples did not differ in pH. Based on the toxicokinetic information, an 
intravaginal THA dose (0.4 mg/kg) was administered to female rabbits daily during 
gestational days (GDs) 1-13. On GD28, caesarean sections were performed. No 
intravaginal THA administration effects on maternal clinical signs, fetal morpholog-
ical changes, viability, or body weight were observed. Liquid chromatography-mass 
spectrometry analysis showed no detectable THA or hydroxylated metabolites in 
dams or fetal plasma on GD28. On GD13, just shortly after the last THA administra-
tion, the THA and metabolite concentrations in the intrauterine contents, such as 
the placenta, yolk sac membrane, and embryo, were lower than those in the dams’ 
plasma. Implantation position did not affect concentrations. In dams, the 5’-hydrox-
ylated metabolite concentrations were higher than the 5hydroxylated metabolite 
concentrations. Based on these results, the study concluded that semen-mediated 
thalidomide teratogenic effect are absent in rabbits.

 4167 Curcumin Confers Cytoprotective and Steroidogenic-Boosting 
Effects to In Vitro Leydig Cells

Z. Marsh, N. Batko, and P. Bu. St. John’s University, Queens, NY.

Testosterone is the principal male sex hormone essential for male fertility and 
overall wellbeing. Approximately 95% of the total testosterone in the male body 
is produced by the specialized testicular cells, Leydig cells, in a process called 
testicular steroidogenesis. During aging, serum testosterone levels progressively 
decline in men, with concomitant diminished muscle growth, reduced energy level, 
and decreased sexual and cognitive functions. Studies have demonstrated that, 
although decline in the H-P-T endocrine axis plays some role, the root cause of 
aging-associated androgen deficiency, or the so called “andropause” phenomenon, 
is due to decreased Leydig cell numbers and their reduced steroidogenic capacity. 
The present study investigates whether herbal medicine can protect Leydig 
cells from exposure to environmental contaminants and may reinvigorate their 
steroidogenic capacity. Two herbal medicinal chemicals, luteolin and curcumin, 
were selected for the initial screening on three mouse Leydig cell lines MLTC-1, 
MA-10, and I-10. Leydig cells were incubated with each chemical at 0, 3, 10, and 
30 uM for 2, 4, and 6 days, with medium/chemical change every 2 days. At each 
time point, viable cells were assessed using ORFLO Moxi Z automated cell counter 
and collected for subsequent total RNA extraction and real-time quantitative PCR 
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analyses of expression of key steroidogenic genes (StAR, Cyp11a1, Hsd3b6, and 
Hsd17b3). Curcumin showed a concentration-dependent growth stimulating 
effect in all three cell lines, with MLTC-1 being the most responsive one (after 2, 
4, and 6 days of treatment, 1.29-fold, 1.26-fold, and 1.17-fold at 3 uM; 1.25-fold, 
0.97-fold, and 1.28-fold at 10 uM). Luteolin did not increase cell proliferation in 
MLTC-1 cells. We previously showed that herbicide atrazine adversely affected 
the viability of mouse Leydig cells in concentration- and time-dependent manners. 
With curcumin as a positive hit, we proceeded with curcumin and atrazine co-treat-
ment on MLTC-1 cells. Cells were incubated with atrazine at 30 and 100 uM, with 
and without curcumin (10 uM) for 3 and 6 days, with medium/chemical change 
every 2 days. The presence of curcumin modestly improved the viability of Leydig 
cells exposed to atrazine. With regard to the impact on Leydig cell’s steroidogenic 
capacity, curcumin treatment stimulated the expression of all four steroidogenic 
genes tested, particularly at 10 uM after 6-day treatment (StAR 1.47-fold, Cyp11a1 
4.24-fold, Hsd3b6 1.98-fold, and Cyp17b3 2.08-fold). The co-treatment of curcumin 
with atrazine further increased the expression of Hsd17b3 gene (4.2-fold, atrazine 
100 uM + curcumin 10 uM, after 6 days). In summary, herbal medicine curcumin 
exhibits a protective effect in cultured rodent Leydig cells, either alone or in combina-
tion with an established environmental pollutant atrazine. In addition, curcumin 
increased the expression of a panel of key steroidogenic genes in Leydig cells. 
These findings suggest that curcumin may have a potential to reinvigorate Leydig 
cell’s steroidogenic capacity and thus enhance testicular androgen production.

 4168 Preconception Exposure to Ethylene Glycol Monomethyl Ether 
Alters Abundance of Developmentally Important miRNAs in 
Rat Sperm

D. J. Spade, A. Guang, Y. Pu, A. R. Stermer, and S. J. Hall. Brown University, 
Providence, RI.

Paternal preconception exposure to toxicants has been linked to adverse health 
outcomes in offspring. These effects can occur through epigenetic mechanisms. 
Spermatozoa carry thousands of RNAs, including both mRNA and small non-coding 
RNAs, such as miRNA, and there is evidence that sperm miRNAs are beneficial 
for embryonic development in the mouse. Dysregulation of germ cell transcrip-
tion, cytoplasmic exclusion, or other spermatozoa differentiation processes could 
alter sperm RNA populations, resulting in dysfunctional sperm. Ethylene glycol 
monomethyl ether (EGME) is a well-characterized testicular toxicant that selectively 
kills primary spermatocytes. It was previously reported that at low doses that do 
not significantly increase testicular histopathology, measured as retained sperma-
tid heads, EGME increases miRNA as a proportion of all small RNAs in rat sperm. 
Therefore, we hypothesized that EGME would alter the abundance of sperm miRNAs 
that have roles in regulation of developmental gene expression. RNA-seq data 
from a prior publication were analyzed to test this hypothesis. Adult male Fisher 
rats were exposed to 0-75 mg EGME/kg/d for 5 days, and epididymal sperm were 
isolated five weeks later, after primary spermatocytes have completed spermato-
genesis. Sperm small RNA libraries were sequenced, and reads were aligned to the 
rat genome using sRNAbench. Differential expression analysis using DeSeq2 identi-
fied 12 miRNAs that were significantly differentially regulated at all three doses and 
had a monotonic dose-response. After identifying high-confidence targets of those 
miRNAs, we performed an overrepresentation analysis that identified the Gene 
Ontology terms, “regulation of developmental growth,” “cell fate commitment,” and 
“mutagenesis of a branching structure” as significantly overrepresented terms. We 
conclude that EGME alters the abundance of miRNAs in rat sperm in ways that are 
likely to be detrimental to early embryo development.

 4169 β-Aminoisobutyric Acid Ameliorated Melphalan- and Diabetes-
Induced Male Germ Cell Toxicity: Mechanistic Studies in 
Experimental Rat Model

A. Panghal, and G. Jena. National Institute of Pharmaceutical Education and Research, 
Mohali, India.

Melphalan has been widely used for the treatment of several types of cancers 
despite its gonadotoxic effects. Due to its ability to cause mutations in the 
spermatogonial stem cells and spermatids, melphalan can exert negative impact 
on male reproductive health. β-aminoisobutyric acid (BAIBA), a myokine released 
by skeletal muscles, has the potential effects against several pathological 
conditions; however, its exact role in chemotherapy-induced germ cell toxicity is 
still unexplored. The present study aimed to determine the dose-dependent (25, 
50 and 100 mg/kg) effects of BAIBA on melphalan-induced (1.5 mg/kg) germ cell 
toxicity in Sprague-Dawley (SD) rats. Further, an attempt has been made to investi-
gate the molecular mechanisms involved in BAIBA mediated protection against 
the development of melphalan-induced germ cell toxicity in rats. The evaluation 
parameters included quantification of oxidative stress biomarkers, sperm count, 
sperm motility and head morphology, sperm and testicular DNA damage, sperm 
mitochondrial membrane potential, ultrastructural changes in sperms, histolog-
ical and protein expression studies in testes. Melphalan treatment significantly 
altered all the above-mentioned parameters and the high dose of BAIBA restored 
melphalan-induced toxicity in a significant manner by exerting antioxidant, anti-in-
flammatory and anti-apoptotic effects. However, the medium dose of BAIBA 

decreased the toxicity of melphalan and the low dose of BAIBA failed to counter-
act the melphalan-induced male germ cell toxicity. In the present study, antiox-
idant, anti-inflammatory and anti-apoptotic role of BAIBA in melphalan-induced 
gonadal damage in experimental rat model is one of the novel findings. Diabetes 
mellitus (DM) has been recognised as the “epidemic of the century” due to its global 
prevalence. As per the International Diabetes Federation report of 2019, approx-
imately 463 million adults were suffering from diabetes in 2019 and this number 
was projected to rise to 700 million by 2045. Male germ cell damage is one of the 
major complications of DM as evident by several pre-clinical and clinical studies. 
BAIBA has been reported to exert beneficial effects in diabetic nephropathy and 
cardiomyopathy; however, its exact role in diabetes-induced germ cell damage is 
still elusive. In the present study, an attempt was made to elucidate the molecular 
mechanisms of BAIBA mediated germ cell protection in diabetic rats. Adult male 
SD rats were subjected to either no treatment (control) or BAIBA (100 mg/kg; BAIBA 
control) or STZ (50 mg/kg; diabetic control) or low (25 mg/kg), medium (50 mg/kg) 
and high (100 mg/kg) dose of BAIBA in diabetic conditions. Significant alterations 
in sperm related parameters, oxidative stress, apoptotic and inflammatory biomark-
ers, pancreatic, testicular and epididymal histology, ultrastructure of testes, DNA 
damage and changes in immunoexpression of proteins in testes were observed 
in diabetic rats. High doses of BAIBA significantly ameliorated diabetes-induced 
testicular complications by alleviating oxidative stress, apoptosis and inflammation 
via activation of AMPK/SIRT1 signaling pathway. Medium doses of BAIBA partially 
restored the above-mentioned parameters whereas low dose of BAIBA was found 
to be insignificant in counteracting the toxicity. It is interesting to note that BAIBA 
protects male germ cell damage in diabetic rats by regulating the AMPK/SIRT1 
signaling pathway. Above investigation demonstrated that BAIBA is effective in 
reducing melphalan- and diabetes-induced toxicity in the germ cell of rats. However, 
further dose-response effect as well as threshold-based analysis employing differ-
ent routes of exposure may elucidate its exact intervention, involvement of other 
molecular targets and usefulness for clinical efficacy.

 4170 Characterization of an In Vitro Model of Neonatal Testis

B. C. Hansen, E. J. Kelly, and E. M. Faustman. University of Washington, Seattle, WA.

A current limitation in predictive toxicology is inadequate availability of in vitro and 
microfluidic systems for many critical organs, including the reproductive systems 
which are particularly susceptible during post-natal development. Successful in 
vitro models of male reproductive toxicity need to recapitulate representative cell 
types and functional activities present in neonatal testis. To address this need, we 
built on previous organotypic testis culture work to develop a novel 3-D primary 
neonatal testicular cell culture system (TCS) using primary postnatal day five rat 
cells to model testicular toxicity during neonatal development. This model incorpo-
rates 3D co-culture of testis cells in an innovative microculture system developed 
at the University of Washington. The microculture plate contains an array of 20 
experimental wells, each with a central culture area (16uL volume) and a concentric 
culture area (35uL volume), and the concentric culture areas within a single well can 
be combined for a total culture volume of 90uL. The TCS is seeded with primary 
cells in media with 4.4 mg/mL Matrigel protein, sufficient for formation of 3D 
structure. Using this microculture system the TCS reduces the number of animals 
required for evaluation of toxicants relative to in vivo studies, while still maintain-
ing multiple relevant cell types. To assess the utility and physiological relevance 
of the TCS, we conducted a baseline characterization of testosterone production 
and gene expression across eight days in vitro (DIV). After a 48-hour acclimation, 
culture supernatant samples were collected on DIV 2, 4, 6, and 8 for testosterone 
analysis and RNA samples were collected on DIV 4, 6, and 8. Testosterone concen-
trations were determined through an ELISA assay (Neogen 402510). RNA samples 
were collected and submitted to Novogene Corporation for bulk RNA sequencing. 
Testosterone concentrations decreased over time in the baseline study (p<0.001). 
Transcriptomic data showed consistent expression of testis marker genes over 
time: Amh and Sox9 (Sertoli Cells), Cyp11a1 and Star (Leydig cells), Dazl (Germ 
cells), and CD68 (macrophages). We assessed the physiological response of the 
TCS through quantification of testosterone production after addition of luteiniz-
ing hormone (LH) and follicle stimulating hormone (FSH) to the culture media. 
Hormones were added at a low dose (5mIU/mL FSH and 50mIU/mL LH) and high 
dose (20mIU/mL FSH and 500mIU/mL LH). The low-dose exposure was started 
at both experimental day 2 and experimental day 6 to test the change in response 
across time in culture. Both treatments were found to be significantly increased 
relative to the control (high p-value <0.001, low p-value <0.01) and experimental 
day was not found to significantly interact with treatment. The mean testosterone 
concentration was 23.0 ng/mL [95% CI: 15.3-30.7 ng/mL] in the high-dose group 
and 8.2 ng/mL [95% CI: 2.4-13.9 ng/mL] in the low-dose group. The TCS recapit-
ulates physiologically relevant testosterone production in response to hormone 
exposure and maintains major testis cell types, requirements for a successful in 
vitro testis toxicological model. The TCS addresses a critical limitation in predicting 
reproductive toxicology during the post-natal period and will be further character-
ized to benchmark the temporal relevance compared to in vivo life course as well 
as recapitulation of functional dynamics occurring during development. (1) Open 
Microfluidic Coculture Reveals Paracrine Signaling from Human Kidney Epithelial 
Cells Promotes Kidney Specificity of Endothelial Cells. (Zhang, Tianzi, et al. 2020). 
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 4171 mTOR-Dependent Disruption of the Blood-Testis Barrier: A 
Potential Novel Mechanism of Male Reproductive Toxicity

S. Amir1, S. T. Shah1, J. McGaunn2, and A. Suvorov2. 1COMSATS University Islamabad, 
Islamabad, Pakistan; and 2University of Massachusetts Amherst, Amherst, MA.

A drastic decline in sperm parameters has been observed in the last five decades. 
The reasons for the decline are not well understood, although many recent findings 
suggest the role of environmental pollutants as a possible culprit. We hypothe-
sizethat at least some male reproductive toxicities may be mediated by the 
blood-testis barrier (BTB) dysregulation via the mechanistic target of the rapamy-
cin (mTOR) pathway. mTOR is a molecular hub downstream of many molecular 
signaling cascades often triggered by environmental exposures, including oxidative 
stress, hypoxia, unfolded protein response, endoplasmic reticulum stress, and 
others. In Sertoli cells, the balance of the two mTOR complexes (mTORC1 and 
mTORC2) determines the BTB permeability, where mTOR complex1 (mTORC1) 
promotes BTB restructuring and mTORC2 promotes BTB integrity. The BTB is one 
of the tightest tissue barriers in the mammalian organism which regulates the entry 
of diverse chemicals inside the lumen of the seminiferous tubule - the compartment 
in which several critical steps of spermatogenesis occur, including both meiotic 
divisions, epigenetic reprogramming, and spermiogenesis. Thus, in the current 
study, we test our hypothesis by the analysis of male reproductive outcomes in 
transgenic mouse models with an altered balance of mTOR complexes. Sertoli-
cell-specific inactivation of mTORC1 or mTORC2 was achieved by knockout of 
their corresponding components, Raptor and Rictor, using Cre-Lox approach. An 
in-vivo biotin tracer assay was used to observe the integrity of the BTB in wild-type 
(WT) and knockout (KO) animals. Animals were euthanized at several time points 
and their body weight and testes weight were recorded. Testes morphology was 
analyzed using eosin-hematoxylin staining. Sperm smears were used for sperm 
counts and sperm morphology analysis. Mitochondria DNA copy number was 
analysed using qRT-PCR. DNA extracted from epididymal spermatozoa of 8- and 
22-week-old mice was used to prepare libraries for reduced representation bisulfite 
sequencing using Nugene technology. Sequencing data were analyzed using 
Bismark, Bowtie, MethylKit, and Metascape. A significant reduction of testes weight 
was observed in both knockouts as compared to respective wild-type animals 
at different time points. The biotin tracer assay confirmed that BTB integrity 
was compromised only in animals with suppressed mTORC2. The most drastic 
changes in male reproductive outcomes were observed in these animals at all 
time points, confirming that increased BTB permeability has deleterious effects on 
spermatogenesis. Specifically, mice with suppressed mTORC2 had disorganized 
testes morphology, decreased sperm counts, increased morphologically abnormal 
sperm, and increased mitochondrial DNA copy numbers. In both KO groups, an 
age-related increase in the percentage of promoters with altered methylation was 
also observed as compared to respective wild-types. According to the enrichment 
analysis, the top affected pathways were relevant to embryo development suggest-
ing intergenerational effects of mTOR signaling disruption in Sertoli cells.

 4172 Intrauterine Exposure to Chlorpyrifos Causes Reproductive 
Effects in Female and Male F1 Mice

E. Rojas-Prado1, C. Zamora-González1, S. García-Zepeda2, M. Solis-Heredia1, 
A. Caro-Herbert1, R. Leyva-Muñoz1, B. Quintanilla-Vega1, and I. Hernández-Ochoa1. 
1Cinvestav, Ciudad de México, Mexico; and 2Departamento de Toxicología, Cinvestav-IPN, 
Ciudad de México, Mexico.

Exposure to highly hazardous pesticides (HHPs) is a global public health problem. 
Some organophosphate pesticides (OP) are among HHPs, representing >50% of 
total use worldwide. Chlorpyrifos (CPF), one of the most widely used OP, is classi-
fied as moderately dangerous by the World Health Organization. CPF has been 
linked to reproductive effects, such as reduced testicular weight and sperm count, 
reduced ovarian weight, disruption of the estrous cycle, and infertility. Gestational 
development is a susceptible window to detrimental effects caused by exposure 
to environmental pollutants, including HHPs, which in turn may be the origin of 
some diseases in adulthood. There is little information on the effects of CPF on the 
progeny. Thus, this study evaluated the reproductive effects caused by an intrauter-
ine low dose to CPF in female and male first generation (F1) mice. CD1 female 
mice (F0; 6-7 weeks-old) were exposed to CPF (5 mg/kg/day) from gestational 
days 7-15. Erythrocyte acetylcholinesterase (AChE) activity was quantified in F0 
pregnant females at 24 h after last day of treatment. F1 females were euthanized 
at the second estrus following vaginal opening, the organs were removed, and 
ovarian follicular populations were counted. F1 males were sacrificed at week 11 
of age, and sperm cells were collected from the cauda of epididymis-vas deferens 
to assess sperm quality and DNA integrity. The data showed that AChE activity 
significantly decreased (42.4%) in treated F0 females compared to controls. 
Intrauterine exposure to CPF of F0 females significantly induced delayed vaginal 
opening, prolonged estrus phase and no change in follicular population counts 
in F1 females compared to their controls. Further, it significantly decreased the 
relative weight of testes (21%), sperm motility (7.7%) and viability (3.4%), but it did 
not cause DNA fragmentation nor alterations in sperm chromatin condensation 
in F1 males compared to their controls. Our data suggest that exposure to CPF 

during pregnancy causes adverse reproductive effects in both female and male 
(F1) offspring, compromising the health of the progeny. Supported by Conacyt-
Mexico (Grant CF-2019/3265538 to IHO).

 4173 In Vitro Exposure to E-cigarette (E-cig) Constituents and 
Aerosol Condensate Alters Gene Expression in Cultured 
Trophoblast Cells

V. Goriainova1, M. Katsigeorgis1, J. P. Adragna1, C. Meakin2, L. M. Aleksunes2, and 
J. T. Zelikoff1. 1New York University, New York, NY; and 2Rutgers, The State University of 
New Jersey, Piscataway, NJ.

Although it has been less than 20 years since their marketing in the US, electronic 
cigarettes (e-cigs) have gained an immense popularity both in the US and around 
the world. As they were once marketed as a healthier alternative to traditional 
cigarettes, their use is widespread among all groups of nicotine users; the 2018 
National Youth Tobacco Survey revealed that almost 5% of middle school students 
and 20% of high school students used e-cigs within the previous 30 days. It is 
estimated that between 16 and 19% of women of childbearing age consume 
tobacco products, including 10% of pregnant women in the last trimester. Thus, it 
is a critical issue to determine the actual level of e-cig safety during pregnancy. We 
previously showed that e-cig constituents and their heated aerosol condensates 
alter trophoblast migration. Thus, studies were undertaken to investigate gene 
expression changes and possible pathways by which migration could have been 
affected. One of the most ubiquitously affected pathways is the PI3K/AKT pathway, 
which involves matrix metalloproteinases (MMP-2 and -9) and their tissue inhibitors 
(TIMP-1 and -2). Apart from regulating trophoblast migration, both PI3K and AKT 
play a role in maintaining glucose homeostasis throughout development, affecting 
insulin-dependent heart and skeletal muscle growth. Both MMPs and TIMPs also 
participate in pathogenesis of neurodegenerative, cardiovascular, inflammatory 
diseases, and cancer. Human extravillous trophoblast HTR8/SVneo cells, seeded 
at 1x10^5 cells/well in 6-well plates, were treated 24-hr later with media containing 
subtoxic concentrations of either: 1) 50:50 propylene glycol + vegetable glycerin 
(PG/VG) (0.5%); 2) nicotine alone (0.1 mg/mL); 3) PG/VG 1%+ nicotine 0.05 mg/mL; 
4) PG/VG + 24 mg/mL nicotine (0.5%); 5) PG/VG + 24 mg/mL nicotine + 5 mg/mL 
menthol (0.5%); 6) aerosol condensate prepared from heated group 4 or 5 constitu-
ents (0.0005% and 0.001%); and 7) media control; condensate was prepared using 
a Single Port E-cig Aerosol Generator. RT-qPCR, with appropriate gene primers, 
were subsequently performed. Results demonstrated that PG/VG plus nicotine, as 
well as their combination with menthol, strongly increased the expression of PI3K, 
MMP-2 and MMP-9 compared to control. Alternatively, heated aerosol condensates 
downregulated TIMP-1 and TIMP-2. These findings suggest that e-cig constitu-
ents and heated aerosols alter gene expression in extravillous trophoblasts critical 
for the establishment of uteroplacental exchange and proper placentation. The 
ubiquity of the genes affected also suggest the possibility of effects on other organ 
systems. Supported by NYU GSoM Div. of Environ. Med.

 4174 Extracellular Vesicle-Based Delivery of Anti-Inflammatory 
Cytokine IL-10 Effects on Pregnancy Immune Mediators HLA-G 
and PGRMC2

A. Mosebarger, A. Kammala, and R. Menon. University of Texas Medical Branch at 
Galveston, Galveston, TX.

Preterm birth (PTB; < 37 weeks of gestation) is associated with a feto-maternal 
inflammatory response and premature disruption of immune homeostasis that 
maintains pregnancy. Exposure to environmental toxins during pregnancy causes 
immune intolerance at the feto-maternal interface (FMi), specifically in the human 
fetal membranes (FM) surrounding the intrauterine cavity. Current therapeutics 
target the maternal inflammatory response to delay myometrial contractions 
and cervical ripening, but these treatments had limited success in reducing PTB 
rates. Interleukin 10 (IL-10), an anti-inflammatory cytokine, can regulate immune 
homeostasis and delay inflammation-induced spontaneous PTB; however, its short 
half-life diminishes IL-10’s therapeutic utility to reduce FMi inflammation. Packaging 
IL-10 into extracellular vesicles (EVs [eIL-10]) has overcome this limitation, reduced 
the fetal inflammatory response, and delayed PTB in animal models. To further 
improve the tropism of eIL10 and targeted delivery to fetal tissues, we consid-
ered the major histocompatibility complex HLA-G, which is localized to the FM and 
placenta. EVs modified to specifically target HLA-G should show increased delivery 
to the target tissue and decreased off target effects. Here, we assessed whether 
EVs engineered to contain an anti-HLA-G antibody could show specificity for HLA-G 
positive cells. To rule out any immuno-toxic effects of IL-10 at the target sites 
(e.g., suppression of innate anti-inflammatory systems) due to feedback of immune 
pathways, we tested the effect of recombinant IL-10 exposure on the expression of 
HLA-G, which plays a role in FMi immune privilege, as well as progesterone receptor 
PGRMC2, which functionally facilitates pregnancy maintenance hormone proges-
terone function. HEK293-derived EVs were linked to HLA-G antibodies to target 
immortalized chorion trophoblast cells from human fetal membranes (hFM-CTC) 
which express HLA-G. A co-culture of HEK (HLA-G negative cells) and hFM-CTC 
(HLA-G positive cells) were treated with anti-HLA-G tagged EVs for four hours, 
and cell specific targeting was measured using immunocytochemistry. HLA-G and 
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PGRMC2 were measured in hFM-CTC, because these cells constitutively express 
both proteins. HLA-G and PGRMC2 were measured after 24, 48, and 72hr of IL-10 
exposure by western blot. We report successful targeted delivery of EVs to fetal 
cells that contribute to inflammation. Naive EVs did not specifically target HLA-G 
expressing cells, and knockout of HLA-G in hFM-CTCs abolished the targeting 
effect, confirming HLA-G expression mediated targeting. Exposure to recombinant 
IL-10 did not change hFM-CTC expression of HLA-G or PGRMC2, suggesting lack of 
immune suppression. The constitutive expression of HLA-G after exposure to IL-10 
also confirmed that this molecule can be used as a target and will not diminish after 
an initial dose of eIL10. We conclude: (1) HLA-G on fetal cells is a potential target 
molecule for specific delivery to FMi for efficient treatment of fetal inflammatory 
response associated PTB and, (2) eIL10 inhibits fetal inflammatory signals, delays 
PTB, and does not cause deleterious immunosuppressive effects by downregulat-
ing other anti-inflammatory systems during pregnancy.

 4175 Preconception Exposure to the Organophosphate Larvicide 
Temephos May Impair Intrauterine Growth of Offspring in Mice

C. Zamora-González, E. Rojas-Prado, A. Caro-Herbert, S. García-Zepeda, 
B. Chávez-Álvarez, R. Leyva-Muñoz, C. Sam-Miranda, and I. Hernández-Ochoa. 
Cinvestav, Ciudad de México, Mexico.

Temephos (Tem) is an organophosphate larvicide used by public health authorities 
to control mosquito transmission of dengue, chikungunya and Zika. Tem usage 
in health campaigns is recommended by the World Health Organization (WHO) 
due to its classification as low toxicity in mammals. Nevertheless, female mice 
treated with Tem, even at doses lower than those recommended by WHO, have 
shown some deleterious effects, such as reduced follicular growth and embryo 
fragmentation. Hence, this study evaluated the effects of exposure to Tem during 
pregnancy on reproductive parameters in female mice. Female CD-1 mice (4-5 
weeks-old) were daily dosed to 0, 15 or 150 µg/kg/day of Tem per oral from the 
first through the fifth estrus. At the end of treatment, females were randomly mated 
with unexposed males, and they were euthanized at day 17 of pregnancy. Litters 
and placentas were collected and weighted. Also, embryo resorptions were counted 
and intrauterine growth restriction (IUGR) was determined. Our data showed that 
pre-conception exposure to Tem did not alter the litter size compared to control. 
However, it significantly decreased litter and placental weight compared to control. 
Interestingly, pre-conception exposure to 150 µg/kg/day of Tem significantly 
increased IUGR of the offspring compared to those from controls. Further, pre-con-
ception exposure to 150 µg/kg/day of Tem significantly increased embryo resorp-
tions in litters compared to controls. Our data suggest that preconception exposure 
to Tem may be deleterious to offspring development. However, more experiments 
are warranted to elucidate the underlying mechanisms of toxicity.

 4176 Inhalation Exposure to Propylene Glycerol and Vegetable 
Glycerin Results in Elevated Free Radical Production in Dams 
and Offspring

K. Schafner1,2, M. Seman1, E. DeVallance1,2, T. Nurkiewicz1,2, and E. Bowdridge1,2. 
1West Virginia University, Morgantown, WV; and 2Center for Inhalation Toxicology, 
Morgantown, WV.

Women continue to use electronic cigarettes (e-cigs) during pregnancy under the 
false pretense that they are a healthier alternative to traditional cigarettes. An 
excess of free radicals, from environmental factors, in the body can cause tissue and 
organ damage. Due to these observations, this study tested the effects of propyl-
ene glycerol and vegetable glycerin (PG/VG), which are the main liquid components 
in e-cigs, inhalation exposures on maternal and F1 health outcomes. We hypoth-
esized that PG/VG exposures would increase hydrogen peroxide (H2O2) produc-
tion and xanthine oxidase (XO) in the exposed dams and the F1 generation. Our 
previous research shows that PG/VG inhalation exposure decreased pup mass and 
litter sizes, however the health consequences that persist into adulthood of these 
animals remain unknown. Pregnant Sprague-Dawley rats were randomly assigned 
to two groups: sham-air control or 50:50 ratio of PG/VG. Whole body e-cig inhala-
tion exposures were performed for 90 minutes per exposure with a 30 W atomizer, 
6 days between gestational days (GD) 10-19, with the last exposure occurring 24 
hours prior to study. The dams were either euthanized on GD 20 (n= 12) or allowed 
to deliver her pups to study their health outcomes at eight weeks of age (F1) (n= 
3-6). The mean aerosol concentration in the exposure chamber was 569 ± 56 mg/
mL. In maternal plasma there was a significant elevated 3-fold increase in xanthine 
oxidoreductase (XOR) activity in the PG/VG group when compared to sham-control 
(p < 0.05). Uric acid production in maternal plasma was also significantly increased 
in the PG/VG group compared to the sham-control (p < 0.05). Production of H2O2 in 
the F1 liver at 8 weeks of age was significantly increased 15-fold when compared 
to the sham-control (p < 0.05). Protein concentrations for xanthine oxidoreduc-
tase (XOR) in F1 liver were increased greater than 10-fold when compared to 
the sham-control (p < 0.05). Additionally, H2O2 was significantly elevated 6-fold 
increase in the media from hepatocytes treated with serum from the PG/VG group 
when compared to serum from the sham-control group (p < 0.05). Placental XO 
activity was significantly increased in the PG/VG group (6.50 ± 0.51 mU/mg) 
when compared to the sham-control (3.65 ± 0.42 mU/mg; p < 0.05) along with 

H2O2 production rates (1.46 ± 0.17 mRFU/min/mg versus 1.00 ± 0.17 mRFU/min/
mg respectively; p < 0.05). Maternal PG/VG inhalation exposures during gestation 
resulted in increased reactive oxygen species production, which may influence 
adverse health outcomes in the dam and her F1 offspring, which are potentially 
mediated by increased reactive oxygen species. Long-term health consequences of 
free radical production during pregnancy warrants further investigation considering 
the adverse outcomes observed at 8 weeks in our study. Support: WV-CTSI NIH-U54 
GM104942-05; NIH-K01 OH12320 (ECB), NIH-R01 ES015022 (TRN).

 4177 Embryo Fetal Toxicity Studies in Rats and Rabbits following 
Exposure to Valbenazine, a VMAT-2 Inhibitor in the Treatment of 
Tardive Dyskinesia

M. Behl, H. B. Dodiya, and C. Sachs. Neurocrine Biosciences, San Diego, CA.

Valbenazine, a VMAT-2 inhibitor approved in the U.S. for treatment of tardive 
dyskinesia was evaluated for its potential to cause maternal, embryo/fetal toxicity 
and teratogenicity in pregnant rats and rabbits via oral gavage during the period of 
organogenesis. Valbenazine administered daily by oral gavage to Sprague Dawley 
rats from GD 6 through 17 dosed up to 15 mg/kg/day was generally well-toler-
ated at all doses tested. Clinical signs of decreased activity and squinted eyes 
at 15 mg/kg/day were noted and were expected pharmacological effects of the 
compound due to its VMAT-2 activity. Statistically significant decreases in body 
weight parameters and food consumption were noted at ≥5 mg/kg/day. There were 
no effects on developmental toxicity parameters at oral dose levels tested (1, 5, 15 
mg/kg/day). Based on the lack of adverse prenatal effects, the NOAEL for embryo/
fetal viability, growth, and development, was established at 15 mg/kg/day, the 
highest dose tested. In a separate study, New Zealand white rabbits were dosed at 
20, 50, or 100 mg/kg d via oral gavage from GD 7-20. Signs of maternal toxicity were 
observed at doses ≥50 mg/kg/day. Fetal weights were statistically significantly 
reduced at 100 mg/kg/day, which correlated with ossification delays and were 
considered secondary to maternal body weight losses, however, no treatment-re-
lated fetal malformations (teratogenic effects) were observed. There were no 
direct effects on embryo -fetal toxicity at any of the doses tested. Therefore, the 
NOAEL for embryo/fetal viability, growth, and development for Valbenazine was 
established at 50 mg/kg/day. Overall, these findings indicate that valbenazine does 
not significantly affect rat or rabbit embryo-fetal development even at dose levels 
producing maternal toxicity.

 4178 Endothelial Cell AHR Signaling and Dioxin-Induced 
Placental Adaptations

K. Iqbal1, E. Dominguez1, B. Nixon1, M. Kuna1, and M. J. Soares1,2. 1University of Kansas 
Medical Center, Kansas City, KS; and 2Children’s Mercy Research Institute, Kansas 
City, MO.

Placentation involves the coordinated differentiation of trophoblast stem cells 
into various lineages with specialized functions such as invasive trophoblast cells. 
Invasive trophoblast cells migrate into the uterine compartment during pregnancy 
and remodel uterine spiral arteries. These pregnancy-dependent vascular restruc-
turing facilitates nutrient flow to the placenta. Failures in trophoblast cell invasion 
are associated with pathological conditions such as preeclampsia, intrauterine 
growth restriction, and preterm birth. Gestational environmental exposures can 
alter molecular and cellular pathways controlling development of the organism. 
Cells respond to environmental challenges through alterations in gene regulation 
and expression that may affect developmental processes. Maternal exposures to 
environmental pollutants can modulate placental adaptations. The aryl hydrocar-
bon receptor (AHR) is a ligand-activated transcription factor that modulates gene 
expression facilitating adaptations to environmental exposures. AHR ligands 
present in the environment can be referred to as endocrine disruptors because 
they affect homeostatic mechanisms controlling the physiology of the organism. 
The mouse is not a suitable in vivo model for investigation of the effects of 
environmental pollutants on intrauterine trophoblast cell invasion. Unlike mouse, 
rat placentation shows deep trophoblast cell invasion into the uterus, similar to 
human placentation. Exposure to 2,3,7,8-tetrachlorodibenzodioxin (TCDD), a dioxin 
and potent activator of AHR signaling, during sensitive and critical windows of 
gestation induces placental adaptations. This effect appears to be mediated by 
endothelial cell AHR signaling. To investigate the role of endothelial cell AHR signal-
ing in placentation site responses to environmental exposures we generated an 
AHR conditional rat model. To this end, we used CRISPR/Cas9 genome editing to 
insert loxp sites flanking Exon 2 of the rat Ahr gene. LoxP sequence insertion was 
confirmed using PCR and DNA sequencing. To generate an endothelial cell specific 
Ahr gene disruption we used a Cdh5-Cre rat model to drive Cre recombinase 
expression in endothelial cells. We used a rat reporter strain (Tg(CAG-loxP-STOP-
loxP-ZsGreen; identification No. RRRC #797; Rat Resource and Research Center, 
Columbia, MO) to verify the endothelial specific expression. Systematic mating of 
Cdh5-Cre and floxed Ahr mutant rats resulted in endothelial cell specific rat knock 
out model. Deletion of Exon 2 of the Ahr gene was confirmed using DNA sequenc-
ing. In summary, we have established and characterized a mutant rat conditional 
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model system to determine the involvement of endothelial cell AHR signaling in 
placental adaptations activated by maternal exposure to TCDD. Supported by NIH 
grants ES028957, ES029280, HD020676 and The Sosland Foundation.

 4179 Spatial Characterization of Region-Specific Dyslipidemia in 
Mouse Ovaries Exposed to Tributyltin Using State-of-the-Art 
MALDI-TOF-Mass Spectrometry Imaging

N. Pascuali1, F. Tobias2, Y. Pu1, and A. Veiga-Lopez1. 1University of Illinois at Chicago, 
Chicago, IL; and 2Northwestern University, Chicago, IL.

Exposure to endocrine disrupting chemicals can impair fertility and ovarian 
function. In particular, the widely used organotin tributyltin (TBT) has been shown 
to interfere with pathways controlling lipid metabolism and to induce lipid accumu-
lation in adipose and extra-adipose tissues such as liver and mammary gland. 
However, evidence on TBT-induced dyslipidemia in the ovary remains scarce. Using 
an untargeted lipidomic approach, we recently demonstrated that TBT dysregulates 
over 100 different lipid species in primary human theca cells. We also observed 
that TBT impairs intracellular lipid homeostasis, as evidenced by lower levels of 
triacylglycerol and cholesteryl ester in TBT-exposed ovine theca cells. Thus, we 
hypothesized that TBT would induce ovarian lipid dysregulation. To test this, we 
exposed organotypic mouse ovarian cultures (PND21) to vehicle (0.1% DMSO) or 
TBT-chloride (50 ng/ml) for 8 days. Ovaries were then embedded in OCT, cryosec-
tioned, formalin-fixed and stained with DAPI and BODIPY493/503, a neutral lipid 
stain. We observed that TBT-exposed ovaries displayed a significantly larger lipid 
droplet area (corresponding to neutral lipids) compared to control ovaries, with 
stroma and follicles displaying the largest abundance. To further test if non-neu-
tral lipids were dysregulated and if this effect was region specific, a state-of-
the-art Matrix-Assisted Laser Desorption Ionization Time-Of-Flight (MALDI-TOF) 
mass spectrometry imaging (MSI) approach was used. A second set of ovaries 
was gelatin-embedded, cryosectioned, and mounted onto ITO-coated slides. 
Slides were sprayed with 1,5-diaminonaphthalene or 2,5-dihydroxybenzoic acid as 
MALDI matrices for negative and positive ion modes, respectively. MS imaging 
was performed using a Bruker RapifleX MALDI Tissuetyper (20 μm resolution). 
Data were visualized and processed using SCiLS Lab software. The MS imaging 
analyses detected over 100 lipid species in the ovaries, with the majority of them 
displaying distinct spatial distributions. Certain lipid species, visualized as a unique 
mass to charge ratio (m/z), were solely present in one ovarian compartment (e.g., 
cortex (m/z 744.6; PE36:1), follicular wall (m/z 616.5; Cer 40:3;O2), stroma (m/z 
771.7), or oocytes (m/z 1063.6; GA2). The identity of these lipids was putatively 
assigned using LIPIDMAPS until further confirmation with MS/MS. Our preliminary 
analysis shows 12 differentially abundant lipids between control and TBT-exposed 
whole ovaries. Five of these were upregulated (m/z: 409.3; 480.3; 508.4; 531.2; 
536.5) and seven were downregulated (m/z: 751.6; 767.6; 794.6; 810.6; 866.6; 
870.6; 889.8) by TBT. Most of them can be classified as phosphatidylethanol-
amines (PE) (multifunctional phospholipids required for diverse cellular processes) 
or phosphatidylinositols (PI) (bioactive, diffusible metabolites with both intracellu-
lar and paracrine functions). Additionally, we observed an increase in free choles-
terol (m/z 369.4) upon TBT exposure in one ovarian compartment (e.g., cortex), but 
was not observed to be altered in follicles. We also integrated lipid profiles with 
histological information to assess which ovarian compartments (cortex, follicles, 
and oocytes) were more sensitive to TBT and presented differential abundance 
of lipids. Our approach has allowed us to demonstrate that compartments as 
small as the oocytes (~70 μm in diameter) have a unique lipid signature in the 
mouse ovary. To our knowledge, this is the first study to demonstrate that chemical 
exposures can result in compartment-specific dysregulation of ovarian lipids. Yet, 
the mechanisms by which TBT induces ovarian dyslipidemia or whether it plays a 
role in TBT’s induction of ovarian dysfunction remains to be investigated.

 4180 The Effects of Imidacloprid and Its Bioactive Metabolite 
Desnitro-Imidacloprid on Ovarian Antral Follicles

V. Mourikes, M. J. Laws, R. Santacruz-Marquez, and J. Flaws. University of Illinois at 
Urbana-Champaign, Urbana, IL.

Imidacloprid (IMI) is a neonicotinoid pesticide used in large scale agricultural 
systems, home gardens, and veterinary pharmaceuticals. IMI is a small molecule 
that is more water soluble than other insecticides, increasing the likelihood of 
large-scale environmental accumulation and chronic exposure of non-target 
species. IMI is readily absorbed in the gastrointestinal tract of mammals where it 
travels to the liver and undergoes phase I biotransformation into a variety of interme-
diate metabolites such as desnitro-imidacloprid (DNI), a bioactive metabolite shown 
to be significantly more toxic to mammals than IMI. Studies have shown that IMI 
reaches the ovaries almost immediately after oral exposure and that IMI exposure 
reduces ovarian weight and causes morphological abnormalities in ovarian follicles 
compared to control. However, little is known about the mechanisms by which IMI 
and DNI induce ovarian toxicity. Thus, we tested the hypothesis that IMI and DNI 
cause ovotoxicity through different mechanisms of action in vitro. Antral follicles 
were dissected from ovaries of CD-1 mice (31-41 days old) and cultured in media 
containing vehicle control or 0.2µg/ml - 200µg/ml of IMI or DNI for 48 hours and 96 
hours. Follicle morphology was examined and follicle size was measured every 24 

hours. At the end of the culture periods, follicles were collected for gene expression 
analysis of steroidogenic regulators (Star, Cyp11a1, Cyp17a1, Hsd3b1, Hsd17b1, 
Cyp19a1), estrogen receptors (Esr1 and Esr2), the aryl hydrocarbon receptor (Ahr) 
and its targets (Cyp1a1 and Cyp1b1), and apoptotic factors (Bax and Bcl2). Culture 
media were also collected for estradiol, progesterone, and testosterone quantifica-
tion via enzyme linked immunosorbent assays. After 48 hours, neither IMI nor DNI 
affected follicle growth compared to control. Interestingly, both IMI (200µg/ml) 
and DNI (200µg/ml) significantly decreased follicular estradiol secretion compared 
to control. DNI (0.2-200µg/ml) exposure for 48 hours caused significantly more 
antral follicles to rupture compared to control follicles and IMI-treated follicles. 
After 48 hours, IMI, but not DNI, affected expression of steroidogenic regulators 
compared to control. IMI (0.2 and 200 µg/ml), but not DNI, affected expression of 
Esr1, Esr2, and Ahr compared to control. Neither IMI nor DNI affected expression of 
Cyp1a1, Cyp1b1, Bax, or Bcl2 compared to control. After 96 hours IMI did not affect 
follicle growth, whereas DNI (20 and 200µg/ml) inhibited follicle growth compared 
to control. DNI (200µg/ml) significantly decreased estradiol secretion compared 
to control and IMI (200µg/ml) significantly increased progesterone secretion 
compared to control. DNI (0.2-200µg/ml) exposure for 96 hours caused signifi-
cantly more antral follicles to rupture compared to control follicles and IMI-treated 
follicles. After 96 hours, both IMI (0.2-200µg/ml) and DNI (0.2-200µg/ml) dysreg-
ulated expression of steroidogenic regulators in antral follicles compared to 
control. Neither IMI nor DNI dysregulated Esr1, Esr2, Ahr, or Cyp1a1 compared to 
control. However, DNI (200µg/ml) increased expression of Cyp1b1 and Bax and it 
decreased expression of Bcl2. These data indicate that IMI does not affect follicle 
growth and decreases follicular estradiol transiently, whereas DNI disrupts follicle 
growth and decreases follicular estradiol long-term possibly through induction of 
Cyp1b1 expression. Supported by NIH F30 033914 and R01 ES028661.

 4181 Cyanobacterial Harmful Algal Bloom Toxin Microcystin-LR 
Compromises Female Ovarian Follicle Maturation and Ovulation 
via Disruption of PP1-PI3K/AKT/FOXO1 Signaling

T. Zhan1, Y. Wang1, P. Pattarawat1, J. Zhang1, E. Kim1, D. Zhang1, S. Chatterjee2, J. Kim3, 
G. Scott2, Q. Zhang4, and S. Xiao1. 1Rutgers, The State University of New Jersey, 
Piscataway, NJ; 2University of South Carolina, Columbia, SC; 3Northwestern University, 
Chicago, IL; and 4Emory University, Atlanta, GA.

Cyanobacterial harmful algal blooms (CyanoHABs) are the rapid growth of 
cyanobacteria, which are also referred to as blue-green algae, in both marine and 
freshwater ecosystem primarily by reason of climate change and eutrophication. 
Humans are frequently exposed to toxins released from Cyanobacteria, a new class 
of emerging contaminants, through contaminated water, food, and recreational 
activities, causing adverse health effects. So far, the impact of CyanoHAB toxins on 
women’s reproductive health remains poorly understood. In this study, we focused 
on the toxic effects of microcystin-LR (MC-LR), the most common CyanoHAB toxin, 
on the ovary and associated female reproductive outcomes. CD-1 female mice at 
4-week-old were exposed to MC-LR with human-relevant dose of 10 µg/kg BW via 
daily oral gavage for 6 weeks. MC-LR treated mice showed comparable estrous 
cyclicity, ovarian histological morphology and numbers of follicles at all stages to 
the control group. However, there were nearly 50% fewer corpus luteum (CL), a mass 
of cells that is formed from post-ovulatory follicular somatic cells, in MC-LR treated 
ovaries, suggesting that MC-LR perturbed the luteinizing hormone (LH)-induced 
ovulation and luteinization. A mouse superovulation model with 21-day-old CD-1 
female mice intraperitoneally injected daily with vehicle or 10 μg/kg BW MC-LR was 
next used to differentiate the effects of MC-LR on gonadotropin-dependent follicle 
maturation and/or ovulation. Exposure to MC-LR during the ovulation window did 
not affect follicle ovulation, but exposure to MC-LR during the follicle maturation 
window or both follicle maturation and ovulation windows significantly induced 
more unruptured preovulatory follicles. For mice treated with MC-LR during the 
follicle maturation window, follicle maturation related genes were remarkably 
reduced in the granulosa cells. These results indicate that MC-LR compromised 
ovulation through disrupting follicle stimulating hormone (FSH)-dependent follicle 
maturation. Using our established ex vivo follicle culture model, the ovarian toxic 
mechanisms of MC-LR were further studied. Consistent to in vivo results, exposure 
to MC-LR in vitro during the FSH-dependent follicle maturation window dose-de-
pendently inhibited follicle ovulation and the following progesterone secretion. 
RT-qPCR results showed that 10 µM MC-LR significantly reduced the expres-
sion of follicle maturation genes, such as Cyp19a1, Lhcgr, Fshr, Pappa, Inha and 
Inhba. Moreover, MC-LR inhibited the activation of phosphoprotein phosphatase 
1 (PP1), AKT, and FOXO1, three key mediators for immature follicles to respond 
to FSH for acquiring maturation. RNA-seq analysis also showed MC-LR disturbed 
the PI3K/AKT signaling and the expression of FOXO1 target genes. These results 
suggested that MC-LR disrupted FSH-dependent follicle maturation via affecting 
the PP1/PI3K/AKT/FOXO1 signaling pathway. Together, our study demonstrates 
that environmentally relevant exposure to MC-LR interferes with ovarian follicle 
maturation and ovulation, posing a non-negligible risk to women’s reproductive 
health and fertility.
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 4182 An Ex Vivo Mini-ovary Preserves Molecular Signatures of 
Gonadotropin-Dependent Folliculogenesis and Enables the 
Identification of Ovarian Toxicants

J. Zhang1, Y. Wang1, D. Russo2, P. Pattarawat1, A. Shalek2, J. Kim3, Q. Zhang4, B. Goods5, 
and S. Xiao1. 1Rutgers University, Piscataway, NJ; 2Ragon Institute of MGH, MIT and 
Harvard, Cambridge, MA; 3Northwestern University, Chicago, IL; 4Emory University, 
Atlanta, GA; and 5Dartmouth College, Hanover, NH.

As the female gonad, the ovary consists of various stages of follicles as its 
functional unit, which critically regulate women’s reproductive cycles and fertility. 
Both environmental endocrine disrupting chemicals and clinical drugs have been 
shown to exhibit ovarian disrupting effects. However, it is challenging to identify 
ovarian toxicants and explore mechanisms involved due to the low throughput 
of whole animal model and limited biomass of premenopausal human ovaries. 
We previously established a 3D hydrogel encapsulated in vitro follicle growth 
(eIVFG) system which faithfully recapitulates all key ovarian functions in vivo, 
including gonadotropin-dependent follicle maturation, hormone secretion, and 
ovulation. Here, we further determined whether the molecular signatures of these 
follicular events are well preserved in follicles derived from eIVFG, thus enabling 
a truly scalable and highly controllable system to identify ovarian toxicants and 
mechanisms involved. Multi-layered secondary follicles were isolated from 16-day-
old CD-1 female mice and cultured with eIVFG for 8 days. Follicles were collected 
on day 0, 4, and 8 for single-follicle RNA-sequencing (RNA-seq) analysis. Principal 
component analysis (PCA) separated follicles into distinct clusters by their cultured 
days, indicating the dynamic transcriptome changes during the gonadotropin-de-
pendent folliculogenesis. Using all differentially expressed genes (DEGs), we 
performed soft clustering to investigate the gene expression profiles at various 
days of eIVFG. Eight temporal gene expression clusters were identified, which 
can be further categorized into two groups: continuously increasing or decreas-
ing genes, suggesting the crucial roles of either induction or suppression of these 
genes in follicle stimulating hormone (FSH)-induced follicle maturation. We next 
examined the expression of well-established follicle maturation marker genes, 
such as Fshr, Pappa, Cyp19a1, and Lhcgr. All these genes were remarkably induced 
during eIVFG and their expression patterns were consistent to previous results 
from in vivo models, indicating that eIVFG conserves the molecular signatures of 
gonadotropin-dependent folliculogenesis. So far, we have used eIVFG to examine 
the ovarian toxicity of 40 chemicals, including 6 harmful algal bloom (HAB) toxins, 
6 per-and polyfluoroalkyl substances (PFAS), 10 bisphenol analogues, 7 flame 
retardants, 8 pre-clinical compounds, and 3 micro & nano-plastics. For example, 
our results showed that microcystin-LR (MC-LR), one of the most common HAB 
toxin, acted as a selective inhibitor of protein phosphatase I (PP1) inhibitor to 
interfere with FSH-induced follicle maturation, which caused a secondary defect 
on ovulation. In addition, a commonly used long-chain PFAS, perfluoronona-
noic acid (PFNA), compromised follicle growth, ovulation, hormone secretion of 
estradiol and testosterone, and expression of ovarian steroidogenic genes of Star, 
Hsd17b1, and Hsd3b1. Together, our study demonstrates that eIVFG preserves 
morphological, hormonal, and molecular signatures of gonadotropin-dependent 
folliculogenesis, representing a powerful model to identify ovarian toxicants and 
mechanisms involved.

 4183 Short-Term Exposure of Propylparaben Alters Expression Levels 
of Steroidogenic and Apoptotic Factors in Ovaries and Oviducts 
of Mice

A. Ziv-Gal, E. Benedict, and M. J. Laws. University of Illinois at Urbana-Champaign, 
Urbana, IL.

Parabens are prevalently found in cosmetics, foods, and other daily-use products. 
Limited studies indicated that paraben could impact female reproductive function. 
Yet, the effects of a short-term exposure of propylparaben on the oviduct and ovary 
are unknown. Both ovaries and oviducts are central to mammalian female reproduc-
tion. The ovary is the sole source of oocytes and the primary source of sex-ste-
roid hormones. The oviduct is the site of fertilization and actively transports the 
preimplantation embryo to the uterus. The current study tested the hypothesis that 
acute propylparaben exposure would alter steroidogenesis and increase apoptosis 
in the ovaries and oviducts of mice. To that end, adult CD-1 mice (n=6 per treatment 
group) were orally dosed with corn oil/vehicle or environmentally relevant doses of 
propylparaben (CAS No.94-13-3, 20µg, 200µg, and 20mg per kg/d). After ten days 
of daily dosing, ovaries, oviducts, and sera were collected at diestrus and subjected 
to real-time qPCR and ELISA (estradiol and progesterone). Comparison between 
propylparaben treatment groups and controls, resulted in significant differences 
(p ≤ 0.05). Specifically, in the oviducts, propylparaben exposure increased levels 
of Bcl2 (mean ± SD, 200 µg/kg/d 2.67 ± 0.64, 20 mg/kg/d 2.26 ± 0.73, control 1.17 
± 0.73, n=5-6) and Bax (20 µg/kg/d 2.20 ± 0.54, 200 µg/kg/d 2.42 ± 0.78, 20 mg/
kg/d 2.27 ± 0.20, and control 1.19 ± 0.60 n=6), and decreased levels of Esr1 (20 
µg/kg/d 0.81 ± 0.15, 20 mg/kg/d 0.81 ± 0.12, and control 1.00 ± 0.13 n=6). Further, 
in the ovaries, propylparaben exposure decreased levels of Bax (20 mg/kg/d 0.65 
± 0.26, control 1.06 ± 0.38, n=5-6), Esr1 (200 µg/kg/d 0.51 ± 0.19, control 1.07 
± 0.46, n=5-6), Star (200 µg/kg/d 0.47 ± 0.29, control 1.39 ± 0.95, n=5-6), 3bHsd 
(200 µg kg/d 0.49 ± 0.14, control 1.11 ± 0.46, n=5-6), and Hsd17b1 (20 µg/kg/d 
0.92 ± 0.44, 200 µg/kg/d 0.61 ± 0.11, control 1.01 ± 0.17, n=5-6). There were no 

statistically significant differences in estradiol and progesterone levels between 
propylparaben and control groups. Overall, these results suggest that a short-term 
exposure of propylparaben impacts gene expression of the ovary and oviduct and 
can potentially affect mouse reproductive health.

 4184 Spinosad: Mode-of-Action and Human Relevance Assessment 
of Dystocia in Rats

M. Corvaro1, K. Johnson2, M. Himmelstein3, E. Bianchi2, R. Mingoia3, M. J. Bartels4, 
J. Domoradzki2, R. Reiss5, A. Williams5, E. Richmond6, C. Terry2, J. LaRocca2, L. Murphy2, 
and S. Gehen2. 1Corteva Agriscience, Rome, Italy; 2Corteva Agriscience, Indianapolis, IN; 
3Corteva Agriscience, Newark, DE; 4ToxMetrics, Midland, MI; 5Exponent, Alexandria, VA; 
and 6Exponent, Harrogate, United Kingdom.

Spinosad technical, a natural product insecticide derived from fermentation, associ-
ated with treatment-related adverse pregnancy outcomes which manifested as 
dystocia in the rat. A robust mode of action (MOA) programme was initiated to 
determine the MOA for dystocia in rats and relevance of this hazard to humans 
using the (WHO)/International Programme on Chemical Safety (IPCS) framework. 
A number of dose-related key events have been identified that characterise the 
rat MOA for Spinosad-induced dystocia. Dystocia was characterised by prolonged 
parturition which was associated with peri-partum maternal death and other 
peri-partum effects. Using in vivo and ex vivo contractility experiments, it was 
concluded that parturition became protracted due to inhibition of uterine muscle 
contraction, arising due to a pharmacological/receptor-mediated inhibition of 
action potential generation in uterine smooth muscle cells (myometrial cells). By 
using competition binding experiments with receptor ligands, it is hypothesized 
that the Spinosad receptor mediating uterine effects may be Translocator Protein 
(TSPO). The initial dynamic molecular initiating event of Spinosad binding to TSPO 
requires uterine exposure to Spinosad above a certain tissue concentration thresh-
old. With pharmacokinetic studies, uterine exposure to Spinosad has been unequiv-
ocally demonstrated in the pregnant rat after Spinosad oral administration. It was 
concluded that non-dose proportional (supralinear) increases in uterine tissue 
concentrations between the rat NOAEL and the LOAEL for dystocia at parturition 
caused exceedance of the contractility inhibition thresholds and consequently 
dystocia at the higher dose level. This MOA is not relevant for humans due to 
measured quantitative toxicokinetic differences in uterine tissue exposure to 
Spinosyns (Spinosad and metabolites) between rats and humans. By using a 
variety of in vitro comparative pharmacokinetic determinations the following was 
demonstrated: A) Spinosyns have higher hepatic clearance (oxidative metabolism) 
in humans; B) GSH conjugation (a key process for Spinosyns excretion via the bile) 
is likely saturated in rats where GSH depletion is expected earlier/at lower dose 
levels; C) humans are expected to have a lower uterine partitioning of Spinosyn 
based on generic PBPK modelling; and D) compound-specific PBPK (R-based) 
modelling for two Spinosyns up to the rat dystocia LOAEL levels showed that 
uterine concentrations in humans are expected to be approximately one order of 
magnitude lower compared to rats. The rat Spinosad adverse effect of dystocia 
will not be triggered in humans as tissue concentrations remain below the effect 
threshold for the dynamic (receptor-mediated) molecular initiating effect. Since, the 
rat mode of action is not plausible in humans, Spinosad does not pose a reproduc-
tive hazard to humans.

 4185 Investigation of the Pharmacodynamic Component of a Rat 
Mode of Action for Dystocia in the Rat

E. Bianchi, K. Johnson, J. LaRocca, and M. Corvaro. Corteva Agriscience, 
Indianapolis, IN.

Spinosad is a natural product insecticide derived from Saccharopolyspora spinosa 
fermentation. Spinosad is a mixture of structurally similar fermentation products 
named Spinosyns, that includes Spinosyn A and Spinosyn D. In a dietary rat 
two-generation reproduction toxicity study (OECD 416), a Spinosad dose level of 
100 mg/kg/day (high dose) was associated to dystocia characterized by prolonged 
parturition, peri-partum maternal death, retention of fetuses in utero and reduced 
live litter size at birth. A robust mode-of-action (MoA) programme was initiated 
to determine the MoA for dystocia in rats and relevance of this hazard to humans 
using the (WHO)/International Programme on Chemical Safety (IPCS) framework. 
As part of this work, the basis of the pharmacodynamic effects observed in the 
rat was investigated. It was hypothesized that Spinosad caused dystocia via a 
non-endocrine, pharmacological (receptor-mediated) mechanism in the uterus that 
inhibits uterine muscle contractions. This hypothesis was tested by (1) examin-
ing uterine contractility in freely moving rats during parturition, and (2) measuring 
action potential generation and muscle contraction in rat uterus ex vivo. Spinosad 
exposure of 100 mg/kg/day inhibited rat uterine contractility in vivo during parturi-
tion. In ex vivo experiments with rat uterus, Spinosyn A inhibited myometrial cell 
action potential generation and uterine contractility within minutes of exposure and 
at an IC50 of approximately 3-10 uM. Translocator Protein (TSPO) ligand compet-
itive displacement experiments in uterine membrane homogenates suggested 
that the Spinosad receptor mediating rat uterine action potential generation and 
contraction inhibition may be TSPO. Weight of Evidence was conducted, and 
several alternative modes of action were excluded such as endocrine effects 
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(EATS or non- EATS), other receptor-mediated effects that could be involved in 
parturition, or general toxicity effect (phospholipidosis). Overall, these data 
demonstrate that rat Spinosad-induced dystocia results from a direct (non-endo-
crine), receptor-mediated inhibition of uterine contractility at parturition. The initial 
toxicodynamic molecular initiating event of Spinosad binding to TSPO receptor 
requires uterine exposure to Spinosad above a certain tissue concentration thresh-
old. Data from a separate uterine exposure study to Spinosad in pregnant animals, 
showed non-linear saturation of glutathione conjugation, and increased uterus 
partitioning. In conclusion, these in vivo, in vitro and ex vitro studies characterizing 
the rat mode-of-action (MoA) program provided useful basis to understand lack 
of relevance of these mechanisms to human parturition in support of future risk 
assessments with Spinosad.

 4186 Altered Hepatic mRNA and Protein Abundance 
in Lean and Obese Female Mice during Exposure 
to Dimethylbenz[a]anthracene

C. J. Haffner, and A. Keating. Iowa State University, Ames, IA.

Reduced female fertility can be caused by lifestyle and environmental factors. 
Obesity, which is associated with reduced oocyte quality, conception, and implan-
tation, affects over 40% of US reproductively aged women. Environmental toxicant 
exposure can cause infertility through a variety of mechanisms and proper hepatic 
chemical biotransformation is necessary to prevent systemic toxicity. The polycy-
clic aromatic hydrocarbon, 7,12-dimethylbenz[a]anthracene (DMBA), is generated 
during combustion of organic material present in tobacco products, smoked meats, 
and diesel exhaust fumes. Obese female mice have increased DMBA-induced 
ovarian DNA damage and a reduced ovarian protective response compared to 
lean females. Whether differential hepatic function underlies these observations 
remains unclear, thus this study investigated the hypothesis that DMBA exposure 
may alter hepatic mRNA and protein abundance of genes associated with fatty liver 
in lean and obese female mice. At six weeks of age, female C57BL6J mice (n = 40) 
were randomly assigned a chow (n = 20) or high fat, high sucrose (HFHS; 45% kCal 
from fat and 20% kCal from sucrose; n = 20) diet ad libitum. When the HFHS group 
had ~30% increased (P < 0.05) body mass compared to lean mice, all received an 
intraperitoneal injection with corn oil (vehicle control; CT) or DMBA (1 mg/kg) for 
7 d. Thus, there were four treatment groups: lean-CT, lean-DMBA, HFHS-CT, and 
HFHS-DMBA (n =10 each). Euthanasia occurred at day two of diestrus at which time 
liver weight was increased (P < 0.05) by ~20% in HFHS-DMBA relative to lean-DMBA 
mice. Hepatic RNA was isolated and converted to complimentary DNA for qRT-PCR 
analysis using a Qiagen fatty liver PCR array. The HFHS mice had decreased (P 
< 0.05) abundance of hepatic Nfkb1 (1.6-fold) and Stat3 (1.4-fold) mRNA. In lean 
mice, DMBA decreased (P < 0.05) Cyp2e1 mRNA abundance by 2.9-fold. Liver 
protein was isolated and western blotting determined that in HFHS mice, DMBA 
exposure decreased (P < 0.05) NFKB1, STAT3, and CYP2E1 protein level but these 
effects were absent in lean mice. These findings support the hypothesis that the 
liver of an obese female may have an altered hepatic response to toxicant exposure 
compared to a lean female, potentially affecting female reproductive and general 
health. Supported by 1R01ES030341 and 1R01ES030341-S2 from NIEHS.

 4187 Manipulation of ATM Alters the Ovarian Proteome Response in 
Cultured Mouse Ovaries during DMBA Exposure

J. K. Rishi, and A. F. Keating. Iowa State University, Ames, IA.

Dimethylbenzanthracene (DMBA) is a chemical carcinogen that causes ovarian 
DNA adduct formation. As a polycyclic aromatic hydrocarbon, DMBA is released 
during the combustion of organic matter, including wildfires, car exhaust, and 
cigarette smoke. Genotoxic damage initiates the ovarian DNA damage repair (DDR) 
response, coordinated by Ataxia Mutated Telangiectasia (ATM). Inhibition of ATM 
previously prevented toxicant-induced follicle loss thus, this study investigated the 
hypothesis that modified ovarian ATM abundance impacts DMBA-induced ovotox-
icity by altering the ovarian proteome. Post-natal day four C57BL/6 mouse ovaries 
were cultured in media for four days containing either: 1) vehicle control (1% DMSO), 
2) DMBA (1 μM), 3) ATM inhibitor (ATMi) - KU55933 (10 nM), 4) DMBA (1 μM) + 
ATMi (10 nM), 5) ATM activator (ATMa) - AVEN (1 μM) or 6) DMBA (1 μM) + ATMa 
(10 nM). The total ovarian proteome was analyzed via liquid chromatography-tan-
dem mass spectrometry. Comparison of protein abundance across treatments 
identified that DMBA altered 167 proteins (P < 0.05; 91 proteins increased and 
76 decreased) and ATMa affected the level of 60 proteins (P < 0.05; 21 proteins 
increased and 39 decreased) compared with control. During ATM inhibition, DMBA 
altered 23 proteins (P < 0.05; 17 proteins increased and six decreased), while during 
ATM activation, DMBA exposure altered 137 proteins (P < 0.05; 91 proteins were 
increased and 76 decreased). Exposure to DMBA altered ovarian DDR proteins; the 
homologous recombination (HR) proteins KH domain-containing protein three and 
Actin-related protein 2/3 complex subunit 1B were increased (P < 0.05) by 1.3- and 
0.34-fold, respectively, whereas a non-homologous end joining (NHEJ) regulator, 
26S proteasome non-ATPase regulatory subunit 14, was decreased by 0.35-fold 
(P < 0.05). There was an absence of a DDR protein effect during DMBA exposure 
when ATM was inhibited. Conversely, several DDR-related and chromatin regula-
tion-related proteins were increased in ATMa ovaries during DMBA exposure. Host 

cell factor 1, which modulates the transcriptional activity of FOXO3 and histone H4 
acetylation, was increased by 0.50-fold; actin-related protein 2/3 complex subunit 
1B, which promotes HR, was increased by 0.95-fold; nucleolin which induces 
chromatin decondensation, was increased by 1.0-fold, while FACT complex subunit, 
a histone chaperone was increased by 2.7-fold (P < 0.05). Together the alterations 
in the abundance of these proteins suggest that ATM plays a role in the coordina-
tion of the ovarian DDR response during DMBA-induced ovotoxicity. Supported by 
1R01ES030341 from NIEHS.

 4188 Ovarian Peroxisome Proliferator–Activated Receptors 
Are Altered by Zearalenone Exposure and Heat Stress in 
Female Pigs

M. E. Gonzalez-Alvarez, C. M. Roach, E. J. Mayorga, J. W. Ross, L. H. Baumgard, and 
A. F. Keating. Iowa State University, Ames, IA.

The earth’s temperature has risen by 0.08 °C each decade since 1880, with predicted 
average global temperature increasing by 0.36 to 0.70 °C by 2035. Heat stress (HS) 
is an increased core body temperature due to external thermal conditions coupled 
with basal heat production; phenotypically manifesting as hyperinsulinemia, intesti-
nal hyperpermeability, and inflammation. Negative reproductive metrics result from 
HS including anovulation, early pregnancy loss, and seasonal infertility. Zearalenone 
(ZEN) is a non-steroidal mycotoxin, and both ZEN and its metabolites can bind 
to estrogen receptors to mimic 17β-estradiol activity. In females, ZEN exposure 
causes negative reproductive outcomes, including abortion, vulvovaginitis, pseudo-
pregnancy, stillbirth, and endocrine disruption. Peroxisome proliferator-activated 
receptors (PPAR) are ligand-activated transcription factors of the nuclear hormone 
receptor superfamily, which can be targets of toxicants. The hypothesis in this 
study was that ZEN exposure would alter whole ovarian PPARα, PPARβ/δ and 
PPARγ protein abundance differentially in thermal neutral (TN) and HS females. 
Crossbred prepubertal pigs were divided into six treatment groups: TN vehicle 
control (TC; n = 6), TN ZEN (40 µg/kg BW; TZ; n = 6), pair-fed vehicle control (PC; n 
= 6), pair-fed ZEN (40 µg/kg BW; PZ; n = 6), HS vehicle control (HC; n = 7) and HS 
ZEN (40 µg/kg BW; HZ; n = 7). The pair-feeding experimental design eliminated any 
confounding effects of HS-induced hypophagia. The abundance of ovarian PPARα, 
PPARβ/δ, and PPARγ were quantified via western blotting. In the absence of ZEN, 
HS decreased PPARα (P < 0.0001), increased PPARγ (P = 0.006) and did not alter 
PPARβ/δ (P = 0.11). In TN females, ovarian PPARα (P = 0.86) and PPARγ (P = 0.21) 
were unaffected; however, PPARβ/δ was increased (P = 0.01) by ZEN exposure. 
Within HS females, ovarian PPARα (P = 0.004), PPARβ/δ (P = 0.0001), and PPARγ 
(P = 0.0007) were increased by ZEN exposure. In PF females, ovarian PPARα (P = 
0.08) and PPARγ (P = 0.08) tended to be reduced, while ZEN exposure decreased 
(P = 0.02) PPARβ/δ. These findings suggest that ovarian PPARs are responsive to 
both ZEN exposure and HS; a molecular scenario that potentially influences fertility. 
This work was supported by the Iowa Pork Producers Association.

 4189 In Vitro Evaluation of Local Tolerance of Vaginal Formulations 
and Medical Devices with a 3D Human Epithelial Model

S. Ayehunie1, C. Pellevoisin2, T. Landry1, A. Armento1, Y. Kaluzhny1, and 
M. Klausner1. 1MatTek, Ashland, MA; and 2MatTek In Vitro Life Science Laboratories, 
Bratislava, Slovakia.

The goal of the study is to validate the utility of the 3D human in vitro vaginal tissue 
model as an alternate for the rabbit vaginal irritation (RVI) test requested for the 
regulatory evaluation of drugs and devices in contact with the vaginal mucosa. 
A double-blinded study was conducted in vitro and in vivo with N=14 coded test 
articles (TAs) including materials intended to be in contact with vaginal tissues in 
the form of preservatives, contraceptives, solvents, viscosity enhancers, antisep-
tics, and cleansing agents (surfactants). The TAs were topically applied in vitro and 
in vivo at 2% dose with 5 repeat exposures over 6 days. Dose volumes were propor-
tionally adjusted based on the surface area and N=5 rabbits and N=3 EpiVaginal 
tissues were used per TA. While the RVI score was used to monitor in vivo irrita-
tion; MTT, TEER, and histological analysis were used as endpoints for the in vitro 
assays. The results showed that four TA including two known irritants, benzal-
konium chloride (BZK) and nonoxynol 9 (N9) were predicted as irritants by MTT 
viability and TEER (<50% reduction). While BZK was identified as a mild/severe 
irritant in the RVI assay, the effect of N9 in rabbits was highly variable. Based on 
the rabbit data, we further examined the long-term reproducibility and predictivity 
of the in vitro assay by determining the effect using tissue reconstructed from 
cells harvested from multiple donors (n=4). The variability of the reconstructed 
3D vaginal tissues (EpiVaginal™) from cells of the 4 donors were monitored using 
55 test articles commonly used in feminine care products. Triplicate EpiVaginal 
tissues were topically exposed to TAs at a single concentration (2%) and incubated 
for 24 hr. After the 24 hr exposure, tissues were rinsed with PBS and examined for 
tissue viability (MTT assay) and for barrier integrity (TEER) measurements. The 
results showed that 5 of the 55 test articles were found to be irritant in both the 
MTT and TEER assays in all four donors. These TAs were Gynol containing 2% N9, 
benzalkonium chloride, sodium dodecyl sulfate, acetic acid, and cremophor. These 
test articles resulted in <50% tissue viability and <50% of the TEER values versus 
the saline controls. Only 1 test article, copper sulfate, showed low MTT viability 
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(9.5%) but the TEER values for 3 of 4 donors were non-irritating (>50%). Miconazole 
nitrate resulted in MTT values > 50% in 2 out of 4 donors (avg viability for 4 donors 
= 57.5%) but had TEER ≥ 50% for all donors. Of the remaining test articles, 45 were 
found to be non-irritants in both MTT and TEER assays in all four donors. In conclu-
sion, the MTT and TEER assays from the four donors were highly reproducible and 
a decrease in MTT and TEER appears to be useful endpoints for preclinical toxicity 
screening of chemicals and feminine care products. The use of this in vitro system 
to assess the safety of topically applied vaginal care products, drugs, vaginally 
inserted medical devices will be cost effective and could replace the use of animals 
for experimentation.

 4190 Using Rabbit iPSC–Derived Cardiomyocytes to Investigate Drug-
Induced Fetal Heart Malformations

J. Szilagyi, and K. Kolaja. Bristol-Myers Squibb Company, Summit, NJ.

Teratogenic events such as fetal heart malformations are serious and tragic 
drug-induced toxicities. Preclinical studies conducted during drug safety evalua-
tion are intended to identify teratogenic risks using rodent and nonrodent models, 
largely based on the unfortunate experience with thalidomide which is teratogenic 
in humans and in rabbits but is refractory in rodents. To study the teratogenic 
properties of thalidomide in rabbit, a novel method was designed to develop cardio-
myocytes (CMs) from rabbit induced pluripotent stem cells (rbiPSCs). A panel of 
RT-PCR of pluripotency, endoderm, ectoderm, mesoderm, smooth muscle, and 
cardiac markers were studied across a time course of directed differentiation. As 
early as differentiation day (DD) 3 of the differentiation, rbiPSCs begin to express 
early CM markers (e.g. NXK2.5 and cKIT) and mesodermal markers (e.g. DKK1 
and FOXF1). By DD 21, these rbiPSC-derived cells expressed mRNA and protein 
of mature CM genes including TNNT2, MYL2, HCN4, and KCNJ2. Spontaneous 
beating was observed by phase contrast microscopy and electrophysiology as early 
as DD 8, and live cell calcium indicator probes demonstrated pulsatile calcium flux 
that coincided with cell contraction. Thalidomide (30 µM) treatment to rbiPSC-
CMs down-regulated mRNA and protein expression of early and mature cardiac 
markers, suggesting suppressed differentiation. In addition, thalidomide treatment 
abrogated the onset of spontaneously beating cells. Taken together, these data 
indicate that rbiPSC-CMs can recapitulate thalidomide-induced cardiac teratoge-
nicity observed in rabbits. Moving forward, this model can be deployed to investi-
gate the underlying mechanisms of rabbit teratogenicity and better understand 
species-specific differences in drug-induced fetal heart malformations.

 4191 COVID-19 Effects on Pregnancy, Prenatal, and 
Postnatal Development

M. Bidarimath1,2, E. Masters1,2, K. Mercer1, D. Minck3, W. Harrouk3, D. Klein3, E. Struble4, 
P. Malhi5, C. Jonsson2, M. Cicerone6, L. Schnackenberg1, J. Hawes1, and A. Inselman1. 
1US FDA/NCTR, Jefferson, AR; 2University of Tennessee Health Science Center, Memphis, 
TN; 3US FDA/CDER, Silver Spring, MD; 4US FDA/CBER, Silver Spring, MD; 5Toxicologic 
Pathology Associates, Jefferson, AR; and 6Georgia Institute of Technology, Atlanta, GA.

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has infected over 
98 million people in the U.S. alone with over 225,600 reported infections in pregnant 
women (Centers for Disease Control and Prevention, COVID Data Tracker). It is 
recognized that pregnant women are at increased risk for severe COVID-19 
illness due to the immunological and cardiopulmonary changes that occur during 
pregnancy, resulting in ICU admission, invasive ventilation, and subsequent 
pregnancy complications such as pre-term delivery, miscarriage, or still birth. 
Potential adverse effects of illness and/or treatments along with their toxicologi-
cal impact on the developing fetus remain unclear, or if SARS-CoV-2 infection and 
associated treatments in the pediatric population could lead to long-term or delayed 
effects that may not manifest until later in life. Current studies are focused on 
characterizing SARS-CoV-2 infection during pregnancy and during the prenatal and 
postnatal periods of development using a human angiotensin-converting enzyme 2 
knock-in (hACE2-KI) mouse model to estimate clinical perinatal risks. To determine 
the median lethal dose (LD50), four groups of 7-8-week-old female hACE2-KI mice 
were infected with the Delta variant at 1x103, 1x104, 1x105, or 1x106 plaque-forming 
units (pfu). Mice infected with 1x106 pfu had decreased body temperature and 
weights compared to the lower infection groups. RT-qPCR analyses indicated 
variable, yet significant, copy numbers of viral RNA in selected organs, including 
lungs, at Day 3 post-infection. A time course study was also conducted by intrana-
sally infecting female hACE2-KI mice with the Delta variant at 1x105 pfu and 
animals were sacrificed on Days 3, 4, 5, 6, 7, 10, 12, and 14 post-infection. Infected 
mice had lower body temperatures and lost approximately 25% of body weight by 
Day 5. By Day 6 post-infection, most mice had regained their body temperature and 
increases in body weight. Viral plaque assays of the lung samples and RT-qPCR 
analyses confirmed viral infection in the lungs and select target organs. Refinement 
of the infectious dose (ID50) and identification of the optimal inoculation dose for 
the Delta variant is on-going in non-pregnant and pregnant animals. Completion of 
the planned studies will contribute to the growing weight of evidence of COVID-19 
perinatal risks and help address public and Agency concerns related to the current 
pandemic regarding pregnancy and developmental risks.

 4192 The Importance of Age-Specific Historical Reference Ranges in 
Neonatal/Juvenile Rodent Toxicity Studies

B. Attalla, and J. Younan. ITR Laboratories Canada Inc., Baie D Urfe, QC, 
Canada. Sponsor: W. Lee.

As regulatory agencies require that the safety of drugs aimed at treating medical 
conditions affecting pediatric patients be assessed in juvenile animals, there is 
an increasing need for neonatal and juvenile animal models of relevant age to 
be used as test systems in non-clinical studies. These studies present several 
challenges due to the small size and the fragility of neonatal or juvenile rodents. 
Since only a small volume of blood can generally be collected for clinical pathol-
ogy analysis, these blood collections are often performed terminally with no 
chance for any repeats. Furthermore, in order to obtain the volume required for 
analysis, samples may need to be pooled from several subjects. This translates 
into a smaller number of analyzed samples, and calls for the creation of a solid 
historical reference range database. Inherent differences exist between mature and 
immature biological systems. As such, certain markers of toxicity, like the clinical 
pathology parameters of neonatal/juvenile animals differ from those of their adult 
counterparts. In addition, certain studies include a very small number of control 
animals, while others do not include any concurrent controls, thus exacerbating the 
need for age-specific historical refence ranges to aid in the interpretation of clinical 
pathology results. Faced with the need for such specific background datasets, ITR 
collected clinical pathology data points at key rat development stages: post-natal 
days 4, 7, 10, and 21. The data analyses showed noteworthy differences, namely in 
reticulocyte counts, leukocyte counts, as well as hepatic and renal markers in the 
early stages of development when compared to data obtained from adult rats. In 
conclusion, the age specific datasets published will improve the overall interpreta-
tion of clinical pathology data in neonatal/juvenile studies. This background data 
can also serve as backup for studies with a small number, or lack of concurrent 
control animals.

 4193 Juvenile Inhalation Toxicology: Practical Considerations, 
Refinements, and Improvements

M. S. Legaspi, M. Tellier, M. Freke, and A. Varela. Charles River Laboratories, Senneville, 
QC, Canada.

The first hours and days of life are critical for newborns as they need to adapt to 
the extra-uterine environment. Additionally, they are vulnerable to a wide range of 
respiratory disorders. Juvenile animal models have made, and continue to make, 
important contributions to neonatal medicine, mainly serving as models for lung 
development. The advantages of the Inhalation administration route being that it 
is less invasive, provides rapid onset of action, minimizes systemic side effects 
and, offers direct access to the pulmonary system. Drug administration in neonates 
represents specific and unique challenges. Drug administration procedures were 
reevaluated in which 2 species (rat and dog) routinely used in preclinical juvenile 
safety assessment studies via the inhaled route of administration with the objective 
to refine and develop safe and proper procedures in younger animals. Sprague 
Dawley rats were successfully dosed on a nose-only exposure system as young as 
4 days of age (postnatal day [PND]4). Daily dosing with milled lactose (Lactohale 
201) was performed for 7 consecutive days with a customized restrainer used 
throughout, namely a 1 1/8 inches inside diameter polycarbonate tube. Animals 
were conditioned on PND3 by separating them from their respective dam for a 
target period of 60 minutes. Dams were removed and placed in a different bin with 
same housing conditions as their litter. Duration of dosing was up to 120 minutes 
day. After the procedure was completed, remaining pups were cleaned for any 
excess material around the nostril area and returned to their respective dam and 
cage. A few rat pups were cold to touch at the end of dosing however the animals 
gained back body temperature as soon they were returned to their dams. Beagle 
dogs as of 5 days of age (postnatal day [PND]5) were habituate to a mask for 6 
days. The animals were conditioned as early as PND5 to assure mask tolerability 
and familiarization. Starting with 5 minutes per occasion for the first two days 
and increasing the acclimation time for 30 minutes, having their respective dam 
present through all steps (in the home cage and within the inhalation laboratory). 
Puppies were hold by technicians and covered with blankets to avoid any signs of 
hypothermia. The complete litter was present in the inhalation laboratory at the 
same time to avoid any signs of distress. Polyurethane sheets (dental dam®) were 
used to reduce the diameter of inhalation mask opening, creating a better fit and 
seal around the muzzle. Cage side observations were performed on each puppy 
after mask exposure. Inhalation behavior observations were recorded if abnormal-
ities were detected. Positive reinforcement of dams and providing a calm environ-
ment was shown to reduce several stress factors. Technicians were ever present, 
desensitizing of dams with positive reinforcement before parturition to allow the 
staff to start handling the puppies at an early age. Technicians showing a calm and 
confident manner, using soft tones and quiet voice are essential for the success of 
these type of studies. In conclusion, the use of the inhaled route in Sprague Dawley 
and Beagle dogs for ages as young as PND4 and PND5, respectively, was shown to 
be well tolerated, demonstrating that the inhalation route is an appropriate model 
for investigating pulmonary development in juvenile animals.
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 4194 Framework for Agrochemical Safety Assessment without the 
Two-Generation Reproduction Toxicity Study

Z. Yan1, L. Murphy1, Y. Li1, and S. Kisielewsk2. 1Corteva Agriscience, Indianapolis, IN; and 
2Corteva Agriscience, Newark, DE.

Toxicity testing of agrochemicals requires a comprehensive battery of animal 
studies in multiple species covering various life stages and exposure durations. 
Data from these studies are used to perform human health risk assessments. 
Among the list of studies, the two-generation reproduction toxicity study (2-gen) 
is the most animal-intensive study which typically uses about 3000 animals. As we 
work towards the future goal of an animal-free testing paradigm, a framework was 
proposed in which this particular study could be waived while retaining the ability 
to perform robust and protective risk assessments for agrochemicals. A meta-anal-
ysis was performed utilizing 2-gen data from the European Food Safety Authority 
(EFSA) conclusions for 108 agrochemicals. The available rat subchronic (13-week) 
NOAELs and the 2-gen parental, reproductive, and offspring NOAELs were tabulated 
for each chemical. The NOAELs were compared, and quantitative relationship was 
analyzed. The results indicated that for 103 out of 108 chemicals, the parental 
NOAELs are protective of reproductive and offspring NOAELs. Further, there is a 
clear relationship between rat subchronic and 2-gen parental NOAELs (R2=0.73) and 
an extrapolation factor (EF) of 10 was identified to cover 95th percentile chemicals. 
Additional analyses were conducted to compare the data gaps between 1-genera-
tion reproductive screening (1-gen), developmental toxicity studies and the 2-gen. 
Weight of evidence from existing short-term systemic, 1-gen, and developmental 
toxicity studies can potentially be predictive of 2-gen outcome. In terms of if a 
second generation is needed, the extended 1-generation reproductive toxicity study 
guideline has provided trigger criteria. Thus, data from existing repeated dose, 
1-gen, and developmental toxicity studies can be reviewed against those criteria 
for waiver justification. Herein, a framework for waiving the 2-gen is proposed. First, 
hazard identification can be informed by existing data. Second, from quantitative 
perspective, EF of 10 from rat subchronic NOAEL can serve as parental NOAEL 
being protective of overall 2-gen toxicity effects. Finally, if the chemical belongs 
to certain class of chemistry, read-across can be applied to increase confidence. 
Overall, the proposed framework provides both hazard and point of departure for 
assessing reproductive toxicity without conducting the 2-gen, thus providing a 
scientific basis for a 3Rs-based risk assessment approach for agrochemicals.

 4195 Teratogenicity Assessment of Antimalarials Early in Drug 
Development Using the ReproTracker Assay

A. Jamalpoor1, C. Demarta-Gatsi2, S. Hartvelt1, P. van Rossum1, G. Hendriks1, and 
B. Tornesi2. 1Toxys, Leiden, Netherlands; and 2MMV, Geneva, Switzerland.

Malaria is a widespread disease affecting millions of people, especially pregnant 
women, annually. Over the past decades, several novel antimalarials have been 
developed. Unfortunately, many of these have been shown to be developmental 
toxicants (teratogenic). This highlights the need for continued improvement and 
development of novel antimalarial medicines with a low probability of developmen-
tal toxicity, which can be used during pregnancy, to reduce maternal and newborn 
mortality rates. Currently, assessment of potential developmental toxicants relies 
mainly on mammalian-based models, which do not always represent the human 
condition and are run very late in drug development process. To establish a screen-
ing process to assess the teratogenic potential of antimalarials in accordance 
with the 3R’s principle and de-risk these chemicals early in the drug develop-
ment phase, we combined traditional embryo-fetal developmental (EFD) studies 
in mammals with new approach methodologies (NAMs), such as human stem 
cell-based test (ReproTracker®), to assess the developmental toxicity of antima-
larial drugs. ReproTracker is a state-of-the-art human induced pluripotent stem 
cell (hiPSC)-based biomarker assay that can identify the teratogenic potential of 
new chemicals with high accuracy (86%), sensitivity (86%), and specificity (86%) 
and provide evidence as to the likely outcome of in vivo studies. Here, we tested 
9 marketed (E.g., Artesunate and Artemether) and 5 MMV antimalarials in the 
ReproTracker assay and compared the results with the mammalian EFD outcomes 
in rat and rabbit. Compounds induced developmental toxicity in either one of the 
animal species were considered teratogenic. ReproTracker correctly identified the 
potential for developmental toxicity of 8 out of 9 marketed compounds and 3 out 
of 5 MMV antimalarials. In conclusion, this comparative study has demonstrated 
that ReproTracker, an animal-free screening platform, can be used for de-risking 
chemicals (antimalarials) early in drug development. This study also led us to 
conclude that we should consider integrated models for the early assessment of 
developmental toxicity.

 4196 Analyzing High-Throughput Assay Data to Advance the 
Rapid Screening of Environmental Chemicals for Human 
Reproductive Toxicity

J. R. Varshavsky1, J. Lam2, C. Cooper3, P. Allard4, J. Fung3, A. Oke3, D. Abrahamsson3, 
J. F. Robinson3, and T. J. Woodruff3. 1Northeastern University, Boston, MA; 2California 
State University, East Bay, Hayward, CA; 3University of California San Francisco, San 
Francisco, CA; and 4University of California Los Angeles, Los Angeles, CA.

Rapid screening of environmental chemicals for reproductive toxicity is required 
to advance predictive toxicology and chemical assessment. High-throughput 
(HTP) assays have been used as platforms for rapid assessment of reproductive 
toxicants; however, additional germline assays and method validation would further 
advance knowledge regarding fertility and reproductive health. We assessed yeast 
(S. cerevisiae) and roundworm (C. elegans) HTP assays related to germline function 
and other reproductive health endpoints by screening toxicity of 127 environmen-
tal chemicals and modeling each dataset using a streamlined, semi-automated 
benchmark dose software (BMDS) approach. We then extracted and modeled 
mammalian in vivo data from the Toxicological Reference Database (ToxRefDB, 
Version 2.0). We potency-ranked the data set from each evidence stream by 
BMD and evaluated rank order correlation between datasets using Pearson and 
Spearman correlation coefficients. Finally, we constructed a prediction model 
using machine learning to incorporate model descriptors (including data on QSAR, 
chemical properties, etc.) and tested model performance in predicting time to 
half-max (yeast assay). We compared agreement of the coefficient of determina-
tion (R2) and mean absolute error (MAE) between training and testing sets (80/20 
split) to evaluate the model’s predictive power. We found moderate to good correla-
tion between the three data sets. We also found great promise in predicting toxico-
logical outcomes with reasonable accuracy (Training R2: 0.97, testing R2: 0.61). Our 
findings indicate the HTP assays have great potential for making accurate predic-
tions of human reproductive toxicity of environmental chemicals.

 4197 Elucidating the Effects of GenX on Placental Trophoblast Cell 
Motility and Protein Expression

M. Watt, and R. Fry. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Per- and polyfluoroalkyl substances (PFAS) are found in many industrial and 
household products, due to their popular water-resistant abilities. Although some 
PFAS have been banned, hexafluoropropylene oxide dimer acid (HFPO-DA, referred 
to as GenX) is a newer and widely used PFAS found in a variety of products includ-
ing non-stick items, surfactants, and Teflon™ coatings. Humans are commonly 
exposed to PFAS as they are ubiquitous in the environment and long-lasting. Around 
the period of conception and pregnancy, women and the developing fetus may be 
particularly vulnerable to these exposures and their effects. PFAS has been shown 
to bioaccumulate in the body and alter placental development. Impaired placental 
function can cause adverse pregnancy outcomes such as preeclampsia, a leading 
cause of maternal mortality. Proper placentation is dependent upon the ability 
of placental trophoblast cells to invade and migrate through endometrial tissue 
and promote spiral artery formation. PFAS may alter placental development by 
impairing trophoblast motility and altering expression of migratory chemokines and 
inflammatory signals. To understand these molecular mechanisms, we tested the 
in vitro effects of GenX at 10, 100, and 1000ng/ml for 24hrs on human trophoblast 
cellular migration, invasion, and proteomeric expression. SVneo trophoblast cells 
showed a decrease in migration and invasion as GenX concentration increased. 
Proteomic analysis showed 100, 180, and 561 significantly altered proteins (p< 
0.05) at 10, 100, and 1000ng/ml GenX respectively. Amongst these proteins, 
mitochondrial function, heme regulation, and cellular signaling pathways were 
affected. Using this proteomics analysis and subsequent confirmation techniques 
such as western blotting, cell function assay, gene expression data, and solution 
models, we aim to further elucidate the mechanism of GenX effect on placentation 
and pregnancy outcomes. This is important for the development of preventative 
and responsive treatments for human use against the effects of PFAS compounds 
on pregnancy outcomes.

 4198 Manganese Alters Trophoblast Invasion and Migration in SVneo 
Cells In Vitro: Links to Preeclampsia

O. N. Avenbuan, H. Hartwell, A. N. Freedman, A. Bousquet, and R. C. Fry. University of 
North Carolina at Chapel Hill, Chapel Hill, NC.

Preeclampsia (PE) is a pregnancy-related disorder that impacts up to 8% of 
pregnant women worldwide. Clinically, PE is diagnosed through emergence 
of de novo hypertension and proteinuria development during the second half of 
pregnancy. This disorder impacts multiple maternal organs and end-organ damage 
which include (but are not limited to) the cardiovascular, renal, and hepatic 
systems. Importantly, PE can be life-threatening to both the mother and fetus. 
The suspected etiology of PE is related to superficial invasion of trophoblast cells 
into the myometrium, which supporting evidence shows is related to exposure to 
toxic agents, including metals. While research has demonstrated the damaging 
effects of exposure to toxic metals, few studies have investigated the potential for 
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essential elements to mitigate PE’s effects. In epidemiological studies, low levels of 
manganese (Mn), a ubiquitous and essential trace metal, has been shown to reduce 
the risk of PE, yet few toxicological studies assess the molecular mechanisms 
underlying this relationship. This study aimed to evaluate the impact of exposure to 
low levels of Mn, on the migration and invasion of trophoblast cells. SVneo tropho-
blast cells were exposed to four low and environmentally-relevant concentrations 
of Mn, ranging from 0.18 - 5 µM, and were assessed for the effects on migration 
and invasion using the scratch-wound assay. The results showed that 0.91 and 2.8 
µM Mn trended toward (p>0.05) increased migration and invasion in SVneo cells, 
respectively. This study has shown that Mn at low concentrations may influence 
in the invasion and migration of trophoblast cells. These results would support a 
solution-oriented follow-up supplement for women at high risk for PE. Given the 
high prevalence of PE worldwide, solution-oriented research is of great importance 
for public health promotion.

 4199 Development of a Label-Free Cytotoxicity Assay for 
Dose-Response Analysis

D. Sullivan, B. Streeter, O. Weems, A. Passaro, S. Chvatal, and D. Millard. Axion 
BioSystems, Atlanta, GA. Sponsor: M. Clements.

Cell-based in vitro cytotoxicity assays are a valuable tool for screening compounds 
for toxicity evaluation. Many in vitro cytotoxicity assays rely on dyes, or labels, 
to measure cell death at a single timepoint after a predetermined exposure time. 
Here, we characterized a real-time, label-free cytotoxicity assay for high-through-
put screening and dose response analysis. First, cancer cells (A549, SKOV3) 
were seeded into 96- and 384-well microplates with embedded electrodes in the 
substrate. Electrical impedance measurements from the electrodes in each well 
detected the attachment and proliferation of the cancer cells. Cytotoxic compounds 
were added 24 hours after the cancer cells and cytolysis was monitored for an 
additional 72 hours. Cytolysis of the cancer cells was calculated by comparing 
treated wells to no treatment control wells, and the kinetics of cell death were 
determined from the time required for the compounds to kill half of the cancer cells 
(kill time 50, KT50). A549 cells were cultured and treated with mitoxantrone at three 
concentrations to create “Max”, “Mid”, and “Min” treatment groups. The Z-prime was 
computed from the “Max” and “Min” treatment groups, corresponding to the lowest 
and highest concentrations of mitoxantrone, respectively, for each of three indepen-
dent assays. The Z’ was 0.81 +/- 0.03 across the three plates for an HTS assay in 
duplicate, reflecting high sensitivity and repeatability across plates. Furthermore, 
assay performance was characterized spatially across the plate, with no evidence 
of drift or edge effects. Finally, the cytotoxicity assay was used to measure the 
EC50 of six compounds, including mitoxantrone, with an 8-point concentration 
response analysis. The Hill equation was fit to the cytolysis assay data at 48 hours 
after introducing the compounds to calculate the EC50 (mitoxantrone - 16 nM, 
paclitaxel - 2 nM, doxorubicin - 73 nM). Future work will further evaluate the value 
of impedance-based assays for revealing mechanistic information in toxicology.

 4200 Investigation of the Cytotoxic Effects of Artesunate in 
Combination with Cisplatin on Proliferation and Morphology 
of Androgen-Sensitive (LNCaP), Androgen-Insensitive (PC-
3) Human Prostate Cancer Cell Lines and Normal Epithelial 
Prostate Cell Line (RWPE-1)

J. Smith1, D. Adedeji1, W. Ojo2, and G. Payne1. 1Elizabeth City State University, Elizabeth 
City, NC; and 2Precision Group, Eagan, MN.

This study investigates the cytotoxic effect and morphological changes that 
occur when a combination of Artesunate and Cisplatin is administered to human 
prostate cancer cell lines (LnCaP and PC-3) and a normal epithelial prostate cell 
line (RWPE-1). In vitro anti-proliferative activity of 3-(4,5-Dimethylthiazol-2-yl)-2, 
5-diphenyltetrazolium bromide (MTT) assay was used to assess the cytotoxic 
effects of each drug, and the combination in ratios 1:1, 1:2, and 2:1 of Artesunate 
and Cisplatin respectively. The drugs were administered to LnCaP, PC-3, and 
RWPE-1 for 72- and 120 - hour. Images of samples with and without the drugs were 
acquired using the TC20 automated cell counter. The study demonstrates that 
Artesunate and Cisplatin at 0.1 µM - 1 nM concentration range, leads to cell death 
and decrease cell viability. The combination of Artesunate with Cisplatin signifi-
cantly decreases cell viability by more than 30%, and the most cytotoxic effect was 
seen on PC-3 cell line at 1:2 ratio. Increased cell viability was observed on RWPE-1 
cell line for each drug and the combinations after 72-hr. This indicates that both 
drugs have little or no cytotoxic effect on the normal epithelial prostate cell line 
(RWPE-1). Changes were observed in the cells morphology with and without drugs 
using the TC20 automated cell counter. It was concluded that the combination of 
Artesunate with Cisplatin suppressed prostate cancer proliferation based on the 
dose and exposure time.

 4201 Differential Effect of 6-Pentadecyl Salicylic Acid over Cell Cycle 
Arrest in Healthy Human Cells versus Transformed Cells

S. Olguin-Reyes, E. Estrada-Muñiz, and L. Vega. Cinvestav Instituto Politécnico Nacional, 
Mexico City, Mexico.

Our research group has reported 6-petandecyl salicylic acid is genotoxic and 
cytotoxic in tumoral cells, but not in healthy cells like PBMCs. 6-pentadecyl salicylic 
acid (6SA) is a HAT inhibitor, therefore it allows changes of acetylation patterns of 
key proteins of the cell cycle, proliferation and DNA damage, processes that impact 
the survival and transformation of tumoral cell in malignant cell. We hypothesized 
that 6SA has a selectivity cytotoxic effect on tumor cells versus healthy cells, and 
could even protect healthy cells from DNA damage and cytotoxic effect of another 
chemical agent. Our aim is to determine and analyze the different responses of 
Jurkat cells and PBMCs cells to 6SA exposure before, co-treatment and post-treat-
ment with cisplatin at different stages of the cell cycle and key proteins involved 
thereof, as well as key proteins involved in DNA damage. We performed a, 18, 
24 and 30 hours time course assessment of cell cycle stages after cell culture 
exposure to 6SA and cisplatin by flow cytometry. Our preliminary results suggest 
that 6SA sensitizes Jurkat cell towards S-stage cell cycle followed by cell death, 
while no changes are observed in PBMCs cells.

 4202 SUMO-Mediated Regulation of Inflammasome Activation and 
Apoptosis: A Possible Adverse Effect of Diesel Particulate 
Exposure on Lung Epithelial Cells

N. Bidarimath, S. Thota, R. Begum, D. Mutyala, and S. Batra. Southern University and 
A&M College, Baton Rouge, LA.

Frequent exposure to air pollution demonstrates a correlation with an increased 
prevalence of respiratory health complications such as respiratory distress, asthma, 
and chronic obstructive pulmonary disease (COPD). Diesel particulate extract 
(DPE) is one of the anthropogenic air pollutants emitted due to the combustion of 
mainly non-road heavy-duty diesel engines in agricultural, construction, marine, and 
mining industrial settings. DPE is a mixture of toxic compounds such as benzene, 
chrysene, and several other organic and inorganic compounds. Inhalation of DPE 
affects normal lung homeostasis which can cause multiple adverse effects such 
as inflammation, immunomodulation, and other pulmonary pathological conditions. 
Recently, the role of reversible post-translational modification (SUMOylation or 
DeSUMOylation) has been implicated in inflammasome formation and apopto-
sis. However, a precise molecular mechanism interlinking DPE-mediated SUMO 
modification with inflammasome formation and apoptotic cell death remains 
unclear. We, therefore, hypothesized an important role of SUMOylation in inflam-
masome activation and apoptotic cell death during DPE exposure. We used human 
alveolar epithelial cells (A549) with type II characteristics for our studies. Briefly, we 
challenged A549 cells with DPE (1 mM, 10 mM, and 25 mM) for 24 and 48 hours, 
and determined the transcriptional and/or translational levels of SUMO conjugat-
ing proteins-SUMO1, SUMO2/3; SUMO E3 ligase-PIAS3; deSUMOylases-SENP3, 
SENP7; NADPH oxidase subunits; inflammasome associated proteins-NLRP3, 
NLRP10, NOD1, Caspase (CASP)1, IL-18, IL-1β; pro-apoptotic and caspase proteins. 
Interestingly, we observed that DPE exposure for 24h increased mRNA levels of 
SUMO1, SUMO2/3, and SENP7, in challenged cells. We also observed an increase in 
NLRP3 inflammasome components NLRP3, ASC (Apoptosis associated Speck like 
Protein), CASP1, proapoptotic genes, and initiator/ (CASP8, CASP9)/executioner 
CASP3 in A549 cells. However, deSUMOylase-SENP3 did not show any marked 
change in DPE-challenged cells. Interestingly, ASC neutralization in DPE-exposed 
A549 cells rescued CASP1, CASP8, and CASP3 activation. Our findings suggest 
the involvement of a parallel apoptotic pathway which may involve the activation 
of procaspase-8 via its recruitment through the pyrin domain of ASC (an adaptor). 
Detailed in vitro and in silico studies are in progress to evaluate: a) the signifi-
cance of SUMOylation in NLRP3-inflammasome activation and apoptosis; and b) 
protein-ligand interactions using computational modeling using STITCH, Autodock 
Vina, and Hex virtual screening tools in SAMSON platform.

 4203 Addressing MAP Kinase–Associated Dose-Limiting Toxicities 
through Implementation of Gastrointestinal Organoids and 
Primary Keratinocytes

A. T. Smith, J. P. Stutz, S. Berryman, K. Rank, W. Wu, and T. Baker. Eli Lilly and Company, 
Indianapolis, IN.

The ERK pathway is a well characterized MAP kinase pathway which is essential 
for cell proliferation, differentiation, and development. Tyrosine kinase receptors 
become activated through ligand binding which results in a phosphorylation 
cascade of downstream proteins Ras, Raf, Mek and ERK 1/2, subsequent nuclear 
translocation of ERK and phosphorylation of transcription factors which affect 
gene expression. Clinical administration of inhibitors of the ERK pathway result in 
dose limiting toxicities including rash and diarrhea. Treatment with EGFr inhibitors, 
knockout of EGFr in mice, and EGFr loss of function mutation in human results in 
skin effects and watery diarrhea (in human), suggesting that the skin and gastroin-
testinal effects are directly related to target inhibition. Members of the MAP kinase 
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pathway are mutated in a variety of cancers suggesting that the mutated versions of 
these proteins may be attractive targets for chemotherapy and may lack accompa-
nying dose limiting toxicities resulting from inhibition of wild-type genes. In vitro 
intestinal cell lines such as IEC6, Caco-2, HT-29, or HRA-19 may be tumor derived, 
require specialized or long-term culture conditions to generate multiple intestinal 
cell types, or may not express all of the cell types associated with the intestinal 
crypt. Gastrointestinal organoids can be isolated from multiple species, are able 
to be cultured in vitro, and contain all the cell-types representative of the intesti-
nal villus making them a more attractive model for the study of gastrointestinal 
biology. Human keratinocytes comprise the epidermis and differentiate from the 
immature basal layer to the mature stratum corneum. Differentiation increases and 
proliferation decreases as cells migrate to the stratum corneum and this process is 
accompanied by increases in calcium levels. Primary human keratinocytes can be 
cultured in vitro and markers such as Krt10, Krt16, IVL and FLG2 increase in mRNA 
expression when treated in high calcium medium or with EGFr inhibitors. Evidence 
suggests that rash associated with EGFr inhibition results primarily from effects 
on keratinocytes with secondary immunologic effects. In an effort to address dose 
limiting toxicities associated with ERK pathway inhibition pre-clinically, we have 
implemented mouse gastrointestinal organoids and primary human keratinocytes 
to investigate the effects of approved EGF, Her2 and ERK inhibitors on organoid 
viability and markers of keratinocyte differentiation. In addition, we have investi-
gated the effects of 21 compounds which do and do not result in clinical diarrhea 
in the GI organoid model. We have demonstrated that GI organoids do express 
components of the MAP-kinase pathway and that treatment of GI organoids with 
EGFr and Her2 inhibitors exhibited a correlation of ~0.90 when comparing EGFr 
IC50 to incidence of clinical diarrhea. Correlation of GI organoid viability and clinical 
diarrhea using compounds which do and do not result in diarrhea through a variety 
of mechanisms demonstrated that 7/9 compounds which cause diarrhea and 11/12 
compounds which do not cause diarrhea correlated to cytolethality. Investigation 
of mRNA markers of keratinocyte differentiation reveals that these markers can 
differentiate Her2 inhibition from EGFr inhibition. In addition, ERK phosphorylation 
is more dramatically affected by more potent EGFr inhibitors as compared to a 
mutant EGFr inhibitor or a Her2 inhibitor. These data suggest that the GI organoid 
and keratinocyte models can be used to mitigate dose limiting toxicities associated 
with wild-type vs. mutant inhibitors of the ERK pathway.

 4204 Ochratoxin A Induces Intestinal Fibrosis through TGF-β/miR-
155-5p Axis in Human Colon Carcinoma Cell Caco-2

K. Rhee, J. Hwang, J. Choi, H. Yoo, and K. Lee. Korea University, Seongbuk-gu, Seoul, 
Korea, Republic of.

Ochratoxin A (OTA), a mycotoxin produced by Aspergillus spp. and Penicillium 
spp., is found abundantly in most cereals and spices. OTA is known to cause 
rapid inflammation and diarrhea, which is accompanied by a decrease in epithe-
lial barrier function in the intestine. Consumption of foods containing OTA is fatal 
to the human intestine, besides the kidney and liver. The micro-ribonucleic acids 
(miRNAs) are small, highly conserved, non-coding single-stranded RNAs. miRNAs 
anneal to the 3′ UTR of target messenger RNAs (mRNA) and are significant regula-
tors of the gene expression process at the post-transcriptional level. miRNAs play 
a decisive function in different biological phenomena, including cell propagation, 
differentiation, growth, and apoptosis. Intestinal fibrosis is usually defined as 
an excessive accumulation of scar tissue in the intestinal wall and is a common 
complication of inflammatory bowel disease (IBD). The development of intesti-
nal fibrosis is complicated, and the specific mechanism has not been understood 
until today, however, researchers widely believe that the progression of intestinal 
fibrosis includes cells injury, production of transforming growth factor (TGF-β1), 
and activation of myofibroblasts and collagen-producing cells. This study focuses 
on the occurrence of fibrosis in human colon cell Caco-2 by the induction of TGF-β 
and miR-155-5p. OTA treatment significantly lowered cell viability with 200 nM 
treatment in Caco-2 cells, as shown in MTT (3-(4, 5-dimethyl thiazolyl-2)-2, 5-diphen-
yltetrazolium bromide) assay. The expression of TGF-β, a precursor for miR-155-5p, 
was increased in OTA-treated cells, thus elevating the level of miR-155-5p as 
well. Under OTA treatment, the mRNA and protein expressions of fibronectin 
(FN) and alpha-smooth muscle actin (α-SMA) were also increased by the fold 
of control, showing that OTA had evoked fibrosis. The inhibition of miR-155-5p 
before treatment of OTA in the Caco-2 cells successfully downregulated the mRNA 
and protein expressions of FN and α-SMA. However, the expression of TGF- β 
remains unchanged with the inhibition of miR-155-5p. TGF-β is known to induce 
the production of miR-155-5p, which plays an important role in TGF-β-mediated 
fibrosis, angiogenesis, and immunity. OTA treatment successfully upregulated both 
TGF-β and miR-155-5p expressions, resulting in the elevation of FN and α-SMA. 
Furthermore, the depletion of FN and α-SMA in the inhibition of miR-155-5p shows 
that miR-155-5p is crucial to fibrotic activation. Collectively, these results provide 
insight into which the treatment of OTA increases TGF-β expression, leading to 
elevation of miR-155-5p level, and this results in the progression of intestinal 
fibrosis in human colon cell Caco-2.

 4205 Hexavalent Chromium Disrupts Select Enhancer Function and 
Targets the AP1 Protein Complex

H. A. Zablon, J. Biesiada, X. Zhang, and A. Puga. University of Cincinnati, Cincinnati, OH.

Enhancers are critical gene expression control regions that are marked by open 
chromatin signals and transcription factor binding sites. Previous reports indicate 
that low-dose hexavalent chromium (Cr(VI)) disrupts chromatin accessibility around 
transcription factor binding sites and alters CTCF binding dynamics to bring about 
gene transcription misregulation. These two aspects make a compelling argument 
to investigate the impact of Cr(VI) on enhancer function, given that enhancers 
are extensively bound by transcription factors. Using FAIRE-seq, ChIP-seq and 
STARR-seq, we show that Cr(VI) preferentially increases accessibility at Cr-specific 
subset of enhancers. Although Cr(VI) has a minimal impact on direct enhancer 
output as measured byluciferase assay, there are attendant epigenetic changes 
that include a global increase in H3K27 acetylation enrichment. Mechanistically, 
Cr(VI) alters AP1 binding globally, including atcandidate enhancers that neighbor 
genes that are important for transcription factor binding and signaling. Overall, 
low-dose hexavalent chromium impacts gene transcription by altering transcription 
factor function on upstream gene regulatory regions.

 4206 Arsenic-Exposed Humanized Mice Exhibit Sex Divergence in 
Molecular Profiles Relating to Insulin Resistance

J. E. Todero1, C. Douillett2, B. Koller3, J. Snouwaert3, M. Kanke1, M. Styblo2, and 
P. Sethupathy1. 1Cornell University College of Veterinary Medicine, Ithaca, NY; 2Gillings 
School of Global Public Health University of North Carolina at Chapel Hill, Chapel Hill, NC; 
and 3University of North Carolina at Chapel Hill School of Medicine, Chapel Hill, NC.

Arsenic is a pervasive environmental toxin that is ranked as the number one 
priority for investigation by the Agency for Toxic Substance and Disease Registry. 
Chronic exposure to arsenic has been associated with type 2 diabetes (T2D). 
However, the underlying mechanisms remain largely unknown. We and others have 
demonstrated that arsenic treatment of INS-1 832/13 pancreatic beta-cells impairs 
glucose stimulated insulin secretion (GSIS), a hallmark of T2D, and that arsenic 
alters the microRNA (miRNA) profile in beta-cells more dramatically than other 
metals. MiRNAs have a well-established regulatory role in both normal beta-cell 
function and T2D pathogenesis. In addition, other studies have highlighted the 
association of iAs exposure with insulin resistance in peripheral tissues and impair-
ment of glucose homeostasis. However, an important caveat to the previous in vivo 
mouse studies is the inherent differences in iAs metabolism between species. iAs 
is metabolized by the enzyme arsenic +3 methyltransferase (AS3MT). Utilizing our 
novel humanized line, wherein 129S6/SvEvTac mice express the human variant 
of AS3MT, we designed a study in which iAs metabolism and circulating arseni-
cal distribution more closely resembles what is seen in humans. While sexual 
divergence of metabolic phenotypes is appreciated in different contexts, it is not 
known whether this is the case with iAs exposure. We hypothesized that male 
humanized mice would exhibit impaired metabolic phenotypes and related molecu-
lar profiles in the liver and adipose, relative to their female humanized counterparts. 
To test this hypothesis, ~5 month old wild-type and humanized mice of both sexes 
were treated with 400ppb iAs for 4 weeks and then sacrificed for tissue collec-
tion. Our study highlights a sex divergence in metabolic phenotypes in iAs-exposed 
humanized (but not WT) mice. We propose a general model in which humanized 
male mice exposed to iAs have elevated miR-34a and reduced Klf11, indica-
tors of insulin resistance. Also, in humanized female mice, genes that promote 
insulin sensitivity and glucose tolerance in both the liver and adipose are elevated 
compared to humanized male mice. These findings suggest that humanized 
females are protected from metabolic dysfunction relative to humanized males 
in the context of iAs exposure. Further studies should be aimed at determining the 
underlying mechanism for this sex-divergent effect.

 4207 Optimizing Circadian Transcriptional Machinery 
Output to Augment Cellular Resiliency in Operationally 
Extreme Environments

C. Cox1, S. Hussain2, and M. Kemp3. 1Oak Ridge Institute for Science and Education, 
Oak Ridge, TN; 2Air Force Research Laboratory, Dayton, OH; and 3Wright State University, 
Dayton, OH.

The USAF is continuously looking for ways to improve Airmen health and perfor-
mance, as well as prevent any adverse health effects due to operationally relevant 
stressors. The body’s circadian rhythm is a sophisticated cycle that regulates many 
functions of human physiology. During military deployed operations, there is an 
inherent conflict between the internal body clock and operational stress environ-
ment. Disruptions of the circadian rhythm have been shown to have many adverse 
health effects like sleep disorders, susceptibility to infections, depression and 
metabolic syndromes. Health effects like these could lead to a more vulnerable 
condition of Airmen in response to external stressors imposed by unique austere 
environments. Over the past few years, there have been numerous studies showing 
that small molecules that target the circadian clock can have beneficial effects 
in various tissues. For example, circadian clock enhancing compounds including 
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cryptochrome inhibitor KS15 and SR8278 have been shown to reduce DNA damage 
caused by chemotherapy drugs. Therefore, it is hypothesized that using existing 
small molecules that optimize the transcriptional output of the internal circadian 
clock cycle in cultured human keratinocytes can enhance the resilience of these 
cells when exposed to extreme stress environments. The main objective is to 
explore the possibility of restoring, maintaining or enhancing cellular response to 
extreme environments by optimizing the output of the circadian transcriptional 
machinery under conditions of exposure to extreme heat or extreme cold. CRISPR/
Cas9 gene editing was employed to knock out BMAL1 (brain and muscle Arnt-like 
protein-1) in the HaCat keratinocytes. BMAL1 is one of the core clock genes and is 
crucial for a healthy circadian rhythm. Introducing clock modulating compounds 
to BMAL1 knockout cells will determine if protective effects provided by the clock 
modulating compounds is acting on through the circadian feedback loop. In these 
experiments, BMAL1 knockout HaCat cells were exposed to clock modulating 
compounds under Air Force relevant stressors (extreme heat and extreme cold) 
and compared to wild type HaCat cells. Clock modulating compounds include 
cryptochrome inhibitor KS15 (Aobious-#AOB17572), Retinoic acid-related orphan 
receptor (ROR) agonist SR8278 (MilliporeSigma-#55735210MG), and ROR agonist 
Nobiletin (eMolecules-#552697935). After exposures under stress conditions, 
cells were analyzed via fluorescence imaging as well as assays for cell viability, 
mitochondrial membrane potential and reactive oxygen species (ROS) genera-
tion. Results show that wild type cells exposed to clock modulating compounds 
have significantly higher survival rate, higher mitochondrial membrane potential, 
and lower reactive ROS generation after exposure to extreme heat and extreme 
cold compared to control and BMAL1 knockout cells with the same exposures. 
In summary, our results show that clock modulating compounds may protect 
cells from extreme stress under different conditions. Distributions statement: A. 
Approved for public release. AFRL-2022-0808 Cleared on 2 November 2022.

 4208 An NRF2-Bound Antioxidant Response Element Regulates the 
HIF1α Axis

S. E. Lacher1, C. Skon-Hegg2, J. Krznarich1, and M. Slattery1. 1University of Minnesota 
Medical School, Duluth, MN; and 2Whiteside Institute for Clinical Research, Duluth, MN.

The transcription factor (TF) NRF2 regulates expression of many genes with 
antioxidant functions, and thus is a key player in the response to oxidative stress. 
Once activated, NRF2 binds to a regulatory DNA element known as the antioxidant 
response element (ARE). The downstream result of NRF2 activation in times of 
oxidative stress therefore is cytoprotective. However, its activity can have negative 
consequences, as NRF2 hyperactivation has been demonstrated to provide cancer 
cells an adaptive advantage. If we are to understand how NRF2 activity crosses 
the threshold from beneficial to detrimental we need to characterize NRF2 target 
genes that extend beyond just the canonical targets. We recently discovered an 
ARE upstream of the gene HIF1A, which encodes the hypoxia-inducible factor 
1-alpha (HIF1α) TF. Both NRF2 and HIF1α are TFs that respond to redox imbalance 
and disruption to these TFs are common in cancer. We found that reactive oxygen 
species and NRF2 are central regulators of HIF1A expression in human cancer, 
including two breast cancer lines, presumably through the ARE upstream of 
HIF1A. Herein, we build on this work to validate the causal relationship between 
this ARE and HIF1A in the context of the genomic locus. We used CRISPR/Cas9 
genome editing to generate HIF1A-AREMUT MDA-MB-231 human breast cancer 
cells. First, we used chromatin immunoprecipitation (ChIP) to measure direct 
NRF2 binding to the ARE in both wild-type (WT) and HIF1A-AREMUT cells. The 
ChIP normalized enrichment score in the HIF1A-AREMUT cells was significantly 
lower than WT (1.25 ± 0.40 & 6.33 ± 3.12, respectively; P<0.05), demonstrating that 
our ARE mutation strategy disrupts NRF2 binding. Further we found that HIF1A 
mRNA was significantly reduced in the HIF1A-AREMUT cells compared to the WT 
(4.37 ± 0.13 & 5.57 ± 0.55, respectively; P<0.01), which contributed to a ~2-fold 
decrease in HIF1α protein. Thus, mutation of the ARE upstream of HIF1A prevents 
NRF2 binding and reduces both HIF1A mRNA and HIF1α protein. We then wanted 
to explore the expression of two well-characterized HIF1α target genes important 
for cancer biology, CDKN1A (encodes for p21, a cyclin dependent kinase inhibitor 
that regulates the G1/S and G2/M cell cycle transitions) and SLC2A1 (encodes for 
GLUT1, a glucose uptake transporter) in the HIF1A-AREMUT cells. We found that 
expression of both CDKN1A and SLC2A1 mRNA was significantly decreased in the 
HIF1A-AREMUT cells when compared with the WT cells. We then explored if this 
reduction in CDKN1A and SLC2A1 resulted in altered cell cycle and glucose uptake 
phenotypes. First, for a CDKN1A-associated phenotype, we compared the percent-
age of cells in the G1, S, and G2 phases of the cell cycle by using propidium iodide 
staining and cell cycle flow cytometry analysis. We found a significant increase in 
the fraction of cells progressing from G1 to S phase after a shift to serum starved 
conditions in the HIF1A-AREMUT cells compared to the WT cells, (27.3 ± 1.62 and 
18.5 ± 1.85, respectively; P<0.01). Next, for a SLC2A1-associated phenotype, we 
found that glucose uptake was ~2-fold less in HIF1A-AREMUT cells compared to 
the WT. Both biological findings align with the altered CDKN1A and SLC2A1 expres-
sion patterns in HIF1A-AREMUT cells, and are important phenotypes associated 
with the HIF1α axis in cancer biology. In summary, HIF1A is a noncanonical NRF2 
target gene, and elimination of the NRF2 input at the HIF1A locus disrupts key parts 
of the HIF1α network. This ARE is highly conserved, and likely to be functionally 
relevant to cancer cell biology.

 4209 Targeted Intracellular Demethylation of Methylmercury 
Enhances Elimination Kinetics and Reduces Developmental 
Toxicity in Transgenic Drosophila

I. Krout, T. Scrimale, and M. D. Rand. University of Rochester, Rochester, NY.

Methylmercury (MeHg) persists today as a priority public health concern. 
Mechanisms influencing MeHg metabolism, kinetics, and toxicity outcomes are 
therefore essential knowledge for informing exposure risks. Existing studies point to 
different toxic potencies of MeHg and inorganic mercury (Hg2+), highlighting the role 
for biotransformation (demethylation) in regulating MeHg toxicokinetics/dynamics. 
Whereas microbial MeHg demethylation in the gut is seen to influence elimination 
kinetics, the potential for systemic demethylation in tissues and target organs to 
influence MeHg toxicity remains uncertain. To investigate the consequences of 
MeHg demethylation in situ in various tissues in vivo we ectopically expressed the 
merB organomercurial lyase enzyme of the bacterial mer operon in Drosophila. 
We have previously established that merB is capable of demethylating MeHg, 
generating Hg2+, independent of all other mer components in E. coli. Here, we first 
confirmed the expression of functional merB enzyme activity in transgenic flies 
showing demethylation of MeHg in vivo. We next assessed the ability of merB to 
alter MeHg toxicity in development. With all combinations of merB-induced demeth-
ylation in vivo; ubiquitously (via an actin promoter) or in a tissue-specific manner 
(gut, muscle or neurons), we observe a rescue of MeHg-induced eclosion failure 
at the pupal to adult transition. In MeHg-fed larvae with ubiquitous or targeted (gut 
and muscle) merB expression, we see a significant decrease in MeHg body burden 
at the pupal stage relative to control flies. We also observe a significant increase in 
the MeHg elimination rate with merB demethylation induced in adult flies (control, 
t1/2 = 7.2 days; merB flies, t1/2 = 3.1 days). With neuronal-specific merB expression, 
we observe a rescue of MeHg-induced eclosion failure, yet, without a decrease in 
Hg body burden. The latter effect is consistent with an observed redistribution of Hg 
away from the brain. Together, these results demonstrate a previously unidentified 
potential for intracellular MeHg demethylation to promote transport and elimination 
of Hg and reduce developmental MeHg toxicity. Supported by NIEHS R01 ES030940, 
P30 ES001247, T32 207026.

 4210 Effects of Dietary Folate Intake on Gene Transcription in 
Sperm of BORCS7/AS3MT Humanized Mice Exposed to 
Inorganic Arsenic

T. Liu, B. Shang, C. Douillet, M. Miller, O. Shi, A. Grmani, P. H. Cable, F. Zou, 
S. A. Krupenko, F. Y. Ideraabdullah, R. C. Fry, and M. Styblo. University of North Carolina 
at Chapel Hill, Chapel Hill, NC.

Previous study from the Styblo lab has suggested that preconception exposure to 
inorganic arsenic (iAs) may contribute to development of diabetic phenotypes in 
mouse offspring by altering transcriptomic profiles in parental germ cells. Notably, 
transcriptomic effects of iAs and its methylated metabolites differed in sperm 
exposed to these arsenicals ex vivo, suggesting that capacity to methylate iAs may 
play a role in the effects of preconception iAs exposure. Arsenic methyltransferase 
(AS3MT) methylates iAs using methyl groups from the folate-dependent one-carbon 
metabolism. Evidence from population studies has shown that dietary folate intake 
modifies iAs metabolism and toxicity. We hypothesized that folate intake would 
alter effects of iAs exposure on transcriptome of sperm by modifying iAs metabo-
lism, and that the impact of folate would be more pronounced in mice expressing 
human AS3MT, that manifest impaired capacity to methylate iAs. To test these 
hypotheses, male and female wild-type (WT) C57BL/6 mice and C57BL/6 mice 
expressing the human BORCS7/AS3MT locus (Hs) were fed folate deficient (FD, 
0 mg /kg), folate adequate (FA, 2 mg/kg), or folate supplemented (FS, 10 mg/kg) 
diets for 6 weeks, followed by exposure to 0 ppb (control) or 400 ppb iAs (arsenite) 
in drinking water for 5 weeks, while on the same types of diet.. RNA-sequencing was 
used to characterize genome-wide transcriptomes in sperm. Pairwise comparisons 
were carried out to identify genes that were differentially expressed in response to 
diet or iAs treatment. Strain effect was examined by pairwise comparison between 
Hs and WT mice at each iAs exposure and folate level. Pathway and functional 
protein networks associated with differentially expressed genes were analyzed 
using Search Tool for the Retrieval of Interacting Genes/Proteins (STRING). No 
gene transcript was significantly altered in sperm of Hs mice exposed to iAs 
compared to unexposed control Hs mice under any folate intake. There was 1 gene 
transcript significantly altered by iAs exposure in sperm of control WT mice in each 
of the dietary groups, namely Saa3 (FD), Mad1l1 (FA) and Pisd-ps1 (FS). Pairwise 
comparisons of sperm from iAs-exposed Hs mice with different folate intakes 
found 1 (FS vs FA), 21 (FS vs FD) and 36 (FA vs FD) differentially expressed genes, 
but no gene was differentially expressed in sperm of iAs-exposed WT mice in any 
of these comparisons. Twenty of the 21 genes identified in FS vs FD comparison in 
HS sperm were downregulated. The pathway enrichment analysis identified nine 
pathways linked to these 21 genes, most of them associated with B cell function, 
including “B cell receptor signaling pathway”, “B cell activation”, and “Lymphocyte 
activation” networks. Finally, pairwise comparison of iAs-exposed Hs and WT mice 
with the same folate intake identified 119 differentially expressed genes in FA, 1 
gene in FD and 28 genes in FS group. In contrast, the same comparisons among 
unexposed mice found only 1, 0, and 2 differentially expressed genes, respectively. 
Thus, folate intake had major effects on sperm transcriptome of Hs mice exposed 
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to iAs, but little or no effects on sperm transcriptome of iAs-exposed WT mice or 
control Hs and WT mice. This data suggests an interaction between iAs exposure 
and folate intake in Hs, but not WT mice.

 4211 Sex-Specific Transgenerational Effects of Preconception 
Exposure to Arsenite in C57BL/6 Mice

B. Shang, A. Venkatratnam, C. Douillet, M. Miller, Q. Shi, T. Liu, F. Zou, F. Y. Ideraabdullah, 
R. C. Fry, and M. Styblo. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Chronic exposure to inorganic arsenic (iAs) has been linked to diabetic phenotypes 
in humans and mice, but the role of iAs exposure prior to conception and its 
transgenerational effects are understudied. Our previous study showed that 
preconception exposure of C57BL/6J mice to 200 ppb iAs changed gene expres-
sion profiles in paternal sperm and resulted in insulin resistance in male offspring. 
The present study used a transgenerational design to investigate transcriptomic 
effects of preconception iAs exposure using a more biologically relevant dosage 
(2 ppm). C57BL/6J parent mice (G0) were exposed to 2 ppm iAs (arsenite) in 
drinking water for 10 weeks before mating. Indicators of diabetic phenotypes 
were measured in the first (G1) and the second generation (G2) of their offspring. 
RNA-sequencing was used to characterize transcriptomes in germ cells from all 
three generations, in livers of G1 and G2 generations, and in white adipose tissue 
of G2 generation. Pathway and functional protein networks associated with expres-
sion of significantly altered genes were identified using Search Tool for the Retrieval 
of Interacting Genes/Proteins (STRING). We found that only 1 gene was differen-
tially expressed in G0 sperm after iAs exposure, as compared to 2629 genes in 
G0 oocytes. Antigen processing and MHC class II protein complex were the most 
enriched protein networks in G0 oocytes. Parental exposure to iAs resulted in differ-
ential expression of 18 genes in oocytes from G1 mice, while no gene transcript 
was altered in G1 sperm. In comparison, 232 and 220 genes were differentially 
expressed in livers of G1 males and females from parents exposed to iAs, respec-
tively. Multiple pathways related to long-chain fatty acid metabolism were enriched 
in livers of G1 females. In G2 sperm and oocytes, 42 and 334 genes were differ-
entially expressed as a result of iAs exposure of G0 grandparents, respectively. 
Protein function networks associated with mitochondrial respiratory chain function, 
specifically complexes i and iv, were the most enriched in G2 oocyte. In livers of G2 
males, 3803 gene transcripts were altered, yet no gene transcript was significantly 
altered in female livers. In comparison, 940 and 2793 genes were differentially 
expressed in white adipose tissue of G2 males and females, respectively. Insulin 
signaling pathway was among the enriched pathways in livers of both G2 males 
and females. A protein network associated with Dysregulated miRNA targeting in 
insulin/PI3K-Akt signaling pathway was significantly enriched only in liver of G2 
males. Notably, exposure of G0 generation to iAs resulted in increased adipos-
ity and insulin resistance in G2 males, but not G2 females. This data suggests 
that sex-specific transcriptomic effects in germ cells and/or tissues of G0 and G1 
generations may underlie the diabetic phenotype of G2 males.

 4212 Zinc Supplementation Alters Tissue Distribution of 
Arsenic in Mus musculus with Corresponding Changes in 
Metal Transporters

J. R. Schilz1, E. J. Dashner-Titus1, C. P. Wong2, S. C. Alvarez1, K. Simmons1, E. Ho2, 
and L. G. Hudson1. 1University of New Mexico, Albuquerque, NM; and 2Oregon State 
University, Corvallis, OR.

Arsenic (As) exposure is a global concern because it is found at elevated levels 
in contaminated soil and water supplies. The As from these sources can find its 
way into the human body through ingestion of foods grown in contaminated soils, 
dust inhalation, and consumption of tainted water. Prolonged exposure to elevated 
levels of As have been linked to a variety of diseases including cardiovascular 
disease, skin disorders, immune disorders, neurotoxicity and cancer. A variety of 
mitigation strategies have been used to combat As exposure however zinc (Zn) 
supplementation remains a possible therapeutic option that requires further study. 
Cell-based studies have shown that Zn supplementation is able to counteract some 
of the molecular impacts of As exposure. To investigate the distribution of As and 
Zn in different tissues and the alterations in tissue distribution when given combina-
tion treatment, mice were exposed to 5 ppm sodium arsenite, 10 ppm zinc chloride, 
or a combination of the two in drinking water for a total of six weeks. Plasma, liver, 
spleen, and kidney tissues were harvested for ICP-MS analysis to evaluate As and 
Zn concentrations and qRT-PCR was performed to analyze changes in known As 
and Zn transporters. As treatment alone significantly increases the amount of As 
in all tissues while Zn supplementation alone did not alter the amount of Zn in any 
of the tissues. However, Zn supplementation decreased the levels of As in plasma, 
liver, spleen, and kidney. Highlighting possible causes of these results, in the liver 
the decreased accumulation of As in the presence of supplemental Zn corresponds 
with an increase in Mrp1 (a known As(GS)III exporter) expression. This increase is 
only seen in the presence of both metals. As treatment did not cause liver damage 
as measured by serum Alt-1. In the spleen, supplemental Zn increases expression 
of Glut1, which when combined with As exposure may assist in the reduction of 
arsenicals. In the kidney, As and Zn treatments individually decrease the expres-
sion of Aqp9 (transporter that causes the efflux of methylated arsenic metabolites) 

and the result is additive in the combination treatment. The enhanced reduction of 
Aqp9 may contribute to the reduced tissue arsenic observed in the combination 
treatment. Of note, As treatment alone decreases the amount of Zn in the kidney 
and when supplemental Zn is given, the Zn concentration in the tissue returns to 
normal. This phenomenon corresponds to an increase in expression to Zip10 (a Zn 
importer) and Mrp2 (an arsenic exporter). Results from this study demonstrate that 
Zn supplementation can lower As accumulation in a variety of tissues, which may in 
turn lessen the negative impacts of arsenic exposure.

 4213 Toxicity of Metal Compounds in Human Precision-Cut Lung 
Slices Ex Vivo

K. Grieger1, O. Danov1, H. Obernolte1, M. Niehof1, H. Fieguth2, A. Braun1, K. Sewald1, 
F. Schulz1, and T. Hansen1. 1Fraunhofer Institute for Toxicology and Experimental 
Medicine, Hannover, Germany; and 2KRH Hospital Siloah, Hannover, Germany.  
Sponsor: A. Bitsch.

Metals are constant present in our daily life, for example as components of stainless 
steel, semiconductors or in medical devices. However, many metals reveal inflam-
matory and even carcinogenic potentials following inhalation. Hereby, the toxicity 
often depends on the respective metal species, decisive factors are oxidation state 
and solubility and - in case of metal particles - their size (nano-/micro-scaled) as 
well as structure (granular or fibrous). Due to the ubiquitous distribution of metals 
and the associated need to limit exposure and set exposure limits for workplace 
and environment, determining the health hazards and elucidating the toxicologi-
cal mechanisms of action of the various forms of metals are extremely relevant. 
The aim of this project was to design comparatively easy-to-use in vitro and ex 
vivo models for the toxicological evaluation and grouping of different metal-based 
compounds, which differ in their solubility and bioavailability. In this study, the 
toxicological effect by poorly soluble or biopersistent metal particles (nanoparti-
cles) and fibers (nanowire), or soluble metal ions was investigated. To provide some 
insight into the underlying processes, human precision-cut lung slices (PCLS) as a 
valuable ex vivo model, were treated over 24 hours with copper (Cu) and silver (Ag) 
in three different forms (nanoparticles, nanowire and as a salt of nitrate or sulfate). 
Cytotoxic effects of the tested compounds were evaluated in a dose-dependent 
manner in PCLS obtained from three biological donors by LDH and WST-1 assays. 
Moreover, proinflammatory effect was evaluated by measuring IL-1β via ELISA. 
Ag nanowires were well tolerated in distal human lung tissue ex vivo in contrast to 
other Ag and Cu forms. This lack of toxic effect by Ag nanowires in human PCLS 
was observed at all tested concentrations up to the highest concentration of 500 
mg/mL. However, the other Ag forms (Ag nanoparticles and Ag nitrate) and all Cu 
forms (Cu nanoparticles, nanowire and Cu sulfate) showed dose-dependent toxicity 
in human lung tissue (decreased metabolic activity up to 65% (Ag nanoparticles), 
up to 90% (Ag nitrate) and up to 50-60% (Cu nanoparticles, nanowire, sulfate)). To 
evaluate, whether toxic effects of the tested metals correlated with IL-1β secretion, 
IL-1β was measured extrinsically and intrinsically in human PCLS. Only a slight 
induction, but not an extrinsic release of IL-1β was observed within the acute time 
period of 24h for both Ag nanowire and Cu nanowire treated tissue. The soluble 
metal salt (Cu sulfate, Ag nitrate) showed intrinsic induction and also an extrinsic 
release of IL-1β at treated concentrations of 5 mg/mL and above. However, Cu and 
Ag nanoparticles showed a concentration-dependent increase of intrinsic IL-1β 
(up to 71 pg/mL for Cu nanoparticles and up to 38 pg/mL for Ag nanoparticles in 
the highest applied concentration, compared with untreated control with 1.62 pg/
mL). In conclusion, Ag nanowires showed the least toxicological and proinflamma-
tory effect in human PCLS ex vivo. This initial toxicity evaluation in human PCLS 
shows that ex vivo metal testing in tissue culture is a promising approach for 
toxicity profiling. Furthermore, PCLS are a valuable model for elucidating toxicolog-
ical mechanisms and provide a good pretest platform for reducing animal groups 
in future in vivo studies. Acknowledgement: The project is funded by the German 
Federal Ministry of Education and research BMBF (NanoCare 4.0, MetalSafety).

 4214 Evaluation of Mercury Contamination in Chickens (Gallus gallus) 
and Soils in an Artisanal Gold Mining Area in Colombia

J. Ramirez-Ortiz, M. Duran-Izquierdo, L. Sierra-Marquez, and J. Olivero-Verbel. 
Universidad de Cartagena, Cartagena, Colombia.

Mercury (Hg) is one of the heavy metals with greatest impacts on ecosystems. 
Its use in artisanal gold mining is linked to environmental contamination and 
health risks to humans. Studies have indicated that communities surrounding 
gold mining areas are exposed to Hg through consumption of contaminated fish, 
although miners also eat meat from farm animals raised near gold mining areas. 
The objective of this study was to evaluate total Hg (T-Hg) concentrations in 
feathers of chickens (Gallus gallus), as well as in soils, from a gold mining area 
(San Martín de Loba-SML), comparing them to those registered in a reference site 
(Arjona) in Bolivar, Colombia. A total of 40 chickens were sampled in SML and 31 
in Arjona, together with 30 and 21 soil samples in each location, respectively. Total 
Hg analysis was performed using a direct Hg analyzer. The average T-Hg concen-
trations in chest feathers, rachises, and barbs from wing feathers were 2.37±0.42, 
0.72±0.32, 2.97±1.26 µg/g in SML and 0.41±0.05, 0.23±0.04, 0.76±0.07 µg/g in 
Arjona, respectively. In soils, T-Hg levels were 45.5±12.4 µg/g in SML and 0.04±0.00 
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µg/g in Arjona. Biological and soils samples from SML examined for Hg depicted 
significant average differences when compared to the reference location. The soils 
in SML were classified as highly to extremely contaminated, whereas those at the 
reference area were catalogued as not polluted. In conclusion, Hg released by 
artisanal gold mining is being bioaccumulated by birds utilized in the human diet, 
representing a health risk to the consumers. It is highly recommended that in gold 
mining areas poultry farming must be avoided. In addition, environmental education 
should be permanent in communities surrounding mining areas to reduce Hg 
contamination and its negative impact on animal and human health. Unicartagena 
Support to Research Groups and Doctoral Programs, 2021-2022; Grant 155/2019). 
MinCiencias (Young Talent, 826/2020, and Doctoral formation, 647/2014).

 4215 Assessing the Relationship between Toxic Metal Environmental 
Justice Indices and Preterm Birth in North Carolina

N. Gavino-Lopez, L. A. Eaves, and R. C. Fry. Gillings School of Global Public Health 
University of North Carolina at Chapel Hill, Chapel Hill, NC.

Prenatal metal exposure has been associated with an increased risk of preterm 
birth (PTB). In NC, metal exposure may occur via unregulated, contaminated private 
wells and may be exacerbated by racial and economic disparities. Low-income 
and minority communities that may have greater exposure to metal well water 
contamination can be identified via Toxic Metal Environmental Justice Indices 
(TM-EJI). TM-EJIs, calculated at a census tract level, are the product of three 
variables: the number of well water tests exceeding Environmental Protection 
Agency (EPA) standards for a specific metal, the difference between the state’s and 
census tract’s average of low-income and minority population, and the population 
density. TM-EJIs have been determined for four metals in NC (inorganic arsenic 
(iAs), cadmium (Cd), lead (Pb), and manganese (Mn)) and can be positive, negative, 
or equal to zero. Positive TM-EJIs identify geographic locations of concern where 
larger proportions of low-income and minority communities are exposed to private 
wells contaminated with iAs, Cd, Pb, or Mn. Negative TM-EJIs still identify locations 
where metal contamination occurs in private wells, but not necessarily among 
EJ communities. TM-EJIs are equal to zero when no well water tests exceed the 
national standards for the metal of interest. The aim of this study was to assess the 
relationship between the TM-EJIs and PTB prevalence at a census tract level in NC. 
Census tract-level PTB prevalence was calculated from 1.3 million birth certificates 
inclusive of all singleton non-anomalous live births in NC from 2003-2015. TM-EJI 
data, also at a census tract level (n=2,038) for each metal, were transformed into 
indicator variables, to allow for the assessment of changes in PTB prevalence as 
a result of TM-EJIs going from zero to positive values, and from zero to negative 
values. Four linear regression models were employed to analyze the relationship 
between the iAs TM-EJI and PTB, Cd TM-EJI and PTB, Pb TM-EJI and PTB, and 
lastly Mn TM-EJI and PTB. In total, data from n=1,935 census tracts were included 
in the regression models for the four TM-EJIs and PTB. Models were adjusted 
for the census tract percentage of mothers with less than high school education 
and the percentage of mothers greater than age 40 at delivery. The Pb and Mn 
TM-EJIs were related to the prevalence of PTB. Census tracts with positive Pb 
TM-EJIs had PTB prevalence on average 0.23% higher than census tracts with Pb 
TM-EJIs equal to zero (β: 0.23, 95% CI: -0.0084, 0.48, p-value: 0.059). Similarly, 
census tracts with positive Mn TM-EJIs had PTB prevalence on average 0.31% 
higher than census tracts with Mn TM-EJIs equal to zero (β: 0.31, 95% CI: 0.082, 
0.53, p-value: 0.0077). Moreover, census tracts with negative Mn TM-EJIs had PTB 
prevalence on average 0.34% lower than census tracts with Mn TM-EJIs equal to 
zero (β: -0.34, 95% CI -0.54, -0.14, p-value: 0.00097). The results from the present 
study highlight that PTB prevalence is higher in census tracts with elevated Pb and 
Mn, TM-EJIs. These findings highlight the impact of joint exposure of chemical and 
non-chemical stressors on PTB risk. The data highlight the importance of public 
health action and prioritization in communities that are impacted by racial and/or 
economic disparities.

 4216 Sex-Specific Associations between Umbilical Cord Essential and 
Toxic Metals and Neurocognitive Outcomes in Extremely Low 
Gestational Age Newborns (ELGANs)

K. N. Stuckey1, E. D. Brown1, A. Oran2, C. A. Marable3, R. M. Joseph4, T. M. O’Shea3, 
and R. C. Fry1,2,3. 1Gillings School of Global Public Health University of North Carolina at 
Chapel Hill, Chapel Hill, NC; 2Institute for Environmental Health Solutions University of 
North Carolina at Chapel Hill, Chapel Hill, NC; 3University of North Carolina at Chapel Hill 
School of Medicine, Chapel Hill, NC; and 4Boston University School of Medicine,  
Boston, MA.

The association between the exposure to metals and neurocognitive development 
among extremely premature children born prior to 28 weeks gestational age is 
understudied. This analysis aimed to determine if prenatal exposure to metals is 
negatively associated with intelligence quotient (IQ) in Extremely Low Gestational 
Age Newborns (ELGANs). A total of n=294 subjects were included in the investiga-
tion of the relationship between the concentrations of eleven metals in umbilical 
cord and IQ (ages 10 and 15). Generalized linear models were used to examine 
an association of single and multiple metals and IQ. Quantile g-based computa-
tion was used to examine the mixtures-based effects in relation to IQ. Statistical 

significance was defined as p < 0.05. When data from male and female ELGANs 
were analyzed jointly, strontium levels were associated with decreased IQ at age 10 
(beta= -0.0054). At age 15, cadmium levels and barium levels were associated with 
decreases in IQ (beta= -0.0075 and -0.034, respectively). The mixture of the eleven 
metals was associated with decreased IQ at age 15 (beta=-4.072). Decreases in IQ 
were also identified in relation to the toxic metal mixture of lead, strontium, mercury, 
barium, cadmium, arsenic, manganese, and lead (beta=-3.86). Sex-stratified 
analysis showed a differential response in relation to individual metals. For 
example, males displayed a negative association between strontium and IQ at age 
10 (beta= -0.0089), while females did not. Similarly, at age 15, only males displayed 
negative associations between lead and barium (beta estimates -0.033 and -0.047, 
respectively). None of the individual metals were associated with IQ declines when 
analyzed in female participants separately at age 10 or 15. In summary, these 
results support that exposure to prenatal metals adversely affects neurocognitive 
development in extremely preterm children, with sex-related differences.

 4217 Evidence for Zinc Toxicity in Insulin-Producing Beta Cells as a 
Contributor to Type 2 Diabetes Mellitus in Carriers of the Risk 
Allele R325 of the Beta Cell Zinc Transporter ZnT8

J. Wang, M. G. Hayes, and M. El Muayed. Northwestern University Feinberg School of 
Medicine, Chicago, IL.

Failure of insulin producing β-cells in the setting of insulin resistance is the underly-
ing cause for type 2 diabetes mellitus (T2DM). This however only occurs in a subset 
of individuals susceptible to β-cell dysfunction and T2DM. Emerging experimental 
and epidemiologic evidence points to excess zinc (Zn) in insulin producing β-cells 
as a potential contributor to β cell failure in the setting of T2DM. This includes 
an increased risk for T2DM in carriers of a single nucleotide polymorphism (SNP; 
rs13266634) in the SLC30A8 gene which encodes the β cell Zn transporter ZnT8. 
The frequency of this risk allele is 70-81% in most populations. ZnT8 is mainly 
expressed in β-cells, where it has been shown by others and us to contribute to 
achieving a high concentration of Zn in secretory insulin vesicles. Insulin produc-
ing β-cells contain an exceptionally high concentration of Zn while at the same 
time exhibit a high rate of Zn turnover owing to the co-secretion of high quanti-
ties of Zn with insulin. Most of cellular Zn is bound to buffering proteins such as 
metallothionein to mitigate the toxic effect of free Zn. Given the high Zn turnover 
in β-cells, it is likely that β-cells may be at increased risk of excess free Zn under 
certain conditions. Prior evidence by us and others, showing that the T2DM risk 
variant of rs13266634 to be associated with a significantly higher Zn concentration 
in native human pancreatic islets provides additional support for the possibility 
of β-cell Zn excess as a contributor to β-cell failure in the setting of T2DM. To 
investigate this, we conducted an analysis of urinary concentrations of trace metals 
and their association with 2-hour glucose values in a large international cohort 
of mothers and their offspring across 10 international field centers -the HAPO 
Follow Up Study (HAPO-FUS). Multiple linear regression analysis in mothers and 
offspring with adjustment for T2DM risk factors was performed. 2-hour glucose 
values during an oral glucose tolerance test (OGTT) were chosen as an outcome 
variable due to their strong predictive value for further development of T2DM. 
Metals included in the regression analysis were Zn, Se, Cd, and As. Our analysis 
showed a strong regional variation in urine metal profiles between international 
centers. We observed a strong correlation between maternal (n= 1012, age 42 +/- 
5.6 yrs) and offspring (n= 1013, age 11.5 +/- 0.8 yrs) concentrations of several 
metals including Zn, Hg, Cd, Pb, As, Se. A strong, significant positive association 
between the 2-hour glucose and urinary Zn and Se, and a weak negative associ-
ation with As, were observed in mothers after adjusting for known dysglycemia 
risk factors (parameter estimates 6.03, 4.37, and -2.36 respectively). In offspring, 
a significant association with the 2-hour glucose values was observed only for 
urinary Zn (parameter estimate 2.49). This result supports the hypothesis that 
excess supply of the essential trace element Zn is associated with an increased 
risk for developing dysglycemia. In subsequent regression analysis that included 
the T2DM risk allele (one or two copies) at rs13266634, we observed a significant 
association between 2-hour glucose values and the urinary Zn as well as a signifi-
cant interaction term between rs13266634 and urinary Zn (parameter estimate 5.18 
for Zn, -5.87 for the interaction of Zn X C/T genotype) . This result suggests the 
relationship between urinary Zn and 2-hour glucose values is likely modified by the 
rs13266634 T2DM risk allele. Taken together, these results provide support for the 
emerging evidence pointing to excess Zn as a contributor towards the development 
of T2DM -potentially through β-cell Zn overload with resulting toxicity. This correla-
tion may be stronger in carriers of the T2DM risk allele at rs13266634.

 4218 Metallothionein Protects against Hg-Induced Nephrotoxicity in 
Models of Reduced Renal Mass

A. J. Caroland, C. Bridges, L. Joshee, and P. Lotwala. Mercer University, Macon, GA.

Metallothioneins are low-molecular-weight proteins that are rich in sulfhydryl 
groups. Consequently, they bind readily to metal ions such as mercury (Hg). Hg 
is an important environmental toxicant to which humans are exposed regularly. 
Individuals with renal insufficiencies, such as those with chronic kidney disease 
(CKD), may be more susceptible to the effects of Hg, and the progression of the 
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disease may be enhanced by exposure to Hg. We hypothesize that metallothionein 
(MT) acts as an endogenous antioxidant that can reduce the nephrotoxic effects 
of heavy metals. This is particularly important in patients with reduced renal 
function, such as those with CKD. To test our hypothesis, we will use male and 
female Wistar rats that have undergone a uninephrectomy or are sham controls. 
Animals were allowed to recover for three weeks and were then injected intraper-
itoneally with saline or zinc, followed by intravenous injection with HgCl2 (0.5 or 
1.25 µmol kg-1). Rats were euthanized 24h after the Hg injection, and a kidney and 
liver were harvested. One-half of one kidney was placed in fixative for histological 
analyses; the remaining renal tissue was frozen immediately in liquid nitrogen for 
future studies. qPCR and Western blotting were used to confirm that the injection 
of rats with zinc enhanced the expression of mRNA encoding metallothionein (MT). 
Expression of mRNA encoding superoxide dismutase and glutamate-cysteine ligase 
was also measured in the kidney using qPCR to show that MT reduced oxidative 
stress in these organs. Histological analysis of kidney sections showed signifi-
cant renal injury in animals injected with saline and exposed to 1.25 µmol HgCl2. 
Interestingly, renal injury in corresponding animals injected with zinc demonstrated 
less nephrotoxicity, suggesting that increased expression of MT protects against 
Hg-induced nephrotoxicity. Enhanced expression of MT may slow the progression 
of renal disease in individuals who live in areas contaminated with heavy metals.

 4219 Cadmium Modulates Biopterin Metabolism in Human 
Placenta Trophoblasts

S. Yang1, Y. Jan1, L. M. Aleksunes2, D. E. Heck3, D. L. Laskin2, and J. D. Laskin1. 1Rutgers 
School of Public Health, Piscataway, NJ; 2Rutgers Ernest Mario School of Pharmacy, 
Piscataway, NJ; and 3New York Medical College, Valhalla, NY.

Trophoblasts are critical for the growth of the placenta and fetus. Exposure to 
heavy metals such as cadmium has the potential to disrupt trophoblast function, a 
process that can compromise placental and fetal development. In earlier studies, 
we demonstrated that cadmium disrupts biopterin metabolism in neuronal-derived 
cells by targeting sepiapterin reductase (SPR), an NADPH-dependent enzyme that 
catalyzes the reduction of sepiapterin to dihydrobiopterin (BH2). Dihydrofolate 
reductase (DHFR), a key enzyme in one carbon metabolism, further metabolizes 
BH2 to tetrahydrobiopterin (BH4), a cofactor for enzymes important in aromatic 
amino acid hydroxylases and the nitric oxide synthases. In the present studies, 
we show that cadmium reduced the conversion of sepiapterin to BH2 and BH4 
in a time- and concentration-dependent (3-10 µM) manner. Using recombinant 
human enzyme and lysates from healthy, term human placentas, cadmium was 
also found to inhibit SPR (IC50 = 24.2 µM for the recombinant enzyme and IC50 
= 380 µM for placenta). In placental lysates, dithiothreitol (2 mM) reversed SPR 
inhibition by cadmium indicating that this heavy metal reversibly binds to thiol 
groups in SPR. Similarly, cadmium inhibited SPR in human placental BeWo chorio-
carcinoma trophoblasts. Moreover, treatment of BeWo cells with BH2 readily 
formed BH4 in a time- and concentration-dependent manner. Cadmium inhibited 
BH2-mediated formation of BH4 (IC50=1.6 µM); these data indicate that cadmium 
reduces DHFR activity. DHFR was found to be 2-3 fold more sensitive to disruption 
by cadmium than SPR. The Keap1-Nrf2 pathway is important in cellular defense 
against oxidative and/or electrophilic stresses. Knockdown of Nrf2 or Keap1 in 
BeWo cells did not alter the inhibitory effects of cadmium on SPR or DHFR. Taken 
together, these data demonstrate that cadmium targets BH2/BH4 biosynthesis in 
placental trophoblasts cells by inhibiting SPR and DHFR in a process that is not 
mediated by oxidative or electrophilic stress. Inhibition of enzymes requiring BH4 in 
the placenta may be an important mechanism by which cadmium induces develop-
mental toxicity. Supported by NIH grants AR055073, ES029275, and ES005022.

 4220 Total Mercury in Indigenous Communities of the 
Bolivian Amazon

W. Peñates-Hernandez1, L. Sierra-Marquez1, L. Ricardo-Navarro1, W. Martinez-Beltran1, 
O. Campanini-Gonzalez2, G. Mondaca2, and J. Olivero-Verbel1. 1Universidad de 
Cartagena, Cartagena, Colombia; and 2CEDIB, Cochabamba, Bolivia, Plurinational 
State of.

The Amazon is a unique place on the planet because of its irreplaceable biodiver-
sity and contribution to the regulation of global climate. Unfortunately, it is being 
destroyed by deforestation and impacts derived from gold mining, one of them, 
mercury (Hg) pollution, affecting the health of indigenous communities. This study 
aimed to quantify the concentration of total mercury (T-Hg) in human hair and 
fish in indigenous communities living in Bolivia. Analyses of T-Hg in biological 
samples was carried out using a direct mercury analyzer. A total of 838 human 
hair samples were collected from indigenous communities living on the basins 
of the Beni (n=435), Madre de Dios (n=350), and Mamore (n= 53) rivers, with 
total-Hg values in hair ranging from 1.2 to 27.1, 0.1 to 114.4 and 0.1 to 6.2 µg/g, 
respectively. Among all participants, 89.4% registered levels exceeding 1 µg/g. 
Fish muscle samples (n=139, 23 species) were collected from the Beni, Quiquibey, 
and Tuichi rivers. Total Hg in fish muscle ranged between 0.1 to 3.7 µg/g fw. The 
species showing the highest average value was Cetopsis othonops (2.7±0.4 µg/g), 
followed by Hemisorubim platyrhynchos (1.8 µg/g) and Zungaro zungaro (1.7±0.34 
µg/g). Among evaluated fish, 27.3% had T-Hg levels above the permissible limits 

established by the WHO (0.5 μg/g). These results demonstrate the non-compliance 
with the Minamata Agreement, and the need to evaluate the toxic effects of Hg 
in exposed populations, as well as to respect and guarantee human rights to the 
indigenous communities in the Amazon. CEDIB. Unicartagena (Support to Research 
Groups and Doctoral Programs, 2021-2022, Grant 155/2019); MinCiencias (Doctoral 
Formation, 647/2014).

 4221 California Proposition 65 Exposure Assessments for Lead in 
Three Different Consumer Products and Comparison to Various 
Established Risk Values

R. Doerer1, J. Ator2, Z. Guerrette1, and M. H. Whittaker2. 1ToxServices LLC, Ann Arbor, MI; 
and 2ToxServices LLC, Washington, DC.

Lead is a ubiquitous environmental contaminant that is frequently detectable in 
various products as an unavoidable impurity, potentially resulting in consumer 
exposure. Health-protective toxicity criteria are needed to support human health 
risk assessments for lead, but the rate of increase of lead’s health effects dataset 
may outpace the rate of development of appropriate toxicity criteria, particularly 
because no objectively safe lead exposure level has been identified. Lead is listed 
on the State of California’s Proposition 65 List as known to the State to cause 
cancer, developmental toxicity, and reproductive toxicity. California’s OEHHA 
established a NSRL of 15 µg/day for lead as a carcinogen based on results of 
studies in rats that indicate oral dosing with lead is related to the development of 
renal tumors. OEHHA has additionally established a MADL of 0.5 µg/day for lead 
as a reproductive and developmental toxicant. The Proposition 65 listing of lead 
as a reproductive and developmental toxicant is based on a formal requirement: 
when substances are identified as reproductive and/or developmental toxicants by 
Federal regulations, OSHA regulations in the case of lead, they are automatically 
added to Proposition 65. Lead’s MADL was established by OEHHA in 1987 and is 
not a health effect-derived value, but rather is based on blood lead levels measured 
among workers. Various additional authoritative bodies have also established 
risk values for lead. These values include LOAECs of 0.16 and 1.3 µg/kg/day for 
children and adults, respectively, identified by JECFA in 2011, a TDI of 3.6 µg/kg/
day calculated in 2001 by RIVM, a limit of 10 µg/L in treated water (equivalent to 
30.4 µg/day) established in 2021 by the U.S. EPA and in 2017 by the WHO, and an 
allowable level in bottled water of 5 µg/L (15.2 µg/day) and an interim reference 
level (IRL) for women of childbearing age of 12.5 µg/day identified in 2020 by U.S. 
FDA scientists. Variability among toxicity criteria poses challenges for both raw 
material suppliers and product manufacturers needing to demonstrate safety as 
well as global regulatory compliance. We critically evaluated the basis for each 
available risk value to identify the most appropriate value, from a health protection 
perspective, for use in human health risk assessment, and then used the identi-
fied value as a comparator in exposure assessments for lead measured in three 
different product types: hardware used in an industrial vacuum pump, gloves used 
as PPE, and a kitchen appliance, to assess whether each product had safe harbor 
from Proposition 65 labeling. Specifically, we calculated dermal and indirect oral 
exposure to lead from each of the three products using U.S. EPA’s methodologies 
for dermal risk and exposure assessment, OEHHA’s guidelines for hand-to-mouth 
transfer, and product-specific use estimates and variables. Maximum total lead 
exposures ranged from 0.02 to 4.4 µg/day for the three products. Although much 
lower than the criterion we identified as most appropriate for this purpose, the U.S. 
FDA’s IRL of 12.5 µg/day, estimated exposures for some product types are above 
OEHHA’s MADL. Such exceedances would be considered a regulatory compliance 
failure, even though they may not necessarily indicate a significantly increased risk 
of adverse health effects. In other words, OEHHA’s MADL may be health protec-
tive even though it is not a health-based value. In contrast, other criteria, such as 
the U.S. EPA’s 10 µg/L (30.4 µg/day) notification level for water established under 
the Lead and Copper Rule, may not be adequately protective. This work highlights 
the importance of product use-specific approaches to exposure assessment and 
consideration of various established risk-based values to identify the most health 
protective and relevant value for use in risk assessment.

 4222 Cellular Effects of Renal Exposure to Mercury

P. Lotwala, L. Joshee, R. Brownlee, R. Surani, S. Ali, Y. Jani, and C. Bridges. Mercer 
University, Macon, GA.

Mercury is a lethal and persistent contaminant that does not decompose readily 
in the environment. Mercury, as a pollutant, is distributed globally because of its 
volatile nature and its ability to convert between chemical forms. Humans are 
exposed to various forms of mercury by ingestion, inhalation, and dermal absorp-
tion. Inorganic forms of mercury accumulate readily in the kidney and can cause 
significant cellular injury. The purpose of this study was to test the hypothesis 
that mercury has detrimental effects on cellular components and processes such 
as protein folding, calcium homeostasis, mitochondrial activity, and junctional 
complexes. To test our hypothesis, cultured proximal tubular cells (TH1 cells) were 
exposed to different concentrations of HgCl2 and various assays were performed 
to assess different cellular parameters. An MTT assay was utilized to identify the 
specific concentrations of mercury that lead to decreases in cellular viability. qPCR 
was used to analyze the mRNA expression of inositol-requiring enzyme (IRE1) and 
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eukaryotic translation initiation factor 2 subunit alpha (eIF2α) to assess protein 
folding. In addition, the expression of B-cell lymphoma 2 (Bcl-2) and caspase 9 was 
measured to determine if mercury induces apoptosis in exposed cells. Alterations 
in cell permeability were detected by measuring the passage of various dextran 
(4kD, 10kD and 20kD) across a cell monolayer and immunocytochemistry was 
used to visualize changes in occludin. In addition, the ability of two antioxidant 
compounds, α-lipoic acid, and oxothiazolidine-4-carboxylic acid (OTC), to prevent 
Hg-induced cellular alterations was also measured. The findings from this study 
indicate that exposure to inorganic forms of mercury have significant effects 
on numerous intracellular processes, which leads to cell intoxication and death. 
Although additional studies are necessary for a complete understanding of the 
effects of mercury on cellular processes, the current data are an important start to 
this process.

 4223 Adipocyte Number and Adipokine Secretion in the Bone Niche 
Shifts in Response to Tungsten Exposure in Both Nontumor and 
4T1 Breast Tumor-Bearing BALB/c Mice

C. M. McVeigh, C. J. Chock, S. Templeton, C. V. Nguyen, and A. M. Bolt. University of 
New Mexico, Albuquerque, NM.

Tungsten is classified as an emerging environmental toxicant due to increasing 
exposure and lack of knowledge about the human health risks. Epidemiological 
and in vivo studies have demonstrated that exposure to tungsten contributes to the 
carcinogenic process. However, there is a gap in knowledge in our understanding 
of how tungsten drives these processes. Due to a cohort of breast cancer patients 
accidentally exposed to tungsten during intraoperative radiotherapy, our lab is 
currently investigating the effects of tungsten exposure on breast cancer progres-
sion and metastasis. Tungsten is known to accumulate within the bone, creating a 
site for long-term exposure and toxicity. Breast cancer is also known to metasta-
size to the bone. We have previously shown, using the 4T1 orthotopic breast 
cancer model, that oral tungsten exposure enhances metastasis, osteolysis and 
myeloid-derived suppressor cells in the bone niche. These findings suggest that 
tungsten deposition in the bone creates a favorable microenvironment to promote 
metastasis. Bone marrow adipocytes (BMA) play an important role in breast cancer 
metastasis to the bone through the secretion of adipokines that drive tumor cells 
homing, colonization, and growth by changing the microenvironment. In order to 
investigate the role of BMA in tungsten-enhanced breast cancer metastasis in the 
bone, we quantified the number of Plin1+ (Perilipin-1) adipocytes and evaluated the 
gene expression of adipokines in both non-tumor and 4T1 tumor-bearing BALB/c 
female mice exposed to either tap water or tungsten in the drinking water (15 ppm, 
8 weeks). We found that the overall burden of Plin1+ adipocytes within the bone 
marrow niche was increased in the non-tumor bearing, tungsten-exposed mice. In 
the 4T1 tumor-bearing mice, tungsten exposure also slightly increased the number 
of Plin1+ adipocytes, however the overall number of adipocytes were significantly 
decreased. Tungsten exposure also shifted the adipokine profiles in the bone 
marrow niche, in both non-tumor and 4T1 tumor-bearing mice. Interestingly, the 
adipokines that were elevated following tungsten exposure in each group were 
different. Non-tumor bearing mice, tungsten increased expression of Adipoq, 
Cxcl10, Fabp4, Il-6, and Sdf1 while 4T1-tumor bearing mice, tungsten increased 
expression of Cxcl2, Il-1β, and Tnfα and decreased expression of Adipoq. These 
results suggest that adipocytes could be important mediators driving tungsten-en-
hanced breast cancer metastasis to the bone. Future work will focus on investigat-
ing how changes in bone adipocytes following tungsten exposure contribute to this 
process. Funding P20GM130422.

 4224 Mechanisms for Displacement of Histone Variant H3.3 by 
Arsenic-Induced Polyadenylation of Canonical Histone 
H3.1 mRNA

P. Wu, D. Chen, and C. Jin. NYU Grossman School of Medicine, New York, NY.

Arsenic, as a ubiquitous metalloid, poses a global public health threat to more 
than 200 million people in the world. Exposure to arsenic is associated with 
an increased risk of cancers. Epigenetic mechanisms play an important role in 
arsenic-mediated carcinogenesis. Epigenetic changes include DNA methylation, 
histone modifications, expression of non-coding RNAs, and incorporation of 
histone variants into nucleosomes. Replication-dependent canonical histones, such 
as H3.1, can be replaced by replication-independent histone variants, such as H3.3, 
within the nucleosome to alter chromatin structure and influence gene expression. 
Our previous studies demonstrated that arsenic exposure inhibits deposition of 
H3.3 at critical gene regulatory elements probably through inducing polyadenyla-
tion of H3.1 mRNA. mRNAs for canonical histone genes do not end with a poly(A) 
tail. Polyadenylation of H3.1 mRNA increased its stability and H3.1 protein level, 
thereby disrupting the balance between H3.1 and H3.3. However, it is unclear how 
arsenic-induced polyadenylation of H3.1 mRNA compromises H3.3 assembly. 
Nucleosome assembly is regulated by histone chaperones and chromatin remodel-
ing factors. To characterize the factors that regulate inhibition of H3.3 assembly 
following arsenic-induced polyadenylation of H3.1 mRNA, we either overexpressed 
the polyadenylated H3.1 mRNA in the human bronchial epithelial BEAS2B cells 
that stably express FLAG-tagged H3.3, or treated the cells with 1 μM of arsenic 

for 48 hours. H3.3 complexes were then isolated by FLAG affinity gel purification 
followed by mass spectrometry to identify the H3.3-binding partners and compare 
the binding affinity changes with both H3.1 mRNA polyadenylation and arsenic 
exposure. Based on the mass spectrometry results, the interaction between H3.3 
and several proteins, including a histone chaperon protein, was decreased by both 
overexpression of polyadenylated H3.1 mRNA and arsenic treatment, indicating 
that this histone chaperone might be involved in the H3.3 displacement mediated by 
arsenic-induced polyadenylation of H3.1 mRNA. Decrease of association between 
the histone chaperone and H3.3 was further verified by immunoprecipitation-west-
ern blot analysis. These results suggest that the changes of association between 
histone chaperones and H3.3 caused by polyadenylation of H3.1 mRNA may play 
an important role in arsenic carcinogenesis and the underline mechanisms need to 
be further explored.

 4225 The Combined Associations of Childhood Mercury Exposure 
and DNA Methylation with Sustained Attention in ELEMENT 
Cohort Participants

J. V. Ehlinger1, J. Goodrich1, D. C. Dolinoy1, D. Watkins1, A. Cantoral2, 
A. Mercado-García3, N. Basu4, M. Tellez-Rojo3, and K. Peterson1. 1University of 
Michigan, Ann Arbor, MI; 2Iberoamerican University, Ciudad de México, Mexico; 3National 
Institute of Public Health, Ciudad de México, Mexico; and 4McGill University, Montréal, 
QC, Canada.

While attention deficit disorder (ADHD) is among the world’s most common 
neurodevelopmental disorders, the etiology is not well-understood. Childhood 
exposure to methylmercury and altered DNA methylation (DNAm) have both 
been implicated in the etiology of ADHD, however, simultaneous assessments of 
these risk factors are uncommon. Leveraging the ELEMENT (Early Life Exposures 
in Mexico to Environmental Toxicants) cohort, this study examines the associa-
tions of childhood mercury (Hg) exposure and DNAm with sustained attention in 
adolescence. When ELEMENT participants were between 6 and 12 years of age, 
total Hg was measured in hair and urine reflecting organic and inorganic sources 
of exposure, respectively. Childhood hair and specific gravity-adjusted urine Hg 
averaged 0.62±0.03 µg/g and 1.09±0.14 µg/L. On average 5.6 years later, the 
same participants completed the Conners Continuous Performance Test, 3rd 
edition (CPT3), which quantifies measures of inattention (omissions errors), 
impulsivity (perseverations), sustained attention (hit reaction time, HRT, block 
change), and vigilance (HRT interstimulus interval change). At this time, venous 
blood samples were also collected from participants to quantify DNAm in blood 
leukocytes at >850k sites across the genome via the Infinium EPIC array. Linear 
regression models were used to assess relationships between Hg biomarkers and 
CPT3 outcomes (N=399). All analyses were adjusted for age, sex, socioeconomic 
status, and response style in adolescence. The relationship between Hg exposure 
and attention were dependent upon the Hg biomarker and CPT3 variable used 
for analysis. For example, hair Hg was associated with reduced inattentiveness 
(β=-0.021(SE=0.0095), p=0.027), whereas urine Hg was not (β=-0.0045(SE=0.0078), 
p=0.57). Associations were also modified by sex, i.e., urine Hg exposure was related 
to decreased vigilance in males (β=1.31(SE=0.65), p=0.045), but not in females 
(β=-0.20(SE=0.81), p=0.80). An epigenome-wide association study (EWAS), using 
the same covariates as the previous analysis, was employed to examine associa-
tions between adolescent DNAm and CPT3 performance (N=517). DNAm at certain 
genes was associated with CPT3 scores. For example, decreased DNAm at a loci 
in ZNF814 (Zinc Finger Protein 814) was related to increased sustained attention 
(β=0.97(SE=0.17), q=0.012). We assessed whether genes associated with CPT3 
outcomes were enriched in functional pathways. Across all 4 CPT3 outcomes, 
enrichment for pathways related to neurotransmission, immune response, and 
inflammation was observed. Specific KEGG pathways were enriched for multiple 
outcomes. For instance, the glutamatergic synapse term was enriched among 
genes associated with block change and ISI change; ferroptosis was enriched for 
perseveration and ISI change; and MAPK signaling pathway was enriched for block 
change and perseveration analyses. In conclusion, using a longitudinal human 
cohort, we observed that both DNAm and Hg exposure are associated with adoles-
cent CPT3 performance. High-dimensional EWAS analyses exploring interactions 
between DNAm and Hg are underway. Employing a multiple linear regression model 
with an interaction between Hg and DNAm may be a useful tool for researchers 
interested in epigenetic susceptibility to toxicant-associated disease.

 4226 Particulate Arsenic Trioxide Induces Greater DNA Damage 
and Reactive Oxygen Species than Soluble Arsenite in Lung 
Epithelial Cells

K. L. Cooper, R. Liu, and X. Zhou. University of New Mexico, Albuquerque, NM.

Environmental arsenic exposure is associated with lung cancer. Arsenic is the 
first substance known to cause lung cancer by two distinct routes, ingestion and 
inhalation, in the forms of soluble arsenite and particulate arsenic trioxide, respec-
tively. In comparison to significant progresses in research on mechanisms for lung 
carcinogenesis of arsenic ingestion, inhalation arsenic exposure route in particu-
late form and its lung carcinogenic mechanisms are relatively under-investigated. 
Fundamentally, it remains unclear whether particulate arsenic exposure is in a 
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dissolved form and whether particulate exposure yields higher damage. Utilizing 
dynamic laser scattering, particulate arsenic trioxide exposure in cellular system 
was shown to be in particulate form instead of dissolved form. Using immuno-
fluorescence, particulate arsenic trioxide was demonstrated to generate dramati-
cally higher oxidative DNA damage and strand break, as well as significantly higher 
superoxide, in lung epithelial cells such as BEAS-2B, HSAEC1-KT, and SAE, compar-
ing to soluble arsenite exposure at same concentration. This study demonstrated 
that particulate arsenic trioxide exposure yields higher damage in lung epithelial 
cells and indicated that the inhalation route of particulate arsenic exposure plays an 
important role in lung carcinogenesis.

 4227 Relative Oral Bioavailability of Manganese in Electric Arc 
Furnace Steel Slag Is Influenced by High Iron Content and 
Low Bioaccessibility

D. Proctor1, S. Vivanco1, and A. Blanchette2. 1ToxStrategies Inc., Mission Viejo, CA; and 
2ToxStrategies Inc., Asheville, NC.

Electric Arc Furnace (EAF) slag is a rock-like aggregate produced in association 
with carbon steel; it is used for several construction applications, including land 
and unpaved road cover. The potential human health risks due with EAF slag have 
recently been of interest because EAF slag is enriched with manganese (Mn) (~3%) 
and several other metals, including iron (Fe) (~18%). However, because these 
metals are bound in highly alkaline mineral matrices, in vitro bioaccessibility (IVBA) 
of Mn (27%) and Fe (10%) is limited. As an essential nutrient, Mn absorption and 
excretion is controlled by homeostasis, and absorption of Mn is also affected by an 
excess or deficiency of other divalent metals, including Fe. To assess Mn absorp-
tion from incidental EAF slag ingestion, as compared to Mn in diet, an in vivo relative 
bioavailability (RBA) study using F344 rats was conducted. Mn in diet was used 
because the EPA oral reference dose for Mn is based on the upper bound of Mn 
in the human diet. At 9 weeks old, rats were divided into six dose groups (n=6 for 
dose groups 1 through 3; n=8 for dose groups 4 through 6) and administered Mn 
in their diet for 14 days. Dose groups 1 through 3 received 10 ppm (control), 250 
ppm, and 500 ppm Mn in enriched chow, respectively. Dose groups 4 through 6 
received the control diet (10 ppm Mn in enriched chow) in addition to 1000 mg 
Mn/kg in 3.5-g, 6-g, and 8-g EAF slag doughballs, respectively. Total Mn doses 
ranged from 0.24 to 21 mgMn/kg-day in dose groups 1 through 3 and 17 to 40 
mgMn/kg-day in dose groups 4 through 6. Mn and Fe concentrations in liver, and 
Mn in lung and striatum, the target tissue of the brain, were quantified using EPA 
Method 3051 and, following elimination of outliers, Mn levels in each tissue were 
fit by dose to linear, exponential, and polynomial models to evaluate their relative 
dose-tissue concentration (D-TC) relationships. Across the models evaluated for 
each tissue type (liver, lung, and striatum), the linear model had the best fit to the 
data and was therefore chosen to derive tissue-specific D-TC slope coefficients 
and ultimately, RBA values. The D-TC relationship was the most highly significant 
for the liver Mn content, where both the enriched chow and EAF slag had a positive 
slope (P value <0.001); the RBA for Mn in EAF slag based on liver data was 47%. 
The lung Mn content D-TC relationship showed a positive slope for the enriched 
chow administration group (P value <0.05) but a slightly negative and statistically 
insignificant (P > 0.05) slope for the EAF slag doughball group, indicating that there 
may be a decrease in systemic Mn absorption with increasing Mn dose associated 
with Mn in EAF slag. The RBA for Mn in EAF slag based on lung data was 19%. In 
comparison to the liver and lung tissues, the striatum showed little relationship (P 
> 0.05) between Mn tissue concentration and D-TCs remained relatively constant 
from administration of the enriched chow and EAF slag, and an RBA could not be 
calculated. Importantly, Fe concentrations in the liver of the chow-dosed groups 
were significantly decreased with dose, indicating that Mn inhibited Fe absorp-
tion. However, increased Fe was observed in the livers of EAF slag dose groups, 
likely because slag contains 6 times higher levels of Fe than Mn, and the high iron 
content of EAF slag may have inhibited systemic Mn absorption. Mn homeostasis 
is maintained in the liver, and the positive absorption curve for enriched chow and 
EAF slag is consistent with the relative differences in IVBA between Mn in enriched 
chow and EAF slag (41%). Lung and liver tissue support that systemic absorption 
of bioaccessible Mn is limited by competition with Fe, and striatum tissue data 
support a finding that, even at very high doses, homeostasis was maintained in the 
target tissue. Overall, these data indicate that incidental ingestion of Mn in EAF slag 
does not pose a human health hazard.

 4228 The Leaving Ligand Structure of Platinum Compounds Impacts 
the Survival of Human Embryonic Kidney and Melanoma Cells

E. Hayes, V. Veletanlic, M. Hall, S. Olajuwon, and B. B. Williams. Western Kentucky 
University, Bowling Green, KY.

Since the discovery of the cytotoxic properties of platinum compounds, three 
divalent platinum-based chemotherapeutics have been approved by the FDA for 
the treatment of a wide array of cancer diagnoses. Platinum-based drugs are so 
effective that approximately half of all patients who receive chemotherapeutic 
treatment are given one of these compounds. Both the FDA-approved and novel 
platinum(II)- based chemotherapeutics contain a central platinum(II) atom, which 
is coordinated to leaving and non-leaving ligands. It is well-documented in the 

scientific literature that cisplatin-like complexes effectively enter the cell, bind to 
a guanine residue, and induce p53-mediated cell death; however, the impact of 
leaving ligand structure on cell survival is yet to be elucidated. Thus it is vital to 
examine leaving ligand effects because non-leaving ligands remain attached to the 
central platinum(II) atom upon entering the cell, while leaving ligands are displaced 
from the platinum(II) atom before or concurrently with the remaining portion of the 
molecule interacts with DNA. In terms of leaving ligands, dichloro(ethylenediamine)
platinum(II) (Pt(en)Cl2) has two chlorine atoms that can be displaced from the 
molecular structure independently. In contrast, 1,1-cyclobutanedicarboxylato(eth-
ylenediamine)platinum(II) (Pt(en)CBDCA) has one cyclobutanedicarboxylato group 
whose two bonds coordinated to the platinum atom are displaced simultaneously. 
To test the hypothesis that differences in leaving ligand structure of platinum(II) 
complexes influence cell survival, a dose-response curve for Pt(en)Cl2 and Pt(en)
CBDCA compounds was developed using human embryonic kidney (HEK293) or 
melanoma (SKMEL5) cells. HEK293 or SKMEL5 cells were plated, then exposed 
to increasing concentrations of the platinum compounds for 24 hours. The data 
indicates a significant impact of leaving ligand structure on cellular viability with 
a calculated IC50 of 36.67 µM for Pt(en)Cl2 and an IC50 of 55.88 µM for Pt(en)
CBDCA for HEK293 cells. The data indicate a greater effect caused by differences 
in leaving ligand structure in SKMEL5 melanoma cells, with a calculated IC50 of 
12.5 µM for Pt(en)Cl2 and an IC50 of 108.52 µM for Pt(en)CBDCA. Atomic absorp-
tion assays were completed for each compound, cell line combination after 24 
hours of exposure to determine if leaving ligand structure impacted the intracellular 
accumulation of platinum.

 4229 Mercury Assessment in Invasive Lionfish Pterois spp (Oken, 
1817) from a Marine Protected Area in the Colombian Caribbean

I. Acosta-Coley1, M. Cabarcas-Montalvo1, R. Hernandez-Lambraño2, L. Sierra-Marques1, 
C. Valcarcel-Castellanos3, D. Duque3, S. Martinez-Silva3, M. Marrugo3, and 
M. Benavides-Serrato4. 1Universidad de Cartagena, Cartagena, Colombia; 2Universidad 
de Salamanca, Salamanca, Spain; 3National Natural Parks of Colombia, Cartagena, 
Colombia; and 4Universidad Nacional de Colombia sede Caribe, San Andrés, Colombia.

Lionfish (Pterois spp.) is a recognized invasive species, reported since 2009 in 
the Corales del Rosario y San Bernardo National Natural Park in the Colombian 
Caribbean. Some strategies have been proposed to control its abundance and 
dispersion, limiting the ecological damage it provokes, including its capture and 
consumption. The marine park is influenced by the vicinity of Cartagena Bay, an 
ecosystem impacted by mercury (Hg) pollution from an extinct chlor-alkali plant, 
and also by sediments loaded with mercury from the Dique Channel, an extension 
of Magdalena River, a receiver of residues from gold mining activities. The aim of 
this work was to evaluate total Hg (T-Hg) levels in lionfish to verify its suitability 
for human consumption. Total-Hg in muscle tissue was measured using a direct 
mercury analyzer (DMA80). Submarine fishing in the park allowed the capture of 58 
specimens of lionfish, with sizes ranging from 17.4 to 44.0 cm (mean = 28.0±0.63 
cm). Mercury concentrations in fish muscle ranged from 0.01 to 0.38 mg/kg, fw, 
with an average of 0.11±0.01 mg/kg. Mercury levels were not correlated with 
fish length (ρ=0.04; p=0.72). In short, Hg concentrations in lionfish complied with 
legislation for fish consumption, but a precautionary approach and a permanent 
monitoring strategy are strongly advised.

 4230 Impact of miR-186 Overexpression on Arsenite Exposure–
Induced Gene Expression and Transformation

M. Banerjee, A. P. Ferragut Cardoso, A. Lykoudi, J. W. Park, and J. C. States. University 
of Louisville, Louisville, KY.

miR-186 is overexpressed in human squamous cell carcinoma induced by chronic 
arsenic exposure relative to premalignant hyperkeratosis. The role that miR-186 
overexpression plays in carcinogenesis was investigated by transfecting human 
keratinocytes (HaCaT cells) with a miR-186 expression plasmid or an empty vector 
plasmid. Clones were isolated and the 3 expressing highest levels of miR-186 from 
miR-186 transfected and lowest miR-186 from empty vector transfected cells were 
propagated in media containing 0 or 100 nM NaAsO2. RNA was isolated from cells 
after 9 and 29 weeks incubation. Differential gene expression was determined 
by RNA-seq of polyA mRNA, and differential miRNA expression determined by 
small RNA-seq. Differential alternative splicing was evaluated using the rMATS 
framework. Cellular transformation was evaluated by anchorage independent 
colony formation. Chronic arsenic exposure induced gene and miRNA expres-
sion, and alternative splicing changes in both empty vector and miR-186 overex-
pression transfected clones that changed in a time-dependent manner. miR-186 
overexpression dramatically changed the differential gene expression patterns 
induced by arsenite exposure. Cells overexpressing miR-186 and exposed to 100 
nM NaAsO2 for 29 weeks formed twice as many colonies as all other groups. The 
results suggest that miR-186 overexpression induces gene expression changes 
that accelerate cellular transformation.
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 4231 Zinc Supplementation Prevents Mitotic Accumulation in 
Human Keratinocyte Cell Lines upon Environmentally Relevant 
Arsenic Exposure

M. Banerjee, K. Yaddanapudi, and J. C. States. University of Louisville, Louisville, KY.

Chronic exposure to inorganic arsenic (iAs) is a global health issue leading to 
multi-organ diseases, often characterized by disrupted cell cycle progression. 
Exposure to supratherapeutic concentrations of iAs causes cellular accumula-
tion in G2 or M phase of the cell cycle in multiple cell lines by inducing cyclin B1 
expression. It is not clear if iAs exposure at doses corresponding to serum levels of 
chronically exposed populations (~100 nM) has any effect on cell cycle distribution. 
Environmentally relevant iAs exposure will lead to mitotic accumulation of human 
keratinocytes by stabilizing ubiquitination substrates of RING finger E3 ubiquitin 
ligase ANAPC11. For dose-response experiments, human keratinocyte cell lines 
(HaCaT and Ker-CT) were exposed to iAs (0-5 µM; 24 h). For zinc supplementation 
experiments, HaCaT and Ker-CT cell lines were simultaneously treated with iAs (0 or 
0.1 µM; 24 h) and zinc (0 or 1 µM; 24 h). RNA and whole cell lysates were isolated for 
each experiment. Cell cycle distribution was measured using flow cytometry. mRNA 
and protein levels of ANAPC11 substrates cyclin B1 and securin were measured by 
Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) and immunoblotting 
respectively. Data were analyzed by One-Way ANOVA with Dunnett’s post-hoc test 
(dose-response) or Two-Way ANOVA with Tukey’s post-hoc test (zinc supplemen-
tation). For all tests, p<0.05 was considered significant. iAs exposure starting at 0.1 
µM led to mitotic accumulation of cells in both cell lines, along with the stabilization 
of ANAPC11 ubiquitination targets cyclin B1 and securin, without affecting their 
steady state mRNA levels. Moreover, zinc supplementation successfully prevented 
iAs-induced mitotic accumulation and stabilization of cyclin B1 and securin without 
affecting their mRNA levels. Environmentally relevant iAs exposure leads to 
mitotic accumulation possibly by displacing zinc from the RING finger of cell cycle 
regulating E3 ubiquitin ligase ANAPC11. iAs-induced cell cycle disruption could 
underpin the molecular pathogenesis of multiple diseases associated with chronic 
iAs exposure. Physiologically relevant zinc supplementation prevents all the cell 
cycle dysregulatory effects of iAs exposure and could be an inexpensive way to 
combat effects of chronic iAs exposure. Supported by NIH grants P30ES030283, 
R01ES027778 and P20GM135004.

 4232 Cadmium Causes Apoptosis in MIN6 Cells in an In Vitro Model 
of Pancreatic Beta Cells

P. Lamar, N. Nidea, and J. Edwards. Midwestern University, Downers Grove, IL.

Type 2 diabetes mellitus (T2DM) is a growing worldwide epidemic. Decreased 
insulin secretion in the face of insulin resistance is the hallmark of T2DM. 
Epidemiological and experimental studies show that exposure to the environmental 
contaminant cadmium (Cd) is associated with pre-T2DM, T2DM and altered blood 
insulin levels. Studies in our lab have shown that long-term Cd dosing (0.6 mg/kg/
day for 6, 9 and 12 weeks) in a subchronic rodent model of Cd exposure resulted in 
statistically significant (2-way ANOVA; p ≤ 0.05) decreases in both, whole pancre-
atic islet cell density and islet beta cell number. We further examined MIN 6 cells, 
an in vitro model of pancreatic beta cells, for changes in cell viability and apopto-
sis following acute (4 hour) Cd exposure. Using the LIVE/DEAD assay to measure 
changes in cell membrane integrity, there was a significant dose-dependent (0, 10, 
30, 50 and 100 µM CdCl2) decrease in MIN6 cell viability. ApoTag is a commer-
cially available regent used to measure DNA fragmentation that is characteristic 
of late-stage apoptosis. MIN6 cells were found to be positive for ApoTag labelling 
at 30 µM Cd. For comparison, Normal Rat Kidney (NRK-52E) cells were examined 
in parallel studies and were found be much more resistant to the acute cytotoxic 
and apoptotic effects of Cd. This study shows that long term Cd exposure causes 
hyperglycemia due to hypoinsulinemia caused by apoptotic cell death in pancreatic 
beta cells.

 4234 Evidence for Environmental Vanadium Impact on 
Glutathionylation and Multiomics in Lung Fibrosis

D. P. Jones, X. He, Z. R. Jarrell, M. Orr, M. Smith, D. Neujahr, L. Marts, X. Hu, and Y. Go. 
Emory University School of Medicine, Atlanta, GA.

Pulmonary fibrosis is a devastating lung disease which can occur without known 
cause and be fatal. Recent research by others shows that protein glutathionyla-
tion is an early and possibly pivotal step in pulmonary fibrosis. Vanadium is an 
important commercial metal with widespread environmental exposures and is 
known to induce oxidative stress. Importantly, global warming has potential to 
increase exposure due to increased commercial use of vanadium in battery-oper-
ated automobiles and tools and increased reliance upon vanadium catalysts for 
processing efficiency. To determine whether vanadium causes protein glutathio-
nylation and metabolic and transcriptional responses characteristic of pulmonary 
fibrosis. Human lung fibroblast (HLF) were exposed to vanadium for 24 h and 
tested for protein glutathionylation and associated morphologic and metabolic 
responses. Female C57BL6 mice were exposed to vanadium in drinking water for 7 
months and lungs were isolated for metabolomics analyses and RNA-Seq analyses. 

Integrative omics was performed with a data-dependent bioinformatics software, 
xMWAS. Analyses of HLF showed dose-response effects of V on cell prolifera-
tion (10 to 20%), protein glutathionylation (>2-fold), cell senescence (>10-fold), 
metabolic responses in inflammatory lipids and increase in hydroxyproline (10 
to 20%), which is characteristic of collagen turnover. Analyses of mice showed 
increased collagen deposition in lungs, effects on energetics and inflammatory 
lipid pathways, and associated transcriptional changes of collagen synthesis genes 
and cell proliferation genes. The results show that oxidative stress from vanadium 
exposure causes increased protein glutathionylation in human lung fibroblasts and 
that functional pathways associated with inflammation and energy metabolism 
are activated in mouse lung by V at levels occurring with environmental exposures. 
Thus, environmental vanadium exposure could be a previously unidentified causal 
factor in idiopathic pulmonary fibrosis.

 4235 Using Adeno-Associated Viral Vectors to Examine the Role of 
Metal Transporter Slc30a10 in Manganese Toxicity and as a 
Potential Treatment for Disease

J. Z. Zhang, M. Prajapati, and T. B. Bartnikas. Brown University, Providence, RI.

Manganese (Mn) is an essential metal to the human body and is necessary for 
proper physiological function; however, excess manganese is toxic. The proper 
regulation of manganese levels is dependent on metal transporters. The transporter 
SLC30A10 is a key metal exporter responsible for moving Mn from the liver to the 
gallbladder for excretion in the bile. Mutations in SLC30A10 can cause inherited 
disease of Mn excess, which is characterized by cirrhosis, dystonia, and polycy-
themia. To verify the role of Slc30a10 in Mn homeostasis and better characterize 
the disease pathway, our lab previously generated whole body Slc30a10-deficient 
mice (Slc30a10ko/ko). These knockout mice developed impaired biliary Mn 
excretion, resulting in Mn excess in their livers as well as other organs such as 
kidney, brain, and duodenum. The knockout mice also developed polycythemia, 
which is an excess of red blood cells, and were notably smaller in size. We then 
treated Slc30a10ko/ko mice with a gene vector that delivered a functional copy of 
SLC30A10 via TBG promoter-driven adeno-associated virus (AAV) vectors. The AAV 
treated knockout mice had decreased Mn excess in their organs when compared to 
the saline treated knockout mice, but still had mildly elevated Mn when compared to 
saline treated wild type mice. The AAV treated knockout mice also had decreased 
RBC counts and increased body masses compared to saline treated knockout mice. 
The RBC counts and body masses of the AAV treated knockout mice were restored 
back to wildtype levels. Overall, our results suggest that restoration of SLC30A10 in 
the liver is sufficient to attenuate disease characteristics, and that AAVs are viable 
treatments for diseases of inherited Mn toxicity.

 4236 Long-Term Treatment of Low-Concentration Arsenate on 
Erythropoietin Production and Autophagy Induction In Vitro

A. Haque, H. Nakagawa, and K. Nishimura. Osaka Metropolitan University, Osaka, 
Japan. Sponsor: H. Nakagawa, Japanese Society of Toxicology.

The environment contains two toxic forms of inorganic arsenic: arsenite and 
arsenate. Inorganic arsenic is a highly toxic element that can affect acutely or 
chronically, through foods and drinking water. As reported by the World Health 
Organization (WHO), groundwater contamination by arsenic has affected at least 
140 million people in 50 countries around the world, with most patients suffer-
ing chronic arsenicosis, most remarkably skin inflammation, anemia, and cancer. 
Anemia is one of the common symptoms of arsenic poisoning. Erythropoietin 
(EPO) is a hormone required for hematopoiesis, and suppression of EPO produc-
tion induces anemia. High-concentration arsenic has been reported to promote 
or suppress EPO production, and the effects of low-concentration long-term 
arsenic on EPO production have not been clarified. Autophagy is also one of the 
cytoprotective effects and has been reported to be affected by arsenic. In this 
study, we analyzed the effects of long-term low-concentration arsenate (pentava-
lent inorganic arsenic) treatment on EPO production and autophagy induction in 
EPO-producing HepG2 cells. The amount of erythropoietin mRNA in harvested cells 
is measured using real-time RT-PCR autophagy induction and was assessed by 
Monodansylcadaverine (MDC) staining. HepG2 cells treated with 10 μM arsenate 
for more than 3 weeks (long-term treated cells) had significantly lower levels of 
EPO mRNA than normal HepG2 cells. On the other hand, autophagy induction 
was significantly increased. Twenty-four-hour treatment with 100 μM arsenate on 
HepG2 cells increased EPO mRNA expression levels, but not on long-term treated 
cells. Tempol, a reactive oxygen species (ROS) scavenger, suppressed the increase 
in levels of EPO mRNA by 100 μM arsenate in HepG2 cells. it is considered that 
the increase in EPO mRNA expression is due to the increase in ROS production 
by arsenate. Superoxide dismutase (SOD) activity, as ROS degradation function, 
was increased in long-term treated cells compared to normal HepG2 cells. It is 
thought that the increase in EPO production caused by a 24-hour treatment with 
arsenate did not occur because the decomposition of ROS produced by arsenate 
was enhanced in long-term treated HepG2 cells. Autophagy induction in long-term 
treated HepG2 cells was increased with 24-hour arsenate treatment, suggesting 
that the effects of long-term arsenate treatment on cytoprotective effects were 
not uniform. Suppression of the EPO production promoting action would make it 
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difficult to cope with conditions that require EPO production, such as hypoxia, and 
would lead to aggravation of cell damage. It has been reported that EPO is involved 
not only in hematopoiesis but also in cell protection in various organs and it is 
considered that a decrease in EPO production leads to a decrease in cell protection 
function. While long-term treatment of arsenate enhances the protective effects of 
the cells themselves and responds to stress by arsenate, it was expected that the 
response to additional stress might be compromised and contribute to the develop-
ment of chronic addiction.

 4237 Role of Hepatic Hypoxia Inducible Factors in Inherited Disorder 
of Manganese Excess Due to Slc30a10 Deficiency

M. Prajapati, J. Zhang, and T. Bartnikas. Brown University, Providence, RI.

Manganese (Mn) is a dietary nutrient and essential metal with varied biological 
functions. In excess, Mn can be toxic. One form of Mn toxicity is reported in patients 
with mutations in the metal import protein SLC30A10. Patients with SLC30A10 
deficiency develop dystonia, liver disease, polycythemia, and erythropoietin excess. 
Though it is assumed that these phenotypes are due to Mn toxicity, the exact 
molecular mechanisms have yet to be established. In the current study, we aimed 
to understand the basis of polycythemia and erythropoietin excess in Slc30a10 
knockout mice (Slc30a10KO/KO). Erythropoietin is regulated by hypoxia-inducible 
factors (HIFs), transcription factors composed of regulated alpha subunits and 
constitutive beta subunits that mediate the cellular response to hypoxia. We hypoth-
esized that Mn, like other divalent metals such as cobalt, acts as a ‘hypoxia mimetic’ 
resulting in excess erythropoietin production leading to polycythemia. To test this 
hypothesis, we genetically lowered expression of Hif1-alpha and Hif2-alpha in the 
hepatocytes of Slc30a10KO/KOmice. Deficiency in Hif2-alpha, but not Hif1-alpha, 
reduced Epo RNA levels, corrected polycythemia, and lowered tissue Mn levels. The 
basis of decreased Mn levels is not clear at this time. Overall, our results indicate 
that Hif2-alpha is a major contributor to disease phenotypes in Slc30a10 deficiency.

 4238 Effects of Cadmium Exposure on Gut Microbiota by Mass 
Spectrometry–Based Metabolomics: An In Vitro Study

J. Chi, Y. Jin, and H. Gu. Florida International University, Port St Lucie, FL.

Cadmium (Cd) is a heavy metal element frequently used in industrial products such 
as nickel-cadmium batteries, PVC plastics, and electroplating. Human exposure to 
Cd through air, water, soil, and food results in toxicity in skeletal, urinary, reproduc-
tive, cardiovascular, nervous, and respiratory systems. Previous studies have 
shown that Cd exposure can cause organ damages and imbalanced gut microbi-
ota; however, the mechanism of Cd toxicity remains largely unknown. In this in 
vitro study, our central hypothesis is that the interaction between the gut microbi-
ome and host is mainly via metabolites. We selected wild-type Escherichia coli. 
(EC)-MG1655 and two probiotics, Nissle 1917 and Lactobacillus rhamnosus, which 
are known to be involved in metabolic diseases. All microbes were individually 
cultured in an anaerobic workstation. These bacterial strains were exposed to Cd 
(cadmium chloride in water) with different concentrations. The OD (600 nm) results 
showed that Cd significantly decreased bacterial viability for all these three bacterial 
strains, in a dose-dependent manner. In addition, targeted metabolomics was used 
to examine tryptophan (Trp) metabolism, since gut microbiota is a major source of 
Trp metabolites. We determined 21 differentiative metabolic features that distin-
guished Cd exposure (p < 0.05). In the principal component analysis (PCA) score 
plot, there was a clear separation due to Cd exposure, with the high dose groups 
further away from the control groups. Major metabolic pathways that contributed 
to the separation included citrate cycle, purine metabolism, pyrimidine metabolism, 
starch and sucrose metabolism, and arginine biosynthesis. In summary, this study 
provided potential metabolic biomarkers and a better understanding of dysbiosis of 
gut microbiota due to Cd exposure, which will be validated in vivo.

 4239 Characterization of Cholic Acid Signaling in Novel Low-Bile Acid 
Mouse Model

R. E. Taylor, A. Bhattacharya, K. D. Otersen, B. Kong, and G. L. Guo. Rutgers, The State 
University of New Jersey, Piscataway, NJ.

Bile acids (BAs) are endocrine molecules essential in the absorption of lipids in 
the small intestine. BAs are also critical signaling molecules in regulating choles-
terol and BA homeostasis via the gut-liver axis. BAs interact with many different 
nuclear and membrane receptors, including the farnesoid X receptor (FXR) and 
G protein-coupled BA receptor 1. However, the full functions of individual BAs 
in vivo remain unclear. BA synthesis is initiated by two key enzymes, CYP7A1 
and CYP27A1. We have previously reported on the generation and phenotypical 
characterization of male and female mice lacking these two key enzymes (double 
knockout-DKO) by crossbreeding Cyp7a1-/- and Cyp27a1-/- mice. Cholic acid (CA) 
is a primary BA, known as a model, to induce susceptibility to liver injury without 
known mechanisms. We hypothesize that male and female Cyp7a1 & Cyp27a1 
DKO mice administered CA will have altered BA levels and subsequent changes 
in molecular pathways involved in BA signaling and homeostasis compared to 

wild-type (WT) mice. To investigate, male adult WT and DKO mice were fed chow 
diet containing 0, 0.25 or 0.50% CA for 3 days. Liver clinical pathology was not 
altered by genotype or treatment. Serum triglycerides were significantly reduced in 
WT CA treated mice compared to WT vehicle. Hepatic mRNA expression of genes 
involved in BA synthesis Cyp7a1 was reduced by CA treatment for WT mice and 
Cyp8b1 was also reduced in CA treated mice regardless of genotype. Furthermore, 
mRNA expression of genes in BA conjugation (Amacr, Hsd17b4) were not changed 
by CA treatment regardless of genotype. Baseline mRNA expression of genes 
involved in regulation (Shp, Lcn13) in DKO vehicle treated mice were decreased 
compared to WT vehicle mice and CA treatment led to increases in expression. 
Hepatic mRNA expression of genes involved in transport (Bsep) increased with 
CA treatment regardless of genotype. Basal levels of inflammatory genes (CD14, 
IL-1β, Lcn2) trended to be higher in DKO vehicle compared to WT vehicle and CA 
did not lead to synergistic effect. Futhermore, basal level of oxidative stress gene 
HO-1 was dramatically increased in DKO vehicle mice, CA feeding led to reductions 
in DKO mice but not WT. We have also measured female DKO mice and trends are 
similar as those found in male DKO mice, therefore only male data are reported. In 
summary, this novel low BA mouse model helps us better understand the effect 
of CA on BA signaling and will be useful to further characterize BAs, which can 
be applied to better target mechanistic pathophysiology in liver diseases such as 
Nonalcoholic steatohepatitis.

 4240 Proteomics Reveal In Vivo Effects of Phenobarbital in Mice with 
Humanized Livers

H. Sprenger1, J. D. Rasinger2, H. Hammer3, W. Naboulsi3, E. Zabinsky4, H. Planatscher3, 
M. Schwarz4, O. Pötz3, and A. Braeuning1. 1German Federal Institute for Risk 
Assessment, Berlin, Germany; 2Institute of Marine Research, Bergen, Norway; 3Signatope, 
Reutlingen, Germany; and 4University of Tübingen, Tübingen, Germany.  
Sponsor: A. Braeuning, EUROTOX.

Xenobiotic activators of CAR (constitutive androstane receptor) may trigger 
adaptive but also adverse effects in the livers of laboratory rodents. This includes 
transcriptional induction of drug-metabolizing enzymes, transient proliferation of 
hepatocytes, and long-term promotion of the growth of liver tumors via a non-geno-
toxic mechanism. The relevance of CAR-related adverse hepatic effects to humans 
has been debated controversially. In this study, the chimeric FRG-KO mouse model 
was used, whose livers are largely repopulated by transplanted human hepatocytes. 
This allows study of human hepatocytes and their response to exposure to the 
model CAR activator phenobarbital (PB) in vivo. The mice received a single intraperi-
toneal injection with 50 mg/kg body weight PB or saline, followed by sacrificed after 
72 or 96 hours. Non-repopulated FRG-KO mice were used as additional control. A 
combination of targeted and non-targeted proteomics approaches was used, and 
resulting data were merged to generate comprehensive datasets of PB effects on 
the liver. A novel proteomics workflow was established to allow, for the first time, 
comparative analyses of the effects of PB on human and murine proteins within an 
individual sample. Bioinformatics were used for data mining and revealed compara-
ble responses of human and mouse hepatocytes regarding the activation of nuclear 
receptors and the induction of enzymes of drug metabolism. Contrastingly, the 
activation of MYC, a key proliferation regulator following stimulation of CAR, was 
predicted only for mouse hepatocytes, but not for the human cells. This finding was 
confirmed by analyses of 5-bromo-2’-deoxyuridine incorporation. In conclusion, this 
study presents a comprehensive proteomics analysis of CAR-dependent effects in 
human and mouse hepatocytes from the humanized FRG-KO mouse model. Data 
are in support of the hypothesis that PB induces adaptive metabolic responses in 
human hepatocytes, but not hepatocellular proliferation.

 4241 Hepatic Transcriptomic Assessment of Sprague Dawley Rats in 
Response to Dietary PFBS Ingestion

I. Appiah1, A. M. Ayangaifiok1, A. M. Seymour1, K. O. Shabani2, and W. E. Gato1. 1Georgia 
Southern University, Statesboro, GA; and 2University of North Georgia, Oakwood, GA.

Per- and polyfluoroalkyl substances (PFAS) belong to a family of manufactured 
chemical compounds containing multiple fluorine atoms attached to an alkyl chain. 
Due to environmental and health concerns, there has been a production shift from 
long-chain PFAS to a new generation of short-chain PFAS over the past two decades. 
One very common short-chain PFAS in the environment is the Perfluorobutane 
sulfonic acid (PFBS), which is a four-carbon chain compound based on perfluoro-
butanesulfonyl fluoride (PBSF) chemicals. There is growing evidence associating 
adverse health effects and certain liver diseases with environmental factors includ-
ing exposure to PFBS. The study goal was to investigate whether dietary ingestion 
of PFBS would induce liver injuries, damage, inflammations, and oxidative stress. 
To achieve these goals, Sprague-Dawley rats were assigned into three PFBS dietary 
treatment groups (0, 50, and 100 PPM) for 11 weeks. After this period, the animals 
were sacrificed, and the serum and liver samples were evaluated for various clinical 
markers. The liver-to-body weight ratio of the exposed groups increased marginally 
compared to the control group but was not statistically significant (P > 0.05). The 
Total Antioxidant Capacity (TAC) in the exposed group was lower compared to the 
control. Total protein in rats exposed to high doses declined relative to the control. 
The study also revealed that ALT levels were dose-dependent. Transcriptomic 
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analysis showed a total of 12,286, 12,047, and 11,920 genes were expressed in 
the control, low-dose, and high-dose groups respectively with 11,127 genes 
coexpressed in all three groups. Some genes associated with inflammation and 
liver diseases such as NFkB2 and TNF-α were overexpressed in the exposed group. 
Gene ontology analysis of differentially expressed genes showed that transmem-
brane activity and oxidation-reduction processes are the most significantly upregu-
lated biological processes when the control group is compared with the low-dose 
and high-dose groups respectively. It can therefore be concluded that exposure to 
PFBS can induce hepatic effects in exposed animals.

 4242 Role of Matrix Metalloproteinases and Tissue Inhibitors of 
Metalloproteinases in Regeneration after Acetaminophen-
Induced Acute Liver Injury

K. K. Venneman, M. Kotulkar, D. R. Robarts, and U. Apte. University of Kansas Medical 
Center, Kansas City, KS.

Acetaminophen (APAP) overdose is the leading cause of acute liver failure in the 
US and UK. As shown by previous studies, prompt activation of liver regeneration 
following overdose is critical for survival. For this regeneration to occur, extracellu-
lar matrix (ECM) remodeling is imperative. Matrix metalloproteinases (MMPs) play 
a key role in the turnover of matrix proteins while tissue inhibitors of metalloprotein-
ases (TIMPs) serve to inhibit the MMPs. Here, we have identified a trend relating 
the balance of MMPs and TIMPs to effects on ECM remodeling in liver injury and 
regeneration after acute APAP overdose. The APAP incremental dose model was 
used for this study. Male C57BL/6J mice received either a 300mg/kg (regenerating) 
dose or a 600mg/kg (non-regenerating) dose of APAP. Samples were collected 
over a time course of 0 to 96hrs to study liver injury and regeneration. qPCR and 
western blot analyses of liver-relevant MMPs and TIMPs were done to collect 
preliminary data. Two general patterns of mRNA expression arose at the 300mg/kg 
dose. In pattern A, MMPs 4, 8, 9, and 14 showed an initial increase in expression at 
12-24hrs (injury phase) followed by a decrease at 48hrs (recovery phase). In pattern 
B, MMPs 2, 19, and 27 showed an increase at approximately 24hrs that continued 
to rise throughout the recovery phase. TIMP1 displayed pattern A while TIMP2 
displayed pattern B, indicating a potential relationship between these proteins 
and when they are active during liver injury and regeneration. These patterns were 
similar at the 600mg/kg dose, however, overall mRNA expression tended to be 
lower compared to the 300mg/kg dose. Western blot analysis focused on the 
proteins with the strongest expression correlations, which included those between 
TIMP1 and MMP2 and between TIMP2 and MMP9. The expression patterns seen 
in the western blot analyses and their relationships to one another at both the 300 
and 600mg/kg doses were more complex than what was seen in the qPCR data 
and will require further study. Preliminary data suggest APAP-induced acute liver 
injury may affect the careful balance maintained by TIMPs and MMPs in the liver. 
This disruption has the potential to impact ECM remodeling in a way that negatively 
influences regeneration after APAP-induced acute liver injury. This work was funded 
by NIH R01 DK98414.

 4243 Disruption of the Mouse Liver Epitranscriptome by Aroclor 1260 
Exposure and Diet

C. M. Klinge1, K. M. Piell1, B. J. Petri1, K. Z. Head1, B. Wahlang1, L. He1, X. Zhang1, 
J. Pan1, S. N. Rai2, K. M. DeSilva1, J. H. Chariker1, E. C. Rouchka1, M. Tan1, Y. Li1, and 
M. C. Cave1. 1University of Louisville School of Medicine, Louisville, KY; and 2University 
of Cincinnati, Cincinnati, OH.

Chronic environmental exposure to polychlorinated biphenyls (PCBs) is associ-
ated with metabolic diseases including Non-Alcoholic Fatty Liver Disease (NAFLD) 
which can be exacerbated by a high-fat diet (HFD). We previously reported that 
exposure of HFD-fed male mice to a single oral dose Aroclor 1260 (Ar1260, 20 
mg/kg), a non-dioxin-like mixture of PCBs, induced more hepatic injury compared 
to low-fat diet (LFD)-fed mice after 12 weeks. Hepatic proteome and mRNA 
transcriptome changes were accompanied by increased abundance of the epitran-
scriptomic mark 2ʹ-O-methyladenosine (Am) and reduced N(6)-methyladenosine 
(m6A) in the liver RNA from these HFD-fed Ar1260 exposed mice. The goal of the 
present study was to determine how long-term (34 weeks) Ar1260 exposure (after 
an identical, single oral dose) affects liver phenotypes and the epitranscriptome in 
LFD-fed male mice and compare these results with the data from the HFD-fed 12 
weeks. Steatohepatitis and increased NAFLD Activity Score (NAS) were observed 
in the long-term Ar1260-exposed mice. Mass spectrometry revealed that long-term 
Ar1260 exposure significantly altered 12 of 28 detected RNA modifications. 
Integrated network analysis of long-term Ar1260 exposure-associated liver RNA 
modifications in LFD-fed mice identified a pathway with reduced Am, m6A, and 
5-methyluridine (m5U) centering on NRF2 (nuclear factor, erythroid-derived, like 2, 
Nfe2l2). Reduced hepatic NRF2 protein was detected in LFD-fed, Ar1260-exposed 
mice with high NAS score. Thirteen HFD- and LFD- specific differences in liver RNA 
modifications were identified, suggesting that diet and Ar1260 exposure regulates 
the hepatic epitranscriptome. Network analysis identified a HFD-liver pathway with 
reduced Am, m6A and 1-methyladenosine (m1A) and increased m5U centering on 

NAFTC4 (Nuclear factor of activated T cells 4), a hub in non-alcoholic steatohepa-
titis (NASH) for further study. Supported by NIH R21ES031510, R21ES031510-S1, 
P30ES030283, R35ES028373, R01ES032189, and P20GM113226.

 4244 Polychlorinated Biphenyls Dysregulate Hepatic Alternative 
Splicing Machinery by Altering Expression of Splicing Factors in 
a Mouse Model of Environmental Liver Disease

B. J. Petri, K. M. Piell, B. Wahlang, E. C. Rouchka, J. W. Park, J. Jin, J. E. Hardesty, 
M. C. Cave, and C. M. Klinge. University of Louisville, Louisville, KY.

The liver plays a major role in the detoxification and elimination of xenobiotics 
and therefore is more susceptible to chemical-induced liver injury. Environmental 
exposure to polychlorinated biphenyls (PCBs) is associated with Non-Alcoholic 
Fatty Liver Disease (NAFLD) in human populations and PCBs exacerbate high 
fat diet (HFD)-induced NAFLD in a mouse model of environmental liver disease. 
However, the responsible mechanisms for these associations remain to be 
elucidated. Approximately 95% of human genes generate multiple transcripts 
through alternative splicing (AS) and disturbances in AS have been shown to cause 
liver disease. The regulation of AS is mediated by a set of splicing factors with 
tissue- or disease-specific gene expression and protein activity. The goal of the 
study was to determine how short-term (12 weeks) PCB exposure affects hepatic 
AS machinery in HFD-fed male mice with non-alcoholic steatohepatitis (NASH) 
and identify PCB-induced AS events that may play a role in NASH pathology. We 
performed integrated analysis of hepatic gene expression and AS in HFD-fed 
mice exposed to PCBs via oral gavage. C57BL/6J male mice were fed a 42% fat 
diet (HFD) and exposed to Aroclor1260 (a non-dioxin-like PCB mixture, 20 mg/
kg), PCB126 (a dioxin-like PCB, 20 µg/kg), combined Aroclor1260 and PCB126, or 
vehicle control for 12 weeks. Liver mRNA was isolated and sequenced. KEGG and 
REACTOME pathway analyses identified spliceosome and mRNA splicing pathways 
altered by PCB exposures. We evaluated the abundance of the transcripts of 203 
RNA binding proteins that are known to play a role in AS and found that co-exposure 
to Aroclor1260 and PCB126 altered the expression of 100 AS factors. We performed 
replicate multivariate analysis of transcript splicing (rMATS) to identify splicing 
events that were altered by PCBs compared to the HFD control and found that 
Aroclor1260 + PCB126 exposure resulted in 449 altered AS events in 366 genes. 
KEGG pathway analysis identified AS events associated with metabolic pathways, 
peroxisomes, primary bile acid biosynthesis, and fatty acid metabolism, all known 
to be dysregulated in NAFLD. The results of this study demonstrate specific hepatic 
AS regulatory mechanisms are disrupted by exposure to PCBs, contributing to the 
expression of altered isoforms that may play a role in NAFLD progression to NASH. 
Supported by NIH R21ES031510, R21ES031510-S1, P30ES030283, R35ES028373, 
R01ES032189, P20GM103436 and P20GM113226.

 4245 Induction of Adenosine A2b Receptor Translocation to 
Mitochondria after Acetaminophen Overdose

G. Sanchez-Guerrero, H. Jaeschke, and A. Ramachandran. University of Kansas Medical 
Center, Kansas City, KS.

Acetaminophen (APAP) overdose is the most common cause of drug-induced 
hepatotoxicity and acute liver failure (ALF) in the United States. N-acetyl cysteine 
(NAC) is the only currently available antidote for an APAP overdose, which is not very 
effective when administered late after the overdose when most patients present to 
the clinic. We demonstrated earlier that delayed administration of an Adenosine 2B 
receptor (A2BAR) agonist provides protection against APAP hepatotoxicity beyond 
the window of NAC efficacy. The canonical pathway of A2BAR-induced cellular 
signaling involves its activation on the plasma membrane with induction of adenylyl 
cyclase, increase in intracellular cAMP, and activation of protein kinases. However, 
it has been shown that A2BAR can localize to mitochondria in cardiac myocytes, 
and since mitochondrial dysfunction is a central feature of APAP pathophysiol-
ogy, this study evaluated the potential effect of A2BAR subcellular localization in 
mediating protection against APAP hepatotoxicity. Experiments were performed 
using fasted C57BL/6J mice treated with a moderate APAP overdose (300mg/
kg) followed by subcellular fractionation of liver tissue and examination of A2BAR 
localization over time by western blotting. To determine the influence of early steps 
of APAP pathophysiology such as reactive metabolite formation and JNK activa-
tion in subcellular localization of A2BAR, some animals were also administered 
50 mg/kg 4-methyl pyrazole (4MP), an inhibitor of Cyp2E1 and JNK activation, as 
co-treatment or 1.5 h after APAP. Our results indicate that the moderate APAP 
overdose induced significant liver injury, as indicated by an increase in plasma ALT 
activities at 6h (5000 U/L) and this was accompanied by a significant upregulation 
of A2BAR gene expression at 3 and 6 h. These changes were paralleled by A2BAR 
translocation from the plasma membrane to the mitochondria within 3 h after 
APAP, which was prevented by 4MP treatment, indicating the requirement of APAP 
metabolism and formation of reactive metabolite for these changes. Proteinase K 
digestion of isolated mitochondria revealed that translocated A2BAR localizes to 
the mitochondrial outer membrane, and A2BAR immunoprecipitation coupled to 
mass spectrometry (IP-MS) from mitochondria subcellular fraction indicates its 
association with several mitochondrial proteins. Our data demonstrate that reactive 
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metabolite formation after an APAP overdose induces an early translocation of 
A2BAR from the plasma membrane to the outer mitochondrial membrane, and its 
translocation depends on JNK activation.

 4246 PEX16-Mediated Peroxisome Proliferation Escalates Blood 
Ethanol Clearance and Promotes Alcoholic Fatty Liver in Mice

Y. Lu, X. Chen, and K. L. Denning. Marshall University, Huntington, WV.

Heavy alcohol drinking induces alcohol-related liver disease, which is initiated from 
steatosis (fatty liver) to steatohepatitis, fibrosis, and cirrhosis. Ethanol is mainly 
metabolized by alcohol dehydrogenase (ADH), cytochrome P450 2E1 (CYP2E1), 
and catalase. Peroxisomes contain catalase and many oxidases (e.g. peroxiso-
mal fatty acid oxidation rate limiting enzyme acyl-CoA oxidase, ACOX) producing 
hydrogen peroxide (H2O2). In peroxisomal matrix, catalase binds oxidases-gener-
ated H2O2 to form catalase-H2O2 complex, after a second H2O2 binds to the complex, 
both H2O2 will be decomposed to H2O. If ethanol is present, the catalase-H2O2 
complex will bind ethanol instead of a second H2O2, and the ethanol and H2O2 will 
be metabolized to acetaldehyde and H2O, respectively. Previously, we found that 
peroxisome proliferator WY-14,643 enhanced catalase metabolism of ethanol. 
In mammalian cells, peroxisomes can be generated de novo requiring a group of 
proteins called peroxins (encoded by Pex gene) for their assembly and division. 
PEX16 is one of peroxins critical for the assembly of the peroxisomal membrane 
and import of peroxisomal membrane protein (PMPs). In patients, PEX16 absence 
leads to complete loss of peroxisome structure. Here, we report that WY-14,643 
mainly induced PEX16 in mice. In liver-specific PEX16 knockout mice (PEX16Alb-
Cre), peroxisomal membrane protein PMP70 was absent. Interestingly, peroxisomal 
matrix protein catalase was upregulated in the PEX16Alb-Cre mice. Due to lack of 
peroxisomes, the upregulated catalase in the PEX16Alb-Cre mice was in cytosol 
and microsomes but not in mitochondria, and the upregulated catalase did not 
enhance ethanol metabolism, suggesting that peroxisome structure is essential 
for catalase-mediated metabolism of ethanol. After 25 days of the Lieber-DeCarli 
liquid ethanol diet feeding, alcoholic fatty liver was developed in PEX16 flox mice 
(PEX16fl/fl) but not in the PEX16Alb-Cre mice. WY-14,643 (10 mg/L in the Lieber-
DeCarli liquid diets) induced PEX16, ACOX1 and catalase, enhanced catalase-me-
diated ethanol metabolism, and ameliorated alcoholic fatty liver in the PEX16fl/
fl mice but not in the PEX16Alb-Cre mice. These results suggest that peroxisome 
structure is pivotal for promoting ethanol metabolism and the development of 
alcoholic fatty liver.

 4247 Gene Expression Changes Predict the Severity of NAFLD-Like 
Liver Injury in Male Collaborative Cross Mice

V. P. Tryndyak1, R. A. Willett1, S. K. Nagumalli1, D. Li1, M. I. Avigan2, F. A. Beland1, 
I. Rusyn3, and I. P. Pogribny1. 1US FDA/NCTR, Jefferson, AR; 2US FDA/NCTR, Silver 
Spring, MD; and 3Texas A&M University, College Station, TX.

Nonalcoholic fatty liver disease (NAFLD), a prevalent chronic liver disease, is 
characterized by substantial variations in severity. In this study, we used a geneti-
cally diverse Collaborative Cross (CC) mouse population model to analyze the 
global transcriptome and clarify the molecular mechanisms involved in hepatic fat 
accumulation that determine the level and severity of NAFLD. Twenty-four strains of 
male CC mice were maintained on a high fat/high sucrose (HF/HS) diet for 12 weeks 
and their hepatic gene expression profiles were determined by next-generation 
RNA-sequencing. The development of the nonalcoholic fatty liver (NAFL) phenotype 
in CC mice coincided with significant changes in the expression of hepatic genes at 
the population level, as evidenced by the presence of 724 differentially expressed 
genes involved in lipid and carbohydrate metabolism, cell morphology, vitamin and 
mineral metabolism, energy production, and DNA replication, recombination, and 
repair. Importantly, the expression of 68 of these genes strongly correlated with 
the extent of hepatic lipid accumulation in the overall population of HF/HS diet-fed 
male CC mice. Among these genes, the Perilipin 2 (Plin2) and Aldehyde dehydro-
genase 3 family member A2 (Aldh3a2) genes, which encode proteins involved 
in neutral lipid storage (PLIN2) and lipid detoxification (ALDH3A2), exhibited the 
highest correlation with osmium tetroxide staining, a marker for lipid accumulation. 
Knockout of PLIN2 gene in Hep3B cells with siRNA led to a decrease in intracellular 
lipid accumulation, which suggests PLIN2 as potential target for NAFLD prevention. 
Interestingly, genome-wide reduced-representation bisulfite sequencing analysis 
showed only minor changes in DNA methylation in the livers of mice fed the HF/HS 
diet, indicating that the altered gene expression may not be exclusively attributed 
to altered DNA methylation patterns in this model of liver steatosis. In addition, 
Partial Least Squares (PLS) was performed to identify a set of genes that could 
be utilized to estimate NAFL severity. PLS modeling using 247 NFL-related genes 
showed the highest accuracy for predicting NAFL-like liver injury and identifying 
the individual mouse strains that are highly susceptible to the development of 
NAFLD induced by a HF/HS diet. A Uniform Manifold Approximation and Projection 
dimension reduction analysis of the 247 gene set showed a distinct clustering of 
CC mouse strains characterized by different levels of lipid accumulation in the 
livers. These findings imply that gene expression profiling combined with a PLS 

modeling approach may be useful tools to predict NAFLD severity in genetically 
diverse patient populations and to determine key potential biomarkers of NAFL and 
potential targets for treatment.

 4248 Impact of siRNA-Induced Plasminogen Deficiency on Liver 
Regeneration after Partial Hepatectomy in Mice

Z. Wei1, D. J. Groeneveld1, E. Morozova1, A. Strilchuk2, C. Kastrup3, and J. P. Luyendyk1. 
1Michigan State University, East Lansing, MI; 2University of British Columbia, Vancouver, 
BC, Canada; and 3Versiti Blood Research Institute, Milwaukee, WI.

The liver displays robust repair and regenerative capability in response to acute 
injury or partial hepatectomy (PHx). PHx induces activation of blood coagulation 
and hepatic deposition of fibrin(ogen) drives liver regeneration. To date, there is 
not a clear explanation for the paradoxical observations that both fibrin(ogen) and 
the primary fibrin(ogen) degrading enzyme plasmin each promote liver regener-
ation after PHx. Notably, prior studies are limited to plasminogen-/- mice, which 
develop spontaneous pathologies and display baseline hepatic fibrin deposition 
that may indirectly impact regenerative capacity. To circumvent this complexity, we 
determined the impact of inducible plasminogen deficiency on liver regeneration 
after PHx. Wild-type C57Bl/6J mice were treated with lipid nanoparticles contain-
ing 1 mg/kg siRNA targeting plasminogen (siPlg) or luciferase (siLuc). Mice then 
underwent standard 2/3rd PHx 5-7 days after siRNA administration. Plasminogen 
was reduced to near undetectable levels in preoperative plasma samples of 
siPlg-pretreated mice, and depletion was sustained through all time points in 
siPlg-treated animals, indicated by ELISA. Hepatic expression of mRNAs encoding 
Cyclin A2 and B1 were increased 2 days after PHx in siPlg-treated mice, as were 
hepatic protein levels of the cell proliferation marker PCNA. The number of dividing 
(mitotic) hepatocytes also trended higher in siPlg-treated mice 3 days after PHx, 
as indicated by analysis of H&E-stained liver sections. In this initial study, these 
changes were not linked to an accelerated recovery of liver weight/body weight 
ratio, as this was similar in siLuc- and siPlg-pretreated mice 2, 3, and 5 days after 
PHx. In summary, and contrasting Plg-/- mice, the results indicate that inducible 
plasminogen deficiency does not reduce liver regeneration after PHx. Rather, these 
results suggest a modest enhancement of hepatocyte proliferation in plasmino-
gen-depleted mice, an observation consistent with enhancement of liver regenera-
tion by stabilized fibrin(ogen) deposits.

 4249 Robust Coagulation Activation and Coagulopathy in Mice with 
Experimental Acetaminophen-Induced Liver Failure

D. Groeneveld1, L. Poole1, E. Bouck2, A. Schulte1, Z. Wei1, K. Williams1, T. Lisman3, 
A. Wolberg2, and J. Luyendyk1. 1Michigan State University, East Lansing, MI; 2University 
of North Carolina at Chapel Hill, Chapel Hill, NC; and 3University of Groningen Medical 
Center, Groningen, Netherlands.

Patients with acetaminophen (APAP)-induced acute liver failure (ALF) display both 
hyper- and hypocoagulable changes not necessarily recapitulated in standard APAP 
hepatotoxicity mouse models. We sought to examine coagulation activation in vivo 
and plasma coagulation potential ex vivo in experimental settings of APAP-induced 
hepatotoxicity and repair (300-450 mg/kg) and APAP-induced ALF (600 mg/kg). 
APAP-induced ALF was associated with increased plasma thrombin-antithrom-
bin complexes, decreased plasma prothrombin, and a dramatic reduction in 
plasma fibrinogen compared to lower APAP doses. Hepatic fibrin(ogen) deposits 
increased independent of APAP dose, whereas plasma fibrin(ogen) degradation 
products markedly increased in mice with experimental ALF. Early pharmacologic 
anticoagulation (+2 hours after 600 mg/kg APAP) limited coagulation activation 
and reduced hepatic necrosis. The marked coagulation activation evident in mice 
with APAP-induced ALF was associated with a coagulopathy detectable ex vivo in 
plasma. Specifically, prolongation of the prothrombin time and inhibition of tissue 
factor-initiated clot formation was evident even after restoration of physiological 
fibrinogen levels. Plasma endogenous thrombin potential was similarly reduced at 
all APAP doses. Interestingly, in the presence of ample fibrinogen, ~10-times more 
thrombin was required to clot plasma from mice with APAP-induced ALF compared 
to plasma from mice with simple hepatotoxicity. The results indicate that robust 
pathologic coagulation cascade activation in vivo and suppressed coagulation ex 
vivo are evident in mice with APAP-induced ALF. This unique experimental setting 
may fill an unmet need as a model to uncover mechanistic aspects of the complex 
coagulopathy of ALF.

 4250 Neutrophil-Dependent Liver Injury after Acetaminophen 
Challenge Revealed by Dose-Response Studies

A. Schulte, L. G. Poole, D. G. Groeneveld, M. P. Bernard, and J. P. Luyendyk. Michigan 
State University, East Lansing, MI.

Acetaminophen (APAP) overdose is a leading cause of drug-induced acute liver 
injury (ALI) and acute liver failure (ALF). An increase in biomarkers of neutrophil 
extracellular traps (NETs) is associated with poor outcome and is proposed to 
amplify blood coagulation in ALF patients. However, prior studies have not 
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offered definitive evidence that neutrophils (or NETs) contribute to experimental 
APAP-induced liver injury. We determined the role of neutrophils in liver injury and 
coagulation activation 24 hours after challenge with different doses of APAP (300 
or 600 mg/kg) that produce ALI- and ALF-like pathology in mice. Mice were treated 
24 hours prior to APAP challenge with rat anti-mouse Ly6G antibody (1A8) and 
anti-rat IgG K; antibody to induce durable neutrophil depletion. Depletion of neutro-
phils was confirmed in whole blood prior to APAP challenge using flow cytometry 
(live CD45+/CD11b+/CD115-/Ly6c-mid). Mice given isotype control antibody and 
challenged with 300 mg/kg APAP developed marked hepatocellular necrosis and 
an increase in biomarkers of coagulation cascade activation. Neutrophil depletion 
did not affect either liver injury or coagulation activation in mice challenged with 
300 mg/kg APAP. Mice given isotype control and challenged with 600 mg/kg 
APAP developed marked hemorrhage and congestion indicative of vascular injury 
in addition to hepatic necrosis. Interestingly, compared to mice given 300 mg/kg 
APAP, hepatic neutrophil accumulation was further increased in mice given 600 
mg/kg APAP. Moreover, neutrophil depletion significantly reduced the severity 
of liver necrosis in mice challenged with 600 mg/kg APAP, although neutrophil 
depletion did not affect biomarkers of coagulation activity. The results indicate 
that the role of neutrophils in APAP-induced liver injury depends on the APAP dose. 
The results suggest that neutrophils drive liver injury by a coagulation-independent 
mechanism in an experimental setting resembling APAP-induced ALF.

 4251 The Role of Tissue-Restricted FXR Deletion in NASH 
Development in Mice

Z. Henry, S. Gao, S. Maliha, B. Kong, and G. L. Guo. Rutgers, The State University of New 
Jersey, Piscataway, NJ.

Non-alcoholic steatohepatitis (NASH) is a condition in which there is excess fat 
accumulation in the liver, known as steatosis, that is not caused by excessive 
alcohol consumption. NASH is characterized by steatosis, inflammation, hepato-
cyte ballooning, and varying degrees of fibrosis. Currently, NASH is the leading 
indicator for liver transplantation in the US and its prevalence is rapidly rising. 
Other than lifestyle modifications, there is no current FDA-approved pharmacologic 
therapy for the treatment of NASH; however, one emerging target is the Farnesoid 
X Receptor (FXR). FXR is a type II nuclear receptor and ligand-activated transcrip-
tion factor that is found within various cell types and organs, but primarily in the 
liver and intestine. FXR is the major homeostatic regulator of bile acids (BAs) 
which have been implicated in the pathogenesis of NASH. Because FXR negatively 
regulates BA production along with mitigating NASH effects, synthetic ligands 
that are global FXR agonists have been developed to treat NASH. Although benefi-
cial, these whole-body modulators contribute to unfavorable side effects such as 
cholesterol homeostasis imbalance and pruritus, thereby explaining the importance 
of FXR tissue- or cell-restricted activation in the development of novel therapeutics 
for NASH to negate any potential harmful consequences and off-target effects. The 
objective of this study was to determine the tissue-specific role of FXR in NASH 
development in mice. For this study, six to eight-week old male and female mice in 
4 genotypes: Wild-Type (WT, C57BL/6J, Fxr+/+), Liver FXR KO ((Fxrfloxed/floxed, Albumin 
Cre (+), Fxr LKO), Intestinal FXR KO (Fxrfloxed/floxed, Villin Cre (+), Fxr IKO), and Whole 
Body FXR KO (WB FXR KO, Fxr -/-), were fed either a low-fat control diet or a NASH 
“Fast Food” (FF) diet (Western diet with 21% milk fat, 1.25% cholesterol, and 34% 
sucrose) for 16 weeks. Body weights were recorded weekly, and an oral glucose 
tolerance test (GTT) was performed at 3 months. Serum biochemistry was analyzed 
along with immunohistochemical staining for F4/80, a marker for macrophages. 
Hematoxylin and eosin staining was performed for architectural visualization of 
liver pathology and fast green Sirius red staining was conducted for evaluation of 
fibrosis. The expression levels of genes involved in NASH development were also 
determined and confirmed by RNAseq analysis. We discovered that Fxr -/- and Fxr 
LKO were more resistant to weight gain for both sexes, in comparison to the WT and 
Fxr IKO mice. Regarding the female mice, serum levels of alanine aminotransfer-
ase (ALT), alkaline phosphatase (ALP), total cholesterol, and triglycerides were all 
elevated in Fxr LKO mice. Fxr IKO displayed lower values for each serum parameter, 
compared to all other groups, including the WT. The male Fxr LKO mice displayed 
significantly increased serum lipids compared to Fxr IKO and surprisingly no signif-
icant changes were observed in the injury markers among all FXR deficient mice. 
In females, expression of genes involved in inflammation and fibrosis were signifi-
cantly increased in LKO mice fed the FF diet compared to IKO. A concrete trend was 
not seen in males. IHC and fast green Sirius red staining mimicked gene expression 
data. In conclusion, hepatic, but not intestinal, deficiency of FXR is associated with 
more severe liver injury suggesting that hepatic FXR is more critical in suppress-
ing liver injury during NASH development in females. This same trend is not clear 
in the male cohorts, highlighting sex-differences and potential roles that sexual 
dimorphism may play in NASH development overall as it relates to liver injury.

 4252 The Environmental Chemical Vinyl Chloride Accelerates HCC 
Carcinogenesis: Impact of PPARα and SREBP1 and 2

O. Bannister, C. Vanderpuye, A. Bhutta, S. Liu, J. Tao, J. Li, G. Arteel, S. Monga, and 
J. Beier. University of Pittsburgh, Pittsburgh, PA.

The environmental pollutant vinyl chloride (VC) directly causes hepatocellular 
carcinoma (HCC) at high exposure levels. However, we have shown that lower 
exposure levels (i.e., < exposure regulation limits) that are currently considered 
safe and do not directly damage the liver, not only enhance experimental NAFLD 
but also HCC. Here, we study the mechanisms by which VC exacerbates HCC in 
an “inside-out” model based on delivery of clinically relevant genes related to the 
development of human HCC. For liver-specific in vivo transfection of C57Bl/6J 
mice with oncogenic Met and mutant-β-catenin (CTNNB1-S45Y), ‘Sleeping Beauty’ 
plasmids (10 µg) were co-delivered via hydrodynamic tail vein injection. Exposure 
to sub-OSHA levels of VC (< 1 ppm/day) or control air for 7 weeks (6 hours/day, 5 
days/week) started immediately following transfection. Additional mice received 
fenofibrate (PPARα agonist; 50 mg/kg/d i.p.) for the last 3 weeks of exposure. 
Tumor burden and size were assessed. Plasma and liver samples were collected 
for RNA-Seq analysis, and histology. VC exposure by itself for caused no evidence 
of (pre)cancerous lesions. The Met and mutant-β-catenin co-expression in mice 
caused a few neoplastic foci. In contrast, VC robustly increased tumor size and 
number in Met-β-catenin mice. Transcriptomic analysis demonstrated that several 
metabolic processes involved in lipid metabolism were strongly induced. To test 
whether these results have relevance to human HCC the top changed genes were 
applied to human ortholog expression in the Liver Hepatocellular Carcinoma (LIHC) 
sequencing results in the Cancer Genome Atlas (TCGA), that the gene expression 
changes driven by VC in our mouse models corresponds to a unique HCC phenotype 
in humans. Upstream regulator analytic predicted a major role for PPARα and 
SREBP1/2; further supported by IHC, demonstrating that the tumors were PPARα 
positive. Coadministration of fenofibrate significantly enhanced tumor develop-
ment in the VC-exposed mice Met-β-catenin, but not in the air controls, indicating 
that these tumors were PPARα responsive. VC exposure potentiates tumorigene-
sis, at least in part, via PPARα and SREBP1/2 -mediated pathways. Even low dose 
environmental exposure of toxicants like VC could serve as disease modifiers for 
HCC requiring further mechanistic studies in preclinical and clinical settings. This 
emphasizes also that current safety restrictions may be insufficient to account for 
other factors that can influence hepatotoxicity.

 4253 Subchronic Dietary Zinc Supplementation in a Diet-Induced 
Obesity Model: Implication for Toxicant-Associated Fatty 
Liver Disease

O. Bolatimi, J. L. Young, B. Wahlang, J. Luo, K. Z. Head, T. C. Gripshover, Q. Li, C. White, 
N. White, W. H. Watson, C. Wilkerson, L. Cai, and M. C. Cave. University of Louisville, 
Louisville, KY.

Fatty liver disease can be attributed to different etiologies including alcohol 
consumption, diet-induced obesity, and exposure to environmental toxicants. 
Environmental toxicants including persistent organic pollutants like polychlo-
rinated biphenyls have been associated with Toxicant-Associated Fatty Liver 
Disease (TAFLD) and toxicant-associated steatohepatitis in diet-induced obesity 
models. While mechanisms of disease including metabolism, endocrine and 
signaling disruption in the liver have been investigated, there are currently limited 
studies investigating therapeutic strategies. TAFLD has similar pathogenesis and 
disease progression as Non-Alcoholic Fatty Liver Disease (NAFLD). NAFLD/TAFLD 
represents a spectrum of disorders ranging from simple steatosis to more severe 
forms like steatohepatitis and fibrosis. Dysregulation of zinc homeostasis has been 
shown to increase susceptibility to NAFLD progression in experimental models, and 
clinically, zinc supplementation has been applied for treatment of alcohol-associ-
ated liver disease. However therapeutic effects of zinc supplementation in NAFLD/
TAFLD are yet to be determined. We therefore developed an in vivo model to initially 
characterize the effects of zinc supplementation on HFD-induced steatosis without 
toxicant exposure. We hypothesize that dietary zinc supplementation will be an 
effective therapy for the treatment of diet-induced NAFLD and this strategy can 
be potentially applied to mitigate TAFLD/TASH in the future. To test our hypoth-
esis 9-week-old male C57BL/6J mice were fed either a control diet (10% fat-kcal) 
or high fat diet (60% fat-kcal) for 12 weeks. After 12 weeks mice were further 
grouped into diets containing 30 or 90 mg zinc/4057 kcal, representing normal 
and zinc supplemented diet. Echo MRI and intraperitoneal glucose tolerance tests 
were performed at weeks 12 and 19, before and after zinc supplementation to 
assess body composition and glucose tolerance. Mice were euthanized at week 
20. Plasma and liver tissue were collected for lipid, histology, gene expression and 
metal analysis. Statistics were performed using 2-Way ANOVA and Bonferroni 
correction with significance level of 0.05. 12 weeks of HFD resulted in symptoms 
of metabolic syndrome: reduced glucose clearance, increased body weight and 
percent body fat. Eight weeks of subsequent zinc supplementation did not signifi-
cantly affect glucose clearance, gene expression of key regulators of hepatocyte 
function and lipid metabolism or their downstream targets. Hepatic zinc accumula-
tion was not different between normal and zinc supplemented diet groups although 
zinc content showed three-fold increase in zinc supplemented mice. Additionally, 
neither histology (steatosis and fibrosis) nor liver injury markers such as plasma 
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AST and ALT were improved by zinc supplementation in HFD-fed mice. Taken 
together, results from our model suggest an 8-week period of dietary zinc supple-
mentation cannot reverse established non-alcoholic induced steatosis. The high fat 
diet may have caused disease progression beyond rescue by zinc supplementation. 
Alternatively, the 8-week treatment duration was not long enough for zinc to have 
the desired therapeutic effect. Future studies will address these limitations and 
provide insights to zinc as a therapeutic agent for the treatment of NAFLD. Future 
studies will also include zinc supplementation in diet-induced obesity models with 
chemical/toxicant exposures, to determine therapeutic effects of zinc supplemen-
tation in TAFLD.

 4254 Chronic Consumption of the Artificial Sweetener Sucralose 
Inhibits FXR Signaling and Perturbs Lipid and Cholesterol 
Homeostasis in the Mouse Liver via Gut Microbiome

J. Peng1, L. Chi2, Y. Yang1, X. Bian1, and K. Lu1. 1Unversity of North Carolina at Chapel 
Hill, Chapel Hill, NC; and 2NIH, Washington, DC.

As the most popular non-caloric artificial sweeteners (NAS), the safety of sucralose 
is controversial. Previous studies indicated that sucralose consumption perturbed 
the normal gut microbiome community and their metabolic profiles in mice. 
However, whether sucralose-induced gut microbiome perturbation damages the 
functional interaction between microbiota and host and whether it can affect 
host health are largely unknown. Here, we further investigated whether chronic 
sucralose consumption, at an Acceptable Daily Intake (ADI) dose level, can disturb 
key gut microbiome functions and cause adverse health effects in mouse. After 
6-month sucralose consumption, we found several bacterial genera associ-
ated with bile acid metabolism were decreased, including Lactobacillus and 
Ruminococcus. Correspondingly, the richness of secondary bile acid biosynthesis 
pathway and bacterial bile salt hydrolase (BSH) gene were decreased in sucralose-
treated gut microbiome. Comparing with controls, the ratios of free bile acids and 
taurine-conjugated bile acids were significantly decrease in livers and intestines 
of sucralose-consumed mice, and several FXR agonists were also decreased 
in livers (LCA, DCA and CDCA) and intestines (LCA). Consistently, in sucralose-
treated mice, the FXR activation was lower than controls, that the expression of 
multiple down-stream genes were changed, including Fgf15 in distal ileums and 
Shp, Cyp7a1, Cyp27a1, and Ntcp in livers. Moreover, the expression of key lipogenic 
genes was up-regulated in the livers of sucralose-treated mice, including Srebp1c, 
Chrebp and Acc1. The hepatic lipid profiles were also changed in sucralose-con-
sumed mice, which characterized as the low ceramide level, low PC/PE ratio and 
mildly increased lipid accumulation. In addition, sucralose-consumed mice had a 
higher hepatic cholesterol level than control mice, and the cholesterol efflux genes 
(Abcg5, Abcg8 and Abca1) were up-regulated but the reverse cholesterol transport 
(RCT) associated genes (Ldlr and Scrb1) were down-regulated. In conclusion, we 
find chronic sucralose consumption damages the FXR signaling activation and 
perturbs hepatic lipid and cholesterol homeostasis, potentially by decreasing bile 
acid metabolic ability in gut microbiome.

 4255 Nrf2 Activation as a Therapeutic Target in 
Acetaminophen Hepatotoxicity

Y. Etemadi, A. Ramachandran, and H. Jaeschke. University of Kansas Medical Center, 
Kansas City, KS.

Acetaminophen (APAP) induced hepatotoxicity is a major cause of acute liver 
failure in clinical practice. APAP-induced liver injury is characterized by the 
depletion of hepatic glutathione (GSH) levels and the formation of APAP-protein 
adducts, which leads to mitochondrial dysfunction. Consequent oxidative stress 
induces phosphorylation of c-jun N-terminal kinase (JNK) and p-JNK transloca-
tion to mitochondria triggers the mitochondrial permeability transition (MPT) pore 
opening and necrotic cell death. While previous studies indicated that activation 
of the nuclear factor erythroid 2-related factor 2 (Nrf2) via natural compounds 
can attenuate APAP-induced hepatotoxicity, the majority of the interventions 
involved prolonged pre-treatment prior to APAP administration. Hence, the benefit 
of Nrf2 activation from a therapeutic standpoint, when the intervention would be 
subsequent to an APAP overdose, as well as the therapeutic window for benefit with 
Nrf2 activation are not well characterized. The aim of our study was to study these 
aspects and determine whether activation of Nrf2 signaling pathways with natural 
compounds could be a clinically viable intervention in APAP-induced hepatotox-
icity. Overnight fasted male C57BL/6J mice were administered a single intraper-
itoneal injection of sulforaphane (5mg/kg) (a known antioxidant and Nrf2 activa-
tor) 30 minutes before or 1 and 3 hours after administration of APAP (300mg/kg). 
Mice were then sacrificed at 6 or 24 hours after the APAP overdose. When given 
30 minutes before, or 1 hour after APAP, sulforaphane treatment showed signifi-
cant protection, with a reduction in plasma ALT levels by 50% and hepatic tissue 
necrosis by over 50% in comparison to the APAP-only treatment group at 6 hours 
post-APAP. Sulforaphane was less effective with 3 hours post-treatment. Based on 
the measurements of protein adduct formation at 6h, sulforaphane did not affect 
acetaminophen metabolism, but significantly enhanced GSH levels and attenuated 
JNK phosphorylation and mitochondrial p-JNK translocation. To confirm if the 
mechanism of action is via activation of Nrf2 signaling pathways, we evaluated 

nuclear localization of the Nrf2 protein via western blotting and Nrf2 downstream 
genes HO1, GCLC, GCLM, and NOQ1 by qPCR. The results indicated higher Nrf2 
expression in the nucleus in animals co-treated mice with sulforaphane versus 
APAP-only treated mice, and higher induction of HO1, GCLC, and NOQ1. In contrast 
to the protection seen at the 6-hour time point after 1 hour post-treatment with 
sulforaphane after APAP overdose, an exacerbation of liver injury indicated by the 
plasma ALT levels and hepatic tissue necrotic area was seen at the 24-hour time 
point in sulforaphane-treated animals in comparison to the APAP-only treatment 
group. These data indicate that sulforaphane-mediated induction of Nrf2 activation 
promotes GSH replenishment to attenuate liver injury at early time points. However, 
the therapeutic window of sulforaphane treatment is narrow and coupled with the 
paradoxical exacerbation of injury at later time points significantly limits its clinical 
application in APAP hepatotoxicity. Based on the experience with sulforaphane, 
Nrf2 activators, although effective against APAP-induced liver injury with prolonged 
pretreatment, may not be a viable therapeutic option in the clinic.

 4256 JNJ-26366821 Reduces Late Injury and Accelerates the 
Onset of Hepatocyte Proliferation and Liver Recovery after 
Acetaminophen-Induced Liver Injury in Mice

O. B. Adelusi1, G. Eichenbaum2, E. Sadaff2, A. Ramachandran1, and H. Jaeschke1. 
1University of Kansas Medical Center, Kansas City, KS; and 2Johnson & Johnson 
Consumer Health, New Brunswick, NJ.

Acetaminophen (APAP) overdose induced liver injury (AILI) is a leading cause of 
acute liver failure in the US. The temporal course of AILI can be delineated into 
two phases: injury and recovery. The injury phase occurs in mice from 0-12 hours 
after the overdose and is characterized by glutathione (GSH) depletion, accumula-
tion of the toxic metabolite, N-acetyl-p-benzoquinone imine (NAPQI), NAPQI-protein 
adduct formation, activation of c-Jun N-terminal kinase (JNK) and oxidant stress, 
which culminate in mitochondrial dysfunction, DNA fragmentation and hepato-
cyte necrosis. A recovery phase follows from 24-72 hours, during which there is 
hepatocyte proliferation to repopulate the injured liver. While pharmacological 
interventions, such as N-acetylcysteine and fomepizole (4-MP), can prevent injury 
when given within 2 hours of APAP in mice, there are no therapeutics that promote 
recovery. JNJ-26366821 (PEG-TPO) is a novel thrombopoietin (TPO) mimetic 
peptide. TPO and TPO mimetics regulate platelet production by acting at the TPO 
receptor on megakaryocytes and platelets. The TPO receptor is also present on 
hepatocytes and liver sinusoidal endothelial cells. We hypothesize that PEG-TPO 
activity at the TPO receptor provides a protective and regenerative effect follow-
ing liver injury. In this study we evaluated the extent to which PEG-TPO or 4-MP 
can provide a protective and regenerative effect in the liver when administered 2 
hours after an APAP overdose of 300 mg/kg in overnight fasted male C57BL/6J 
mice. PEG-TPO did not affect oxidative stress markers such as JNK activation and 
hepatic GSH levels, nor NAPQI-protein adduct formation 6 h after APAP overdose. 
These findings indicate that PEG-TPO affects neither metabolism of APAP to 
NAPQI nor oxidant stress initiation. In addition, liver injury markers such as plasma 
ALT release, DNA fragmentation and hepatic necrosis were identical across groups, 
indicating that PEG-TPO does not prevent the induction of AILI. These results 
were recapitulated later into the injury phase at 12 hours after APAP—PEG-TPO 
did not significantly reduce plasma ALT release, DNA breakage or necrotic area. 
In contrast, PEG-TPO treatment was beneficial at 24 hours after APAP overdose. 
The plasma ALT level in the PEG-TPO group was 3,567 U/L, a 48% drop compared 
to vehicle treated mice. The PEG-TPO treated group also had smaller necrotic area 
fraction (16.9% vs 29%) and terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) stained area (12.5% vs 21.6%) than the vehicle treated group. 
The 4-MP treated group had very similar measurements for these parameters: 
3,475 U/L, 16.7% and 9.6% for ALT, necrotic area fraction and TUNEL positive area, 
respectively. However, PEG-TPO and 4-MP had divergent effects on hepatocyte 
proliferation, a critical facet of liver recovery after AILI. Cyclin D1 and prolifera-
tive cell nuclear antigen (PCNA) are markers of hepatocyte proliferation. Western 
blotting for cyclin D1 and PCNA showed higher expression in livers of PEG-TPO 
mice versus vehicle and 4-MP-treated mice. This was confirmed by immunohis-
tochemical staining for PCNA which showed greater induction of PCNA in the 
hepatocytes bordering the necrotic area with PEG-TPO treatment versus vehicle 
or 4-MP. These findings indicate that PEG-TPO arrests the progression of AILI by 
24 h after APAP and accelerates the onset of the proliferative response which is 
essential for liver recovery. Its effects are distinct from 4-MP’s, which prevents 
injury induction but does not directly promote hepatocyte proliferation and liver 
recovery. Therefore, PEG-TPO is a potential novel therapeutic for enhancement of 
liver recovery after AILI.

 4257 Time-Course Single-Nuclei RNA-Seq Analysis Identifies NRG/
ERBB Signaling Dysregulation in TCDD-Induced Hepatotoxicity

G. N. Cholico, R. Nault, and T. Zacharewski. Michigan State University, East Lansing, MI.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a persistent environmental contami-
nant that disrupts normal hepatic function and promotes the progression of steato-
sis to steatohepatitis with fibrosis. The liver is composed of diverse cell types each 
playing distinct role in the development of these pathologies and the hepatotoxicity 
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of TCDD. To investigate cell-specific changes, single-nuclei RNA-sequencing was 
performed on livers from male C57BL/6 mice gavaged with 30 μg/kg TCDD or 
sesame oil vehicle collected at 2, 4, 8, 12, 18, 24 or 72 hrs. Clustering by marker genes 
identified 10 major liver cell types as well as 3 novel cell (sub)types. Differential 
gene expression analysis of each cell type identified common and cell specific 
changes. Dysregulation of the lipid metabolism-related genes Ces1b, Pnpla3, and 
Fabp12 was primarily observed in hepatocytes as early as 2 hours, showing 3.9, 
-1.8, and 2.1-fold change, respectively. Inflammatory markers were induced across 
all time points, with Il1r1 occurring primarily in hepatocytes, endothelial cells, 
macrophages, and cholangiocytes, and Gbp2b occurring primarily in macrophages. 
Cell-cell interaction inference between all cell types revealed dysregulation of 
neuregulin (NRG)/ERBB signaling, a pathway involved in cellular homeostasis and 
subsequent energy metabolism that is dysregulated in Non-Alcoholic Fatty Liver 
Disease (NAFLD). Plasmacytoid dendritic cells and portal fibroblasts exhibited Nrg1 
and 4 ligand induction that interacted with Erbb3 and Erbb4 receptors expressed in 
B cell, cholangiocytes, hepatocytes, hepatics stellate cells, neutrophils, and T cells. 
Accordingly, functional enrichment analysis identified the differential expression 
of the downstream NRG/ERBB pathway targets including cell cycle regulation and 
mitogen-activated protein kinase signaling in hepatic stellate cells and endothe-
lial cells, as well as mTOR signaling in hepatocytes. Taken together, these results 
suggest that early responses to TCDD include a cacophony of cell-specific intra- 
and inter-signaling changes that activate diverse pathways in the diverse cell types 
in the liver that contribute to hepatotoxicity and the emergence of hepatic patholo-
gies. GNC was supported by T32ES007255. This project is funded by R01ES029541 
and the SRP P42ES004911.

 4258 Critical Role of MET in Stimulating Liver Regeneration and 
Restricting Progression of Liver Injury after Acetaminophen 
Overdose in Mice

M. A. Copeland, J. W. Stoops, W. M. Mars, and B. Bhushan. University of Pittsburgh, 
Pittsburgh, PA.

Hepatocyte growth factor (HGF) receptor (i.e. MET) is known to be important for 
hepatocyte proliferation after partial hepatectomy (PH). However, disruption of 
HGF/MET signaling can be compensated by functionally similar epidermal growth 
factor receptor (EGFR) signaling and only combined elimination of both these 
signaling pathways result in liver failure in the PH model. Role of HGF/MET signal-
ing in APAP-induced liver injury (AILI), the clinically-relevant model of acute liver 
failure, remain unexplored. Unlike PH in a normal healthy liver, AILI is complicated 
by presence of massive liver injury and inflammation that intricately govern the 
regenerative response. Thus, the role of MET in AILI cannot be presumed identical 
to that known in regeneration of healthy liver after PH. In our previous study, MET 
was activated dose-dependently after APAP overdose in mice, with much higher 
activation at high dose of APAP, where animals fail to regenerate spontaneously. 
To better understand the role of MET in APAP-induced liver injury and regeneration, 
we eliminated MET in liver via an albumin-CRE system. Wild-type (WT) and liver-spe-
cific MET KO mice were administered 300 mg/kg APAP. Liver injury and regener-
ation parameters along with underlying signaling pathways were investigated at 
various time points. Hepatocyte proliferation and liver regeneration were almost 
completely blocked in MET KO mice. Although, initial liver injury was similar in WT 
and MET KO mice, severe inhibition of liver regeneration resulted in unrestrained 
progression of liver injury and failed spontaneous recovery culminating in significant 
mortality in MET KO mice. Mechanisms that initiate APAP-induced liver injury such 
as metabolic activation of APAP, early glutathione depletion, APAP-protein adduct 
formation and JNK activation remain unaltered in MET KO mice. However, there 
was complete failure of activation of core cell cycle machinery (i.e. phosphorylation 
of retinoblastoma protein and induction of cyclin D1) in MET KO mice, resulting in 
impaired liver regeneration. Impaired cell cycle activation was due to inhibition of 
ERK signaling in MET KO mice. Ingenuity Pathways Analysis (IPA) of RNA-seq data 
also revealed severe blockage in activation of master regulators of hepatocyte 
proliferation in MET KO mice. Interestingly, there was no compensatory increase in 
EGFR activation in MET KO mice. In conclusion, liver-specific MET deletion caused 
inhibition of hepatocyte proliferative signaling and failed liver regeneration result-
ing in unrestrained progression of liver injury after APAP overdose, which was not 
compensated by other proliferative signaling pathways.

 4259 Studies on Methionine Alleviating Toxic Responses in Liver of 
Rats Fed High-Cholesterol Diet

P. Vaddi, and S. N. Murthy. Southern University and A&M College, Baton Rouge, LA.

Based on growth studies in animals, L-methionine (Met) was once considered to be 
the most toxic amino acid. However, recent studies document the beneficial effects 
of Met. S-adenosyl methionine (SAM) formed in an ATP-mediated enzymatic 
reaction is the universal methyl group donor for several biological reactions 
(betaine is an alternate source but very limited in remethylation). Representative 
methylations of SAM include proteins, nucleic acids, and the synthesis of biogenic 
and polyamines. Homocysteine (Hcy), an intermediate in Met metabolism has long 
been associated with cardiovascular disease (CVD); heart disease, and stroke 
among others. High levels of cholesterol (Cho) is also associated with CVD, and 

both Met and Cho are rich in foods of animal origin like poultry, dairy, and meat. 
Although there are studies on the individual effects of Met & Cho in the vascular 
and hepatic context, studies on the combined effects of the two are very limited. 
Particularly in the liver, studies on the combined effects of Met & Cho were almost 
nonexistent till recently. Where additive responses in inflammation and oxidative 
stress were anticipated in the studies on the combined effects of Cho and Met, the 
PI’s laboratory found that Met, instead of accentuating, alleviated hepatic oxidative 
stress and inflammation seen in high Cho fed rats. Only rats fed high Cho had 
significant increases in inflammation and oxidative stress and Met alone had none 
and when it was added to Cho, it countered the pathology. These observations 
were highly consistent and corroborated at gene, protein, and structural levels by 
multiple approaches. Met eliciting anti-inflammatory and anti-oxidative roles were 
completely contrary to the conventional understanding, however, they are equally 
interesting. Currently, the mechanisms of Met mediated beneficial responses are 
being investigated in relation to enzymatic changes at gene and protein levels 
focusing on arginine methylation, and transmethylation, transsulfuration, and 
hydrogen sulfide formation pathways of Met metabolism. Data on these parame-
ters and functional aspects will be presented.

 4260 Epalrestat Induces Inflammation, Sinusoidal Congestion, and 
Dilation in Mouse Liver

S. S. Yarde, and X. Cheng. St. John’s University, Queens, NY.

Epalrestat (EPS), an aldose reductase inhibitor, is widely used clinically to manage 
diabetic neuropathy due to its ability to protect neural cells from oxidative stress. 
However, its clinical applications have been restricted because it has been reported 
that EPS causes liver dysfunction. This study aims to investigate the underly-
ing etiology by which EPS induces liver injury. We previously reported that EPS 
stimulated oxidative stress, fibrogenesis and inflammation in mouse liver. In this 
study we further showed that EPS caused sinusoidal congestion and dilation in 
livers of C57BL/6 mice treated with 10, 30 and 100 mg/kg of EPS once daily for 
14 days. Sinusoidal congestion and dilation are commonly characterized by liver 
inflammation and altered angiogenesis. EPS induced the mRNA expression of 
interleukin-6 (IL-6) and IL-10, two inflammatory cytokines. In addition, EPS induced 
mRNA expression of vascular endothelial growth factor A (VEGF-A), a pro-angio-
genic factor that is upregulated in cases where sinusoidal congestion and dilation 
are observed. Moreover, we showed that EPS increased mRNA expression of both 
IL-6 and VEGF-A in cultured mouse and human hepatoma cells. Therefore, EPS 
stimulates liver inflammation and sinusoidal congestion in mice through the IL-6 
and/or VEGF signaling pathways.

 4261 Myeloid-Specific Deletion of Early Growth Response 1 
Ameliorates Pathogenesis of Experimental Nonalcoholic Fatty 
Liver Disease

F. Ahamed, and Y. Zhang. University of Kansas Medical Center, Kansas City, KS.

Nonalcoholic fatty liver disease (NAFLD) is rapidly becoming a major health 
concern. While the major causes of NAFLD are obesity and diabetes, recent 
studies have linked xenobiotics and environmental toxins to fatty liver disease 
development. Hepatic macrophages, consisting of liver resident Kupffer cells and 
recruited macrophages, play a central role in NAFLD development and progres-
sion. Early growth response 1 (EGR1) is a transcription factor rapidly induced by 
growth factors, cytokines, and stress signals from exposures to various environ-
mental toxins. The goal of this study was to determine the role of myeloid-spe-
cific Egr1 in the pathogenesis of NAFLD. Myeloid cell-specific Egr1 knockout 
(Egr1-MKO) was generated by breeding Egr1Flox/Flox with Lyz2-Cre mice. The litter-
mates Lyz2-Cre negative mice were used as wild-type controls (WT). The in vitro 
M1 and M2 macrophage differentiation experiments were conducted using mouse 
bone marrow-derived macrophages (BMDMs). The in vivo acute liver inflammation 
was induced by intraperitoneal injection of lipopolysaccharide (LPS). To induce 
NAFLD, both WT and Egr1-MKO mice were fed a high fat, cholesterol, fructose diet 
(HFCF, 40% kcal fat, 2% cholesterol, 20 kcal% fructose) or western diet (WD, 42% 
kcal fat, 0.2% cholesterol) for up to 4 months and followed by the examination 
of body composition, adiposity, energy metabolism, and liver histology. BMDMs 
lacking Egr1 impaired M1-like pro-inflammatory but facilitated M2-like anti-inflam-
matory macrophage polarization. In addition, BMDMs from the Egr1-MKO showed 
lower induction of Tnfα and Il1β mRNAs, IL1B secretion, and activation of the 
NF-κB pathway relative to WT control after LPS stimulation. Consistently, the in 
vivo myeloid Egr1 deletion inhibited LPS-induced activation of NF-κB and MAPK 
pathways with a significantly lower plasma IL1B concentration in Egr1-MKO relative 
to WT controls. Moreover, the Egr1-MKO mice were resistant to body fat accumula-
tion with a significant reduction of liver triglycerides and cholesterol content relative 
to WT controls after initiating HFCF feeding. Similarly, Egr1-MKO showed less liver 
lipid accumulation but elevated energy expenditure after 2 months of WD feeding. 
However, steatosis and energy expenditure were similar between Egr1-MKO and 
WT after 4 months of WD feeding- an indication of adaptation in Egr1-MKO after a 
long-term WD feeding. Interestingly, genes regulating liver lipid transport and fatty 
acid oxidation were downregulated in the Egr1-MKO after 2 months of WD feeding 
but induced after 4 months of WD feeding. In contrast, the hepatic expression of 
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pro-inflammatory genes and fibrosis markers were consistently downregulated in 
Egr1-MKO compared to WT controls after 2 and 4 months of WD feeding. Taken 
together, our study revealed a previously unrecognized role of macrophage Egr1 
in NAFLD development. Deletion of macrophage Egr1 not only alters whole-body 
energy and liver lipid metabolism but also ameliorates NAFLD progression by 
inhibiting both liver inflammation and fibrosis. Further experiments will focus 
on understanding the role of Egr1 in environmental toxin exposure-induced fatty 
liver disease.

 4262 The Intracellular Cholesterol Transporter STARD5 Contributes 
to Endoplasmic Reticulum Stress-Induced Changes in Liver 
Lipid Metabolism

B. J. Clark1, V. Patel1, S. Travers1, K. M. Piell1, S. N. Rai2, J. Pan2, K. M. De Silva1, 
E. C. Rouchka1, and C. M. Klinge1. 1University of Louisville, Louisville, KY; and 2University 
of Cincinnati, Cincinnati, OH.

Non-alcoholic steatohepatitis (NASH) is a liver disease characterized by chronic 
endoplasmic reticulum (ER) stress, lipid accumulation, increased macrophage 
infiltration with inflammation, and fibrosis. Cholesterol-mediated hepatotoxic-
ity that promotes inflammation and fibrosis also contributes to NASH develop-
ment. Proper cholesterol distribution within the cell is important for cholesterol 
homeostasis and free cholesterol accumulation in membranes promotes hepato-
toxicity. However, the role of soluble cholesterol transporters in NASH has not been 
studied. The Steroidogenic Acute Regulatory protein-related lipid transfer (START) 
Domain protein 5 (STARD5) is a soluble intracellular cholesterol transporter that 
moves cholesterol to the plasma membrane and promotes cholesterol efflux in 
response to ER stress. To determine a potential role for STARD5 in cholesterol and 
lipid metabolism dysregulation associated NASH, a whole-body STARD5 knock-out 
(Stard5-/-) C57BL/6 mouse model was generated and male Stard5-/- and wild-type 
littermate (WT) control mice were injected intraperitoneally with either DMSO or 
the ER stress inducer tunicamycin (Tm, 1mg/kg). Tm treatment models hepatic 
lipid metabolism disorders. Liver tissue was collected 4 days post treatment and 
RNA isolated for RNA-seq analysis. Differential expression analysis (DEG) was 
performed using DESeq2. DEGs with logFC >1.0, FDR (qval) 0.05 and sum of counts 
across samples > 100 were used for group comparisons. Only four DEGs between 
WT DMSO v Stard5-/- DMSO genotypes were identified indicating there was no 
overt difference in hepatic gene expression due to loss of STARD5. Tm treatment 
resulted in 3044 DEGs (1548↑, 1496↓) for the WT mice and 867 DEGs (424↑, 443↓) 
for the Stard5-/- mice. These DEGs included expected increased expression of ER 
stress response genes, and decreased expression of key regulatory cholesterol and 
triacylglycerol metabolic genes, consistent with previous literature on Tm-induced 
hepatic gene expression. WT-Tm and Stard5-/--Tm groups were compared to 
determine genotype-dependent differences and a total of 1097 DEGs (617↑, 480↓) 
were identified. Gene Ontology (GO) and KEGG pathway analyses linked these DEGs 
to IL-6 immune response, sterol/steroid, lipid, and xenobiotic metabolic processes. 
The transcriptomics data support the Stard5-/- mice have an attenuated hepatic 
response compared to WT mice with lower expression of genes within the IL-6 
immune response pathway (PAI1) and higher expression of genes within the sterol/
steroid, lipid, and xenobiotic metabolic processes (SREBP1, CYP7A1, CYP1A2). 
Hepatic cholesterol levels increased with Tm treatment with the WT mice having 
significantly higher levels compared to Stard5-/- mice. Ongoing studies to validate 
select targets by Western blot analysis will confirm whether the loss of STARD5 
protects against cholesterol metabolism dysregulation and cholesterol accumu-
lation under ER stress conditions. This work has identified STARD5 as a possible 
new target for NASH and future studies using the Stard5-/- mice to test high-fat diet 
(HFD) and HFD + polychlorinated biphenyls (PCBs) exposure on NASH develop-
ment are planned.

 4263 Hepatocyte-Specific Deletion of PPARγ Inhibits Fatty Acid 
Synthesis and Fibrosis Signaling in a Murine Fast-Food Diet 
Model of Nonalcoholic Fatty Liver Disease

M. A. Copeland, A. Orr, and B. Bhushan. University of Pittsburgh, Pittsburgh, PA.

Peroxisome proliferator-activated receptor gamma (PPARγ) is a major transcrip-
tion factor known to induce adipogenesis and increase insulin sensitivity. In fact, 
PPARγ agonists have been used clinically for the treatment of diabetes and have 
been also tested for treatment of Non-Alcoholic Fatty Liver Disease (NAFLD) due to 
associated metabolic syndrome. However, several studies indicate a direct pro-ste-
atotic function of PPARγ in hepatocytes suggesting PPARγ activation may have a 
direct deleterious effect in NAFLD. In our previous study, PPARγ expression was 
minimal in liver of chow-fed mice but was strikingly increased by feeding fast-food 
diet. Further, suppression of NAFLD phenotype by epidermal growth factor receptor 
(EGFR) inhibition in that study was associated with decreased PPARγ expression 
in liver (specifically in hepatocytes). Here, we investigated a direct role of PPARγ 
in regulating hepatocytes lipid metabolism and NAFLD using hepatocyte-specific 
PPARγ-knockout (KO) mice. Adeno-associated virus 8-thyroxine binding globulin 
promoter-Cre recombinase vector (AAV8-TBG-CRE) was injected to PPARγ-floxed 
mice for achieving hepatocyte-specific PPARγ deletion in adult mice. Subsequently, 
wild-type (WT) and PPARγ KO mice were fed a fast-food diet (FFD) for 10 weeks. 

Hepatocyte-specific PPARγ deletion did not alter FFD-induced body weight gain but 
drastically decreased FFD-induced increase in liver weight and notably decreased 
steatosis. Interestingly, serum cholesterol levels were significantly lower in PPARγ 
KO mice compared to WT mice. Further, FFD-induced increased expression of fatty 
acid synthase and its upstream transcription regulator SREBP1 was remarkably 
reduced in PPARγ KO mice, indicating direct activation of de novo lipogenesis 
signaling by PPARγ in hepatocytes. Lastly, our transcriptomic analysis via RNA 
sequencing and subsequent Ingenuity Pathway Analysis revealed inhibition of 
hepatic fibrosis/stellate cell activation pathways, inhibition of TGFβ1 network (a key 
driver of fibrosis), as well as decreased induction of collagens in PPARγ KO mice. In 
conclusion, hepatocyte-specific deletion of PPARγ inhibits fatty acid synthesis and 
fibrosis pathways suppressing NAFLD phenotype in a murine FFD model.

 4263a Alcohol Dysregulates Sirt1-Mediated Metabolic Signaling 
Pathways through Alpha-4 Nicotinic Acetylcholine Receptors 
in Hepatocytes

C. Wilkerson, J. Luo, and W. H. Watson. University of Louisville, Louisville, KY.

Alcohol-associated fatty liver disease (ALD) is a broad spectrum of diseases 
ranging from steatosis to severe hepatic cirrhosis, none of which have any FDA 
approved therapies. Steatosis begins to change the overall hepatic landscape, 
setting the stage for other progressive alcohol-related pathologies. Early-stage 
ALD remains reversible which highlights the benefit of directing therapies here. 
Hallmarks of early-ALD include steatosis, or excessive triglyceride accumulation, 
accompanied by varying levels of inflammation and fibrosis. Downregulation of 
hepatic Sirtuin 1 (Sirt1) activity by alcohol has been shown to lead to an upregula-
tion of the pro-lipogenic gene targets under its jurisdiction, resulting in increased 
lipogenesis and triglyceride accumulation. Recently, we showed that α4 nicotinic 
acetylcholine receptor (α4 nAChR, Chrna4) knockout mice did not develop steatosis 
upon chronic exposure to alcohol, suggesting that these receptors are involved 
in alcohol induced dysregulation of Sirt1-mediated metabolic homeostasis. The 
purpose of the present study was to test the hypothesis that alcohol acts on α4 
nAChRs in hepatocytes to decrease Sirt1 expression which ultimately dysregulates 
lipid metabolic homeostasis. The effects of alcohol were investigated in cultured 
AML12 hepatocytes exposed to 100 mM alcohol and in WT primary mouse hepato-
cytes exposed to 60 mM alcohol, both for 48 hrs. In some experiments, cells were 
pre-treated with the α4 nAChR-selective antagonist dihydro-β-erythroidine (DHβE) 
for 2 hours prior to co-exposure with alcohol. Levels of Chrna4, Sirt1, sterol regula-
tory element-binding transcription factor 1 (Srebf1), and fatty acid synthase (Fasn) 
were measured by quantitative RT-PCR. Data were analyzed using GraphPad Prism 
by One-Way ANOVA followed by Fisher’s exact post-hoc test for multiple compar-
isons with significance set at p < 0.05. Ligand activation of nicotinic acetylcholine 
receptors (nAChRs) is followed by increased transcription of the receptor due to its 
prompt desensitization. In AML12 cells and WT primary mouse hepatocytes, alcohol 
exposure led to a 6-fold increase in Chrna4 mRNA, signifying receptor activation. 
Consistent with our proposed mechanism of action, alcohol treated AML12 cells 
showed a 50% decrease in Sirt1 mRNA expression compared to control cells. Since 
Sirt1 is a deacetylase responsible for the deactivation of certain pro-lipogenic 
genes, we expected its decreased expression to correlate with an increase in these 
genes. To our delight in both AML12 cells and primary mouse hepatocytes, alcohol 
significantly increased the expression of Srebf1, and its downstream target, Fasn. 
Most importantly, pre-treatment with α4 nAChR antagonist DHβE blocked alcohol’s 
downregulation of Sirt1 and the subsequent upregulation of its downstream targets. 
Taken together, these data support a role for α4 nAChRs expressed by hepatocytes 
in mediating the early effects of alcohol on the liver. Furthermore, they demonstrate 
the effectiveness of targeting these receptors to block early alcohol signaling 
in hepatocytes. Though there are no current therapies for any stage of ALD, the 
early stages remain reversible and necessary pre-requisites for the progression to 
advanced ALD. The present studies identify α4 nAChRs as promising novel targets 
for the design of pharmacological agents to treat and manage early ALD.

 4264 Understanding the Molecular Mechanisms of Zac1 in 
Developmental Programming of Nonalcoholic Fatty Liver 
Disease (NAFLD)

V. Marrero-Colon, L. A. Dameris, S. D. Riegl, M. Baptissart, and M. Cowley. North 
Carolina State University, Raleigh, NC.

Non-Alcoholic Fatty Liver Disease (NAFLD) describes a spectrum of liver disease 
starting with excess lipid accumulation (steatosis). If untreated, NAFLD can 
progress to inflammation, fibrosis, and ultimately cancer. Affecting approximately 
25% of the global population, NAFLD is one of the most prevalent liver diseases. 
Exposure to environmental stressors during development is a risk factor for NAFLD 
onset; however, the causative molecular mechanisms are poorly understood, 
creating a barrier to developing effective therapies. We propose that imprinted 
genes, defined by their allele-specific expression in a parent-of-origin manner, play 
a role in NAFLD programming through the developmental environment because 
they are susceptible to perturbation in early life and regulate liver metabolism. Our 
hypothesis is that environmental stressors in early life program NAFLD suscepti-
bility by modulating imprinted gene activity. We have tested this hypothesis using 
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two different in vivo models: maternal metabolic syndrome (MetS) exposure and 
developmental cadmium (Cd) exposure. These studies show upregulation of Zac1, 
an imprinted gene that encodes a transcription factor, and the Imprinted Gene 
Network (IGN), a network of transcriptionally coordinated imprinted and bialleli-
cally-expressed genes. Over-expression of Zac1 in vitro and in vivo recapitulates 
molecular hallmarks of steatosis and fibrosis, supporting the hypothesis that Zac1 
is involved in NAFLD programming. Given these data, we tested if Zac1 responds 
in the same manner to other environmental stressors. We used the human hepato-
cellular carcinoma cell line HepG2 and challenged the cells to different chemical 
exposures linked to NAFLD outcomes. We found that carbon tetrachloride (CCl4), 
a classic hepatotoxicant, significantly upregulated Zac1 along with genes related 
to steatosis (e.g., SREBF1) and fibrosis (e.g., TGF-β1). Using this exposure model, 
as well as a Zac1 over-expression model in HepG2 cells, we plan to elucidate the 
molecular mechanisms of Zac1 action. We have already performed ChIP-seq on 
HepG2 cells over-expressing Zac1 and performed Ingenuity Pathway Analysis 
(IPA) in order to identify enriched networks and pathways among genes that are 
bound by Zac1. Among the results were the epithelial-mesenchymal transition 
(EMT) pathway, mechanism of gene regulation by peroxisome proliferators via 
PPARγ, and TGF-β signaling, consistent with roles for Zac1 in driving steatosis 
and fibrosis. We plan to perform IP-MS on HepG2 cells over-expressing Zac1 to 
identify Zac1 binding partners. Finally, we will test if Zac1 is required for NAFLD 
programming by developmental Cd exposure using a novel hepatocyte-specific 
Zac1 knockout mouse. We expect that mice carrying the deletion will be protected 
from cadmium-induced NAFLD. Together, our findings will identify Zac1 and the 
IGN as potential therapeutic targets in environmentally-induced NAFLD.

 4265 Human 3D Liver Spheroids: A Model System to Study 
Cholestatic Drug-Induced Liver Injury

F. Wenz1, B. Filippi1, M. Zbinden1, W. Moritz1, J. Jackson2, and A. Wolf1. 1InSphero, 
Schlieren, Switzerland; and 2Pflizer Inc., Groton, CT.

Bile acids (BAs) are playing an important role as regulators in the cellular metabo-
lism of lipids, glucose and energy homeostasis and in the activation of death 
receptors. BAs are also cytotoxic and there is in vivo evidence that cholestatic 
compounds acquire their hepatic toxicity by increasing BA concentrations in the 
liver. The BA homeostasis in the liver is regulated by a panel of hepatic efflux and 
uptake transporter like the canalicular efflux pumps BSEP and MRP2 or the basolat-
eral transporters MRP3 and 4. BAs regulate their own homeostasis. By the activa-
tion of the farnesoid X receptor (FXR) BAs can decrease their own synthesis and 
increase their elimination by enhanced BSEP and OSTα/β expression. There is no 
clear correlation between BSEP inhibition and DILI-induction of drugs. A possible 
explanation is that the applied recombinant transporter vehicle assays can only 
measure BSEP inhibition but not the compensatory mechanisms. Accurate predic-
tion of cholestatic liver toxicity requires a cellular model which indicates BA export 
inhibition and BA compensatory mechanisms. The co-treatment of BA together with 
hepatotoxic compounds was already evaluated in hepatocyte-sandwich culture 
(1) but not systematically tested for 3D liver microtissues (2). The purpose of the 
present study is the systematical evaluation of the human 3D liver spheroid co-cul-
ture model as a next generation 3D in vitro model to study cholestatic drug effects 
under physiologically relevant conditions by the couples Bosentan/Ambrisentan 
and Troglitazone/Rosiglitazone. Each couple is structurally related and has a DILI 
positive and negative congener. A 3D spheroid co-culture of primary parenchymal 
and non-parenchymal 3D liver spheroid model from InSphero was used as model 
system. Bosentan/Ambrisentan and Troglitazone/Rosiglitazone were co-treated 
with the mixture of bile acids represent in human portal plasma [1,2,3] at physio-
logical and supraphysiological concentrations (70 - 500 µM). Leakage of cytoso-
lic lactate dehydrogenase (LDH) in the cell culture supernatant was measured 
kinetically after 2, 4 and 7 days and cellular ATP content was measured as 7-day 
endpoint. For the 3-day study both ATP content and LDH leakage were measured 
after 72 h of treatment. After 7 days of treatment bile acids alone were not toxic 
at 100 µM but led to a slight decrease in cellular ATP at higher concentrations. 
Under the same conditions LDH was unchanged. Under Bosentan-BA co-treatment, 
Bosentan caused dose-dependent and synergistic increase in LDH release and 
decrease in cellular ATP was observed at co-treatment with 100 and 200 µM bile 
acids after 7 days. BA co-treatment with Ambrisentan did not lead to an increase 
in LDH leakage and caused only a small reduction of cellular ATP under same 
conditions. Troglitazone treatment alone for 7 days was not cytotoxic up to a 
concentration of 12 µM, but the addition of bile acids led to a reduction of ATP 
content. 72 h co-treatment of higher Troglitazone concentrations with bile acids 
showed synergistic dose-dependent increase of LDH leakage and decrease in ATP 
content. For Rosiglitazone, only minor changes in LDH release and ATP content 
were observed upon co-treatment with bile acids for 3 and 7 days. In conclusion, in 
the present study exogenous added bile acids act as a sensitizer for Bosentan but 
not for Ambrisentan cytotoxicity. Similar results were obtained by Troglitazone but 
not Rosiglitazone. The results of this work suggest the 3D liver spheroid model is 
a promising micro-physiological system to study the cholestasis potential of new 
drug candidates. [1] Jackson, J.P. et al. 2018, Applied In Vitro Toxicology, Vol.4, No.3 
[2] Hendriks, D.F.G. et al. 2016. Sci Rep 6, 35434 [3] Fickert P et al. 2017, J Hepatol.

 4266 Bioluminescent Metabolite Detection Assays for Studies of 
Liver Function

J. J. Cali, M. Valley, N. Karassina, D. Leippe, M. Bach, and J. Vidugiriene. Promega 
Corporation, Madison, WI.

The liver plays a key role in the metabolism of both lipids and carbohydrates. It 
maintains blood glucose levels by storing glucose when levels are high (glycogen-
esis) or releasing glucose when levels are low (glycogenolysis and gluconeogen-
esis). The liver is also the central hub for the uptake, formation, and export of 
lipids in the form of lipoproteins, and the target of aberrant lipid accumulation in 
nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH). 
To monitor aspects of these functions and pathologies we developed biolumines-
cent glucose, glucose uptake, triglyceride, and lipolysis assays. The assays share 
a core reaction sequence that couples luciferase pro-substrate activation to light 
output that is read on a luminescence plate reader. In the presence of the metabo-
lite of interest, NAD(P), and luciferase, a metabolite selective dehydrogenase 
reduces the prosubstrate to form NAD(P)H and a luciferin substrate that drives 
luciferase activity. In one example an assay configured for glucose detection was 
used to monitor gluconeogenesis by 2000 human iPS derived hepatocytes per 
well cultured as 3D spheroids. We observed glucose accumulation over 6 hours 
that decreased 2-fold with insulin treatment compared to untreated controls. We 
also measured glucose uptake in human liver microtissues and showed that it is 
blocked by the uptake inhibitors cytochalasin B and phloretin. To monitor lipoly-
sis, we configured a glycerol detection assay that measures the lipolytic release 
of glycerol. 50,000 human hepatocytes per well in 96-well 2D culture released 
low micromolar amounts of glycerol over 24 hours. This glycerol assay was also 
used to measure triglyceride accumulation by pretreating samples with lipase to 
release glycerol from intracellular triglycerides. To model the steatosis observed 
in NAFLD we treated 20,000 HepG2 cells per well (96 well plates) with excess fatty 
acid for 24 hours and measured a 4-fold triglyceride increase with the biolumines-
cent assay. Furthermore, to model NASH, we treated human liver microtissues with 
high glucose, insulin, fatty acids, and lipopolysaccharide for 7 days and observed a 
similar increase in triglyceride that decreased 2-fold by treatment with the investi-
gational NASH drug, firsocostat (0.5 micromolar). The suite of assays described 
here share a common core chemistry and signal readout that provides convenience 
and throughput for the study of liver models of health and disease.

 4267 Methylglyoxal-Derived Hydroimidazolone-1 Induces Ferroptosis 
by Iron Accumulation and Antioxidative System Collapse in 
Human Hepatocellular Carcinoma HepG2 Cells

J. Choi, H. Yoo, K. Rhee, and K. Lee. Korea University, Seoul, Korea, Republic of.

Methylglyoxal-derived hydroimidazolone-1 (MG-H1) is an advanced glycation 
end product (AGE) synthesized during the heat treatment of foods or glycolytic 
pathways in vivo. MG-H1 accumulation induces liver diseases associated with 
reactive oxygen species (ROS) like fibrosis and Non-Alcoholic Fatty Liver Disease 
(NAFLD). Ferroptosis is a non-apoptotic programmed cell death involved in ROS 
by cellular labile iron ion through the Fenton reaction. Ferroptosis cell death has 
been studied to be associated with various hepatic diseases. However, the connec-
tion between MG-H1 and ferroptosis is unclear. This study aimed to identify the 
effects of MG-H1 on ferroptosis in human hepatocellular carcinoma (HepG2) cells. 
As a result, cell cytotoxicity and ROS accumulation of MG-H1 dose-dependently 
increased in HepG2 cells. MG-H1 induced iron uptake in cells by an increase of 
transferrin receptor 1 (TFR1) and a decrease of ferritin heavy chain 1 (FTH1) 
expression. The iron ions absorbed more by TFR1 are accumulated in the labile iron 
pool due to a lack of FTH1. Furthermore, MG-H1 suppressed the proteins related 
to the cellular anti-oxidative systems, such as glutathione peroxidase 4 (GPX4) 
and solute carrier family 7 member 11 (SLC7A11) at gene and protein levels. The 
reduced SLC7A11 indicates a decrease in the activity of GPX4, which means a 
problem with the intracellular antioxidant system. Because, SLC7A11 helps synthe-
size glutathione (GSH) that substrates of GPX4, the main enzyme of cellular anti-ox-
idative system, by transporting cystine. In summary, these results suggest that 
MG-H1 causes ferroptosis by degradation of intracellular iron ion metabolism and 
disrupted antioxidizing agent’s synthesis balance in vitro.

 4268 Disruption of Mitochondrial Pyruvate and Alanine Metabolism 
Worsens Acetaminophen Hepatotoxicity by Reducing 
Glutathione Synthesis and Increasing Oxidative Stress

J. H. Vazquez1, N. K. Yiew2, M. R. Martino3, K. S. McCommis4, S. Kennon-McGill1, 
F. D. Allard1, E. U. Yee1, L. P. James1, B. N. Finck2, and M. R. McGill1. 1University of 
Arkansas for Medical Sciences, Little Rock, AR; 2Washington University School of 
Medicine, St. Louis, MO; 3Medical University of South Carolina, Charleston, SC; and 4Saint 
Louis University, St. Louis, MO.

It has been proposed that inhibition of the mitochondrial pyruvate carrier (MPC) 
complex that transports pyruvate into mitochondria can treat metabolic diseases 
like fatty liver and diabetes. Indeed, MPC inhibitors reduce phenotypic markers 
of metabolic derangement like advanced steatosis and hyperglycemia in mice. 
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However, loss of mitochondrial pyruvate metabolism by MPC inhibition or deletion 
also decreases basal levels of the antioxidant glutathione and increases glutathi-
one oxidation in cultured cells. Thus, MPC inhibitors may increase susceptibility to 
oxidative insults. Here, we sought to test that hypothesis using the mouse model 
of acetaminophen (APAP) hepatotoxicity which is mediated in part by oxidative 
stress. We generated liver-specific MPC2 KO, alanine aminotransferase 2 (ALT2) 
KO, double MPC2-ALT2 knockout (DKO), and wild-type (WT) littermate mice. After 
an overnight fast, we treated animals with 300 mg/kg APAP and compared liver 
injury (serum enzymes, histology), total and oxidized hepatic glutathione, and 
APAP-protein adducts between genotypes. We also treated some WT mice with 
the MPC inhibitor MSDC-0602 2 h post-APAP and pre-treated others for 24 h with 
the ALT inhibitor β-chloro-l-alanine. Finally, we treated CYP2E1-transduced HepG2 
cells with the MPC inhibitor UK-5099 and BCLA or vehicle control for 24 h then 
added 20 mM APAP or vehicle and measured lactate dehydrogenase (LDH) release 
and glutathione 24 h later. Neither MPC2 KO nor MPC inhibition altered APAP 
hepatotoxicity. However, the protein level of ALT2, which synthesizes pyruvate 
directly within mitochondria, was increased 1.9-fold in MPC KO mice, suggesting 
that ALT2 compensated for the loss of mitochondrial pyruvate uptake. We then 
tested whether ALT2 loss could increase APAP toxicity but, again, neither ALT2 
KO nor ALT inhibition had an effect. This led us to hypothesize that the MPC and 
ALT2 are redundant pathways in vivo to maintain not only mitochondrial interme-
diary metabolism but also glutathione homeostasis. Consistent with that idea, 
after APAP treatment, DKO mice had significantly greater injury compared to WT 
mice (serum LDH mean±SE: 20,323±3,124 vs. 10,269±3,407 U/L, respectively, at 
6 h post-APAP). Importantly, this was not due to increased APAP-protein adducts, 
which were paradoxically lower in DKO animals. We also observed impaired re-syn-
thesis of glutathione and greater oxidized glutathione in the DKO mice. These 
results were confirmed in cells in vitro with combined MPC/ALT chemical inhibi-
tion. Overall, neither MPC nor ALT inhibition alone increases susceptibility to APAP 
hepatotoxicity. However, disrupting both intramitochondrial pyruvate uptake and 
synthesis from alanine worsens injury, likely due to impaired antioxidant defenses 
and exacerbated mitochondrial dysfunction.

 4269 Toward Standardization of Comparative In Vitro Hepatic 
Metabolism (CIVM) Studies

A. Noorlander, A. A. Peijnenburg, A. Punt, and J. Louisse. Wageningen Food Safety 
Research, Wageningen University and Research, Wageningen, Netherlands.

In vitro biotransformation studies are important to obtain insights into species 
differences in toxicokinetics. For pesticide active substances in Europe, compar-
ative in vitro metabolism (CIVM) studies are required as described in Commission 
Regulation (EU) No 283/2013. The Scientific Panel on Plant Protection Products 
and their Residues (PPR Panel) of EFSA published a Scientific Opinion on testing 
and interpretation of CIVM studies, providing suggestions for a setup for such 
studies. In the document, the PPR Panel describes how unique human metabo-
lites (UHM) or disproportionate human metabolites (DHM) can be identified, the 
latter being metabolites that are formed in incubations with human hepatocytes at 
levels that are more than fourfold higher than in incubations with animal hepato-
cytes. It is of importance for regulatory applications that the data generated are 
consistent and reliable (reproducible), requiring standardized protocols and testing 
strategies for CIVM studies, which to date are not available. For in vitro biotrans-
formation studies, the applied concentration of cells/enzymes, incubation period, 
and concentration of substrate play an important role in the outcome, and these 
factors are preferentially optimized for each chemical. Therefore, the aim of this 
study was to perform CIVM studies for rats and humans using liver S9 fractions and 
primary hepatocytes using different enzyme/cell concentrations, different incuba-
tion times and different substrate concentrations, in order to assess how these 
factors influence the outcomes of such studies. First, the human and rat liver S9 
fractions and the human and rat primary hepatocytes were characterised for their 
metabolic activity by reference compounds for the following (human) enzymes: 
CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and 
CYP3A4. The test compound used for this case study is the herbicide chlorpro-
pham. First, its solubility in the in vitro system was determined and non-spe-
cific binding was assessed. For the primary hepatocytes, effects on cell viability 
were also determined. Subsequently CIVM studies were performed and selected 
metabolites were quantified using LC-MS/MS. The preliminary results of the CIVM 
studies show that regarding the possible identification of DHM, the applied concen-
tration of cells/enzymes, incubation period, and concentration of substrate play all 
an important role in the outcome. Therefore, for the proper assessment of DHM, 
comprehensive CIVM studies are required to obtain reliable insights in possible 
species differences.

 4270 Defining the Importance of the Mitochondrial Genome in the 
Role of Nonalcoholic Fatty Liver Disease (NAFLD) Using 3D In 
Vitro Models

R. Jensen1, A. Chadwick1, P. Sharma1, and D. Williams2. 1University of Liverpool, 
Liverpool, United Kingdom; and 2AstraZeneca, Cambridge, United Kingdom.

Non-Alcoholic Fatty Liver Disease (NAFLD) is the most common liver condition 
worldwide and can be caused by diet, lack of exercise, genetics, or drug-induced 
mitochondrial dysfunction. Individual variation plays a role in the onset and progres-
sion of NAFLD. As mitochondrial contain their own genome (mtDNA), this could be a 
risk factor of NAFLD and drug-induced steatosis. A haplogroup is a group of individ-
uals sharing the same series of mutations in mtDNA, inherited from a common 
maternal ancestor. The aim of this work is to investigate the singular effect of 
mitochondrial genotype upon progression of NAFLD from steatosis to fibrosis 
using an in vitro 3D NAFLD model. In this study, we use HepG2 transmitochondrial 
cybrid cell lines, each line containing distinct mtDNA, to assess effects of specific 
mitochondrial single nucleotide polymorphisms (SNPs) across a constant nuclear 
background. A 3D co-culture of HepG2 (WT or cybrids with haplogroups J and H) 
with stellate cells (LX2) were treated for 24 hours with a physiological inducer (oleic 
and palmitic acid) or a chemical inducer (amiodarone) of steatosis, leading to lipid 
and collagen accumulation thus creating a NAFLD model. Using Adipored assay, 
differences between transmitochondrial cybrids in the amount of lipid accumula-
tion, a marker of steatosis, could be seen with HepG2 WT and haplogroup H display-
ing a 1.9- and 1.7-fold increase, respectively, in lipids compared to haplogroup J at 
basal levels. Also, after amiodarone treatment HepG2 WT had a 1.8-fold increase in 
lipids compared to haplogroup J, suggesting haplogroup J has a protective factor 
in lipid accumulation compared to HepG2 WT. There were also differences in the 
amount of mtDNA being released from the cells after both treatments. However, 
there was no difference in the amount of collagen deposition as a marker of fibrosis 
across the cybrids. Therefore, these studies suggest a role for mtDNA as a suscep-
tibility or protective factor in the onset and progression of NAFLD and establishes a 
new personalised model of NAFLD.

 4271 Investigating the Effect of Mitochondrial Genome on Antibiotic-
Induced Liver Injury

R. T. Kiy, S. Das, R. E. Jenkins, and A. E. Chadwick. University of Liverpool, Liverpool, 
United Kingdom.

Antibiotics are the drug class most commonly associated with drug-induced 
liver injury (DILI), a key mechanism of which involves mitochondrial dysfunction. 
Linezolid is an oxazolidinone antibiotic which exerts antibacterial effects via the 
inhibition of bacterial protein synthesis. Structural similarities between bacterial 
and mitochondrial ribosomes as a result of endosymbiosis mean that linezolid can 
also inhibit mitochondrial protein synthesis via the inhibition of mitoribosomes, 
a hypothesis consistent with clinical adverse events. As mitochondria are highly 
metabolic organelles, interfering with mitochondrial protein synthesis is likely to 
alter the metabolic profile of cells. Furthermore, certain single nucleotide polymor-
phisms (SNPs) such as G3010A in mitochondrial DNA (mtDNA) are associated 
with increased risk of clinical linezolid toxicity. In order to explore whether this 
association is present in an in vitro liver model, a panel of HepG2 transmitochon-
drial cybrids were used. These advanced in vitro models contain donor mtDNA 
including SNPs of interest, thus allowing the effects of interindividual mtDNA 
variation to be assessed against a constant nuclear background. HepG2 WT and 
HepG2 transmitochondrial cybrids were dosed with linezolid (up to 300 µM) for 
24 or 72 hours. Using western blotting and qPCR respectively, linezolid was seen 
to cause significant concentration-dependent decreases in mitoribosome-de-
pendent proteins and no significant change in mtDNA copy number across all 
cell types. Using high resolution respirometry and nuclear magnetic resonance 
(NMR) metabolomics, metabolic differences between the HepG2 WT and HepG2 
transmitochondrial cybrids were observed both at baseline and following linezolid 
treatment. Here, we have shown that mitochondrial genome is likely to play a role 
in patients’ susceptibility to linezolid-induced hepatotoxicity. The stratification of 
clinical treatments based on nuclear genes is becoming increasingly common, 
yet mitochondrial pharmacogenetics have been largely overlooked thus far due 
to challenges surrounding the complexity of mtDNA variation being confounded 
by variation in nuclear DNA (nDNA). Transmitochondrial cybrids are an extremely 
useful model in helping to combat these challenges.

 4272 Characterization of the Effect of Primary Human Hepatocyte 
(PHH) Lots on Function in CN Bio Innovations Liver-Chip 
Using Acetaminophen

K. Eckstrum, K. Headrick, A. Striz, and R. Sprando. US FDA, Laurel, MD.

Microphysiological systems (MPS), such as Organ-Chips, are emerging New 
Approach Methods (NAMs) for predicting human physiology and/or toxicology. 
These NAMs employ the use of primary human cells and the flow of media and 
create a suitable environment in which the cells can thrive and function as they 
would in vivo, potentially leading to more accurate human toxicological predictions. 
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Despite this, there are some difficulties in using MPS that need to be considered. 
Primary human hepatocytes, because of their variability in response in culture, 
can lead to imprecise predictions. In this study, we explored the effect of a known 
hepatotoxin, acetaminophen (APAP), on different primary human hepatocyte (PHH) 
lots in the CN Bio Liver-Chip. Choosing suitable PHH lots for use in CN Bio is critical; 
however, it is not always simple. Viability of the PHHs upon thawing does not 
always predict if they will do well in the chip system. PHH were exposed to a range 
of doses of APAP for up to four days. Hepatocyte function and cell death were 
monitored by albumin secretion, urea, LDH, ALT, and AST release. Our preliminary 
findings indicate that different PHH lots varied not only in their ability to survive 
on the Liver-Chip but also varied in their sensitivity to APAP exposure and thus 
time to onset of toxicity. Depending on lot, perturbations in albumin secretion were 
observed as early as 24 hours after exposure with the highest doses and sometimes 
on the final day (day 4) of exposure. Lower doses of APAP showed toxicity in some 
lots of PHH but not others. Similarly, LDH showed cell death as early as 48 hours in 
some PHH lots, others took 4 days, and still others never showed cell death by LDH. 
In conclusion, the variability between PHH cell lots may be a confounding factor 
when analyzing the usefulness of PHH in liver-chip platforms for predicting toxico-
logical responses and suggests that pooled cells might be useful for predicting 
general human population responses.

 4273 Bioengineering of Novel Organotypic 3D Human Liver/
Hepatocyte Tissue Model for Drug-Induced Liver 
Injury/Toxicity Studies

S. Ayehunie, C. Holm, D. Sazer, M. Frare, A. Armento, and Y. Kaluzhny. MatTek, 
Ashland, MA.

Development of a human primary cell-based 3D organotypic hepatocyte/liver 
tissue model that can be cultured for weeks with polarized hepatic morphology 
and maintains high level expression of major liver associated drug metaboliz-
ing enzymes is an attractive alternative platform to study acute and chronic liver 
toxicity and drug induced Liver injury. In this study we developed a 3D human 
hepatocyte tissue model using adult primary hepatocytes. To reconstruct the 
model, hepatocytes were seeded onto Transwell inserts and fed with specialized 
medium to form polarized and well differentiated hepatocyte tissue structure with 
defined apical and basolateral surfaces. Tissue morphology was characterized by 
histology, albumin expression and release were evaluated by immunohistochemis-
try and ELISA. To monitor changes in gene expression levels for drug metabolizing 
enzymes associated with first pass metabolism during the culture period, qPCR 
was performed at days 0, 9, 16 and 23. Utility of the tissue model for drug toxicity 
studies was demonstrated by dosing the reconstructed liver tissue with 100 uM 
of 5 model drugs (SN38, Bosentan, Diclofenac, Fialuridine, and Tolcapone) that 
are known to have adverse effect on liver in humans. Outcome measurements for 
liver toxicity include an increased levels of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) release which are two enzymes with clinical 
relevance in liver function tests. Characterization of the tissue model showed that 
3D columnar hepatocyte tissue formation (histology), hexagonal cellular structure 
(topical view imaging), albumin production (immunohistochemistry), and albumin 
release to the basolateral and apical sides (ELISA). qPCR results demonstrated 
high level expression of enzymes involved in drug metabolism such as CYP2C8, 
CYP2C9, CYP2C18, CYP2C19, CYP2D6, CYP2E1, CYP3A4, CYP3A5, CYP3A7, and 
CYP4A11. Interestingly repeated application of Fialuridine, a drug intended for 
hepatitis B treatment that was abruptly terminated due to induction of liver failure 
or causing of severe liver toxicity during clinical trials, showed an increase in ALT 
and AST levels in a time-dependent manner at days 5 and 7 indicative of drug 
induced liver injury (DILI). The positive control SN38, a metabolite of the cancer 
drug Irinotecan, also showed an increase in ALT and AST levels. Development of 
this novel 3D human liver tissue model using primary adult hepatocytes creates an 
opportunity to study liver physiology in an in vitro tissue platform. The developed 
liver model can also play a key role in screening drug candidates that are in develop-
ment pipeline for their liver toxicity potential. Such models will have impact in the 
development of new approach methodologies (NAMs) to identify adverse effects of 
therapeutic candidates and to reduce animal use for experimentation.

 4274 Unraveling PCB Effects in Differentiated Human Hepatocytes

P. E. Dunlap1, J. R. Rice1, S. Ramaiahgari1,2, J. Dunnick1, B. A. Merrick1, M. J. DeVito2, 
and S. S. Ferguson1. 1NIEHS, Research Triangle Park, NC; and 2US EPA, Research 
Triangle Park, NC.

Polychlorinated biphenyls (PCBs) are structural class of environmental chemicals 
with structural similarities and varied degrees of toxicity. Liver effects with PCBs 
(e.g., hepatomegaly, carcinogenesis) are a primary focus of PCB toxicity research, 
yet data gaps continue to limit our ability to understand and predict PCB-induced 
toxicity. PCB11 (3,3’-dichlorobiphenyl) represents an environmentally detected 
PCB (e.g., air, water, sediments and human serum) with minimal available toxicity 
information. The present study examines the effects of PCB11 on hepatocyte gene 
expression as a marker of hepatic receptor activation in differentiated human 
hepatocytes (HepaRG) alongside better-understood PCBs (i.e., PCB77, PCB95, 
PCB126, PCB153) and Aroclor mixtures 1016 and 1254. Seven (7) concentrations 

of each test substance were evaluated over a 48h exposure period (repeated dose) 
with assays for CYP1A2 (AhR target gene), CYP2B6 (CAR) and CYP3A4 (PXR), 
ABCB11 (FXR), and HMGCS2 (PPARα). Established liver carcinogen PCB126 served 
as positive control for AhR activation to induce CYP1A2 expression, and resulted in 
robust response (~2,000-fold) compared with markedly weaker responses PCB11 
(~30-fold), PCB153 (~25-fold), PCB77 (~5-fold), and no induction with PCB95. For 
CAR activation, PCB11 produced a robust response (~10-fold) that was compara-
ble to positive control phenobarbital with a half-maximal concentration of 11 µM. 
Overall, these data revealed PCB11 to be more similar to PCB95 and PCB77, and 
distinct from PCB126.

 4275 hnRNP-Q and hnRNP-L Influence Drug Metabolism and Toxicity 
by Regulating mRNA Processing of Drug Metabolizing Enzymes 
and Nuclear Receptors in HepaRG Cells

D. Li, L. Wu, B. Knox, W. Tong, and B. Ning. US FDA/NCTR, Jefferson, AR.

Drug metabolizing enzymes (DMEs) and nuclear receptors (NRs) play critical roles 
in drug metabolism and toxicity. The expression of DMEs and NRs are regulated by 
various mechanisms including transcriptional and posttranscriptional modulation 
directed by noncoding RNAs and RNA binding proteins. Heterogeneous Nuclear 
Ribonucleoprotein (hnRNP) Q and L belong to a large family of RNA binding 
proteins that function in mRNA metabolism. They have been shown to interact 
with lncRNA RP11.116D2.1 which modulates DME and NR expression; however, 
the mechanism underlying their effects on DME and NR levels is still unclear. To 
that end, we knocked down hnRNP-Q and hnRNP-L respectively in HepaRG cells 
using siRNAs and performed RNA-sequencing with total RNAs extracted from the 
cells. Intron enrichment ratios (IERs) were then measured to analyze the effect of 
hnRNP knockdowns on mRNA splicing of key DMEs and NRs, including CYP3A4, 
CYP2E1, SULT1A1, SULT2A1, and NR1I2. We also performed actinomycin D chase 
assay with the siRNA-transfected HepaRG cells and analyzed the expression of the 
key DMEs and NRs to evaluate the effect of hnRNP-Q and -L on mRNA stability. Our 
results showed that mRNA splicing at 31 and 28 splicing junctions have been signifi-
cantly affected by knockdown of hnRNP-Q and hnRNP-L, respectively. The top two 
most upregulated junction positions were found in CYP2E1 at Chr10:133532281 
-133532286 (IER = 6.9) and SULT2A1 at Chr19:47883573 -47883578 (IER = 5.6). 
Also, we found that the mRNA levels of CYP2E1, SULT2A1, SULT1A1, and NR1I2 
in HepaRG cells following the hnRNP knockdown and 12-h Actinomycin D chase 
were comparable to those in the control cells. Thus, we conclude that hnRNP-L and 
hnRNP-Q may influence drug metabolism and toxicity by regulating mRNA splicing 
of DMEs and NRs via interacting with lncRNA RP11.116D2.1 in liver cells.

 4276 Examining the Toxicity of Cannabidiol (CBD) Exposure at 
Consumer-Relevant Doses in Primary Human Hepatocytes

A. Striz, Y. Zhao, E. Sepehr, C. Vaught, K. Eckstrum, K. Headrick, J. Yourick, and 
R. Sprando. US FDA, Laurel, MD.

Cannabidiol (CBD), which has been used in clinical trials for the treatment of 
certain seizure disorders, has been shown to induce hepatotoxicity. CBD containing 
consumer products have flooded the marketplace in recent years. While clinical 
CBD doses are generally higher than those currently found in consumer products, 
data on the effects of CBD at concentrations below the clinical dose in the liver 
and methods for studying these effects in vitro are limited. This study evaluated 
the hepatotoxic potential of CBD below the clinical doses in vitro using primary 
human hepatocytes. Hepatocyte lots from different donors were chosen for each 
individual experiment to represent variation in the population and the hepatocyte 
harvesting process. Based on known liver Cmax values from the literature evaluat-
ing clinical CBD for treatment of seizure disorders, in silico predicted Cmax levels 
from exposure to CBD containing consumer products were estimated. Given 
the limit of solubility for CBD in hepatocyte culture media, we chose a final dose 
range for testing between 10 nM and 25 µM. From stability studies, we found that 
cells received approximately 70-75% of the original CBD exposure dose. Primary 
human hepatocytes exposed to CBD for 24 and 48 hours were evaluated using 
LDH release and caspase 3/7 staining as markers for cell death and apoptosis. 
Albumin secretion, urea cycle, and mitochondrial membrane potential were probed 
to investigate effects on hepatocellular function. Due to variability among hepato-
cyte lots, results were normalized to vehicle control within each experiment. Cell 
viability, urea release, and mitochondrial membrane potential were not significantly 
affected by CBD at any of the concentrations tested. There was a modest decrease 
in albumin secretion observed with 25 µM CBD exposure at both 24 and 48 hours, 
but this was not found to be statistically significant. In conclusion, CBD exposure 
in primary hepatocytes at the doses tested was not found to induce hepatoxicity, 
however, additional studies will be needed to determine how these results correlate 
with consumer exposure and the biological effects of CBD in human liver.
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 4277 Automated “In-Plate” Cryopreservation Revolutionizes the 
Accessibility of Liver Spheroids Derived from Primary Cells for 
Standardized Liver Safety Testing

A. Wolf1, S. Hutter1, D. Felder2, L. Müller2, M. Altmeyer2, N. Zapiórkowska-Blumer1, 
K. Sanchez1, O. Frey1, and W. Moritz1. 1InSphero, Brunswick, ME; and 2Institute for Lab 
Automation and Mechatronics, Rapperswil-Jona, Switzerland.

Drug development requires a stringent evaluation of a drug’s safety profile, 
among which hepatotoxicity is a major concern as it is the most common reason 
for post-marketing withdrawal. In the past, an entire battery of advanced in vitro 
liver models has been developed, either based on primary donor cells or derived 
from stem cells. In addition, to correctly predict drug-induced liver injury (DILI), (a) 
standardization, (b) representation of population diversity and (c) instant access at 
affordable costs will be key for a model to become widely adapted by the pharma-
ceutical industry for pre-clinical hazard and risk assessment. Larger production 
lots combined with long-term storage solutions could overcome batch-to-batch 
variations and significantly reduce manufacturing and shipment costs. Here, we 
demonstrate a new approach to cryopreserve mature, primary cell based human 
liver spheroids directly in standard assay plates (1 spheroid/well). After storage and 
thawing, these spheroids can be directly used for drug safety testing. The spheroids 
underwent an equilibration process with increasing concentrations of cryoprotec-
tive agents (CPA). Subsequently, the spheroids were spotted as droplets of 0.5-1.0 
μl volume onto a 96-well spheroid microplate pre-cooled to −196 °C. Contact of 
the spheroid-bearing droplet with the cold plate surface led to instant freezing at 
cooling rates commonly applied for vitrification. Vitrification renders an aqueous 
solution into an amorphic, glassy state preventing cell damage associated with ice 
crystal formation as usually observed using conventional freezing methods. After 
thawing, the spheroids were compared to non-frozen control tissues. The morphol-
ogy showed similar compact and round liver tissues as their non-frozen counter-
parts, while H&E staining and immuno-staining for CD68 (Kupffer cells), Albumin 
(Hepatocytes), and BSEP (canalicular structures) revealed similar patterns as in 
non-frozen tissues. The ATP content of single spheroids was between 85% and 75% 
of non-frozen counterparts at day 2 and day 7 after thawing. Albumin secretion and 
CYP450 activities (1A2, 2B6, 2C9, 3A4) were very similar to control tissues. A 7-day 
repeated dose-response toxicity study (ATP) for Chlorpromazine, Troglitazone 
and Tolcapone revealed similar IC50 values as performed with non-frozen liver 
spheroids. These results demonstrate for the first time the feasibility of perform-
ing cryopreservation of highly differentiated spheroids based on primary cells in 
standard microplates, enabling long-term storage without loss of function. Such 
a scalable process could be a game-changing method for on-stock production of 
complex 3D cell culture models (spheroids and organoids) suitable to be supplied 
to the industry on demand.

 4278 Detection of Chemically Reactive Metabolites and De-risking 
Hepatotoxicity Using High-Content Imaging

D. Cerny1, B. Park2, R. Barton2, P. Wright2, C. Bauch2, S. Bevan2, C. Strock1, and 
P. Walker2. 1Cyprotex US LLC, Watertown, MA; and 2Cyprotex Discovery Limited, 
Macclesfield, United Kingdom.

Drug-induced liver injury (DILI) is one of the most common mechanisms of drug 
attrition within drug development and responsible for drug withdrawals from the 
market. Amongst the most common mechanisms associated with intrinsic DILI are 
hepatic transporter inhibition, mitochondrial dysfunction, and reactive metabolite 
formation. The cytochrome P450 (CYP450) superfamily of enzymes represents the 
primary phase 1 metabolic system within the liver, responsible for the oxidation, 
peroxidation, and hydrolysis of xenobiotics for downstream excretion. For certain 
chemical entities, the metabolic process results in the formation of reactive 
metabolites with increased toxicity in comparison to the parent. Consequently, 
the presence of such reactive metabolites can result in hepatotoxicity through the 
formation of reactive oxygen species, DNA damage, mitochondrial dysfunction, and 
endoplasmic reticulum (ER) stress. Utilizing the pan-specific inhibitor of the CYP450 
enzymes, 1-Aminobenzotriazole (1-ABT) on hepatocytes in combination with 
high-content imaging (HCI) provides an assessment of potential reactive metabo-
lites effects on cell health parameters. These endpoints include nuclear features, 
glutathione (GSH) content, mitochondrial dysfunction, and reactive oxygen species 
(ROS) formation, alongside cellular ATP content. Reactive metabolite formation 
was determined through a calculated fold-shift in cell health features, between the 
plus and minus 1-ABT dosing conditions. Those features presenting a fold-shift 
>1.5 are determined to be associated with a reactive metabolite. An assessment 
was made across a panel of known DILI reference compounds associated with 
the formation of reactive metabolites through this HCI bioactivation assay within 
metabolically competent HepaRG cells, primary human hepatocytes (PHH) and 
primary mouse hepatocyte (PMH). Our results demonstrate that chemically reactive 
metabolites are generated within the assay, but specific cell health parameters 
associated with known hepatotoxicity were shown to present the greatest fold-shift 
amongst all other features. Exampled through the compounds cyclophosphamide 
(CP), acetaminophen (APAP), and aflatoxin-b1 (AF), each presented the most signif-
icant fold-shift in their reported most sensitive mechanism (MSM) as supported 
by literature, including DNA structure (1-ABT absent only response), GSH content 
(fold-shift 2.11), and DNA structure (fold-shift 64.2), respectively. Additionally, this 

approach allows the assessment of potential species differences. We present here 
a robust, in vitro methodology for the identification of chemicals with the potential 
to form toxic reactive metabolites, as part of early DILI de-risking strategies in drug 
discovery and development.

 4279 Role of Sortilin in the Hepatic Lipid Metabolism: Impaired 
Chaperone-Mediated Autophagy Leads to Abnormal Sortilin 
Turnover and CES1-Dependent Triglyceride Hydrolysis

Y. Nam, Y. Choi, W. Lee, and B. Lee. Seoul National University, Seoul, Korea, Republic 
of. Sponsor: J. Park.

Chaperone-mediated autophagy (CMA) is a specialized type of autophagy that 
selectively recognizes cytosolic proteins and degrades them in lysosomes. 
Previous studies have shown that impaired CMA affects lipid metabolism in the 
liver. Sortilin is a member of the vacuolar protein sorting 10 protein (Vps10p) family 
that transports ligands to lysosomes. Recent studies have suggested a possibility 
that sortilin regulates lysosomal targeting and degradation of Carboxylesterase1 
(CES1), which plays an important role in triglyceride (TG) hydrolysis in the liver. 
In this study, we studied whether sortilin is a substrate of CMA, and the overall 
effect of sortilin accumulation on lipid homeostasis. Here, we identified the 
presence of the KFERQ-like motif in the amino acid sequence of sortilin by using 
KFERQ motif finder V0.8. Co-immunoprecipitation results confirmed the interac-
tion between sortilin and HSC70 in HepG2 cells and mouse primary hepatocyte 
(MPH). Lysosome-associated protein 2A (LAMP2A) knockdown (KD) HepG2 cells 
and MPH showed the accumulation of sortilin, which were opposite in LAMP2A 
overexpressed cells. AAV8-shLAMP2A mouse model and mouse NASH models 
also showed decreased LAMP2A level and accumulation of sortilin. In addition, we 
found that CES1 was negatively correlated with sortilin and that decreased CES1 
level induces significantly elevated hepatic TG level in HepG2 cells, MPH, and in 
vivo models, suggesting that sortilin affects both the degradation of CES1 and 
the subsequent TG hydrolysis. Taken together, it was confirmed that sortilin is a 
substrate of CMA. Our data also demonstrated that disruption of CMA-mediated 
sortilin degradation might affect CES1-dependent TG hydrolysis and imbalance of 
lipid homeostasis in the liver, suggesting the possibility of sortilin as a new NAFLD 
treatment target. This work was supported by the National Research Foundation of 
Korea (NRF) grant funded by the Korea Government (2020R1A2B5B01001920).

 4280 Characterization of the Chromatin Accessibility Landscape 
during HepaRG Cell Differentiation

M. Jamal, M. Bharmal, A. Alazizi, T. Kocarek, F. Luca, R. Pique-Regi, and 
M. Runge-Morris. Wayne State University, Detroit, MI.

The liver undergoes functional changes during development that are accompanied 
by changes in expression of many genes, including genes that encode xenobiotic-me-
tabolizing enzymes. Many of the same gene expression changes that occur during 
human liver development are also seen during differentiation of cultured HepaRG 
cells. For example, expression of some members of the cytosolic sulfotransferase 
(SULT) superfamily of conjugating enzymes (e.g., SULT1C2, SULT1E1) is highest in 
prenatal human liver and confluent HepaRG cells, while expression of other SULTs 
(e.g., SULT2A1) is highest in adult liver and differentiated HepaRG cells. Therefore, 
in addition to its established value as a model for toxicological research, HepaRG 
is a useful model for studying mechanisms that control developmental changes 
in hepatic gene expression. Transcription factor binding to regulatory motifs in 
accessible regions of chromatin is an important determinant of gene transcription. 
Therefore, knowledge of the changes in chromatin accessibility that occur during 
cell differentiation can be used to identify transcription factor-binding motifs, and 
implicate transcription factors, that might contribute to the developmental regula-
tion of hepatic gene expression. The genome-wide changes in chromatin accessi-
bility that occurred as HepaRG cells transitioned from undifferentiated to differen-
tiated were identified using the Assay for Transposase-Accessible Chromatin with 
high-throughput sequencing (ATAC-Seq) on cells harvested at time points reflecting 
the proliferative (day 4 after cell plating), confluent (day 14), and differentiated (day 
28) stages. Four replicate experiments were performed in which separate batches 
of HepaRG cells were cultured, nuclei prepared, and libraries generated. Quality 
control analyses indicated that the ATAC-seq data were of high quality. Aligned 
peaks from the four experiments were subjected to differential analysis using 
DEseq2, for the following three contrasts, while controlling for batch effects: 1) day 
14 vs. day 4, 2) day 28 vs. day 14, and 3) day 28 vs. day 4. Differentially accessible 
regions of chromatin (DARs) were defined at an FDR of 0.05 and log fold-change 
of 0.5. The analysis identified 37,990 significant DARs for day 14 vs. day 4, 69,387 
significant DARs for day 28 vs. day 14, and 90,297 significant DARs for day 28 vs. 
day 4. Distinct chromatin accessibility changes were seen when day 14 vs. day 4 
log fold-change values were compared to day 28 vs. day 14 log fold-change values, 
suggesting specific gene regulatory mechanisms. Simple enrichment analysis 
(SEA) was used to identify transcription factor-binding motifs that were enriched 
in the significant DARs. As an example of the SEA findings, hepatocyte nuclear 
factor (HNF) motifs were found to be highly enriched in day 14 and day 28 samples, 
consistent with the expected important roles of HNFs during hepatocyte differen-
tiation. This ATAC-seq analysis of chromatin accessibility provides new insights 
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into mechanisms that control gene expression during hepatocyte differentiation. 
This knowledge will be useful for understanding how exposures to environmental 
stressors during development might disrupt these differentiation processes. This 
work was supported by NIH grants R01ES022606 and P30ES020957.

 4281 In Vitro Human Hepatocyte Proliferation Assays: Analysis of 
Responses to Reference Compounds in Studies from CropLife 
Europe Member Companies

D. E. Cowie. Syngenta, Bracknell, United Kingdom. Sponsor: D. Wolf.

Liver cancer in rodents is a common finding in response to lifetime chemical 
exposure and frequently occurs via a non-genotoxic mode of action (MOA), with 
increased cell proliferation via activation of nuclear receptors (such as the consti-
tutive androstane receptor, CAR). Exemplification of chemical specific MoAs and 
assessment of human relevance involve bespoke mechanistic studies examining 
key events in the MoA and to examine human relevance, studies looking at DNA 
synthesis as a surrogate for proliferation in isolated human hepatocytes. CropLife 
Europe member companies retrospectively collated the available human hepato-
cyte data to understand the demographics of human hepatocyte donors used and 
respective proliferative responses to control compounds. Data were collected for 
studies run between 2011-2020. 40 individual human hepatocyte donors were 
identified as have being tested with the following demographics, 18/40 male; 22/40 
female; age range of donors covered 11-73 years for males and 10 months to 80 
years for females. All donors tested induced increases in S-phase DNA labelling 
index versus control when exposed to the reference controls, epidermal growth 
factor (EGF, 7.7±5.8-fold versus control) or hepatocyte growth factor (HGF, 2.6±1.7-
fold versus control) in a dose dependent manner. No influence of age or sex on 
S-phase DNA labelling index was observed in response to EGF or HGF. Treatment 
with the CAR activator phenobarbital did not affect S-phase DNA labelling index 
in human hepatocytes. This data indicates that human hepatocytes are a robust 
model for assessing the human relevance of key events in the CAR-mediated 
mechanism for liver carcinogenesis in rodents.

 4282 Response of Rat and Human Hepatocytes to Reference 
Inducers in Terms of CYP and UGT Induction and Increases in 
Thyroxine-UGT Activity

A. Schäfer1, C. Parmentier1, S. Melching-Kollmuss2, H. Tinwell3, C. Walter4, T. Holmes5, 
and L. Richert1. 1Kaly-Cell, Plobsheim, France; 2BASF, Limburgerhof, Germany; 3Bayer 
CropScience, Sophia Antipolis, France; 4Certis Belchim, Utrecht, Netherlands; and 
5Adama, Köln, Germany.

The in vitro induction of hepatic phase I cytochrome P450 (CYP) enzymes in human 
and rat hepatocytes via activation of nuclear receptors following 72h of cell culture 
in the presence of various reference liver enzyme inducers such as ß-naphthofla-
vone (BNF) via activation of the aryl hydrocarbon receptor (AhR), phenobarbital 
(PB) via activation of the constitutive androstane receptor (CAR), rifampicin (RIF, 
human) or pregnenolone 16a-carbonitrile (PCN, rat) via activation of the pregnane 
X receptor (PXR) has been well described in the literature. Comparative in vitro 
assessment in hepatocytes of the level of induction of phase I CYP and co-regu-
lated phase II UGT enzymes has not been thoroughly studied, though some recent 
studies have shown that the magnitude of induction could be clearly evidenced, and 
related activity increases such as thyroxine (T4)-UGT, only after longer exposure, up 
to 7 days (Parmentier et al., 2022). In the present study, we confirm that cryopre-
served primary (Wistar) rat hepatocytes (PRH) and primary human hepatocytes 
(PHH) in the previously described sandwich-culture configuration consistently 
respond to CYP and UGT induction following daily exposure to reference inducers 
for 7 days as compared to their response for 3 days of exposure. Despite the 
inter-donor and inter-experiment variability seen (n=3 donors per species for which 
at least 3 experiments per donor were performed), the response of PRH to inducers 
was consistently greater than that of PHH, both in terms of increased CYP mRNA 
expression and related activities. With respect to UGTs, induction patterns were 
different in the two species, UGT1A family being induced in PHH, while UGT2B1 
was induced in PRH. Basal levels of phenol T4-UGT were on average 6 times higher 
in PRH as compared to PHH (mean 4 versus mean 0.6 pmol/min/mg protein) and 
in addition were reproducibly and significantly increased after a 7-day exposure to 
reference compounds. The relative T4-UGT activity increases (delta activity over 
controls) in PRH attained 6 pmol/min/mg protein after PB treatment and 22 pmol/
min/mg protein after PCN or BNF treatment. In PHH, T4-UGT activity was only 
barely increased, not exceeding 1-2 pmol/min/mg protein whatever the inducer PB, 
RIF or BNF was. Overall, the work shows that this standardized in vitro assay can 
be used in a weight of evidence approach to address species differences in hepatic 
enzyme induction-mediated liver and thyroid toxicity.

 4283 Characterization of Primary Human Hepatocytes from 
Diseased and Healthy Livers in an All-Human Cell Based 
Tri-Culture System

J. J. Odanga1, E. K. Breathwaite1, S. Presnell1, E. L. LeCluyse2, and J. R. Weaver1. 
1LifeNet Health, Virginia Beach, VA; and 2LifeNet Health LifeSciences, Research Triangle 
Park, NC.

Liver toxicity continues to be a major health concern. There are several liver 
diseases that can result from chemical exposure, including steatosis, alcoholic 
and nonalcoholic steatohepatitis. Conventional in vitro model systems lack the 
ability to sustain the basic morphology and functionality of primary human hepato-
cytes (PHHs) from both healthy and diseased tissues for extended periods of time 
or maintain phenotypic characteristics including differences in lipid accumula-
tion and inflammatory responses. Recent development of a novel all-human cell 
based tri-culture system (hTCS) includes cryopreserved primary human feeder 
cells (FCs) and PHHs. The hTCS was used to characterize basic synthetic and 
metabolic functions in PHHs from healthy or diseased tissues, which were classi-
fied according to their histopathology score. hTCSs were established by thawing 
cryopreserved human feeder cells (FCs) and seeding onto 24-well collagen coated 
plates. Cryopreserved adult PHHs from either healthy or diseased donors were 
then thawed and plated onto the FCs to create the hTCS. The functionality of both 
healthy and diseased PHHs cultured in the hTCS was measured during a 15 day 
culture period, including production of albumin (Alb) and urea and Cytochrome 
P450 (CYP) 3A4 activity when normalized to cell number. The results showed a 
decrease in Alb levels from the diseased PHHs (40.6 ± 10.8 µg/106/day) in the 
hTCS compared to healthy PHHs (111 ± 22.2 µg/106/day) on day 15 of the culture 
period. A similar decrease was measured for urea levels (37.4 ± 1.83 vs 74.5 ± 
5.08 µg/106 cells/day). There was also a 5-fold decrease in CYP3A4 activity in 
diseased PHHs (25.9±8.6 nM/106 cells/day) versus healthy PHHs (126 ± 5.84 
nM/106 cells/day) on day 15. Immunolocalization of CYP2E1 was notably elevated 
in diseased PHHs compared to healthy PHHs. Characterization of pro-inflammatory 
cytokine expression of MCP-1 and IL-6 in both healthy and diseased hTCS systems 
was also determined on day 14. When cultured with diseased PHHs compared to 
healthy PHHs on day 14, there was an increase in IL-6 (68.5 ± 16.4 vs 21.1 ± 9.74 
pg/106 cells/day) and MCP-1 (8886 ± 2195 vs 3482 ± 1484 pg/106 cells/day). The 
fibrotic marker CK18 was increased in the hTCS when cultured with diseased PHHs 
(15224 ± 3568 pg/106 cells/day) versus healthy PHHs (9462 ± 2460 pg/106 cells/
day) on day 14. TGF-β expression was also higher in the diseased PHHs (753.4 
± 322.4 pg/106 cells/day) versus the healthy PHHs (439.5 ± 205.4 pg/106 cells/
day). Gene expression of FASN, PCK1, and G6PC in the diseased PHHs at day 14 
was decreased almost 3-fold on average compared to the healthy PHHs. Further 
characterization of the hTCS was performed by determining the differences in the 
synthesis and accumulation of intracellular lipid by healthy and diseased PHHs 
maintained in medium containing 320 µM oleic acid and 25 mM glucose (lipotoxic 
med.). An increase in lipid synthesis was measured after both types of PHHs were 
cultured in lipotoxic med. (diseased: unt 100 ± 11.8% vs trt 120.6 ± 9.11%; healthy: 
unt 100 ± 5.58% vs trt 145.3 ± 8.49%). Adding 0.5 µM Obeticholic acid (OCA), a 
farnesoid X receptor agonist, significantly decreased lipid synthesis by 15% on day 
7 of treatment in healthy PHHs cultured in lipotoxic med. in the hTCS (trt 115.4 
± 5.82 vs trt + OCA 97.5 ± 5.66%). In conclusion, diseased PHHs maintained in 
the hTCS over 14 days showed characteristic differences in functionality and 
lipid disposition compared to normal PHHs indicating that the hTCS represents a 
promising new platform that can be used to study lipotoxic mechanisms in healthy 
and diseased populations due to the preservation of phenotypic differences over a 
prolonged culture period.

 4284 Development of Novel Organ-on-a-Chip Platforms for 3D Liver 
In Vitro Models and Preclinical Drug Screening

V. Llabjani, R. Sbordoni, A. Talari, A. Abozoid, M. Siddique, V. Hoti, F. Martin, I. Patel, and 
A. Raza. Revivocell Limited, Warrington, United Kingdom.

Drug-induced liver injury (DILI) continues to be the leading cause of attrition during 
drug development in all phases of clinical trials. The introduction of novel methodol-
ogies to understand drug delivery in 3D culture systems can contribute to address-
ing this challenge. Normal liver physiology and function are strongly dependent on 
the precise three-dimensional (3D) structural arrangement of hepatocytes, Kupffer, 
stellate, and liver sinusoidal endothelial cells and their communication with the 
extracellular matrix. One of the barriers to developing multicellular in vitro models 
lies in the need for user-friendly platforms capable of including three or more cell 
types for toxicity studies. To address this problem, a novel organ-on-a-chip (OOAC) 
platform including CELLBLOKS (CBs) and NANOSTACKS (NS) was developed 
and patented. CBs are cell culture inserts that can be seeded with different cell 
types and can then be connected in rows of three CBs per well, while NS are cell 
culture inserts that can be stacked vertically to construct multicellular 3D models, 
including up to four cell types. CBs were used for the development of an OOAC 
in vitro model of the liver using human hepatic carcinoma cells (HepG2), human 
umbilical vascular endothelial cells (HUVECs), and immortalized murine fibroblasts 
(NIH/3T3). The production of urea, albumin and cytochrome P450 activity related to 
HepG2 was assessed. The toxic effect of Tamoxifen was then tested on the model. 
Viability assays were subsequently performed, and the IC50 value for HepG2 
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cells in monocultures (16.40) was higher compared to HepG2 cells in tri-cultures 
(8.96), indicating a higher sensitivity to Tamoxifen toxicity. Following the results 
obtained using CBs, NS were used to develop a 3D OOAC model of the liver, and 
three known pairs of hepatotoxins and their structurally non-hepatotoxic analogous 
compounds were tested on the model at five different concentrations: Clozapine 
and Olanzapine, Troglitazone and Pioglitazone, Trovafloxacin and Levofloxacin. 
After exposure to the drugs for 24 h, viability assays were performed. The hepato-
toxic compounds, but not their non-hepatotoxic analogous, negatively affected the 
viability of HepG2 cells within the model. This data demonstrates that the 3D OOAC 
model can predict DILI and reliably discriminate between hepatotoxic and non-hep-
atotoxic compounds. Future work will focus on substituting HepG2 cells with the 
immortalized hepatic cell line HepaRG™, which exhibit a phenotype that closely 
resembles that of primary human hepatocytes. Also, HepaRG™ express higher CYP 
450 as compared to HepG2 cells. Additionally, CBs and NS will be used for the 
development of an in vitro model of the liver-brain axis, based on the combina-
tion of HepaRG™, the neuroblastoma cell line SH-SY5Y, and the brain microvas-
cular endothelial cell line hCMEC/D3 to replicate, respectively, the liver, brain, and 
blood-brain-barrier. In conclusion, the use of CBs and NS constitutes a step forward 
towards the development of multi-organ in vitro models. These novel 3D complex 
cellular models can reduce the use of animal models as well as improve the reliabil-
ity of toxicity testing.

 4285 Determination of a Point of Departure for CBD in Human 
HepaRG Spheroids Using Transcriptomic Modeling

J. W. Zagorski, J. Li, and N. E. Kaminski. Michigan State University, East Lansing, MI.

Recently, the US Food and Drug Administration approved the use of cannabidiol 
(CBD) for the treatment of some treatment resistant seizures, including Dravet 
Syndrome and Lennox-Gastaut Syndrome. During clinical trials it was observed 
that some patients experienced liver toxicity, as evidenced by elevated ALT serum 
levels. Although significant, these findings could explicitly determine that CBD was 
responsible for liver toxicity, as many of these patients were also administered the 
anticonvulsants valproate and clobazam, suggesting the potential for a drug-drug 
interaction inducing liver damage. Therefore, the purpose of the present study 
was to determine the point of departure for CBD, using human HepaRG spheroid 
cultures, followed by benchmark dose analysis. HepaRG spheroids were treated 
with increasing concentrations of CBD for 24 and 72 hours, resulting in an EC50 
of 86.27µM and 58.04µM, respectively. Subsequent transcriptomic analysis at 
these timepoints demonstrated little alteration of gene and pathway data sets at 
a CBD concentration at or below 10µM. After 72 hours of CBD exposure, interest-
ingly, several pathways/cell processes associated with regulation of the immune 
response were the most sensitive (i.e., lowest BMD) to CBD treatment. Taken 
together, the present studies determined the point of departure for CBD in human 
HepaRG spheroids, which have previously been shown to be accurate predictors of 
human hepatotoxicity. Supported by the Center for Research on Ingredient Safety.

 4286 Development of a High-Throughput System for Advanced 
Hepatotoxicity Screening

M. Lemme1, M. Ziller1, U. Thomas1, O. Mnie Filali2, M. Engelstädter1, J. Stepper1, 
M. George1, K. Czysz2, K. Twaroski2, R. Knox3, N. Fertig1, N. Fertig1, E. Dragicevic1, and 
S. Stoelzle-Feix1. 1Nanion Technologies GmbH, Munich, Germany; 2Fujifilm Cellular 
Dynamics Inc., Madison, WI; and 3Nanion Technologies Inc., Livingston, NJ. Sponsor: 
E. Dragicevic, Safety Pharmacology Society.

Drug-Induced Liver Injury (DILI) still remains the major cause of acute liver failure. 
The toxicants act through different mechanisms and with different kinetics, 
hence there is a need to assess the risk of drug-induced hepatotoxicity, allowing 
a phenotypic and kinetic understanding of these toxicological responses. Ideally, 
such an approach should, at same time, meet high throughput demands of the 
medical community, to efficiently identify hepatic toxicity and to allow a fast 
development and launch of new disease therapies. Our aim was to develop an 
easy-to-use system, serving high throughput hepatotoxicity screening demands. 
iCell Hepatocytes 2.0 were treated with reference compounds with known hepato-
toxic effects and were measured on our technology. Furthermore, responses 
were compared to existing cell viability and toxicity assay results on the same 
cells. We adopted 96-well electric cell-substrate impedance sensing technology 
(CardioExcyte 96) and implemented multiple data acquisition frequencies ranging 
from 0.1 kHz - 100 kHz. Additionally, we scaled up the throughput from 1 x 96 wells 
to the newly developed 6 x 96-wells system (AtlaZ). Ninety-six-well culture plates 
with integrated gold-film electrodes reveal information on confluency, cell-cell 
interaction and conductivity of adherent cells and thereby provide a measure of 
toxicity. Data acquisition at different recording frequencies allows detection of 
diverse cell properties and greatly enhances the information content obtained in 
each well. For example, high frequency impedance is highly sensitive to differences 
in cell-confluency, making it useful for measuring cell growth or proliferation rates 
and cytotoxicity, whereas low frequency impedance detects changes in the space 
under or between cells and therefore enables barrier function and cell adhesion 
quantification. Our data revealed that the cultured hepatocytes were metabolically 
active and functional when the impedance-based, label-free and non-invasive assay 

was used. Acute and chronic (dose-dependent) liver toxic effects have been tested 
for 5 relevant compounds: diclofenac, APAP, Troglitazone, Chlorpromazine and 
Aflatoxin B1. To obtain 2D monolayers in 96-well plates, cells were seeded with 
density of 300k cells/cm2, and recordings were performed during the period of 
21 days. Data showed comparable results to other cell viability and tox assays, 
such as CellTiter-Glo, proving impedance as a reliable but non-invasive tool. We 
demonstrated dose- and time-dependent effects for all 5 compounds on iCell 
Hepatocytes 2.0. Importantly, the acute and chronic effects of Aflatoxin B1 were 
observed in standard 2D conditions, indicating that the hepatocytes were metabol-
ically active and functional when using this impedance-based, non-invasive assay. 
An upscaling of the recording device to allow for 6 x 96 measurements in a simulta-
neous or independent manner was performed. In summary, the use of impedance 
and electrical impedance spectroscopy emerges as a valuable tool for advanced 
hepatotoxicity assessment. The newly developed AtlaZ system elevates preclinical 
risk assessment to a modern level through the scalable throughput and ease-of-use, 
but also through the potential to access multiple kinetic and phenotypic information 
from in vitro 2D cell cultures, exemplarily shown here with iCell Hepatocytes 2.0.

 4287 An In Vitro Freshly Isolated Primary Proximal Tubule Assay 
Recapitulates Species-Specific Kidney Toxicity Seen In Vivo

P. Bajaj, J. Dwyer, Z. Jayyosi, and K. Adkins. Sanofi, Cambridge, MA.

In a 28-day rat toxicity study conducted with SAR444664, microscopic findings of 
multifocal tubular degeneration/regeneration were seen in the kidney (both sexes) 
at 200 and 600 mg/kg. However, no kidney microscopic findings were noted in a 
28-day toxicity study in the dog with plasma exposure of SAR444664 comparable to 
rat. Thus, an in vitro study was conducted with SAR444664 to evaluate cytotoxicity 
in freshly isolated primary renal proximal tubule epithelial cells (RPTECs) from rat, 
dog, and human to help understand the translatability of the rat kidney findings to 
human. Freshly isolated RPTECs from the three species were grown to confluence 
in Transwell® inserts and treated with SAR444664 over a concentration range of 
0.3 - 100 µM for 72 hours. At the end of the treatment period, supernatant from the 
apical side of the inserts was collected and three kidney injury biomarkers [Kidney 
Injury Molecule-1 (KIM-1), Neutrophil gelatinase-associated lipocalin (NGAL), and 
Clusterin] were measured. Additionally, pan-toxicity endpoints such as lactate 
dehydrogenase (LDH) release and adenosine triphosphate (ATP) content were 
also measured. The experiment was repeated for three independent donors for 
each of the species to understand donor-to-donor variability. SAR444664 caused 
a statistically significant increase in all three tubular injury biomarkers [KIM-1 
(>1300%, p < 0.0001), NGAL (>1900%, p < 0.0001), and Clusterin (>1190%, p < 0.05)] 
at the highest dose of 100 µM in only rat RPTECs, while no statistically significant 
increase was observed for any of the tubular injury biomarkers in either dog or 
human RPTECs compared to the vehicle control. LDH release which was used as a 
measure of cytotoxicity for the RPTECs was also highest in the rat RPTECs (>60%, p 
< 0.0001) at 100 µM, while only marginal increases were seen in the dog RPTECs (< 
2%, not significant) and the human RPTECs (< 1%, not significant) at 100 µM. Finally, 
measurement of ATP content indicated the lowest viability in rat RPTECs (7.7%, p < 
0.0001) at the highest dose while over 89% viability was seen for the dog RPTECs 
and over 78% viability was noted for human RPTECs after 72-hour treatment with 
SAR444664. Collectively, these in vitro results demonstrate that the rat RPTECs 
showed significantly higher toxicity following treatment with SAR444664 compared 
to the dog or the human RPTECs, reflected the in vivo findings seen in the rat 
and dog, and suggests that the kidney findings observed in the rat may not be 
human relevant.

 4288 An In Vitro 3D Model of the Human Renal Proximal Tubule for 
Nephrotoxicity Screening Studies

A. T. Pearson, G. S. Travlos, and S. S. Ferguson. NIEHS, Research Triangle Park, NC.

Nephrotoxicity from xenobiotics is a major cause of kidney disease and a common 
reason for drug development failure. Proximal tubule (PT) cells are the most 
frequent site of kidney damage as they perform a central role in renal clearance by 
metabolizing and transporting xenobiotics from the circulation, leading to intracel-
lular accumulation and exposure to toxic metabolites. Toxic insults can impair PT 
solute reabsorption and disrupt essential nutrient homeostasis causing negative 
health effects. While animal toxicity studies can detect mid-to-late-stage kidney 
damage, our ability to identify and mechanistically understand early-stage nephro-
toxicity remains insufficient. Furthermore, species differences and ethical consid-
erations limit the utility of toxicity data from animal models for human translation. 
In vitro systems enable detailed molecular characterization of cellular toxicody-
namics, but conventional static 2D culture models often fail to emulate fundamen-
tal aspects of PT functionality or accurately predict human nephrotoxicity. In this 
study, we sought to advance the physiological relevance of in vitro PT models by 
developing and qualifying 3D microtissues of self-organizing, free-floating, human 
kidney cells of mixed origin. These lumen-forming ‘proximal tubuloids’ consist of a 
single differentiated layer of polarized cells; immunofluorescence staining revealed 
cilia formation at the apical membrane, while Na+/K+-ATPase and laminin localize 
to the basolateral membrane. Proximal tubuloids demonstrate enhanced differen-
tiated longevity and increased sensitivity to nephrotoxic compounds - including the 
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chemotherapeutic Cisplatin - when compared to condition-matched 2D cultures. 
Furthermore, these microtissues display enhanced scalability, as evidenced 
by consistent formation in 384-well formats (e.g., InSphero Akura 384 Spheroid 
Microplates™), which enables automated liquid handling, cell-based and biochem-
ical assays, high-throughput transcriptomics (e.g., TempO-Seq), and high-content 
imaging. To augment the translational utility of this proximal tubuloid screening 
model, we have integrated a suite of assays to measure clinical pathology biomark-
ers of PT injury associated with specific cellular compartments and functions; these 
include Cystatin C (CysC) and N-acetyl-β-D-glucosaminidase (NAG). In ongoing 
experiments, we have used the InSphero Akura Flow™ system to culture proximal 
tubuloids under fluidic conditions and in sequence with spheroids representing 
the liver, to investigate interactive multiorgan toxicity. In this presentation, we will 
provide data indicating that our advanced 3D model of the human proximal tubule 
shows promise as an effective system for nephrotoxicity screening.

 4289 Utility of an In Vitro 3D Kidney Microphysiological System to 
Assess Drug-Induced Nephrotoxicity

M. Tseng, L. J. Valencia, L. Yu, L. Leung, C. Lawson, J. D. Heidmann, A. Fullerton, and 
T. Kiyota. Genentech Inc., South San Francisco, CA.

Drug-induced nephrotoxicity (DIN) is one of the major safety concerns for both 
drugs in development and marketed agents. Certain classes of drugs are known to 
accumulate in specific regions of the nephrons (e.g. proximal tubules) and induce 
necrosis/degeneration, yet the mechanisms of toxicity are not well understood. 
While animal models have limitations in predicting clinical outcome due to interspe-
cies variation, in vitro models utilizing human cells may potentially fill the gap and 
provide better translatability to clinical studies. Conventional in vitro 2D kidney 
models are insufficient to predict the translatability due to lack of cell polariza-
tion and inadequate expression of key transporters and receptors. Therefore, a 
tool for better prediction of DIN to aid screening or mechanistic investigation is 
desired. Here, we adopted an in vitro 3D microphysiological system (MPS), which 
substantializes the 3D architecture in vitro enabling appropriate cellular polariza-
tion and introducing media flow to the system. This proximal-tubule-on-a-chip 
was established using immortalized human renal proximal tubule epithelial cells 
(hRPTEC/TERT1). Polymyxin B (PMB) and other antibiotics, such as gentamicin 
and colistin that are known to cause DIN, were selected and tested in the system. 
The chips were perfused with drug-containing media at various concentrations for 
7 days. The morphology and cell viability were monitored at multiple time points 
(generally 4 hours, 1 day, 3 days, and 7 days post-treatment), and effluent were 
simultaneously collected to assess secreted biomarkers. PMB was tested repeat-
edly for validating the quality of the MPS, and we confirmed reproducibility of the 
system with IC50 of PMB in cell viability, which was left-shifted when compared to 
traditional 2D static culture. PMB and colistin induced cytotoxicity in concentration- 
and time-dependent manners, while only the highest concentration of gentamicin 
caused cell death on Day 7. Morphological changes were correlated to cell viability 
with IC50 values in an order of PMB < colistin < gentamicin. High concentrations of 
PMB and colistin induced secretion of injury markers KIM-1, clusterin, and TIMP-1, 
as well as the cytokine/chemokine release of IL-6 and CCL2. Utilizing the 3D human 
kidney MPS, DIN was successfully detected with nephrotoxicants at various concen-
trations depending on the test articles. The secretory biomarker profile informed 
the degree of kidney injury. In addition to the antibiotics, we also leveraged this 
model to support DIN assessment for internal portfolio molecules. Overall, the 3D 
kidney MPS has potential for better DIN prediction, improved translation to clinical 
safety, and study of DIN mechanisms during drug discovery and development.

 4290 Effects of Long-Term Electronic Cigarette (E-cig) Aerosol 
Exposure and Kidney Health in Mice

A. Raja1, E. Karey1, T. Gordon1, M. E. Poindexter2, K. Pinkerton2, J. Zelikoff1, and 
E. Jaimes3. 1NYU Grossman School of Medicine, New York, NY; 2University of California 
Davis, Davis, CA; and 3Memorial Sloan Kettering Cancer Center, New York, NY.

The link between nicotine/cigarette smoke and chronic kidney disease (CKD) is 
well-established. In contrast, the relationship between E-cigarette (e-cig) use and 
kidney injury is relatively unknown. The aim of this toxicological study was to 
examine whether inhalation exposure of healthy adult mice to e-cig aerosols, with 
and without nicotine, produces gene expression changes linked to kidney injury. 
Seven-8-week-old FVB/NJ mice were exposed to either: 1) filtered air (control); 
2) PG/VG (1:1); or 3) PG/VG (1:1) + Nicotine (24 mg/ml) for 3 months (5days/
week). Aerosols were generated using an automated e-cig generation system at 
4.7 V and an average particulate matter (PM) chamber concentration of 150 mg/
m3. Kidneys were collected, flash frozen and subsequently stored at -80°C until 
needed. RNA was extracted from each kidney sample within each treatment group 
and bulk RNAseq performed. RNAseq libraries were prepared with TruSeq Stranded 
Total RNA kit (Illumina). After PCR amplification and quantification, libraries were 
sequenced and aligned against mouse genome. Differential gene expression 
analysis was performed with DESeq2 R/Bioconductor package in the R statistical 
program. Inhalation exposure to PG/VG + nicotine in mice upregulated the expres-
sion of pro-inflammatory/injury-producing genes (Aoc3, Retn, Retnla), inflammation 
protective genes (Timp4, Nr1d1, Mrap), and the urine-regulating gene (Adrb3) in 

the kidney of exposed mice, compared to filtered air controls. In contrast, pro-in-
flammatory genes (Rorc, Kcnh1, C4a), circadian clock gene (Slc25a25), and the 
anti-inflammatory gene, Zbtb16, were downregulated in the same exposure group, 
compared to controls. Interestingly, CKD markers (i.e., Plg, Mfsd2a, and Cry1) were 
downregulated in the nicotine group compared to controls. Plg plays a role in 
diabetic nephropathy and is positively associated with glomerular filtration rate, 
while Mfsd2a is a lipid transporter that regulates cell cycle/matrix attachment 
and is negatively associated with renal injury; downregulation of Cry1 aggravates 
renal tubular epithelial injury by activating TLR/NF-Kb pathway. The differentially 
expressed genes (DEGs) in mice exposed to PG/VG + nicotine compared to PG/VG 
alone showed a similar trend to those observed in PG/VG + nicotine vs. control. The 
CKD markers Plg, Cry1, and Mfsd2a were downregulated in the PG/VG + nicotine 
exposed group, compared to the PG/VG alone group. Upregulation of Lep (involved 
in oxidative stress and endothelial dysfunction), and Orm1 (associated with diabetic 
nephropathy), was observed in the kidneys of PG/VG + nicotine-exposed group 
compared to the PG/VG group. There were limited DEGs for comparison of PG/
VG to control mice, mainly, oxidative stress inducing (Chga, Chgb, Cyp21a1) genes 
were downregulated in PG/VG exposed mice, compared to control mice. This study 
indicates that long-term, repeated exposure of adult male mice to e-cig aerosols 
alters the expression of metabolic, CKD, oxidative stress and inflammatory genes in 
the kidney. This groundbreaking study demonstrates the kidney as a target of e-cig 
use and opens the door for further research concerning the impact of e-cig use on 
kidney health.

 4291 Mechanisms of Ochratoxin A Nephrotoxicity

A. Mahadeo, E. J. Kelly, and C. K. Yeung. University of Washington, Seattle, WA.

Chronic kidney disease (CKD) affects 15% of US adults or 37 million people, with 
over 600,000 patients receiving dialysis. While diabetes, hypertension, and obesity 
are known risk factors for CKD, over the last 20 years, endemic hotspots of chronic 
kidney disease have emerged around the world, disproportionately affecting 
younger men who do not have these conditions. Affected populations live in tropical, 
agricultural communities in regions like South Asia and Central America. Since the 
cause(s) of these endemic nephropathies remain unclear, the condition has been 
termed chronic kidney disease of unknown etiology (CKDu). In many of these rural 
regions, CKDu accounts for a majority of instances of renal failure. Several environ-
mental agents have been proposed to contribute to CKDu, including the mycotoxin 
ochratoxin-A (OTA), one of the most common contaminants in a wide variety of 
food including wheat, maize, rice, and coffee. OTA causes not only nephrotoxicity 
but also hepatotoxicity, genotoxicity, and carcinogenesis, however its mechanism 
of toxicity is poorly understood. Dietary exposure to OTA is unavoidable, and 
thus chronic exposure is a concern for kidney health as OTA has been shown to 
accumulate in the proximal tubule in animal models. Based on previous work, we 
hypothesized that OTA may interfere with the interaction of the antioxidant-regu-
lator NRF2 with its cytosolic partner KEAP1, evidenced by the downregulation of 
numerous oxidative-stress responses transcribed by NRF2. Here, RNA-seq analysis 
of human proximal tubule epithelial cells (PTECs) revealed numerous differentially 
expressed genes between cells treated OTA in the presence and absence of NRF2 
agonists, sulforaphane (SFN) and tert-butylhydroquinone (tBHQ) which release 
NRF2 from KEAP1. NRF2 activators did not recover OTA-induced downregulation 
of NRF2 targets, indicating a potential blockage of NRF2 nuclear translocation or 
DNA binding. Transcription factor HIF1α, its heterodimer ARNT, and downstream 
targets such as PDK1 were also found to be upregulated, indicating a hypoxic 
response induction in PTECs due to OTA exposure. Furthermore, several genes 
involved in mitochondrial fission, fusion, mitophagy and apoptosis were found to 
be dysregulated. Confocal imaging of OTA-treated PTEC mitochondria corrobo-
rates this transcriptional data of mitochondrial dysfunction. Mitochondrial network 
integrity in these images were assessed using the Mitochondrial Network Analysis 
(MiNA) ImageJ macro tool, which revealed a significant, 70% decrease cellular 
mitochondrial signal, 3-fold reduction network branching and a subsequent 3-fold 
increase in the ratio of puncta (individual mitochondria) to networks at physio-
logically relevant OTA concentrations. This evidence suggests that OTA exposure 
degrades mitochondrial networks and dysregulates the balance between fission 
and fusion. Future work will explore regulatory and biochemical mechanisms of 
OTA-dependent mitochondrial dysfunction, apoptosis, and incorporate organ-on-a-
chip systems to model proximal tubule accumulation and renal clearance of OTA. 
To further explore its role in CKDu, water, food and patient plasma, urine and kidney 
biopsy samples will be examined not only for OTA but for other environmental 
toxins to elucidate the pathogenesis of this disease.

 4292 Ochratoxin Interaction with hOAT4 and mOat5: A Tale of 
Functional Orthologs

L. J. Martinez-Guerrero, S. H. Wright, and N. J. Cherrington. University of Arizona, 
Tucson, AZ.

Organic anions (OA) are drugs or toxicants that are negatively charged at physio-
logical pH and are typically transported by Organic Anion Transporters (OATs). The 
human hOAT4 (SLC22A11) is expressed in the apical membrane of renal proximal 
tubules where it exchanges either organic (e.g., α-ketoglutarate) or inorganic 
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(e.g., Cl-) anionic substrates for an OA. Interestingly, there is no rodent ortholog 
of hOAT4. However, rodents express Oat5 (Slc22a19) for which there is no human 
ortholog; it is an anion exchanger that is also localized to the apical membrane 
of renal proximal tubule cells. The purpose of this study was to determine the 
functional similarity between mouse Oat5 and human OAT4 in the renal excretion 
of OAs, including ochratoxin (OTA). Chinese hamster ovary (CHO) cells expressing 
SLC22A11 or Slc22a19 were used to assess the transport characteristics of radiola-
beled ochratoxin ([3H] OTA). To assess the time dependent uptake of OTA, cells 
were exposed to ~50 nM OTA for 0.5, 2, 5 and 10 minutes. Uptake into OAT4-CHO 
and Oat5-CHO cells was linear for 10 minutes; therefore 5-minute uptakes were 
used to provide estimates of the initial rate of transport in subsequent studies 
of OAT4/Oat5-mediated transport. To determine the kinetics of OTA transport by 
OAT4/Oat5, uptake of increasing concentrations of unlabeled OTA (1-1000 µM) 
were measured into OAT4-CHO and Oat5-CHO cells, and data was analyzed using 
the Michaelis-Menten equation to generate the apparent affinity (Kt) and maximal 
rate of transport (Jmax). The resulting Kt and Jmax values were very similar for both 
hOAT4 and mOat5: (Kt 3.9 and 7.2 µM, respectively, & Jmax 4.4 and 3.9 pmol/cm2, 
respectively). To address whether ochratoxin is not only a substrate for uptake 
(reabsorption) but could also be secreted (efflux) by OAT4/Oat5, we determined the 
efflux of OTA from preloaded OAT4- and Oat5-expressing cells. Following a 20 min 
incubation of ~200nM [3H] OTA (buffer containing 4nM [14C] mannitol to correct for 
extracellular volume), the cells were briefly aspirated and then exposed to ‘buffer 
only’ to allow labeled OTA to exit the cells for 3 min. In each case, hOAT4 and 
mOat5 supported the efflux of OTA. These data support the conclusion that OAT4 
and Oat5 are functional orthologs and share selectivity for OTA both for reabsorp-
tion and secretion. These data will be instrumental in selecting an appropriate 
animal model when studying the disposition of anionic drugs and toxicants.

 4293 Sugarcane Ash and Sugarcane Ash–Derived Silica 
Nanoparticles Alter Cellular Metabolism in Human Proximal 
Tubular Kidney Cells

A. D. Stem, K. L. Rogers, J. R. Roede, C. A. Roncal-Jimenez, R. J. Johnson, and 
J. M. Brown. University of Colorado Anschutz Medical Campus, Aurora, CO.

Chronic kidney disease of an unknown etiology (CKDu) poses a major threat to public 
health, particularly among agricultural communities. Mechanistic understanding of 
this disease is lacking, thereby preventing effective therapeutic care. Agricultural 
workers involved in the harvest of silica-rich crops such as sugarcane are exposed 
to high levels of amorphous silica and experience elevated rates of CKDu, leading 
to the hypothesis that toxicant exposures from harvest or burning of sugarcane 
may contribute to disease. Sugarcane stalks consist of ~80% amorphous silica and 
it has been demonstrated that following burning of sugarcane, nano-sized silica 
particles (~200 nm) are generated. To determine what effect such exposures have 
on kidney cells, a human proximal convoluted tubule (PCT) cell line (HK-2) was 
subjected to treatments ranging in concentration from 0.025 µg/mL to 25 µg/mL of 
sugarcane ash, desilicated sugarcane ash, sugarcane ash-derived silica nanoparti-
cles (SAD SiNPs), or manufactured pristine 200nm silica nanoparticles. Following 
6 to 48 hours of exposure, mitochondrial activity and viability were found to be 
significantly reduced when exposed to SAD particles at concentrations 2.5 µg/mL 
or higher. Oxygen consumption rate (OCR) and pH changes suggested significant 
alteration to cellular metabolism across treatments as early as 6 hours following 
exposure. While most treatments slightly increased respiration, SAD SiNPs were 
found to inhibit mitochondrial function, reduce ATP generation, increase reliance on 
glycolysis, and reduce glycolytic reserve. Metabolomic analysis following 24 hours 
of exposure found several cellular energetics pathways (e.g., fatty acid metabo-
lism, glycolysis, and TCA cycle) significantly altered across ash-based treatments. 
Such changes indicate that exposure to sugarcane ash and its derivatives can 
promote mitochondrial dysfunction and disrupt metabolic activity of human PCT 
cells in a manner similar to that which is observed in renal fibrosis and chronic 
kidney disease.

 4294 Common Pathways in Human Proximal Tubular Cells Altered by 
Exposures to Diverse Environmental Agents and Nephrotoxic 
Therapeutic Drugs

L. H. Lash1, P. M. Stemmer1, R. Rosati1, X. Hu2, and D. P. Jones3. 1Wayne State University 
School of Medicine, Detroit, MI; 2Emory University School of Medicine, Atlanta, GA; and 
3Emory University, Atlanta, GA.

Primary cultures of human proximal tubular (hPT) cells were used as the model 
system to test the hypothesis that exposure to low, physiologically relevant 
concentrations of diverse chemical agents causes release of proteins, lipids and 
metabolites into the extracellular space that correlate with specific exposures and 
cytotoxicity. hPT cells were incubated with two environmental contaminants [S-(1,2-
dichlorovinyl)-L-cysteine (DCVC) and HgCl2] or three clinically used drugs whose 
efficacy is dose-limited by nephrotoxicity [cisplatin (CDDP), polymyxin B (PmxB), 
and tenofovir disoproxil fumarate (TDF)]. Using quantitative mass spectrometry 
and isobaric tags, several proteins were found to be increased in the extracellu-
lar media of hPT cells incubated with these chemicals. Both time- and concen-
tration-dependent effects on protein abundance were noted, including several 

cytoskeletal proteins and multiple mitochondrial proteins. Using high resolution 
mass spectrometry coupled with ultrahigh performance liquid chromatography, 
effects of the diverse exposures on low-molecular-weight metabolites were studied 
showing time- and concentration-dependent perturbations in several common 
pathways, including amino acid metabolism, fatty acid metabolism, and carnitine 
shuttle pathways. Importantly, most of the changes in proteome or metabolome 
were caused by exposure concentrations that produce modest or no detectable 
cytotoxicity, as determined by release of Kidney Injury Molecule-1 (KIM-1) or 
neutrophil gelatinase-associated lipocalin (NGAL) from exposed hPT cells. These 
findings further support the overall hypothesis and identify multiple candidate 
biomarkers and altered biochemical pathways associated with early exposure to 
diverse nephrotoxicants.

 4295 Protective Effects of N,N’-bis-(2-Mercaptoethyl)Isophthalamide 
against Cisplatin-Induced Nephrotoxicity in HK-2 Cells

N. Kulkarni, and S. Betharia. Massachusetts College of Pharmacy and Health Sciences, 
Boston, MA.

Cisplatin is a platinum-containing chemotherapeutic agent commonly used 
to treat various cancers including ovarian cancer. It is however associated with 
nephrotoxicity (acute kidney injury and renal failure) as a major dose limitation. 
Accumulation of cisplatin in the kidney proximal tubular epithelial cells produces 
oxidative stress, depletes antioxidant reserves, and causes lipid peroxidation 
leading to inflammation and cell death. Numerous agents have been tested against 
cisplatin-induced nephrotoxicity but none have been approved for this indication. 
N,N’-bis(2-mercaptoethyl)isophthalamide (NBMI) is a lipophilic, non-toxic, heavy 
metal chelator and antioxidant reported to protect against mercury, lead, and 
iron-induced toxicity both in vitro and in vivo. It has however never been tested 
against toxicity associated with platinum present in cisplatin. We hypothesize 
that NBMI counteracts cisplatin-induced nephrotoxicity without affecting cispla-
tin’s anticancer efficacy. In this study, we investigated NBMI’s effects against 
cisplatin-induced nephrotoxicity in HK-2 human kidney proximal tubular cells and 
A2780 ovarian cancer cells. A cell viability assay revealed concentration-dependent 
cytotoxicity following a 24-hour exposure to cisplatin (0-500 µM). Specifically, the 
25 µM concentration induced significant (36.7%) cell death and was selected for 
use in subsequent experiments. A 24-hour pretreatment with NBMI (10, 25, 50, 
and 100 µM) provided significant cytoprotection against cisplatin-induced toxicity. 
The reactive oxygen species (ROS) detection assay showed that a 1.8-fold cispla-
tin-induced increase in ROS was successfully counteracted by NBMI pretreatment. 
Additionally, NBMI significantly increased glutathione (GSH) levels in cisplatin-ex-
posed cells. Co-treatment with pre-mixed cisplatin and NBMI resulted in lower 
cytotoxicity, possibly due to the chelation of cisplatin by NBMI within the mixture 
itself. NBMI did not protect cisplatin-induced ROS production and cell death in 
A2780 ovarian cancer cells, indicating that while reducing cisplatin’s nephrotoxic 
effects, NBMI did not impact its anticancer efficacy. Our preliminary results show 
that NBMI protects against cisplatin-induced nephrotoxicity by increasing intracel-
lular GSH levels and reducing ROS production. Positive findings from this study 
would present NBMI as a promising strategy to improve the prognosis and quality 
of life in cancer patients on cisplatin therapy.

 4296 Spatio-Temporal Transcriptomic Analysis Reveals Distinct 
Nephrotoxicity, DNA Damage, and Regeneration Response 
after Cisplatin

L. Wijaya1, S. J. Kunnen1, P. Trairatphisan2, M. E. Crosby3,4, K. Schaefer2, K. Bodie2, 
E. E. Vaughan2, L. Breidenbach2, T. Reich2, D. Clausznitzer2, S. A. Bonnet1, S. Zheng1, 
J. L. Stevens1, C. Pont1, S. le Dévédec1, and B. Van de Water1. 1Leiden Academic Centre 
for Drug Research, Universiteit Leiden, Leiden, Netherlands; 2Abbvie Deutschland GmbH 
& Co KG, Ludwigshafen, Germany; 3AbbVie Inc., North Chicago, IL; and 4Regeneron 
Pharmaceuticals Inc., Tarrytown, NY.

Nephrotoxicity caused by drug or chemical exposure involves different mechanisms 
and nephron segments as well as a complex temporal integration of injury and 
repair responses. Distinct cellular transcriptional programs regulate the time-de-
pendent tissue injury and regeneration responses. Whole kidney transcriptome 
analysis cannot dissect the complex the nephron segment spatio-temporal injury 
and regeneration responses. Here, we used laser capture microdissection of 
formalin-fixed paraffin embedded sections followed by whole genome targeted 
RNA-sequencing-TempO-Seq and co-expression gene-network (module) analysis 
to determine the spatial-temporal responses in rat kidney glomeruli (GM), cortical 
proximal tubules (CPT) and outer-medulla proximal tubules (OMPT) comparison with 
whole kidney, after a single dose of the nephrotoxicant cisplatin. We demonstrate 
that cisplatin induced early onset of DNA damage in both CPT and OMPT, but not 
GM. Sustained DNA damage response was strongest in OMPT coinciding with 
OMPT specific inflammatory signaling, actin cytoskeletal remodeling and increased 
glycolytic metabolism coincident with suppression of mitochondrial activity. 
Later responses reflected regeneration-related cell cycle pathway activation and 
ribosomal biogenesis in the injured OMPT regions. Activation of modules contain-
ing kidney injury biomarkers was strongest in the OMPT, with OMPT Clu expres-
sion best correlating with urinary clusterin biomarker measurements compared 
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the correlation of Kim1. Our findings also showed that whole kidney responses 
were less sensitive than OMPT. In conclusion, our LCM-TempO-Seq method reveals 
a detailed spatial mechanistic understanding of renal injury/regeneration after 
nephrotoxicant exposure and identifies the most representative mechanism-based 
nephron segment specific renal injury biomarkers.

 4297 Refinement of a Cisplatin-Induced Acute Kidney Injury Mouse 
Cancer Model

L. E. Thompson, P. Garcia Gonzalez, C. D. McGinnis, C. L. Edelstein, and M. S. Joy. 
University of Colorado Anschutz Medical Campus, Aurora, CO.

Cisplatin (CIS), a chemotherapeutic, causes acute kidney injury (AKI) in up to 
one-third of patients. Traditional mouse models for CIS-AKI use healthy mice and a 
single, lethal dose of CIS (20-40 mg/kg), resulting in AKI and mortality in 3-7 days. 
However, this model does not accurately reflect the clinical use of CIS where cancer 
patients receive 25-100 mg/m2 once every 3-4 weeks and has limited translational 
potential. Newer models suggest administering multiple lower CIS doses, but the 
reproducibility has been limited. C57BL/6 male mice (8 weeks old; n=54) were 
injected in the right flank with murine lung cancer cells (CMT167; 0-1,500,00 cells). 
Subcutaneous solid tumors were allowed to grow for ~2 weeks until ≥50 mm3 

confirmed by digital caliper measurements. Mice were then dosed with CIS (0, 12.5, 
15 mg/kg) or vehicle (saline) 1x/week for up to 4 weeks. Mice were evaluated 
for outcomes of general health (body weight), survival, cancer progression (tumor 
volume, tumor ulceration), and kidney injury (transdermal glomerular filtration rate 
(tGFR), kidney injury molecule 1 (KIM-1)) ≥1x/week until sacrifice after 4 weeks of 
CIS treatment. T-test or ANOVA with a Tukey-Kramer post-hoc test were used to 
assess for differences from baseline to sacrifice based on cancer cells injected 
and CIS dose. p<0.05 was considered statistically significant. Mice injected with >1 
million CMT167 cells experienced the greatest decline in survival due to rapid tumor 
growth and ulceration (0% at 8 d), often requiring early sacrifice. Mice injected 
with 50,000 CMT167 cells had the best survival (100% at 13 d). Treatment with at 
least two doses of CIS (12.5-15 mg/kg) significantly reduced tGFR compared to 
baseline (p=0.016) and increased urinary KIM-1 levels when compared to baseline 
(p=0.0012), both biomarkers of the AKI phenotype. There were no significant 
differences in body weight, tumor volume, or survival between the 12.5 and 15 
mg/kg CIS treated mice. The results demonstrate that the refined mouse cancer 
model of CIS-AKI performed well for the intended phenotype with the experimental 
conditions of injecting 50,000 CMT167 cells to the flank and administering at least 
two doses of CIS. This model can be used in studies to better recapitulate human 
CIS-AKI and to test for potential mitigative strategies. Supported by a University 
of Colorado Skaggs School of Pharmacy & Pharmaceutical Sciences Seed Grant, 
T32ES029074, and UL1TR003017.

 4298 Urinary Biomarkers to Assess Cisplatin-Induced Kidney 
Damage Resulting from Drug-Drug Interactions in Clinical 
Cancer Patients

C. Kim1, J. Choza1, L. E. Thompson2, X. Wen1, E. A. Jaimes3, M. S. Joy2, and 
L. M. Aleksunes1. 1Rutgers University, Piscataway, NJ; 2University of Colorado, Aurora, 
CO; and 3Memorial Sloan Kettering Cancer Center, New York, NY.

The utility of cisplatin chemotherapy is limited in part by nephrotoxicity, which 
can be more pronounced with co-administration of drugs to alleviate other side 
effects including nausea and vomiting. This study sought to determine whether 
urinary protein biomarkers of subclinical kidney injury could be used to assess 
novel cisplatin-drug interactions. Adult cancer patients prescribed cisplatin 
(≥25 mg/m2) were randomized to one of the three antiemetic 5-HT3 antagonists 
(granisetron, ondansetron, and palonosetron; NCT03817970). Urine samples 
were collected at baseline and days 1, 2, 3, and 10 after cisplatin infusion. Three 
biomarkers (kidney injury molecule-1, KIM-1; trefoil factor 3, TFF3; and calbindin 
D28K, CALB1) were measured in urine supernatants using commercial enzyme-
linked immunosorbent assays (ELISA) and normalized to urinary creatinine concen-
trations. Increases in urinary concentrations of all three proteins were observed 
throughout the 10-day period. KIM-1, a marker of proximal tubule damage, was 
elevated to a greater extent on day 2 in patients receiving ondansetron (6.2-fold) 
compared to those treated with palonosetron (2.9-fold, p<0.05) and granisetron 
(1.4-fold, p=0.08). Conversely, urinary concentrations of TFF3, a protein involved in 
epithelial repair, was increased preferentially in patients prescribed palonosetron 
(2.9-fold) and granisetron (5.3-fold) on day 3 which was significantly greater than 
patients receiving ondansetron (2.1-fold, p<0.05). As a result, there was an inverse 
relationship between urinary TFF3 and KIM-1 concentrations (r=-0.40, p<0.05) in 
patients treated with ondansetron suggesting more structural damage and less 
tubular repair. By day 10, CALB1, a marker of distal tubule injury, trended higher in 
patients receiving ondansetron compared to granisetron (p=0.22) with little differ-
ence compared to patients treated with palonosetron. These data suggest that 
KIM-1 reflects earlier and more extensive structural damage to the proximal tubules 
in patients co-administered cisplatin and ondansetron whereas changes in TFF3 
pointed to potential repair mechanisms in patients co-administered cisplatin and 
granisetron. Little changes in kidney biomarkers were observed in patients receiv-
ing palonosetron and cisplatin. Taken together, urinary protein biomarkers can be 

used to assess novel drug-drug interactions and discriminate differences in cispla-
tin-induced nephrotoxicity according to tubular location and potential for cellular 
repair. Supported by R01GM123330, P30CA072720, P30ES005022, UL1TR003017.

 4299 5-HT3 Antagonist Antiemetic Drugs Alter Cisplatin Exposure and 
Risk of Nephrotoxicity

L. E. Thompson1, X. Wen2, J. Jorgensen3, J. N. Palan1, C. Kim2, C. L. Doherty2, 
B. T. Buckley2, E. A. Jaimes3, L. M. Aleksunes2, and M. S. Joy1. 1University of Colorado 
Anschutz Medical Campus, Aurora, CO; 2Rutgers University, Piscataway, NJ; and 
3Memorial Sloan Kettering Cancer Center, New York, NY.

The chemotherapeutic drug cisplatin causes acute kidney injury (AKI) in up to 
one-third of patients. Previous reports have indicated that risk of AKI is associated 
with elevated 1) maximum plasma concentrations (Cmax) and 2) area under the 
plasma concentration vs. time curve (AUC) of platinum (Pt). Ondansetron is a 5-HT3 
antagonist antiemetic that is commonly co-prescribed with cisplatin. Early indica-
tions suggest ondansetron may enhance the risk of AKI in rodents and humans 
based on retrospective clinical studies. However, there has been no prospective 
evaluation of AKI risk in patients randomized to different 5-HT3 antagonist drugs. 
As part of study NCT03817970, an initial group of patients (n=23) undergoing 
their first or second round of cisplatin chemotherapy (≥25 mg/m2) were prospec-
tively randomized to one of three 5-HT3 antagonist antiemetic drugs (ondanse-
tron 8 mg p.o., granisetron 2 mg p.o., or palonosetron 0.25 mg i.v.). Total platinum 
plasma concentrations were quantified using inductively coupled plasma mass 
spectrometry (ICP/MS) with LLOQ of 1.0 ng/mL. Noncompartmental pharmaco-
kinetic (PK) parameters were normalized to cisplatin dose and analysis of total 
platinum exposure was performed using Certara Phoenix™. To assess kidney injury, 
estimated glomerular filtration rate (eGFR) was calculated using the 2021 CKD-EPI 
creatinine equation and Kidney Injury Molecule-1 (KIM-1) was measured in urine 
supernatants using an ELISA assay and normalized to urinary creatinine concen-
trations. Parameters were compared based on 5-HT3 antagonist treatment using 
one-way ANOVAs with Tukey-Kramer post-hoc tests or Pearson correlations using 
GraphPad Prism (9.4.1). Total Pt plasma Cmax levels were significantly correlated 
with KIM-1 in urine at 48, 72, and 240 hours following cisplatin and 5-HT3 antagonist 
co-treatment (p<0.01). Total Pt plasma AUC over the first two hours (AUC0-2hr) was 
also significantly correlated with KIM-1 in urine at 24, 48, 72, and 240 hours follow-
ing cisplatin and 5-HT3 antagonist co-treatment (p<0.05). Patients who received 
ondansetron had significantly higher total Pt plasma Cmax levels compared to 
patients receiving granisetron or palonosetron (p<0.01). Ondansetron-treated 
patients also had the highest AUC, or overall systemic exposure, (p=0.02). Maximal 
concentrations of total Pt in urine were not statistically significantly different by 
antiemetic prescription (p=0.11), though patients receiving ondansetron exhibited 
a trend toward having the highest urinary Pt Cmax levels. Ondansetron-treated 
patients tended to have the largest decrease in eGFR (p=0.22) and increase in 
urinary KIM-1 (p=0.03) following cisplatin treatment compared to granisetron- 
and palonosetron- treated patients. Elevated total Pt plasma Cmax and AUC0-2hr 
levels following cisplatin and 5-HT3 antagonist co-treatment were confirmed to 
be associated with kidney damage as defined by the positive association with 
urinary KIM-1. Co-administration of ondansetron with cisplatin increased systemic 
exposure to platinum, decreased kidney function as assessed by eGFR, and 
increased kidney damage as assessed by urinary KIM-1. These results suggest 
that granisetron or palonosetron may be preferred over ondansetron for preven-
tion of emesis in cisplatin-treated patients in order to mitigate risk of nephrotox-
icity. Supported by R01GM123330, P30CA046934, P30CA008748, P30CA072720, 
P30ES005022, T32ES029074.

 4300 5-HT3 Antagonists Alter Cisplatin Intracellular Accumulation in 
hOCT2 and hMATE1 Transfected Human Embryonic Kidney Cells

M. Abustan1, X. Wen1, C. Doherty1, B. Buckley1, M. S. Joy2, and L. M. Aleksunes3. 
1Rutgers, The State University of New Jersey, Piscataway, NJ; 2University of Colorado 
Anschutz Medical Campus, Aurora, CO; and 3Rutgers Ernest Mario School of Pharmacy, 
Piscataway, NJ.

Cisplatin is a platinum-based chemotherapeutic drug that is a mainstay of 
chemotherapy regimens to treat various solid tumors. However, the utility of cispla-
tin is limited by its selective accumulation and subsequent toxicity to renal proximal 
tubule cells. The renal secretion of cisplatin is mediated by the uptake transporter 
organic cation transporter 2 (OCT2) on the basolateral membrane and the multidrug 
and toxin extrusion 1 (MATE1) efflux transporter located on the apical membrane of 
the proximal tubule cells. Cisplatin is known to cause severe nausea and vomiting 
in patients, which is clinically managed by the 5-HT3 antagonists, ondansetron, 
palonosetron, granisetron and tropisetron. In the current study, we sought to 
examine the ability of 5-HT3 antagonists to alter the transport of platinum through 
OCT2 and MATE1. Human HEK293 cells expressing an empty vector (EV), human 
OCT2/SLC22A1 (hOCT2) or human MATE1/SLC47A1 (hMATE1) gene were grown in 
poly-d-lysine coated plates over 24 hours until approximately 90% confluent. Cells 
were pre-treated with 5-HT3 antagonists for 30 minutes prior to a 2-hour incubation 
with cisplatin (20µM) in Hank’s Buffered Saline Solution. Cells were then lysed and 
underwent acid and microwave digestion. Intracellular accumulation of platinum 
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was quantified in the cell lysates using ICP/MS. Compared to EV cells, platinum 
concentrations were 58% and 33% higher in hOCT2- and hMATE1-transfected cells, 
respectively. Pre-treatment of cells with 20µM ondansetron, palonosetron, granis-
etron or tropisetron significantly decreased platinum accumulation in hOCT2 (by 
52%-68%) and hMATE1 (42%-58%) transfected cells. These data suggest that this 
cellular transporter model can be refined to test the potential for drug-drug interac-
tions that influence the development of acute kidney injury caused by cisplatin. 
Supported by R01GM123330, P30CA072720, P30ES005022, UL1TR003017.

 4301 The Renal Proximal Tubule TXG-MAPr: Safety Assessment 
Based on Quantitative Gene Network Analysis

H. van Kessel, S. Kunnen, J. Stevens, G. Callegaro, and B. van de Water. Universiteit 
Leiden, Leiden, Netherlands.

Scientific advances in omics technologies and ever-increasing knowledge on 
human biology render pre-clinical in vivo testing not sustainable in the future. In 
the kidneys, proximal tubule epithelial cells are the primary target for xenobiot-
ic-induced injury due to increased exposure levels, bilateral transporter-mediated 
uptake and high oxygen consumption. Through concentration and time course 
chemical exposure of RPTEC-TERT1 cells using >50 nephrotoxicants and reference 
compounds that cover a wide range of mechanisms of action, and subsequent 
TempO-Seq whole genome transcriptomics and weighted correlation network 
analysis, we have established a human RPTEC/TERT1 in vitro kidney TXG-MAPr tool. 
The TXG-MAPr tool allows user friendly interactive toxicogenomics data interpre-
tation on mechanisms of action and compound activity correlation. Interspecies 
network preservation analysis using the in vivo rat kidney TXG-MAPr based on 
TG-GATEs has revealed preserved cellular processes relevant in kidney toxicity. 
Identification of co-regulated gene networks using high throughput whole genome 
transcriptomics will provide mechanistic insight in the cellular stress response 
which can provide mode-of-action formulation based on quantitative gene network 
analysis and support hazard characterization for NGRA-based safety assessment. 
This work has received funding from the EC Horizon2020 EUToxRisk project (grant 
number 681002) the EC Horizon2020 RISK-HUNT3R project (grant number 964537).

 4302 NOD Signaling Regulates Pathogenesis of Acute Kidney Injury

R. Srivastava, A. Traylor, R. Soliman, S. Esman, J. Akhter, S. Bolisetty, A. Agarwal, and 
M. Athar. University of Alabama at Birmingham, Birmingham, AL.

Intravascular hemolysis is a common characteristic of diseases such as autoim-
mune hemolytic anemia, sickle cell disease (SCD), paroxysmal nocturnal hemoglo-
binuria, hemolytic uremic syndrome, hemoglobinopathy, and surgical procedures. 
Erythrocyte destruction, during intravascular hemolysis, leads to release of 
hemoglobin, heme and other pro-inflammatory mediators. These clastogeneic 
molecules have also been linked to acute kidney injury (AKI) and hemolytic inflam-
mation. Here, in a murine model of phenylhydrazine (PHZ)-induced hemolysis, we 
demonstrate a dose and time-dependent increase in AKI severity as evidenced 
by a significant reduction in glomerular filtration rate (GFR), rise in serum creati-
nine, and significant increase in biomarkers of AKI (KIM-1, NGAL) in urine, serum 
and kidneys of PHZ-treated animals. At 72 hours post PHZ administration, we 
observed ultrastructural changes indicative of tubular injury, iron accumulation, 
and increased numbers of TUNEL positive cells in the kidney tubules. Interestingly, 
these hallmarks of renal injury were associated with an increase in serum cytokines 
(GCSF, Il-4, Il-6, Il-10, IL-12, Ccl2, Ccl5, IFN-γ and TNF-α). One mechanism by 
which this pathobiology is regulated involves activation of the nucleotide-binding 
oligomerization domain-containing protein 1/2 (NOD1/2). In this regard, kidneys 
of PHZ-treated mice showed induction of NOD1/2 and phosphorylation activation 
of RIPK2, which leads to activation of NfkB signaling pathway and transcription of 
its immune response genes such as IL-6, Ccr1, TNF-α, Il33, RelA etc. These studies 
identify NOD1/2, as an important and critical regulator of hemolysis-induced AKI, 
and a potential target for therapeutic intervention.

 4303 Physiological O2 Influences the Toxicity of ADPKD Drug 
Candidates in Renal Proximal Tubular Cells

P. Sotiropoulou, S. Beneke, and D. R. Dietrich. Universität Konstanz, Konstanz, Germany.

Autosomal Dominant Polycystic Kidney Disease (ADPKD) is characterized by 
the progressive development of fluid-filled cysts in the kidney and is caused by 
mutations in the PKD1 and PKD2 genes. As the cysts expand, they compress 
the surrounding tissue, leading to local injury and fibrosis. Consequently, kidney 
function declines over time, resulting in end-stage renal disease. The genes encode 
for the PC1/PC2 polycystin complex, which modulates several signaling pathways 
of the renal epithelial cell. Numerous cellular molecules have been identified as 
druggable targets for ADPKD, but only tolvaptan, a vasopressin receptor 2 antago-
nist, has been approved for the treatment of the disease. However, side effects of 
tolvaptan, namely liver toxicity and polyuria, limit its use, and therefore, there is a 
need for developing drugs that specifically target the cysts. The DRUGtrain consor-
tium aims to find new therapies for ADPKD through drug repurposing. Birinapant, 

an antagonist of the inhibitors of apoptosis proteins, celastrol, a multitarget drug, 
rapamycin, an mTOR inhibitor, and salicylic acid, an AMPK activator, reduced the 
cyst growth in a 3D cyst model and/or ameliorated the disease progression in PKD 
mice, establishing themselves as promising ADPKD drug candidates. The renal 
toxicity of drug candidates should be identified as early as possible in the drug 
development process, and the methods used should allow for direct translation 
of the toxicity of the compounds to the patient. A factor that is usually overlooked 
during in vitro nephrotoxicity testing, is the physiological O2 tension of the kidney. 
Routine cell culture under atmospheric O2 can result in oxidative stress and respec-
tive adaption processes, changing the cellular proteome, and by this, the cell system 
might fail to accurately recapitulate the in vivo situation. The aim of this study, is 
to explore the effect of ADPKD drug candidates and tolvaptan on immortalized 
Renal Proximal Tubule Epithelial Cells (RPTEC/TERT1) with a regard to cytotox-
icity, cell viability, and metabolic rates. Cell death was evaluated with the lactate 
dehydrogenase (LDH) leakage assay, cell viability with the resazurin assay, and 
metabolic rates by calculating the ratio of produced lactate to consumed glucose. 
The assays were performed 48 hours after the drug treatment. The cells were 
exposed to both atmospheric O2 (atmOx) tension (21%) and physiologically relevant 
O2 (physOx) tension (10%). Tolvaptan, the control drug, showed at both O2 tensions 
a significant reduction in cell viability, an increase in cell death, and a switch toward 
anaerobic glycolysis at a concentration that corresponds to twice the daily dosage 
for humans. Birinapant was slightly more toxic under physOx compared to atmOx 
and it also caused a concentration-dependent switch toward anaerobic glycolysis 
under atmOx. The second drug candidate, celastrol, was significantly more toxic 
at 10% O2 tension compared to 21% O2 tension at a concentration that is 16 times 
higher than its IC50 value for inhibition of cyst growth. At the same concentration, 
an elevation of lactate production was observed, too. Rapamycin has a very low 
IC50 value for ADPKD and in the tested concentrations showed no effect. Finally, 
salicylic acid was not toxic to the cells, but at physOx, the cellular metabolism 
shifted to glycolysis at the highest concentrations. The present study underlines 
the need for toxicity testing under physOx, as significant differences are observed 
compared to atmOx. Physiological O2 can help to accurately define the therapeutic 
window of drug candidates and safely extrapolate the toxicity to the patient.

 4304 Prediction of Nephrotoxicity of Nitrogen-Containing 
Bisphosphonates Using PODO/TERT256 and 
RPTEC/TERT1 Cells

A. Zielinski, S. Beneke, and D. R. Dietrich. Universität Konstanz, Konstanz, Germany.

The past decade of research demonstrated that conventional cultivation of cells 
cannot recapitulate their physiological environment in vivo. The latter limits the 
usefulness of in vitro approaches e.g., in drug testing for adverse or off target 
effects due to limited or lack of predictivity. To overcome this, research has 
focused on providing cells with conditions that mimic their physiological environ-
ment and optimizing the treatment routine to recapitulate the in vivo situation. For 
example, atmospheric O2 (21 %), at which nearly all routine in vitro experiments 
are carried out, exceeds physiological O2 tensions (10% O2) encountered in the 
human renal glomerulus and cortex in vivo by two-fold. Bisphosphonates (BPPs), a 
class of drugs used for the treatment of bone disorders such as osteoporosis, are 
applied in the clinic either orally or intravenously. The bisphosphonates zoledronate 
(ZOL) and pamidronate (PAM) given i.v. are mainly excreted via the kidney, can 
trigger dose dependent nephrotoxicity, whereby maximum plasma concentrations 
of Cmax (ZOL) = 1-8 µM and Cmax (PAM) = 5-10 µM have been reported. To investi-
gate BPP renal toxicity, we employed two cellular kidney model systems: human 
renal proximal tubule cells (RPTEC/TERT1) and human glomerular podocytes 
(PODO/TERT256). Key factors such as O2 tension, repeated dosing and recovery 
were considered. Both cell lines were routinely cultivated in 21% O2 (AtmOx) or 
10% O2 (PhysOx) and exposed to different concentrations of the two bisphospho-
nates ZOL and PAM either as single or repeated treatments over 14 days in 96-well 
plates. In addition, recovery experiments after single treatment were performed. 
Cell viability, cell death and ATP-content and -production were analyzed. Single 
treatments of either ZOL or PAM elicited an initial cytotoxic response in both cell 
types at concentrations above the Cmax, albeit with ZOL being more toxic than PAM. 
Application of concentrations as low as or close to Cmax induced cytotoxicity in 
the repeated treatments. Generally, AtmOx conditions resulted in greater toxicity 
(viability, LDH release) when compared to PhysOx, suggesting potential overesti-
mation of toxicity under routine test conditions. Recovery experiments conducted 
at AtmOx revealed that BPPs induced a delayed cytotoxic response, i.e., exchange 
of BPP-containing media after 48 hours exposure to standard media did not rescue 
cells. In addition, decreased ATP levels in PODO/TERT256 cells were observed 
before any change in cell viability could be detected, indicating that mitochondrial 
ATP production was as primary target for BPPs in human podocytes. If the latter 
were true it is expected that mitochondrial oxidative phosphorylation could be 
even more impacted in podocytes when cultured under PhysOx conditions, thereby 
providing potential insight as to the underlying mechanism of the observed nephro-
toxicity in the clinical setting.
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 4305 Association of Urinary Vanadium Concentrations with Renal 
Damage Biomarkers in a Population of Adolescents in the State 
of Tlaxcala

O. C. Barbier1, M. Ortega-Romero2, E. Rojas-Lima1, J. Narvaez-Morales1, M. Medeiros2, 
J. Rubio-Gutierrez1, M. Mejia3, J. A. Tamayo y Orozco4, and P. Méndez Hernández5. 
1Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional, 
Ciudad de México, Mexico; 2Hospital Infantil de Mexico Federico Gómez, Ciudad de 
México, Mexico; 3Fundación Franco- Mexicana para la Medicina, Ciudad de México, 
Mexico; 4Accessalud, Ciudad de México, Mexico; and 5Secretaria de Salud de Tlaxcala, 
Ciudad de México, Mexico.

Vanadium (V) is an element widespread in the environment. Kidneys can suffer 
damage in their function without presenting apparent clinical manifestations. 
Alterations can occur from exposure to multiple nephrotoxins, such as environ-
mental pollutants. Early renal damage biomarkers (BMDRT) have been suggested 
to identify the incipient effects of toxic agents in specific nephron regions. 
Epidemiological studies have evaluated the association of exposure to metals such 
as arsenic, mercury, lead, and chromium with BMDRT (Pócsi et al., 2022); however, 
scientific evidence is limited, and many metals have not been evaluated yet. The 
objective of this study was to assess the association of urinary V concentrations 
with BMDRT NGAL and KIM-1, and eGFR/RAC in a population of adolescents in 
the state of Tlaxcala, where a high incidence of chronic kidney disease has been 
recorded in the young population. A cross-sectional study was conducted in healthy 
adolescents (n=914), where urinary levels of V and two BMDRT were estimated 
(NGAL, KIM-1). The association of V with BMDRT was evaluated through linear 
and logistics regression models adjusted for confounders. NGAL, KIM-1 RAC, and 
eGFR (hyperfiltration) were positively associated with urinary levels of V. Our results 
suggest that V exposure may be related to early tubulointerstitial renal conditions in 
apparently healthy juvenile subjects. Supported by a grant from Fundación Gonzalo 
Rio Arronte (FGRA S638).

 4306 Role of Oxidative Stress in Folic Acid–Induced Kidney Fibrosis 
in a Mouse Model

N. Acharya1, R. Kandel1, K. P. Singh1, and I. Warraich2. 1Texas Tech University, Lubbock, 
TX; and 2Texas Tech University Health Science Center, Lubbock, TX.

Kidney fibrosis is a common step during the development of chronic kidney disease 
after acute kidney injury. Excessive production and accumulation of extracellular 
matrix during the repair process after repeated injury to the kidney by nephrotoxi-
cants leads to fibrosis, but the mechanism is not fully understood. Oxidative stress 
is a commonly observed effect of nephrotoxicants and it has also been implicated 
in CKD development. The folic acid-induced kidney fibrosis model is an established 
model to study kidney fibrosis in mice, but the mechanism is poorly understood. 
Therefore, in this study the role of folic acid-induced oxidative stress in fibrogenic 
changes was evaluated by using in vivo mice model. C57BL6 mice were injected 
250 mg/kg of folic acid in two injection each of 125 mg/kg body weight and at 
the interval of 10 days. Parameters such as animal weight, serum creatinine level, 
tissue histopathology, and gene expression were used to evaluate the effect of folic 
acid. Serum creatinine levels, and histopathological data revealed acute kidney 
injury at 2 days and fibrogenic changes at 21 days. Gene expression analysis at 
both transcript and protein levels further confirmed the changes in expression of 
antioxidant, as well as fibrosis and EMT marker genes. In summary, the findings 
of this study suggest the involvement of folic acid-induced oxidative stress in 
FA-induced kidney fibrosis mice model. Acknowledgement: This work was partially 
supported by NIH (NIDDK) grant award #1R15DK121362 to KPS.

 4307 Acute Kidney Toxicity in Industrial Metal Coating Painters Is 
Associated with Urinary Exposure Biomarkers of Isocyanates 
and Epoxies: Challenges in the Era of Global Warming

D. Bello, L. Chanetsa, P. P. Patel, and A. Bello. University of Massachusetts Lowell, 
Lowell, MA. Sponsor: J. Cohen.

Occupational exposure as a painter has been classified by IARC as a Group 1 
carcinogen, based on the increased risk for lung cancers, urinary bladder cancers, 
and mesothelioma. The exact carcinogens in paints are not known. Painting of 
metal structures (such as bridges, pipelines, water tanks, etc.) is a multi-step 
process and involves completion of sequential tasks over many weeks: surface 
cleaning using abrasive blasting; priming with an epoxy-based anticorrosion paint; 
mid-coating with an epoxy-based system, followed by a layer of aliphatic isocya-
nate-based top coat. In addition to the epoxy or the isocyanate component, these 
formulations (part B) contain additional classes of additives, including solvents, 
catalysts and crosslinkers, amine hardeners, corrosion inhibitors and nano/fillers. 
There is a notable paucity of product composition, exposure and biomonitoring 
data in industrial painters. The primary objective of this study was to investigate 
acute kidney toxicity in industrial painters and association with urinary exposure 
biomarkers. The motivation for this work originated from field observations of 
workers’ exposures to complex mixtures, dehydration, signs of heat exhaustion, 
and the findings of abnormal creatinine in urine that increased notably post-shift. 

Thirty-six workers (20 in top coating, 9 in mid-coating, and 7 in spray polyurethane 
foam applications for comparison) consented to personal inhalation and skin 
sampling and donation of two urine samples, one at the beginning and one the end 
of the work shift. We assessed personal exposures to epoxies, isocyanates, their 
corresponding urinary biomarkers, as well as exposures to amine hardeners. Each 
urine sample was analyzed for a panel of six FDA-approved acute kidney injury 
(AKI) biomarkers: Kidney Injury Molecule 1 (KIM-1, a marker of proximal tubule 
injury), Cystatin C (Cys-C, a marker of tubular injury), Osteopontin (OPN, a glycopro-
tein expressed in the ascending loop of Henle and in distal nephrons), Neutrophil 
Gelatinase-Associated Lipocalin (NGAL, tubular epithelial cell injury), N-acetyl-β-
D-glucosaminidase (NAG, marker of renal proximal tubule injury), Clusterin (CLU, 
marker of renal proximal and distal tubules, glomerulus and collecting duct), as well 
as urinary fibrinogen (marker of chronic kidney injury), total protein, albumin, creati-
nine, specific gravity, and the standard urinalysis profiling. All exposure and urinary 
AKI biomarkers were normalized to creatinine and specific gravity prior to statisti-
cal analysis. The geometric mean ratios of post-shift to pre-shift values for KIM-1, 
OPN, and NAG increased significantly post-shift by ~2×, 1.4× and 2.7×, respec-
tively, with topcoat applicators generally exhibiting the greatest increases, followed 
by mid-coat workers, then SPF. Similar (ratios of 1.2-2.0), albeit less pronounced 
increases were observed for Cys-C, Clusterin and total protein. Moderate positive 
correlations (Spearman Rho, 0.4-0.7) were observed between several urinary AKI 
biomarkers. In top coating, KIM-1 and CLU were significantly associated with urinary 
hexamethylene diamine (HDA, a biomarker of isocyanate exposures), whereas 
OPN was associated with both HDA and BADGE *2H2O (the biomarker of epoxy 
exposures). The absolute values of KIM-1, OPN, NAG and Cys-C exceeded upper 
normal clinical values in ~10 to 50% of topcoat and midcoat samples. The data 
overall provide strong evidence that industrial painters experience acute kidney 
injury, an outcome that is induced by mixed chemical exposures and compounded 
by dehydration and heat stress. We will further discuss implications of such data 
for intervention strategies.

 4308 Nephrotoxicity of Glyphosate: Oxidative Stress and 
Mitochondrial Dysfunction in Human Renal Proximal Tubule 
Epithelial Cells

S. Black, I. Ngoka, A. Ishaque, and A. Elnabawi. University of Maryland Eastern Shore, 
Princess Anne, MD.

Glyphosate is the most widely used herbicide worldwide. Traces of glyphosate 
found in human urine and blood of agricultural and non-agricultural workers, 
pregnant women and children point to a higher risk of long-term environmental 
exposure. Residues from glyphosate-based herbicides (GBHs) may pose higher 
risks to the kidneys and liver. Metabolic studies in a variety of laboratory and farm 
animal species show that levels of glyphosate and its principal metabolite AMPA in 
kidney and liver tissues are 10-100-fold higher than the levels found in fat, muscle 
and most other tissues. The kidneys are dynamic organs and represent the major 
control system maintaining body homeostasis, i.e., water and electrolyte balance, 
fluid osmolality, various electrolyte concentrations and the removal of xenobi-
otics. The nature of renal structure and function renders the kidneys especially 
susceptible to toxic xenobiotics. The high rate of blood perfusion and the well-de-
veloped transport systems for ions and solutes, as well as the capability to recover 
water and thereby concentrate the solutes to be excreted from the body, make 
the kidneys extremely vulnerable to xenobiotic-induced toxicity. The kidneys are 
susceptible to oxidant-induced injury due to their high reliance on mitochondria 
and energy to facilitate the transport function of the nephron. Mitochondria provide 
energy to the tubular transporters to generate ion gradients across the cellular 
membrane. Proximal tubules have a high abundance of mitochondria than other 
renal cell types to facilitate their active transport and secretory functions. Also, 
the mitochondria are a key site for mediation of cell injury and death. The aim 
of this study was to examine the nephrotoxic effects of glyphosate on human 
renal proximal tubule epithelial cells (RPTEC). Cells were exposed to glyphosate 
at a concentration range of 0.00001 to 10mM for up to 24h. Cell viability, lactate 
dehydrogenase (LDH), ROS production, cytochrome C release and level ATP were 
evaluated. Exposure to glyphosate significantly decreased cell viability in a concen-
tration-dependent manner. At low concentrations of glyphosate, ROS levels were 
significantly increased at 6h in human RTEC cells. Glyphosate induced an increase 
in LDH release indicating damage to the plasma membrane of human RTEC 
cells. Exposure to glyphosate resulted in a significant decrease of mitochondrial 
membrane potential similar to CCCP, the mitochondrial uncoupler positive control. 
The cellular level of ATP was reduced after exposure to glyphosate for 24h. These 
results suggest that loss of mitochondrial membrane potential, depletion of the 
cellular ATP, and raised ROS production, play a contributing role in the toxic effects 
of glyphosate, and that glyphosate adversely results in renal dysfunction. Thus, 
glyphosate could be a risk factor for human health. Supported by Title III.
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 4309 Cross-Species Studies of Bisphosphonate-Induced 
Nephrotoxicity in 2D and 3D Proximal Tubule Cells from Humans 
and Rats

L. J. Valencia, M. Tseng, A. O. Adedeji, and T. Kiyota. Genentech Inc., South San 
Francisco, CA.

Due to their imperative function, kidneys are meticulously examined during the 
drug development process for potential drug-induced nephrotoxicity. Proximal 
tubule (PT) cells are typically utilized for in vitro assessment of nephrotoxicity as 
these cells are particularly susceptible to toxicity. While traditional in vitro studies 
utilize two-dimensional (2D) cultured cells, the results have not always been consis-
tent with outcomes in animal models and later clinical studies. Thus, there is a 
growing need to explore the three-dimensional (3D) microphysiological systems 
(MPSs) and their physiologically relevance to in vivo PTs. Moreover, establishing 
3D MPS platforms comprised of renal cells from pre-clinical species is paramount 
in order to fill a gap and provide better translatability between pre-clinical and 
clinical studies. Here, we evaluated 3D MPS models with PT cells derived from 
humans and, unprecedentedly, rats to interrogate mechanisms of drug-induced 
nephrotoxicity. Additionally, we investigated nephrotoxicity using 2D PT cultured 
cells from the same cell lines used in the 3D MPS for cross-platforms comparison 
purposes. All PT cells were exposed to the bisphosphates: zoledronic acid and 
ibandronate - medications used for various skeletal disorders, and can potentially 
cause kidney injury - and subjected to assays to examine cytotoxicity and kidney 
injury-related biomarkers. We observed that 3D PT cells exhibited cytotoxicity 3 
days in rat and 13 days following bisphosphonate exposure in human, demonstrat-
ing species-specific sensitivity in the 3D platforms. Cytotoxicity was associated 
with DNA damage, oxidative stress, and impact on mitochondrial functions after 
short-term compound exposure. Importantly, these effects were more prominent 
after exposure to zoledronic acid when compared to ibandronate, which correlates 
with previous 2D in vitro studies and clinical findings. In both species, more 
inflammatory and kidney-injury related biomarkers were secreted from 3D PT 
cells exposed to ibandronate when compared to zoledronic acid. Clusterin and 
tissue inhibitor of metalloproteinases‐1 (TIMP-1) were elevated by ibandronate, 
suggesting their protective effect against ibandronate exposure. The vastly differ-
ent biomarker profiles between both bisphosphonates indicate that nephrotoxic-
ity is induced via different mechanisms. When comparing sensitivity between 2D 
cultured cells and 3D MPS, regardless of species, the former was more sensitive 
as 2D PT cells exhibited cytotoxicity at an earlier timepoint. Unlike the 3D PT cells, 
there was substantial reduction in biomarker production from 2D human PT cells 
after short-term bisphosphonate exposure, suggesting 2D PT cells are unsuitable 
for long-term exposure studies. Overall, our study demonstrates that the 3D PT 
models have potential to recapitulate previous in vivo findings from both preclini-
cal and clinical studies, and enable mechanistic investigations utilizing long-term 
exposures to better understand drug-induced nephrotoxicity.

 4310 Evaluating Renal Pathology in Post-COVID-19 Human 
Autopsy Tissues

E. Masters1, M. Bidarimath1, J. H. Hanks2, V. Parihar3, A. L. Inselman1, J. J. Hawes1, 
L. K. Schnackenberg1, and K. E. Mercer1. 1US FDA/NCTR, Jefferson, AR; 2Toxicology 
Pathology Associates, Jefferson, AR; and 3Emory University, Atlanta, GA.

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory 
syndrome coronavirus-2 (SARS-CoV-2), emerged in late 2019 and continues to 
circulate globally, infecting over 614 million people with over 6.5 million associ-
ated deaths (WHO COVID-19 Dashboard, accessed 11/9/22). Acute kidney injury 
(AKI) has been reported in as high as 57% of patients hospitalized with COVID-19, 
with some patients showing long-term signs of kidney injury, such as hematuria 
and proteinuria. Further, treatment of COVID-19 with the antiviral drug remdesivir 
has been associated with increased reporting of kidney disorders. It is currently 
unknown if the prolonged renal effects following COVID-19 diagnosis are due to 
systemic infection-related immune responses (e.g., cytokine storm, autoantibodies, 
etc.), direct kidney viral infection, drug toxicity, glomeruli structural changes, or a 
combination thereof. Therefore, the objective of this work was to evaluate kidney 
tissue samples obtained from autopsies of COVID-19 cases to determine the degree 
of renal damage and explore possible mechanisms for COVID-19-associated renal 
nephropathy. Formalin-fixed paraffin embedded tissues were evaluated using a 
combination of techniques such as histopathology evaluations, immunohistochem-
istry (IHC), and immunofluorescence (IF). Postmortem kidney autopsy samples 
were collected from reverse transcription polymerase chain reaction (RT-PCR)-
confirmed COVID-19 positive cases (N=9) from April through October 2020 (Emory 
Research University Hospital, Atlanta, GA). Non-infected control kidney autopsy 
samples were acquired from BioIVT (Westbury, NY). Histopathology evaluation of 
COVID-19 autopsy tissues revealed regions of inflammatory infiltrates, glomeru-
losclerosis and interstitial fibrosis. IHC studies identified distinct regions of CD8+ 
cytotoxic T cells, CD4+ T helper cells and CD163+ monocytes and M2 macrophages 
within regions of kidney injury. Quantification of immune cell staining showed a 
significant increase of CD8+ T cells in regions of the renal medulla versus the 
cortex. Further, IF studies showed positive SARS-CoV-2 spike protein staining within 
regions of renal tubules in select kidney samples. This staining was commonly 
associated with positive ACE2 staining, the receptor for SARS-CoV-2 cell entry. 

Taken together, immune cell infiltrate, renal structural changes and possibly direct 
viral infection were all identified in kidney autopsy samples of COVID-19 patients, 
suggesting a combination of mechanisms that may contribute to COVID-19 associ-
ated AKI. Additional work currently in progress includes spatial transcriptomic 
evaluation of COVID-19+ and healthy control tissues to determine differences in 
gene expression throughout tissue samples. Ultimately the results of this study will 
be used to guide follow-up animal and clinical studies to assess long-term renal 
effects following recovery and treatment for COVID-19.

 4311 3D Nephroscreen: High-Throughput Drug-Induced 
Nephrotoxicity Screening on a Microfluidic Proximal 
Tubule Model

L. Gijzen1, D. Goubert1, M. Vormann1, S. Hutter1, J. Vriend2, A. van den Heuvel1, 
S. Trietsch1, J. Joore1, M. Wilmer2, L. Suter-Dick3, R. Masereeuw4, P. Vulto1, and 
H. Lanz1. 1MIMETAS, Oegstgeest, Netherlands; 2Radboudumc, Nijmegen, Netherlands; 
3University of Applied Sciences Northwestern Switzerland, Muttenz, Switzerland; and 
4Universiteit Utrecht, Utrecht, Netherlands. Sponsor: M. de Boer.

Renal toxicity remains a major issue in clinical trials and stresses the need for 
more predictive models fit for implementation in early drug development. Here, 
we describe the use of a high-throughput, microfluidic platform for the detection 
of drug-induced nephrotoxicity. A microfluidic platform (Mimetas’ OrganoPlate®) 
was combined with renal proximal tubule epithelial cell lines (PTEC) and exposed 
to fluid shear stress. A 12-compound nephrotoxicity screen across multiple labora-
tories was performed in collaboration with sponsors and the NC3Rs. ciPTEC-
OAT1 or RPTECs (Sigma) seeded against an ECM gel under perfusion flow were 
used to establish a proximal tubule-on-a-chip. Tubules with polarized epithelium 
containing functional transporter expression were obtained. Drug-induced toxicity 
was assessed by exposing the tubules to 4 benchmark compounds with known 
clinical effect and 8 blinded compounds supplied by the sponsors for 24 and 48 
hours. Epithelial barrier tightness and drug-transporter interactions were evaluated. 
Parallel to this, cellular damage and stress were assessed using various read-outs. 
Finally, gene expression analysis was performed to assess AKI markers. The 
Nephroscreen revealed that a combination of cell viability, LDH and miRNA release 
were the most predictive readouts in determining nephrotoxicity. Most of the 
blinded compounds resulted in toxicity detected by at least one of the functional 
read-outs. Nephroscreen provides a reliable standardized and automatable system 
for efficacious identifying nephrotoxicants and revealing their mode of action. 
1.Wilmer, M. J. et al. Kidney-on-a-Chip Technology for Drug-Induced Nephrotoxicity 
Screening. Trends in Biotechnology 34, 156-170 (2016). 2.Trietsch, S. J., Israëls, G. 
D., Joore, J., Hankemeier, T. & Vulto, P. Microfluidic titer plate for stratified 3D cell 
culture. Lab Chip 13, 3548-3554 (2013). 3.Vormann, M. K. et al. Implementation of 
a Human Renal Proximal Tubule on a Chip for Nephrotoxicity and Drug Interaction 
Studies. J. Pharm. Sci. 1-14 (2021). 

 4312 Kidney TXG-MAPr Tool: Gene Co-expression Network Analysis 
Linked to Histopathology Provides Quantitative Mode-of-Action 
Assessment and Prediction of Drug-Induced Toxicity

S. J. Kunnen1, G. Callegaro1, L. S. Wijaya1, P. Trairatphisan2, Y. Webster3, M. J. Moné1, 
J. Saez-Rodriguez4, J. J. Sutherland5, J. L. Stevens1, and B. van de Water1. 1Universiteit 
Leiden, Leiden, Netherlands; 2AbbVie Deutschland GmbH & Co. KG, Ludwigshafen, 
Germany; 3Eli Lilly and Company, Indianapolis, IN; 4Heidelberg University Hospital, 
Heidelberg, Germany; and 5Vesalius Therapeutics, Cambridge, MA.

In drug development it is crucial to detect or prevent unanticipated organ toxicity 
at an early stage. Integration of toxicogenomic data with histopathology is a useful 
approach to associate molecular and cellular mechanisms with pathogenesis. In this 
context we have applied weighted gene co-expression network analysis (WGCNA) 
on publicly available toxicogenomic rat liver and kidney TG-GATEs datasets and 
developed an interactive R-Shiny based TXG-MAPr tools for data visualization. 
Perturbation of WGCNA gene networks (modules) were quantitatively assessed by 
module eigengene scores (EGs) for each treatment condition, which Z-scores and 
summarizes the log2 fold change of all genes in a module. These module EGs were 
statistically associated with pathology phenotypes, providing prognostic informa-
tion for drug safety assessment. In this way we could link pathogenesis to specific 
gene co-expression modules that represent cellular processes, including cell cycle, 
immune response, cell adhesion / cytoskeleton integrity, cell migration, extracel-
lular matrix remodeling and RNA processing. Interestingly, modules that showed 
the highest statistical association with pathogenesis contain several well-known 
and novel biomarkers of kidney injury. Using preservation statistics, we showed 
that several of these rat co-expression modules were also preserved in other test 
systems, like human tissue, indicating that pathogenic processes, including renal 
biomarker expression, could translate across species. Finally, new transcriptomic 
data can be uploaded in the TXG-MAPr tool for visualization of gene network pertur-
bation and comparison with TG-GATEs datasets to identify underlying mechanisms 
of toxicity by chemical insults. In conclusion, the TXG-MAPr represents an innova-
tive and powerful tool that contributes to drug safety assessment by providing 
mechanistic understanding of potential adverse drug reactions. This work has 
received funding from the EU-EFPIA Innovative Medicines Initiative 2 (IMI2) Joint 
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Undertaking TransQST project (grant number 116030) and eTRANSAFE project 
(grant number 777365) (This Joint Undertaking receives support from the European 
Union’s Horizon 2020 research and innovation program and EFPIA), the EC Horizon 
2020 EU-ToxRisk project (grant number 681002), the EC Horizon 2020 RISK-HUNT3R 
project (grant number 964537) and the Cosmetics Europe and European Chemical 
Industry Council (CEFIC) Ontology project (project AIMT10).

 4313 Desorption Electrospray Ionization Mass Spectrometry Imaging 
(DESI MSI) of Lipid Changes in Response to Acetaminophen 
Overdose in Kidney Tissue

J. Akakpo1, A. Midey2, A. Artigues1, M. Palmer2, S. Lai2, B. Shrestha2, H. Jaeschke1, and 
A. Ramachandran1. 1University of Kansas Medical Center, Kansas City, KS; and 2Waters 
Corporation, Milford, MA.

APAP is an analgesic and antipyretic drug that is safe at therapeutic doses. Yet, 
APAP overdose patients represent a significant group susceptible to acute liver and 
kidney injury in the United States. Currently, there are no effective clinical interven-
tions to treat APAP nephrotoxicity besides renal replacement therapy and support-
ive care. In addition, the detailed underlying mechanisms involved in APAP nephro-
toxicity remain unclear. Thus, the current challenge lies in the identification of 
mechanistic targets to develop drug therapies that can timely intervene to mitigate 
APAP adverse effects on the kidney. In this study, desorption electrospray ioniza-
tion (DESI) mass spectrometry imaging (MSI) was used to identify bioactive lipid 
mediators of APAP nephrotoxicity and characterize lipid changes in renal tissue, 
and then relate this information to the progression and severity of APAP nephro-
toxicity. For experiments, fasted male C57Bl/6J mice were treated with 300mg/
kg APAP, and kidney samples were collected 24, 48, 72 and 96 hours later. Then, 
DESI-MSI analysis was performed to map the regional variations in endogenous 
lipid species and their alterations in the delayed time course after toxic exposure to 
APAP. A large number of lipid species were detected and simultaneously mapped 
in kidney tissue samples with great sensitivity and chemical specificity. In particu-
lar, phospholipids such as phosphatidylcholine (PC) and lysophosphatidylcholine 
(LysoPC), phosphatidylserine (PS), and sphingomyelins (SM) as well as diacylglyc-
erols (DG) and triglycerides (TG) were identified on kidney sections by DESI-MSI. 
The distribution of these renal lipid species demonstrated spatial variations and 
distinct ions signal intensities were apparent in different regions of the kidney 
microcompartments. Specifically, PC and LysoPC were distributed throughout the 
kidney cortex and medulla, unlike SM which was predominantly localized in the 
cortex. In addition, we noted time-dependent changes in lipid profile and ions signal 
intensity between 24 to 96 hours after APAP overdose. The ion signal of some 
species of PC and LysoPC were found to increase over time within the cortex. This 
suggests an increased activity of phospholipases in these regions of the kidney. 
The ion signals of SM were also found to decrease pointing towards an increased 
activity of sphingomyelinase. Sodium and potassium ions of PC and LysoPC within 
the kidney were also identified and potassium adducts were predominant in both 
the cortex and the medulla. Regional differences in sodium adducts of PC and 
LysoPC were almost exclusively localized in the medulla and this higher ion signal 
of sodium adducts within the renal medulla is suggestive of a higher concentration 
of intracellular sodium which could control not only changes in cell size but also 
activate apoptosis, a recognized mode of kidney cells death after APAP overdose. 
Interestingly, sodium adducts of SM were predominantly distributed at the border 
of the renal cortex and medulla when compared to PC and LysoPC. In conclusion, 
DESI-MSI at high resolution allowed us to map the molecular dynamic of lipid 
changes in the kidney in response to APAP toxic exposure. Further studies with this 
novel technology will provide significant mechanistic insights into the pathophysiol-
ogy of APAP-induced nephrotoxicity. 

 4314 Preliminary Physiologically Based Pharmacokinetic (PBPK) 
Modeling and Assessment of Consistency across Published 
Studies of Perfluorooctane Sulfonate and Perfluorooctanoic 
Acid Kinetics in Adult Zebrafish

L. M. Sweeney1, and T. R. Sterner2. 1UES Inc., Dayton, OH; and 2Henry 
M. Jackson Foundation for the Advancement of Military Medicine, Wright-Patterson 
AFB, OH.

Zebrafish are increasingly used in toxicological research for application to both 
ecological and human health risk assessment. To date, little pharmacokinetic 
modeling of per-and polyfluoroalkyl substances (PFAS) in adult zebrafish has 
been developed. This work sought to test the ability of a generic physiologically 
based pharmacokinetic (PBPK) model structure to consistently describe diverse 
data sets from previously published zebrafish studies. A generic zebrafish PBPK 
model (Grech et al. 2019, Sci Total Environ. 516-531) was adapted for application to 
perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA) disposition. 
Parameters were based on a rainbow trout PBPK model of PFOS (Vidal et al. 2019 
Sci Total Environ. 691:1297-1309). Limited calibration of zebrafish PFOS parame-
ter values was conducted to approximate data (concentrations in plasma, liver, 
muscle, and ovary) from the one available PFOS study with post-exposure toxicoki-
netic information. The ability of the preliminary model to predict other zebrafish 
PFOS time course data (PFOS concentration in plasma, blood, liver, muscle, ovary, 

gills, intestine, brain, kidney, pooled internal organs, or whole body from four other 
publications) was then evaluated. Likewise, calibration was followed by consis-
tency checks among PFOA time course studies in adult zebrafish. The relatively 
simple generic model was able to recapitulate many aspects of observed PFAS 
disposition, typically predicting plasma and tissue PFAS concentrations within a 
factor of 4. However, predictions of some study data were in error by factors of over 
100-fold. It is unclear if the lack of consistent agreement is due to inappropriate 
simplicity of the model structure (e.g., no saturable process or chemical interac-
tions), variations in study design (single chemical exposures vs. exposure as a 
part of a mixture), or data measurement/reporting errors. Disclaimer: The authors 
are contractors working with the US Air Force 711th Human Performance Wing and 
the views expressed in this presentation are their own and do not necessarily reflect 
the views of the Air Force or the Department of Defense. CLEARED for public release 
October 12, 2022, SAF 2022-0730.

 4315 Spinosad: A Physiologically Based Pharmacokinetic (PBPK) 
Model in the Rat and Human Including the Pregnancy Life Stage

J. Domoradzki1, R. Reiss2, A. Loccisano2, A. Deines3, B. Davis4, M. Bartels5, R. Mingoia6, 
M. Himmelstein6, and M. Corvaro7. 1Corteva Agriscience, Midland, MI; 2Exponent, 
Alexandria, VA; 3Exponent, Bellevue, WA; 4Exponent, Washington, DC; 5ToxMetrics, 
Midland, MI; 6Corteva Agriscience, Wilmington, DE; and 7Corteva Agriscience, Rome, Italy.

A physiologically-based pharmacokinetic (PBPK) model was developed for the 
insecticide Spinosad (a mixture of Spinosyns A and D) and built in R programming 
language. The model simulates dosimetry for rats and humans, including physio-
logical changes during pregnancy. Treatment with Spinosad was associated with 
parturition (dystocia) in a previous 2-generation rat study at 100 (but not at 3 or 
10) mg/kg bw/day; further mechanistic work demonstrated these are potentially 
receptor-mediated (threshold) effects on rat uterine contractility. Therefore, the 
goal of this PBPK model was to estimate uterine concentrations during pregnancy 
for rats and humans. Standard parameters and equations were used for organ 
volumes, cardiac output, and tissue blood flow, including how these change during 
pregnancy. The model simulates saturable metabolism of Spinosyn A and Spinosyn 
B (the two most prevalent “spinosyn” factors observed in vivo), including the 
formation of Spinosyn B from A via saturable elimination of CYP-based metabolism 
as well as biliary clearance (primarily as direct glutathione conjugation). The model 
was fit using blood, plasma, and uterine concentration data from a single dose rat 
gavage study at gestation day 20 (GD20) and validated using a repeat dose rat 
gavage study from GD17-GD20, a rat dietary study from GD6-GD20, and a dermal 
exposure study among healthy men and non-pregnant women. The sum of the 
Spinosyn A and B mean uterine concentrations for rats was approximately 5- to 
15-fold higher than the predicted values for humans, suggesting that the uterine 
concentrations are higher for rats compared to humans in a dose level range 
corresponding to the rat 2-generation NO(A)EL and LOAEL.

 4316 Prediction of the Liver Safety Profile of a First-in-Class 
Myeloperoxidase Inhibitor Using Quantitative Systems 
Toxicology Modeling

J. Woodhead1, Y. Gebremichael1, J. Macwan2, I. Qureshi3, R. Bertz3, V. Wirtz3, and 
B. A. Howell1. 1Simulations Plus, Inc., Research Triangle Park, NC; 2Simulations Plus, Inc., 
Lancaster, CA; and 3Biohaven Pharmaceuticals, New Haven, CT.

The novel myeloperoxidase inhibitor verdiperstat was developed as a treatment 
for neuroinflammatory and neurodegenerative diseases. During development, a 
computational prediction of verdiperstat liver safety was performed using DILIsym 
v8A, a quantitative systems toxicology (QST) model of liver safety. A physiolog-
ically based pharmacokinetic (PBPK) model of verdiperstat was constructed in 
GastroPlus 9.8, and the estimates for the liver and plasma time course of verdiper-
stat were input into DILIsym. In vitro experiments measured the likelihood that 
verdiperstat would inhibit mitochondrial function, inhibit bile acid transporters, and 
generate reactive oxygen species (ROS). Verdiperstat was shown to be a mild inhibi-
tor of the bile acid transporter MRP4, a mild generator of ROS, and a mild inhibitor 
of the mitochondrial electron transport chain (ETC). Predictions of liver verdiperstat 
exposure from the PBPK model and parameters derived from the in vitro experimen-
tal results were used as inputs into DILIsym. Two alternate sets of parameters were 
used as inputs in order to fully explore the sensitivity of model predictions within 
the potential range of the in vitro data. Verdiperstat dosing protocols up to 600 mg 
BID were simulated for up to 48 weeks using a simulated population (SimPops) 
in DILIsym. Serious liver injury was not predicted to occur with any verdiperstat 
dosing protocol, with only mild alanine aminotransferase elevations (< 3x the upper 
limit of normal) predicted in the most sensitive individuals using the most-sensitive 
plausible parameter set. Verdiperstat was therefore predicted to be safe, with only 
rare, mild liver enzyme increases as a potential possibility in very highly sensitive 
individuals. Subsequent Phase 3 clinical trials found that ALT elevations in the 
verdiperstat treatment group were generally similar to those in the placebo group. 
This validates the DILIsym simulation results and demonstrates the power of QST 
modeling to predict the liver safety profile of novel therapeutics.
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 4317 Speed Isn’t Everything: Comparing the Speed of Simulations 
Using Stand-Alone and PBPK Model Template Implementations 
of PBPK Models

A. S. Bernstein1,2, D. F. Kapraun1, and P. M. Schlosser1. 1US EPA, Research Triangle Park, 
NC; and 2Oak Ridge Institute for Science and Education, Oak Ridge, TN.

Physiologically based pharmacokinetic (PBPK) models describe the disposition of 
a chemical throughout the body following exposure using parameters that quantify 
anatomical and physiological features of the body as well as biochemical interac-
tions and processes. Chemical risk assessors use PBPK models for dosimetric 
calculations in support of risk assessment, but they should first perform quality 
assurance (QA) review of the models to ensure biological plausibility and correct 
implementation. We have previously developed and released a model template 
consisting of a single model “superstructure” with equations and logic commonly 
found in many PBPK models. Model template users can implement a wide variety 
of chemical-specific PBPK models by selecting and omitting specific features. 
QA review of models implemented using the template can be completed more 
quickly than reviews of conventionally-implemented (“stand-alone”) models since 
the general model equations have already been evaluated and verified, and only the 
parameters describing chemical-specific model and exposure scenarios need to 
be reviewed. While the QA review of a template implemented model is faster than 
that of a stand-alone model, one may ask: does the more complex structure of the 
model template come with a significant cost in computational speed? We sought 
to determine how the speed of two stand-alone chemical-specific PBPK models 
compared to template implementations of the same models. We considered a 
randomly generated set of 10,000 humans continuously exposed via inhalation 
to dichloromethane (DCM) or chloroform, and we computed internal dose metrics 
(including steady-state concentrations of chemical in venous blood and liver tissue 
and the amount of chemical metabolized) using a stand-alone PBPK model for each 
chemical and a template implementation of that model. We calculated the time that 
it took to initialize and perform the simulations in total as well as the average time 
to solve a single initial value problem. Simulations performed using the template 
implementations of the models were about 4.5 times slower than those using 
the stand-alone models. The stand-alone models took approximately 8 seconds 
to compute 10,000 simulations and the template implementations took about 36 
seconds. Approximately 70% of the computational time was spent solving the initial 
value problems in each case. The differences in simulation speed are likely due to 
the increased number of state equations (38 state variables in the model template 
compared to 20 for the DCM model or 19 for the chloroform model) and conditional 
statements used in the model template. While the template implementations of the 
PBPK models required more computational time than the stand-alone versions of 
those models, the observed time differences are not excessive on the time scale 
of human work. Since the model template also improves the consistency, quality, 
and efficiency of implementing PBPK models, the increased time to run simulations 
may be justified in many situations.

 4318 Fate of Inhaled Puff Constituents from Electronic Nicotine 
Delivery Systems (ENDS) in the Human Respiratory Tract

B. Asgharian1, O. Price1, J. Schroeter1, A. Creel1, J. Chesnutt1, G. Erives2, J. Fallica2, 
C. Li2, N. Rasheed2, S. Wasdo2, R. Yeager2, and S. Chemerynski2. 1Applied Research 
Associates Inc., Raleigh, NC; and 2US FDA, Beltsville, MD.

Little information is available in the literature on the fate of an electronic nicotine 
delivery system (ENDS) puff in the lungs, which would inform human exposure and 
potential adverse outcomes from ENDS use. A puff from an ENDS is a mixture of 
several constituents in droplet and vapor form, including propylene glycol (PG), 
vegetable glycerin (VG), nicotine, and flavors. We developed a mathematical model 
to predict deposition and uptake of ENDS constituents in the entire respiratory tract, 
which included various physicochemical mechanisms such as phase change and 
nicotine protonation. Model simulations were conducted for two inhalation profiles 
most prevalent among ENDS users: mouth-to-lung and direct-to-lung inhalation. 
Model predictions showed that droplet size change by phase change and coagula-
tion had a profound influence on the fate of the inhaled puff of ENDS. Droplets grew 
from an initial size of 0.40 µm to a maximum size of 2.13 µm for mouth-to-lung 
inhalation and 1.97 µm for direct-to-lung inhalation. Vapor uptake was dominant 
over droplet deposition for constituent delivery to the lungs. Predicted uptake and 
deposition of high vapor pressure constituents of the puff (e.g., nicotine, PG was > 
90%). In contrast, low vapor pressure constituents of the puff (e.g., VG) had around 
50% predicted deposition. Most of the droplet deposition and vapor uptake occurred 
in the pulmonary region where the puff spent the most time. Mouth-to-lung inhala-
tion resulted in higher dose in the oral cavity whereas droplet deposition and vapor 
uptake were higher in the lung for direct-to-lung inhalation. This study was funded by 
the Center for Tobacco Products at the US FDA. This is not a formal dissemination of 
information by FDA and does not represent Agency position or policy.

 4319 Development of Uptake Factors for Trihalomethanes 
(THMs) Using a Multiroute Human Physiologically Based 
Pharmacokinetic (PBPK) Model

E. Kenyon1, J. M. Wright2, R. M. Shaffer3, T. J. Luben1, and C. Eklund1. 1US EPA, Research 
Triangle Park, NC; 2US EPA, Cincinnati, OH; and 3US EPA, Washington, DC.

Uptake factors are used in conjunction with epidemiologic studies to refine 
exposure estimates to include chemical absorption during multiple water use 
activities. For THMs, a class of volatile disinfection byproducts that are readily 
absorbed via dermal and inhalation routes of exposure, this enables consideration 
of activities that may result in a larger uptake and internal dose such as showering, 
bathing, and swimming. We utilized our multi-route human THM PBPK model to 
derive uptake factors for bathing and showering for chloroform (TCM), bromodi-
chloromethane (BDCM), dibromochloromethane (DBCM), and bromoform (TBM). 
Model structure and physiological parameters are the same as our published 
adult human BDCM model (Kenyon et al., 2016). The expanded model was able 
to adequately predict blood concentrations of THMs from bathing and showering 
studies which increases confidence in its application. Uptake factors are expressed 
as minute equivalents (MinEq). MinEq are defined as the minutes of a specific 
water use activity required to achieve the same internal dose from drinking one liter 
of water containing the same concentration of each THM. Area under the curve 
in blood (AUCv) was used as the measure of internal dose. MinEq for shower-
ing were 4.4, 3.6, 3.6 and 3.5 minutes for TCM, BDCM, DBCM and TBM, respec-
tively. MinEq for bathing were 3.7, 2.8, 2.5 and 2.3 minutes for TCM, BDCM, DBCM 
and TBM, respectively. Other studies have estimated uptake factors of 5 and 15 
minutes for showering and bathing, respectively, for TCM by directly using blood 
concentration data from showering and bathing studies. The difference between 
PBPK-derived MinEq and data-derived MinEq for TCM are minor for showering, and 
more pronounced for bathing (~3-fold). One possible explanation for this differ-
ence is the relatively greater contribution of dermal absorption to internal exposure 
inferred from our model compared to other types of PK analysis. Future refine-
ments to the PBPK-based approach will include incorporation of in vitro-derived 
human metabolism parameters and development of uptake factors for swimming. 
Use of PBPK-derived uptake factors can provide robust estimates of internal 
exposure and allow consideration of host factors reflecting human variability (e.g., 
pregnancy, genetic polymorphisms). This research may have important implica-
tions for exposure assessment purposes in epidemiological studies. The views 
expressed in this abstract are those of the authors and do not necessarily represent 
the views or the policies of the US Environmental Protection Agency.

 4320 In Vitro to In Vivo (IVIVE) and Species Extrapolation for the 
Disruption of Thyroid Hormone Synthesis by Oxyfluorfen Using 
Physiologically Based Pharmacokinetic (PBPK) and Thyroid 
Hormones Kinetics Models

H. A. El-Masri, R. Decrane, T. Stoker, A. Murr, and J. Ford. US EPA, Research Triangle 
Park, NC.

The thyroid hormones play key roles in physiological processes such as regulation 
of the metabolic and cardiac systems as well as the development of the brain and 
surrounding sympathetic nervous system. Recent efforts to screen environmental 
chemicals for their ability to alter thyroid hormone synthesis, transport, metabo-
lism and/or function have identified novel chemicals that target key processes 
in the thyroid pathway. One newly identified chemical, oxyfluorfen, is a diphenyl-
ether herbicide used for control of annual broadleaf and grassy weeds in a variety 
of tree fruit, nut, vine, and field crops. Using in vitro high-throughput screening 
(HTS) assays, oxyfluorofen was identified to be a potent inhibitor of the thyroidal 
sodium-iodide symporter (NIS). To quantitatively assess this inhibition mechanism 
in vivo, we extrapolated in vitro NIS inhibition data to in vivo disruption of hormones 
synthesis in rats using physiologically based pharmacokinetic (PBPK) and thyroid 
hormone kinetics models. The overall computational model was calibrated against 
in vivo data in rats for the levels of oxyfluorfen in thyroid and serum and against 
levels of thyroid hormones triiodothyronine (T3) and thyroxine (T4) in serum. The 
calibrated rat model simulations were within a factor of 3-fold from experimental 
data. The rat thyroid model was then extrapolated to humans using human in vitro 
HTS data for NIS inhibition and the chemical hepatic clearance rate in humans. The 
overall species extrapolated PBPK-thyroid kinetics model can be used to predict 
dose-response (% drop in thyroid serum levels compared to homeostasis) relation-
ships in humans. These relationships can be used to estimate points of departure 
for health risks related to a drop in serum levels of TH hormones based on HTS 
assays, IVIVE, toxicokinetic, and physiological principles. This abstract does not 
necessarily reflect US EPA policy.
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 4321 Utilizing a Pharmacokinetic Model for Evaluating Exposures to 
PFOA: Various Dosing Considerations Aimed at Simulating Site-
Specific Exposures to Drinking Water.

C. Welsh1, J. Sautner1, R. Siwakoti2, J. Compton2, P. Kowalski1, B. Goodwin1, 
T. S. Somers1, P. Ruiz1, and J. Fisher3. 1CDC/ATSDR, Atlanta, GA; 2Oak Ridge Institute for 
Science and Education, Oak Ridge, GA; and 3ScitoVation LLC, Durham, NC.

A pharmacokinetic model was constructed and characterized with applica-
tions that assessed exposures to adults drinking perfluorooctanoic acid (PFOA) 
contaminated water. The one compartment pharmacokinetic model incorporates 
components that account for: age-variable bodyweight; temporal changes in 
background; and temporal changes for intake dosing. Published data were used to 
parameterize the model and to generate the time-variable model components. The 
focus of the exploratory investigations was on historical exposure dose reconstruc-
tions that were tailored to site-specific applications; and on characterizing model 
performance versus measured serum PFOA in impacted communities. One general 
dosing routine was constructed using contemporary well water data associated 
with the discovery of the PFOA contamination in site groundwater. Those data 
were used in the model as a constant water contaminant concentration that was 
extended back in time to include the previous 5, or 10 years, or several decades. A 
second dosing routine used decades-long historical time trends that were generated 
from fate and transport modeling efforts. The use of bottled water by community 
members was considered as an exposure reduction strategy in some simulations. 
Modeled predictions for site-specific serum PFOA levels were compared to serum 
PFOA concentrations that were measured in biomonitoring programs at the sites. 
In simulations using exposure scenarios that reflect site-specific conditions, most 
of the model predictions (9 of 10 sites examined) were within a factor of two when 
compared to PFOA levels measured in the affected communities. The value of 
incorporating the time-variable background as a component of the predicted PFOA 
concentrations is demonstrated at several sites. The concordance of the predicted 
values and the measured serum PFOA concentrations suggests the pharmacoki-
netic model can provide credible estimates of community exposures to PFOA over 
a wide range of exposure scenarios. The findings and conclusions in this abstract-
poster have not been formally disseminated by the Centers for Disease Control and 
Prevention/the Agency for Toxic Substances and Disease Registry and should not be 
construed to represent any agency determination or policy.

 4322 Differences in PBPK Model Simulation Results from 
Using Two Methods to Generate Sample Population 
Parameter Distributions

P. M. Schlosser, A. S. Bernstein, and D. F. Kapraun. US EPA, Research Triangle Park, NC.

Physiological based pharmacokinetic (PBPK) models describe the disposition of 
a chemical in the body after exposure by accounting for the absorption, distribu-
tion, metabolism, and elimination of the chemical. The parameters used in these 
models are based on anatomical and physiological properties of the body as well 
as biochemical interactions and processes. Chemical risk assessors often use 
PBPK models for dosimetric calculations when quantifying risk to humans from 
chemical exposures, but the significant variability in human anatomical and physio-
logical parameters is not always considered. Moreover, when risk assessors do 
wish to consider variability in such parameters, they must choose between multiple 
available methods for generating samples of the parameters or perhaps develop 
new methods. We sought to compare how population parameter values generated 
via two different methods impact the results of Monte Carlo PBPK model simula-
tions. We generated anatomical and physiological parameter values for 10,000 
humans via two virtual population generation methods: (a) the “HTTK-Pop” popula-
tion variability simulator from the R package “httk” and (b) the method from the 
US EPA IRIS Toxicological Review of Dichloromethane (DCM). Samples were 
generated for 5 subpopulations: (1) the general population, (2) 1-year-old (yo) 
children, (3) 30-yo females, (4) 30-yo males, and (5) 70-yo males. Chemical-specific 
parameters were fixed at their mean values to focus on the effects of anatom-
ical and physiological parameters on various dose metrics. For each sampled 
individual, we simulated continuous inhalation exposure to DCM using a PBPK 
model and then computed the mean, standard deviation (SD), and 95th and 99th 
percentiles for four dose metrics: steady-state concentrations of DCM in venous 
blood and liver and average daily amounts of DCM metabolized via saturable 
(CYP-mediated) and linear (GST-mediated) pathways. For the general population 
most of the results differed by less than 10% when using the two virtual population 
generation methods, but HTTK-Pop parameters resulted in roughly 30% higher SD 
and 99th% for the GST metabolism dose metric. The largest difference was in 1-yo 
children for whom HTTK-Pop parameters resulted in a 76% higher SD and 64% 
higher 99th percentile GST-mediated metabolic rates than IRIS DCM parameters. 
These differences appear to be primarily the result of two key factors: HTTK-Pop 
predicts much higher cardiac output in children and significant differences in blood 
flow to muscle and adipose tissues between males than females of all ages. The 
sexual variability in muscle and adipose flow results in a higher variability in the 
flow fraction to other tissues, in particular the liver, and hence higher overall popula-
tion variability in flow-limited metabolism. These results underscore the need to 
accurately estimate cardiac output in children to predict PK in that subpopulation. 
Values of total hepatic blood flow reported in the literature indicate some sexual 

dimorphism. While the IRIS DCM parameter sampling method does not account for 
any dimorphism in blood flows, the parameter samples produced by the HTTK-Pop 
tool show a much greater difference in male and female values of the total hepatic 
blood flow fraction than other sources would suggest. The overestimation of the 
extent of sexual dimorphism in hepatic blood flow by HTTK-Pop may be due to 
a failure to accurately account for correlated differences in other tissue flows 
and masses, in particular the balance between muscle and adipose. Our findings 
suggest that further refinement of PBPK model parameter distributions is needed 
to accurately assess impacts of anatomical and physiological variability in humans 
on dosimetric calculations.

 4323 A Multiscale Physiologically Based Pharmacokinetic (PBPK) 
Model to Predict the Plasma Concentration and the Tissue 
Distribution of Doxorubicin

M. Li, P. Gonnabathula, M. Choi, and K. Fairman. US FDA/NCTR, Jefferson, AR.

Doxorubicin is a widely used anticancer agent that intercalates with DNA and binds 
reversibly to topoisomerase. The cardiotoxicity caused by doxorubicin is one of 
the concerns limiting its use. However, the mechanisms of doxorubicin cardio-
toxicity remain incompletely understood. PBPK models are mathematical models 
which characterize the behavior of a drug, have compartments to represent 
specific organs and tissues, and utilizes mathematical equations for physiological 
processes. The PBPK model has the ability to predict doxorubicin distribution to 
cells and cellular organelles, which helps to explore the mechanism of toxicity by 
doxorubicin. The objective of this study is to establish a multiscale PBPK model 
to predict the plasma concentration and the tissue distribution of doxorubicin in 
human. The diffusion limited model was applied for doxorubicin PBPK model. 
Liver and kidney compartments were included for the elimination of doxorubicin, 
and heart compartment was included as the target organ for toxicity. Each tissue 
compartment was constructed with vascular, interstitial, and cellular spaces. The 
protein and DNA binding in cellular space were considered for doxorubicin distribu-
tion. The PBPK model of doxorubicin was established based on plasma and tissue 
data from previous pharmacokinetic studies in mice and extrapolated to human. 
The prediction from the PBPK model was compared with observed data from 
clinical studies and autopsy tissue samples published in the literature. Reasonable 
prediction of the plasma pharmacokinetics and tissue distribution in human was 
achieved. In conclusion, the PBPK model developed based on pharmacokinetic 
data from mice was able to predict the disposition of doxorubicin in humans, and 
has the potential to explore toxicity mechanism of doxorubicin.

 4324 Development and Application of a Paxlovid PBPK Model 
for Modeling-Based Dose Recommendations in the 
Pediatric Population

P. Gonnabathula, M. Choi, M. Li, and K. Fairman. US FDA/NCTR, Jefferson, AR.

During the continuing COVID-19 pandemic, physicians and pediatric clinical experts 
play a critical role in providing children and adolescents with frontline medical 
care. For pediatric patients at risk for severe COVID-19 symptoms and disease 
progression, including those who might not be eligible for COVID-19 vaccination or 
have an underlying medical condition, COVID-19 therapies have been authorized. 
Remdesivir is the only treatment approved for pediatric patients under 12 years old, 
but the patient must be > 28 days old and weigh at least 3 kilograms, which is given 
as an IV dosage. The FDA has issued an EUA for the emergency use of the Paxlovid 
(nirmatrelvir + ritonavir) for the treatment COVID-19 in adults and pediatric patients 
(12 years of age and older weighing at least 40 kg). Paxlovid is a first drug authorized 
for oral use for the treatment of mild-to-moderate symptoms. Nirmatrelvir is 
co-administered with ritonavir, a CYP3A inhibitor, to boost nirmatrelvir concentra-
tions to achieve therapeutic levels. Nirmatrelvir and ritonavir tablets are co-pack-
aged as a 300 mg + 100 mg dose suggested from the Phase I preliminary clinical 
data. The objective of this study is to develop a physiologically based pharma-
cokinetic model (PBPK) for Paxlovid to support dose selection for the treatment 
of pediatric patients ages < 12 years. Both nirmatrelvir and ritonavir models have 
been established to simulate the nirmatrelvir concentration by co-administering 
with ritonavir. The developed adult PBPK model captures the plasma concentration 
data observed in the adult healthy volunteer population (Phase I). The adult model 
was extrapolated to the pediatric model by incorporating age related physiological 
changes, the authorized dosing regimen is expected to result in comparable steady-
state plasma exposure of nirmatrelvir in pediatric patients to those observed in 
adults after adjusting for body weight. The pharmacokinetics of nirmatrelvir and 
ritonavir in patients less than 18 years of age have not been evaluated. Phase 
2/3 clinical study, EPIC-PEDS (Evaluation of Protease Inhibition for COVID-19 
in Pediatric Patients) is going on, to evaluate the safety, pharmacokinetics, and 
efficacy of paxlovid in non-hospitalized, symptomatic, pediatric participants. The 
model framework will be used to estimate appropriate dosing for pediatric patients 
ages < 12 years and predict risks of potential drug-drug interactions in the perinatal 
period for small molecule drugs repurposed for COVID-19.
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 4325 Development of a Physiologically Based Pharmacokinetic 
PBPK Model for Flunixin in Cattle and Swine following 
Dermal Exposure

X. Wu, W. Chou, F. P. Maunsell, and Z. Lin. University of Florida, Gainesville, FL.

Flunixin is the only nonsteroidal anti-inflammatory drug (NSAID) labeled in the US to 
use in food-producing animals, including cattle and swine. Banamine® Transdermal 
is a pour-on formulation of flunixin approved for pain control in beef and dairy 
cattle, but not for calves and dairy cows of breeding ages or swine. Violative 
flunixin residues in edible tissues in cattle and swine have been reported and are 
usually attributed to non-compliant drug use or failure to observe an appropriate 
withdrawal time. Thus, the establishment of an adequate withdrawal time for the 
extra-label use of flunixin is very important. The primary aim of this project was to 
develop a physiologically based pharmacokinetic (PBPK) model for flunixin in cattle 
and swine to predict withdrawal times after exposures to different therapeutic 
regimens of Banamine® Transdermal. This model was developed with six compart-
ments: plasma, kidney, liver, muscle, skin, and rest of the body. The model was 
developed based on a published PBPK model for flunixin following other routes 
of exposure, including intravenous, intramuscular, and subcutaneous administra-
tions. Physiology parameter values were updated based on a recent comprehen-
sive review. This model was calibrated with plasma concentration data of flunixin 
from the Food Animal Residue Avoidance Databank (FARAD) database. Preliminary 
results showed that the model adequately simulated the plasma concentration of 
flunixin following a single transdermal administration of Banamine® Transdermal 
at 3.3 mg/kg in swine. Model evaluation and extrapolation to other species and 
other production classes including calves and dairy cows are still ongoing. This 
updated PBPK model will provide a scientifically based tool for the prediction of 
withdrawal times in cattle and swine administered flunixin in an extra-label manner, 
especially by the transdermal route.

 4326 Risk-Based, Geospatially Informed Prioritization of Potentially 
Cardiotoxic Chemicals

S. Krishna1, X. Chang2, K. M. Eccles1, K. Messier1, and N. Kleinstreuer1. 1NIEHS, Durham, 
NC; and 2Inotiv, Durham, NC.

The cardiovascular (CV) system is significantly affected by environmental factors, 
but risk assessment of environmental chemicals is restricted due to limited 
data availability. One of the major bottle necks is selection and prioritization of 
chemicals for further assessment due to lack of adequate animal data. New 
approach methodologies (NAMs) involve various in vitro and in silico methods for 
estimation of exposure and toxic effects, which may offer efficient and compre-
hensive approaches to replace animal testing and providing strategies to deal with 
regulatory challenges. In the present study, we adopted an in vitro-to-in vivo extrap-
olation (IVIVE) workflow using physiologically based pharmacokinetic (PBPK) 
models to convert activity concentrations of Tox21/ToxCast high throughput 
screening (HTS) assays relevant to six CV failure modes to human daily equiva-
lent administered doses (EADs). To evaluate the human relevance of the predic-
tions, these EADs were compared with exposure estimates derived from the US 
EPA ExpoCast program and in vivo animal study-based points of departure (POD) 
from the ToxVal database. Geospatial mapping was used to assess the potential 
risk of exposure for different populations across different counties/regions within 
the United States. A group of potential cardiotoxic chemicals predicted to have 
low margins of exposure were identified. Chemicals such as Dibutyl phthalate, 
Perfluorooctanoic Acid (PFOA) and Bisphenol A (BPA) were identified with overlap-
ping EAD ranges and exposure estimates, particularly within certain geographical 
hotspots. Incorporating geospatial distribution of chemicals allows for connection 
between molecular perturbations and adverse health outcomes across a popula-
tion, enabling hypothesis generation and prioritization for further testing. Use of 
HTS assay outcome data in establishing a margin of exposure and POD ratio can 
advance the steps of human health safety evaluation by providing rapid, computa-
tionally supported screening-level assessments. This case study utilizes the in 
vitro bioactivity based EADs and represents an advancement in the application of 
NAM based alternative approaches in human health risk assessment for potentially 
cardiotoxic chemicals.

 4327 Mathematical Model of Hepatic Cholesterol Biosynthesis and 
Dioxin-Induced Dysregulation

C. Kumbale1, Q. Zhang2, and E. O. Voit1. 1Georgia Institute of Technology, Atlanta, GA; 
and 2Emory University Rollins School of Public Health, Atlanta, GA.

Exposure to persistent organic pollutants (POPs) can cause a variety of adverse 
health effects. Lipophilic POPs like dioxins including 2,3,7,8-tetrachlorodiben-
zo-p-dioxin (TCDD) have an estimated half-life of 7 to 11 years in humans. As such, 
they are particularly harmful long term because they can remain in the body for 
decades after exposure. TCDD has been demonstrated to impact several organs, 
including the liver, which is the primary organ for detoxifying environmental 
contaminants and other xenobiotics. A comprehensive understanding of the overall 
health impact of TCDD on the human body and developing countermeasures can 

be greatly facilitated by developing computational models of adverse outcome 
pathways that TCDD perturbs. Here we propose a multi-scale computational 
approach, using a “template-and-anchor” (T&A) model, that permits a valid integra-
tion of the various contributions of TCDD into a meaningful health risk assessment 
framework. Generically, a template is a high-level model that focuses exclusively 
on the main physiological components of a system and involves correspond-
ingly few parameters and variables. It provides a coarse-grained representation 
of the system under investigation. Anchor models provide more elaborate views 
of the specific biological details characterizing the mechanisms that govern the 
system and are represented in the template model as variables. Our template 
model, along with a collection of pertinent anchor models, describes the choles-
terol dynamics in hepatocytes and the plasma and mechanistically how TCDD 
impinges on these processes. With the specific mathematical structure of the T&A 
models established, we studied how different concentrations of TCDD drive the 
output of each anchor model. These input-output (TCDD-cholesterol) relationships 
are formulated as dose-response curves and subsequently used to calibrate the 
template model. Incorporating all anchor characteristics into the template model 
allows us to assess the global effect(s) of dioxin on hepatocytes, and these effects 
can subsequently be translated into an overall-and possibly personalized-human 
health risk assessment.

 4328 Computational Modeling of the Biphasic Depletion of Ovarian 
Follicle Reserve and the Chemical Effects on Ovarian Aging

S. A. Moyd1, A. J. Gaskins1, S. Xiao2, and Q. Zhang1. 1Emory University, Atlanta, GA; and 
2Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ.

Human ovaries begin development in utero. Through oogenesis, the numbers of 
oocytes and primordial follicles peak to a few million during fetal development, then 
decline to hundreds of thousands per ovary at birth. These primordial follicles do 
not regenerate and are thus regarded as the ovarian reserve. Over the life course, 
the reserve continues to deplete, due to atresia and activation, until menopause 
when about 1000 primordial follicles remain. Exposure to chemotherapy drugs and 
environmental pollutants can accelerate follicular depletion potentially leading to 
a greater risk of early menopause, primary ovarian insufficiency (POI), and infertil-
ity. Physiologically, the ovarian reserve is depleted in a biphasic pattern - a slow 
decrease from birth to mid-30s, followed by a fast decrease to menopause. While 
this depletion pattern has been described with empirical mathematical formula-
tions, rarely is it modeled mechanistically. A mechanic model that can characterize 
the dynamics of follicular depletion throughout the life course will help research-
ers better understand and predict the impact of chemical exposures on ovarian 
aging. Here we propose a minimal mechanistic model, which includes (1) a zero-or-
der feedforward inhibition of primordial follicle activation by a local autocrine/
paracrine inhibitory factor secreted by the primordial follicles, and (2) a high-gain 
feedback inhibition of primordial follicle activation by the anti-Müllerian hormone 
(AMH) secreted by the growing (primary, secondary, and early antral) follicles. The 
model is configured such that the two regulatory processes prevent primordial 
follicles from premature overactivation in early and late reproductive life stages, 
respectively. The model recapitulates the biphasic depletion curve and predicts a 
constant supply of growing follicles through most of the reproductive active life 
stage. The model further predicts that the size of the initial primordial follicle pool 
plays a significant role in determining the menopause age, while unilateral ovariec-
tomy has a minimal effect. Simulations of transient perturbation by chemother-
apy drugs, which can promote the atresia of primordial and/or growing follicles, 
suggest that exposure at earlier ages will have a larger impact on ovarian reserve 
and menopausal timing than exposure at later ages. Simulations of chronic environ-
mental chemical exposures suggest that chemicals directly promoting primordial 
follicle atresia are more damaging than chemicals directly promoting growing 
follicle atresia or inhibiting AMH in advancing menopause age. Future elaborations 
of the computational model with integration of in vitro toxicity testing data may help 
predict the impact of reproductive toxicants on ovarian aging.

 4329 Occupational Exposure to Veterinary Antibiotics: PBPK 
Modeling of Enrofloxacin in Humans after Inhalational Uptake

K. Blümlein1, N. Nowak1, B. Ellinghusen1, S. Gerling1, P. Badorrek1, T. Hansen1, 
J. Hohlfeld1, R. Paul2, and S. Schuchardt1. 1Fraunhofer Institute for Toxicology and 
Experimental Medicine, Hannover, Germany; and 2Bundesanstalt für Arbeitsschutz und 
Arbeitsmedizin, Berlin, Germany. Sponsor: A. Bitsch.

Antibiotics, once a blessing to mankind, curing bacteria-inflicted diseases and 
providing a great benefit to our health have become the source of threat: develop-
ment of bacteria resistant to antibiotics. But prescription and use of antibiotics 
is not only limited to human healthcare. Antibiotics find also a wide utilisation in 
agriculture. The exposure to sub-therapeutic doses of antibiotics of the workforce 
at husbandry is one specific case of development of resistant bacteria, not only in 
the context of occupational health and safety but also for general/public health 
(Economou and Gousia, 2015). Enrofloxacin is a veterinary drug which is readily 
metabolized upon uptake, with ciprofloxacin often being the main metabolite 
(Mulligan). Ciprofloxacin itself has antibiotic properties and is used in human 
medicine. Hence, enrofloxacin was chosen as study drug for the present study. In 
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a previous study, the occupational exposure of workers at poultry feeding farms 
to enrofloxacin was investigated by means of biomonitoring (Paul et al., 2019) in 
which the antibiotic was detectable in the urine of the farm workers. Following 
a well-defined study design, addressing dermal, inhaled and oral uptake, six test 
subjects (male, aged 19-51 years) were exposed to single doses of sub-therapeu-
tic concentrations of enrofloxacin. Pharmacokinetic parameters were obtained by 
analysing urine and plasma samples for enrofloxacin and ciprofloxacin. Inhalation 
and oral exposure were identified as two plausible uptake routes. To determine 
the significance of inhalational uptake, a newly designed physiologically based 
pharmacokinetic (PBPK) model of the lung was applied to predict blood and urine 
concentrations of enrofloxacin and its active metabolite ciprofloxacin. Kinetics 
were predicted over a period of 24 hours and compared to the clinical study. The 
predicted tmax of was more than twice as high as the average value, but within 
the range observed in the experimental study. Extrapolating these findings to the 
biomonitoring data in hen houses results in estimated plasma concentration at 
the lower pg/mL level (opposed to µg/mL in the BM study) thereby indicating that 
airborne particulate matter will not be the major source of occupational exposure to 
antibiotics in the context of tending to hens in fattening farms. However, the sizes 
of airborne particles were not measured in the biomonitoring study. The particle 
size distribution has significant impact on the inhalable fraction. Published particle 
size distribution of hen-house dust were taken from other studies as a substitute. 
Uptake of antibiotics via inhalation of contaminated dust was considered negligi-
ble. Oral exposure, on the other hand, was identified as the most likely uptake route 
for antibiotics for the task of tending to animals in hen houses at fattening farms. 
PBPK modelling showed an overestimation of plasma and urine concentration 
levels compared to the clinical data, pointing towards a temporary accumulation 
of enrofloxacin in tissues and/or considerable clearance via metabolites other than 
ciprofloxacin. Economou, V. and Gousia, P. 2015. Agriculture and food animals as a 
source of antimicrobial-resistant bacteria. Infect Drug Resist. 8, 49-61. Mulligan, L.M. 
822. Enrofloxacin. WHO Food Additives. Series 34. IPCS INCHEM. Paul, R., Gerling, 
S., Berger, M., Blümlein, K., Jäckel, U., Schuchardt, S. 2019. Occupational Exposure to 
Antibiotics in Poultry Feeding Farms. Ann. Work. Expo. Health. 63, 821-827.

 4330 Physiologically Based Pharmacokinetic Model to Predict HFC-
134a in Exhaled Breath following Albuterol Inhaler Use

T. R. Covington, and T. R. Sterner. HJF and Air Force Research Laboratory US Air Force 
711th Human Performance Wing/RHBAF, Wright-Patterson AFB, OH.

Bronchodilator asthma medications, like albuterol, are utilized to treat acute 
asthmatic exacerbations, but have also been used to improve lung function testing 
and athletic performance in individuals without asthma. Routine methods and 
strategies for detecting or confirming bronchodilator use have not been developed. 
Albuterol and other asthma drugs are known to be excreted in urine but the lag time 
between dosing and excretion, high limits of detection, and number of possible 
drugs make urine a poor medium for biomonitoring; however, some propellants, 
such as hydrofluorocarbons HFC-134a and HFC-227ea, used in albuterol pressur-
ized metered dose inhalers (pMDIs) can be detected in exhaled breath. The 
objective of this work was to use physiologically-based pharmacokinetic (PBPK) 
modeling to simulate the inhalation kinetics of HFC-134a and HFC-227ea in order 
to determine a window of detection for these hydrofluorocarbons in exhaled breath 
of subjects who have inhaled albuterol from a pMDI. An existing in-house PBPK 
model was modified, based on published models for HFC-134a and HFC-227ea, 
and re-parameterized for these 2 propellants. Validation of the modified model was 
completed using data for propellant exhaled breath and venous blood concentra-
tions in published studies. Data were collected by another group within Air Force 
Research Laboratory (AFRL) on exhaled breath concentration of HFC-134a in 10 
subjects following a single puff from an asthma inhaler for which HFC-134a was 
the propellant (AFRL IRB protocol, “Investigation of Detection Strategies for Inhaled 
Asthma Medication of Air Force Pilot Candidates”, FWR2020013H v1.00, valid 22 
January 2021 through 21 January 2026). The validated PBPK model was run to 
predict these data. Inhaled concentrations were adjusted for 5 of the 10 subjects to 
account for variations in individual compliance with dosing procedure. This model 
was then used to predict how long exhaled breath concentrations of HFC-134a 
remained above a given analytical limit of detection (LOD) of either 1 ppb or 1 
ppt following a single simulated puff from an inhaler. Predicted times for the 10 
subjects ranged from about 5 hours to almost 25 hours for an LOD of 1 ppb and 60 
to almost 76 hours for 1ppt. In order to get an estimate more representative of the 
general population, Monte Carlo analysis was conducted. The resulting geometric 
mean time was about 16 hours for a LOD of 1ppb and about 66 hours for a LOD of 
1 ppt. Disclaimer: No DoD endorsement implied.

 4331 Mathematical Modeling of the Interaction between Yolk 
Utilization and Fish Growth in Zebrafish following Developmental 
Exposure to Tris(4-chlorophenyl)methanol (TCPMOH)

A. V. Schwartz1,2, K. E. Sant1, and U. Z. George1. 1San Diego State University, San Diego, 
CA; and 2University of California Irvine, Irvine, CA.

The compound Tris(4-chlorophenyl)methanol (TCPMOH; CAS #3010-80-8) is a 
contaminant of emerging concern due to its unknown etiology and recent detection 
in biological matrices including marine mammals and human breast milk around 
the world. We previously showed that exposures to TCPMOH during zebrafish 
development increased the incidence of structural defects and mortality, including 
decreased fish length and an increase in yolk sac edema. Here, we address further 
the developmental toxicity of TCPMOH on the dynamic changes in yolk absorption 
and overall fish growth by utilizing image analyses, differential equation modeling, 
and parameter estimation. Zebrafish embryos were exposed to a vehicle control 
(0.01% dimethyl sulfoxide), 0.5 μM, 1 μM, or 5 μM TCPMOH (n = 20-38 embryos per 
group) from 0-7 days post fertilization (dpf). Endpoints for yolk area and fish length 
were quantified using image analyses for mathematical model building and valida-
tion. The dynamic changes in yolk absorption, fish length, and their interactions 
were first established in the control group by building and validating a coupled set of 
differential equations for the system. Model development and validation establish a 
nonlinear functional relationship between nutrient absorption and early fish growth. 
We found that the rate of change in fish length and yolk utilization is logistic, that is 
the yolk decays rapidly for a period of time before leveling out. The mathematical 
model was then utilized to investigate the changes under environmental exposure. 
TCPMOH exposed samples experienced increased yolk absorption as captured by 
parameters within the mathematical model and a decreased rate of fish growth. 
As zebrafish contain a finite nutrient source during the developmental stage, these 
findings suggest the rapid intake of nutrients may be a key contributor to the 
decrease in overall growth. This study has established a mathematical modeling 
strategy that explains the relationship between yolk absorption and overall fish 
growth in a controlled environment and under environmental perturbation. We 
have found, using parameter estimation, that TCPMOH has a statistically signifi-
cant impact on nutrient availability in zebrafish. As nutritional perturbation during 
development has been shown to be associated with cardiovascular and metabolic 
disease later in life, the developed mathematical model will be a valuable tool in 
assessing the toxicity of further environmental contaminants in the future.

 4332 In Silico Model-Based Exploration of the Importance of Gut 
Metabolism in Human Exposure and Toxicokinetic Modeling

S. Wang, Z. Zhang, D. Li, and L. Li. University of Nevada Reno, Reno, NV.

Intestinal metabolic biotransformation or gut metabolism plays an important role 
in both the absorption and elimination of chemical contaminants: The pre-ab-
sorptive intestinal and hepatic biotransformation, also known as the “first-pass 
effect”, reduces the absorption of ingested chemical contaminants into the 
systemic circulation, whereas post-absorptive hepatic and intestinal biotransfor-
mation reduces the human body burden of chemical contaminants by eliminating 
them from the systemic circulation. While in silico high-throughput physiologically 
based toxicokinetic (PBTK) models consider hepatic biotransformation, intesti-
nal biotransformation, also known as gut metabolism, is often overlooked, and 
the relative importance of pre- and post-absorptive biotransformation is unclear. 
Experimental evidence has shown rapid intestinal biotransformation, e.g., with a 
half-life at a level of minutes for certain phthalate esters in metabolism by lipases. 
Neglecting intestinal biotransformation may result in a substantial overestimation 
of exposure to chemicals in high-throughput chemical screening. In this presenta-
tion, using an in silico PBTK model, we evaluate (i) the relative importance of re- and 
post-absorptive biotransformation in controlling the presence of chemical contam-
inants in the human body, and (ii) important factors that govern such relative 
importance. Since in vivo biotransformation data are often inadequate for chemical 
contaminants, the model also includes an in vitro to in vivo extrapolation module to 
allow the use of in vitro data. The model shows that the relative importance of the 
rates of intestinal biotransformation and epithelium permeation greatly impacts 
intestinal absorption efficiency. In cases of phthalates where biotransformation 
occurs at a level of minutes, more than 60% of the ingested amount is biotrans-
formed in the gastrointestinal tract before absorption. Overall, our work highlights 
the importance of intestinal biotransformation in human exposure and toxicoki-
netic modeling. This model also enables us to more accurately screen the absorp-
tion efficiency of chemicals through dietary and non-dietary ingestion.

 4333 Using Various Machine-Learning Algorithms to Determine the 
Best Method for Predicting Population Physiologically Based 
Pharmacokinetic Model Plasma Profiles

K. Fairman, M. Choi, P. Gonnabathula, and M. Li. US FDA/NCTR, Jefferson, AR.

The use of artificial intelligence (AI) for predicting drug pharmacokinetics (PK) 
is a relatively new effort. Several papers have been published covering various 
methods for using AI machine learning (ML) to predict PK. The objective of this 
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study is to determine which ML method will best predict the plasma concentration 
of simulated subject taking various doses of labetalol. In the following experiment, 
we used various machine learning to determine which algorithm best predicted 
the data in males and females. Population plasma PK data was generated using a 
physiologically based pharmacokinetic model with 10-30% variation in parameters 
with Berkeley Madonna. The time since the first dose was given, time since last 
dose, dose frequency, dose amount, study number, patient number, and dosing 
cycle was also incorporated into the datafile for each patient. The data for each 
patient was appended together to represent a single study. Fifty subjects were 
simulated for each study. Multiple scenarios in which sex (male or female), dose 
(200-1000mg), and frequency (6-12 hours) were varied for each study. The data file 
was randomized for training, validation, and test sets for the AI models. Once the 
data set was split using python based software, the performance was evaluated 
using the coefficient of determination (R2) for the regression models and the root 
mean squared error (RMSE) for predictive error. The ML models which performed 
better than the others tested had an R2 value of greater than 0.6. However, the 
RMSE overall needed improvement. The results will guide further exploration of 
other model features for the best performing ML methods and algorithms.

 4334 Alcohol-Induced Skeletal Cortex Toxicity Is Independent of 
Oxidative Stress

M. Ronis, K. T. Pisciotta, B. T. Urban, K. K. Pedersen, and A. Denys. Louisiana State 
University Health Sciences Center, New Orleans, LA.

Ethanol (EtOH) induces deleterious effects on the quantity and quality of bone in the 
skeleton. The mechanism of these effects is hypothesized to involve reactive oxygen 
species (ROS) generated within bone cells. In previous studies we demonstrated 
that the antioxidant N-acetylcysteine protected against chronic ethanol-induced 
trabecular bone loss but was ineffective in protection of the cortical compart-
ment. In the current study we subjected wildtype (wt) mice, wildtype mice treated 
with the superoxide dismutase mimic MitoTEMPO via osmotic minipumps and 
mice (mCAT) overexpressing human catalase in mitochondria to a four-day binge 
ethanol model previously shown to replicate the chronic negative effects of alcohol. 
QRT-PCR analysis of femur shaft mRNAs was conducted. mCAT mice expressed 
human catalase and higher total amount of catalase mRNA than wt mice. Gene 
expression of osteoblast markers Col1a1 and Smpd3 were down regulated and 
the osteoclast differentiation marker Calcr was upregulated (P<0.05) following 
EtOH exposure in all mouse groups (P<0.05) in the femur shaft. Weight loss in 
the mice exposed to the EtOH treatment held true in all mouse groups (P<.001). 
Serum procollagen 1a1 concentration was determined by ELISA. Oxidative stress 
was measured by Western blot analysis of carbonylated proteins in liver and femur 
shaft. Oxidized proteins were significantly elevated by EtOH treatment in liver but 
not in the femur shaft. Serum concentration of procollagen 1a1 was reduced by 
EtOH in wildtype and MitoTEMPO mice (P<0.05) but was unchanged in the mCAT 
mice, suggesting protection of osteoblastogenesis from EtOH’s effects. Our data 
demonstrate that MitoTEMPO or overexpression of mitochondrial catalase do not 
protect against ethanol effects on gene expression in the femur shaft. Combined 
with previous data of a similar lack of effect of whole-body catalase knock-out 
mice on the ethanol response, transcriptional effects of ethanol on the femur shaft 
appear independent of ROS. However, ROS signaling in bone marrow may play a 
role in reducing systemic concentration of procollagen 1a1. Supported in part by 
R37 AA18282 (MJR).

 4335 Examining the Oxidative Stress Effects in Male Rats Exposed 
to 2-Aminoanthracene In Utero and a High-Fat Diet Three 
Months After

B. A. Lanoix, S. Alston, and W. E. Gato. Georgia Southern University, Statesboro, GA.

Polycyclic aromatic hydrocarbons (PAHs) are organic compounds that are naturally 
found in partially burned oil, gasoline, and coal. When large amounts of these 
compounds are inhaled, ingested, or absorbed through the skin, severe blood, 
kidney, and /skin liver problems may result. This chemical also tends to target 
fat tissue and can cause cancer. 2-aminoanthracene is an example of a PAH and 
can affect lipid and carbohydrate metabolism and may also cause inflammatory 
problems in the body. Oxidative stress is caused by an imbalance between produc-
tion, storage,, and detoxification of oxygen reactive species (ROS) in the cells 
or tissues. Oxidative stress can cause insulin resistance and chronic low-grade 
inflammation. The goal of the study is to investigate oxidative stress as it relates to 
diabetes in rats exposed to 2-aminoanthracene (2-AA) in utero and a high fat diet 
later in life. Timed pregnant dams were separated into treatment groups based on 
their dosages of 2-AA; 0 mg/kg (control), 50 mg/kg (low), 100 mg/kg (high). During 
the gestation and postpartum period, the dams were fed a 2-AA contaminated diet. 
Three months after post wean the remainder of the rats were assigned to regular 
rat food and a moderately high fat diet for six more weeks. Adipose tissue from the 
rat’s abdomens were removed along with other tissues and saved for necropsy. 
ATs were homogenized in phosphate buffered saline (PBS). AT protein levels 
along with glucose concentration, lipase activity and total antioxidant capacity 
were measured. The results showed significant elevated levels of protein in the 
treatment groups compared to the control. There was an increase by a factor of ½ 

from the control to the low dosage. The glucose levels were monitored by use of a 
glucose assay, which showed a significant reduction in the treatment groups. The 
average glucose concentration of the control to the average of the low decreased 
by approximately 66.7%. Lipase activity displayed increased activity between the 
treatment groups and the control, but not enough to be considered significant. 
On the contrary, antioxidant capacity in the adipose tissue was slightly reduced 
in the treatment groups compared to controls. A gene expression analysis was 
also performed on the mRNA transcripts in adipose tissue and the genes RGS16, 
DBP, and ABCB1B demonstrated an upregulation. In conclusion, it appears 2AA 
ingestion during gestation had a mild effect on oxidative stress in rat progeny.

 4336 Examining the Effect of Oxidative Stress in Female Rats 
Exposed to 2-Aminoanthracene In Utero and a High-Fat Diet 
Three Months after Gestation

A. M. Akpan, J. Osaghae, and W. E. Gato. Georgia Southern University, Statesboro, GA.

Polycyclic aromatic hydrocarbons (PAH) are carbon-based toxic pollutants 
composed of two or more fused aromatic rings formed from the incomplete 
combustion of carbonic substances. PAHs are found in the atmosphere, 
hydrosphere, geosphere, and biosphere through natural and anthropogenic activi-
ties. Exposure can occur through inhalation, dietary ingestion of contaminated 
foods, and dermal absorption. 2-aminoanthracene (2AA) is part of a larger group 
of PAHs known as anthracenes. Prior research has shown that 2AA interferes with 
genes involved in immune response, inflammatory response, lipid, and carbohydrate 
metabolism through the production of reactive oxygen species (ROS). Oxidative 
stress results from an imbalance between the production and accumulation of ROS 
and the detoxifying effects of antioxidants. The goal of this study is to investigate 
oxidative stress as it relates to diabetes in female rats exposed to 2-aminoanthra-
cene in utero and a high-fat diet later in life. To accomplish study goals, timed 
pregnant dams were separated into treatment groups based on their dosages of 
2AA; 0 mg/kg (control), 50 mg/kg (low dose), and 100 mg/kg (high dose). During 
the gestation and postpartum period, the dams were fed a 2AA contaminated diet 
based upon which group they fell into. Three months after weaning, the remainder 
of the rats were assigned to regular rat food and a moderately high-fat diet for six 
more weeks. Adipose tissue from the rat’s abdomens was removed along with 
other tissues and saved for necropsy. Approximately 1 gram of each adipose tissue 
was homogenized in 1X phosphate buffered saline and followed by total protein, 
glucose, insulin, antioxidant activity, and lipase levels determination in the superna-
tant. Glucose concentration was found to be significantly higher in the high dose 
group. In contrast, insulin concentration in the high dose group was lower than in 
the control and low dose group. Protein concentration followed a similar pattern 
with a lower concentration seen in the high dose group relative to the control. There 
was a significantly increased expression of the SOD1 gene and suppression of 
NCF2, PRDX6, and PTGS2 in both experimental groups relative to the control. Lipase 
assay showed increasing concentration with increasing dose of 2AA ingested, but 
this finding was not significant. A dose-dependent decrease in antioxidant activity 
in the low dose and high dose groups was observed. These results show that high 
fat diet ingestion in female rats exposed to 2AA during gestation is associated with 
a dose-dependent decrease in antioxidant level, reduced insulin concentration, and 
increased glucose concentration in experimental groups suggesting an increase in 
oxidative stress and progression in the development of diabetes.

 4337 Protective Role of Peroxiredoxin III against Hypoxia/
Reoxygenation Injury in Cardiomyocytes

J. W. Park1,2, and T. S. Chang1,2. 1Seoul National University, Seoul, Korea, Republic of; and 
2Research Institute of Pharmaceutical Sciences, Seoul, Korea, Republic of.

In cardiomyocyte, mitochondria are a major source of energy, so they are import-
ant for cardiomyocyte function. Also, mitochondria are a major site of cellular 
reactive oxygen species (ROS) production, which leads to cell damage in cardio-
myocytes. Hypoxia-reoxygenation (H/R) injury can cause an increase in mitochon-
drial ROS, which has been implicated in cardiomyocyte cell death and dysfunc-
tion. Peroxiredoxin III (Prx III) is the most abundant H2O2-removing enzyme in 
the mitochondria of mammalian cells. So, the protective role of Prx III against 
mitochondrial ROS-mediated H/R injury in H9C2 rat cardiomyoblast cells was 
investigated. Mitochondrial H2O2 levels and cardiolipin oxidation were determined 
using mitochondria-specific fluorescent probes after H9C2 cells were subjected 
to hypoxia for 1-2 hour and then reoxygenated for 1 hour. Mitochondria fragmen-
tation was analyzed by confocal microscopy using mitochondria-specific fluores-
cent probe, Mitotracker-Red. Mitophagy flux was also detected by confocal 
microscopy using the mcherry-LC3 fluorescent probe. After the H/R treatment, Prx 
III-knockdown H9C2 cells showed elevation of mitochondrial H2O2 compared to 
controls. In succession, macromolecule oxidation such as DNA, protein and cardio-
lipin oxidation in mitochondria were increased in PrxIII-knockdown H9C2 cells 
compared to controls. Prx III-knockdown cardiomyoblast cells were susceptible 
to apoptosis through mitochondrial membrane potential loss and caspase activa-
tion induced by H/R treatment. Also, mitophagy flux was blocked and mitochon-
drial fragmentation was exacerbated in PrxIII-knockdown H9C2 cells subjected to 
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H/R injury. Our results indicate that mitochondrial H2O2 is a key mediator in H/R 
injury-induced cardiomyoblast cell damage and Prx III is an important protective 
factor for cardiac H/R injury by eliminating mitochondrial H2O2.

 4338 Mitochondrial Iron Uptake and Release Pathways: Their 
Contributions to Hepatotoxicity

A. Nieminen, L. G. Murphy, L. Li, J. Hu, J. A. Dent, and J. J. Lemasters. Medical 
University of South Carolina, Charleston, SC.

Biosynthesis of heme and Fe-S clusters essential for cellular function requires 
mitochondrial iron uptake. However, mitochondrial iron overload is damaging 
to organs like liver, heart, and brain. Fe2+ in the presence of hydrogen peroxide 
(H2O2) promotes the Fenton reaction, which produces toxic hydroxyl radicals (•OH), 
ultimately resulting in cell death. Mitoferrins1 and 2 (Mfrn1/2) and the electro-
genic mitochondrial calcium uniporter (MCU) in the mitochondrial inner membrane 
are the principal pathways for mitochondrial iron transport. Mechanisms of iron 
transport by Mfrn1/2 remain incompletely understood. Our aim was to characterize 
the roles and relative contributions of Mfrn and MCU to mitochondrial Fe2+ uptake 
and release. In plasma membrane-permeabilized wildtype (WT) and MCU knockout 
(KO) hepatocytes, mitochondrial Fe2+ was monitored by confocal microscopy of 
the quenching of mitochondrially targeted mitoferrofluor (MFF). In MCU KO hepato-
cytes which retain active Mfrn, the rate of mitochondrial Fe2+ uptake decreased 
by two-thirds compared to WT, the remaining Fe2+ uptake in MCU KO being 
attributable to Mfrn. In Mtfrn1/2 KO hepatocytes which retain active MCU, Fe2+ 
uptake was 4.2-fold greater than uptake by MCU KO hepatocytes. The uncoupler 
CCCP, which collapses mitochondrial membrane potential (ΔΨ), increased Fe2+ 
uptake by MCU KO hepatocytes by >6-fold. The K+-ionophore valinomycin in high 
K+ medium, which also collapses ΔΨ, also increased Fe2+ uptake by >9-fold. Fe2+ 
uptake by uncoupled MCU KO mitochondria was unchanged in Na+-free buffer. 
By contrast, the K+/H+ exchanger nigericin, which increases ΔΨ, abolished Fe2+ 
uptake. These results indicate that Mfrn is not an Fe2+ uniporter, but rather is likely 
a reversible electrogenic exchanger catalysing exchange of Fe2+ for 3H+ or 3Na+. 
In WT hepatocytes after uptake of Fe2+, Ru360, an MCU inhibitor, was added to 
‘lock’ Fe2+ within mitochondria. Subsequently, starch-desferal (sDFO) was added to 
chelate extramitochondrial Fe2+ and create a gradient favoring Fe2+ release. After 
sDFO, MFF fluorescence began to progressively increase, signifying unquenching 
and release of intramitochondrial Fe2+. Fe2+ release was unchanged in Na+-free 
buffer. CCCP inhibited Fe2+ release completely. By contrast, valinomycin doubled 
the rate of mitochondrial Fe2+ release, whereas nigericin decreased the rate by half, 
effects likely due to the increase or decrease of ΔpH by valinomycin and nigeri-
cin, respectively. The results suggest that Mfrn and MCU play different roles in 
hepatotoxicity. Under circumstances leading to mitochondrial iron overload (e.g., 
acetaminophen overdose), high capacity MCU may be the main driver for Fe2+ 
uptake and thus a potentially druggable target. By contrast, Mfrn may provide a 
protective pathway for Fe2+ release after mitochondrial overload. Lastly, our results 
also indicate that Mfrn is a Na+-independent electrogenic exchanger, which likely 
catalyses Fe2+/3H+ exchange.

 4339 Detecting Protein Sulfenylation in Human Airway Epithelial Cells 
(HAEC) Exposed to Environmental Peroxides

S. Masood1, E. R. Pennington2, P. A. Bromber1, A. Gold1, Z. Zhang1, R. Rice1, and 
J. M. Samet3. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; 2Oak Ridge 
Institute for Science and Education, Oak Ridge, TN; and 3US EPA, Chapel Hill, NC.

Exposure to airborne fine particulate matter (PM2.5) is a leading cause of morbid-
ity and mortality worldwide. Exposure to PM2.5 is known to cause a range of 
pathological complications such as the onset of cardiovascular disease, respiratory 
infections, and premature death. The largest source of PM2.5 is derived from the 
oxidation of isoprene by hydroxy radical to form isoprene hydroxy hydroperoxide 
(ISOPOOH) in the atmosphere. The atmospheric chemistry of ISOPOOH formation 
is well understood, however, relatively little is known about the adverse human 
health effects of ambient ISOPOOH exposure. We previously have demonstrated 
that ISOPOOH exposure induces oxidative stress in HAEC by inducing glutathi-
one oxidation independently of the production of intracellular H2O2. By knocking 
down the expression of GPx4, we ablated ISOPOOH induced glutathione oxidation, 
thereby implicating GPx4 involvement specifically. We also demonstrated that 
ISOPOOH exposure of cellular and acellular membranes induces lipid peroxidation 
which can be modulated by supplementation with Omega-3 fatty acids. Our current 
hypothesis is that, in addition to ISOPOOH induced glutathione oxidation, ISOPOOH 
exposure of HAEC leads to protein sulfenylation. Specifically, GAPDH sulfenyla-
tion, in turn, leads to shunting of glucose to the pentose phosphate pathway. Our 
experimental approach primarily relies upon dimedone-based reagents and copper 
catalyzed azo-alkynyl cycloaddition reactions to tag intracellular protein sulfenic 
acids produced by the oxidation of cysteinyl thiols in GAPDH by low micromo-
lar concentrations of H2O2 or ISOPOOH exposure. Exposure of GAPDH to H2O2 
or ISOPOOH in the presence of glutathione led to glutathionylation of GAPDH. 
Tert-butyl hydroperoxide, another low molecular weight hydroperoxide, also induced 
protein sulfenylation and glutathionylation of GAPDH at low micromolar concen-
trations. Using a fluorescence imaging approach to detect protein sulfenylation 

in HAEC, we were able to demonstrate that ISOPOOH exposure led to intracellu-
lar protein sulfenylation. These findings demonstrate that ISOPOOH is a potent 
environmental hydroperoxide capable of inducing oxidative stress through multiple 
mechanisms involving glutathione oxidation, lipid peroxidation, and sulfenylation of 
regulatory proteins in HAEC. This abstract does not necessarily reflect EPA policy.

 4340 Environmental Oxidant Chemicals Induce Altered Envelope 
Protein Profiles in Human Keratinocytes

L. Lin, B. Durbin-Johnson, D. Rocke, M. Salemi, B. Phinney, and R. Rice. University of 
California Davis, Davis, CA.

Cornified envelopes (CEs) of human epidermis consist of transglutaminase-medi-
ated cross-linked proteins and are essential for skin barrier function. Present work 
explores the influence of oxidant pollutants on the CE protein profiles. In this study, 
we performed proteomic analysis on CEs induced by three types of environmental 
ROS generators, 2,3-dimethoxy-1,4-naphthoquinone (DMNQ), mesquite liquid smoke 
(MLS), and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), to evaluate the impacts of 
oxidative conditions on the CE proteome. Due to its non-adduct-forming property, 
DMNQ (a redox cycling compound) produced the fewest changes in CE proteins 
compared to control CEs (induced by ionophore-mediated membrane permeabiliza-
tion). MLS is an extract of woodsmoke condensate and is rich in carbonyls. Likely 
altering the CE proteome through protein carbonylation, it stimulated incorporation 
of mitochondrial proteins as its main targets. Finally, TCDD altered the CE protein 
composition through changes in gene expression, especially those downstream of 
aryl hydrocarbon receptor signaling. Increased incorporation into CEs of chaper-
ones and proteasomal proteins was found in all three treatments, indicating that 
even proteins functioning in protein quality control can become targets of oxidative 
stress. The accumulation of unwanted protein cross-links has been associated 
with aging and the progression of various human diseases. In the skin, oxidatively 
induced cross-linking could result in abnormal incorporation of cellular proteins into 
the CEs, leading to altered CE composition and barrier dysfunction. Thus, this study 
helps elucidate the potential of environmental stressors to trigger disease onset.

 4341 Relative Sensitivity to Acute Arsenic Toxicity among Different 
Keratinocyte Cell Lines Is Determined by Differences in 
Glutathione Production

W. H. Watson1, C. Wilkerson1, M. Banerjee1, A. R. Pinhas2, J. States1, and 
A. Ferragut Cardoso1. 1University of Louisville, Louisville, KY; and 2University of 
Cincinnati, Cincinnati, OH.

Environmental exposure to inorganic arsenic (iAs), mainly through contaminated 
drinking water, is a global health issue affecting more than 225 million people, with > 
2 million in the U.S. Exposure is associated with an increased risk of cancerous and 
non-cancerous diseases. iAs binds to thiol groups found in the amino acid cysteine, 
and cysteine-containing proteins are the likely molecular targets of iAs toxicity. 
Glutathione (GSH), a cysteine-containing tripeptide, protects against iAs by provid-
ing a binding partner other than critical proteins. The resulting GSH conjugates can 
be released from cells by specific export proteins. The purpose of the present study 
was to test the hypothesis that export of iAs-GSH conjugates protects cells from 
cytotoxicity by limiting the intracellular accumulation of iAs. Three keratinocyte 
cell lines (HaCaT, Ker-CT and HEKn) were exposed to iAs as sodium arsenite for 
up to 72 hours. Cytotoxicity was determined by Alamar Blue staining. Intracellular 
and extracellular iAs content was measured by ICP-MS. Intracellular and extracel-
lular GSH was measured by HPLC. One-Way ANOVA followed by Tukey’s Multiple 
Comparisons test or unpaired two-tailed t-test, depending on the nature of the 
data, were performed using GraphPad Prism 9; p < 0.05 was considered significant. 
iAs-cytotoxicity dose-response curves showed that HaCaT cells were the most 
sensitive to acute iAs toxicity. Ker-CT cells were the most resistant, and HEKn cells 
had an intermediate sensitivity to iAs toxicity. Following exposure to 5 μM iAs, 
Ker-CT accumulated the most intracellular iAs among the the 3 cell lines studied, 
followed by HaCaT and HEKn cells. iAs was exported at the same rate by the three 
cell lines, but there were significant differences in the amount of GSH exported by 
the 3 cell lines; Ker-CT cells released the most GSH, followed by HaCaT and HEKn 
cells. Intracellular GSH was increased following iAs exposure in all 3 cell lines, but 
there were differences in the magnitude and duration of the GSH response. Ker-CT 
cells (the iAs-resistant cells) had the most robust induction of GSH, and GSH levels 
remained elevated for at least 72 hours. In contrast, HaCaT cells (the iAs-sensitive 
cells) had the lowest induction of GSH, and their GSH levels had returned to normal 
within 48 hours. Upregulation of GSH production was correlated with resistance to 
iAs cytotoxicity. However, this protection was not mediated by fostering the export 
of intracellular iAs.
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 4342 Disruption of Hepatic Cytochrome P450 Reductase in Mice 
Leads to Increased Susceptibility to Hyperoxic Lung Injury

W. Jiang, L. Wang, G. Xia, and B. Moorthy. Baylor College of Medicine, Houston, TX.

Supplemental oxygen is often used for the treatment of patients suffering from 
pulmonary insufficiency. Identification of mechanisms that lead to acute respira-
tory distress syndrome (ARDS) is necessary for the development of new preven-
tive and therapeutic strategies. Hyperoxia is known to contribute to ARDS through 
many molecular mechanisms linked to increased oxidative stress and production 
of reactive oxygen species. This causes damage to many cellular components 
such as DNA, lipid and protein. We have previously documented the protective 
effects of mammalian hepatic cytochrome P450 (CYP)1A against hyperoxic lung 
injury, revealing a critical role for extra-pulmonary organs such as liver in the protec-
tion against lung injury by metabolizing potential mediators of ARDS including lipid 
hydroperoxides. In this study, we tested the hypothesis that liver-CPR-Null mice 
will display increased susceptibility to hyperoxic lung injury compared to wild-type 
(WT) mice. Eight-week-old adult liver-CPR-null mice and WT mice were exposed 
hyperoxia (O2>95%) or room air for 24-72 hours. Lung injury was evaluated by lung 
weight/body weight (LW/BW) ratio and histology. CPR, CYP1A protein contents 
and enzyme activity in lung and liver were determined by western blot and fluorim-
etry. Gene expression at the mRNA level was determined by RT-PCR. Liver-CPR-null 
mice were more susceptible to oxygen-mediated lung damage and inflammation 
compared to WT mice, as evidenced by increased LW/BW ratio, lung injury, neutro-
phil recruitment and augmented levels of IL-6 and TNF compared to WT mice. 
CYP1A enzyme activities were decreased in liver of CPR-null mice compared to WT 
mice. In conclusion, our results, showing increased lung injury and inflammation 
under hyperoxic condition in CPR-null mice compared to WT mice, support the idea 
that liver cytochrome P450 plays a protective role against hyperoxic lung injury.

 4343 Sex-Dependent Increases of Carnitine Derivatives in the Liver by 
Myocardial Infarction

D. F. Wurm1, H. Gu2, W. Dai1, and Q. M. Chen1. 1University of Arizona, Tucson, AZ; and 
2Florida International University, Miami, FL.

Many types of diseases and environmental stressors cause an increase in oxidative 
stress. Urban air pollution leads to inhalation of airborne particulate matter in high 
traffic environments. This has been linked to chronic oxidative stress and increased 
risk or severity of myocardial infarction (MI). MI is known to cause acute oxidative 
stress. A key player for cellular defense against oxidative stress is activation of Nrf2, 
a transcription factor that controls the expression of key antioxidant and cytopro-
tective genes. Although Nrf2 has been reported to regulate genes for anabolic or 
lipid metabolism, little is known about the impact of Nrf2 or MI on the biochemical 
metabolism in the liver. Because the liver is a center for metabolism, metabolo-
mic landscapes were determined in a model of chronic oxidative stress by Nrf2 
knockout or acute oxidative stress by induction of MI via ligation of the left anterior 
descending coronary artery. Using LC-MS/MS based non-targeted metabolomics, 
1353 compounds were detected with a quality control coefficient variation value 
<20%. Differences in the baseline metabolic profiles of male versus female lead to 
comparison of Nrf2 knockout or MI in a sex specific manner. In male wild type mice, 
the liver responded to MI by elevating 11 carnitine derivatives, including linoleoyl 
carnitine, palmitoyl carnitine, and (11Z, 14Z)-eicosadienoyl carnitine. However, 
none of these changes were observed in female wild type mice. Either male or 
female Nrf2 knockout mice failed to respond to MI by elevating carnitines. Because 
carnitines serve to transport long-chain fatty acids into the mitochondria for energy 
production through beta-oxidation, this data suggest that male mice are capable 
of reprograming energy metabolism by increasing carnitines to compensate for 
energy production. Nrf2 appears to play a role in such metabolic reprogramming.

 4344 The Oxidative Stress Protector FOXO Governs Skeletal 
Deformities and Osteogenic Differentiation in Response to 
Prenatal Snus Exposure

R. J. Soh, N. R. Sparks, L. M. Walker, O. Karmach, D. C. Volz, and N. I. Zurnieden. 
University of California Riverside, Riverside, CA.

In the US, 10-12% of women still consume tobacco during pregnancy and often 
use “harm reduction” products including combustion-free and smokeless Snus. 
However, the ramifications of maternal Snus consumption on skeletal develop-
ment are largely unknown. To characterize the skeletal phenotype arising from 
prenatal Snus exposure for the first time, we turned to mice and human embryonic 
stem cells (hESCs). In mice, exposure resulted in dimensional changes to multiple 
bone structures both near-term and in adult offspring. Additionally, bone densitom-
etry substantiated a decrease in mineralization in both the rib cage and the skull 
and revealed shortened mandibles. The osteogenic hESC differentiation protocol 
confirmed Snus-exposure-induced hypomineralization in vitro illustrating that the 
inhibition of normal osteogenesis could translate to humans. Mechanistically, 
increased cellular reactive oxygen species were observed at inhibitory Snus 
doses in vitro and were causally linked to diminished calcification. Snus-exposed 
differentiating cultures featured hyperphosphorylation of redox-sensitive FOXO 

transcription factors marking them for nuclear exclusion. Knockdown of FOXO1/3a 
in hESCs and a Wnt1-Cre2-driven Foxo3a knockout in mice phenocopied Snus 
exposure suggesting that at least some of the exposure-related effects to the 
skeleton were mediated by misregulation of FOXOs. Together, our study suggests 
for the first time a potential mechanism underlying changes to bone architec-
ture and phenotype that may result in an increase incidence of osteoporosis and 
other related bone diseases in patients born to smoking parents as detected in 
epidemiological studies.

 4345 Oxidative Stress–Mediated Proinflammatory Responses 
in Rat Lung during Ammonia Gas and Combined 
Ammonia/Dust Inhalation

S. K. Amar1,2, C. P. Gut3,4, S. Czyz3,4, J. L. Stricker3,4, S. M. McInturf4, E. A. Phillips3,4, 
K. L. Mumy4, M. A. Chappell1, and K. A. Gust1. 1US Army Engineer Research and 
Development Center, Vicksburg, MS; 2Oak Ridge Institute for Science and Education, 
Oak Ridge, TN; 3Leidos, Reston, VA; and 4Naval Medical Research Unit, Wright-Patterson 
AFB, OH.

Ammonia, an irritating and corrosive toxic gas, can enter the respiratory tract and 
acutely affect respiratory tissues during inhalation exposure. The objective of the 
present study was to examine the acute effects of inhalation exposure on the 
respiratory health in the Sprague Dawley rat model for ammonia gas and compare 
ammonia effects to those from an ammonia gas plus dust co-exposure. Rats were 
exposed to ammonia gas at target concentrations of 0, 174, 696 and 1,741 mg/m3 
either as ammonia alone or ammonia plus 5 mg/m3 of a standard soil dust formula-
tion. The exposures lasted 4 hours then rats were euthanized immediately, or after 
a 24 or 48 hour recovery period. Lung tissues were harvested to investigate pro-in-
flammatory responses in five rats per exposure by qPCR. Comparing and contrast-
ing the ammonia-alone and ammonia+dust exposures, similarities in responses 
included significantly increased transcriptional expression for the pro-inflamma-
tory cytokine, interleukin (IL)-1B, in both exposure conditions. Similar increas-
ing trends in transcriptional expression were observed for both exposure types 
for cytokine, IL- 6 and NADPH oxidase (NOX) where effects were significant for 
ammonia-only, but not ammonia+dust. Additionally, trends of increased transcrip-
tional expression for tumor necrosis factor (TNF)-α, trends were observed among 
exposure conditions, though the increase was only significant in the ammonia+-
dust exposures. Contrasting responses were observed among exposure conditions 
where significantly increased transcriptional expression of the mitogen-activated 
protein kinase (MAPK) transcriptional target, another critical element in the inflam-
matory response and hallmark of pulmonary disease was also observed in the 
ammonia alone exposure, whereas significantly reduced transcriptional expression 
was observed in the ammonia+dust exposure. Similarly, transcriptional expression 
of superoxide dismutase (SOD) also diverged where expression was significantly 
increased in the ammonia+dust exposure and significantly decreased for ammonia-
alone, where a similar result was observed for oxidation resistance 1 (Oxr1) expres-
sion. Finally, nuclear factor (erythroid-derived 2)-like 2 (Nrf2) had significantly 
increased transcriptional expression in the ammonia+dust exposure where no clear 
trend was observed for ammonia-alone. Effects on Nrf2, SOD, and Oxr1 suggest 
potential effects on anti-oxidant. In total, although transcriptional expression varied 
among ammonia-only and ammonia+dust exposures, the transcriptional observa-
tions indicated responses consistent with potential oxidative stress and inflamma-
tion in the rat lung tissue.

 4346 Effect of Thermoneutral Housing Temperature on 
2,3,7,8-Tetrachlorodibenzo-p-Dioxin (TCDD) Hepatotoxicity in 
Male C57BL/6 Mice

W. J. Sink, R. Nault, and T. Zacharewski. Michigan State University, East Lansing, MI.

Typical rodent toxicology experiments are performed at human thermoneu-
tral temperatures (thermostandard; TS = 20 - 24° C). Reports suggest that mice 
housed at thermoneutral temperatures (TN

M = 28 - 30° C) more accurately 
translates to humans since they are not chronically exposed to cold-stress. 
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) dose-dependently induces metabolic 
disruption in mice at Ts that lead to the development of liver steatosis, steatohep-
atitis, and periportal fibrosis. To further investigate the effect of housing tempera-
ture on the hepatotoxicity of TCDD, male C57BL/6 mice were orally gavaged 
every 4 days for 28 days with 0.03 - 30 µg/kg TCDD or sesame oil vehicle at TS 
and TN

M. Mice housed at TN
M exhibited less relative liver weight gain with milder 

steatosis, triglyceride accumulation, immune cell infiltration, and hepatocellular 
hypertrophy, with no evidence of biliary hyperplasia compared to mice held at Ts. In 
serum, both housing conditions elicited a similar dose-dependent decrease in total 
cholesterol. However, TS mice exhibited greater serum ALT increases as well as 
greater decreases in glucose and triglyceride levels at 30 µg/kg TCDD. TS and TN

M 
mice also exhibited comparable increases in pro-inflammatory cytokines, includ-
ing IL-6, IFNγ and TNFα. Bulk liver RNA-seq analysis identified mice at TN

M had 
fewer differentially expressed genes (DEGs), although there was significant overlap 
when comparing TN

M to TS DEGS. Benchmark Dose (BMD) analysis revealed similar 
trends, with most induced DEGs, including several AhR-battery genes (e.g. Cyp1a1), 
exhibiting unexpectedly lower BMDs at TN

M. Moreover, differences in the magnitude 
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of gene induction were minimal, suggesting differences in response at TS and TN
M 

were not due to toxicokinetics. Overall, TN
M mice experienced reduced hepato-

toxicity at equivalent doses compared to mice held at TS. WJS was supported by 
T32ES007255. This project was funded by R01ES029541.

 4347 Single Cell Transcriptomics Unveiled That Early Life Exposure 
to BDE-99 Persistently Downregulated Drug-Metabolizing 
Enzymes but Upregulated Pro-inflammatory Pathways in Male 
Mouse Livers at Late Adulthood

J. Lim, and J. Y. Cui. University of Washington, Seattle, WA.

Increasing evidence suggest there is a sensitive developmental time window 
for toxic exposures to have a life-long impact on disease risks. Polybrominated 
diphenyl ethers (PBDEs), linked to diseases such as thyroid and immune dysregu-
lation, and metabolic diseases in both animal models and humans, are a class of 
legacy flame retardants that bioaccumulate in the environment raising global health 
concerns. The liver is a central organ for xenobiotic biotransformation, nutrient 
homeostasis, and immune regulation, and the gut microbiome is an important 
regulator of hepatic functions. Previously, using bulk-RNASeq, we showed that early 
life exposure to BDE-99, a human breast milk-enriched PBDE congener, develop-
mentally reprogrammed the hepatic transcriptome. However, it remains unclear 
whether early life exposure-mediated disease risk is attributable to cell type-spe-
cific dysfunctions and dysregulated interactive networks in later lifespans. We 
hypothesized that neonatal exposure to BDE-99 developmentally reprograms the 
gut environment and hepatic immune cells, and result in dysregulation of metabolic 
signatures in late adulthood. From postnatal days 2-4, male mouse pups were orally 
exposed to corn oil (10 ml/kg) or BDE-99 (57 mg/kg), once daily. At 15 months 
of age, livers were collected and dissociated, which were subject to single cell 
RNA sequencing (scRNA-seq, 10X Genomics). Filtering, clustering, and differen-
tial expression analyses (Bonferroni-adjusted p-value < 0.1) were performed using 
Seurat v4. neonatal exposure to BDE-99 resulted in a persistent down-regulation of 
key drug- and fatty acid metabolizing enzymes (e.g. Cyp1a2, Cyp2b10, Cyp3a11, 
and Cyp4a10) in livers of adult pups. Interestingly, Neonatal exposure to BDE-99 
decreased expression of intestinal tight junction proteins (i.e. Tjp1 and Tjp2) in 
adult male pups, suggesting increased gut permeability. Associated with neonatal 
BDE-99 exposure-mediated persistent gut dysbiosis in adulthood, we observed a 
predicted increase in microbial influx (gene ontology enrichment of hepatocyte 
populations), a persistent increase in the hepatic proportion of neutrophils, and 
histopathological abnormalities in livers of pups at adulthood. Ligand-receptor 
analysis (Cellchat) showed that early life BDE-99 exposure led to a predicted 
increase in the pro-inflammatory macrophage migration inhibitory factor (MIF) 
signaling, which activates macrophage populations in liver. This was supported 
by a persistent increase in the transcripts of pro-inflammatory signaling molecules 
Cxcl10 and Il6 in hepatic macrophage populations of adult male pups following 
neonatal exposure to BDE-99. Together this suggests that dysbiosis in the gut 
microbiome may be a contributing factor in PBDE-mediated pro-inflammatory 
signaling in adult mouse livers. ScRNA-seq in germ-free mice further confirmed the 
necessity of a normal gut microbiome in maintaining hepatic immunotolerance. 
In conclusion, we showed that early life exposure to BDE-99 results a persistent 
up-regulation in hepatic inflammation and a persistent down-regulation in hepatic 
drug metabolism pathways. At the single cell resolution, our results demonstrate 
that individual cell types in the liver are susceptible to developmental reprogram-
ming by early life exposure to BDE-99, even at fully matured adults, and suggest that 
the gut-liver axis mechanistically contributes to developmental reprogramming and 
late onset of liver diseases later in life.

 4348 Early-Life Exposure to an Organic Pollutant Results in Persistent 
Changes to the Microbiota and Host Glucose Homeostasis 
Changes to the Microbiota and Host Glucose Homeostasis

Y. Tian1, B. Rimal1, W. Gui1, J. E. Bisanz1, T. M. Wolfe2, I. Koo1, S. Yokoyama1, F. Dong1, 
P. J. Turnbaugh3, S. T. Walk2, G. H. Perdew1, and A. D. Patterson1. 1Pennsylvania State 
University, State College, PA; 2Montana State University, Bozeman, MT; and 3University of 
California San Francisco, San Francisco, CA.

Associations between persistent organic pollutant (POP) exposure and increased 
risk of metabolic disorders including obesity and diabetes are increasingly reported; 
however, it is unclear if and how the microbiome contributes this relationship. Here, 
we show that early-life exposure of 2,3,7,8-tetrachlorodibenzofuran (TCDF) in mice 
resulted in persistent microbiota disruptions associated with the impaired glucose 
homeostasis later in life. Early-life five days exposure to TCDF (24 µg/kg body 
weight per day) rapidly and significantly increased liver lipogenesis in mice in an aryl 
hydrocarbon receptor (AHR)-dependent manner. We observed a prominent disrup-
tion in the gut microbiome in TCDF-treated mice even after TCDF was eliminated 
from the body. TCDF-exposed mice exhibited a profound disruption in the gut 
microbiome later in life characterized by increased levels of systemic lipopolysac-
charide (LPS) (LPS increased from 0.19 ± 0.01 EU/ml [vehicle] to 0.34 ± 0.02 EU/ml 
[TCDF]), decreased abundances of Bifidobacterium and Akkermansia, decreased 
levels of cecal short chain fatty acids (SCFAs) (SCFAs decreased from 58.8 ± 6.1 
µmol/g [vehicle] to 50.7 ± 3.6 µmol/g [TCDF]) and indole-3-lactic acid (ILA) (ILA 

decreased from 0.55 ± 0.07 nmol/g [vehicle] to 0.28 ± 0.03 nmol/g [TCDF]), and 
reduction of gut hormones glucagon-like peptide 1 (GLP-1) and peptide tyrosine-ty-
rosine (PYY) (Glp1 decreased from 0.85 ± 0.47 [vehicle] to 0.35 ± 0.26 [TCDF]; 
Pyy decreased from 2.76 ± 1.99 [vehicle] to 0.90 ± 0.39 [TCDF]). Cecal microbiota 
transplantation from TCDF-exposed mice showed impaired glucose homeostasis in 
germ-free (GF) mouse recipients. Consistent with the in vivo study, TCDF exposure 
significantly affected the growth, physiology, metabolism, and gene expression of 
Akkermansia muciniphila including the downregulation of Akkermansia muciniphi-
la-derived ILA pathway in vitro (ILA decreased from 1.38 ± 0.45 nM [vehicle] to 1.11 
± 0.33 nM [TCDF low] and 0.96 ± 0.23 nM [TCDF high]). These data provide new 
insights into the biochemical consequences of early-life environmental chemical 
exposure involving the development of metabolic diseases and suggest a role for 
pollutants as disruptors of host and bacterial metabolism.

 4349 Free-Range Eggs Dioxin Contamination Assessment: 
Comparison between a Simple Model and In Situ Measurements 
to Determine a Maximum Egg Consumption Frequency

C. Oltramare1, M. Graille1, A. Berthet1, S. Lerch2, M. Zennegg3, and D. Vernez1. 
1Unisanté, Epalinges, Switzerland; 2Agroscope, Posieux, Switzerland; and 3Empa, 
Dübendorf, Switzerland.

Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans 
(PCDFs) are an aromatic organochlorine group, whose primary sources of emission 
are unintentional industrial processes involving incomplete combustion. These 
compounds are easily disperse, highly lipophilic, persistent, and hardly biodegrad-
able. They are classified as persistent organic pollutants (POPs), and bioaccu-
mulate in fat-rich tissue along the trophic chains. For this reason, food of animal 
origin is the main environmental source of human exposure to PCDD/Fs. This was 
confirmed by the most significant exposure scenarios identified in the health risk 
assessment carried out following the discovery of a high PCDD/Fs soil contami-
nation in Lausanne (Switzerland). The consumption of eggs from free-range laying 
hens raised on contaminated soil was clearly one of the highest risk of PCDD/F 
contamination through ingestion. The runs made available to poultry favor their 
innate behavior to forage their feed outdoors, but also to ingest relevant amounts 
of soil. The PCDD/Fs absorbed from soil are further accumulated into their body 
fat and eliminated through the eggs‘ yolk. The objective of the study was then 
to simulate the expected PCDD/F concentrations in eggs as a function of the 
PCDD/F concentrations in soil using an existing animal toxicokinetic model, and 
to recommend a maximal egg frequency consumption in humans for not exceed-
ing the tolerable daily intake. A laying hen physiologically-based toxicokinetic 
(PBTK) model for PCDD/Fs was adapted to evaluate the sensitivity of the differ-
ent parameters for local data focusing on soil PCDD/Fs concentration and hen’s 
intake level. Specifically, soil and eggs were sampled from five henhouses in the 
contaminated area of Lausanne. PCDD/Fs were extracted using an Accelerated 
Solvent Extraction for the soil, and by a liquid-liquid extraction for the egg yolks. 
Extracted samples were then quantified by gas chromatography high resolu-
tion mass spectrometry. The results shown an overestimation of the observed 
concentrations by the model. The percentage bias (PBIAS) was estimated at 82.3% 
(with one extreme value). The model demonstrated that PCDD/F concentrations 
reached an equilibrium in eggs after an exposure of 200 days in hen. When PCDD/F 
exposure is stopped, a rapid elimination phase was observed during the first days, 
and was followed by first order kinetics. The PCDD/F half-life in egg was estimated 
at 50 days. The most sensitive exposure and physiological parameters influencing 
PCDD/F concentrations in eggs were (in descending order): the soil concentration, 
the geophagy (amount of soil ingested by the hen during pecking), the age of the 
hen (or its time of residency on the contaminated field), and the egg-laying rate. 
The geophagy parameter was difficult to estimate in the field, although it induce 
a high variability in PCDD/F concentrations in eggs. Overall, the results pointed 
out that the food marketing limit values for PCDD/Fs in eggs may be exceeded at 
PCDD/F soil concentrations as low as 5 ng Toxic Equivalent (TEQ)/kg soil. At higher 
soil concentrations, gradual measures should be implemented for consumers to 
limit their consumption frequency, and the plant coverage should be improved in 
the henhouses.

 4350 In Vitro Release of 4-OH-PCB52, a Human-Relevant 
Polychlorinated Biphenyl (PCB) Metabolite, from a Novel 
Polymeric Implant System

H. Wang, K. E. Scott, A. Bullert, X. Li, M. Pattridge, and H. Lehmler. University of Iowa, 
Iowa City, IA.

Past literature suggests that airborne PCBs lead to adverse neurobehavioral 
outcomes (i.e., development of ADHD, ASD, or anxiety). These airborne PCBs 
are easily metabolized to hydroxylated metabolites (OH-PCBs), with different 
metabolites forming in rats and humans. Our overarching goal is to inform upon 
and define the role of OH-PCB metabolites in neurotoxic outcomes following PCB 
exposure during adolescence. To attain this objective, we plan to expose rats to 
the human OH-PCB metabolite using novel polymeric subcutaneous implants. The 
current experiment investigates the in vitro release of 2,2’,5,5’-tetrachlorobiphe-
nyl-4-ol (4-OH-PCB52) from polymeric implants for in vivo toxicity studies in rats. 
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The implants were prepared by dissolving polycaprolactone and pluronic (10:1, 
w/w) in dichloromethane, and then being dried in oil bath and reshaped in proper 
silicone tubing. The resulting implants were about 20 mm in length and about 2.3 
mm in diameter and contained low (1% load), medium (5% load), and high (10% 
load) levels of 4-OH-PCB52. The implants were incubated in PBS (containing 10% 
bovine calf serum and 1% Penicillin-Streptomycin) and kept in a 37°C shaking 
water bath for 28 days. The media was exchanged daily. The 4-OH-PCB52 released 
from the implants into the media was extracted using hexane and MTBE (9:1, v/v), 
and 4-OH-PCB52 was quantified using a UV-vis spectrometer at a wavelength of 
285 nm. The in vitro release analysis found overall similar trends of release in all 
three dose levels of the implant for the 28 days observed; the first day had the 
greatest amount of 4-OH-PCB52 released; the release rate showed a downtrend 
over time, and at around day 12 the release rate began stabilizing. By day 28, 91%, 
82%, and 78% of the total loaded PCB was released from the implant; 3%, 4%, and 
5% remained in the implant in the low, medium, and high dose groups, respectively. 
The current experiment demonstrates that the polymeric implants continuously 
release 4-OH-PCB52 and, thus, can be used to expose rats to this human-relevant 
PCB metabolite once implanted subcutaneously. In the future, neurobehavioral 
testing will be conducted on the implanted rats to determine the adverse behavioral 
responses caused by continuous exposure to 4-OH-PCB52.

 4351 Maternal Exposure to Polychlorinated Biphenyls Produces 
Dysbiosis of the Gut Microbiome in Offspring

Y. P. Suh1, R. Wilson2, S. Kim1, A. Lee1, H. Lehmler3, P. J. Lein2, and J. Y. Cui1. 1University 
of Washington, Seattle, WA; 2University of California Davis, Davis, CA; and 3University of 
Iowa, Iowa City, IA.

Polychlorinated biphenyls (PCBs) are persistent environmental pollutants that 
are found in aqueous environments and are enriched in fatty compartments of 
many aquatic species that are consumed by humans. PCBs are neurotoxicants 
that have been implicated in the etiology of neurodevelopmental disorders (NDDs). 
The gut-brain axis is increasingly recognized as a novel contributor to NDDs. 
Dysbiosis of the gut microbiome may reduce neuroprotective microbial metabo-
lites or increase neurotoxic microbial metabolites and pro-inflammatory cytokines 
to promote neuroinflammation, which are known risk factors for NDD. As a first 
attempt to test our hypothesis that the gut-brain axis mediates PCB neurotoxicity, 
we determined to what extent maternal PCB exposure modulates the gut microbi-
ome in offspring. C57BL/6 mouse dams were randomly assigned to receive either 
vehicle (peanut butter and peanut oil mixture) or the Fox River PCB mixture at a 
daily oral dose of 0.1, 1.0 or 6.0 mg/kg body weight. Large intestinal contents of 
male and female pups were collected at postnatal day (PND) 28 and PND 35 (n≥5 
per group). Metagenomic shotgun sequencing was performed to determine the 
compositional and predicted functional changes in the gut microbiome over time. 
DNA sequences were aligned to a curated database containing all represented 
genomes in RefSeq for bacteria, with additional manually curated mouse specific 
high quality Metagenomically Assembled Genomes and cell cultured genomes. 
Alignments were made at 97% identity against all reference genomes. Samples with 
more than 10,000 sequences were kept for downstream analysis and the number of 
counts for each operational taxonomic units (OTUs) was normalized to the OTU’s 
genome length. Functional changes of the microbiome were predicted by compar-
ing the aligned reads against the Kyoto Encyclopedia of Genes and Genomes 
Orthology groups (KEGG KOs). At the species level, maternal PCB exposure 
produced gut dysbiosis in the offspring of both age and sex groups, with females 
being more susceptible than males at both ages, and changes at PND28 being more 
prominent than PND 35 for both sexes. For example, in PND 28 females (the most 
susceptible group overall), maternal PCB exposure dose-dependently increased 
Anaerosporobacter mobilis, a microbe involved in quorum sensing, Bradyrhizobium 
sp002831585, a known opportunistic human pathogen, and Erysipelatoclostridium 
cocleatum, a known microbe involved in dopaminergic neurotoxicity in the 
brain. A dose-dependent increase of Erysipelatoclostridium cocleatum was also 
observed in PND 35 males. Interestingly, most of the PCB effects on gut microbi-
ome of the offspring were non-monotonic. , Thus, varying doses groups exhibited 
increased Enterococcus gallinarum, Faecalibacterium prausnitzii, Alistipes, and 
Limosilactobacillus fermentum, which are implicated in developmental neurotox-
icity, but decreased Bacteroides, Bilophila wadsworthia, Akkermanisa muciniph-
ila, and Parabaceroides Gordonii, which are linked to neuroprotection according 
to the literature. Functional predictions of the microbiome showed PCB-mediated 
increase in pathways involved in ammonia production, cytochrome oxidases, but 
a decrease in sugar transport systems, in an age-, sex-, and PCB dose-dependent 
manner. In conclusion, maternal exposure to PCBs produced gut dysbiosis and may 
be implicated in developmental neurotoxicity through the gut-brain axis. Supported 
by the NIEHS (grant # R01 ES031098).

 4352 Inhalation of 2, 2’, 5, 5’-Tetrachlorobiphenyl (PCB52) Causes 
Changes to the Gut Microbiome throughout the Entire 
Gastrointestinal Tract

L. E. Dean, A. J. Bullert, H. Wang, A. Adamcakova-Dodd, K. Wang, A. Mangalam, 
P. S. Thorne, A. J. Klingelhutz, and H. Lehmler. University of Iowa, Iowa City, IA.

Although the intentional production of polychlorinated biphenyls (PCBs) was 
banned decades ago, recent studies demonstrate that PCBs continue to be 
formed inadvertently by industrial processes. Because of their persistence in the 
environment, PCBs are detected in the air, including indoor air in public schools. 
PCB 52 (2,2’,5,5’-tetrachlorobiphenyl) is present at high levels in indoor air at 
some schools and found at elevated concentrations in the serum of children. 
Additionally, previous studies have shown that oral exposure to PCBs can affect the 
colon microbiome; however, it is unknown if inhalation of PCBs can also alter the 
small intestinal microbiome. The hypothesis for this study was that the microbial 
communities would be changed by sub-acute inhalation exposure to PCB 52 and 
that these changes depend on the location of the microbiome in the gastrointesti-
nal tract. To test this hypothesis, Sprague-Dawley rats were exposed via nose-only 
inhalation 4 hours per day, 6 days per week, for 4 weeks to either lab air (SHAM) or 
189 ± 39 µg/m3 PCB 52. Before exposure, the bedding was mixed once across the 
entire cohort to normalize the microbiome across animals. After 28 days, animals 
were euthanized, and the contents of the jejunum, ileum, cecum, and colon were 
removed to determine changes in the microbiome of each section through 16S 
rRNA sequencing. Alpha diversity plots show that samples within each treatment 
group (SHAM or PCB 52 exposed), separated by sex, are not diverse from one 
another. Additionally, while each gut section, independent of exposure, is diverse 
from one another, beta diversity shows that those rats exposed to PCB 52 are not 
diverse from their SHAM counterparts. Based on a random forest analysis, many 
taxa were altered across the sections of the gut by inhalation of PCB 52, with most 
alterations occurring in the colon and cecum. Interestingly, many of the altered 
microbes in the PCB 52 exposed groups were decreased by at least 50% through-
out the gut. Therefore, while diversity was not altered by PCB 52 exposure, this 
exposure did alter specific microbial populations. These findings suggest that the 
microbiome in the jejunum, ileum, cecum, and colon may be exposed to different 
profiles and levels of PCB 52 and its metabolites, causing different effects on the 
microbial communities across the gastrointestinal tract. This work was funded by 
P42 ES013661 and R01 ES031098.

 4353 Polychlorinated Biphenyl 126 (PCB 126)–Induced Oxidative 
Stress Can Be Attenuated in Mouse Liver by Loss of Flavin-
Containing Monooxygenase-3 (FMO3)

M. Agarwal, K. Roth, Z. Yang, R. Sharma, K. Maddipati, K. Gurdziel, J. Westrick, and 
M. Petriello. Wayne State University, Detroit, MI.

Dioxin-like pollutants (DLPs) such as polychlorinated biphenyls (PCBs) are 
man-made chemicals, categorized under persistent organic pollutants (POPs) 
that bioaccumulate in the adipose tissue and are associated with cardiometabolic 
disorders like fatty liver disease. The commercial production of these compounds 
was banned at the end of the 1970s, but PCBs continue to be a health problem 
mainly because of their persistence in the environment and our food chain. Toxicity 
of these compounds is linked to aryl hydrocarbon receptor (AhR) activation, coupled 
with induction of phase I metabolizing enzyme cytochrome P4501a1 (Cyp1a1) 
related mechanisms and a subsequent increase in reactive oxygen species (ROS) 
generation and oxidative stress. Studies have shown that treatment with dioxin-like 
PCBs can cause increased mitochondrial glutathione levels in the WT, Cyp1a1-/-, and 
Cyp1a2-/- mice, but not in Ahr-/- mice, signifying that generation of mitochondrial 
ROS production is associated with a function of the AhR and were not dependent 
on either Cyp1a1 or Cyp1a2. We have recently shown that PCB 126 induces another 
xenobiotic detoxification enzyme, FMO3 which itself has been implicated in chronic 
disease risk. Our hypothesis was the loss of FMO3 protects mice against dioxin-like 
PCB-induced oxidative stress through modulation of AhR activation. To test this, 
we had male C57BL/6 (WT) or FMO3 knockout (FMO3-/-) mice that were treated 
with vehicle (safflower oil) or PCB 126 (dose-1umol/kg) by oral gavage at weeks 
2 and 4 of a 12-week study. We measured liver F2-isoprostanes, a gold standard 
for oxidative stress by LC-MS/MS, hepatic histology, hepatic PCB concentration by 
GC/MS, and hepatic RNA-seq analysis. Our results showed that the effect of PCB 
exposure to hepatic F2-isoprostanes was dependent on the genotype; the most 
abundant F2-isoprostane, 8-iso-15-keto PGE2 was increased due to PCB 126 only in 
WT mice (1.8-fold increase; p=0.047). RNA-seq analysis agreed with the oxidative 
stress measurements, as several oxidative stress-related genes such as Gsta4 
(2.15-fold increase; p=0.041), and Gstm6 (1.96-fold increase; p=0.021 induced a 
greater extent in WT mice only, whereas Gsta3 in FMO3-/-mice showed a 0.552-fold 
decrease; p=0.018 due to PCB treatment. When we looked at the RNA-seq analysis 
for the Ahr pathway-related genes such as Cyp1a1, Cyp1a2, Cyp1b1, Ahr, and aryl 
hydrocarbon receptor repressor (Ahrr), we saw similar induction in both WT and 
FMO3-/- mice. Interestingly, the repressor of AhR, Ahrr, was significantly induced 
in FMO3-/- mice (FDR <0.05) but not significantly changed in WT mice. Hepatic 
H&E staining showed PCB treatment-induced macro and microvesicular fat 
deposition in WT mice, but only microvesicular fat deposition in FMO3-/- mice. We 
then measured hepatic PCB 126 concentration and observed that WT mice had 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 406



higher PCB 126 concentration in the liver compared to the KO mice (WT 56 ng/
mg, FMO3-/- 24 ng/mg; p<0.001). Based on the results we concluded that PCBs 
could have a significant impact on the expression of FMO3, which is critical for the 
metabolism of several drugs and dietary molecules. The absence of FMO3 leads to 
a completely different response to a dioxin-like PCB in the liver.

 4354 Impact of Long-Term Aroclor 1260 Exposure on Gut Microbiome 
and Intestinal Toxicity

N. V. Adiele, R. Singhal, K. Z. Head, B. J. Petri, K. M. Piell, J. Luo, T. C. Gripshover, 
E. C. Rouchka, M. C. Cave, C. M. Klinge, and B. Wahlang. University of Louisville, 
Louisville, KY.

Polychlorinated biphenyls (PCBs) are persistent organic pollutants manufactured 
in the 1930s -1970s for industrial purposes, and commercially marketed under 
the trade name Aroclor (USA). Although banned in the 1970s, and worldwide in 
2001, they are still present in the ecosystem and in living organisms due to their 
thermodynamic stability and resistance to degradation. Previously our group 
demonstrated that sub-chronic exposures to the PCB mixture (Aroclor 1260) 
resulted in toxicant-associated steatohepatitis (TASH) in a diet-induced obesity 
model. This is in part due to constitutive androstane receptor (CAR) and Pregnane X 
receptor (PXR) activation, and their ability to regulate gut microbiome composition. 
However, the longer-term effects of PCBs on ileal and gut microbiome regulation 
have not been studied. Therefore, this project aims to understand how longer-term 
exposure to Aroclor 1260 impacts ileal toxicity and gut microbiota. We hypothesize 
that Aroclor 1260 will induce changes in gut microbiome composition and alter the 
expression of ileal genes that encode for gut barrier function and integrity. Low-fat 
diet-fed male C57BL/6J mice were exposed to a single oral gavage of either corn 
oil (vehicle control, n=10) or Aroclor 1260 (20 mg/kg, n=30) and allowed to age 
for 34 weeks. Aroclor 1260, a commercial PCB mixture, was selected based on 
PCB composition reflective of PCB bioaccumulation patterns in humans. Cecum 
and ileum samples were collected for gut microbiome assessment and ileal 
mRNA measurements. 16S sequencing was performed on cecal bacterial DNA 
samples and analyzed using QIIME2 while RT-qPCR was used to examine ileal gene 
expression. For gene expression, statistical analysis was performed on GraphPad 
Prism (v9.4.1) using the Mann-Whitney U test with a significance level set at 0.05. 
Metagenomic analyses demonstrated no differences in alpha diversity between 
the PCB and control groups. In addition, beta diversity which was measured using 
weighted - and unweighted - UniFrac and Jaccard index revealed no differences as 
well. However, the principal component analysis on beta diversity in both UniFrac 
and Jaccard algorithms demonstrated two distinct clusters in the PCB-exposed 
group itself suggesting differential response to PCBs within the same group. 
Importantly, taxonomic differences evaluated revealed increased abundance of 
Proteobacteria phylum in the PCB-exposed group compared to the control group. 
Proteobacteria abundance has previously been correlated with increased intestinal 
inflammation. Ileal expression of genes encoding markers of intestinal permeabil-
ity and inflammation was examined using RT-qPCR. Ileal expression of Cdh5, an 
epithelial integrity marker with PCB exposure, implicating disruption of intestinal 
barrier integrity. There was also a non-significant trend for decreased mRNA levels 
of cathelicidin antimicrobial peptide (Camp) in the PCB-exposed group (p=0.0552) 
compared to the control group, suggesting the presence of bacteria infiltration. 
Furthermore, ileal mRNA levels of Tff3, the gene encoding Trefoil factor 3, involved 
in the maintenance and repair of the intestinal mucosa, were increased with PCB 
exposure. In conclusion, the preliminary results suggest that longer-term PCB 
exposures affect markers of gut barrier function and increase the abundance of 
Proteobacteria in the PCB-exposed groups. Although, there were no changes in 
bacteria diversity, further studies will investigate the two distinct clusters in the 
PCB-exposed groups to determine if there are alterations to gut bacteria composi-
tion in those groups and correlate those findings with liver disease endpoints.

 4355 Sex Differences in the Hepatic Proteome and Gut Microbiome 
following Polychlorinated Biphenyl Exposures: Implications on 
Gut-Liver Axis Disruption in Females

B. Wahlang1, Z. Qaissi1, R. Singhal1, E. C. Rouchka1, M. C. Cave1, J. Pan2, 
M. L. Merchant1, and S. N. Rai2. 1University of Louisville, Louisville, KY; and 2University of 
Cincinnati, Cincinnati, OH.

Identifying sex-specific health outcomes resulting from pollutant exposures is 
fundamental in environmental health for better risk assessment in exposed popula-
tions. Our laboratory group previously demonstrated that exposures to polychlo-
rinated biphenyls (PCBs) led to sex-dependent liver outcomes with female mice 
exhibiting greater susceptibility for developing toxicant-associated steatohepati-
tis (TASH). Although underlying mechanisms such as PCB-modulated endocrine 
disruption have been identified, they do not sufficiently explain these sex-specific 
outcomes. Other mechanisms including PCB effects on the gut microbiome and the 
gut-liver axis warrants investigation. Therefore, the objective of the current study is 
to identify PCB-induced changes in the hepatic proteome and gut microbiome to 
determine disruption of physiological gut-liver interactions as a cause for sex-de-
pendent PCB toxicity. Male and female C57BL/6 mice were exposed to a mix of 
Aroclor1260 (commercial PCB mixture, 20 mg/kg) and PCB126 (20 μg/kg) p.o for

2 weeks. Hepatic tissue was collected at euthanasia for peptide measurements 
(LC/MS); and data analysis was performed using MetaCore. Cecal and ileal samples 
were isolated for 16S sequencing and gene expression (RT-PCR) analysis respec-
tively. 16S data was analyzed using QIIME2. Phenotypic results demonstrated 
that female mice were more susceptible to PCB-induced liver toxicity (↑steatosis, 
inflammation, and dyslipidemia) vs. males. Proteomics analysis revealed distinct 
hepatic proteomes dependent on sex and exposure with 297 proteins (197↑,100↓) 
modified in PCB-exposed males vs. females. While both PCB-exposed males and 
females showed increased levels for the aryl hydrocarbon receptor (AHR) targets 
such as Cyp1a2, indicating AHR activation, female mice also exhibited increased 
levels of other AHR targets including flavin-monooxygenases (validated by western 
blot). Computational analysis including “GO Process” showed key processes and 
pathways enriched in PCB-exposed females such as “fatty acid metabolic process” 
and “dibenzo-p-dioxin metabolic process”; increased over-connectedness of hepatic 
xenobiotic/endobiotic receptors (PXR, SREBP1); and low-density lipoprotein. 
Notably, “Transcription Factor Analysis” demonstrated that PCB-exposed female 
mice had decreased activation (z-score) for hepatocyte nuclear factor (HNF4a), 
which is crucial for normal hepatocyte function. With regards to metagenomics, 
PCB-exposed females exhibited the lowest bacterial diversity than any other group 
(alpha diversity, observed taxonomic units ). Beta diversity, measured using UniFrac, 
was also significantly different with both sex and PCB exposures. PCB-exposed 
females but not males showed decreased abundance for Bifidobacteriaceae, a 
bacterial family associated with health promoting effects on the host liver. Ileal 
gene expression assessment demonstrated lower mRNA levels in PCB-exposed 
females for genes encoding gut barrier proteins, namely Cldn2 and Muc2, and 
the antimicrobial peptide, namely Tff3, thereby implicating an unhealthy mucosal 
environment. Taken together, the multi-organ findings suggested that female 
mice were more responsive to hepatic AHR activation, altered lipid processes, and 
reflected a modified gut microbiota with compromised, intestinal environment, and 
these potentially contributed to the observed steatosis and inflammation. Future 
studies will include bacterial functional metabolomics to obtain further insight on 
how altered gut microbiota impact PCB toxicity in females, and designing interven-
tion strategies such as probiotics to attenuate PCB-mediated TASH.

 4356 Dietary Exposure to the Flame Retardant BDE-99 Induces 
Multigenerational Behavioral Alterations in Atlantic Killifish

N. A. McNabb1, B. W. Clark2, T. Burke2, S. Jayaraman2, L. J. Mills2, D. E. Nacci2, and 
A. Whitehead1. 1University of California Davis, Davis, CA; and 2US EPA, Narragansett, RI.

To truly evaluate the long-term impacts of exposure to environmental pollution, it is 
critical to assess multigenerational effects. Polybrominated diphenyl ether (PBDE) 
flame retardants are highly persistent and ubiquitous in the environment, yet little 
is known about their potential for multigenerational toxicity. Direct exposure to one 
of the two most dominant PBDE congeners, BDE-99, has been linked to various 
adverse impacts on development, neurobehavior, and reproduction, but studies 
focusing on multigenerational effects are lacking. To address this, we tested 
whether exposure to BDE-99 has negative effects that propagate across genera-
tions using Atlantic killifish (Fundulus heteroclitus) as a vertebrate model system. 
Adult wild-caught killifish were fed control or contaminated diet for 64 days during 
breeding season with two concentrations of BDE-99, 37.5 and 150 ng/g fish wet 
weight/day. The exposed (F0) fish were spawned to produce the F1 generation, 
which was raised under uncontaminated conditions and subsequently spawned 
to produce the F2 generation. No significant differences in fecundity, fertilization 
rate, developmental morphology, hatch success, or larval survival were observed 
between treatments in any generation. To evaluate neurological impairment in 
the F1 and F2 generations, larval locomotor activity was tracked in response to 
alternating light and dark conditions. Parentally exposed F1 fish from some of the 
BDE-99 lineages expressed significant hypoactivity during the light phases, while 
results suggest that that behavior is not altered in F2 larvae. At juvenile stages, 
novel tank diving tests were conducted to assess anxiety-like behavior in the F1 and 
F2 generations. Results indicate an anxiolytic effect (greater percentage of time 
in the top zone of the tank) in the F1 fish parentally exposed to BDE-99; however, 
this behavioral effect was not propagated to the F2 generation. Archived juvenile 
brain tissues are being analyzed for genome-wide gene expression changes to 
infer potential mechanisms associated with observed behavioral phenotypes in the 
parentally exposed generation and generate hypotheses about other multigenera-
tional neurotoxic effects of BDE-99.

 4357 Maternal PBDE Exposure Disrupts Gut Microbiome and 
Promotes Hepatic Pro-inflammatory Signaling in Humanized 
PXR-Transgenic Mouse Offspring over a Time Course

S. Kim1, H. Li2, H. Gu3, S. Mani2, and J. Y. Cui1. 1University of Washington, Seattle, WA; 
2Albert Einstein College of Medicine, Bronx, NY; and 3Florida International University, Port 
St. Lucie, FL.

Polybrominated diphenyl ethers (PBDEs) are previously used flame retardants that 
still bio-accumulate in human compartments, including the maternal blood and 
breast milk. Previous work showed that developmental PBDE exposure is associ-
ated with increased diabetes prevalence in humans and animal models. PBDEs are 
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known to activate the host pregnane X receptor (PXR). PXR and gut microbiome 
are essential regulators of xenobiotic biotransformation and metabolic disorders. 
The microbial tryptophan metabolite, indole 3-propionic acid (IPA), correlates with 
reduced risk of type-2 diabetes and lower-grade inflammation and activate PXR. 
To explore the potential role of IPA in modifying the toxic effects of PBDEs during 
development, we exposed female humanized PXR-transgenic (hPXR-TG) mouse 
dams to vehicle, 0.1 mg/kg/day DE-71 (an industrial PBDE mixture) via diet, DE-71 
+ IPA (20 mg/kg/day) via drinking water, or IPA, from 4-weeks preconception to the 
end of lactation. Male and female pups were weaned at 21-days of age and were 
placed on control diet with or without IPA supplement. Tissues were collected at 21 
days, 3 months, and 6 months of age (n=5/exposure/sex/age). In general, the effect 
of maternal DE-71 exposure on the gut microbiome of pups was amplified, as there 
were more differentially regulated obesity- and inflammation-prone microbes at 
3-months and 6-months of age than 21-days of age. In the liver, the mRNA expres-
sion of several pro-inflammatory markers was also persistently up-regulated in 
pups with an amplified trend along the developmental trajectory. The hepatic mRNA 
of the aryl hydrocarbon receptor (AhR) target gene cytochrome P450 1a2 (Cyp1a2) 
was persistently increased by maternal DE-71 exposure in all ages of male pups, 
but not in female pups. Interestingly, LC-MS showed that maternal DE-71 exposure 
also persistently increased serum levels of indole, which is a known endogenous 
AhR ligand, predominantly in male pups. The oxidative stress sensor Nrf2 target 
gene Nqo1 was persistently up-regulated by maternal DE-71 exposure in the livers 
of the 6-month-old male and female pups. Maternal DE-71 exposure also decreased 
the endogenous IPA levels in the livers 3-month old male pups, which was corrected 
by IPA supplementation. IPA supplementation also partially corrected the pro-in-
flammatory and pro-obesity gut dysbiotic signatures, and partially normalized the 
related metabolic profiles described above. In conclusion, maternal DE-71 exposure 
produced a pro-inflammatory signature within the gut-liver axis associated with 
dysregulated tryptophan microbial metabolism and elevated AhR signaling in a 
male-predominant manner, which was partly corrected by IPA supplementation.

 4358 Direct Evidence of Metabolic Interactions between PBDEs and 
Gut Microbes: An In Vitro Metabolomics Study

Y. Jin1, K. Kim2, J. de Laloubie3, K. Weigel2, J. Cui2, and H. Gu1. 1Florida International 
University, Port St. Lucie, FL; 2University of Washington, Seattle, WA; and 3Université 
Clermont Auvergne, Clermont-Ferrand, France.

Polybrominated diphenyl ethers (PBDEs) were extensively used as flame retardants 
in various factory products and are still persistent in the environment after they 
were banned to use. Recently, we showed in various in vivo studies that gut 
microbiome dysbiosis is involved in PBDEs-induced toxicity; however, it is unknown 
whether PBDE exposure directly impacts the metabolism of the gut microbiome. In 
this in vitro study, we used mass spectrometry-based metabolomics approaches 
to investigate the metabolic interactions between 2 common PBDE congeners 
(2,2′,4,4′-tetrabromodiphenyl ether [BDE-47], 2,2’,4,4’,5-pentabromodiphenyl ether 
[BDE-99]) and selected gut microbe species (Akkermansia muciniphila [AKK] and 
Clostridium scindens [CS]) that are known to be involved in metabolic diseases, as 
well as Escherichia coli. (EC), an established control microbe. All microbes were 
individually cultured in an anaerobic workstation. These bacterial strains were 
exposed with BDE-47 and BDE-99 of different concentrations (0, 10 µM, or 100 µM). 
Pathway-specific targeted LC-MS/MS metabolomics was used to examine ~300 
aqueous metabolites from ~30 metabolic pathways of biological significance. 
Our results suggest that both BDE-47 and BDE-99 significantly altered metabolic 
profiles in all these 3 bacterial strains. For example, in the principal component 
analysis (PCA) score plot, CS after BDE-47 exposure is clearly separated from 
controls in a dose-dependent manner. Additionally, metabolomics results revealed 
that BDE-47 and BDE-99 caused different metabolic responses in these gut 
microbes. For example, CS had increased lactate and decreased kynurenine after 
BDE-99 exposure, while BDE-47 induced decreased 2-pyrrolidinone and increased 
urocanic acid in CS. Furthermore, various altered metabolites were found signifi-
cant in multiple metabolic pathways, especially in glycolysis, TCA cycle, and trypto-
phan metabolism. A total of 60 metabolic features were determined to distinguish 
potentially disturbed metabolite markers of BDE-47 and BDE-99 exposure. In conclu-
sion, our findings provide possible biomarkers of toxic effects induced by BDE-47 
and BDE-99 and elicit a deeper understanding of the metabolic mechanisms that 
could be validated in further in vivo studies.

 4359 Exposure to an Environmentally Relevant Mixture of Persistent 
Organic Pollutants Alters Healing in Staphylococcus aureus–
Infected Pressure Wounds

R. McDevitt, S. Ladner, E. Swanson, K. S. Seo, and G. E. Howell. Mississippi State 
University, Mississippi State, MS.

It is estimated that the lifetime risk for developing diabetic foot ulcers (DFUs) 
in diabetic patients is around 12-25%. Approximately 40-60% of all DFUs will 
become infected ultimately leading to worse outcomes and amputation due to 
incomplete healing. The infections in DFUs are polymicrobial in nature. However, 
studies have shown that Staphylococcus aureus is the primary pathogen isolated 
from the majority of these DFUs. Previously, exposure to persistent organic 

pollutants, specifically organochlorine (OC) pesticide metabolites, have been 
shown to alter macrophage function which may lead to increased susceptibility to 
S. aureus. However, the effects of exposure to OC pesticides on S. aureus infected 
wound outcomes has not been investigated. Thus, the present study was done 
to determine the effects of exposure to an environmentally relevant mixture of 
three prevalent organochlorine pesticide metabolites, DDE, trans-nonachlor, and 
oxychlordane (DTO) on pressure wound healing with infection of either a UAMS-1 
strain (biofilm forming strain) or DFU317 strain (isolated from a human DFU) of S. 
aureus. For five consecutive days, male C57BL/6J mice were dosed with either corn 
oil (corn oil; 1 ml/kg; n=5/group/strain) or DTO (DDE 2 mg/kg; trans-nonachlor 0.2 
mg/kg; oxychlordane 0.1 mg/kg; n=5/group/strain) and then rested for 12 days to 
allow levels to reach a steady state. Pressure ulcers were created on the backs of 
the mice during two alternating 12 hour on-off periods using magnets. After the 
final magnet removal, both wounds on the back were inoculated with either the 
UAMS-1 strain or the DFU317 strain (1x107 cfu/ml) of S. aureus. Wound sizes were 
measured on day 1 and 4 after inoculation and cytotoxic virulence factors and 
bacterial burden were measured at day 4 after inoculation. DTO treated, DFU317 
inoculated mice had significantly larger wounds than vehicle and DTO treated mice 
without infection at day 1. DTO treated, DFU317 inoculated mice had a greater 
bacterial burden than vehicle and DTO treated, UAMS-1 inoculated mice. Vehicle 
treated mice inoculated with DFU317 also showed a larger bacterial burden than 
vehicle treated mice inoculated with UAMS-1 at day 4. These data indicate that 
different strains of S. aureus can cause larger bacterial burden in pressure wounds 
and increase wound size which can be exacerbated by exposure to OC pesticide 
metabolites. Thus, exposure to OC pesticides and their bioaccumulative metabo-
lites may be a risk factor for poor wound healing in S. aureus infected wounds.

 4360 Green Engineered Sorbents for the Remediation of Benzene and 
Hazardous Environmental Samples

K. J. Rivenbark, M. Wang, K. Lilly, P. Tamamis, and T. Phillips. Texas A&M University, 
College Station, TX.

After disasters, high levels of benzene can be detected and redistributed in the 
environment surrounding disaster sites, posing a significant risk to human health 
and the environment. Remediation methods with traditional sorbents are lacking 
in effectiveness due to benzene’s limited retention to most surfaces. To address 
this problem, a montmorillonite clay was amended with a mixture of chlorophyll (a) 
and (b), and the binding profile was assessed using in vitro, in silico, and well-estab-
lished ecotoxicological bioassay methods. In vitro and in silico studies indicated 
that chlorophyll increased the adsorption and retention of benzene on clay surfaces 
through Van der Waals forces. Bioassay studies indicated that the inclusion of 
chlorophyll-amended clay in the culture medium significantly reduced benzene 
toxicity, protecting C. elegans by 98-100% from benzene-induced mortality and 
enhancing the growth rates of L. minor. This novel green clay was also tested for its 
ability to remediate water samples from a Superfund site known to be contaminated 
with pentachlorophenol and a complex mixture of polycyclic aromatic hydrocar-
bons (PAHs). Exposure to the polluted water samples decreased important growth 
parameters of L. minor and C. elegans by >97% and >80%, respectively. However, 
the addition of 0.5% chlorophyll-amended clay or activated carbon showed 50% or 
70% protection for the plant and nematode model, respectively. Importantly, the 
inclusion of only 0.25% of a mixture of the chlorophyll-amended clay and activated 
carbon consistently showed the greatest protection (>80%) for both organisms 
across various water samples. These results indicated that very low levels of 
multicomponent sorbents were effective for remediating real-life samples contain-
ing complex mixtures of priority chemicals. Further studies are ongoing to identify 
additional lipophilic contaminants that can be sequestered by this sorbent mixture. 
Our current and ongoing studies suggest that these novel sorbents can be utilized 
against chemical exposures during disasters and emergencies.

 4361 Comparison of Reference Values for Perfluorinated Compounds: 
Exposure Reconstruction Using Korean National Environmental 
Health Survey 4 (2018–2020)

S. Lee1, H. Choi2, M. Shin2, K. Lee3, and Y. Hong1. 1Dong-A University, Busan, Korea, 
Republic of; 2Seoul National University, Seoul, Korea, Republic of; and 3Korea National 
Open University, Seoul, Korea, Republic of.

Due to the stable property, the half-life of perfluorinated compounds range from 
several years to decades after absorption into the body. Therefore, risk assessment 
studies for perfluorinated compounds have been conducted, and reference values   
are presented based on the results. The German human biomonitoring commis-
sion has established HBM values for C8 compounds, PFOA and PFOS. From 2018 
to 2020, the Korean National Environmental Health survey (KoNEHS) measured 
perfluorinated compound concentrations in 2993 adults and 825 adolescents. The 
geometric mean of PFOA in adults was 7.03 μg/L, which was 3 times higher than 
the HBM-I of 2ng/ml, and about 25.9 % of the biomarker measurements were above 
the HBM-II (10 ng/ml). The geometric mean of adolescents was 3.63 μg/L, exceed-
ing the HBM-I level. In the case of PFOS, the geometric mean of adults and adoles-
cents were 16.7 μg/L and 7.94 μg/L, respectively. The percentage exceeding HBM-II 
(20 ng/ml) were 39.7% in adult population and 4.2% in adolescent population. 
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Based on the biomarker concentrations, the exposure amount was estimated to 
investigate the possibility of the Korean population being exposed to PFOA/PFOS 
at or above Tolerable Daily Intake (TDI). The exposure was reconstructed using the 
published physiologically based pharmacokinetic (PBPK) model. As a result, the 
average exposure to PFOA and PFOS in adults was 0.72 ng/kg/day and 2.0 ng/
kg/day, respectively. The Korea Ministry of Food and Drug Safety has established 
TDI as 1.0 μg/kg/day for PFOA and 0.15 μg/kg/day for PFOS. While the propor-
tion exceeding the HBM values was high, there were no subjects exceeding the 
domestic exposure standard. The reference values for perfluorinated compounds 
tends to be lowered based on the results of epidemiological studies. US EPA, EFSA, 
and Australian government set the reference dose of 20 ng/kg/day, TWI of 4.4 ng/
kg/day, and TDI (PFOA: 160 ng/kg/day, PFOS: 20 ng/kg/day), respectively. It is 
necessary to re-establish the domestic reference value by identifying the major 
exposure source for the subpopulation.

 4362 Dosimetry and Potential Bioaccumulation of a GenX 
Oligomer HFPO-TeA

A. Renyer1, B. Payne1, M. DeVito2, M. F. Hughes2, L. C. Wehmas2, and D. K. MacMillan2. 
1Oak Ridge Institute for Science and Education, Oak Ridge, TN; and 2US EPA, Research 
Triangle Park, NC.

Acute and long-term exposure to per- and polyfluoroalkyl substances (PFAS) is of 
rising concern due to their persistent detection and abundance in the environment 
coupled with their potential for bioaccumulation. The replacement of legacy PFAS 
with ether-linked carboxylic acid (PFECA) fluorochemicals is creating new exposure 
concerns world-wide. For instance, the US EPA recently introduced a new health 
advisory level in drinking water for the PFECA GenX (2,2,3,3-tetrafluoro-2-(heptaflu-
oropropoxy)propanoic acid) to decrease exposure. Perfluoro-(2,5,8-trimethyl-3,6,9-
trioxadodecanoic) acid (HFPO-TeA) is an understudied oligomer of GenX that has 
been detected widely in China. However, little is known about its hazard, making it a 
priority with several States and EPA regions. To better understand toxicity, dosime-
try, and bioaccumulation, male and female Sprague Dawley rats were orally dosed 
with several levels of HFPO-TeA. Dose levels ranged from 0.3-335 mg/kg/day in 
corn oil. Liver tissue and blood were collected on day 6. HFPO-TeA internal dose 
levels were quantitated using liquid chromatography high resolution accurate mass 
spectrometry. PFAS were extracted from plasma and liver samples using a simple 
protein precipitation method with acidified acetonitrile. Both sample types were 
paired with matrix-matched calibration curves (r ≥ 0.995) generated to accommo-
date the anticipated levels. The limit of quantitation in liver was 1.76 ng/mL tissue 
wet weight and in plasma was 8.9 ng/mL. No animals dosed above 17 mg/kg/
day survived the length of the study. Male and female rats showed several clinical 
signs of toxicity at 17 and >6 mg/kg/day, respectively, including lethargy, abnormal 
breathing, and weight loss. Significant sex associated differences (p < 0.05) 
were observed in plasma dosimetry data at 6.3 and 17 mg/kg/day dose levels. 
HFPO-TeA plasma concentrations in female rats ranged from 0.565 ng/mL to 174 
ng/mL for the 0.3 and 17 mg/kg/day doses, respectively. Plasma concentrations 
in male rats were approximately 1.3-2.5 times less than those observed in females 
at corresponding dose levels above 0.3 mg/kg/day. Internal dose HFPO-TeA levels 
increased linearly over the dose range for both males and females. Concentrations 
in plasma after 5 days were approximately 6 times higher than those collected after 
2 hours of exposure. Concentrations of HFPO-TeA in liver did not show significant 
sex associated differences. Dosimetry and bioaccumulation data from this study 
will inform and expand our knowledge about the potential health hazard this GenX 
oligomer presents in this model system. Disclaimer: The views expressed in this 
abstract are those of the author(s) and do not necessarily represent the views or the 
policies of the US Environmental Protection Agency.

 4363 In Vitro Modeling of the Post-Ingestion Bioaccessibility of Per- 
and Polyfluoroalkyl Substances Sorbed to Soil and House Dust

B. A. Parker1, E. Valentini2, S. Graham2, and J. M. Starr2. 1US EPA/ORD, Research Triangle 
Park, NC; and 2US EPA, Research Triangle Park, NC. Sponsor: C. Lau.

Per- and polyfluoroalkyl substances (PFAS) are regularly found in soils and dusts, 
both of which are consumed by children at relatively high amounts. However, there 
is little data available to model bioaccessibility of PFAS in soils and dusts when 
consumed, or to describe how the physicochemical properties of PFAS and soils/
dusts affect bioaccessibility. In the current study, in vitro assays were conducted 
to calculate bioaccessibility of fourteen PFAS in 33 sets of soils and dusts. 
Bioaccessibility assays were conducted with and without a carbon fiber “sink,” 
which was used to simulate the movement of PFAS across the intestine. Multiple 
linear regressions with backward elimination were used to model the behavior 
of PFAS sorbed to soils and dusts. A segmented model found that PFAS chain 
length, number of branches, and percent total organic carbon (% TOC) were the best 
predictors of bioaccessibility. In general, PFAS had significantly greater bioacces-
sibility in soils relative to dusts. The addition of a carbon sink also significantly 
increased bioaccessibility by as much as 10.8% in soils and 20.3% in dusts. Using a 
segmented model resulted in 78.0-88.9% of the variability in PFAS bioaccessibility 

accounted for. The results from this study indicate that PFAS bioaccessibility in 
soils and dusts can be predicted and could be used to inform risk assessment 
models in the future.

 4364 In Vitro Transcriptomic Analyses Informing the Mode of Action 
of HFPO-DA (GenX) in the Liver

W. D. Klaren1, M. M. Heintz1, A. W. East1, C. M. Thompson2, and L. C. Haws3. 
1ToxStrategies Inc., Asheville, NC; 2ToxStrategies Inc., Houston, TX; and 3ToxStrategies 
Inc., Austin, TX.

Like many polyfluorinated alkyl substances (PFAS), toxicity studies with HFPO-DA, 
a short-chain PFAS used in the manufacture of some types of fluorinated polymers, 
indicate that the liver is the primary target of toxicity in rodents following oral 
exposure. To further evaluate the MOA underlying the non-neoplastic liver changes 
in rodents associated with HFPO-DA exposure, whole-transcriptome templated 
oligomer sequencing (TempO-Seq) was conducted on primary human, rat, and 
mouse (including wild-type and PPARa-knockout mouse strain) hepatocytes treated 
for 12, 24 or 72 hours with various concentrations of HFPO-DA, as well as with 
known agonists of PPARa (i.e., GW7647), PPARg (i.e., rosiglitazone), and known 
cytotoxic agents (i.e., acetaminophen or D-galactosamine). Differentially expressed 
genes and enriched gene sets, as well as dose-responsive genes and functional 
classification (i.e., pathway enrichment) of dose-responsive genes were determined 
for each chemical, time point, and species/strain. Concordance analyses of differ-
entially expressed genes across chemicals within a species/strain demonstrate 
more similarity between HFPO-DA and PPARa agonist, GW7647, compared to 
the other chemicals evaluated. These findings are supported by benchmark dose 
modeling and pathway enrichment results. Further, similarity analyses across 
species indicates greater mechanistic commonalities between rodent species, 
i.e., rats and mice, and minimal mechanistic similarities between humans and 
rats or mice. In addition, the overall response of human hepatocytes to chemical 
exposure at the pathway signaling level was generally lower, indicating that rodent 
hepatocytes may be more sensitive to the chemicals examined. Consistent with 
previously published transcriptomic analyses, these results further support that 
the liver effects associated with HFPO-DA are mediated through rodent-specific 
PPARa signaling mechanisms. Therefore, the liver effects observed in mice are not 
appropriate endpoints for use in the development of toxicity values for HFPO-DA in 
human health risk assessment.

 4365 Modeling the Impacts of Impaired Kidney Function on 
PFAS Toxicokinetics

S. Niu1, Y. Cao1, R. Chen1, M. Bedi1, A. Sander1, A. M. Ducatman2, and C. Ng1. 1University 
of Pittsburgh, Pittsburgh, PA; and 2West Virginia University, Morgantown, WV.

Per and polyfluoroalkyl substances (PFAS) are ubiquitous in the environment due to 
their widespread application and high persistence. Specific PFAS exposure contrib-
utes to various adverse health endpoints including changes in kidney function. 
In animals, sex- and species-specific differences in elimination half-lives of PFAS 
have been linked to the activity of organic anion transporter (Oat) proteins and 
polypeptides expressed in the kidney. However, the roles of kidney transporters 
in PFAS elimination are still not fully understood. In addition, kidney disease could 
alter the expression of kidney transporters and the glomerular filtration rate (GFR). 
Albuminuria, an indicator of chronic kidney disease, could lower serum PFAS 
concentrations by allowing albumin-bound PFAS to be excreted through urine. 
Little is known about the influence of kidney disease on PFAS toxicokinetics. In 
this study, we used an existing physiologically based pharmacokinetic (PBPK) 
model for perfluorooctanoic acid (PFOA) in male rats to explore the influence of 
changes in renal function parameters (e.g., transporter expression levels, GFR, 
and urine/serum albumin levels) associated with various kidney disease states on 
PFOA toxicokinetics. To the best of our knowledge, the PFOA PBPK model in rats 
we used is the only one currently available that incorporates transporter-specific 
excretion and reabsorption mechanisms for PFAS in mammals. To broaden the 
scope of our analysis beyond the current model, we summarized current knowledge 
on which kidney transporters could facilitate PFAS transport, and then searched for 
studies that quantified transporter level changes associated with kidney disease 
status. The PBPK model results indicated that an elevated body burden of PFOA in 
male rats occurs with decreased transporter expression levels and reduced GFR. 
Concomitantly, serum PFOA was predicted to decrease in male rats with decreased 
serum albumin concentrations. On the other hand, the terminal half-lives (t1/2∞) of 
PFOA are longer in rats with decreased levels of Oat 1 and Oat 3 by 80% (t1/2∞=7.4 
day) and GFR by 95% (t1/2∞=5.5 day) compared to healthy rats (t1/2∞=4.9 day). 
Based on these simulations, we find that PFOA toxicokinetics are more influenced 
by changes in GFR than in transporter expression in rats. In contrast, the terminal 
half-lives of PFOA are more influenced by changes in transporter expression levels 
than GFR in rats. More information is needed to understand the differences between 
rats and humans to translate these findings. Studies on transporter expression 
changes in specific kidney disease states are still limited for both humans and 
animals, which will further limit the effectiveness of risk assessment and hinder 
the identification of vulnerable populations. Based on the current knowledge of 
kidney transporters for PFAS transport, we found that nine human and eight rat 
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kidney transporters have so far been investigated for their ability to transport PFAS, 
of which seven human and three rat transporters were confirmed to transport 
specific PFAS. More uptake transporters than efflux transporters have been studied 
in human and rat systems, due to a focus on the renal reabsorption pathway 
that extends PFAS half-lives. As a result, knowledge of the role of kidney efflux 
transporters on PFAS metabolism and excretion remains incomplete. To encourage 
broadening of this research, we provide a candidate list of seven untested human 
kidney transporters (one uptake, three efflux, and four with unknown function) with 
potential for PFAS transport based on their known substrates. Finally, we stress 
that studies of more PFAS, especially the current-use PFAS (including shorter-chain 
PFAS and replacements such as GenX) are needed for better coverage of the role of 
transporters across the structurally diverse PFAS family.

 4366 Assessment of the Mode of Action Underlying Development 
of Liver Lesions in Mice following Oral Exposure to HFPO-DA 
(GenX) and Relevance to Humans

M. M. Heintz1, L. C. Haws2, and C. M. Thompson3. 1ToxStrategies Inc., Asheville, NC; 
2ToxStrategies Inc., Austin, TX; and 3ToxStrategies Inc., Houston, TX.

HFPO-DA is a short-chain polyfluorinated alkyl substance (PFAS) used in the 
manufacture of some types of fluorinated polymers. Like many PFAS, toxicity 
studies with HFPO-DA indicate the liver is the primary target of toxicity in rodents 
following oral exposure. Due to the structural diversity of PFAS, the mode of action 
(MOA) can differ between PFAS for the same target tissue. There is significant 
evidence for involvement of peroxisome proliferator-activated receptor alpha 
(PPARα) activation based on molecular and histopathological responses in the liver 
following HFPO-DA exposure in both rats and mice, but other MOAs have also been 
hypothesized based on limited evidence. To address this, toxicity data for HFPO-DA 
from the primary peer-reviewed literature and USEPA’s Health and Environmental 
Research Online (HERO) database were assessed in the context of the Key Events 
(KEs) outlined in a published MOA framework for PPARα activator-induced rodent 
hepatocarcinogenesis. Non-neoplastic liver changes observed in mice occur early 
in the PPARα MOA, therefore this assessment focused on the first three KEs (i.e., 
PPARα activation, alteration of cell growth pathways, and perturbation of cell growth 
and survival). Although chronic bioassays with HFPO-DA are not currently available 
in mice to provide empirical support of the latter KEs (i.e., clonal expansion of 
preneoplastic foci cells and liver tumors) in the PPARα MOA, chronic exposures in 
mice are expected to yield similar results as to what has been observed in rats. The 
concordance of timing and dose-response of observed liver effects for HFPO-DA, 
biological plausibility, and human relevance were evaluated within the PPARα MOA 
framework. In addition, the evidence base for alternate MOAs was considered. 
The first three KEs were found to be supported by several lines of evidence from 
both in vitro and in vivo data available for HFPO-DA. Increased peroxisomal and 
mitochondrial fatty acid beta-oxidation were evident at lower HFPO-DA concen-
trations, whereas changes in cell cycle pathways via altered gene expression and 
increases in apoptosis, mitosis, hypertrophy and liver weight were observed at 
higher HFPO-DA concentrations. In contrast, alternate MOAs, including cytotoxicity, 
participation of other PPAR subtypes (e.g., PPARγ), and mitochondrial dysfunc-
tion were determined to not be supported by the scientific literature. The overall 
weight of the evidence for HFPO-DA demonstrates that liver effects in mice occur 
via a PPARα MOA and not by alternative MOAs. HFPO-DA-mediated liver effects in 
mice are not expected in humans as only KE 1, PPARα activation, is shared across 
species. PPARα-mediated gene expression in humans produces only a subset 
(i.e., lipid modulating effects) of the responses observed in rodents. As such, the 
adverse effects observed in rodent livers should not be used as the basis of toxicity 
values for HFPO-DA for purposes of human health risk assessment.

 4367 High-Throughput Screening of Per- and Polyfluorinated 
Substances (PFAS) against Nine Thyroid System Assays

S. J. Degitz1, P. Degoey1, J. Olker1, S. Eytcheson2, J. Haselman1, and M. Hornung1. 
1US EPA/ORD, Duluth, MN; and 2Oak Ridge Institute for Science and Education, Oak 
Ridge, TN.

The U.S. Environmental Protection Agency is evaluating the ecological and toxico-
logical effects of per- and polyfluoroalkyl substances (PFAS). A number of PFAS 
have been shown to impact the thyroid axis in vivo suggesting that the thyroid 
system is a target of these chemicals. The objective of this study was to evaluate 
the activity of 136 PFAS at seven key molecular initiating events (MIE) within the 
thyroid axis using in vitro assays. The potential MIE targets investigated are Human 
Iodothyronine Deiodinase 1 (hDIO1), Human Iodothyronine Deiodinase 2 (hDIO2), 
Human Iodothyronine Deiodinase 3 (hDIO3), Xenopus Iodothyronine Deiodinase 
(xDIO3), Human Iodotyrosine Deiodinase (hIYD), Xenopus Iodotyrosine Deiodinase 
(xIYD), Human Thyroid Peroxidase (hTPO), and the serum binding proteins Human 
Transthyretin (hTTR) and Human Thyroxine Binding Globulin (hTBG). Of the 136 
PFAS chemicals tested, 85 had a half maximal effective concentration (EC50) in at 
least one of the nine assays. In general, most of these PFAS chemicals did not have 
strong potency towards the seven MIEs examined, apart from transthyretin binding, 
for which several PFAS had activity similar to the respective model inhibitor. 
These data sets identify potentially active PFAS chemicals to prioritize for further 

testing in orthogonal in vitro assays and at higher levels of biological organization 
to evaluate their potential for altering the thyroid system and causing potential 
adverse ecological effects. This abstract does not necessarily reflect US EPA policy.

 4368 Rapid Enzymatic Activity Model (REAM) to Decipher 
Mechanisms of Toxic Action of Per- and Polyfluoroalkyl 
Substances (PFAS)

P. Obiako, A. Sevcik, and C. Sayes. Baylor University, Waco, TX.

Per- and polyfluoroalkyl substances (PFAS) are a class of synthetic organic 
chemicals that are used in the manufacture of several consumer products, and 
as a result, they are ubiquitous in the environment. One distinct property of this 
chemical class that makes them popular and interesting to environmental research-
ers is the ability to recalcitrate in the environment and in biological systems. 
They are hardly degraded by the natural processes that degrade several other 
chemicals. Furthermore, these chemicals have been shown to induce toxicity in 
organisms over a dose-response relationship. However, it is unclear what molecu-
lar mechanisms cause the induced toxicity. Therefore, we propose the use of 
targeted and non-targeted reaction schemes using enzymes to identify pathway 
alterations following exposure. In this study, we developed a rapid enzymatic 
activity model (termed REAM) to elucidate differential cellular mechanisms in a 
series of PFAS over dose and post-exposure time. Multiple enzymes relating to 
antioxidant defense (glutathione peroxidase and catalase) and cellular metabolism 
mechanisms (lactate dehydrogenase and pyruvate dehydrogenase) were utilized in 
this study. The results were confirmed using in vitro models and related back to the 
published literature. PFAS interact with the enzymes, causing a statistically signif-
icant change in their activities. Long-chain PFAS caused greater enzyme activity 
inhibition than the short-chain counterparts. This work highlights the usefulness 
of cell-free assays as a technique for pre-screening harmful chemicals, elucidating 
mechanisms of toxic action, and aiding in the development of a research agenda 
for these environmentally relevant chemicals.

 4369 Biological Response Similarity Analyses and Hierarchical 
Clustering of Aqueous Film-Forming Foams (AFFF) and 
Perfluoroalkyl and Polyfluoroalkyl Substances (PFAS) Using In 
Vitro Hepatocyte Transcriptomics

K. A. Mauge-Lewis1, S. Ramaiahgari1, G. Roberts1, S. Waidyanatha1, S. Fenton1, 
D. Phadke1, M. Balik-Meisner1, S. Ferguson1, J. Gorospe2, and B. Sparrow2. 1NIEHS, 
Research Triangle Park, NC; and 2Battelle Memorial Institute, Columbus, OH.

Aqueous film forming foams (AFFF) are utilized to extinguish flammable liquid 
fires. These formulations are granted their beneficial properties due to the inclusion 
of per- and poly-fluorinated alkyl substances (PFAS) within them. However, these 
substances are environmentally persistent and pose a risk to human health (e.g., 
liver toxicity). We have conducted high-throughput transcriptomic screening, 
gene- and pathway-level analyses, and hierarchical clustering of 5 PFAS-containing 
AFFF and 25 reference chemicals (e.g. liver injury, nuclear receptor activators), 
in HepaRG human hepatocytes. Hepatocyte transcriptomic assays (S1500++, 
TempO-Seq), previously qualified to estimate the potencies of clinical drugs to 
induce human liver injury, were performed and analyzed using BMDExpress 2.3. 
For the exposure range examined, test substances were classified as injurious or 
non-injurious to the human liver. Out of the thirty test substances evaluated, twenty 
produced benchmark concentrations (BMCs) greater than 105, classifying them 
liver-injurious. Additionally, relative comparisons of biological responses across the 
five AFFF products were conducted. Gene- and pathway-level similarity analyses 
revealed a possible 63% common gene-level BMC and a possible 93% common 
pathway-level BMC across the AFFF products. Further exploration of biological 
response similarities was conducted across the full set of 30 test substances using 
hierarchical clustering visualized within a constellation plot form with the lowest 
ranked 100 BMCs for each respective chemical. Fold-change similarity and potency 
similarity were directionally scored and clustered. The majority of AFFF mixtures, 
the S550, and detergents (e.g., laurylamidopropyl betaine and sodium octyl sulfate 
(SOS)) clustered together and appeared to be enriched for PPAR, CAR, and other 
lipid-metabolism pathways analogous to previous studies. Prolifically bioactive test 
substances, (e.g., PFOS, 6,2 FTS, and PFHxS) were most closely associated with 
the reference chemical Wyeth 14,643, a prototype positive control for PPAR activa-
tion. AFFF1 and 2(2-butoxyethoxy) ethanol were most closely associated with 
phenobarbital (PB), a clinical inducer of CYP2B metabolism through the CAR and 
PXR pathways. The biological response analyses revealed novel insights regard-
ing similarities for genes and pathways affected by test substance exposure, in 
addition to elucidating those that distinguished sets of certain test substances 
from one another.
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 4370 Mode-of-Action Analysis of Thyroid Hormone Effects of 
Perfluorobutane Sulfonic Acid

H. N. Lynch1, H. O’Neill2, A. N. Buerger3, and M. J. Vincent3. 1Stantec (ChemRisk), 
Boston, MA; 2Stantec (ChemRisk), Boulder, CO; and 3Stantec (ChemRisk), Blue Ash, OH.

Epidemiological and toxicological research has identified the thyroid as a common 
target organ for several per- and polyfluoroalkyl substances (PFAS). We conducted 
a comprehensive review and mode of action (MOA) analysis of PFAS and thyroid 
hormones (THs), focusing on in utero exposure and fetal TH perturbation of perflu-
orobutane sulfonic acid (PFBS). We applied a modified version of the International 
Program for Chemical Safety (IPCS) MOA/Human Relevance Framework to assess 
potential MOAs, including consideration of the methodological quality of the 
evidence, essentiality of key events, concordance of empirical observations of key 
events, and species differences in pharmacokinetics or other factors that could 
inform the human relevance of findings. We identified several MOAs whereby PFBS 
could plausibly affect TH levels, and four were supported by empirical evidence: 
1) interference with target tissue TH cell receptors, 2) perturbation of enzymes 
that convert THs to active and inactive forms (deiodinases), 3) competitive binding 
with plasma TH carrier proteins such as transthyretin (TTR), and 4) stimulation 
of enzymes in the liver that increase hormone clearance. When synthesizing 
the findings across lines of evidence, we concluded that PFBS may alter THs in 
pregnant and non-pregnant rodents via several biologically plausible MOAs, with 
at least one study supporting each of the four MOAs. However, the evidence for all 
MOAs is limited to a small number of in vitro studies utilizing high concentrations of 
PFBS, and none have been demonstrated in vivo or in humans.

 4371 Relative Toxicology in the Homologous Series of Perfluorinated 
Acyclic Alkyl Compounds

E. Demchuk. CDC/ATSDR, Atlanta, GA. Sponsor: P. Ruiz.

Exposures to per- and polyfluoroalkyl substances (PFAS) are particularly concern-
ing for public health. Lack of toxicological information on many PFAS limits a health 
assessor’s ability to evaluate exposures, especially co-exposures to several PFAS. 
The present work describes an association that may help to address this challenge. 
Common perfluoroalkyls represent fluorinated paraffins substituted with an acidic 
moiety (e.g., -CO2H or -SO3H) at the end. Thus, linear-chain PFAS comprise a 
homologous series similar to traditional n-alkanes. As the number of carbon atoms 
in the series rise, alkane physical-chemical properties change monotonically. This 
well-known fact motivated the present work whereby toxicological trends in the 
homologous series of PFAS were investigated. Quantitative chemical risk assess-
ment involves the identification of a key study, critical health effect, and a dose 
taken as a point of departure (POD) for the analysis. Key studies have been identi-
fied in systematic reviews by national and international agencies, and the PODs 
have been extracted from them. Categorical regression was performed between 
perfluoroalkyl PODs and effects. A categorical regression model was fit to the data 
(p-value < 10-4) to quantify the relationship between predictor variables and PFAS 
PODs. Various study factors were considered. They included four categories of 
critical health effects associated with PFAS exposures (hepatic, hormonal (thyrox-
ine), developmental, and immunological). It suggested an exponential dependence 
on the number of carbon atoms adjusted for each PFAS subclass and study 
duration. Other factors, such as critical health effects, types of datasets, and types 
of PODs, did not significantly influence the dependence. Immunological critical 
effects were confounded by other factors making it impossible to delineate their 
contribution at the present level of knowledge. In summary, the available informa-
tion points toward an exponential function of toxicity with respect to the length 
of the carbon chain in a homologous series of unbranched PFAS. Further labora-
tory studies are desirable to confirm or refute the observed dependence. If the 
dependence is confirmed, it may facilitate the estimation of toxicity of PFAS with 
yet unknown toxicity. Disclaimer: The findings and conclusions in this presenta-
tion have not been formally disseminated by the Centers for Disease Control and 
Prevention/the Agency for Toxic Substances and Disease Registry and should not be 
construed to represent any agency determination or policy.

 4372 Dose Addition-Based Approaches Accurately Predict Maternal 
and Neonatal Effects in Sprague Dawley Rats from Three 
Different PFAS Mixtures Studies

J. Conley, C. Lambright, N. Evans, A. Dixon, J. Ford, D. Hill, E. Hines, J. McCord, 
E. Medlock-Kakaley, and E. Gray. US EPA, Research Triangle Park, NC.

Due to the pervasive detection of multiple PFAS in human and environmen-
tal matrices, many health-based agencies are employing or pursuing cumula-
tive assessment and regulatory approaches. However, the literature is lacking 
mammalian in vivo studies that test additivity by comparing observed mixture 
responses to mixture model predictions. We have conducted three developmen-
tal toxicity studies of PFAS mixtures including a 2 PFAS mixture (perfluoroocta-
noate (PFOA) + perfluorooctanesulfonate (PFOS)), a 3 PFAS mixture (hexafluoro-
propylene oxide-dimer acid (HFPO-DA or ‘GenX chemicals’) + Nafion byproduct 2 
(NBP2) + PFOS), and a 6 PFAS mixture (perfluoromethoxyacetic acid (PFMOAA) 

+ HFPO-DA + PFOA + perfluorohexanesulfonate (PFHxS) + NBP2 + PFOS). For all 
individual compounds and mixtures, we exposed Sprague-Dawley rat dams via oral 
gavage from gestation day 8 (GD8) to postnatal day 2 (PND2) and evaluated a 
range of maternal and neonatal endpoints. Dose-response data from individual 
PFAS studies were modeled to obtain curve parameters, and mixture analyses 
were used to evaluate observed mixture effects including the relative potency 
factor (RPF) approach and equations for dose addition and response addition. The 
carboxylate PFAS (PFOA, HFPO-DA, PFMOAA) and sulfonate PFAS (NBP2, PFOS, 
PFHxS) produced multiple common effects across all compounds, however the two 
groups were not toxicologically identical. Effects common across all compounds 
included reduced pup and maternal bodyweights, reduced pup survival, increased 
maternal relative liver weights, reduced serum thyroid hormones, and increased 
liver expression of PPAR signaling pathway genes. With limited exception across 
studies, these endpoints were modelled with equivalent or better fits (based on 
corrected Akaike’s Information Criteria (AICc)) using dose addition compared to 
response addition equations. In the 2 and 3 PFAS mixture studies, reductions in 
maternal bodyweight and weight gain during pregnancy were less-than-additive. 
Thus far, no endpoints have shown greater-than-additive effects that differed by 
>2-fold from dose addition predictions. Deviations from additivity may be due to 
differences in internal dosimetry (e.g., maternal and pup serum and liver concen-
trations) as a function of maternal oral dose between the individual chemical and 
mixture experiments. Most endpoints had statistically similar dose response curve 
slopes across the component PFAS and mixture effects were well predicted by 
endpoint specific RPFs and a dose addition equation that assumes congruent 
slopes. Importantly, RPFs (based on maternal oral dose) for the six PFAS we have 
studied vary by >20-fold across the range of endpoints modeled and it was not 
possible to accurately predict all mixture effects with just a single set of RPFs. 
Endpoints with non-congruent slopes across component PFAS were well-predicted 
using a dose addition equation that does not assume equal slopes. Combined 
exposure to mixtures of PFAS carboxylates and sulfonates produced cumula-
tive effects on multiple maternal and neonatal endpoints and these effects were 
generally well predicted by dose addition-based approaches, particularly the RPF. 
The views expressed in this abstract are those of the author(s) and do not necessar-
ily represent the views or policies of the US EPA.

 4373 Method Development to Establish and Characterize an Air-
Liquid Interface (ALI) Exposure System Using Perfluorooctanoic 
Acid (PFOA) Liquid Aerosol

A. Gupta, B. Moyer, S. Hicks, W. Puerner, J. Newswanger, S. Behringer, C. Griffin, and 
E. Psurny. Battelle Memorial Institute, Columbus, OH.

Due to the demand for increased speed and reduced cost in toxicity testing, the 
desire to modernize test systems, and the need to address ethical objections in 
animal experiments, there has been an accelerating trend to shift from traditional 
in vivo inhalation toxicology studies to the development of alternate animal 
models (e.g., in vitro inhalation exposure systems). A major caveat in using such 
in vitro inhalation exposure systems is that the controlled delivery and accurate 
characterization of exposure atmosphere is extremely challenging. The goal of 
this study was to establish consistent, reproducible exposures using a liquid 
aerosol and collect preliminary biological data following exposure of 3D normal 
human bronchial epithelial (NHBE) cell cultures. A VITROCELL® 24/48 exposure 
system was procured, installed and qualified to conduct air liquid interface (ALI) 
exposures of cell cultures. Perfluorooctanoic acid (PFOA) was used as a represen-
tative test compound for producing liquid aerosol. Methods were developed to 
generate and characterize inhalation exposure atmosphere in ALI exposure system. 
PFOA was formulated in 0.9% saline solution adjusted to pH 6 to 8 at a concen-
tration of 10 mg/mL. To generate exposure atmosphere, a commercially available 
nebulizer (Mini-HEART Continuous Hi-Flo Nebulizer; Westmed, AZ) was used to 
generate aerosol from the liquid formulation. Compressed air was used to dilute 
the aerosol at the output of the nebulizer and carry it to the delivery manifold. A 
real time aerosol monitor (RAM) was used to monitor the temporal variability of 
the aerosol atmosphere. Humidified dilution air was added at the inlet of each row 
of the ALI exposure manifold to dilute the atmosphere to the target concentration. 
The aerosol particle size was measured using Mercer cascade impactor (MCI-G 
series, Intox Products, NM) and optical particle sizer (Model 3330, TSI Inc, MN) 
from numerous sampling locations in the exposure system. NHBE cell cultures 
were exposed to PFOA aerosol for 6-hour duration. Deposited dose on cell cultures 
was determined by measuring amount of PFOA collected in the liquid trap (0.8 mL 
volume: consistent with cell culture media) placed in one of the inserts in each dose 
group. The barrier integrity of cells was evaluated using trans epithelial electric 
resistance (TEER) both prior to and after exposures. The aerosol particle size data 
measured using both instruments was consistent and within the respirable size 
range; mass median aerodynamic diameter (MMAD) ranged from 1.1 to 1.5 µm 
with a geometric standard deviation (GSD) ranging from 1.6 to 2.5. The deposited 
dose in each dose group was consistent with theoretical estimates. Barrier integrity 
measurements did not indicate significant toxicity; TEER values before and after 
exposure were consistent with each other. In summary, methods were developed 
to establish in vitro ALI exposures using liquid aerosol. Future experiments may 
focus on elucidating mechanisms of toxicity using longer or repeated exposures 
and more complex cell culture models to recapitulate additional aspects of the 
biological effects of chronic exposure.
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 4374 Considerations in Evaluating Dermal Absorption of Per- and 
Polyfluoroalkyl Substances (PFAS)

A. Yeh1, L. Kerper2, R. Prueitt1, and B. Beck2. 1Gradient, Seattle, WA; and 2Gradient, 
Boston, MA.

Dermal absorption of PFAS is generally considered to be a minor uptake pathway 
relative to ingestion and inhalation because at the stratum corneum physiological 
pH of 5.5, PFAS exist in ionized forms that do not readily penetrate skin. However, 
findings are inconsistent across studies. Of three studies that measured dermal 
absorption of the PFAS perfluorooctanoic acid (PFOA) in humans or in human 
epidermal membranes, fractional absorption of PFOA ranged by three orders of 
magnitude: 0.048, 1.6, and 48% as reported by Fasano et al. (2005), Abraham and 
Monien (2022), and Franko et al. (2012), respectively. To understand the basis of 
this variability we critically evaluated these studies to (1) identify the most reliable 
dermal absorption factors for PFOA in humans and (2) apply appropriate dermal 
absorption factors to estimate dermal exposures to children from soil and water 
contact at background levels of PFOA. For each study we calculated the dimension-
less ratio, Nderm, equivalent to experimental load/(steady-state flux x experimental 
duration). High values of Nderm indicate infinite dose conditions suitable for measur-
ing steady-state flux, but percent absorption varies inversely with load. Low values 
of Nderm indicate finite dose conditions suitable for measuring dermal absorption 
relevant to realistic environmental or occupational exposures. We determined that 
the in vitro 0.048% dermal absorption of PFOA reported by Fasano et al. is likely 
an underestimate of dermal absorption potential, in part due to the viscosity of the 
aqueous vehicle. We also calculated a high value of Nderm (3,289) which indicates 
that the experimental conditions may not represent realistic finite dose exposures. 
In contrast, the in vitro 48% dermal absorption of PFOA reported by Franko et al. is 
likely an overestimate of dermal absorption potential because (1) the vehicle solvent 
was acetone, which enhances dermal penetration of amphipathic compounds like 
PFAS, and (2) the experiment was conducted at an acidic pH of 2.25 at which PFOA 
is essentially fully un-ionized and exhibits 1,000-fold greater dermal permeability 
than the ionized form at pH 5.5 (i.e., 5.5 x 10-2 and 4.4 x 10-5 cm/h, respectively). 
Accordingly, we calculated ~1,000-fold differences in steady-state flux (165 and 
0.132 μg/[cm2-h]) and Nderm (0.592 and 740) for PFOA at pH 2.25 and 5.5. Abraham 
and Monien estimated dermal absorption of PFOA from an applied sunscreen to be 
1.6%; however, the data were collected from a single human subject and the experi-
mental conditions represented a worst-case exposure scenario (i.e., the sunscreen 
was applied over the entire body surface and the subject did not shower for 48 
hours afterwards). Nevertheless, we calculated Nderm = 0.704 suggesting the experi-
ment was conducted under finite dose conditions. Based on the available data 
we propose that the most plausible dermal absorption factors for PFOA are 1.6% 
absorption (after 48 hours) and permeability coefficient of 4.4 x 10-5 cm/h (after 24 
hours) at pH 5.5. Applying these dermal absorption factors and background levels 
of PFOA in soil (0.124 μg/kg) and drinking water (30 ng/L), we estimated dermal 
exposures for children playing in mud and bathing to be 7.3 x 10-9 and 1.8 x 10-7 mg/
kg-day, respectively. Our estimates reflect low dermal absorption of PFOA relative 
to absorption from ingestion. We believe our analysis is consistent with low dermal 
absorption of other PFAS based on their ionic properties at pH 5.5. Experimental 
studies of the dermal kinetics of other PFAS will provide more precise estimates 
of absorption parameters. Future studies should use non-viscous, non-acetone 
vehicle solvents at an environmentally relevant pH of 5.5, and test multiple doses of 
PFAS under both infinite and finite dose conditions to reliably measure steady-state 
flux and dermal absorption potential, respectively.

 4375 Hazard Characterization and Grouping of PFAS Using a 
Compendium of Human Cell Lines from Different Organs

L. C. Ford, W. A. Chiu, and I. Rusyn. Texas A&M University, College Station, TX.

Per- and polyfluoroalkyl substances (PFAS) are widely used in manufacturing, as 
components of firefighting foams, and in many consumer products. Because of 
their widespread use, PFAS are ubiquitous in the environment and are also widely 
detected in the general population. As a result of their prevalence and stability, 
PFAS are considered to be emerging contaminants of very high concern; yet there 
is a lack of hazard information for the vast majority of the thousands of PFAS in 
various chemical inventories. Testing these for potential hazard, even in cell-based 
assays, is a challenge and efforts are underway to group and prioritize PFAS. In 
this study, we screened a diverse set of 56 PFAS representing various structure-
based classes using an in vitro testing strategy consisting of a panel of 5 organo-
typic human cell lines, which we have previously shown to be applicable to hazard 
and risk assessment of diverse environmental chemicals. We hypothesized that 
this compendium of human in vitro models can be used to refine groupings of 
PFAS and identify potential organ-specific effects. Specifically, PFAS were tested 
in concentration response (0.1 to 100 μM) using human induced pluripotent stem 
cell (iPSC)-derived hepatocytes, neurons, cardiomyocytes, as well as primary 
human hepatocytes and endothelial cells. Points of departure (POD) were derived 
for cell type-specific functional and viability phenotypes. We found that for most 
phenotypes, the majority of tested PFAS were without effect; however, cell-specific 
responses were observed for some PFAS, indicating that a compendium of in vitro 
models may be necessary to identify potential organ-specific effects. In addition, 
protein binding was evaluated for a subset of representative PFAS to determine 

in vitro bioavailability. The fraction unbound (% free) was highly correlated with 
the chemicals corresponding logKOW (r2 = 0.76 for 10 μM and r2 = 0.67 for 100 
μM), such that as the logP decreased the fraction unbound increased. The fraction 
unbound ranged from 0.15% to 95% for 10 μM and 2.98% to 93.61% for 100 
μM test conditions. Overall, this study is novel as it uses a wide range of PFAS 
and a compendium of human cell-based models to provide critical hazard data 
for extrapolation to human biomonitoring results. We also demonstrate how a 
panel of diverse in vitro models can be used to rank and group PFAS to inform 
risk-based decision-making.

 4376 A Bayesian Hierarchical Methodology to Characterize Species- 
and Sex-Dependent PFAS Pharmacokinetics

T. J. Zurlinden1, M. W. Dzierlenga1, D. F. Kapraun1, A. S. Bernstein1,2, C. Ring1, 
P. M. Schlosser1, and V. Morozov1. 1US EPA/ORD, Research Triangle Park, NC; and 2Oak 
Ridge Institute for Science and Education, Oak Ridge, TN.

The carbon chain length and degree of fluorination of per- and polyfluoroalkyl 
substances (PFAS) greatly influence their physio- and biochemical properties and 
can result in long half-lives and accumulation in humans and laboratory animals. 
For humans, exposure to many PFAS occurs through a variety of environmental 
sources such as food and water, and protein binding coupled with possible renal 
resorption allows some PFAS to remain in the body for years. Pharmacokinetic (PK) 
parameters derived from laboratory animal studies can provide the underlying data 
for inter-species extrapolation to inform human PFAS PK. However, physiological 
variation, sex-specific differences in PFAS clearance, disparate model assump-
tions, and parameterization techniques for fitting PK models can result in large 
differences among PK parameters, making cross-species extrapolation difficult. 
Specifically, classic multi-compartment model parameterization can encounter 
issues with parameter identifiability owing to the ill-posed nature of the sum of 
exponentials solution. To address these concerns with PFAS pharmacokinetics, 
we developed a Bayesian inference hierarchical model to estimate PFAS PK for 
multiple species (mice, rats, and non-human primates) across numerous data sets. 
This methodology includes an alternate parameterization of the one- and two-com-
partment models to address concerns with identifiability issues inherent in standard 
parameterizations and allows for prior information to be utilized for PK parameters 
of interest such as clearance and volume of distribution. To parameterize these 
models, we reviewed the existing literature to obtain time course blood and tissue 
concentration data and used 72 studies to estimate PK parameters in both sexes 
of rats, mice, and non-human primates for eight PFAS: PFHxA, PFHxS, PFNA, 
PFDA, PFBS, PFBA, PFOA, and PFOS. Using the Bayesian approach, we obtained 
distributional estimates of animal PK parameters of interest such as the terminal-
phase elimination half-life, volume of distribution (Vd), and clearance. The resulting 
half-life estimates ranged from two hours for shorter-chained (C4, C6) PFAS in 
female rats to 80 days for longer chained (C8, C10) PFAS across both sexes in 
rats, and up to 150 days for shorter chained (C6) PFAS in non-human primates. 
Additionally, a model-agnostic clearance and volume of distribution was derived for 
every PFAS/species/sex combination which allowed for inter-species relationships 
in clearance and volume of distribution to be explored. Finally, probabilistic informa-
tion criteria allowed for one- vs. two-compartment model selection to determine PK 
parameters from the best fit. Ultimately, this study provides a large collection of 
in vivo derived PFAS PK parameters across multiple species and sexes. These 
estimates, which include quantitative information about uncertainty, are useful for 
the development of more robust and physiologically relevant PK models. Finally, 
they can provide a foundation for inter-species extrapolation models to predict 
half-lives for PFAS when PK data are unavailable.

 4377 Toxicological Activity Profiling and Potency Ranking of Per‐ and 
Polyfluoroalkyl Substances (PFAS) Using ToxProfiler

B. ter Braak, L. Wolters, K. Elbertse, and G. Hendriks. Toxys B.V., 
Oegstgeest, Netherlands.

Per‐ and polyfluoroalkyl substances (PFAS), also known as “the forever 
compounds”, are a class of man-made chemicals. Due to their high stability, PFAS 
have the tendency to accumulate in organisms and their environment. Despite 
extensive in vitro and in vivo testing of PFAS, there is a remaining concern about 
the human safety of these chemicals. Current in vitro testing strategies often focus 
on generic cytotoxicity endpoints and often fail to provide insight into the toxico-
logical Mode of Action (MoA) which is important for human safety prediction. In 
this study we have applied a novel imaging-based reporter assay, ToxProfiler, to 
gain insight into the biological activity of 14 widely applied PFAS compounds. The 
ToxProfiler assay consists of a panel of seven GFP reporter cell lines. The assay 
includes reporters that are activated upon induction of oxidative stress, ER stress, 
cell cycle stress, ion stress, protein stress, autophagy and inflammation. Using live 
cell confocal imaging of these seven reporters, an extensive toxicological profile 
of compounds was obtained. Hierarchical clustering of the PFAS compounds 
based on their ToxProfiler profiles and calculation of the Point of Departure (PoD) 
concentrations for the different toxicological responses was used for grouping 
and potency ranking. In this study, the alcohol telomers (e.g. FtOH 8:2) and some 
of the perfluoro octane sulfonates (e.g. PFOS) only induced oxidative stress. For 
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other PFAS, especially some of the perfluorooctanoates (e.g. PFOA), a much more 
complex toxicological profile was observed, including induction of oxidative stress, 
cell cycle inhibition, ion stress, protein-stress and an autophagy response. Other 
PFAS, like the perfluoroalkyl carboxylate PFBA, were less potent and induced 
autophagy only at millimolar concentrations. Together, the ToxProfiler assay could 
be applied to generate extensive and quantitative biological activity profiles of 
different PFAS. The ToxProfiler results are largely in line with available in vivo data 
for the tested PFAS. Different pathologies, including liver toxicity which is mainly 
driven by oxidative stress, cell cycle disturbance, and disturbed fat metabolism 
have been reported for the PFAS.

 4378 An In Vitro Quantitative Structure-Activity (QSAR) Approach in 
the Risk Assessment of PFAS Using HepG2 and THP-1 Cells

V. H. Amstutz1, A. Cengo1, D. T. Sijm1,2, and M. F. Vrolijk1. 1Maastricht University, 
Maastricht, Netherlands; and 2Netherlands Food and Consumer Product Safety Authority, 
Utrecht, Netherlands. Sponsor: A. Opperhuizen, EUROTOX.

Per- and polyfluoroalkyl substances (PFAS) design a family of compounds charac-
terized by their fluorinated carbon chain-length and high thermal and chemical 
stability. Human exposure to PFAS has become a growing concern as they have 
been detected in soil, surface water, and food contact material. However, despite 
their ubiquitous nature, relatively little is known about PFAS toxicity outside legacy 
compounds such as perfluorooctanoic acid and perfluorooctanoic sulfonate. 
One of the main reasons behind the poor understanding of PFAS has been their 
diversity, with over 4.700 identified compounds. PFAS variety has rendered classic 
risk assessment approaches both time-consuming and costly. As such, the present 
study aims to open the way to include a quantitative structure-activity relationship 
(QSAR) approach in the risk assessment for PFAS. Linking the chemical characteris-
tics of PFAS to multiple in vitro toxicological endpoints will help set up the basis for 
a predictive model to screen for potentially hazardous PFAS in future risk assess-
ments. In the present study, both hepatotoxicity and immunotoxicity of PFAS have 
been assessed in vitro using HepgG2 and THP-1. Well-established toxicological 
assays were employed to assess cytotoxicity (MTT), and reactive oxygen species 
formation (DCFH-DA). In addition, cytokines release by THP-1, and cytochrome 
P450 (CYP) activity were assessed in relation to different PFASs. As such, fifteen 
linear PFAS, with chain-length ranging from 4 to 10 carbons and with either carbox-
ylic (PFCA), sulfonic (PFSA), or alcoholic (FTOH) headgroups, have been selected 
and tested in the current study. A clear structure-activity relationship between 
PFAS and cytotoxicity has been observed in both HepG2 and THP1 cell lines. Cell 
viability decreased with increasing PFAS’ chain-length. However, the effect of the 
headgroups of PFAS was cell line dependent. For hepG2, FTOHs exposure resulted 
in no significant toxicity, while PFSAs and PFCAs reduced cell viability. However, 
for THP-1, FTOHs appeared to have higher toxicity when compared to PFSAs and 
PFCAs. In HepG2, exposure to PFAS resulted in reactive oxygen species (ROS) 
generation after 1h for all tested compounds, except for the FTOHs. Moreover, a 
similar structure-activity relationship has been observed as with the cytotoxicity 
data, with increased ROS generation with increasing carbon chain-length and no 
observed effect for FTOHs compared to PFSAs and PFCAs. In THP-1, PFAS have 
been observed to reduce cytokine release after exposure to Lipopolysaccharides 
(LPS) in both monocytes and differentiated macrophages. In monocytes, the PFAS 
potential to decrease TNF-α release was chain-length dependent, and FTOHs 
displayed a greater effect than PFCAs and PFSAs. Similar results were observed 
for IL-6, IL-1β, and TNF-α release by macrophages. CYP inhibition by PFAS has been 
evaluated using the following CYPs: 3A4, 2C19, 2D6, and 2E1. Initial inhibition data, 
expressed as IC50 values, demonstrated a potential link between PFAS structure 
and CYP inhibition. For CYP 3A4, 2C19, and 2D6, PFSAs resulted in stronger inhibi-
tion than PFCAs, while FTOHs only inhibited CYP2E1. However, no clear relation-
ship between chain-length and CYP inhibition by PFAS could be determined. The 
present study demonstrated a structure-activity relationship for PFAS focusing 
on various endpoints. The PFAS’s toxicity appeared to be strongly related to their 
chain-length. In addition, the functional headgroup also influences the toxicity of 
PFASs. However, unlike the carbon chain-length, the headgroup effect appeared to 
be both endpoint and cell line dependent.

 4379 A Web-Based Interactive Generic Physiologically Based 
Pharmacokinetic (igPBPK) Platform and Its Application to 
Predict Meat and Milk Residues and Withdrawal Intervals 
for Per- and Polyfluoroalkyl Substances (PFAS) in Beef and 
Dairy Cattle

W. Chou1, Y. Cheng2, L. A. Tell3, R. E. Baynes4, F. P. Maunsell1, J. L. Davis5, J. E. Riviere4,6, 
and Z. Lin1. 1University of Florida, Gainesville, FL; 2Kansas State University, Manhattan, 
KS; 3University of California Davis, Davis, CA; 4North Carolina State University, Raleigh, 
NC; 5Virginia-Maryland College of Veterinary Medicine, Blacksburg, VA; and 6Kansas 
State University, Olathe, KS.

Per- and poly-fluoroalkyl substances (PFAS) have attracted public attention 
concerning human, animal, and environmental health due to their global presence, 
extreme persistence in the environment, long half-lives in humans, and their 
potential for toxicity. A significant source of human exposure to PFAS can be 

dietary intake from milk and edible tissues from food animals, but there is a lack 
of understanding of the distribution and withdrawal time of PFAS in food-producing 
animals. This study aimed to develop a generic physiologically based pharmaco-
kinetic (PBPK) model to predict tissue and milk residues and estimate withdrawal 
intervals (WDIs) for multiple PFAS compounds including PFOA, PFOS and PFHxS in 
beef cattle and lactating dairy cows. Results showed that model predictions were 
mostly within a two-fold factor of experimental data for all three studied PFAS in 
plasma, tissues, and milk, with an estimated coefficient of determination (R2) of 
>0.95. The predicted tissue WDIs for beef cattle were <1 day for PFOA, 976 days 
for PFOS, and 81 days for PFHxS, and the predicted milk WDIs in dairy cows were 
<1 day for PFOA, 743 days for PFOS, and <1 day for PFHxS following daily intake 
exposure in a high contamination area (e.g., PFOA: 12.3 ng/kg/day, PFOS: 236 
ng/kg/day, and PFHxS: 56.8 ng/kg/day for beef cattle for 2 years) based on safe 
consumption action levels (e.g., 7.27 ng/g for PFOA and PFOS and 1.45 ng/g for 
PFHxS in muscle) calculated using reference doses. The final PBPK model was 
converted to a web-based interactive generic PBPK (igPBPK) platform to provide a 
user-friendly quantitative tool for predictions of tissue WDIs for PFAS in beef cattle 
and dairy cows. This model both serves as a foundation for extrapolation to other 
PFAS chemicals to improve safety assessment of cattle-derived food products as 
well as clearly illustrating their biopersistence in food animals.

 4380 Weight of Evidence Evaluation for PFOA/PFOS-Induced 
Immunotoxicity: Findings and Recommendations from an 
Independent Panel of Experts

J. K. Anderson1, G. J. Garvey2, P. E. Goodrum3, K. H. Tyndall4, C. R. Kirman5, and 
S. M. Hays5. 1GSI Environmental, Austin, TX; 2GSI Environmental, Philadelphia, PA; 
3GSI Environmental, Fayetteville, NY; 4Independent Consultant, Round Rock, TX; and 
5SciPinion, Bozeman, MT.

There is current regulatory and public interest in understanding whether and by 
how much chronic exposure to environmentally relevant concentrations of PFAS 
might increase human health risks. One much-debated hypothesis is that exposure 
to certain PFAS causes immune dysregulation, thereby potentially increasing 
susceptibility to specific diseases. An independent expert panel was assembled 
by SciPinion to take part in a modified Delphi-formatted review with a goal of 
developing consensus positions on the current state of science on immune effects 
from exposure to perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate 
(PFOS). The panel achieved general agreement or consensus on five key concepts 
based on their evaluation of the weight of evidence: 1) there is a moderate level of 
evidence that PFOA and PFOS are immunotoxic, based primarily on evidence from 
animal data; 2) the concordance between animal data and human relevance cannot 
be well established due to limitations of the available data and testing methods; 
3) data from the Faroe Islands cohorts should not be used as the primary basis 
for deriving PFOA/PFOS toxicity values used in human health risk assessments; 
4) while a reduction in vaccine antibody titer (VAT) is one metric for evaluating 
chemical-induced immunotoxicity, VAT is not useful as a standalone metric of 
chemical-induced immunotoxicity and should not be used as the sole critical effect; 
and 5) animal toxicity studies provide a comprehensive and preferred dataset from 
which to derive a point of departure (POD) from non-immune related health effects 
endpoints. The expert panel recommended accounting for the potential PFOA/PFOS 
immunotoxicity by applying a database uncertainty factor to the POD derived from 
animal toxicity studies for other more robust, critical effect endpoints. To determine 
whether PFOA/PFOS may actually be immunotoxicants at low exposure levels, the 
panel recommended long-term studies in at least two different rodent species/
strains followed by confirmation testing in other non-rodent species, evaluations 
with both sexes of rodents at lower dose levels, and more complete measurements 
of immune responses. Information on mechanism of action is also desired to 
inform decisions on causation and human relevance. The panel concluded that 
the currently available epidemiology studies on the Faroe Islands cohort suffer 
from weaknesses in study design (e.g., lack of matched controls, unvaccinated 
control population, covariate analysis, internally inconsistent results) that should 
preclude their use. More generally, while available data provide some evidence 
of an observable association between PFOA/PFOS exposure and immunotoxicity 
in exposed populations, criteria development should rely on multiple high-quality 
studies showing adverse effects.

 4381 Industrial Exposure and Health Effects of Poly- and 
Perfluoroalkyl Substances (PFASs): An Indian Perspective

N. Verma, K. Thapa, and N. Kanojia. Chitkara University School of Pharmacy, 
Baddi, India.

Because of the widespread dispersion in aquatic habitats, perfluorinated chemicals 
like Poly- and perfluoroalkyl substances (PFASs) had increasingly received a lot 
of attention. The physical properties, origin, and transit of PFAs in underground 
water are currently poorly defined. Initial research specifies that such chemicals 
may easily accumulate in the environment and represent a threat to human health. 
Immediate exposures related to product usage could be rapidly phased out along 
with changes in chemical manufacturing, while hazards caused by PFAS buildup 
inside the sea and marine food systems, as well as groundwater pollution, remain 
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throughout prolonged times. Precursor detection is difficult owing to the need for 
specialized instrumental methods and reference compounds. Adsorption has been 
the most widely used technique as it is very economical. This study focuses on 
understanding- prevalent PFAS exposed pathways for industrial groups, health 
impacts and critical research demands for repeated exposures.

 4382 Interpretable Neural Network for Predicting the Toxicity 
and Associated Adverse Outcome Pathways of Per- and 
Polyfluorinated Substances

C. Ji, Y. Zhou, and K. Shao. Indiana University Bloomington, Bloomington, IN.

PFAS (Per- and Polyfluorinated Substances) have been detected in the drinking water 
of 50 states, two territories in the US, and even in the blood of 97% of Americans 
as an emerging pollutant. PFAS may act as endocrine and metabolic disruptors, 
increase cholesterol levels, adversely impact the immune system, and cause liver 
damage and cancer. PFAS’ toxicity and their impact on human health should be 
evaluated to inform decision-making about health protection from exposure to 
PFAS. Current toxicology experiments have only covered a few PFAS species [e.g., 
perfluorooctanoic Acid (PFOA) and perfluorooctane Sulfonate (PFOS)], compared 
to a large number of PFAS compounds available on the market. To address this 
problem, we propose a data-driven, lab-free interpretable computational approach 
to determine Adverse Outcome Pathways (AOP) and important chemical groups 
associated with PFAS toxicity and quantitatively predict the corresponding point 
of departure (POD). This project aims to utilize available in vivo, in vitro assays, and 
in silico data and apply deep learning methods to construct an interpretable neural 
network DeepPFAS (1) to quantitively and mechanistically explain and predict the 
PFAS toxicity and (2) to support the human health risk characterization of PFAS 
and their mixtures. To achieve that, three conceptual steps are proposed. First, a 
hierarchy of known putative molecular components and pathways will be identified 
based on available PFAS data in public data reservoirs. The adverse outcome we 
focus on is PFAS-induced liver injury. The AOP will be used to construct and train 
an interpretable visible neural network with the activation status of receptors as 
the input layer and the state of adverse outcomes as the output layer. In parallel, 
the molecules of tested PFAS are encoded as molecular graphs used as the input 
layer to make predictions on the POD. Together, the two branches will be trained 
using available in vivo, high-throughput screening, and PFAS structure data. The 
ultimate goal is to enable DeepPFAS’s capability to make predictions on toxicity 
and to identify AOP and chemical substructure that are crucial for toxicity. These 
model predictions could be used to group PFAS and characterize the risk of PFAS 
mixtures using the generalized concentration addition (CA) and independent action 
(IA) methods in support of PFAS regulations. We have established the PFAS AOP 
for the PPARα receptor activation, a plausible initiating event reported by published 
in vitro data. In addition, the in vitro data of 249 PFAS molecules containing the C(F)
(F) structure for the top 6 active bioassays from the Tox21 database are used to 
train and validate machine learning models describing the relationship between 
PFAS fingerprints and corresponding bioactivities. The 249 data are split into 80% 
training (199) and 20% (50) validation datasets. Here, the extended-connectivity 
fingerprint with 1024 features, is employed to indicate the compound’s partial 
structure in PFAS chemicals. Four machine learning algorithms, including the 
Random Forest, Support Vector Machine, Dense Neural Network, and Convolutional 
Neural Network, are used to predict bioactivities. All algorithms have an acceptable 
average AUC score from 0.72 to 0.75. Our future work will focus on developing the 
model, integrating the established AOP and toxicity branches to mechanistically 
explain and predict PFAS toxicity. These results will provide interpretable toxicity 
evaluation, which will eventually accelerate risk assessment on PFAS substances 
to guide policymakers.

 4383 Occurrence and Distribution of Perfluoroalkyl Substances in 
Terrestrial and Aquatic Food Species from Nigeria

A. O. Adeogun1, O. R. Ibor2, A. Chukwuka3, D. Omogbemi1, F. V. Oluwale1, A. A. Oni1, 
A. Asimakopoulos4, J. Zhang4, and A. Arukwe4. 1University of Ibadan, Ibadan, Nigeria; 
2University of Calabar, Calabar, Nigeria; 3National Environmental Standards and 
Regulations Enforcement Agency, Abuja, Nigeria; and 4Norwegian University of Science 
and Technology, Trondheim, Norway.

Perfluoroalkyl substances (PFAS) are persistent environmental contaminants widely 
used in industrial and consumer products. The ubiquitous occurrence and distribu-
tion of PFAS, together with reported biota and human effects has attracted global 
attention. In this study, we have investigated, using LC-MS/MS, the occurrence, 
organ- and species-specific concentrations and bioaccumulation of PFAS in aquatic 
sediments, earthworm (Lumbricus terrestris), gastropod (Pachymelania aurita) 
and food fish species (Chrysichthys nigrodigitatus, Sarotherodon melanotheron 
and Coptodon guineeensis) from Ologe Lagoon (one of the five major lagoons in 
southwestern Nigeria). The Ologe Lagoon receives a complex mixture of industrial 
and domestic effluents. A total of 31 PFAS was measured in sediments, terrestrial 
invertebrates and fish species showing PFOS, PFBS, diSAMPAP and PFOSA (∑9282, 
7233, 5920 and 226.5 pg/g, respectively) as the dominant PFAS. The sum of total 
PFAS (∑PFAS) concentrations were 9172, 18207 and 483.2 (pg/g) in sediment, 
earthworm and gastropod, respectively. In food fish species, PFAS concentrations 

were higher in the liver (7491 and 3067 pg/g), compared with muscle (1671 and 
1235 pg/g) respectively, for C. nigrodigitatus and Coptodon guineeensis, suggesting 
organ-specific accumulation pattern. Interestingly, perfluorooctane sulphonamido 
ethanol-based phosphate ester (diSAmPAP) which is a potential PFOS precursor 
and is used for food contact papers and packaging, was measured in both sediment 
and biota. While there are limited scientific information regarding diSAmPAP, our 
findings show that it represents a concern as possible additional source for PFAS 
exposure to human through aquatic food resources.

 4384 What about Dermal and Inhalation Exposure for PFAS? A 
Comparative Assessment of Exposure Pathway Contributions to 
Chronic Dose and Risk for Legacy PFAAs

P. E. Goodrum1, G. J. Garvey2, J. K. Anderson3, K. H. Tyndall4, and G. K. Ansell5. 1GSI 
Environmental, Fayetteville, NY; 2GSI Environmental, Philadelphia, PA; 3GSI Environmental, 
Austin, TX; 4Independent Consultant, Round Rock, TX; and 5GSI Environmental, 
Worcester, MI.

While varying definitions of PFAS have been proposed, it is clear that PFAS comprise 
a very broad range of compounds with a variety of complex functional groups 
imparting wide ranging chemical and physical properties. Data gaps and uncertain-
ties in both the exposure pathway and toxicity assessments remain, particularly 
for the dermal and inhalation exposure pathways. Most PFAS are not amenable 
to predictive modeling using physicochemical properties (e.g., log Kow) and toxico-
logical data are lacking to support route-to-route extrapolation of toxicity values 
(e.g., RfCs). As a result, the calculation of human health risks from the dermal and 
inhalation exposure pathways are uncertain and consideration should be given to 
whether this uncertainty precludes a careful assessment of the relative pathway 
contributions at the initial problem formulation stage of risk assessments. Here, 
we show that for selected perfluoroalkyl acids (PFAAs) that are the focus of regula-
tory attention, sufficient empirical data are available to conclude that the dermal 
and inhalation pathways, while uncertain, are unlikely to contribute substantially to 
dose and risk compared with the oral exposure pathway. For the dermal pathway, 
we evaluated exposure and risk from drinking water and dermal contact pathways 
for five PFAAs (PFBS, PFHxS, PFOS, PFOA, and PFNA) included in the November 
2022 update of the USEPA Regional Screening Levels (RSLs), which includes oral, 
dermal, and inhalation exposure from residential tap water use. USEPA RAGS Part E 
recommends a screening level step to exclude compounds from the dermal-water 
pathway from a conceptual site model (CSM) when the pathway contribution to 
dose is less than 10% of the oral-water dose. In addition, depending on the log 
Kow selected, some of these compounds may fall outside the Effective Predictive 
Domain (EPD) recommended by USEPA for quantitatively evaluating dermal 
exposure. By applying USEPA methodology and empirical data on dermal exposure 
parameters from the literature, we show that dermal doses and risks are well below 
10% when compared to the tap water ingestion pathway for both child and adult 
receptors. For the inhalation pathway, there is uncertainty regarding both potential 
volatility and inhalation dose-response relationships for these PFAAs. Although 
some state agencies have developed inhalation toxicity values for some PFAS 
based on route-to-route extrapolation, the USEPA has long recommended that this 
should not be done without supporting pharmacokinetic and/or biological-based 
dose-response models. Estimates of potential volatility and aerial exposure and 
the current toxicological database of inhalation data are explored for these PFAAs. 
Based on this information, and considering the chemical form of PFAAs likely to 
present in the environment, exposures to the general population today from legacy 
PFAS contamination are unlikely to result in significant inhalation exposures. 
Particulate-bound PFAS may be adequately accounted for via use of default partic-
ulate ingestion rates. Consistent with USEPA guidance, for CSMs involving dermal, 
inhalation, and oral exposure to PFAS, sufficient information is available to exclude 
the dermal-water and inhalation pathways from quantitative risk characterization.

 4385 The High Stability of Polytetrafluoroethylene (PTFE) Does 
Not Imply Toxicity or Bioaccumulation, Future Degradation, 
and Release or Transformation into a Source of Substances 
of Concern

B. J. Henry1, H. S. Adragna1, and P. D. Drumheller2. 1W. L. Gore & Associates, Elkton, MD; 
and 2W. L. Gore & Associates, Flagstaff, AZ.

The European Chemicals Agency considers persistence to be the key marker of 
high risk in the hazard assessment of all PFAS. To determine if PTFE’s high stability 
results in or is correlated with hazard, fine powder PTFE (meeting ASTM D4895-18, 
made with a non-PFOA fluorinated polymerization aid) was subjected to standard 
OECD eFate studies at Charles River Labs (Den Bosch, the Netherlands). Following 
the current risk assessment paradigm with these data, we pose questions for a 
new paradigm for persistent compounds differing from traditional POPs. Studies 
to investigate air, water, soil partitioning and biodegradability included: melting 
point/range OECD 102, molecular weight (MW) and MW weight distribution OECD 
118, vapor pressure OECD 104, Henry’s Law constant, thermal gravimetric analysis, 
octanol-air partition coefficient, thermal stability in air OECD 113; solution/extraction 
behavior in water OECD 120, water solubility OECD 105, partition coefficient OECD 
107 and OECD 117; ready biodegradability OECD 301B, inherent biodegradability 
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OECD 302C, biodegradability in seawater OECD 306. Vapor pressure was <1 x 
10-10 mm Hg at 20°C. Thermal gravimetric analysis showed no decomposition 
or chemical reaction <150°C, and 5% weight loss at 549°C. Fine powder PTFE was 
thermally stable at continuous use processing temperature of 260 °C. The melting 
transition temperature of ~350°C was determined using differential scanning 
calorimetry, with no further melting /decomposition below 400°C, showing stability 
at environmentally relevant temperatures. These results demonstrate low volatility 
or partitioning to air at <150°C. Fine powder PTFE was not sufficiently soluble to be 
evaluated using GPC even after sonication and stirring (19 hours) in representative 
solvents. Standard Specific Gravity and Melt Flow Rate are used to determine fluoro-
polymers MW rather than rheological and dynamic light scattering methods. By 
alternative methods, the molecular weight was >500,000 Da. Fine powder PTFE was 
not dissolvable in water (OECD 105, 120). The lack of solubility in octanol or water 
(OECD 107, 117), prevented determination of octanol/air or octanol/water partition 
coefficients. The Henry’s Law Constant was not determined due to the insolubility 
of fine powder PTFE. Fine powder PTFE was not readily (OECD 301B) or inherently 
(OECD 302C) biodegradable. ISO 10993-1, Biocompatibility of Medical Devices 
testing (cytotoxicity, irritation, sensitization, implantation, acute and subchronic 
toxicity, material-mediated pyrogenicity, hemocompatibility, genotoxicity (in 
vitro and in vivo)) on fine powder PTFE was performed in compliance with Good 
Laboratory Practices. The results demonstrate the biocompatibility and low toxicity 
of fine powder PTFE. The data generated on fine powder PTFE, from the standard 
OECD eFate studies under environmentally relevant conditions, support that this 
PTFE does not partition to air, water, or soil. PTFE was biotically/abiotically stable 
and not transformed to perfluoroalkyl acids, which are substances of toxicological 
concern. PTFE has inherently low toxicity as demonstrated by OECD eFate studies 
and ISO 10993-1 testing; these studies confirm that PTFE does not degrade nor 
release/transform into a continuous source of PFAS substances of concern. The 
high stability of PTFE does not imply hazard.

 4386 Lifestyle and Climate Factors Interact with Wildfire-
Related Air Pollution to Worsen Neuroendocrine and 
Cardiometabolic Function

T. W. Jackson, D. I. Alewel, M. C. Schladweiler, P. M. Evansky, D. Davies, M. Monsees, 
M. S. Hazari, A. K. Farraj, and U. P. Kodavanti. US EPA, Research Triangle Park, NC.

Climate scenarios predict more frequent and longer-lasting heatwaves alongside 
increased ambient particulate levels from widespread wildfires. These conditions 
are predicted to exacerbate cardiometabolic disorders, especially in vulnerable 
populations. We hypothesized that stress caused by high-temperature housing 
(HT), unhealthy high-cholesterol diet (HCD), and episodic subchronic wildfire-re-
lated eucalyptus smoke exposure (WFES) would interact to disrupt cardiometabolic 
homeostasis. Male Wistar Kyoto rats (4-week-old) housed at standard housing 
conditions (~22°C) or HT, (~31°C) just above temperatures historically charac-
terized as thermoneutral for rats, for 13 weeks received either normal (ND) or 
2% cholesterol-supplemented diet (HCD) and were exposed to either filtered air 
or WFES (~7 mg/m3 x 1hr/d x 1d/week x 13 weeks). In-life testing of metabolic 
and cardiovascular physiology were performed during exposure periods, while 
tissue and ex vivo vascular assessment were performed at necropsy. Rats at HT 
had substantial reductions (>30%) in body weight gain and increased lean mass 
compared to RT housed rats regardless of diet. HCD increased serum cholesterol 
(driven by increases in LDL) and caused fatty livers in rats at RT or HT; in HT rats, 
the overall cholesterol increase was mitigated due to a concomitant reduction in 
HDL that was irrespective of diet. Glucose homeostasis was strikingly disrupted 
by HCD and/or WFES, and these effects were dramatically modified by HT housing. 
Glucose tolerance testing (GTT) revealed that HT rats had lower basal glucose 
and increased glucose clearance compared to RT. The HCD- and WFES-induced 
glucose intolerance noted in RT rats was less remarkable in HT rats. In all groups, 
WFES-exposed rats exhibited decreased glucose clearance. Insulin tolerance 
testing revealed that WFES or HCD effects on glucose clearance were not due 
to insulin resistance. Pyruvate tolerance testing revealed that HCD decreased 
gluconeogenesis, and that this effect was exacerbated in HT rats. The disruptions 
in glucose homeostasis indicate that the observed glucose intolerance is likely 
due to insulin insufficiency, an effect often observed during subchronic exposure 
to stress. Marked interactive cardiovascular effects of HT, WFES, and HCD were 
noted along with alterations in blood clinical biomarkers of coagulation. HT rats 
showed evidence of thrombocytopenia alongside increased platelet volume, 
indicating disruption of hematopoiesis and blood chemistry. Thrombocytopenia 
effects of HT in HCD were exacerbated in WFES-exposed rats. Atherogenic 
vascular effects of HCD and WFES, tested using an ex vivo aortic ring bath and 
cardiovascular ultrasound, were again modified at HT. At RT, HCD or WFES individ-
ually amplified aortic vasoconstriction and minimized vasorelaxation induced by 
respective agonists (HCD>WFES), with greater cumulative effects observed with 
combined HCD and WFES. However, these vascular effects of HCD and/or WFES 
were mitigated in animals at HT. These clinically relevant data demonstrate that HT 
reduced growth and exacerbated WFES and/or HCD-associated platelet alterations 
while mitigating glucose and HDL metabolic effects together with compensating 
for cardiovascular physiological responses associated with both these stress-
ors. Thus, lifestyle factors (e.g. unhealthy diet) can interact with climate-induced 
increases in temperature and/or air pollution exposures to induce cardiometabolic 
disruption and exacerbate chronic disease outcomes.

 4387 Increased Ambient Temperature and Housing Conditions Alter 
the Behavioral and Cardiovascular Response following a Single 
Eucalyptus Wildfire Smoke Exposure in C57/BL6 Mice

M. Fiamingo1, S. Toler1, K. Lee2, W. Oshiro3, T. Krantz3, P. Evansky3, D. Davies3, 
M. I. Gilmour3, A. Farraj3, and M. Hazari3. 1University of North Carolina at Chapel Hill, 
Chapel Hill, NC; 2Oak Ridge Institute for Science and Education, Oak Ridge, TN; and 3US 
EPA, Research Triangle Park, NC.

Extrinsic factors of urban living are increasingly being recognized as variables that 
affect the toxicological response. These factors, such as accessibility to green 
space and increased ambient temperature, have been correlated with various 
adverse health outcomes due to psychosocial/ physiological stress, specifi-
cally anxiety and cardiovascular morbidities. Moreover, those living in an urban 
environment are consistently exposed to air pollution, underscoring the need to 
elucidate the synergistic effects of climate change and psychosocial stress on the 
health impacts of air pollution. This study was conducted to evaluate the effect 
of increased living temperature and psychosocial stress on the cardiovascular 
response to a single eucalyptus wildfire smoke (WS) exposure. C57/BL6 mice 
were separated into either enriched or depleted housing environment at either 22 
(NT) or 31°C (HT) for 22 weeks. During this time, whole body plethysmography, 
high-frequency echocardiography, and behavioral testing was conducted. A cohort 
of mice with implanted radiotelemeters were separated into the same tempera-
ture and housing paradigm for 6 weeks, providing continuous electrocardiogram, 
core body temperature and activity data. Animals were exposed to either filtered 
air or 3mg/m3 WS for one hour. HT caused increased levels of anxiety shown 
by significant changes in open field testing, significant increases in left ventricle 
mass, and significant changes in expiratory time (Te), relaxation time (RT), and end 
expiratory pause (EEP) after WS exposure, including significantly higher RR-I values 
before and after WS. Further, enriched housing ameliorated the increased heart 
rate and RR-I values, as well as the anxiety-prone behaviors. These results indicate 
that higher ambient temperatures may also affect human health through changes 
in autonomic function and cardiovascular physiology, suggesting environmental 
enrichment (i.e., greenspace) should be evaluated as future mitigation strategies to 
create more resilient populations towards climate change and WS exposure. This 
abstract does not reflect EPA policy.

 4388 A Single Exposure to Extreme Heat Alters Cardiovascular 
Function in Normotensive and Spontaneously Hypertensive Rats

K. H. Lee1, M. Fiamingo2, L. Klein2, A. Swenson2, W. Oshiro3, T. Krantz3, P. Evansky3, 
I. Gilmour3, A. Farraj3, and M. Hazari3. 1Oak Ridge Institute for Science and Education, 
Oak Ridge, TN; 2University of North Carolina at Chapel Hill, Chapel Hill, NC; and 3US EPA, 
Research Triangle Park, NC.

Climate change has resulted in both extreme heat events and an overall increase 
in average ambient temperatures and severe weather. Extreme heat conditions 
combined with other psychosocial and physiological factors may decrease health 
resiliency and trigger sudden adverse responses. With continual increases in 
extreme heat events, both healthy individuals and those with underlying disease 
may be susceptible to increases in morbidity and mortality. This study was designed 
to examine the effects of a single extreme heat exposure on the cardiovascular 
responses of 910-week-old Wistar-Kyoto (WKY) normotensive and spontaneously 
hypertensive (SH) rats. Rats were exposed to either normal temperature (70 °F) or 
extreme heat (100 °F) for 30 minutes and underwent left intraventricular function 
assessments 24 hours later. SH rats had higher heart rate (HR), blood pressure 
(BP), and left ventricular volume (LVV), and lower left ventricular pressure (LVP) 
than WKY rats. Extreme heat caused increased LVV and decreased LVP and HR in 
SH rats, whereas WKY rats exposed to extreme heat had only decreased LVV when 
compared to normal temperature. SH rats also had a trend towards decreased BP 
due to extreme heat. These results indicate that a single extreme heat event can 
alter cardiovascular function in both normotensive and hypertensive rats. Moreover, 
the results suggest that underlying cardiovascular disease can increase sensitivity 
to extreme heat exposure. This abstract does not reflect EPA policy.

 4389 Anatoxin-A and Saxitoxin: Emerging Cyanotoxins of Concern for 
Recreation in Pennsylvania Freshwater Bodies

J. V. Miller1, P. J. Higgins2, K. C. Sneeringer3, and A. S. Nair3. 1Pennsylvania Department 
of Health, Pittsburgh, PA; 2Pennsylvania Department of Environmental Protection, 
Harrisburg, PA; and 3Pennsylvania Department of Health, Harrisburg, PA.

Harmful algal bloom (HAB) events are typically caused by cyanobacteria. Some 
species of cyanobacteria can produce toxic chemicals called cyanotoxins. 
Climate change has and will continue to exacerbate HAB events, potentially 
increasing the frequency and magnitude of various cyanotoxins in freshwater 
bodies. Select Pennsylvania (PA) waterbodies are monitored during the main 
HAB season, which occurs May through September. For the 2022 HAB season, 
the neurotoxic cyanotoxins, anatoxin-a and saxitoxin, were detected more 
frequently than in previous HAB seasons, with detections of anatoxin-a (N=81) 
and saxitoxin (N=74) and maximum concentrations of 11.8 ppb anatoxin-a and 
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21.3 ppb saxitoxin. Anatoxin-a and saxitoxin are far more potent than the other 
more heavily studied cyanotoxins, microcystin and cylindrospermopsin. While there 
are federal recreational guidance values for microcystins and cylindrospermop-
sin, there are currently no federal anatoxin-a or saxitoxin recreational guidance 
values in freshwater bodies. A comparative analysis of current state health-based 
recreational guidance values for anatoxin-a and saxitoxin was performed. As of 
November 2022, there are recreational guidance values for anatoxin-a in 18 states 
and saxitoxin in 11 states. This analysis revealed significant variability in guidance 
value magnitude (“detection”-80 ppb anatoxin-a and 0.6-75 ppb saxitoxin). This 
heterogeneity was driven by several factors: study selection for point of departure, 
application of uncertainty factors, and interpretation of the critical study. While 
most states included in this analysis had recreational guidance values for microcys-
tin and cylindrospermopsin, many states did not have anatoxin-a and even less had 
saxitoxin values derived. Most notably, consideration of cyanotoxin mixtures is not 
included in any state or federal recreational guidance. Recent HAB events suggest 
multiple toxin-producing cyanobacteria species are present in a single event, includ-
ing cyanobacteria that can produce multiple cyanotoxins. During the 2022 HAB 
season in PA, binary mixture detections for saxitoxin + anatoxin-a (N=52), microcys-
tin + saxitoxin (N=20), and microcystin + anatoxin-a (N=18), and ternary mixture 
of microcystin, saxitoxin, and anatoxin-a (N=16) were observed. The prevalence 
of anatoxin-a and saxitoxin detection during HAB events, including cyanotoxin 
mixtures, suggests anatoxin-a, saxitoxin, and cyanotoxin mixtures should be consid-
ered in HAB response plans and surveillance programs of U.S. freshwater bodies. 
Further, the paucity of studies available for anatoxin-a and saxitoxin guidance 
value derivation, as well as cyanotoxin mixtures that occur during multi-toxin HAB 
events, highlights an urgent need for additional toxicological research in this area. 
This work was supported in part by the Pennsylvania Environmental Health Capacity 
Program (CDC-RFA-EH20-2005).

 4390 Heat Stress Exposure–Augmented Risks of Non-cholera 
Vibriosis via the Host-Gut-Microbiome-Resistome-Immune Axis

S. Roy, P. Saha, D. Bose, A. Trivedi, M. More, and S. Chatterjee. University of California 
Irvine, Irvine, CA.

Heat stress resulting from the periodic heat waves as reflected in recent years 
globally is predicted to be a firm indicator of global warming and climate change. 
Heat stress, depending upon the extent and severity, can have serious health 
implications including multi-organ dysfunction, shock, and stroke in humans. 
On the other hand, climate change stressors such as warming of sea water and 
coastal flooding have increased the incidences of Vibrio blooms across the Eastern 
seaboard and the West Coast. Being the most vulnerable cohort, aged individuals 
are of more concern both for heat stress-related illness and Vibrio infection. In order 
to investigate the underlying interactive physiological and pathological changes in 
possible co-exposure to heat stress and subsequent non-cholera Vibrio challenge, 
an aging mouse model was used. Mice were exposed to heat stress at 40°C for 
three hours/day for 15 days. This was followed by a Vibrio vulnificus inoculum 
challenge 24 hours post periodic heat stress exposure. Results showed that heat 
stress exposure decreased the α-diversity of the host gut microbiome and altered 
the relative abundance of many important taxa. Gut leaching was evident via the 
alteration of tight junction proteins and concomitant endotoxemia. A decrease in 
the abundance of Akkermansia muciniphila, a species well known for the protection 
of gut barrier integrity, was observed. Heat stress increased serum CRP levels, a 
clinical indicator of septicemia, was elevated following Vibrio vulnificus infection, 
over and above the Vibrio-only group along with significant amplification of gut 
leaching, gastrointestinal and systemic inflammation (IL-1β, IL-6, TNF-α), T-cell 
senescence and altering IgA levels. Whole Meta-genome Sequencing (WMS) 
showed that heat stress altered the host resistome profile and enhanced the antimi-
crobial resistance to the tetracycline group of antibiotics, a common antibiotic 
used for the treatment of non-cholera Vibrio infections. In summary, heat stress 
augmented susceptibility to non-cholera vibriosis via host variability in resistome 
patterns and altered gut-immune mediators. This study was supported by NIH/
NIEHS Grant 1P01ES028942-01#Project 4 Toxicology awarded to Dr. S. Chatterjee.

 4391 GPR43 Agonist Is Key to Modulate Early-Life Microcystin 
Exposure–Induced NLRP3-Mediated Immunotoxicity

M. P. More1, S. Chatterjee2, P. Saha1, D. Bose1, A. Trivedi1, S. Roy1, and S. Chatterjee1. 
1University of California Irvine, Irvine, CA; and 2University of South Carolina, Columbia, SC.

Early life exposure to Microcystin-LR (MC-LR) led to the development of fatty liver 
disease in adult mice via NLRP3 inflammasome pathway. Microbiome analysis 
of fecal pellets from mice exposed to MC-LR early in life showed that there was 
depletion in key bacterial taxa responsible for production of short chain fatty acids 
(SCFAs) in adulthood. Since, acetate, a GPR43 agonist, is the most abundant SCFA 
and plays an important role in the modulating the inflammatory processes, we 
supplemented mice with Na-acetate orally for a period of 4 weeks after intraperito-
neal MC-LR exposure for a period of 2 weeks starting at 4 weeks of age. We found 
that GPR43 agonist acetate significantly decreased MC-LR induced hepatic inflam-
mation indicated by activation of Kupffer cells and expression and release of pro-in-
flammatory cytokines like IL-1β and IL-18. In order to elucidate the mechanism 

underlying the anti-inflammatory role of acetate in MC-LR induced hepatic inflam-
mation we quantified protein levels of NLRP3, IL-1β and IL-18 in SV40 immortalized 
rat Kupffer cells exposed to MC-LR and supplemented with acetate. We observed 
that acetate decreased protein concentrations of NLRP3, IL-1β and IL-18 which 
was reversed in the presence of GPR43 receptor antagonist GLPG0974 and NLRP3 
autophagy inhibitor bafilomycin A1. This suggests that triggering of GPR43 signal-
ing by its agonist may play a significant role in modulating MC-LR induced hepatic 
inflammation and NLRP3 autophagy.

 4392 Impact of Climate Change on the Production and Immunogenic 
Potential of Grass Pollen

T. Tossavainen1, M. Martikainen1, M. Kivimäenpää2,1, A. Pessi3, M. Komppula4, 
A. Saarto3, and M. Roponen1. 1University of Eastern Finland, Kuopio, Finland; 2Natural 
Resources Institute Finland, Suonenjoki, Finland; 3University of Turku, Turku, Finland; and 
4Finnish Meteorological Institute, Kuopio, Finland.

Future climate scenarios indicate changes in the timing and duration of pollen 
seasons, increases in pollen production, and shifts in vegetation. It is also possible 
that the allergenicity of pollen changes, thus leading to an increase both in the 
incidence of allergies and the severity of symptoms. To evaluate the impact of 
climate change on the pollen season and the pollen properties, we grew timothy 
(Phleum pratense) in current and future climate conditions (RCP8.5). The start of 
the flowering and pollination was examined. Allergen content of the pollen was 
determined by enzyme-linked immunosorbent assay. To estimate the capacity of 
“future grass pollen” to induce allergic inflammation, MucilAir™ 3D human nasal 
epithelium was exposed to pollen at the air-liquid interface. Various cytokines and 
protein content were measured from the cell cultures. Climate change treatment 
caused the pollination of P. pratense to start even 17 days earlier compared to 
the control treatment. Elevated carbon dioxide treatment increased the allergen 
content of the pollen more than two-fold when compared to current climate 
conditions. Grass pollen formed in the future climate conditions activated the 
production eotaxin, MCP-1, MDC, GM-CSF, and IFN-γ in human nasal epithelial cells 
compared to the control. No change in protein content was detected. The observed 
change in the start of the pollen season and the allergen content of the pollen may 
increase the duration and severity of allergic symptoms in the future.

 4393 A Bander’s Contribution to Ecotoxicology: Comparison of 
Mercury Concentration in Feathers and Blood of Nestling 
Tree Swallows Demonstrates Feathers’ Suitability as a 
Biomonitoring Tool

C. M. Stone1, R. L. Brasso2, and L. A. Walters1. 1Northern Kentucky University, Highland 
Heights, KY; and 2Weber State University, Ogden, UT. Sponsor: C. Curran.

Ecotoxicologists need more tools to assess patterns of organismal mercury uptake 
from the environment. In birds, mercury is eliminated from the body and sequestered 
into growing feathers. The tree swallow (Tachycineta bicolor) is an abundant North 
American bird that has been studied often for its ability to accumulate mercury 
in its tissues, as it occupies a high trophic level and breeds near bodies of water. 
We sought to define the blood-feather total mercury (THg) relationship between 
samples taken simultaneously in banding-age nestling Tree Swallows from two 
locations in Northern Kentucky. Based on previous findings, we predicted that a 
relationship would be found, and that feathers would have more THg than blood. 
From May through July of 2021, we collected blood and feather samples from 
12- to 14-day-old nestlings (n=60 from 15 nests) during banding. Blood and feather 
samples were frozen; the feathers were then thawed to room temperature and 
cleaned with Fisher Scientific® Certified ACS 95% lab-grade acetone and Milli-Q® 
water. Analysis was completed with a Nippon MA-3000 mercury analyzer, which 
used thermal decomposition, gold amalgamation and atomic absorption, for THg 
concentrations specific to each nestling sampled. We ran two linear mixed effects 
models in the program R. As predicted, we found a significant positive relationship 
between blood and feather THg, demonstrating directional flow from the blood 
into growing feathers (F1, 44= 4.57, p=0.038). Significantly more mercury was found 
in the feathers than in the blood (F1, 104=662.06, p<0.0001). Blood THg averaged 
less than 0.01 ppm, which indicates that nearly all of the mercury in the nestlings’ 
bloodstreams was shunted into growing feathers. With almost no mercury present 
in the blood at this stage, feathers alone may be used to gauge lifetime body burden 
from egg to sampling date in banding-age tree swallow nestlings. Because feather 
samples are abundant and easy to obtain, many may be collected during banding, 
while the nestlings are already being handled and outside of the next box. Data on 
THg concentrations detected in these samples may then be incorporated annually 
into a unified, long term, large-scale biomonitoring scheme with potential use as a 
tool to track patterns of organismal mercury uptake over space and time.
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 4394 Ecotoxicological Effects of Pharmaceutical and Personal Care 
Products on the Microbiome and Oxidative Stress Responses of 
Freshwater Crayfish

S. Dutta, X. Mou, and L. G. Leff. Kent State University, Kent, OH. Sponsor: J. Shannahan.

Pharmaceuticals and personal care products (PPCPs) are a group of contami-
nants of emerging concern that are released into the environment from wastewater 
effluents and agricultural runoff. Although the direct toxicity of individual PPCPs on 
aquatic animals is known, PPCPs occur in mixtures in the environment and their 
impact on aquatic animals is understudied. Direct impacts of PPCPs may be evident 
in animal physiology. Like other toxic biomolecules (xenobiotics, pollutants), PPCPs 
are likely to react with reactive oxygen species and induce oxidative stress. Impacts 
of PPCPs may also be indirect by altering their microbiome. Microbiome communi-
ties are essential to the host’s immunity, physiology, biochemistry, behavior, and 
development; changes to the microbiome communities have deleterious effects on 
host homeostasis. In this study, we used freshwater crayfish as a model organism 
to investigate the toxic impacts of PPCPs on the oxidative stress biomarkers 
and microbiomes. The project’s objectives were to 1) investigate the toxicologi-
cal effects of PPCPs on the oxidative stress biomarkers (superoxide dismutase, 
catalase, and glutathione peroxidase) of crayfish and 2) examine changes in the 
gut, carapace, and gill microbiota of crayfish after PPCP treatments. Crayfish were 
collected from the West Branch of the Mahoning River (OH) and acclimated in 
the lab for a week in triplicated aquaria before being exposed to elevated PPCP 
mixtures (carbamazepine, estradiol, and triclosan). After 96 hours of incubation 
with 10 µg/L (treatment 1) and 100 µg/L (treatment 2) of PPCP mixtures, crayfish 
were dissected, and gut, gill, carapace, and abdominal tissues were obtained, 
homogenized, and centrifuged. Half of each sample was used for oxidative 
stress analyses and the rest for DNA extraction to examine the composition of 
the microbiome. Our results showed that PPCP exposure profoundly impacted the 
oxidative stress biomarkers of crayfish. Activities of superoxide dismutase (SOD), 
glutathione peroxidase (GPx), and catalase (CAT) of crayfish gut, gill, and abdomi-
nal tissues were significantly elevated in treatments compared to the controls 
(p<0.05). SOD and CAT activities were more elevated in the gills, whereas GPx 
was more elevated in gut tissues. Sequencing data of the microbiome showed 
that Proteobacteria, Bacteroidetes, and Firmicutes were dominant phyla in samples 
of all three areas (carapace, gut, and gill). At the genus level, the most dominant 
taxa were Acinetobacter, Bacillus, Pseudomonas, Staphylococcus, Aeromonas, and 
Clostridium. The exposure of PPCPs in the gut and gill tissues also altered bacterial 
communities with increased relative abundances of Enterococcus, Enterobacter, 
Aeromonas, and Staphylococcus strains. Collectively, these findings suggest that 
PPCPs in the aquatic environment can induce direct or indirect adverse effects on 
the health and physiology of crayfish.

 4395 Evaluation of Yeast-Based Reporter Gene Assay Using 
Methoprene-Tolerant of European Honeybee Apis mellifera

M. Ogawa1, S. Ito-Harashima2, E. Sano3, T. Takeda1, J. Kitamoto1, M. Kawanishi2, 
M. Terada1, and T. Yagi2. 1Kumiai Chemical Industry, Shizuoka, Japan; 2Osaka 
Metropolitan University, Osaka, Japan; and 3Osaka Prefecture University, Osaka, 
Japan. Sponsor: M. Ogawa, Japanese Society of Toxicology.

Juvenile hormones (JHs) are one of the hormones that control growth and develop-
ment of arthropods. In social insects including honeybees, JHs affect the caste 
differentiation and regulation of division of labor. Honeybees are one of essential 
organisms responsible for the pollination of various agricultural crops. Recently, 
colony collapse disorder, in which honeybee colonies lose worker bees, has raised 
concerns as a serious problem for ecosystems. Krüppel homolog-1 (Kr-h1) is a 
target gene of JH receptor Methoprene-tolerant (Met) in insects. In A. mellifera, a 
correlation between behavioral development of worker bees and the expression 
of Kr-h1 was previously reported. Therefore, JH-like compounds used for pest 
control may affect the endocrine system of bees, leading to the decrease of popula-
tion. In this study, we established yeast strains expressing Met of A. mellifera to 
detect JH-like substances in the environment. The expression plasmids of Met 
and steroid receptor coactivator (SRC) of A. mellifera and LacZ reporter plasmid 
carrying putative JH response elements with E-box (CACGTG) located in upstream 
region of A. mellifera Kr-h1 were constructed. Three plasmids were transformed 
into Saccharomyces cerevisiae W303 using standard lithium acetate method. The 
established assay was evaluated in two independent laboratories. Established 
reporter gene assay showed dose-dependent responses to an endogenous ligand 
JHIII and synthetic ligands via E-box-containing sequence of Kr-h1 gene in both 
laboratories. In larvae of A. mellifera, mRNA levels of Kr-h1 were significantly 
increased after JHIII treatment. These results indicate that Kr-h1 is a target gene of 
Met in A. mellifera as well as other insects, and this assay is useful as an easy, rapid 
and cost-effective primary screening tool to detect JH-like activity for A. mellifella 
Met. 

 4396 In Vitro and In Silico Assessment of Dog Estrogen Receptor 
α Transactivation Potencies by UV Absorbers and Their 
Molecular Mechanisms

T. Kumagawa, H. T. Nguyen, M. Sakata, and H. Iwata. Ehime University, Matsuyama 
City, Japan.

UV absorbers including benzophenones (BzPs) are used in personal care products 
such as sunscreens and cosmetics. Due to their widespread use, UV absorbers 
are detected in human samples and indoor dust. Thus, there is a growing concern 
about UV absorber exposure to companion animals that share the living space with 
humans. Although some BzPs have been reported to exhibit estrogen-like effects 
in human and laboratory animal studies, the effects of UV absorbers on compan-
ion animals have not been evaluated. In this study, we investigated transactiva-
tion potencies of UV absorbers for dog estrogen receptor alpha (dERα) using an 
in vitro reporter gene assay. In addition, we also attempted to reveal the molecular 
mechanism of the dERα activation by in silico analyses. The dERα expression vector 
and the reporter vector containing ER response elements were transfected into 
COS-1 cells to construct an in vitro reporter gene assay system. The cells were 
treated with 17β-estradiol (E2) as a positive control or 21 UV absorbers. To evaluate 
their transactivation potencies via dERα, the 50% effect concentration (EC50) and 
the 20% relative effect concentration (REC20) to E2 response of UV absorbers 
were calculated from their dose-response curves. In silico docking simulations of 
dERα and ligands were performed using Molecular Operating Environment (MOE) 
software. A homology model of dERα was constructed from the Protein Data Bank 
template 1ERE of human ERα and the amino acid sequence of dERα. The docking 
program (ASEDock) was executed, and the interaction energy and Protein-Ligand 
Interaction Fingerprints (PLIF) were obtained for E2 and the 21 UV absorbers. 
Docking simulation was also performed for 17 other compounds including bisphe-
nols, hydroxylated-PCBs, and PBDEs, of which the in vitro dERα transactivation data 
were obtained in our previous study. Molecular descriptors for each chemical were 
calculated with MOE. Using partial least squares regression (PLSR) and partial 
least squares discriminant analysis (PLSDA)-based machine learning, we examined 
whether the in vitro dERα activation of each chemical is predictable by the in silico 
analyses. Furthermore, we obtained the structure of dERα with the C-terminal (F 
domain) using AlphaFold2 and monitored the changes in the structure during 
molecular dynamics (MD) simulation of the ligand-receptor interaction in MOE. 
In 21 UV absorbers tested, 12 chemicals showed dERα-agonistic activities in the 
order of 2,2’,4,4’-tetraOH-BzP > 2,4,4’-triOH-BzP > 2,3’,4,4’-tetraOH-BzP > 4-OH-BzP 
> 2,4-diOH-BzP > 4,4’-diOH-BzP > 2,3,4,4’-tetraOH-BzP > 2,3,4-triOH-BzP > 3-OH-BzP 
> 2-OH-BzP > BzP > 2-OH-4-MeO-BzP. Nine UV absorbers including 2,2’-OH-BzP, 
2,2’-diOH-4-MeO-BzP, 2,2’-diOH-4,4’-diMeO-BzP, 2-OH-4-MeO-BzP-5-sulfonic acid, 
2-OH-4-octyloxy-BzP, avobenzone, octocrylene, diethylamino hydroxybenzoyl 
hexyl benzoate, and octinoxate showed no activity. The PLSR model was able 
to predict the REC20 values with good root mean square error (RMSE < 0.4) and 
R-square (R2 > 0.9). The PLSDA model showed high accuracy (> 96%) for activity 
prediction. Not a few specific but combination of multiple parameters (molecu-
lar descriptors and docking simulation values) contributed to the predictability 
of each model. MD simulations of E2-dERα interaction showed that the β-strand 
region in the F domain that is responsible for ER dimerization was shifted toward 
helix 11, while no apparent shift was found in the interaction between dERα and 
2-OH-4-MeO-BzP with the least in vitro activity. Thus, together with the ligand-recep-
tor interaction, the dimerization of dERα may also be a key process to determine its 
ligand-dependent transactivation.

 4397 Risk Assessment and Biomonitoring for Exposure and Effects 
of Legacy Persistent Organic Pollutants and Contaminants of 
Emerging Concern in Colonial Waterbirds of the Great Lakes

K. A. Grasman1, L. L. Williams2, M. Annis2, and C. Eakin2. 1Calvin University, Grand 
Rapids, MI; and 2US Fish and Wildlife Service, East Lansing, MI.

Fish-eating birds are excellent sentinel species for assessing and monitoring 
effects of persistent organic pollutants in the Great Lakes, including reproduc-
tive, developmental, and immunological endpoints. The Great Lakes Water Quality 
Agreement identifies two Beneficial Use Impairments (BUIs) in wildlife: 1) bird or 
animal deformities or reproductive problems and 2) degraded fish and wildlife 
populations. Both BUIs, primarily caused by polychlorinated biphenyls (PCBs), have 
been designated for the River Raisin and Saginaw Bay Areas of Concern (AOCs). 
Although not an AOC, bird and fish tissues in Grand Traverse Bay contain signif-
icant concentrations of dioxins and furans (PCDD/Fs). Current questions under 
federal and state AOC programs and Lakewide Management Plans include whether 
these impairments continue and their potential associations with legacy pollutants 
and contaminants of emerging concern (CECs). This long-term risk assessment 
and biomonitoring program in the Saginaw Bay and River Raisin AOCs and Grand 
Traverse Bay investigated whether health, reproductive, and population endpoints 
in birds improved over time (2010-19). Relative risk ratios for embryonic nonviability 
(from both infertility and mortality) in herring gull embryos were 2- to 3-fold higher 
than the reference site in both AOCs and Grand Traverse Bay. Deformities associ-
ated with PCBs and PCDD/Fs were observed in embryos and chicks only at contam-
inated sites. Productivity of 4-week-old Caspian tern chicks in Saginaw Bay was 
35% lower than at reference sites. In the River Raisin AOC, gull chick productivity 
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was poor in 7 of 10 years. The phytohemagglutinin skin response (T cell-mediated 
immunity) was suppressed 50-56% in gull chicks in both AOCs and Grand Traverse 
Bay, and 49% in terns and 39% in herons in Saginaw Bay. Antibody responses in 
gull chicks in the River Raisin AOC and Grand Traverse Bay were 1.6- to 2-fold 
lower than reference. In River Raisin gulls, none of the impaired biological endpoints 
(total embryonic nonviability, infertility, embryonic death) in 4-week chick produc-
tivity, T cell response, and antibody titers) changed over time despite remedial 
dredging of contaminated sediments in 2014 and 2016. Furthermore, numbers of 
nesting herring gulls declined 90% between the late 1990s and 2015-19 (r=-0.96). In 
Saginaw Bay gull eggs on the Confined Disposal Facility (CDF) and L. Charity Island, 
total nonviability, infertility, and death did not improve with time. Embryonic death 
increased 4.4X on the CDF between 2010-14 and 2015-19. In gull chicks, suppressed 
T cell function did not change over time on either island. In Saginaw Bay terns 
(Charity Reef/L. Charity Island and CDF), T cell responses and chick productivity 
did not improve over time. The breeding population of Caspian terns, a state-threat-
ened species, decreased 49% in Saginaw Bay over the course of the study (r=-0.64). 
In Grand Traverse Bay gulls, total embryonic nonviability, infertility, and embryonic 
death were higher than at the reference site. Only total nonviability had a marginal 
improving trend between the early and late periods of the study. No time trends 
were observed in suppressed T cell responses or antibody titers. Analysis of legacy 
pollutants in eggs and plasma demonstrated ongoing elevated exposure to PCBs 
in the River Raisin and Saginaw Bay AOCs and PCDDs/Fs in Grand Traverse Bay. 
Fluorinated and brominated CECs were significantly elevated in tissues at most 
sites, including ubiquitously high concentrations of PFAS compounds in herring gull 
plasma that approached or exceeded PCB concentrations at all sites. Overall, this 
biomonitoring program demonstrated no significant improvements in population, 
reproductive, and immune endpoints in either AOC or Grand Traverse Bay.

 4398 Simulation of Environmental Weathering of Laboratory-
Generated Microplastic Particles (lg-mpp) for Defining 
Reference Materials

T. D. Ayorinde, P. Obiako, C. Collom, and C. Sayes. Baylor University, Waco, TX.

Microplastic pollution is a serious environmental health concern due to the potential 
to induce toxicological effects on both aquatic and terrestrial organisms. When 
plastic waste enters the environment, it is subjected to an array of environmental 
conditions as well as biotic and abiotic agents. Preliminary reports have shown that 
plastic debris interacts with natural stressors (such as sunlight or salinity) and can 
result in physicochemical changes on the surface of the plastic particle which in 
turn can promote the deformation and discoloration of particles as well as serve 
as a sorbent material for organic and inorganic substances in the environment. 
Understanding the weathering process is difficult, especially when considering 
the different weather conditions globally. Hence, the development of laboratory 
generated microplastic particles (i.e., LG-MPPs) using simulated environmental 
stressors can aid in the design of experiments studying the fate, transforma-
tion, and eventual effects of degraded plastic material. Currently, there is limited 
knowledge about degradation mechanisms, changes in surface morphology, and 
chemical compositional changes of aged plastic particles. In this study, plastic 
cutlery was micronized and exposed to simulated solar radiation, thermal oxidation, 
salinity, and chemical oxidation over prescribed time periods ranging from 1 week 
to 3 months. Thereafter, characterization of the weathered particles was assessed 
using scanning electron microscopy and energy dispersive x-ray to explore changes 
in surface morphology and elemental composition respectively, while Raman 
spectroscopy and Fourier transform infrared spectroscopy were used to investigate 
the presence of oxygen containing functional groups. Lastly, pristine and weathered 
particles were analyzed for their propensity to adsorb environmental contaminants 
such as metallic lead. Preliminary results show that short term weathering does 
not significantly change the properties of real-life particles. However, the crevices, 
cracks, and hydrophobic surface of weathered microplastics facilitate interaction 
with organic pollutants and heavy metals. The findings of this research will help 
policymakers make educated judgments regarding the potential health effects of 
weathered microplastic exposure in humans.

 4399 In Vitro and In Silico Assessment of Transactivation Potencies 
of Environmental Contaminants Mediated by Baikal Seal (Pusa 
sibirica) Estrogen Receptor α and β

H. T. Nguyen1, Y. Yoshinouchi1, M. Hirano2, K. Nomiyama1, H. Nakata3, E. Kim4, and 
H. Iwata1. 1Ehime University, Matsuyama, Japan; 2Tokai University, Kumamoto, Japan; 
3Kumamoto University, Kumamoto, Japan; and 4Kyung Hee University, Seoul, Korea, 
Republic of.

High levels of environmental contaminants including dichlorodiphenyl-trichlo-
roethane (DDT), polychlorinated biphenyls (PCBs), and their metabolites (OH-PCBs) 
have been detected in Baikal seals (Pusa sibirica). These chemicals have shown 
toxic effects via estrogen receptor (ER) signaling pathways in several model and 
non-model species. In addition, the increasing accumulations of bisphenol A and 
its analogs (BPs) in aquatic environments raises a great concern of their effects 
on wild animals. However, study on marine mammal ER remains limited. Thus, we 
aimed to evaluate the transactivation potencies of BPs and OH-PCBs in in vitro 

Baikal seal ERs (bsERα and bsERβ) reporter gene assays. We then performed in 
silico docking simulations for these chemicals and bsERs and examined whether 
computational models built using the in silico data account for the in vitro activities. 
Transactivation potencies of 11 BPs, 9 OH-PCBs, DDT, and DDE were measured 
by using the in vitro reporter gene assay system where bsERα or bsERβ were 
transiently expressed in COS-1 cells. In silico homology modelling based on human 
ERα and ERβ templates (Protein Data Bank IDs: 1ERE and 3OLS, respectively) and 
docking simulation were carried out using the Molecular Operating Environment 
(MOE) software. The docking simulation parameters (interaction energy (U-dock) 
and Protein-Ligand Interaction Fingerprint (PLIF) indices) and chemical descrip-
tors including MOE-VSA and MACCS (Molecular ACCess System) descriptors were 
used to build Quantitative Structure-Activity Relationship (QSAR) models which 
explain the ligand-specific in vitro transactivation of bsERs. Out of the 22 tested 
chemicals, 21 and 18 chemicals induced luciferase activities for bsERα and bsERβ, 
respectively. From their dose-responsive curves, 19 and 15 chemicals showed EC50 
values for bsERα and bsERβ, respectively, which ranged from 0.2 to >6.0 x 105 times 
compared with that of 17β-estradiol (E2). 4’OH-CB107 showed no activity for both 
ERs. In most cases, EC50 values for bsERα are smaller than that for bsERβ, suggest-
ing that bsERα is more sensitive to these chemicals than bsERβ. We successfully 
generated QSAR models with Partial Least Square (PLS) algorithm. The EC50 values 
calculated from the PLS regression models for both bsERs were highly correlated 
with those observed from in vitro reporter assays (R2>0.9). The PLS Discriminant 
Analysis (PLSDA) classification models also clearly separated the active and non/
low-active chemicals with a high performance accuracy (≥75%). Some molecu-
lar descriptors and docking simulation indices (e.g., PEOE_VSA, SMR_VSA, and 
U_dock) concertedly contributed to the ligand-specific activity for both bsERα 
and bsERβ. In summary, the study demonstrated that some of BPs and OH-PCBs 
potentially disrupt the ER signaling pathways via transactivation of bsERα and 
bsERβ in Baikal seals. By combining chemical descriptors and in silico ligand-re-
ceptor docking simulations, we were able to predict the in vitro bsER-mediated 
transactivation potencies of these chemicals. Thus, the computational modelling 
is a useful approach for screening and forecasting the toxicity of chemicals for 
wildlife species.

 4400 Characterization of Tire and Road Wear Particles in Urban 
River Samples

M. Kovochich1, J. A. Parker2, S. Cheun Oh3, J. P. Lee4, T. Reemtsma5, T. R. Barber6, 
and K. Unice7. 1Stantec (ChemRisk), Chicago, IL; 2Stantec (ChemRisk), Aliso Viejo, CA; 
3Exponent, New Territories, Hong Kong; 4Exponent, Menlo Park, CA; 5Helmholtz Centre 
for Environmental Research, Leipzig, Germany; 6Environmental Resources Management, 
Cleveland, OH; and 7Stantec (ChemRisk), Pittsburgh, PA.

Tire and road wear particles (TRWP) consist of tread rubber elastomers with 
pavement encrustations generated from friction between the tire and the road. 
The fate of environmentally dispersed TRWP as well as microplastic particles (MP) 
depends on both the mass concentration as well as individual particle character-
istics, such as particle diameter and density. Our previous work utilized density 
separation and chemical mapping techniques to characterize individual TRWP 
in environmental sample types with increasing sample complexity including 
road dust and settling pond sediment. The purpose of the current research was 
to apply suitable analytical techniques, including scanning electron microscopy 
coupled with energy dispersive X-ray spectroscopy (SEM/EDX) mapping to charac-
terize the specific physical and chemical properties of individual TRWP in urban 
river samples. Samples were collected along the Seine River in France including 
sediment, retained solids from filtered river water, and biota. TRWP particles were 
identified by applying a weight of evidence framework including the analysis of 
both physical and chemical properties of TRWP and techniques including density 
separation, optical properties, SEM/EDX mapping, and Fourier-transform infrared 
(FTIR). Analysis of river sediment collected immediately downstream of the smaller 
urban area Rouen demonstrated average TRWP size of 133 µm by number and 
171 µm by volume. Sediment from a second location with over four-times less 
TRWP by mass compared to the first location was also analyzed. In consideration 
of varying degrees of overlap in TRWP and bitumen/asphalt in the FTIR signatures 
of particles in the second location, these particles were operationally defined as 
weathered bitumen/TRWP. Average particle size for weathered bitumen/TRWP 
were 250 µm and 981 µm by number and volume, respectively. Analysis of river 
sediment collected from the second location that was pulverized prior to particle 
analysis reduced larger particle agglomerates or aggregates resulting in an average 
particle size for weathered bitumen/TRWP of 97 µm and 116 µm by number and 
volume, respectively. Suspended solids collected by filter from river water displayed 
very limited distinct TRWP and were too few to quantify size distribution; however, 
particle size distributions for all collected river particles were 27 µm and 160 µm 
by number and volume, respectively. A river biota sample (bivalves) from a single 
location was analyzed with or without biological digestion and did not display TRWP 
for identification or size distribution analysis and warrants further research. Taken 
together, our SPA methodologies were utilized to characterize particle size distri-
bution (including bitumen and TRWP) in numerous urban river sediment samples. 
These results are expected to help advance the methods for identification and 
characterizing TRWP and potentially other MP in various environmental matrices.
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 4401 Development of a Nonanimal-Integrated Approach to 
Testing and Assessment for Acute Aquatic Toxicity Hazard 
Classification and Labeling

D. S. Macmillan1, P. Ambure2, J. Dawick3, N. Fabre4, G. Hodges5, S. Loisel-Joubert4, 
E. Serrano-Candelas6, B. Serrano Ramón7, and R. A. Stackhouse8. 1Humane Society 
International, Washington, DC; 2ProtoQSAR, Valencia, Spain; 3Innospec Limited, 
Ellesmere Port, United Kingdom; 4L’Oréal Research & Innovation, Clichy, France; 5Unilever, 
Sharnbrook, United Kingdom; 6ProtoQSAR, Valencia, France; 7European Centre for 
Ecotoxicology and Toxicology of Chemicals, Brussels, Belgium; and 8Sasol, Houston, 
TX. Sponsor: C. Willett.

Aquatic toxicity is an ecotoxicological endpoint which provides important informa-
tion about a chemical’s potential to elicit adverse effect(s) on aquatic organisms. 
Within regulatory toxicology, three trophic levels are typically considered as 
a proxy of the ecosystem: fish (representing vertebrates/apical consumers), 
daphnia (representing invertebrates/primary consumers) and algae (represent-
ing producers/plants). Acute aquatic toxicity effects are typically studied using 
one or more OECD guideline standardised tests including the Fish Acute Toxicity 
Test (OECD 203); the Fish Embryo Acute Toxicity Test (OECD 236) and the Fish 
Cell Line Acute Toxicity - The RTgill-W1 cell line assay (OECD 249). For animal 
welfare reasons there have been significant efforts in recent years to reduce or 
eliminate the number of vertebrates, namely fish, used in ecotoxicological regula-
tory assessment by applying the 3Rs and replacing in vivo tests with in vitro assays, 
such as the RTgill-W1 assay, or by developing Integrated Approaches to Testing 
and Assessment (IATA) for a given chemical. To build upon this body of work, 
a modular non-animal IATA has been created, using the following components: 
in silico predictions, RTgill assay results, physicochemical parameters and data 
concerning mode/mechanism of action (MoA). Four peer-reviewed publications 
were used to compile a curated, high-quality, dataset of existing in vivo and in vitro 
data and good correlation between in vivo and in vitro data was observed. The in 
vivo data was used to develop a multi-class quantitative structure activity relation-
ship (QSAR) model and the in vitro data used to support the development of other 
relevant modules. The IATA is designed to provide a categorical output suitable for 
use within the EU Classification, Labelling and Packaging (CLP) and United Nations 
Globally Harmonized System of Classification and Labelling (UN GHS) frameworks. 
Case studies and considerations with respect to species relevance and applicability 
domain will be discussed within.

 4402 Evidence Map for Ecological Toxicity of Cyanotoxins Using 
ECOTOXicology Knowledgebase Systematic Protocols

J. H. Olker1, A. Banerji1, K. Benesh2, B. Kinziger3, T. Scott3, T. Karschnik3, J. Frisch3, 
T. Feist3, A. Pilli3, and D. Hoff1. 1US EPA/ORD, Duluth, MN; 2US EPA/Oak Ridge Institute 
for Science and Education, Duluth, MN; and 3GDIT, Duluth, MN. Sponsor: M. Hornung.

Cyanobacteria associated with Harmful Algal Blooms (HABs) can release highly 
potent toxins, known as cyanotoxins, which can be deadly to humans, pets, and 
livestock. Acute and chronic effects are not well characterized across the diversity 
of cyanotoxins or the potentially exposed organisms (e.g., amphibians, microbes, 
aquatic plants, and wildlife). The objective was to create a literature inventory of the 
extent, distribution, and types of toxic effects of cyanotoxins reported for aquatic 
and terrestrial organisms. The well-established protocols of the ECOTOXicology 
Knowledgebase (ECOTOX, www.epa.gov/ecotox) were leveraged to comprehen-
sively and systematically identify and review relevant cyanotoxin studies and then 
provide extracted toxicity data for priority cyanotoxins. The priority cyanotox-
ins were identified based on association with the most common HAB-forming 
cyanobacteria in freshwaters of the U.S., including microcystin-LR, microcystin-RR, 
anatoxin-a, beta-methylamino-L-alanine (BMAA), cylindrospermopsin, saxitoxin, 
lyngbyatoxin-a, prymnesin 1, and prymnesin 2. The literature was queried using 
multiple search engines for these priority cyanotoxins as well as ~100 additional 
cyanotoxins identified from HAB publications and government reports. Over 7,500 
references were screened at the title and abstract level, followed by full-text review 
of over 1,500 publications. Of these, 1,109 publications met the ECOTOX inclusion 
criteria (e.g., verifiable CASRN, ecological receptor that is a verifiable species, 
control reported). Each included publication was annotated with test compound(s), 
test species, exposure type(s), and effect type(s) for creating the literature 
inventory. This effort identified ecological toxicity studies on 78 cyanotoxins, with 
>70% of the publications testing microcystins. Studies include effects in aquatic 
and terrestrial vertebrates, invertebrates, and plants, with 40% of the studies in fish 
and a notable under-representation for several groups such as amphibians and 
birds. 42% of publications measured traditional growth, reproduction, and mortal-
ity toxicity endpoints, and 67% include measurements for biochemical, cellular, or 
genetic effects. Full data extraction was completed from 374 publications, with all 
pertinent study details on species (life stage, age, sex), chemicals (purity, analyt-
ical verification, test concentration), test methods and conditions (exposure type 
and media, study duration, control type, experimental design, soil or water parame-
ters), and toxicity results (specific effect and endpoint, statistical significance). 
The literature inventory will inform future cyanotoxin research through identifica-
tion of data availability and gaps for species, toxins, and endpoints. The detailed 
extracted toxicity data supports evaluation of ecological risk from HABs and the 

most commonly occurring cyanotoxins in the environment through characterizing 
toxicity across cyanotoxin classes and identification of the most potent cyanotox-
ins and sensitive species. This abstract does not necessarily reflect US EPA policy.

 4403 Transcriptomic-Based Points-of-Departure Derived from a High-
Throughput Larval Fathead Minnow Assay: Comparison to In 
Vivo Adverse Effects and Evaluation of Reproducibility

K. Flynn1, M. Hazemi2, and D. Villeneuve1. 1US EPA/ORD, Duluth, MN; and 2Oak Ridge 
Institute for Science and Education, Duluth, MN.

Concentrations at which global gene expression profiles in cells or animals 
exposed to a test substance start to differ significantly from those of controls 
have been proposed as an alternative point of departure for use in screening level 
hazard assessment. The US Environmental Protection Agency has been pilot 
testing a high-throughput compatible transcriptomics assay with larval fathead 
minnows (Pimephales promelas) in which 1-day post hatch fathead minnows are 
exposed to concentrations of the test substance for 24 hours in 96-well plates. 
The objective of this study was to compare the transcriptomic point of departure 
(tPOD) derived from this assay to previously documented in vivo adverse effects 
from several test substances with different modes of action. For approximately 
80% of the test substances, the tPOD was more sensitive than the apical adverse 
effect, typically measured as a reduction in growth, reproduction, or survival. When 
the tPOD was compared to any biological effect (apical or non-apical), the tPODs 
were more sensitive about 70% of the time. Biological variability was assessed 
by comparing 10 independent CuSO4 exposures that served as assay positive 
controls. Transcriptomic analyses identified 330 differentially expressed genes 
(DEGs) common in at least half the exposures while 25 DEGs were consistently 
observed in all 10 exposures. Chemical availability was evaluated by directly 
measuring chemical concentration in test wells to adjust tPOD effect concentra-
tions appropriately. This adjustment resulted in tPODs being protective relative to 
adverse effects (i.e., more sensitive) for 94% of the tested chemicals. These data 
support the continued development of a fathead minnow high-throughput assay for 
screening level hazard assessment by further characterizing variability within the 
assay system and developing high-throughput compatible methods for correcting 
for the free fraction of chemical in the test well. The contents of this abstract neither 
constitute nor necessarily reflect US EPA policy.

 4404 Prioritizing Organic Contaminants and Locations of Ecological 
Concern Using Sediment from Lower Rio Grande Valley Resacas 

S. Nash, S. Subbiah, and J. Crago. Texas Tech University, Lubbock, TX.

Sediment is an important component in aquatic environments and acts as a sink 
for environmental pollutants as they may contain a huge variety of environmen-
tal contaminants. Contaminants absorbed to sediment may contribute directly or 
after remobilization to adverse ecological effects. Sediment toxicity tests have 
been proven as critical components in environmental risk assessments. Zebrafish 
(Danio rerio) are used as model systems in ecotoxicological tests, and since 1996 
have been used to assess sediment toxicity. In this study, sediment from Lower 
Rio Grande Valley resacas were extracted for LCMS and GCMS analyses using 
QuEChERS method. Quantitative chemical analysis of over 100 organic contam-
inants indicated the presence of 89 persistent organic pollutants in sediment 
extracts from Lower Rio Grande Valley resacas (oxbows) across four sampling 
events. Organochlorines followed by PAHs and PCBs were present at higher 
concentrations and detected more frequently than other classes of compounds. 
Toxicity of sediment was predicted using Sediment Equivalency Quotients (SEQ) 
and Hazard Index (HI) approaches. To investigate the toxicity of sediment samples 
on vertebrates, sediment extracts from 13 locations and 5 resacas were used for 
zebrafish embryotoxicity tests (zFET). Sediment extracts from chemical analyses 
were re-evaporated and reconstituted with dimethyl sulfoxide (DMSO). DMSO 
sediment extracts were used to dose zebrafish embryos. PAHs and PCBs have 
proved to cause cardiotoxicity and developmental defects in a variety of fish 
species. Sediment extract exposures caused significant developmental malforma-
tions in zebrafish embryos including yolk sac and pericardial edemas and spinal 
and tail defects indicative of AhR-associated developmental toxicity and mostly 
associated with sum PAH concentrations. Results from this study will aid in ecolog-
ical risk assessments for the surrounding area.

 4405 Mercury Concentrations and Parasites in Freshwater Fish from 
La Mojana Region, Colombia

K. Fuentes-Lopez, J. Olivero-Verbel, and K. Caballero-Gallardo. Universidad de 
Cartagena, Cartagena, Colombia.

Fish is a source of low-fat high-quality protein, essential fatty acids and other 
nutrients for many people in the world. However, environmental pollution has 
impacted its quality as it accumulates toxic substances, including heavy metals, 
such as mercury, with known negative impacts on human consumers. The aim 
of this study was to determine the concentration of total mercury (T-Hg) and its 
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association with the presence of nematodes in omnivorous-carnivorous freshwater 
fish from La Mojana region, Colombia. For this purpose, 163 specimens of 16 differ-
ent species were collected. Total mercury was quantified with a direct mercury 
analyzer and parasitic infection was assessed measuring nematode prevalence and 
abundance. The average T-Hg concentrations in analyzed fish was 0.29±0.01 µg/g 
(range: 0.05-0.70 µg/g). Ctenolucius hujeta and Sternopygus macrurus presented 
the highest T-Hg levels, 0.59±0.07 and 0.46±0.08 µg/g, respectively; whereas the 
lowest was detected in Leporinus Muyscorum (0.16±0.01 µg/g fw). Nematode 
(Contracaecum sp) prevalence and abundance in examined fish were 36.2% and 
2.34±0.51 parasites/fish, respectively. The parasite prevalence for C. hujeta and 
S. macrurus was 100%, and their corresponding abundances were 6.0±0.58 and 
13.50±5.06 parasites/fish, respectively. In contrast, L. Muyscorum registered 
a nematode prevalence of 35% and an abundance of 1.19±0.38 parasites/fish. 
Significant Spearman correlations were found between T-Hg concentration and 
trophic level (ρ=0.226; p=0.002). However, T-Hg did not correlate with parasite 
abundance (ρ=0.118; p=0.067). These results suggest that T-Hg concentra-
tions depend on the trophic level and may not impact parasite infection in fish. 
Minciencias (BPIN 2020000100001 and BPIN 2020000100364-Res. 01246/2021); 
UniCartagena (062-2022).

 4406 After Correcting for “Concept Drift,” Deep-Learning Methods 
Can Now Achieve Human-Level Performance when 
Predicting Article Exclusion Reasons during ECOTOXicology 
Knowledgebase Curation

B. E. Howard1, C. Norman1, A. Tandon1, R. Shah1, J. Olker2, and D. Hoff2. 1Sciome LLC, 
Research Triangle Park, NC; and 2US EPA, Duluth, MN.

The ECOTOXicology Knowledgebase (ECOTOX) is a comprehensive, publicly 
available resource providing single chemical environmental toxicity data on aquatic 
life, terrestrial plants, and wildlife. The database is updated quarterly, and to identify 
relevant references and extract pertinent data, the ECOTOX data curation pipeline 
employs a methodical systematic review process. This labor-intensive workflow 
requires curators to regularly evaluate tens of thousands of candidate references, 
the majority of which are then rejected as not relevant. After the careful review of 
hundreds of thousands of articles, the ECOTOX database currently (as of December 
2022) contains data for 12,714 chemicals and 13,806 species extracted from 
53,763 references. The availability of this extensive dataset of historical screening 
decisions has provided us with the opportunity to develop state-of-the-art neural 
network classifiers to partially automate title and abstract screening and to catego-
rize (e.g., human health, fate, chemical methods) rejected references. While initial 
proof-of-concept results from these models were very encouraging, we recently 
noticed that the “meanings” of several of the rejection categories have evolved 
over time due to concept drift, and that certain category labels had been added or 
removed from current usage. Therefore, in order to be more representative of future 
screening tasks, we have recently collected new dual screening decisions for a 
sample of 5,638 abstracts. Using this refined dataset, we trained a neural network 
classification model on the modified exclusion categories and demonstrated that it 
can accurately predict the various reasons an irrelevant article should be excluded 
from the ECOTOX database. While the performance of the model varies depending 
on the reason for exclusion, the improved method achieves a micro-averaged F1 
score of .7535 overall. Furthermore, since human screeners do not always agree, 
it is possible to compare the congruence between individual human screeners and 
between human screeners and model predictions. The resulting Cohen’s Kappa 
scores demonstrate that the model predictions now perform at about the level 
of an average human screener, with some screeners consistently outperforming 
the model and other screeners underperforming. The latest model has now been 
integrated into the EcoTox version of the SWIFT-Active Screener software and is 
being used regularly as part of the EcoTox literature curation pipeline at EPA. So 
far almost 400,000 candidate EcoTox abstracts have been uploaded into Active 
Screener, and of these, 292,000 were eliminated from screening, saving more than 
73% of the effort otherwise required. As we conclude this phase of the project, our 
focus is now shifting to automation of screening and data extraction of the full texts 
from the references that remain after title and abstract screening has completed. 
This abstract does not necessarily reflect the views or policy of the US EPA.

 4407 Mitigating Potentials of Antioxidant-Rich Plants in Earthworms 
Exposed to Glyphosate

I. Ayanda, T. Ajayi, and F. Akinhanmi. Covenant University, Ota, Nigeria.

The importance of pesticide application in preventing crops losses cannot 
be overemphasized; however, one big risk factor threatening the environment 
in agricultural activities is the use of pesticides. Concerns continue about their 
potential to adversely affect non-target organisms. Glyphosate is a non-selective 
herbicide that has adverse effects on non-target organisms. This present study 
investigated the toxic effects of glyphosate on earthworms and the potential of 
antioxidant-rich plants, Ocimum gratissimum and Telfairia occidentalis, to remedi-
ate these effects. Earthworms (Eisenia fetida) were placed into four groups and 
treated with 2% concentrations of glyphosate in soil. Group A: only food and water 
(control); Group B: 2% glyphosate + Ocimum gratissimum; Group C: 2% glyphosate + 

Telfairia occidentalis and Group D: 2% glyphosate and food alone. The worms were 
collected on the 3rd, 7th and 14th, days postexposure. During these intervals, the 
weight of the worms and activities of antioxidant enzyme - superoxide dismutase 
(SOD), catalase (CAT), glutathione (GSH), malondialdehyde (MDA) were measured 
to determine the antioxidant levels. Furthermore, the percentage of DNA fragmen-
tation was measured to assess the level of DNA damage. Compared with the 
control group, earthworms exposed to glyphosate and fed with Ocimum gratissi-
mum and Telfairia occidentalis showed varying responses, with increased activities 
of CAT, SOD, GSH and reduced levels of MDA. Also, decreased fragmented DNA 
was observed in earthworm groups fed with Ocimum gratissimum and Telfairia 
occidentalis in comparison with the group treated exclusively with the herbicide. 
These results suggest that toxicity from glyphosate exposure significantly reduced 
oxidative damage, lipid peroxidation and DNA damage in Eisenia fetida by the 
antioxidant-rich plants. This implies that soil organisms like earthworms could 
suffer significant toxicity when exposed to concentrations of glyphosate. The 
potential for the toxicity of this herbicide on earthworms to be greatly reduced 
exists when the worms consume these plants.

 4408 Using UPLC–HRMS to Investigate the Bioavailability, 
Toxicity, and Bioaccumulation of Road Runoff Water-Derived 
Contaminants in Juvenile Salmonid Species

M. E. Jackson, C. Fender, S. Harper, and M. Garcia-Jaramillo. Oregon State University, 
Corvallis, OR.

Storm water runoff has been correlated to escalating rates of pre-spawn mortality 
(PSM) events in Coho salmon in Pacific Northwest streams. Recently, a chemical 
derived from tires, N-(1,3-Dimethylbutyl)-N’-phenyl-p-phenylenediamine-quinone 
(6PPD-q), was isolated from storm water runoff and observed to induce acute Coho 
mortality. Information regarding 6PPD-q’s chemical behavior in aquatic systems is 
limited, and sensitivity among salmonid species is varied. It is hypothesized that 
exposure to 6PPD-q will enhance salmonid sensitivity to other cooccurring contam-
inants commonly detected in surface waters, such as the PAH’s 1-methylnaphtha-
lene (1-MN) and anthraquinone. To better understand the mechanisms of toxicity 
of 6PPD-q and the differences observed among salmonid species, Chinook salmon 
were exposed to 6PPD-q (0.0001 - 0.01 mg/L), 1-MN (0.1 - 10 mg/L), and anthra-
quinone (0.1 - 10 mg/L). To ensure exposure concentrations were accurate, first 
the degradation of 6PPD-q under experimental conditions was investigated. Glass 
beakers filled with 200 mL of ultra-pure LCMS-grade water, well water used for fish 
exposures, and well water from a tank previously containing juvenile salmonids 
were spiked with 2000 ng/L 6PPD-q and samples were collected after 0, 24, and 
48 hours. A targeted multiple reaction monitoring approach, using ultra-high-per-
formance liquid chromatography coupled to high-resolution mass spectrometry 
(UPLC-HRMS), was developed to quantify 6PPD-q in water samples. Significant 
degradation of this compound was observed after 48 hours (30%). Initial Chinook 
exposures up to 0.01 mg/L 6PPD-q and 10 mg/L 1-MN did not elicit any PSM 
symptoms. Over the next few months, Rainbow trout and Coho salmon will be also 
tested under the same experimental conditions. To better understand sublethal 
toxic effects, non-targeted mass spectrometry-based metabolomics analysis will 
be performed on liver and brain samples from exposed and non-exposed fish. The 
present study will help to elucidate the effects of prioritized contaminant mixtures 
on salmonid health and will improve our understanding of the differences in toxicity 
observed in salmonid species.

 4409 Early-Life Exposure to Microcystin-LR in Mice Potentiates the 
Risk of Non-cholera Vibrio Infections in Adulthood

P. Saha, D. Bose, S. Roy, and S. Chatterjee. University of California Irvine, Irvine, CA.

Climate change and its associated stressors have multiple impacts on the 
environment that include the increased occurrence of aquatic cyanobacterial 
blooms and a sharp spike in non-cholera vibriosis cases throughout the world. 
Microcystin-LR (MC), a hepatotoxin and a known inhibitor of cellular protein 
phosphatases, is released by various cyanobacterial species in aquatic systems 
as a result of eutrophication. Simultaneously, global warming-mediated rise in the 
oceanic temperature over the years has led to the increased occurrence of the 
Gram-negative pathogen Vibrio vulnificus (VV) in the marine aqua system as it has 
been reported in recent years. In a previous study by our group, we showed the 
distinct development of several pathological traits in the livers during adulthood 
in mice despite being exposed to MC at an early age. Following this rationale, we 
sought to determine whether early-life MC treatment in an experimental mice model 
can augment and exacerbate non-cholera VV-mediated pathological outcomes in 
adulthood. In this study, we exposed chow diet fed 4-week-old, male, C57BL/6J 
mice to MC continuously for 15 days via the oral route. Once the mice reached 
adulthood (10 weeks), a subset of MC-exposed mice was orally administered with 
VV for 24 hours to detect the deleterious effects in those mice. Our results indicated 
that MC exposure alone caused significant changes in the host’s intestinal microen-
vironment. Microbiome analysis obtained by Next-Gen Sequencing showed signif-
icant alteration of the gut microbiome signature, where a marked change in both 
phyla and species levels was observed with a concomitant increase in the antibiotic 
resistance gene profile. Probiotic gut commensals like Lactobacillus johnsonii and 
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Lactococcus lactis which are responsible for improving gut immune health and 
exerting anti-inflammatory effects were also found to be decreased in abundance 
due to MC treatment. These results were further corroborated by increased fecal 
and systemic IgA levels indicating a sustained change in intestinal homeosta-
sis. VV infection in the mice was confirmed by detecting an elevated level in the 
serum CRP. We also observed an increased intestinal permeability as reflected by 
increased expression of the tight junction protein Claudin2 with a parallel decreased 
Occludin protein expression in the gut epithelial lining of mice that were co-exposed 
to both MC and VV. In addition, VV administration in early-life MC-treated mice also 
caused increased TLR4 activation and activation of the NLRP3 inflammasome (as 
detected by co-localization with its adapter ASC2 protein), which ultimately led to 
increased intestinal inflammation with simultaneous increased pro-inflammatory 
cytokine levels compared to only MC or VV treated mice groups. In conclusion, 
early life exposure to MC in mice can result in affecting the intestinal homeostasis, 
immunoregulation, and gut microbiome in a persistent manner, which can further 
augment the creation of a suitable environment for the pathogenicity mediated by 
the non-cholera VV and exacerbate various pathological symptoms in later stages 
of life. This study was supported by NIH/NIEHS Grant 1P01ES028942-01#Project 4 
Toxicology awarded to Dr. S. Chatterjee.

 4410 Development of a Skin Sensitization Testing Strategy for 
Extracts of Medical Devices and Consumer Products

H. Bendova, L. Svobodova, M. Rucki, A. Vlkova, K. Kejlova, D. Jirova, and H. Kolarova. 
National Institute of Public Health, Prague, Czech Republic. Sponsor: H. Kandarova.

Medical devices must be tested before marketing for skin sensitization in 
accordance with ISO 10993-10. This standard predominantly refers to in vivo 
tests, however, it does not exclude the use of alternative in vitro methods, which 
have been sufficiently technically and scientifically validated. It is foreseen that 
due to the complexity of the skin sensitization endpoint, a combination of several 
methods will be needed to address all key events of the skin sensitization Adverse 
Outcome Pathway (AOP). The objective of this study was to evaluate the sensiti-
zation potential of 97 commercially available samples of medical devices and 
consumer products using a combination of in vivo (OECD TG 442A, Local Lymph 
Node Assay - LLNA:DA), in chemico (OECD TG 442C, Direct Peptide Reactivity 
Assay - DPRA) and in vitro (OECD TG 442D, LuSens) methods with the aim to 
enhance the testing strategy for safety assessment of extracts, to optimize the 
in chemico/in vitro tests and extraction procedures and to extend the applicability 
domain of New Approach Methodologies (NAMs), recently successfully validated 
for the classification of chemicals. A good agreement between in vitro and in vivo 
results was achieved regarding the absence of skin sensitization potential (90.7 
%), however, discrepancies in positive classifications have been recorded (10.0 
%). The mismatch between in vitro and in vivo results might be caused by specific 
responses of the immune system of the living organism. The optimization of DPRA 
method using prolonged extraction period (72 h) provided consistent results. Last 
but not least, the impact of extraction vehicle (supplemented with bovine serum) on 
the outcome of the LuSens method was recorded. The combination of DPRA and 
LuSens methods helped to improve the overall prediction power compared with 
the single test method approach, however, the implementation of a third in vitro 
method covering Key Event 3 (KE3) of the Skin Sensitization AOP could increase 
the accuracy. The NAMs are suggested as feasible for bottom-up skin sensitiza-
tion testing strategy for extracts from medical devices and consumer products. 
Animal experiments were performed in compliance with animal welfare laws of the 
European Union (DIRECTIVE 2010/63/EU OF THE EUROPEAN PARLIAMENT AND OF 
THE COUNCIL of 22 September 2010 on the protection of animals used for scientific 
purposes). Supported by ERDF/ESF project “International competitiveness of NIPH 
in research, development and education in alternative toxicological methods” 
(No. CZ.02.1.01/0.0/0.0/16_019/0000860).

 4411 Considerations for Toxicological Risk Assessment of Hindered 
Phenolic Antioxidants in Accelerated Aged Devices

A. Gauthier. Getinge, Merrimack, NH.

ISO 10993-1:2018 requires manufacturers to assess the biological safety of 
medical devices over the devices’ entire shelf life. ASTM F1980 accelerated aging 
(AA) for 120 days at 55ºc was conducted to simulate 3 years of shelf life (T3) on 
Getinge vascular graft devices (permanent implant with direct contact to blood) 
which are constructed from ePTFE. Chemical characterization of aged (T3) and 
unaged (T0) control devices was conducted per ISO 10993-18:2020 using water, 
heptane, and isopropyl alcohol extracts (55ºc for 72 ± 2h) analyzed by LC-ESI-
QToF/MS and GCMS. Hindered phenolic antioxidants such as Irganox 1010 (1010) 
and butylated hydroxytoluene (BHT) were detected in T0 extracts. The extraction 
process and AA can induce thermal degradation and hydrolysis reactions and yield 
Irganox 1310 (1310) and 1310 derivatives. Comparison of T0 and T3 extract profiles 
showed detectable levels of 1010, 1310, and BHT at baseline and suspected 1010, 
1310, and BHT thermal degradation, hydrolysis, and oxidation products in T3-aged 
devices. These data suggest that the extraction process may be producing some 
1010 degradation, but the AA process exacerbates degradation. Toxicological 
risk assessment (TRA) of T3 extracts determined estimated exposure levels of 

1310 hydroxylated to be a compound of potential concern (COPC) based on the 
use threshold of toxicological concern (TTC) limits, a screening limit. TRA of 1310 
hydroxylated required a read-across strategy to derive tolerable exposure (TE). 
Although 1310 hydroxylated likely originated from 1010 degradation, 1010 is not 
readily bioavailable and is largely excreted in the feces untransformed. Due to its 
larger structure and difference in the solubility parameters, 1010 is not an appropri-
ate structural surrogate to represent the toxicity of a much smaller compound, 
1310. BHT, however, can yield similar oxidation products via chemical and biolog-
ical pathways. BHT-OOH and BHT-COOH chemical similarity to 1310 hydroxylated 
was assessed using JoeLib Descriptors and Tanimoto coefficients. BHT-OOH was 
determined to be chemically similar and shared physicochemical properties with 
1310 hydroxylated. Because BHT-OOH is a product of BHT metabolism, BHT is an 
appropriate read-across surrogate for 1310 hydroxylated. Margin of safety (MOS) 
calculations equaled ≥1.0 for 1310 hydroxylated T3 devices using TE values derived 
from BHT chronic rat NOAEL of 25 mg/kg/day. Therefore, the assessment of the 
physicochemical properties of structural surrogates and potential transformation 
pathways should be implemented during the review of chemical characterization 
data for AA medical devices and the selection of an appropriate read-across to 
evaluate the potential for toxicity.

 4412 Comparison of Contrast Media Components with International 
Organization for Standardization (ISO) Standard Solvents to 
Determine Representative Patient Risk

C. Meakin, I. Hadley, and L. Borton. Gradient, Boston, MA.

Medical devices are subject to rigorous testing during the biological evaluation 
process including solvent extractions that are used to chemically characterize 
the device for toxicological risk assessment (TRA). Per ISO-10993 guidelines, it is 
recommended that two extraction solvents of differing polarity (such as water or 
ethanol) are utilized to produce a robust extractables profile for the TRA process. 
As a case study, a contrast media injector system was evaluated by simulated use 
and exhaustive extraction using both water and a mixture of water and ethanol. TRA 
of water-extracted chemicals identified no unacceptable risks. Conversely, several 
chemicals in the ethanol extract were present above acceptable limits. Because 
of these findings, Gradient evaluated the physical and chemical properties of the 
individual components of two widely used contrast medias - Contrast Media A and 
B - in order to determine their extractive power compared to typical ISO 10993-18 
polar solvents (such as water or saline), semi-polar solvents (such as ethanol, 
isopropanol, or methanol), and non-polar solvents (such as hexane or benzene). 
Specifically, the octanol-water partition coefficient (Log Kow) and relative electro-
negativities[CF1] of CH, NH, and OH bonds of the contrast media components were 
compared to those of common solvents. Intravenous contrast media are solutions 
that utilize elements, typically iodine, organically bound in ionic or non-ionic 
compounds in aqueous solution. All of the components in Contrast Media A 
demonstrated negative Log Kow values (-10.42 to -0.77) and 3 out of 4 components 
in Contrast Media B had negative Log Kow values (-2.79 to -1.56) indicating high 
water solubility of these ingredients. The fourth component in Contrast Media B 
(Log Kow = 0.54) readily dissociates in water (exhibited by a relatively high water 
solubility value of 3.25E+4 mg/L) and other polar solvents. This analysis showed 
that highly polar solvents (such as water) represent the extractive powers of both 
Contrast Media A and B. Semi-polar solvents (such as isopropanol or alcohol-water 
solutions) and non-polar solvents (such as hexane or benzene) were concluded not 
to be representative of either contrast media. Based on this analysis, although the 
ethanol-extracted chemicals provided useful compositional data, it was concluded 
that the TRA of water-extracted chemicals best represented potential patient risk.

 4413 Dynamic Headspace GC/MS Method to Detect Volatile 
Extractables from Medical Device Materials

M. Patabandige, K. Nahan, and S. I. Wickramasekara. US FDA, Silver Spring, 
MD. Sponsor: B. Oktem.

Volatile extractables, released from medical devices during use, are a concern as 
they may expose patients to harmful levels of toxic compounds. According to ISO 
10993-18:2020, the Analytical Evaluation Threshold (AET) is used to determine 
the analytical sensitivity required to detect extractables from medical devices. 
Compounds, at or above the AET, need to be reported for toxicological risk assess-
ment. Currently, volatile analysis by static headspaces is used as a supplementary 
technique for medical device or material extracts. Variation of signal response in 
static headspace led to undefined AET for the volatile analysis method. Therefore, 
investigating new technologies that generate reproducible data for volatile quanti-
fication is needed for improved hazards identification. This study was designed to 
evaluate the performance of dynamic headspace (DHS) gas chromatography-mass 
spectrometric (GC-MS) analysis to achieve the sensitivity levels suitable for proper 
toxicological risk assessment for volatiles extracted from medical devices. DHS 
method development was conducted using residual solvents class 3-mix A standard 
which contained 24 volatile compounds suspended in N, N-Dimethylformamide 
(DMF), each at 5000 µg/mL original concentration. Diluted standard mix (10000X 
in 0.9% NaCl solution, 100 µL) was used for initial method development and 
analyzed using GERSTEL MPS attached to the Agilent GC-MS system. Two different 
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methods were designed to address both volatile and semi-volatile compounds. 
The efficiency of DHS extraction was optimized based on incubation temperature, 
trapping volume/ time, adsorbent type (Carbopack B/ Carbopack X (Carbopack 
B/X) and Tenax TA), and drying time for low-volume samples. Method performance 
was compared with commonly used static headspace GC-MS analysis. For volatiles 
analysis method, 37 °C incubation temperature, 100 mL trapping volume and 5 
minutes trapping time provided the optimal analyte responses for compounds 
with higher air-water partition coefficients, such as alkanes. Both adsorbent 
materials performed similarly with the volatile analysis method. In contrast, the 
semi-volatile method performed at the same incubation temperature, but with an 
increased trapping volume (750 mL) and time (15 minutes) along with a drying 
time of 16 minutes improved the headspace extraction of compounds, such as 
alcohols, that tend to remain in the water due to their low air-water partition coeffi-
cients. In the semi-volatile method, Tenax TA adsorbent material showed >90% 
reduction of the peak area responses, especially for early eluting compounds (low 
boiling point), compared to the Carbopack B/X adsorbent material. To further 
improve the headspace concentration of more water-soluble compounds such 
as alcohols, and ketones, the effect of surfactants addition to the sample matrix 
was also investigated. Application of developed methods were tested using 
saline extracts of various medical device materials such as ABS, Buna and PVC. 
Preliminary results showed improved efficiency in detecting volatile extractable 
in ABS material extracts with the semi-volatile method with increased peak area 
responses compared to the volatile method. This sensitive dynamic headspace GC/
MS method may facilitate improved toxicological risk assessment for the volatiles 
detected in medical devices.

 4414 Beyond “Paper” Assessments: A Framework for Strategic 
Information Gathering for Superior Medical Device E&L and Risk 
Assessment Outcomes

A. Kozak, D. Pastarnak, and C. Diab. Edwards Lifesciences, Irvine, CA. Sponsor: 
G. Charles.

“Information gathering” is described as the necessary first step for medical device 
biocompatibility evaluation (ISO 10993-1) and chemical characterization (10993-
18). However, limited guidance is provided on process structure as well as what 
constitutes a “good enough” level of detail to support an overall risk assess-
ment. Inadequate information gathering may adversely impact extractables and 
leachables (E&L) testing outcomes-requiring re-testing due to unsuitable methods 
or forcing protracted analytical investigations to resolve “unknown” extractables. 
Worse, poor alignment between study design and a device’s chemical composi-
tion poses significant risk for false positives and false negatives in extractable 
compound identification, as well as substantial error in compound semi-quanti-
tation. In contrast, robust and strategic information gathering provides a bedrock 
level of understanding that is independent of laboratory, sample preparation, 
chromatographic conditions, data analysis algorithms, and mass spectral interpre-
tation. Here, we describe a novel framework for performing a “paper material 
characterization”, sharing best practices for documenting device material composi-
tion, manufacturing processes, and chemical processing aids. Information gather-
ing is performed by a dedicated, independent team of subject matter experts in 
polymer chemistry and material science, leveraging diverse sources of information 
to document known constituents and infer likely polymeric impurities, degrada-
tion products, and processing byproducts. Assessments within the framework 
are inherently modular, subdivided at a component, polymer resin, and chemical 
processing aid level; these are captured in a structured relational database format 
that may be queried to support future risk assessments. The result of the described 
framework is a library of material characterization reports each providing a compre-
hensive device description through the lens of chemical risk—a forecast of the 
chemicals which may be released during E&L testing or clinical use. For E&L, the 
output of these a priori activities builds a critical foundation, directly informing 
standard selection, method qualification scope, UF determination, compound 
identification, determination of extractable expectedness, and cohort of concern 
review. Compounds requiring targeted testing are identified up front, facilitating 
parallel testing which accelerate chemical characterization cycle times. A priori 
information is further leveraged to generate E&L high-resolution accurate mass 
library targets—a workflow especially valuable for polydisperse extractables. 
Knowledge of expected extractables may be used to improve compound identifi-
cation confidence by rationale of prior probabilities in the Bayesian sense. Outputs 
of E&L testing are used to support future information gathering projects, resulting 
in a positive feedback loop that builds upon a laboratory’s expertise and supports a 
trusted partnership between toxicology, analytical chemistry, and biocompatibility 
teams. Finally, we also discuss implications for E&L testing performed at in-house 
vs contract laboratories—the latter case presenting challenges regarding disclo-
sure of sensitive intellectual property related to device composition/manufacturing, 
but which still benefits from reconciliation of a priori forecasts and experimen-
tal observations. Ultimately, the integration of a strategic information gathering 
process results in more robust and informed medical device risk assessment—
providing early insight into potential hazardous substances, supporting E&L and 
toxicological evaluation, and in some cases facilitating equivalence justifications 
for changes not requiring extensive biocompatibility testing.

 4415 A Novel 3D Imaging Pipeline for Analyzing Radiofrequency 
Catheter Ablation in Preclinical Animal Models

G. Ferron1, N. Patel1, A. Knesis1, Y. Jung1, S. Linehan1, T. Ragan1, J. Budrewicz2, 
D. Parrillo2, and R. Tzafriri2. 1TissueVision Inc., Newton, MA; and 2CBSET Inc., Lexington, 
MA. Sponsor: S. Linehan, International Society for the Study of Xenobiotics.

Radiofrequency catheter ablation uses programmed electrical stimulation to alter 
or destroy cells causing irregular parenchymal activity. Despite its history of clinical 
adoption across a range of therapeutic areas, the 3D volume of ablated tissue has 
yet to be quantified. To address this gap, we developed a novel Serial Two-Photon 
Plus (STP2) pipeline to visualize and quantify ablated tissue through imaging of 
sub-micron cellular features across treated porcine liver and kidney samples. 
Porcine liver and kidney were treated ex vivo with an ablation pen at three timepoints 
(0, 20, and 40 seconds) and imaged with the STP2 pipeline using a TissueCyte 
system. The resulting high-resolution multi-channel datasets at 920 nm yielded 3D 
models of the label-free collagen matrix and cellular autofluorescence. Automated 
analysis pipelines were developed to extract the damaged area via detection of the 
autofluorescence intensity and characteristics of the collagen matrix. Resulting 
high resolution 3D models successfully isolated and quantified the ablated tissue 
volume and characterized spatial changes in tissue texture for the three treatment 
timepoints in the liver and kidney. In addition, regional analysis quantified differ-
ences in fractional area, bundle frequency, and anisotropy of collagen fibers in 
treated samples. The STP2 pipeline produces translational high-throughput preclin-
ical ablation data with enhanced sensitivity and precision, providing the ability to 
quantify changes in total ablation volume in tissues at different timepoints and 
power levels in a variety of organs.

 4416 Weight of Evidence Approach for Benefit-Risk Assessment of 
CMR Substance Use in Medical Devices

S. L. More1, E. S. Fung2, A. Schulte2, K. Steimel3, K. Unice4, and M. Kovochich5. 1Stantec 
(ChemRisk), Portland, OR; 2Stantec (ChemRisk), Aliso Viejo, CA; 3Stantec (ChemRisk), 
Seattle, WA; 4Stantec (ChemRisk), Pittsburgh, PA; and 5Stantec (ChemRisk), Chicago, IL.

The European Union Medical Device Regulations (MDR) require manufacturers of 
medical devices to justify the use of substances classified as having Category 1A 
or 1B carcinogenic, mutagenic, or reproductive toxicity (CMR) at concentrations 
above 0.1 % weight for weight (w/w). Often, these classifications are based on 
toxicity tests conducted with materials that are inherently different from the final 
materials used in medical devices. Therefore, in order to prepare the necessary 
justification, it is crucial to understand the benefits and hazards associated with the 
CMR materials in medical devices. The goal of this work was to review and develop 
a weight-of-evidence (WoE) approach that can be used in benefit-risk assessments 
for the justification of the use of CMR substances in medical devices. The developed 
WoE approach considers data from multiple lines of evidence including 1. device 
function; 2. device performance; and 3. risk assessment including exposure to CMR 
substance. The data for each line of evidence was evaluated qualitatively with likeli-
hood described in accordance with the recommended semi-quantitative confidence 
scale including ISO terms, subjective range, and probability terms. Sources of data 
and evidence consist of physico-chemical characterization, pre-clinical testing, and 
clinical testing which may include peer-reviewed publications, toxicity testing, and 
information from equivalent devices. The overall aim of the methodology is an 
objective decision criteria analysis of feasibility, performance, and risk consider-
ations to support and justify either continued use of the CMR substance or substi-
tution with a suitable alternative. The approach outlines key information that needs 
to be gathered (e.g., test system and protocols, material tested, results, etc.), how to 
assess the reliability of the study, and discusses how to assign a weight of evidence 
(i.e., strong, moderate, weak, uncertain) to the evidence based on relevance to the 
material and device at hand. The gathered information from the various lines of 
evidence is reviewed and integrated together to provide justification for contin-
ued use of the CMR above 0.1% w/w, if applicable. To demonstrate the applica-
tion of this framework, we applied the methodology to published data regarding 
cobalt-containing alloys utilized in medical device implants. Co-containing alloys 
have unique physical properties, including superior wear and fatigue resistances, 
that offer a wide range of use in different medical devices. The approach taken in 
this evaluation to justify the continued use of Co in medical devices synthesized 
information on functionality, performance, availability of alternatives, and balanced 
weighing of the benefits and risks. A balanced weighing of the risk was achieved by 
careful screening of the relative differences in functionality, performance, and risk 
objectively for the current use of Co-containing alloys as well as possible alterna-
tives. Overall, this WoE approach provides a roadmap for assessing the benefit-risk 
of CMR substances in medical devices and outlines key resources that can be 
reviewed when preparing a justification.
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 4417 Challenges of Assessing the Biological Safety of a Novel 
Emulsion Medical Device

C. M. Schultz1, C. J. Shaffer1, V. M. Szlag2, and N. V. Soucy1. 1Boston Scientific 
Corporation, Arden Hills, MN; and 2Boston Scientific Corporation, Maple Grove, MN.

Biocompatibility testing of medical devices is conducted in accordance with ISO 
10993 and specific regional regulatory requirements. Given that most medical 
devices are solid (e.g., polymeric/metal), biocompatibility testing is typically 
conducted using device extracts and test methods that are well-suited for evaluat-
ing device extracts. Depending on their compatibility with the test systems, liquid 
medical devices may require modifications to the standard biocompatibility test 
methods. The device described in this case is an emulsion, with olive oil residing in 
the internal phase, water comprising the external phase, and surfactants residing 
at the water-oil interface. Due to the unique physiochemical properties of the 
emulsion, conducting biocompatibility testing, specifically the in vitro hemocom-
patibility studies and extractables and leachables (E&L) analysis, using standard 
methods is particularly challenging. In vitro testing (i.e., hemolysis, partial thrombo-
plastin time [PTT], platelet and leukocyte [P&L], and complement activation [CA]) 
can be completed to assess the potential of the device to cause material-induced 
hemolysis and thrombosis. These tests, which follow ASTM and ISO standards, 
are not designed to assess liquid test articles and it was expected that the opacity 
of the emulsion would interfere with the mechanical and photo-optical coagula-
tion equipment used. To address hemocompatibility, modifications to the standard 
in vitro test methods were made to accommodate the device. When tested for 
hemolysis following ASTM F756 and ISO 10993-4, results were inconclusive due 
to test sample absorbance readings outside the hemoglobin standard curve. To 
resolve this issue, an additional dilution step of the test article supernatant was 
required that allowed for the absorbance readings of the test article samples to 
remain within the standard curve of the test system. Modifications of the applica-
ble ASTM standards were also required to complete CA, PTT, and P&L testing. A 
non-GLP PTT feasibility study was conducted using the test article at both a 1:4 
and 1:10 ratio. The 1:4 ratio was found to be compatible with the test system; 
therefore, this ratio was used for non-GLP CA and P&L feasibility testing. Using 
these modifications, all test systems were demonstrated to be compatible with the 
device and GLP testing confirmed the device is hemocompatible. While modifica-
tion of hemocompatibility test methods was feasible, E&L analysis that aligns with 
ISO 10993-18 and regulatory agency expectations is not expected to be feasible 
and would require highly burdensome method development activities. Due to the 
high lipid concentration in the emulsion, direct chromatographic separation of the 
device extracts is not possible. Sample preparation would require modifications 
including filtration and/or significant dilution resulting in a high risk of sample loss 
from solvent immiscibility, solids precipitation, column fouling, and dilution of 
potential leachables to undetectable levels. The resulting data would likely not be 
representative of clinical use. We contend that chemical characterization through 
detailed information gathering, instead of E&L analysis, is the appropriate method 
for addressing long-term systemic toxicity risks of the device. Overall, many of the 
challenges of assessing the biological safety of a liquid device may be overcome 
through creative test method alterations; however, E&L testing would require signifi-
cant development activities, and results may not accurately inform the safety of the 
device. Additional guidance would be useful in achieving a meaningful analysis of 
potential leachables from unique medical devices.

 4418 Case Studies on Risk Mitigation Strategies for Medical Device 
Cytotoxicity Failures

B. Prabhakar, J. Eucher, K. Ohneswere, K. Erickson, C. Jamison, and K. Ehman. WuXi 
AppTec, Saint Paul, MN.

According to ISO 10993-1:2018 and FDA’s Guidance on Use of ISO 10993-1 (2020), 
cytotoxicity is a key biocompatibility testing requirement for all medical devices, 
regardless of the duration and nature of tissue contact. In vitro cytotoxicity tests 
are performed to assess cell viability, either quantitatively or qualitatively, and it 
is not uncommon to encounter cytotoxicity failures during medical device testing. 
A monolayer of cells, as used in in vitro cytotoxicity assays, is not representative 
of the complex in vivo environment in human tissues and may result in a positive 
test response when exposed to certain materials such as metals, alloys or plasti-
cizers. According to Section 10 of ISO 10993-5:2009, “cytotoxicity data shall be 
assessed in relation to other biocompatibility data and the intended use of the 
product.” Additionally, the standard highlights that “any cytotoxic effect can be of 
concern. However, it is primarily an indication of potential for in vivo toxicity and 
the device cannot necessarily be determined to be unsuitable for a given applica-
tion based solely on cytotoxicity data.” Hence, cytotoxicity failures (i.e., a positive 
test result) should be evaluated in combination with all other relevant biological 
endpoints to determine device safety. In this presentation, we discuss two in vitro 
MEM elution cytotoxicity test failures and the mitigation strategies employed for 
determining the overall biocompatibility of each device. In the first case study, 
cytotoxicity was reported at all timepoints (24, 48, and 72 hours) for an intact 
skin-contacting, limited-duration device with less than 5 minutes of patient contact. 
However, there were no signs of potential sensitization or irritation in the in vivo 
assays. The device is comprised of polychloroprene, which is a synthetic black 
rubber, and would be expected to fail cytotoxicity; therefore, the cytotoxicity result 

is not meaningful for evaluating biocompatibility in this instance. In the second 
case study, cytotoxicity was reported at all timepoints (24, 48, and 72 hours) for 
an externally communicating, indirect blood path, limited-duration device. There 
were no signs of potential sensitization or irritation in the corresponding in vivo 
studies. Extracts were not hemolytic, and an acute systemic toxicity assay showed 
no signs of systemic toxicity. Following chemical characterization (i.e., an exagger-
ated extractables study), a toxicological risk assessment (TRA) concluded that the 
toxicological risks were acceptable under the intended use conditions. However, 
several acrylate, methacrylate and citrate-related compounds were identified in 
the chemical characterization study. All three groups of compounds are known 
to cause in vitro cytotoxicity at certain concentrations. The TRA served to identify 
potential culprits that may have contributed to the observed in vitro cytotoxicity; 
however, because they were not identified at levels of toxicological concern, the risk 
was considered acceptable. In summary, the MEM cytotoxicity assay, as well as 
other in vitro assays of cytotoxicity, are very sensitive screening assays with signifi-
cant potential for positive results. For this reason, they serve as an excellent screen 
for potential biocompatibility issues. However, when a failure does occur, there is 
a regulatory expectation to identify the root cause and further justify the failure. 
Therefore, the overall weight of evidence, which may include chemical characteri-
zation, toxicological risk assessment, and in vivo biocompatibility testing should be 
taken into account when determining device safety, and a failure in the cytotoxicity 
screen should not automatically deem a device unsuitable.

 4419 Framework for Evaluation of Extract Processing in 
Chemical Characterization

J. A. Young. US FDA, Silver Spring, MD.

As an alternative to animal studies in biocompatibility and safety evaluation 
of medical devices, chemical characterization and toxicological risk assess-
ment (TRA) has been increasingly used in device submissions to address some 
biological endpoints. Although the ISO 10993-18 standard was recently revised 
to improve available guidance for chemical characterization, extract processing 
prior to chemical analysis was not exhaustively discussed. Extract processing, 
such as solvent exchange (liquid-liquid extraction) and solvent evaporation, is 
often a necessary step to render the extracts amenable to chemical analysis as 
well as to achieve the necessary analytical evaluation threshold (AET) to allow for 
subsequent TRA. However, potential losses of extractables during extract process-
ing can result in underestimation and/or underreporting of extractables, leading 
to incorrect conclusions in TRA. Currently, there is no clear framework for perfor-
mance evaluation of extract processing for chemical characterization. This inevita-
bly leads to a variety of approaches which can result in inconsistencies in labora-
tory results. To address this, a general framework was created for the evaluation 
and reporting of extract processing including estimation of recovery through predic-
tive models, selection of appropriate surrogate chemicals for evaluation, experi-
mental verification of the recovery estimation, and reporting the information within 
the context of the applicable chemical space. To demonstrate the established 
framework, a predictive physicochemical model was established for liquid-liq-
uid extraction and solvent evaporation processes. For liquid-liquid extraction of 
water extracts into dichloromethane, partition coefficients were calculated using 
a linear solvation energy relationship (LSER) method for a database of approxi-
mately 13,000 relevant chemicals using several established quantitative structure 
activity relationship (QSAR) models and used to predict recovery based on Nernst’s 
partition law. Nine surrogates were then selected from the database to span the 
entire range of predicted recoveries (0-100%) and the recoveries were verified using 
direct injection gas chromatography-mass spectrometry (GC-MS) to establish the 
efficacy of the model under several different conditions including adjusted dichloro-
methane/water ratios, analyte concentrations, solution pH, and number of sequen-
tial extractions. For solvent evaporation, recoveries were predicted for a separate 
database of 22,000 relevant chemicals by calculating the solvent-air partition 
coefficients using LSERs and the subsequent relative evaporation between the 
solute and solvent. The recoveries of the five selected surrogate chemicals were 
verified experimentally by GC-MS under various conditions including evaporation 
method (nitrogen blowdown and rotary evaporation), evaporation temperature, and 
solvent. In both cases, the models selected demonstrated a root mean square error 
of approximately 15% and were found to reliably predict the recovery of an extract-
able under all tested conditions. Applying this framework creates a more compre-
hensive communication of the efficacy of an extract processing method, which 
can significantly impact the assessment of appropriateness of extract preparation 
parameters for chemical characterization and ultimately the quality assessment of 
chemical characterization data used for TRA.

 4420 Development of an In Vitro Test Method for Irritation of Medical 
Devices Used in the Oral Cavity

M. Puskar1, J. Molignano2, S. Letasiova1, C. Pellevoisin1, and M. Klausner2. 1MatTek In 
Vitro Life Sciences, Bratislava, Slovakia; and 2MatTek, Ashland, MA.

The irritation potential of any medical device (MD) designed to contact oral 
tissues (gingival, buccal, lingual, etc.) needs to be evaluated before clinical use. 
The objective of this project is to develop and validate an in vitro assay to assess 
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the oral irritation of medical devices. This assay will replace the historical in vivo 
assay performed on Syrian hamsters. For MDs that contact the skin, ISO 10993-23 
standard requires evaluation using an in vitro irritation test based on reconstructed 
human epidermis (RhE) before animal or human patch testing is performed. 
However, for testing of medical devices with intended contact with oral tissues, 
the RhE models are not appropriate, and the ISO standard recommends the use of 
other in vitro models with relevant cells or tissues. The EpiOral model consists of 
normal, human-derived oral epithelial cells cultured to form a multilayered, highly 
differentiated model of human buccal tissue. Produced commercially for more than 
15 years, several methods have been developed to study oral penetration, drug 
delivery, and irritancy of oral care products such as toothpastes, mouthwashes, and 
orthodontic devices. To assess the feasibility of an in vitro irritation test method, 
initial experiments tested solutions of irritant chemicals contained in MDs used in 
the oral cavity. Solutions with increasing concentrations of ethanol (ET), lactic acid 
(LA), methyl methacrylate (MM), sodium dodecyl sulfate (SDS), phosphoric acid 
(PA), sodium hypochlorite (SH), hydrogen peroxide (HP), and chlorhexidine digluco-
nate (CD) in sodium chloride or sesame oil were applied topically to the EpiOral 
model. The time required to reduce tissue viability by 50% (ET-50) was determined. 
The results showed a clear relationship between tissue viability and exposure time 
and between ET-50 and concentration of the irritant chemical. Test articles were 
rank ordered based on ET-50s as follows (most irritating to least irritating): PA, 
HP, SH, LA > SDS > CD > MMA > ET. Compared to historical in vivo data, the in vitro 
method classified the samples containing an irritant at the expected concentration. 
In addition, the ET-50s allowed differentiation between strong and mild irritants. 
The data demonstrate that this in vitro assay has equivalent or superior perfor-
mance to in vivo method. The next step of the project is to assess the irritation 
potential of several marketed medical devices, some of which are known to induce 
irritant responses in vivo. We welcome other stakeholders (producers of medical 
devices, regulators, and other interested parties) to join us as we further develop 
the assay method and move it into the validation process.

 4421 Is Glutaraldehyde a Red Herring in Heart Valve Cytotoxicity?

S. B. Pascua1, and S. M. Street2. 1Medtronic, PLC, Santa Ana, CA; and 2Medtronic, PLC, 
Minneapolis, MN.

Since the inception of animal-derived surgical and transcatheter heart valves, 
glutaraldehyde has played a vital role in the fixation, reduction in bioburden, and 
sterilization of these medical devices. Despite the role it plays in the manufac-
turing of life-saving devices, residual glutaraldehyde may elicit toxic effects, 
most notably cytotoxicity and genotoxicity. To reduce the risk of glutaraldehyde 
toxicity, physicians are instructed to rinse the device in saline prior to implantation. 
Device manufacturers develop the rinsing procedures for heart valves with a heavy 
emphasis on the length of time of the rinsing process, as longer rinsing procedures 
are considered more favorable for reducing the amount of residual glutaralde-
hyde on the devices. However, as the devices are prepared at the time of surgery, 
the rinsing time can extend the time of the surgical procedure. Extended surgery 
times pose a higher risk to the patient developing an infection and/or experiencing 
post-operation complications; thus, it is critical that manufacturers develop device 
preparation procedures that effectively remove residual chemicals while also being 
highly efficient to reduce adverse patient outcomes. In biocompatibility testing 
when a heart valve produces a cytotoxic result, the outcome is often attributed to 
the presence of residual glutaraldehyde. However, in an analysis of glutaraldehyde 
concentrations and cytotoxicity scores for several different heart valves, there is no 
clear correlation between the amount of glutaraldehyde extracted from the heart 
valves and the cytotoxic potential of these devices. Further analysis was conducted 
to understand what factors may be influencing the cytotoxicity scores. Factors 
evaluated included the valve type, tissue type, or the anti-calcification treatment 
used with no trend identified; however, when the relationship of the surface area 
of the tissue (SAT) to the total rinse volume (VR) as well as the rinsing time (RT) 
was evaluated, a trend emerged. The data indicated that lower ratios of SAT:VR:RT 
improve cytotoxicity scores, suggesting that other compound(s) may be contribut-
ing to the overall cytotoxic potential of the device besides residual glutaraldehyde. 
Therefore, residual glutaraldehyde may be a red herring for cytotoxicity, and device 
manufacturers should develop heart valve rinsing procedures in relation to the 
SAT:VR:RT ratio in order to optimize the reduction of residual chemicals, minimize 
procedure time, and improve patient outcomes.

 4422 In Vitro Assays for Assessment of Skin Sensitization Hazard 
and Potency of Isobornyl Acrylate

R. Jenvert1, O. Larne1, U. Mattson1, R. Gradin1, K. P. Coleman2, and A. Forreryd1. 
1SenzaGen, Lund, Sweden; and 2Medtronic, Minneapolis, MN.

Acrylates have a wide range of applications for medical devices as they can bring 
several advantages such as transparency, super-absorbency and hardness in 
combination with flexibility. The manufacturing of acrylic materials typically involves 
using at least one monomer of either acrylate or methacrylate which react to form 
a polymer. Several methodologies can be used for polymerization and the degree 
of polymerization of the final material can vary, hence some products can contain 
more residual monomers than others, and human exposure to these well-known 

skin sensitizers may increase the risk of developing the adverse immunological 
response, allergic contact dermatitis. In 2020, the acrylate monomer, isobornyl 
acrylate (IBOA; CAS 5888-33-5), was named allergen of the year by American Contact 
Dermatitis Society due to the increased number of patients that were sensitized to 
IBOA found in glucose sensors and glucose pumps. IBOA is also present in other 
medical device products as plastic materials, coatings, sealants, glues, adhesives 
and inks. As a result, it is important to find alternatives to the animal methods used 
today to assess skin sensitization to properly identify the skin sensitizing potential 
of IBOA in medical devices and avoid the risk of sensitizing more individuals to 
this chemical. The GARDskin (OECD TG 442E) assay, initially developed for hazard 
identification of a wide range of skin sensitizers, has been adapted for use with 
polar and non-polar solvents as described in ISO 10993-12:2021 and can be applied 
to assess the skin sensitization of medical devices. Further development of the 
GARDskin protocol has also enabled the prediction of skin sensitization potency 
by using a dose-response measurements. The cDV0 value derived from the assay 
corresponds to the lowest concentration required to exceed a binary classification 
threshold in GARDskin, and this concentration correlates significantly with LLNA 
EC3 and human NOEL values. Linear regression models have been established to 
exploit these relationships for potency predictions. In this study, we explored the 
ability of GARDskin Medical Device assay to detect the skin sensitizing potential 
of IBOA in a mixture of chemicals extracted from a silicone material (Nunsil 
MED-2000) in both saline and oil extract. Additionally, the skin sensitizing potency 
of IBOA was also investigated using the novel GARDskin Dose-Response assay. The 
acrylate monomer, IBOA, was correctly classified as a skin sensitizer in extracts of 
the silicon material spiked with IBOA using the GARDskin Medical Device assay. 
The correct classification of IBOA as a skin sensitizer provides evidence that the 
GARDskin Medical Device assay is sensitive enough to detect low concentrations 
of device-related skin sensitizers in a mixture of extracted chemicals and hence 
has the potential to replace in vivo tests for risk assessment of medical devices. 
Furthermore, IBOA was classified as a strong to moderate skin sensitizer (HP 2) 
with a predicted LLNA EC3 value of 0.848% and human NOEL value of 230 µg/cm2 

using the GARDskin Does-Response assay. These predictions agree with existing 
human data and information from the ECHA registration dossier, illustrating the 
potential of the GARDskin Dose-Response assay to replace in vivo tests for quanti-
tative potency assessment of potential skin sensitizers.

 4423 Nicotine Promotes HEMA Toxicity in PE/CA-PJ49 Cells

S. Uvsløkk1, J. Samuelsen1, and T. Tanner2. 1Nordic Institute of Dental Materials, Oslo, 
Norway; and 2University of Oulu, Oulu, Finland.

The monomer 2-hydroxyethyl methacrylate (HEMA) is commonly used in 
resin-based dental materials. HEMA is known to leak into the patient’s oral cavity 
during and after treatment with resin-based materials. In addition, HEMA is 
known to have a cytotoxic potential in vitro. The cellular defense against HEMA is 
suggested to involve autophagy. The concentration of nicotine in tobacco and other 
nicotine-containing products is known to be relatively high. For patients treated with 
resin-based dental materials and at the same time are using nicotine-containing 
products such as snus or gums, a co-exposure will occur. The knowledge regard-
ing nicotine toxicity has mainly focused on the interaction with nicotine choliner-
gic receptors. Still, it is also known that nicotine directly affects the lysosomes 
in cells. These organelles are essential in cellular degradation pathways, such as 
phagocytosis and autophagy. Hence, impairment of lysosomal function by nicotine 
could disturb this important defense mechanism against HEMA in cells. Based 
on this knowledge, we hypothesize that nicotine exposure increases the toxicity 
of HEMA by reducing the autophagic capacity. For this in vitro study, a human 
tongue squamous carcinoma cell line (PE/CA-PJ49) was used as a model for oral 
exposure. Cells were cultured and exposed to HEMA (2 mM) and nicotine (5-10 
mM) individually and in combination. The effects of nicotine were compared to 
the effects of an inhibitor of lysosomal activity (Bafilomycin (BAF); 10 nM). Cell 
viability was measured using the MTT assay. The cellular level of p62/SQSTM1 
(p62; a marker of autophagic flux) was measured by western blotting. The intracel-
lular lysosomal activity was measured using flow cytometry. IncuCyte, a real-time 
live cell imaging system, was used to monitor cell morphology and mobility 
(scratch wound migration assay). The viability of PJ49 cells dropped significantly 
after combined exposure to HEMA and nicotine for 24 h, compared to individual 
exposures. Both nicotine and BAF-exposed cells showed similarly increased levels 
of p62. This level increased further when HEMA was added to the exposure mix. 
HEMA alone also increased p62 levels but to a smaller extent. The lysosomal 
activity was reduced in cells exposed to nicotine and BAF compared to control 
and in cells exposed to HEMA alone. Nicotine gave visible morphological changes 
within minutes after exposure. Combined exposure with HEMA did not alter this 
effect. However, the effect was altered after combined exposure to BAF. No visible 
changes were seen in cells exposed to HEMA alone. Individual exposure to nicotine 
and HEMA had no/minor measurable effect in the wound healing assay, while the 
combined exposure resulted in almost total inhibition of cell migration. This study 
showed that combined exposure to nicotine and HEMA gave cellular effects that 
were not observed in individual exposure experiments. Although the results support 
the impairment of autophagy by nicotine, more experiments are needed to verify 
that dysfunctional autophagy is responsible for the toxic response.
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 4424 In Vitro Irritation Assay and Regulatory Acceptance Two Years 
after ISO 10993-23:2021 Release

C. D. Christensen1, S. M. Street1, K. P. Coleman1, and W. V. Christian2. 1Medtronic, 
Minneapolis, MN; and 2Medtronic, Jacksonville, FL.

ISO 10993-23:2021 describes a stepwise approach for evaluating the irritation 
potential of medical devices that emphasizes the use of human tissue-based in 
vitro testing in preference to animal-based in vivo testing. This paradigm shift in 
medical device testing is in alignment with global efforts to reduce the reliance 
on animal testing as well as the guidance of ISO 10993-2:2022 regarding medical 
device testing and animal welfare. However, two years after the release of ISO 
10993-23:2021, there is still inconsistent regulatory acceptance of the standard’s in 
vitro assay, and manufacturers must often conduct both in vitro and in vivo assays 
to meet the requirements of regulatory bodies across the globe. This results in 
added cost and time to device testing, potential delays in product to patients, and 
unnecessary laboratory animal use. Previously, we examined the correlation of 
15 paired in vitro and in vivo irritation assay test results to understand if the in 
vitro assay was suitable for use with final, finished medical devices in comparison 
to the in vivo assay (“Correlation Of In Vitro And In Vivo Skin Irritation Assays In 
Medical Devices: A Case Study,” 2022). Because of ongoing inconsistent regula-
tory acceptance of the in vitro model, we have continued to conduct testing under 
both methodologies. To date, we have collected more than 50 sets of paired data 
presented herein, including results from devices known to be positive for irritation 
in the in vivo assay. A comprehensive review of the data showed a strong correla-
tion between the results of the in vitro and in vivo assays, indicating that the in vitro 
assay is an acceptable replacement for the in vivo method to investigate the irrita-
tion potential of final, finished medical devices. However, a priori knowledge of the 
device materials should be utilized prior to testing with the in vitro assay to ensure 
method suitability.

 4425 Impact of Gamma and X-Ray Sterilization Modalities on Medical 
Device Extractables

J. Hutchinson, Y. Zhang, B. Bocanegra, C. Owens, and R. Roy. 3M, Saint Paul, MN.

Gamma sterilization has been used for more than 60 years in the terminal steril-
ization of medical devices. However, gamma sterilization processes currently face 
obstacles due to increasing global demand for cobalt. X-ray sterilization is being 
explored as a viable alternative to gamma irradiation. In order to determine what 
impact sterilization modality might have on the identity and quantity of extractable 
substances, a comparative chemical characterization study was performed accord-
ing to ISO 10993-18:2020, in which wound dressings from the same production lot 
were sterilized either by gamma or X-ray irradiation. Gamma- and X-ray-sterilized 
test articles were extracted exhaustively in triplicate, per solvent, using iterative 
extraction periods via gravimetric determination of non-volatile residue (NVR) and 
using a ratio specified in ISO 10993-12:2021. Once determined exhausted, reserved 
aliquots were pooled and analyzed for volatile to non-volatile and elemental extract-
ables using gas chromatography-mass spectrometry (GC-MS), liquid chromatogra-
phy-mass spectrometry (LC-MS), inductively coupled plasma-mass spectrometry 
(ICP-MS), and headspace gas chromatography-mass spectrometry (HS-GC-MS). 
A toxicological risk assessment (TRA) was then performed according to ISO 
10993-17 to evaluate patient safety and demonstrate chemical and biological 
equivalence. Thirty-four individual compounds or chemical categories were identi-
fied as unique to and/or present at higher amounts in the X-ray sterilized dressing 
compared to the gamma-sterilized control dressings. The known toxicity of each 
identified compound was characterized based on a systematic review of available 
toxicological information, and potential health risk was assessed by comparing 
worst-case estimated exposure doses to each compound’s tolerable intake (TI) or 
applicable threshold of toxicological concern (TTC) value. Under the processing 
conditions and target dose ranges used for this study, X-ray sterilization produced 
a very similar extractables profile compared to gamma sterilization. The results 
of the TRA demonstrated that the observed differences in extractables did not 
result in additional or different toxicological concerns, so the previously established 
biocompatibility profile of gamma-sterilized wound dressings may be extended to 
X-ray-sterilized dressings of the same construction.

 4426 Characterization of the ISO Database of Reference Chemicals 
for Interlaboratory Studies to Demonstrate the Applicability of 
OECD Methods to Assess Skin Sensitization of Medical Devices

C. Pellevoisin1, A. Nguyen2, R. Brown2, R. Jenvert3, H. Groux4, P. Cornelis5, M. H. Lee5, 
A. Zdawczyk6, J. Carraway6, E. Pedersen7, J. Cohen8, D. Waeckerlin9, A. P. Turley10, 
S. Hoffmann11, and K. Coleman12. 1MatTek, Ashland, MA; 2Risk Science Consortium 
LLC, Arnold, MD; 3SenzaGen, Lund, Sweden; 4ImmunoSearch, Le Plan de Grasse, France; 
5Nelson Laboratories LLC, Salt Lake City, UT; 6North American Science Associates 
LLC, Perrysburg, OH; 7Key2Compliance, Stockholm, Sweden; 8Gradient Corp, Boston, 
MA; 9Sonova Holding AG, Stäfa, Switzerland; 10Nelson Lab, Salt Lake City, UT; 11SEH 
Consulting + Services, Paderborn, Germany; and 12Medtronic, Saint Paul, MN.

The skin sensitization potential of medical devices is typically assessed using 
animal-based test methods such as the Guinea Pig Maximization Test (GPMT) 
or the Local Lymph Node Assay (LLNA). There is increased interest in using the 
non-animal methods from the OECD test guideline 442 series; however, these 
methods have been validated with neat chemicals and need to be evaluated and 
qualified before they can be accepted for evaluation of medical devices. The ISO 
Technical Specification 11796 under development in Working Group 8 (WG8) of ISO 
Technical Committee 194 (ISO/TC 194) provides the framework to demonstrate the 
applicability of these methods to assess the skin sensitization potential of medical 
devices. Due to the lack of positive and negative reference materials to conduct 
prevalidation and interlaboratory studies, test samples will be prepared from polar 
and non-polar extracts of a negative silicone polymer spiked with skin sensitizing or 
non-sensitizing chemicals. A database of 29 reference chemicals, 22 skin sensitiz-
ers and 7 non-sensitizers, representative of raw materials and/or leachables found 
in some medical devices has been established. The structural, physicochemical 
and mechanistic domain of the candidate compounds have been characterized and 
compared to the OECD reference database used to validate the define approaches 
in the OECD guideline 497.The skin sensitizer chemicals of the ISO database cover 
a range of potency from weak to extreme. All the mechanistic reaction domains 
known to be associated with sensitization are represented although, as in the 
OECD database, no reaction domain alerts were identified for nearly half of the 
chemicals. Statistical analysis of the distribution of values for the physicochemi-
cal properties considered relevant to skin sensitization in the OECD Guideline 497 
(e.g., octanol-water partition coefficient) showed similarity between the curated 
database and the OECD database. Particular attention was paid to the quality of the 
historical animal and human toxicological data and searches were performed in the 
scientific literature and in several reference databases. The EC3 value derivate from 
dose-response curve in the LLNA was used to define the spiking concentration for 
19 of the skin sensitizers. For 2 chemicals, more conservatives values were used 
from human and animal data and for 1 chemical the concentration was based on 
a weight of evidence approach from vivo and vitro data. To date there are 9 in vitro 
and in chemico methods in the OECD TG 442 guidelines, and two methods based on 
the use of a reconstituted human epidermis model are accepted in the OECD Test 
Guideline Program. The framework of the ISO TS 11796 will ensure that the same 
process and evaluation criteria will be applied to all these methods when conduct-
ing prevalidation and interlaboratory studies to demonstrate their applicability to 
assess skin sensitization of medical devices.

 4427 Study Design Challenges for Medical Device Extractables 
Testing of a Silicone-Based Long-Term Implant

R. D. Canatsey1, K. M. Vazquez1, R. J. Simas1, T. A. D. Holth2, and M. Ofsansky3. 1Boston 
Scientific Corporation, Marlborough, MA; 2Boston Scientific Corporation, Arden Hills, MN; 
and 3Boston Scientific Corporation, Spencer, IN.

Chemical characterization can be a valuable tool for protecting humans from 
biological risks from the use of medical devices; however, some materials pose 
a particular challenge in balancing (1) the exaggeration of clinical condition to 
ensure a conservative risk approach and (2) an accurate measurement of the 
device’s extractables profile under typical clinical use. Extraction conditions are 
expected to be at least as aggressive as the conditions of clinical use, with up to 
three solvents (e.g., polar, semi-polar, and non-polar) recommended for long-term 
implants. In this case study, a new device component was proposed as part of a 
long-term tissue-contacting implant device that would be similar in size, use similar 
silicone-based materials, possess the same properties to perform its function, 
and have no modifications to the indications for use as compared to the predicate 
device. Representing diverse conditions, three solvents were initially proposed for 
chemical characterization testing: water (polar), 20% ethanol (semi-polar), and 
DMSO (semi-polar). Silicones are well-known to swell and/or degrade in non-polar 
solvents; therefore, they were not considered appropriate for the study. In response 
to these diverse solvent conditions, the regulatory agency rejected the use of the 
proposed semi-polar solvents, and also suggested pursuing alternative non-po-
lar solvents. A solvent compatibility study was therefore conducted on the device 
using five non-polar solvents and three semi-polar solvents in 24-hour iterations at 
50 ± 2 oC with agitation. Visual inspection and non-volatile residue (NVR) analysis 
were performed after each round of extraction to assess the compatibility of the 
test article with the solvents. After the first iteration, the device showed a signifi-
cant amount of swelling in all non-polar solvents tested, absorbing nearly all of the 
round 1 extraction solvent. Of the three semi-polar solvents tested, only isopropanol 
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(IPA) reached exhaustion in 5 rounds, and the device was observed to decolor in all 
semi-polar solvents. Following review of the solvent compatibility study data, the 
regulatory agency recommended further expanding the study to include the use of 
mixtures of non-polar and semi-polar solvents. An additional solvent compatibility 
study was conducted using 60/40 IPA/hexane and hexane in 24-hour iterations at 
50 ± 2 oC with agitation, with visual inspection and NVR analysis performed after 
each round of extraction. Visual swelling was observed in each set of the additional 
solvent compatibility extractions. Solvent absorption during hexane extraction was 
experimentally determined to be approximately 90% in the first round. Subsequent 
iterations demonstrated additional solvent absorption of 20-30% each. Swelling 
was also observed in the 60/40 IPA/hexane extraction, with absorption determined 
to be approximately 56% in the first round. Similar to hexane, subsequent iterations 
in 60/40 IPA/hexane demonstrated decreased solvent absorption. Ultimately, the 
chemical characterization study was performed with water and IPA extractions; 
however, IPA extracts were unable to be analyzed due to instrument detector satura-
tion, and additional extractable/leachable and/or biological testing was deemed 
necessary for biocompatibility evaluation. In conclusion, there is a high burden of 
solvent investigation requested by regulatory reviewers for the chemical charac-
terization of certain materials- including those that are historically established as 
biocompatible in numerous forms and applications. Additional guidance is impera-
tive to navigate the study design process for these materials and support reason-
able, scientifically justified analysis of biological safety.

 4428 Ranking Surrogate Suitability for Read-Across of Medical Device 
Extractables: A Case Study of Irganox-Related Compounds

R. Chang1, P. M. Clyde2, P. A. Mashankar2, and J. M. Cohen2. 1Gradient, Seattle, WA; and 
2Gradient, Boston, MA.

Toxicological risk assessment of medical device extractables often deals with 
data lacking target chemicals, in which a read-across approach may be required 
to derive tolerable daily intakes (TDIs). In the absence of regulatory recognized 
standards or guidances, we developed a framework for selecting and evaluating 
the suitability of potential surrogate compounds for the purposes of toxicological 
risk assessment conducted in accordance with ISO 10993-17. The suitability of 
surrogate candidates is evaluated in four weighted domains: chemical structure 
and reactive functional groups, physicochemical properties, in silico toxicity predic-
tions, and metabolic profiles. A cumulative suitability score (SS) is then assigned 
to surrogates in order to assess their relative suitability for read-across to the 
target compound. Here, we present a case study evaluating the appropriateness 
of a group of Irganox compounds as surrogates for a common medical device 
extractable compound, Irganox 259. Irganox 259 is an antioxidant commonly found 
in medical device extracts that is added to stabilize organic substrates such as 
plastics, synthetic fibers, and elastomers. In this case study, the target compound 
is assumed to be extracted from a long-term implant device with direct blood 
contact, with an exposure period of ≤1 year. Our test set comprised of 16 candidate 
surrogate chemicals all sharing some aspect of the core (3-(3,5-ditert-butyl-4-hy-
droxyphenyl)propanoate) substructure with the target compound, while some 
surrogates also include unique functional groups such asamides, and thioethers. 
All Irganox compounds evaluated have robust toxicity data packages to facili-
tate a direct comparison of surrogate vs target toxicity across relevant endpoints 
and to evaluate the effectiveness of our proposed read-across suitability ranking 
framework. Irganox compounds are not expected to pose genotoxicity or carcino-
genicity risk based on in silico predictions and experimental data. Therefore 
non-cancer TDIs are derived based on subchronic oral toxicity data in rodents. 
Consistent with ISO Standard 10993-17 uncertainty factors are applied as follows: 
10 for extrapolation from rodents to humans, 10 for interindividual variability, and 
10 for route-to-route extrapolation. Relative toxicity between surrogate and target 
compounds is evaluated by calculating the ratio of TDIs (surrogate TDI/target 
TDI). For candidate surrogate chemicals with relatively high suitability scores, the 
TDI ratios ranged from 0.45 to 6.21 with a variance of 5.65 suggesting relatively 
consistent toxic potency. In contrast, for candidate surrogates with low suitability 
scores, TDI ratios ranged from 0.18 to 107, with a corresponding variance of 1,368 
suggesting a wider distribution of potencies. In an F-test, a statistically significant 
difference in variances is reported between the high and low suitability groups, 
F(7,7) = 0.041, p < 0.001. These findings demonstrate that a read-across framework 
based on chemical structure, physicochemical properties, in silico predictions, and 
metabolic profiles may be effective in identifying surrogates with similar potency/
TDIs (within an order of magnitude) to the target compound.

 4429 Alternative Solvents for Non-targeted Extractables Analysis of 
Blood-Contacting Medical Devices

B. Oktem, K. Sapkota, G. Lewis, B. H. Yun, and K. Belton. US FDA, Silver Spring, MD.

When materials of medical devices are subjected to extraction, extractables, 
including impurities, processing additives as well as material breakdown products 
may be released. These extractables have potential consequence on the biologi-
cal response to the device during its use. Chemical characterization analyses of 
extractables are followed up with toxicological risk assessments, which evaluate 
potential harm from exposure to the extractables. The standard ISO 10993-18:2020, 

which describes chemical characterization approaches, includes statement “Based 
on published research, 40 % (by volume) mixture of ethanol/water is considered 
an appropriate surrogate for blood and blood related substancesꞏꞏꞏ”; however, 
the published research on this approach relies on a very few material-extractable 
systems. This can be of concern since unreliable extractions systems can underes-
timate concentrations of extractables, leading to incorrect conclusions or greater 
uncertainties in toxicological risk assessment. This goal of this study was to 
evaluate considerations for creating and justifying alternative solvents for non-tar-
geted extractables analysis of blood-contacting medical devices. We explore two 
approaches: 1. create simpler simulators of blood with complex protein content 
that can be used in extractables studies; 2. create simple solvents that may act like 
blood in certain extractables studies. A panel of extraction solvents from simple 
solvents, such as iso-propanol or 40% ethanol/water, to aqueous albumin solution, 
blood [CF1] is being pursued. A panel of medical device and material extracts (e.g., 
polycarbonates, polyurethanes, hemodialyzers) are being analyzed with an UHPLC/
UV/CAD/MS system (Dionex Ultimate 3000, Dionex Corona Ultra RS, Agilent 6540B 
UHD QTOF-MS as well as UHPLC/MS with Agilent 1290- Agilent 6495C QQQ-MS) 
and data generated for UV, CAD, MS and MS/MS signals. Methods were customized 
for certain extractables in complex extraction solvents; however, screening is also 
performed. The initial data indicated that, binding of medical device extractables 
to protein containing solutions such as albumin solution can be measured. This 
ongoing work continues to expand comparison of specified extraction solvents 
and conditions and verifying with all LC-based analytical methods. This work will 
be a significant step toward reducing overestimation of the toxicological risk due to 
exhaustive/exaggerated extraction methods.

 4430 Assessing Localized Toxicity of Surface-Contacting Medical 
Devices Using an In Silico Dermal Risk Assessment Approach

M. B. Boylan, B. Wang, and M. H. Whittaker. ToxServices LLC, Washington, DC.

ISO 10993-1:2018 specifies that a biocompatibility evaluation for medical devices 
should be conducted based on category of device, type of contact, and contact 
duration to determine whether sufficient data are available to assess health risks 
or if further studies should be conducted. For surface medical devices in contact 
with intact skin, the hazard endpoints of most concern are skin irritation, corrosion, 
and sensitization. By leveraging published dermal risk assessment frameworks, 
these endpoints can be assessed quickly and potentially eliminate the need for 
animal testing. We evaluated extractables from a surface contacting device with a 
contact duration of up to 30 days by first performing a search for reliable published 
irritation, corrosion, and sensitization data, as well as for any GHS hazard classifica-
tions associated with dermal hazards. Following extractables testing of a surface 
contacting medical device, 4,4’-diphenylmethane diisocyanate (4,4’-MDI, CAS 
#101-68-8) was identified as one of the extractables. This chemical is a moderate 
skin irritant, as it is classified as a GHS Category 2 skin irritant and is associated 
with the GHS hazard statement H315. The literature search also identified 4,4’-MDI 
as a GHS Category 1 skin sensitizer: although it was not sensitizing in a previously 
completed Buehler test, it was positive in a local lymph node assay (LLNA) with an 
EC3 of 0.25% to <0.5%, as well as in a mouse IgE test with an EC3 <0.03%. According 
to published skin sensitization frameworks the level of consumer exposure to a 
skin sensitizer under intended product use conditions (i.e., the consumer exposure 
level (CEL)) is calculated as the mass of chemical per unit skin surface area (i.e., 
µg/cm2) and can be compared to the chemical’s acceptable exposure level (AEL). 
If the CEL > AEL, a sensitization risk exists; conversely, there is no significant risk of 
sensitization if the AEL > CEL. To determine the AEL, the no expected sensitization 
induction level (NESIL) is adjusted by the product of four sensitization assessment 
factors (SAFs), the aggregate SAF. A previously identified NESIL of 7.4 µg/cm2 for 
4,4’-MDI, based on an EC3 of 0.08% from an LLNA adjusted by a composite SAF of 
100, yields an AEL of 0.074 µg/cm2. Assuming that 100% of the 4,4’-MDI extracts 
from the device, the resulting CEL is 0.67 µg/cm2. As the CEL is greater than the 
AEL, we concluded that there is moderate potential for skin sensitization, and 
further biocompatibility testing for this device was recommended. Conversely, from 
a similar surface contacting device with a contact duration > 30 days, we identified 
and screened seven unique extractants, one of which was identified as a potential 
dermal hazard: phosphorous acid heptadecyldiphenyl ester (CAS #N/A). Using 
a published EC3 value of 40.6% from a surrogate, phosphorous acid diisodecyl 
phenyl ester, we calculated a NESIL of 10,150 µg/cm2 and then derived an AEL of 
101.5 µg/cm2. As this AEL value is greater than the derived CEL of 0.52 µg/cm2, we 
concluded there was an insignificant risk of skin sensitization from this device. This 
work demonstrates that dermal risk assessment can inform and, in some cases, 
reduce the need for additional in vivo irritation and sensitization testing.

 4431 Defining a Dose-Based Threshold for Metals in the Analytical 
Evaluation Threshold

C. D. Christensen1, S. M. Street1, M. Giffin2, C. Pohl2, C. P. Satori1, and W. V. Christian3. 
1Medtronic, Minneapolis, MN; 2Medtronic, Ogden, UT; and 3Medtronic, Jacksonville, FL.

ISO 10993-1:2018 requires manufacturers to provide chemical information on all 
medical devices. This can be achieved by either gathering material and process-
ing information and then literature searching and/or by chemical testing. Per ISO 
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10993-18:2020, analytical chemical characterization is one approach that can 
be used to meet this requirement. Analytical chemical characterization uses the 
Analytical Evaluation Threshold (AET) to ensure instrument sensitivity is adequate 
and as a reporting limit to screen out organic compounds that may be of no-to-low 
toxicological concern. This threshold is tailored for each medical device based 
on the number of medical devices used in the extract, the volume of the extract, 
maximum number of devices used in a clinical setting, the dose-based thresh-
old (DBT), and the analytical uncertainty factor. Currently, the AET is only used 
for organic compounds, as the DBT is based on the Threshold of Toxicological 
Concern (TTC) defined in ISO 21726:2019. The TTC is not applicable to inorganic 
extractables because they were excluded from the database used to derive the 
TTC. In turn, the lack of a DBT for each metal results in an undefined level of 
sensitivity required for reporting toxicologically relevant metal quantities. This often 
results in metals being reported below any threshold of actual toxicological risk, 
adding unnecessary cost and time to inorganic compound quantification. Herein, 
DBT values are proposed that can be used to derive a Metal Analytical Evaluation 
Threshold (MAET) for use in Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) or other analytical methods for quantifying inorganic compounds that 
may be released from a medical device. The MAET calculation uses the same 
inputs as the AET for organic compounds, except metal-specific DBT values are 
proposed for each element based on toxicity data from the scientific literature. The 
MAET allows the chemical characterization study designer the ability to (1) ensure 
the analytical methods have the appropriate sensitivity for quantifying each metal 
and (2) report metal extractables that may be considered toxicologically relevant. 
The MAET also increases the confidence in the data the toxicologist is using for 
toxicological risk assessment of medical devices. In summary, application of the 
MAET simplifies the handling of inorganic data, ensures meaningful metal data is 
collected, and reduces regulator deficiencies involving the sensitivity of the analyti-
cal method used to collect inorganic data.

 4432 A Guide to Evaluating Potential N-Nitrosamine Risks in 
Medical Devices

C. M. Pohl1, M. Giffin1, C. D. Christensen2, and S. M. Street2. 1Medtronic, Ogden, UT; and 
2Medtronic, Minneapolis, MN.

The threshold of toxicological concern (TTC) represents an exposure level that is of 
no appreciable risk to humans and is often used as a screening tool when evaluat-
ing health risks associated with chemical exposures. Per ISO/TS 21726:2019, the 
TTC cannot be applied to a set of high potency compounds called the Cohort of 
Concern (COC). One set of compounds within the COC are N-nitroso compounds 
(NOCs), including N-nitrosamines, which are potent carcinogens. Higher risk 
medical devices (e.g., implants, dialyzers, etc.) that may contain N-nitrosamines can 
present a greater risk of patient exposure to these compounds due to the invasive 
nature of their contact with the patient. Current analytical methods for medical 
device chemical characterization may not be sensitive enough to properly identify 
and quantify these compounds, potentially underestimating patient exposure to 
N-nitrosamines. However, manufacturers can take steps to determine whether 
medical devices pose a risk of containing these compounds and determine whether 
additional testing may be needed. The risk of N-nitrosamine formation is dependent 
on the presence of chemicals within the device materials and/or manufacturing 
processes that contain: 1) an amine group (primary, secondary, tertiary, quater-
nary) and 2) a nitrating agent. Herein, a simple flow chart was developed to assist 
with determining whether the medical device is at risk of exposing patients to 
N-nitrosamines. Use of the proposed flow chart permits refinement of the risk 
assessment for n-nitrosamines, therefore saving manufacturers time and costs by 
alleviating the need for unnecessary testing.

 4433 Proposed Toxicological Screening Limit for Elements Extracted 
from Medical Devices

F. K. Hsia, J. K. Warmka, S. L. Huebert, C. J. Shaffer, A. Stornetta, and N. V. Soucy. 
Boston Scientific Corporation, Arden Hills, MN.

Elemental analysis using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) 
is routinely conducted on implantable medical devices as part of chemical charac-
terization extractable and leachable (E&L) studies per ISO 10993-18:2020. Polar 
extracts of the device following exhaustive extraction are typically analyzed for the 
presence of between 46 and 68 elements. Because ICP-MS is a highly sensitive 
technique with very low quantification/reporting limits (in the range of 1-10 ng/
ml), miniscule levels (< 1 µg/device) of elements in devices are frequently reported. 
This results in time and resources being spent conducting quantitative risk assess-
ments on many inorganic compounds that pose no actual toxicological concern at 
the values reported. To improve efficiency, a conservative toxicological screening 
limit (TSL) of 5 µg is proposed as an initial step in the assessment of ICP-MS data 
under the condition that highly toxic, ICH Q3D Class 1 heavy metals (cadmium, lead, 
arsenic and mercury) are not detected. This TSL value is based on the ICH Q3D (R2)
(2022) parenteral Permitted Daily Exposure (PDE) of 5 μg/day for cobalt, which is 
the lowest of the 20 parenteral PDEs established for Class 2A, 2B and 3 elements. 
The PDE is defined as the maximum acceptable intake per day of, in this case, 
elemental impurities in pharmaceutical products. Per the proposed revision of ISO 

10993-17, a TSL represents the total quantity of a constituent at which a cumulative 
exposure is at a negligible toxicological risk level and no additional toxicological risk 
estimation is recommended. A review of recent extractable data from >20 Boston 
Scientific implantable devices composed of a variety of materials found that 78% of 
all reported values are < 5 µg/device. A total of 29 elements were detected above 
the reporting limits. The most common, in order of frequency, were magnesium, 
zinc, calcium, sodium, copper, cobalt, molybdenum, potassium, chromium and 
manganese, which are all essential elements. Non-essential elements commonly 
detected included aluminum, boron, barium, strontium and silicon. In all cases, the 
risk assessment demonstrated that the exposures were toxicologically insignif-
icant. Only 13 elements were detected at levels greater than 5 µg/device. These 
included essential elements such as calcium, sodium, potassium, magnesium, 
cobalt and phosphorus; and non-essential elements such as silicon, boron, barium, 
aluminum, nickel, tungsten and platinum. Many of these elements are known to be 
present in device materials or manufacturing processes. For example, nickel was 
commonly reported in nitinol devices at 0.01-7.2 µg/device; these levels are well 
below the parenteral nickel PDE of 20 μg/day. Importantly, no Class 1 elements 
were detected. Considering the lack of toxicological concern demonstrated for the 
low levels of elements commonly detected in medical device extracts, the use of 
a 5 µg TSL is proposed after correcting for any scaling factor and considering the 
maximum number of devices used clinically. If the calculated worst-case exposure 
to a particular element is less than 5 µg, then no element-specific assessment 
is necessary. Applying a 5 µg TSL in evaluating elements would be similar to the 
TSL approach being introduced in the proposed revised ISO 10993-17 to assess 
organic extractables and would share the common goal of reducing the burden 
when assessing extractables present in toxicologically insignificant amounts.

 4434 Implementation of Bionomous EggSorter with 
AI-Directed Fluidic Sorting Zebrafish Embryos for 
High-Throughput Screening

M. Koegler, M. Simonich, L. Truong, J. White, and R. Tanguay. Oregon State University, 
Corvallis, OR.

The Bionomous EggSorter (https://bionomous.ch/bioeggsorter/) recently entered 
the market as a user-friendly and affordable beta platform to address limitations 
around manual egg sorting and staging. The core of the design is trainable AI classi-
fication algorithms, an optical path and a sorting wheel. We sought to evaluate 
the EggSorter in a real- world, high throughput setting for its ability to 1) distin-
guish viable and fertilized eggs, 2) its accuracy in selecting target age stages of 
2.5 and 6 hpf and 3) its accuracy and speed in singulating eggs into 96 well plates, 
without damage. Our results show that the classification algorithms are not yet fully 
optimized. Classification of the 2.5 hpf target from a mixture ranging from 1.5 - 3.0 
hpf was accurate approximately 40% of the time. The need for more algorithm 
training on this target stage was thus apparent. Embryos near the 2.5 hpf target 
also experienced an unacceptable incidence of damage by the sorting process, 
apparently in the wells of the sorter wheel itself. It is hoped that a cleaner-ma-
chining material will be superior to the current plastic wheel. Classification of the 
6 hpf target from a mixture of stages from 4.5 - 10 hpf was accurate better than 
90% of time, suggesting that the algorithm training was nearly sufficient for this 
target. The time required to load a 96-well plate at the 6 hpf target was approx-
imately 15 minutes and no instance of a well left empty was observed for the 6 
hpf target. Double loading of wells ranged from 2 - 4 wells per plate and may be 
mitigated by reducing the density of eggs in the supply hopper. The 6 hpf target 
embryos were free of damage. The goal of the EggSorter is to provide an efficient 
process of sorting embryos that enables the researcher to focus on more technical 
tasks. More algorithm training on earlier targets and minor hardware improvements 
will effectively automate all aspects of zebrafish egg sorting, staging and alloca-
tion. This research was supported by the National Institute of Environmental Health 
Sciences of the National Institutes of Health under Award Number P42ES016465, 
R35ES031709 and P30ES030287. The content is solely the responsibility of 
the authors and does not necessarily represent the official views of the National 
Institutes of Health.

 4435 14C-Labeled Microbes to Track the Fates of 
Microbial Metabolites

D. Baliu-Rodriguez, B. Stewart, X. Mayali, R. K. Stuart, H. Enright, and D. Lam. Lawrence 
Livermore National Laboratory, Livermore, CA. Sponsor: B. Buchholz.

The gut-brain axis (GBA) is a complex bi-directional interaction between the 
brain and gastrointestinal tract. To date, there is no direct method to monitor 
the physiological crosstalk between the two organs, specifically neuroactive 
microbial metabolites produced in the gut and whether they are able to cross 
the blood brain barrier and modulate brain activity. To address this challenge, we 
developed a novel in vitro protocol, using radiocarbon (14C ) labeling, to evaluate 
whether the labeled metabolite, L-glutamic acid, can be transferred to the microbial 
catabolite of interest, γ-aminobutyric acid (GABA), a major inhibitory neurotrans-
mitter in the central nervous system (CNS). This labeling technique represents 
a potential direct approach to measure the physiological crosstalk between the 
gut microbiota and brain in a whole organism, and can be applied to the field of 
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toxicology to track the bio-distribution of the 14C-labeled metabolite/catabolite 
through the GBA when exposed to drugs or neurotoxicants. Radiocarbon tracing 
of the metabolite or catabolite of interest is commonly detected using acceler-
ator mass spectrometry (AMS), an analytical technique that is highly reproduc-
ible and sensitive, with detection limits as low as zeptomoles of 14C. However, 
AMS provides no structural information of its target analytes, and therefore cannot 
be used to distinguish between radiolabeled molecules. Parallel accelerator and 
molecular mass spectrometry (PAMMS) is a technology developed at Lawrence 
Livermore National Laboratory that uses a flow splitter to simultaneously perform 
traditional liquid chromatography-mass spectrometry (LC-MS) and liquid-sam-
ple AMS from a single sample injection. This approach enables identification of 
metabolites labeled with 14C by combining the extreme sensitivity of AMS with 
the separation and detection capability of LC-MS. In the present study, we used 
a simple monoculture of Lactobacillus brevis, a bacterial strain known to produce 
high amounts of GABA via the enzyme glutamate decarboxylase. The monocul-
ture was incubated with and without 14C-labeled L-glutamic acid, and the superna-
tant collected at 2 and 24 hours, and 4, 7 and 14 days in vitro. Preliminary results 
demonstrate chromatographic separation of GABA and glutamic acid derived from 
cultured cells. 14C signal of glutamic acid was detected with AMS, as well as other 
radiolabeled metabolites that have yet to be identified. Experiments are ongoing to 
identify the metabolites and characterize their changes in concentration. This will 
demonstrate that 14C-labeled L-glutamic acid from Lactobacillus brevis results in 
(1) microbial byproducts labeled with 14C, (2) labeling of the metabolite of interest, 
and (3) tracking the production/lifespan of 14C-labeled microbial catabolites over 
2 weeks. In summary, we will develop a 14C labelling approach as a tool to study 
the GBA, and elucidate how toxins modulate this complex interaction. This work 
was performed under the auspices of the U.S. Department of Energy by Lawrence 
Livermore National Laboratory under Contract DE-AC52-07NA27344 through LDRD 
award 22-FS-002. (LLNL-ABS-842478).

 4436 Issue of Seroconversion of AAV NAb Antibodies in Prescreened 
NHPs Undergoing Gene Therapy Studies

R. K. Dhawan, C. Balzer, L. Campbell, B. Egan, and D. Nicholson. Charles River 
Laboratories, Wilmington, MA.

Following FDA approval of new AAV[CF1] based drugs, a huge increase in the 
number of gene therapy trials employing AAV- based viral vectors has been 
observed over the past few years. Efficacy of these AAV drugs can be compro-
mised by the presence of neutralizing antibodies (NAb) against AAV. AAV NAbs are 
common in both humans and NHPs as a result of immune responses to previous 
exposures. Therefore, it is very important to prescreen NHPs prior to selection for 
gene therapy studies as NAbs may interfere with the biodistribution of the AAV 
drugs, potentially impacting the outcome of clinical trials. Prescreening of NHPs 
is routinely performed at the vendor site or during quarantine at the study site; 
however, determining how far in advance to test these NHPs to avoid seroconver-
sion between testing and the start of a study remains an important question. To 
begin to answer this question, we performed two separate studies tracking serocon-
version in NHPs. In the first study, 100 cynomolgus macaques were sourced from a 
single Asian supplier and housed in separate rooms. These NHPs were not always 
kept with the same roommates and occasionally were grouped with cohorts from 
other suppliers. Sera was collected from NHPs at three time points starting with 
all 100 animals at the start of the study (0 months). Prior to the next collections, 
some animals were released for studies so sera from only the remaining 87 at 4 
months and 65 at 7 months post arrival were collected. Of the 65 NHPs remaining 
at 7 months, the sera samples from 20 NHPs, 12 males and 8 females, were tested 
by AAV2, AAV8, AAV9 and AAVrh74 NAb screening assays at sample dilutions of 
1/10, 1/20 and 1/40. While the majority of NHPs showed no significant change in 
AAV NAb titer over the course of the study, a small number of animals showed an 
increase in NAb titer greater than 4-fold in 4-7 months. In a second study, 300 male 
and 300 female cynos from a single supplier were screened on arrival (week 0) 
with 76 of them negative for AAV8 NAbs. Another round of AAV8 NAb screening 
was performed at week 8 with 13/76 sera showing seroconversion. Additionally, 
these 13 seroconverted NHPs (week 0 vs 8) were screened by AAV2 and AAV9 NAb 
assays showing a reduced rate of seroconversion for these two serotypes indicat-
ing seroconversion for different serotypes was not similar in individual NHPs. Both 
studies confirmed seroconversion occurs in NHPs with time. This suggests that, 
in addition to prescreening, a second round of confirmatory screening is highly 
recommended, preferably within a month prior to beginning gene therapy studies.

 4437 Pulmonary Evaluation of Whole-Body Inhalation Exposure of 
Polycarbonate (PC) Filament 3D Printer Emissions in Rats

M. T. Farcas1, W. McKinney1, W. Mandler1, A. Knepp1, S. Service1, L. Battelli1, 
S. A. Friend1, R. Leboul1, T. A. Thomas2, J. A. Matheson2, and Y. Qian1. 1NIOSH, 
Morgantown, WV; and 2US Consumer Product Safety Commission, Rockville, MD.

Three-dimensional (3-D) printing is an emerging technology, and increasing 
evidence shows that fused filament fabrication (FFF) 3-D printing using polycar-
bonate (PC) filaments often releases a significant amount of ultrafine particulates 
(UFPs) and volatile organic compounds (VOCs). Toxicological implications of these 

emissions on human health still have not been fully determined. This study sought 
to determine if 3D printing emissions induced pulmonary and systemic toxicity in 
rats. A real-time whole body inhalation exposure system was applied in this study. 
Three commercially available desktop polycarbonate 3D printers were concurrently 
printing to generate aerosol with a mixture of particles and VOCs. Male Sprague 
Dawley rats were exposed to a single concentration of PC emissions or filtered air 
for 4 hours/day, 4 days/week for 1, 4, 8, 15, and 30 days. The PC average emissions 
delivered to the exposure chamber had average mass concentration of 0.5 mg/
m3 with a count-median electric mobility diameter of 70 nm. The average count 
concentration was 460,760 particles/cm3. At 24 hours after the last exposure, the 
rats were examined for pulmonary injury, inflammation, and fibrotic responses via 
bronchoalveolar lavage fluid (BALF) analysis. In addition, several blood biomark-
ers of muscle, renal, hepatic and metabolic function were assessed. Our results 
showed that PC particles were deposited in the alveolar region and were engulfed 
by macrophages. The morphological analysis demonstrated that the particle uptake 
had not induced changes in alveolar macrophage cell morphology. Furthermore, 
there were no significant changes in LDH activity, the number of total cells and 
the cell differential in BALF of exposed rats. In addition, no significant changes 
were observed in selective cytokines and chemokines in BALF or in biomarkers of 
muscle, metabolic, renal, and hepatic function in blood. Taken together, exposure to 
PC emissions at 0.5 mg/m3 did not produce significant changes in bronchoalveolar 
markers of lung damage or blood markers of altered muscle, renal, hepatic and 
metabolic function at 1-day post-exposure.

 4438 Analysis of the Human Nasal Airway Epithelium Architecture 
and Physiology by Volume EM and Artificial Intelligence 
for Analyzing Molecular and Cellular Responses to 
Inhaled Toxicants

A. Vijakumaran1, C. Godbehere1, M. Dalbay1, A. Raja2, A. Abuammar1, A. James3, 
J. Llodra1, N. Morone1, P. Goggin3, K. Czymmek4, J. Zelikoff2, K. Narayan5, and 
V. Mennella1. 1University of Cambridge, Cambridge, United Kingdom; 2NYU School of 
Medicine, New York City, NY; 3University of Southampton, Southampton, United Kingdom; 
4Danforth Center for Plant Research, St. Louis, MO; and 5Frederick National Laboratory 
for Cancer Research, Frederick, MD.

To analyze the effect of toxicants in situ at the tissue level, the application of 
methodologies capable of assessing tissue-level 3D organization and cellular 
content are required. Volumetric Electron Microscopy (vEM) is rapidly emerging as 
a promising tool to characterize tissues at the nanometer scale with an unprece-
dented level of detail. However, this technique has been limited by the requirement 
of time-consuming manual segmentation. Here, we present the first in situ, isotropic 
reconstruction by Focused-Ion-Scanning Electron Microscopy (FIB-SEM) of a tissue 
well established in the use of toxicological studies surrounding particulate matter 
(PM): the human nasal airway epithelium. By using Artificial Intelligence-driven 
volumetric segmentation and quantitative analysis of FIB-SEM data we observe 
extensive reorganisation of intracellular organelle quantity, morphology, and 
topology (e.g., mitochondria, lysosome and lipid vesicles), and rearrangements in 
cytoskeletal architecture, across differentiation. This approach generates a model 
that can be extremely useful for toxicological assessments and hazard identifica-
tion. Analysis of lung and other tissue volumes obtained after in vivo and in vitro 
exposure are being analyzed to detect and quantify toxicant-induced changes at 
the global scale. Altogether, our study demonstrates how vEM techniques can be 
applied to study human airway cells response to environmental pollutants, inhaled 
toxicants and drugs targeting the airway tissue. Work supported by grants received 
by the MRC TU unit, University of Cambridge and NYU School of Medicine, Division 
of Environmental Medicine. This project has been funded in whole or in part with 
Federal funds from the National Cancer Institute, National Institutes of Health, under 
Contract No. 75N91019D00024. The content of this publication does not necessarily 
reflect the views or policies of the Department of Health and Human Services, nor 
does mention of trade names, commercial products, or organizations imply endorse-
ment by the US Government.

 4439 Achieving Physiological Wall Shear Stress during In Vitro 
Inhalation Toxicology Studies

S. E. Sarles, E. C. Hensel, and R. J. Robinson. Rochester Institute of Technology, 
Rochester, NY. Sponsor: D. Conklin.

Current in vitro systems for airway exposure studies do not consider presenting 
flow conditions to cell cultures that mimic the human airway, limiting investigation 
of disease mechanisms, pathogenesis, and signaling pathways. In vitro exposure 
techniques that fail to expose airway cultures to transverse fluid flow may lack 
physiological relevance. An exposure system with an integrated mesoscale 
fluidic culture system capable of puffing and subsequent ambient air inhalation 
enables accurate dose and mechanical cues to be delivered to cultures. Fluid shear 
must be sufficient to evoke a response in cells, while not detaching cells from 
their culture surface or damaging cell membranes. Direct measurements of fluid 
shear at cultures may interrupt flow and exert non-physiological stress on cells. 
Computational Fluid Dynamics (CFD) can estimate wall shear stress; however it is 
costly in labor, time, and computational power. The iterative nature of experiment 
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design makes CFD cumbersome early in an investigation. Linear Programming 
(LP) models permit specification of inlet flow conditions that perform within limits 
of an aerosol generator while mimicking human puffing/inhalation topography 
subject to constraints related to physiological relevance. The LP model was used to 
design physiologically relevant exposure conditions to aerosols generated from an 
electronic cigarette (EC). Prior work has established that dose from EC increases 
as puff flowrate decreases and duration increases. However, the subsequent 
inhalation is what maintains a physiological environment (shear stress) in an in 
vitro system. Fluid shear from puffing an EC may not be high enough for an observ-
able cell response. Therefore, minimizing puff flowrate while maximizing inhalation 
flowrate subject to constraints on Reynolds number and wall shear stress, will ease 
signal detection for analytical work in a physiologically accurate environment. A LP 
model that assumes conservation of mass, an incompressible fluid, an idealized 
symmetric lung, and air as the fluid was formulated. The LP was implemented using 
AMPL (Bell Labs, Holmdel, NJ, USA) and was run using the Gurobi Optimization 
solver. Puff flowrate was allowed to vary between 17mL/s and 65mL/s represent-
ing the operating range of the EC. Inhalation flowrate was allowed to vary between 
250-1000mL/s, representative of normal human breathing. Reynolds number was 
constrained to be less than 2100 to ensure laminar flow. Wall shear stresses in lung 
generations 1-4 were constrained by minimum and maximum stresses reported in 
the literature. The minimum puff flowrate that satisfies all constraints is 17mL/s. 
However, puffing alone was insufficient to provide appropriate mechanical cues 
to cells as reflected by puffing Reynolds number and wall shear stress predictions 
between 31-86 and 0.0007-0.002Pa respectively. The optimum inhale flowrate 
that satisfies all constraints is ~400mL/s resulting in Reynolds number between 
726-2100 and wall shear stress between 0.02-0.04Pa for generations 1-4. This 
model provides a tool to optimally determine the inlet flowrate of an in vitro aerosol 
exposure system, subject to constraints related to operation of an aerosol genera-
tor, puff/inhalation topography, accurate wall shear stress, flow regime, and lung 
model geometry. The results of this model prescribe the input parameters for a 
given in vitro system, subject to operating constraints of any aerosol generator. 
The convenient LP model may broaden the utility of an emissions system to study 
many inhaled aerosols, including therapeutics and toxicants, such as those from 
tobacco or chemical threats of bioterrorism. The current work lays a foundation 
for demonstrating how CFD analysis can correlate results of an in vitro study to in 
vivo conditions, rather than attempting to design an in vitro system that performs 
exactly as a human lung, which would be a futile task.

 4440 Cytotoxic Metabolite Formation as a Key Determinant of 
the Differential In Vitro Hepatotoxicity of Troglitazone, 
Rosiglitazone, and Pioglitazone

A. P. Li, and H. Wei. Discovery Life Sciences, Columbia, MD.

Drug-induced liver injuries (DILI), especially events that are not readily detected 
during regulatory preclinical and clinical safety trials but would occur post-market-
ing (idiosyncratic DILI (iDILI)), remain to be a major challenge for drug developers 
and regulatory agencies. We present here data suggesting that metabolic activation 
of a drug to cytotoxic metabolites may be one of the key properties of an iDILI drug. 
We studied troglitazone (TGZ), a first-in-class thiazolidinedione oral antidiabetic 
drug which was withdrawn from the market due to iDILI, and its replacements, the 
less hepatotoxic structural analogs rosiglitazone (RGZ) and pioglitazone (PGZ). 
Two in vitro experiment systems were employed in our study: 1. Intrinsic human 
hepatotoxicity assay (IHHA) with primary cultured human hepatocytes (PCHH); and 
2. The metabolism-dependent cytotoxicity assay (MDCA) for the evaluation of the 
roles of metabolic activation in drug toxicity. MDCA employs permeabilized human 
hepatocytes (MetMax human hepatocytes, MMHH) as an exogenous activating 
system, with cytotoxicity quantified in a cell line devoid of xenobiotic metabolism, 
the HEK293 cells. The three drugs were evaluated at 7 1:2 dilution of the highest 
concentration of 400 uM. The IHHA results show intrinsic hepatoxicity ranking of 
TGZ (IC50 = 20 uM) >RGZ (IC50 = 84 uM) >> PGZ (IC50 >400 uM), a ranking similar 
to that reported for their clinically manifested hepatotoxicity. MDCA results showed 
low cytotoxicity (>200 uM) of the three drugs in the absence of the oxidative 
metabolism cofactors NADPH/NAD+, with no significant differences observed. 
However, in the presence of MMHH and NADPH/NAD+, the in vitro cytotoxicity 
ranking observed was TGZ (IC50 = 17 uM) > RGZ (IC50 = 65 uM) >> PGZ (>400 
uM). Our results suggest that oxidative metabolism by hepatocytes to cytotoxic 
metabolites rather than the cytotoxicity of the parent chemicals is responsible for 
the differential intrinsic hepatotoxicity of the three drugs. The results are consistent 
with the hypothesis that individual differences in metabolic activation and detoxi-
fication capacities may be responsible for the occurrence of iDILI, with individuals 
with enhanced metabolic activation capacity (e.g., exposure to P450 inducers) and 
compromised detoxification capacity (e.g., depletion of cellular reduced glutathi-
one) more likely to be susceptible to drug-induced liver failures.

 4441 Development and Characterization of a 3D Bioprinter–Based 
Method for Incorporating Metabolic Competence into High-
Throughput In Vitro Assays

K. Breaux, and C. Deisenroth. US EPA, Research Triangle Park, NC.

The acceptance and use of in vitro data for hazard identification, prioritization, 
and risk evaluation is partly limited by uncertainties associated with xenobiotic 
metabolism. The lack of biotransformation capabilities of most in vitro systems 
may under- or overestimate the hazard of compounds that are metabolized to 
more or less active metabolites in vivo. A method for retrofitting existing bioassays 
with metabolic competence is the lid-based Alginate Immobilization of Metabolic 
Enzymes (AIME) method (doi: 10.1093/toxsci/kfaa147; 10.1093/toxsci/kfac019), 
though accessibility and throughput of this method is limited by proprietary custom 
materials and a complex workflow. In this study, limitations of the lid-based AIME 
method were addressed through the incorporation of automated 3D bioprinting, 
which involved depositing S9‐encapsulated microspheres directly into standard 
384‐well plates with requisite cofactors for phase I and II hepatic metabolism. 
The objectives of this study were to i) compare the lid-based and bioprinter-based 
AIME methods using a common cytochrome P450 (CYP) enzyme, ii) use metabolic 
biochemical assays with the bioprinter-based method to characterize additional 
measures of phase I and II metabolic activity, and iii) evaluate the bioprinter-based 
method by screening a set of 21 chemicals of known metabolism-dependent 
bioactivity from previous AIME studies implementing the OECD Test Guideline 
455 VM7Luc estrogen receptor transactivation assay (ERTA). A comparison of 
CYP3A enzyme activity between the lid-based and bioprinter-based AIME methods 
revealed that the inter-well variation and dynamic range of the two approaches 
were comparable. Activity of other common phase I CYP enzymes (CYP1A, CYP2B, 
and CYP2C) and phase II glucuronidation was detected using the bioprinter-based 
method. The ERTA experiment identified 19/21 ER-active test chemicals, 14 of 
which were concordant with expected biotransformation effects (73.7%). Additional 
refinement of the bioprinter-based AIME method has the potential to expand high 
throughput screening capabilities in a robust, accessible manner to incorporate in 
vitro xenobiotic metabolic competence. These views do not necessarily reflect the 
views or policies of the US EPA, nor endorse or recommend any products mentioned.

 4442 Modeling In-Device Toxicokinetics for Organ-on-Chip Devices

N. G. Hermann, R. Ficek, and S. Hutson. Vanderbilt University, Nashville, TN.

Organ-on-a-chip (OOC) devices are an emerging New Approach Methodology in 
toxicology — using heterotypic combinations of human cells in a micro-fabricated 
device to mimic in vivo conditions and better predict organ-specific human toxico-
logical responses. For example, a neurovascular-unit-on-a-chip (NVU) is being used 
to investigate the neurotoxicity of organophosphate pesticides such as parathion, 
paraoxon, and chlorpyrifos, and an endometrium-on-a-chip (EndoChip) is being 
used to investigate the reproductive toxicity of AhR-activating compounds such 
as benzo(a)pyrene, indole and TCDD. One drawback of these OOCs is that they are 
made of polydimethylsiloxane (PDMS), a polymer known to interact with hydropho-
bic chemicals. Because of this interaction, the nominal dosage of a toxicant at the 
inlet of an OOC does not necessarily match the actual dose reaching the enclosed 
cells. We have developed methods for measuring chemical-PDMS interactions, 
including partitioning into and diffusion through PDMS, and incorporated these 
interactions into a comprehensive toxicokinetic model with the goal of describing 
chemical concentrations within OOCs. Our results show that indole and the organo-
phosphates parathion and chlorpyrifos partition rapidly and extensively into PDMS; 
paraoxon partitions into PDMS only modestly. These compounds are also able to 
diffuse across an 80-µm thick PDMS membrane. For example, the half-life for indole 
to diffuse across the membrane is less than an hour, implying a diffusion constant 
in PDMS on the order of 10-12 m2/s. Applying our model to data collected from 
timed PDMS soaking experiments, we have quantifiably estimated the PDMS-water 
partition coefficient, rate constant for surface equilibration, and diffusion constant 
in PDMS for each compound. With these parameters and the geometry and flow 
rate for a particular microfluidic OOC device, our model predicts how the concen-
tration of each toxicant is depleted while flowing through the device. These predic-
tions are needed to adjust nominal to actual doses and thus obtain accurate toxico-
logic dose-response curves using OOCs.

 4443 Bio-Printed 3D Liver Model and High-Content Imaging for 
Assessment of Compound Toxicity Effects

P. Macha1, O. Sirenko1, S. Moss2, J. B. Hoying2, and H. Strobel2. 1Molecular Devices, San 
Jose, CA; and 2Advanced Solutions Life Sciences, Louisville, KY. Sponsor: I. Rusyn.

Two-dimensional (2D) in vitro cell culture followed by animal studies has been 
traditionally used for several decades to evaluate potential risks or drug-related 
efficacy in humans. This path doesn’t necessarily depict the rich and complex 
tissue environment and processes specific to human tissues in vivo. There are 
also additional limitations in animal studies such as innate species-related differ-
ences and throughput-related limitations considering the increased demands 
for toxicity evaluation. Three-dimensional (3D) cellular models improve the 
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efficacy of nonclinical drug safety predictions. 3D bioprinting enables the genera-
tion of complex models with spatial control and a variety of matrices allowing 
the formation of complex tissue structures. Here we describe a method for an 
automated generation of 3D cellular liver models using a multi-tool robotic device 
with liquid handling, enabling the automated bioprinting and high-content imaging 
of liver cells within a collagen matrix. This assay was used for compound testing 
and evaluation of toxicity effects in liver cells. As an example, in an assay using 
bio-printed structures, we used HepG2 cells resuspended in collagen I with 
micro-structure printed channels allowing better diffusion of media. Using a printing 
tool and pipettor, the robot printed Pluronic acid into wells of a multi-well plate to 
create the 3D structures needed for channels formation then dispensed the cell mix 
with collagen to create a thick 3D cell layer. The instrument also allowed for media 
addition, media exchanges, and media collections. We printed Pluronic pillars in a 
hexagonal arrangement using the ambient 3D print tool. Following dispensing of 
cells/matrix around the pillars, the pillars were removed using temperature-based 
dissolution and washes with the pipette tool leaving behind a structured, cell-dense, 
3D liver cell construct. The pipette tool dispensed a colder (8 degrees C) collagen 
mixture with cells around the printed and prewarmed (37 degrees C) structures. The 
3D HepG2 models were cultured and monitored daily using imaging in transmit-
ted light. They were later treated with a panel of drugs with known liver toxicity, 
including, chloroquine, pimozide, haloperidol, doxorubicin, taxol, mitomycin, and 
cisplatin. The treatment was done on day 4 of model formation and imaged on day 
6 after 48 hours of compound treatment. For the endpoint measurements, cells 
were stained with viability dyes and imaged using a confocal imaging system. Also, 
the concentration-dependent toxicity effects in response to the compounds were 
evaluated using high-content analysis. The result shows the utility of the method 
for the formation of liver 3D bio-printed models as well as an increase in accuracy 
and throughput and automation. Also, we developed imaging and data analysis 
methods and descriptors for gaining more information about these complex 
compound effects in 3D printed and cell-tissue engineered cell models.

 4444 Intestinal Organoids as an In Vitro Model System to Study 
Intestinal Toxicity

M. Derksen1, S. Gopalakrishnan2, M. Steemans2, F. Jardi2, S. Kourula2, M. Statia1, 
Y. Hendriksen1, R. Vries1, S. F. Boj1, S. Lukovac1, F. van Goethem2, and A. de Smedt2. 
1Hubrecht Organoid Technology, Utrecht, Netherlands; and 2Janssen Research 
& Development, Beerse, Belgium. Sponsor: R. Vries, American Association for 
Cancer Research.

Gastrointestinal complications are one of the most frequent drug-induced adverse 
events reported in clinical trials. The intestinal safety profile of new compounds is 
mostly evaluated by histology in preclinical animal studies. Human stem cell-based 
assays including organoids could help reduce the number of animals used for 
safety assessment and increase the translational value of preclinical research. 
Although adult stem cell-based intestinal organoids have been widely used to 
understand the biology of the gut and the pathophysiology of intestinal disease, 
their potential for toxicity applications remains little explored. Here, we tested a 
limited set of compounds with a safe profile (Flecainide, Fondaparinux, Haloperidol 
and Verapamil) or inducing diarrhea (JNJ-16269110 , SN-38, Gefitinib, Compound 
001, Vorinostat and OTX-015) in the clinic in a human duodenal organoid platform 
(HUB organoids ®). The aim was to explore the potential of intestinal organoids 
as an in vitro tool for investigating drug-induced intestinal injuries. The compound 
set was first tested in the 3D organoid model using ATP measurement as a viabil-
ity readout utilizing two different media: expansion medium (CSM) -supporting 
the presence of stem cells and trans-amplifying cells - and enterocyte differenti-
ation medium (enterocyte colon differentiation medium, eCDM), which enriches 
the organoids in enterocytes. In addition, organoid-derived cells were seeded as 
epithelial 2D monolayers and enriched in enterocytes to determine the effects of 
the compounds on viability (ATP) and monolayer integrity (transepithelial electrical 
resistance, TEER). Based on the viability assay, all negative compounds were identi-
fied correctly in expansion and differentiation conditions. In expansion conditions 
all positive compounds except JNJ-16269110 induced a decrease in viability of > 
50% vs DMSO control. The fact that JNJ-16269110 did not induce organoid toxicity 
could be explained in part by its mechanism of action (inhibition of lipid absorp-
tion). In differentiation conditions 3 out of 6 positives (JNJ-16269110, SN38, and 
OTX015) did not reduce viability by > 50%. The 3D viability assay showed high 
reproducibility (<2-fold difference in IC50s) when performed over 5 or 7 passages 
for eCDM and CSM, respectively. In the 2D monolayer set-up, 3 out of 6 positive 
compounds but none of the negative induced a drop in TEER and viability > 50% 
compared to timepoint = 0. Consistent with the results in the 3D differentiation 
viability assay, the 3 compounds (JNJ-16269110, SN38, and OTX015) did not 
reduce TEER by > 50%. Decreased sensitivity to SN38 in differentiation conditions 
(2D and 3D) could be explained by metabolic detoxification in enterocytes. Overall, 
the 3D intestinal organoid viability assay is a promising in vitro tool that could help 
identify compounds with a good intestinal safety profile early in drug development. 
Utilizing different organoid culturing conditions (stem cell vs. enterocyte enriched) 
could support mechanistic investigation to understand underlying mechanisms of 
drug-induced intestinal toxicities.

 4445 Transcriptomic Points of Departure for Japanese Quail Exposed 
to Six Pesticides Using the EcoToxChip Test Method

N. Basu, Y. Zhang, A. Akbar, I. Xu, E. Boulanger, and J. Head. McGill University, Montréal, 
QC, Canada.

Under the banner of New Approach Methods (NAMs) transcriptomics dose-re-
sponse analysis (TDRA) has emerged as a promising approach for integrating 
toxicogenomics data into risk assessments. Here we combine an early life stage 
(alternative to animal) avian embryo test and a targeted qPCR array (EcoToxChip; 
n=384 genes of relevance to environmental toxicology) to determine if 1) transcrip-
tomics points of departures (tPOD) can be derived from this test system; and 2) the 
tPOD values are protective of levels associated with adverse outcomes. Fertilized, 
unincubated Japanese quail (JQ) eggs were injected with graded concentrations 
(100, 32, 10, 3.2, 1, 0.32, 0.1 µg/g egg plus DMSO control) of 6 pesticides: ethopro-
phos, carbofuran, trichlorfon, permethrin, glufosinate ammonium, and chlorpyrifos. 
Phenotypic endpoints including mortality, infertility, embryo mass, and deformity 
(presence of fatty liver) were assessed at embryonic day 9. Gene level BMDs 
(benchmark dose) were derived for each chemical. While there were relatively 
few gene-level BMDs (<25 per chemical), they were lower than levels associated 
with adverse outcomes. Further, for all test chemicals, investigation of gene- and 
pathway-level results concurred with expected mechanisms of action. Finally, two 
of the chemicals were repeated and yielded similar results, thus giving confidence 
to the test method. In conclusion, the EcoToxChip Test Method can yield gene level 
BMD values that are protective of levels associated with adverse outcomes, and 
give insights into mechanisms of action. However, derivation of tPODs may be 
challenging with the reduced gene set provided by EcoToxChip thus necessitating 
more work in this area.

 4446 Cultivation and Characterization of RPTEC/TERT1 Cells 
Cultivated on Silk Fibroin Wafers at Atmospheric and 
Physiological Conditions in a Static Setting

G. Mucic, S. Beneke, and D. R. Dietrich. Universität Konstanz, Konstanz, Germany.

Investigation of the toxicity of various compounds both beneficial and detrimental 
to the human organism is an ever-improving topic and it is paramount that the data 
collected is as physiologically accurate as possible. Current determination of the 
toxicity of a substance is performed at atmospheric and static conditions. While 
this is currently the case, the need to improve upon the experimental setting to a 
more physiological one is increasing. Physiological conditions not only include the 
correct oxygen conditions the cells live in in vivo but should factor in other aspects 
of the cell’s environment. Renal proximal tubule cells (RPTEC) are morphologically 
polarized cells; in vivo they have microvilli which protrude into the tubular lumen. 
The primary function of RPTECs is excretion and reuptake of harmful and beneficial 
substances respectively from the primary urine. RPTECs form a tubular structure in 
vivo, and the contents of the lumen of this tubule flow into the Loop of Henle and 
further on to the distal convoluted tubule and finally the collecting ducts. In the 
case of RPTECs the in vivo conditions are an oxygen tension of around 10% and 
the presence of flow. The function of the proximal tubule depends on the tightness 
of the cell layer and the presence of the cell’s brush border. As cell morphology 
and the proteome expression are an important denominator for cell function, we 
have investigated these parameters on RPTEC/TERT1 cells cultivated on silk 
fibroin wafers. These silk fibroin wafers are a possible replacement for plastics 
used in trans-well cell culture. Our final goal is to transfer silk fibroin wafers to a 
microfluidic setting, thus mimicking the in vivo environment. In this study we have 
cultivated RPTEC/TERT1 cells at atmospheric and physiological conditions in a 
static setting to ascertain the presence of important cell-cell proteins which are 
responsible for the formation of a tight monolayer. We have likewise investigated 
the morphological characteristics of RPTEC/TERT1 cells cultivated in these two 
different conditions. Finally, we have assessed the expression of various transport-
ers responsible for the primary function of RPTECs. Morphology was assessed 
using scanning electron microscopy (SEM) and transmission electron microscopy 
(TEM). Protein expression was assessed with qPCR, western blot and confocal 
microscopy. All experiments were performed at both atmospheric and physio-
logical (10%) oxygen tension. RPTECs were cultivated on silk fibroin wafers and 
compared to RPTECs grown on traditional cell culture plastic. Our results show 
that silk fibroin is a suitable substrate for cell adhesion. Morphological analysis 
of RPTECs by SEM and TEM imaging show that microvilli are indeed present on 
the cell surface. TEM imaging showed that cell-cell junctions are likewise present. 
This was further confirmed by confocal imaging which showed the presence of 
tight junction protein ZO-3. qPCR analysis showed that there is a general increase 
in transporter expression. Western blotting confirmed the presence of ZO-1, ZO-3 
and claudin-2, all of which are tight junction proteins. We have likewise assessed 
the presence of GGT1, Na+/K+ ATPase and SGLT2 via western blotting. Our results 
speak to the possible application of silk fibroin wafers in cell culture, with the end 
aim of integrating them with our in-house developed microfluidic system.
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 4447 Inclusion of Montmorillonite Clays in Environmental Barrier 
Formulations to Reduce Skin Exposure to Water-Soluble 
Chemicals from Polluted Water

M. Wang, K. Rivenbark, and T. Phillips. Texas A&M University, College Station, TX.

Dermal exposures to environmental chemicals can significantly affect the morphol-
ogy and integrity of skin structure, leading to enhanced and deeper penetration of 
toxic chemicals. This problem can be magnified during disasters where hazardous 
water-soluble chemicals are readily mobilized and redistributed in the environment, 
threatening the health of vulnerable populations at the impacted sites. To address 
this issue, barrier emulsion formulations (EVBTM) have been developed consisting 
of materials that are generally recognized as safe (GRAS), with the inclusion of 
medical grade carbon or calcium and sodium montmorillonite clays (CM and SM). 
In this study, the adsorption efficacy of five commonly occurring contaminants 
of concern, including important hydrophilic pesticides (glyphosate, acrolein, and 
paraquat) and per- and polyfluoroalkyl substances (PFAS) were characterized. EVB 
showed properties such as high stability, spreadability, low rupture strength, and 
neutral pH that were suitable for topical application on the skin. The in vitro adsorp-
tion results indicated that EVB and EVB-SM were effective, economically feasible, 
and favorable barrier formulations for chemical adsorption, as supported by high 
binding percentage, low desorption rates for an extended period of time, and high 
binding affinity. A pseudo-second-order kinetic model was best fitted for the adsorp-
tion process and the Freundlich model fit the adsorption isotherms with negative 
enthalpy values indicating spontaneous reactions that involve physisorption. The 
study, with varying temperatures and pH, showed that the adsorption reaction was 
exothermic and persistent. The results indicated that EVB, and especially EVB-SM, 
can be used as effective barriers to block dermal contact from water-soluble toxic 
pollutants during disasters.

 4448 Phenol Skin Lesions, Absorption, and Injury Kinetics in an 
Established Human Skin Explants Ex Vivo Model

A. H. Hall1, F. Burgher2, L. Peno-Mazzarion3, E. Lati3, and H. I. Maibach4. 1Toxicology 
Consulting and Medical Translating Services, Azle, TX; 2Laboratoire Prevos, Valmondois, 
France; 3Laboratoire BIOEC, Longjumeau, France; and 4University of California San 
Francisco, San Francisco, CA.

Phenol is a weak acid (pKa 9.95) and a corrosive substance. It can easily penetrate 
the skin causing chemical injury and be absorbed, resulting in systemic toxicity. 
Reported here are the results of a study of the histological effect of dermal contact 
with a 7.5% aqueous phenol solution using an ex-vivo human skin explants model. 
A filter paper saturated with 30 μL of a 7.5% aqueous phenol solution was applied 
on the surface of the explants for periods of 1, 3, 5, 15, 30 min and 1, 2, 4 and 
24hours. Histological analysis allowed following the progression of cellular and 
tissue lesions from the epidermis into the dermis. There was a latency period; 
no lesions were observed for the first 15 minutes. After a 30-inute contact, 7.5% 
phenol diffusion penetrated to the inferior suprabasal layers of the epidermis. After 
4 hours, the dermal-epidermal junction was reached. After 24 hours of contact, 
a zone of detachment at the dermal-epidermal junction was noted, as well as 
numerous keratolytic nuclei in the suprabasal layers with several pyknotic nuclei 
in the basal layer at the epidermis and altered cells in the dermis. Phenol-induced 
lesions seem to evolve in liquefaction rather than coagulation necrosis. The first 
lesion was observed after a contact time of 30 minutes. Kinetics of skin penetration 
and injury will likely be more rapid for higher concentrations and/or if different 
solvents are used, as is often the case in industrial phenol uses. Further studies will 
be necessary to complete this evaluation.

 4449 Parallel Evaluation of Alternative Skin Barrier Models and 
Excised Human Skin for Dermal Absorption Studies In Vitro

A. T. Salminen1, K. J. Davis2, R. P. Felton1, N. Nischal1, L. S. VonTungeln1, F. A. Beland1, 
K. Derr3, P. C. Brown4, M. Ferrer3, L. M. Katz5, N. C. Kleinstreuer6, J. Leshin7, P. Manga5, 
N. Sadrieh4, M. Xia3, S. C. Fitzpatrick5, and L. Camacho1. 1US FDA/NCTR, Jefferson, AR; 
2Toxicologic Pathology Associates, Jefferson, AR; 3NIH, Rockville, MD; 4US FDA, Silver 
Spring, MD; 5US FDA, College Park, MD; 6NIEHS/NICEATM, Research Triangle Park, NC; 
and 7US FDA, Rockville, MD.

Skin permeation is a primary consideration in the safety assessment of cosmetic 
ingredients, topical drugs, and human users handling veterinary medicinal products. 
While excised human skin (EHS) remains the ‘gold standard’ for in vitro permeation 
testing (IVPT) studies, its unreliable supply and high cost motivate the search 
for alternative skin barrier models. In this study, an optimized dermal absorption 
testing protocol was developed for side-by-side evaluation of a 1) commercially 
available reconstructed human epidermis (RhE) model (EpiDerm-200-X, MatTek), a 
2) synthetic barrier membrane (Strat-M, Sigma-Aldrich), and 3) EHS. The skin barrier 
models were mounted on Franz diffusion cells (application area of 0.196 cm2) 
and the permeation of caffeine, salicylic acid, and testosterone were quantified. 
Transepidermal water loss (TEWL) and histology of the biological models were 
also compared. EpiDerm-200-X exhibited native human epidermis-like morphology, 
including a characteristic stratum corneum, but had an elevated TEWL as compared 

to EHS. The mean 6-hour cumulative permeation of a finite dose (6 nmol/cm2; 
10 µL/cm2) of both caffeine and testosterone was highest in EpiDerm-200-X, 
followed by EHS and Strat-M. Salicylic acid permeated most in Strat-M, followed by 
EpiDerm-200-X and EHS. Further, an increased percentage of ethanol in the vehicle 
tended to reduce mean compound permeation across the alternative skin barrier 
models tested. Based on these findings, the currently available alternative skin 
barrier models remain limited in their ability to directly replicate the permeabil-
ity of the human skin barrier. Nevertheless, such models may benefit from low 
cost, sustained viability, and the potential for customization, giving them select 
advantages over EHS tissue. Evaluating novel alternative skin barrier models, as 
they become available, in the manner outlined herein, has the potential to reduce 
the time from basic science discovery to regulatory impact.

 4450 Diverse Factors Regulate Skin-Penetration Behavior in Skin-
Penetrating Parasitic Nematodes

C. R. McClure, R. M. Patel, and E. A. Hallem. University of California Los Angeles, Los 
Angeles, CA.

The skin-penetrating parasitic nematode Strongyloides stercoralis infects 610 
million people worldwide. Little is known about the mechanisms that facilitate skin 
penetration in parasitic nematodes, and there are currently no available prophy-
lactics to prevent infection with S. stercoralis or any other nematode. To identify 
potential targets for nematode prophylactics, we are investigating skin-penetration 
behavior in the human parasite Strongyloides stercoralis and the closely related rat 
parasite Strongyloides ratti using an ex vivo skin penetration assay. We are compar-
ing the behaviors of infective larvae on skin from diverse species that are both 
hosts and non-hosts of the obligate parasite. So far, we have found that populations 
of S. ratti infective larvae progressively penetrate rat skin over the course of 10 
minutes, such that significantly more larvae penetrate the skin every 2-4 minutes 
(p<0.001, Friedman’s test with Dunn’s multiple comparisons post-test; n = 83 trials 
with 7-12 worms per trial). S. ratti invades the skin of its host more than the skin of 
non-host species - significantly higher levels of penetration were observed with rat 
skin compared to mouse, gerbil, and guinea pig non-host skin (p<0.001, chi-square 
test; n = 25-42 worms per condition). S. ratti also invades host skin more rapidly 
than non-host skin (p<0.01, Kruskal-Wallis test with Dunn’s post-test; n = 18-42 
worms per condition). Finally, we found that skin-penetration ability decreases with 
parasite age over the course of a two weeks (p<0.05, two-way ANOVA with Sidak’s 
post-test). Our work provides a foundation for identifying both parasite and host 
factors that regulate skin-penetration behavior and will inform efforts to devise 
compounds that could target the mechanisms of skin penetration and thereby 
prevent infection. We are now further investigating the parasite and host factors 
that influence skin penetration. We are also extending our studies to the human 
parasite S. stercoralis.

 4451 Comparison of a Synthetic and Biological Membrane for 
Determination of Skin Penetration of Chemical Warfare (CW) 
Agent Surrogates In Vitro

C. Dalton, J. Kearn, and J. Dawson. Defence Science and Technology Laboratory, 
Wiltshire, United Kingdom.

Franz type diffusion cells are an established methodology routinely used to 
determine the penetration of substances through the skin. The approach provides 
information on chemical hazard and risk assessment without reliance on animal 
toxicity testing. OECD test guideline 428 provides details on the conduct of these 
in vitro studies. A recurring question is the choice of appropriate membrane for 
use within the cells. The gold standard for the in vitro permeation test (IVPT) 
calls for the use of human skin (obtained with full consent of the patient after 
reduction surgery). However, this is often in short supply and difficult to obtain. In 
the absence of human tissue, pig skin is generally viewed as the most appropri-
ate biological surrogate. An alternative is the use of synthetic membranes. These 
membranes are typically simple to prepare and use, with a long shelf life and no 
special storage requirements. This current work used PhoenixTM diffusion cells 
with automated receptor fluid sample collection over 24 hours and compared 
the penetration of three radiolabelled chemicals (methyl salicylate (MeS), benzyl 
salicylate (BeS) and tri butyl phosphate (TBP) through 500µm dermatomed pig 
skin and the synthetic Strat-M® membrane. These chemicals were of interest as 
they are commonly used surrogates for chemical warfare (CW) agents. MeS and 
BeS are used as surrogates of the vesicant sulfur mustard whist TBP is used as 
a nerve agent surrogate. The option of being able to assess CW agent and/or CW 
agent surrogate penetration using artificial rather than biological membranes would 
be beneficial for increasing study throughput by reducing reliance on the acquisi-
tion of human or pig skin. Briefly, test conditions were: 10µl neat, single droplet 
chemical application, unoccluded cells, 1 cm2 diffusional surface area with a skin 
surface temperature of 32±1°C, 10 ml receptor volume with 50% aqueous ethanol 
receptor fluid, 400 rpm magnetic stirrer speed, analysis by Liquid Scintillation 
Counting (LSC). Maximum penetration rates (Jmax µg.cm-2.h-1, average ± SD of 
n=6 replicates) measured for Strat-M® were: 5607±786 (MeS), 199±17 (BeS) and 
4367±609 (TBP). For pig skin Jmax’s were; 16±5 (MeS), 18±6 (BeS) and 39±21 
(TBP). The results clearly indicate that pig skin was significantly less permeable to 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 431



the CW agent surrogates than Strat-M® under the conditions used. The appropri-
ateness of membrane choice for use in diffusion cells ultimately depends on the 
type of study being performed. It is important that the researcher ensures that 
their membrane choice for use in diffusion cells reflects the in vivo system they are 
modeling. Crown copyright (2022), Dstl. This material is licensed under the terms of 
the Open Government Licence except where otherwise stated. To view this licence, 
visit http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3 or 
write to the Information Policy Team, The National Archives, Kew, London TW9 4DU, 
or email: psi@nationalarchives.gsi.gov.uk.

 4452 Development of Preliminary Candidate Surface Guidelines 
for Air Force–Relevant Dermal Sensitizers Using New 
Approach Methodologies

A. J. Keebaugh1,2, R. A. Clewell3,2, M. L. Steele1,2, H. Raabe4, E. A. Merrill2, 
Y. G. Chushak3,2, K. Cantrell4, A. Islas-Robles4, A. Hillberer4, and D. R. Mattie2. 1UES 
Inc., Dayton, OH; 2US Air Force 711th Human Performance Wing, Wright-Patterson AFB, 
OH; 3Henry Jackson Foundation, Wright-Patterson AFB, OH; and 4Institute for In Vitro 
Sciences, Gaithersburg, MD.

Allergic contact dermatitis (ACD) is an immunologic reaction to a dermal chemical 
exposure that, once triggered in an individual, will result in an allergic response 
following subsequent encounters with the allergen. Air Force (AF) epidemiological 
consultations have indicated that AF aircraft structural maintenance workers may 
experience ACD at elevated rates compared to other occupations. This project aims 
to better characterize the potential link between ACD and chemical exposure during 
AF operations by 1) evaluating the sensitization potential of priority AF-relevant 
chemicals using new approach methodologies, and 2) developing preliminary 
candidate surface guidelines (PCSGs, i.e., guidelines for the maximum concentra-
tions of chemicals on workplace surfaces to prevent induction of dermal sensitiza-
tion) for chemicals that are identified as sensitizers. Surface guidelines for known 
sensitizers were derived from available local lymph node assay (LLNA) results 
in previously published literature. In vitro assays (k-DPRA and Keratinosens) and 
in silico models (Derek Nexus and OECD QSAR Toolbox) were leveraged into an 
integrated approach to predict sensitizer status for 15 chemicals with unknown 
sensitization potential and four chemicals (limonene, xylene, benzaldehyde, methyl-
glyoxal) with existing LLNA data. LLNA effective concentration values (EC3) were 
predicted from in vitro data via the method of Natsch & Gerberick (2022). For the 
four chemicals with existing LLNA data indicated above, the derived EC3 were 
26.77%, 80.75%, 51.88%, and 3.57%, respectively, which generally agreed with litera-
ture values. The chemicals crotonaldehyde, acrolein, methacrolein, and 1-napthyl-
amine were identified as strong sensitizers by the in vitro assays, and their derived 
EC3 were 0.37%, 0.29%, 0.47%, and 1.53%, respectively. The derived EC3 values 
were used to calculate PCSGs, which can be used to compare to the presence of 
these chemicals on work surfaces to better understand the risk of Airmen, and 
workers in general, from developing ACD from occupational exposures.

 4453 Development and Initial Results from the Inclusion of 
Evaporation into a Two-Dimensional Dermal Absorption Model

B. N. Deacon1, S. Silva1, G. Lian1,2, M. Evans3, and T. Chen1. 1University of Surrey, 
Guildford, United Kingdom; 2Unilever, Sharnbrook, United Kingdom; and 3US EPA, 
Research Triangle Park, NC.

Computational models, alongside experiments, have been used to assess skin 
permeation of chemicals. The Surrey model, a mechanistic model for predicting 
transdermal and systemic kinetics of chemicals diffusing through various skin 
layers, has been used and validated with infinite dose methods to assess chemical 
permeation. To replicate published experiments and real-life exposure scenarios, 
this research further develops the Surrey model. An evaporation module will be 
developed and integrated to improve the finite dose method. The latest iteration 
of the Surrey model will provide simulations of experimental conditions where 
the vehicle will be in contact with the air instead of being covered. We will then 
compare the model to previous versions, US EPA high throughput, generic, and 
physiologically based toxicokinetic (httk) model and to experimental finite dose 
data, taken from Aggarwal et al, 2015 and Hewitt et al, 2020. Development of the 
model has been carried out in Python and improves upon the Surrey model reported 
in Chen et al, 2016. The module has considered both ideal and non-ideal evapora-
tion. An ideal solution involves calculating the flux into the atmosphere, whereas 
a non-ideal solution involves both the flux and the activity. The evaporation model 
mainly considers a vehicle of water plus one active ingredient (e.g., water: nitroben-
zene), with the capability to model a three-component system (e.g., water: ethanol: 
nitrobenzene). Validation has been performed for the individual evaporation 
module and the Surrey model. We present comparisons between models (Surrey 
model with evaporation, EPA HTTK, and Surrey model without evaporation) and 
experimental data. Comparing our evaporation model to both our previous Surrey 
model highlights the improvement seen and to experimental results to provide a 
higher confidence level of the updated model. Comparing the model to Aggarwal 
et al, 2015 and Hewitt et al, 2020 demonstrates that our model can apply to a wide 
range of chemicals (cosmetics and pesticides); the model previously tested only 

pharmaceutical chemicals. Several improvements have been made to the Surrey 
model and the current version has been validated to allow application of the model. 
This abstract does not reflect US EPA policy.

 4454 The Skin Allergy Risk Assessment-Integrated Chemical 
Environment (SARA-ICE) Model for UN GHS Classification: An 
Evaluation and Application in Case Studies

G. Reynolds1, J. Reynolds1, N. Gilmour1, J. Strickland2, E. Reinke2, D. Germolec3, 
J. Traux2, D. Allen2, G. Maxwell1, and N. Kleinstreuer3. 1Unilever, Sharnbrook, 
Bedfordshire, United Kingdom; 2Inotiv, Research Triangle Park, NC; and 3NIEHS/
NICEATM, Research Triangle Park, NC.

A collaboration between Unilever and the National Toxicology Program Interagency 
Center for the Evaluation of Alternative Toxicological Methods (NICEATM) has 
developed the Skin Allergy Risk Assessment-Integrated Chemical Environment 
(SARA-ICE) Model, a defined approach (DA) developed upon principles of the SARA 
Model. The SARA-ICE Model is designed to provide a weight-of-evidence point of 
departure (PoD) and United Nations Globally Harmonized System for Classification 
and Labelling of Chemicals (GHS) classification prediction for use in skin sensiti-
sation assessments. The SARA-ICE core dataset utilises data within the publicly 
available Integrated Chemical Environment (ICE) database in addition to the 
published Unilever SARA database and Cosmetics Europe database. The model is 
constructed within the Bayesian statistical framework and allows for determination 
of a human relevant PoD termed the ED01, defined as the dose with a 1% chance of 
inducing sensitisation following a human predictive patch test (HPPT) exposure. 
The PoD can be inferred using any combination of HPPT (human repeat insult 
patch test or human maximisation test), in vivo local lymph node assay (LLNA), 
and new approach methods (NAM [in chemico direct peptide reactivity assay and 
in vitro KeratinoSensTM, h-CLAT, or U-SENSTM]) data. For a chemical of interest, 
the model returns the probability of each GHS classification conditional on the 
distribution of the ED01. Here we describe initial results of an evaluation of the 
SARA-ICE model which pertains to a ‘Feasibility Study on Inclusion of the SARA-ICE 
model into OECD Guideline 497 on Defined Approaches for Skin Sensitisation’. For 
the purpose of evaluating SARA-ICE for GHS classification, the Organisation for 
Economic Co-operation and Development (OECD) DA evaluation dataset (Annex II 
of ‘Supporting document to the OECD guideline 497 on defined approaches for skin 
sensitisation (No 336)’) was utilised. Sensitivity, specificity, and balanced accuracy 
conditional on making a conclusive call were calculated for binary (sensitiser 
versus not classified (NC)) and sub-category (1A, 1B, NC) GHS classifications 
for different tuning parameters of a decision model. For example, based upon a 
binary classification threshold of 0.8, a balanced accuracy of 97% was achieved for 
conclusive calls versus human benchmarks, but at the expense of a high inconclu-
sive rate (36%). Based upon a sub-category classification threshold of 0.55, an 
average balanced accuracy of 85% (84% for sub-category 1A, 76% for sub-cate-
gory 1B, 97% for subcategory NC) was achieved for conclusive calls versus human 
benchmarks. The SARA-ICE model was then applied to provide GHS classifications 
for a number of isothiazolinones, a group of broad-spectrum preservatives, based 
upon each combination of HPPT, LLNA, NAM or all data. The SARA-ICE model 
classified all isothiazolinones as sensitisers with a probability of >0.97 using only 
HPPT data, only NAM data, only LLNA data or all data. All isothiazolinones were 
classified as 1A sensitisers with a probability of >0.62 using only HPPT data, >0.89 
using only NAM data, >0.32 using only LLNA data and >0.84 using all data. This 
project was partially funded with federal funds from the NIEHS, NIH under Contract 
No. HHSN273201500010C.

 4455 Incorporating Integrated Testing Strategy (ITSv1)–Defined 
Approach into Read-Across (RAx) in Predicting Skin 
Sensitization Potency: ITSv1-Based RAx

K. Nakayama1, A. Zifle2, S. Fritz2, A. Fuchs2, and M. Miyazawa1. 1Kao Corporation, 
Tochigi, Japan; and 2Kao Germany GmbH, Darmstadt, Germany. Sponsor: K. Nakayama, 
Japanese Society of Toxicology.

Recently, due to regulatory and ethical demands, new approach methodologies, 
defined approaches (DAs), and read-across (RAx) have been used in the risk 
assessment of skin sensitization. Integrated testing strategy (ITS)v1 DA is the first 
DA for skin sensitization adopted in OECD Guideline No. 497 and can be used for 
skin sensitization potency sub-categorization. However, despite the high perfor-
mance in comparison to murine local lymph node assay (LLNA), underpredictions 
were reported in ITSv1 prediction, and ITSv1 DA alone is not used for a precise 
estimate of the potency based on LLNA EC3 values. Moreover, there is no explicit 
approach for incorporating NAM and DA data into RAx to fill the data gap of EC3 
values, although RAx can increase the confidence in NAM/DA data and be used 
to determine a EC3 value. To address these issues, we previously developed a 
strategy incorporating ITSv1 DA into RAx to precisely predict skin sensitization 
potency based on EC3 values with high confidence: ITSv1-based RAx. The three key 
steps in the workflow of ITSv1-based RAx are as follows: (1) selection of suitable 
analogue(s) with in silico tools; (2) comparison of ITSv1 DA scores, predictions, and 
LLNA data of analogue(s); and (3) determination of the predicted EC3 (pEC3) value 
for the target chemical based on (i) whether the analogue ITSv1 DA prediction is 
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consistent with the GHS category based on the existing LLNA data of the analogue 
and (ii) whether each converted score of the analogue is equal to or higher than 
that of the target. In this study, to examine the reliability of ITSv1-based RAx, case 
studies were performed using 18 chemicals in the guideline that are underpredicted 
in ITSv1 DA alone. These chemicals were regarded as a new chemical with no in 
vivo sensitization data. Based on ITSv1-based RAx, potency sub-categorization for 
all 18 target chemicals were predicted without underprediction, indicating that RAx 
increase confidence of ITSv1 prediction. For 7 out of 18 target chemicals: maleic 
anhydride (EC3 = 0.16%, pEC3=0.35%), 1-naphthol (EC3 = 1.3%, pEC3 = 0.19%), 
bisphenol A diglycidyl ether (EC3 = 1.5%, pEC3 = 0.37%), sodium 2,4-dinitroben-
zenesulfonate (EC3 = 1.98%, pEC3 = 0.3%), dihydroeugenol (EC3 = 6.8%, pEC3 = 
5.4%), anisyl alcohol (EC3 = 7.1%, pEC3 = 2.3%), and oxalic acid (EC3 = 15%, pEC3 
= 2.5%), the pEC3 value was determined by extrapolating the EC3 value of each 
analogue, indicating that RAx refined ITSv1 prediction by a simple extrapolation 
of the EC3 value from the analogue. In addition, for 10 out of 18 target chemicals, 
ITSv1-based RAx avoided underprediction of RAx by considering biological data 
based on ITSv1 DA, indicating ITSv1 DA also increase confidence of RAx. Moreover, 
for target chemicals with multiple analogues, ITSv1-based RAx reduced the need 
for expert judgment in extrapolating the EC3 value from multiple analogues to 
a target chemical based on the simple workflow. This study suggested that 
ITSv1-based RAx can increase confidence level for predictions in ITSv1 DA/RAx and 
is useful for a precise estimate of the potency based on EC3, reducing the need for 
expert judgment.

 4456 GARDskin Dose-Response for Photosensitization: Assessment 
of Reference Photoirritants and Photoallergens

T. Lindberg1, G. Ritacco2, A. Jerre1, R. Gradin1, A. Forreryd1, H. Johansson1, and A. Api3. 
1SenzaGen AB, Lund, Sweden; 2Research Institute of Fragrance Materials, Woodcliff Lake, 
NJ; and 3SenzaGen AB, Woodcliff Lake, NJ.

Dermal exposure to certain chemical compounds, so-called sensitizers, can give rise 
to adverse outcomes induced by an immunological response towards the specific 
compound. One such class of compounds, photosensitizers, needs to be activated 
by UV rays to elicit an immune response. Although rare in occurrence, it is a critical 
human health endpoint in need of investigation to limit potential exposures. Other 
phototoxic skin reactions include photoirritation, which is manifested as a one-time 
occurrence at the site of exposure that goes away over time. While testing schemes 
for photoirritation are clear, testing for photosensitization remains a challenge and 
no established in vitro model to evaluate this endpoint currently exists. For risk 
management purposes, distinguishing between phototoxic properties is important, 
as concentration limits can be set for photoirritants whereas fragrance photoal-
lergens have historically been banned. The GARDskin assay is a next-generation 
in vitro method for hazard classification of conventional skin sensitizers, included 
in OECD TG 442E. The assay is based on a human dendritic -like cell line and 
combines genomics and machine learning to achieve a high predictive perfor-
mance with a large applicability domain. The GARDskin Dose-Response assay is 
based on the validated GARDskin protocols but instead of giving a binary classifi-
cation it provides quantitative information about the lowest concentration needed 
to induce a positive classification in the assay, termed the cDV0 concentration. 
To investigate phototoxicity, an extra UV-exposure step was added to the original 
protocol, with photosensitization determined by a drop in cDV0 concentration after 
UV-exposure, i.e., the cDV0 concentration of the specific compound is lower after 
UV-exposure than in the non-exposed counterpart. The study presented here aimed 
at investigating the applicability of the GARDskin Photo Dose-Response assay to 
correctly assess photoallergens and distinguish them from photoirritant effects. 
Previous studies have indicated that a shift in cytotoxic profile after UV-exposure 
may indicate a predominantly photoirritant activity rather than photosensitizing and 
this was also investigated in the present study. Six reference photoirritants and six 
reference photoallergens were investigated using the GARD®skin Dose-Response 
assay in combination with a UV irradiation protocol. Cytotoxic profiles and 
cDV0-values were established for each compound in the presence and absence 
of UV exposure. Five out of 6 photoirritants were correctly predicted based on their 
cytotoxic profile while 3 out of 6 photoallergens where correctly predicted based 
on the decrease in cDV0-value after UVexposure. In conclusion, functionality of 
combining GARDskin Dose-Response protocols with UV irradiation to investigate 
phototoxicity was shown. Further, photoirritant effects were strongly correlated to 
a shift in cytotoxic profile after UV-exposure,and a decrease in cDV0 values after 
UV-exposure may indicate photosensitizing effects. However, further work may be 
warranted to establish a final prediction model for photosensitization.

 4457 Applying a Next-Generation Risk Assessment (NGRA) 
Framework for Skin Sensitization to Inconsistent New Approach 
Methodology (NAM) Information

S. Hoffmann1, N. Gilmour2, N. Alépée3, P. Kern4, E. van Vliet5, D. Bury6, M. Miyazawa7, 
and H. Nishida8. 1SEH Consulting + Services, Paderborn, Germany; 2Unilever, Bedford, 
United Kingdom; 3L’Oréal, Aulnay-sous-Bois, France; 4Procter & Gamble Services NV/
SA, Strombeek-Bever, Belgium; 5Innovitox Consulting & Services, Houten, Netherlands; 
6L’Oréal, Clichy, France; 7Kao Corporation, Ichikai, Japan; and 8Shiseido Global Innovation 
Center, Takashima, Japan.

Cosmetic products must be safe for their intended use. Regulatory bans on 
animal testing for new ingredients has resulted in a shift towards the use of new 
approach methodologies (NAM), such as in silico predictions and in chemico/in 
vitro data. Defined Approaches (DA) have been developed to interpret combinations 
of NAM to provide information on skin sensitisation hazard and potency, three 
having been published within OECD Test Guideline 497. However, the challenge 
remains as to how DA can be used to derive a quantitative point of departure for 
use in next generation risk assessments (NGRA). Here we provide an update to 
our previously published NGRA framework and present two hypothetical consumer 
risk assessment scenarios (rinse-off and leave-on) on one case study ingredient. 
Diethanolamine (DEA) was selected as the case study ingredient based upon the 
existing NAM information demonstrating differences with respect to the outcomes 
from in silico predictions and in chemico/in vitro data. Seven DA were applied and 
these differences resulted in divergent DA outcomes and reduced confidence with 
respect to the hazard potential and potency predictions. Risk assessment conclu-
sion for the rinse-off exposure led to an overall decision of safe for all DA applied. 
Risk assessment conclusion for the higher leave-on exposure was safe when based 
upon some DA but unsafe for others. The reasons for this were evaluated, as well 
as the inherent uncertainty from the use of each NAM and DA in the risk assess-
ment, enabling further refinement of our NGRA framework.

 4458 Cell Cycle–Dependent DNA Damage Responses in Human 
Keratinocytes Exposed to UVB Light

Y. An1, Y. Jan2, D. E. Heck3, and J. D. Laskin2. 1Rutgers, The State University of New 
Jersey, Piscataway, NJ; 2Rutgers School of Public Health, Piscataway, NJ; and 3New York 
Medical College, Valhalla, NY.

Ultraviolet light in wavelengths from 280-320 nm (UVB) is known to damage 
DNA, forming both cyclobutane pyrimidine dimers (thymine dimers) and pyrimi-
dine (6-4) pyrimidone photodimers (6-4 photoproducts). By targeting keratinocyte 
DNA, UVB light compromises genomic integrity, a process that can lead to DNA 
strand breaks, mutations and the development of skin cancer. Cells respond to 
DNA damage by activating a DNA damage response (DDR), a process import-
ant in DNA repair. The DDR involves signaling cascades that include ATR (ataxia 
telangiectasia and Rad3-related), ATM (ataxia telangiectasia mutated), and 
DNA-PKcs (DNA-dependent protein kinase, catalytic unit), which are activated 
via protein phosphorylation. This leads to the recruitment of DNA repair proteins 
including phospho H2AX and phospho p53 to sites of DNA damage. We found 
that UVB (2.5-25 mJ/cm2) caused dose- and time-dependent phosphorylation of 
ATR (T1989), ATM (S1981), DNA-PKcs (S2056), H2AX (S139) and p53 (S15) in 
HaCaT cells, a human keratinocyte cell line, and in primary human neonatal foreskin 
epidermal keratinocytes. Primary keratinocytes were less sensitive to UVB requiring 
longer periods of time and higher doses of UVB to induce the DDR. In HaCaT cells 
synchronized in the cell cycle using a double thymidine block, DDR signaling was 
predominantly activated in the S phase, when compared to cells in G0G1 and G2M 
phases. Confocal microscopic analysis of HaCaT cells treated with UVB (25 mJ/
cm2) revealed the accumulation of DDR proteins at subnuclear sites containing 
chromosomal double-strand DNA breaks. These foci were predominantly identified 
in cells in S phase of the cell cycle and contained phospho-DNA-PKcs and phospho-
H2AX. UVB was also found to induce oxidative stress in HaCaT cells, as measured 
by increases in intracellular reactive oxygen species (ROS). A marked increase in 
UVB-induced ROS was noted when HaCaT cells were depleted of glutathione, by 
treatment with buthionine sulfoximine (BSO, 50 μM, 18 h). Increases in ROS had no 
effects on the UVB-induced DDR response. Taken together, these data demonstrate 
that UVB induces cell cycle-dependent DNA damage in human keratinocytes, 
which is independent of oxidative stress. Induction of the DDR response in the 
cells is due to double-strand DNA breaks as a consequence of the repair of DNA 
photoproducts. Defining mechanisms of UVB-induced DNA repair will be important 
for understanding processes leading to skin tumor formation. Supported by NIH 
grants AR055073 and ES005022.

 4459 Comparing Gravimetric DPRA Data with In Vivo Reference Data

S. N. Kolle, B. Wareing, D. Funk-Weyer, and R. Landsiedel. BASF SE, 
Ludwigshafen, Germany.

Chemical reactivity of a test substance towards skin proteins is well associated 
with an allergenic potential and has been described as the molecular initiating 
event (MIE) of the adverse outcome pathway for skin sensitization. The direct 
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peptide reactivity assay (DPRA) has been adopted as OECD test guideline 442C and 
addresses the MIE measuring binding of the test substance to nucleophilic cysteine 
or lysine in heptapeptides as models of skin proteins. In its currently adopted 
version, negative results (i.e.,indicated a test substance is not protein reactive) are 
only acceptable if the test substance is a mono-constituent, organic chemical - and 
a test concentration of 100 mM is not producing peptide depletion in the DPRA. 
While from the procedure it is technically feasible to assess test substances of 
unknown composition using a mass instead of a molar concentration (gravimetric 
procedure), no such protocol is currently adopted. In the present study, we compiled 
here DPRA and in vivo skin sensitization data of 7 silicone materials, 33 agrochemi-
cal formulations,14 plant extracts, 15 polymer materials and 17 other test materials 
with undefined molecular weight. The DPRA was performed in accordance with 
OECD 442C but instead of a molar test concentration of 100 mM mass concen-
trations were used, as no defined molecular weight was available for the test 
substances. All other procedures including the prediction model were identical to 
OECD 442C. The results of the DPRA were compared to the results of local lymph 
node assays and/or guinea pig skin sensitization test. While either sensitivity, 
specificity or both were low for silicone materials, plant extracts, polymer materials 
and agrochemical formulations, the 17 other test materials with undefined molecu-
lar weight correlated with the in vivo results (78% sensitivity, 75% specificity and 
76% accuracy). While the presented post validation data shows some limitations 
in the DPRA’s substance class applicability domain, using mass concentrations 
instead of molar concentrations (gravimetric procedure) in the DPRA for the set of 
17 test substances with unknown molecular weight was similar predictive as the 
DPRA in its original validation study. More substances representing the different 
classes of test substances should be tested to define where the gravimetric DPRA 
is applicable with good predictivity. The broadening of the applicability domain of 
OECD 442C to substances without defined molecular weight would avoid otherwise 
necessary animal testing.

 4460 Skin Sensitization Quantitative Risk Assessment of the 
Preservatives Phenoxyethanol and Ethylhexylglycerin in 
Shampoo Products

J. A. Parker, V. Brown, and E. S. Fung. Stantec ChemRisk, Aliso Viejo, CA.

Preservatives are necessary additives for personal care and cosmetic products 
as they prevent the growth of harmful pathogenic microorganisms, ensuring both 
safety and quality over the intended shelf-life of the product. However, preserva-
tives may have the potential to cause adverse dermal effects, such as skin sensiti-
zation and contact dermatitis, following repeated exposure under certain product 
use conditions. Phenoxyethanol (PE) and ethylhexylglycerin (EG) are two preser-
vatives that are widely used in personal care and cosmetic products. However, 
a maximum use concentration in cosmetic and personal care products has not 
been set for either PE or EG in the United States. We performed a quantitative risk 
assessment (QRA) to determine the risk of skin sensitization induction associ-
ated with dermal contact exposure to PE and EG in shampoo, which was selected 
as an exemplary cosmetic and personal care product consumer use scenario. In 
order to conduct the QRA, a consumer exposure level (CEL), which represents daily 
exposure of consumers to the preservatives under the selected use scenario, was 
benchmarked against an acceptable exposure level (AEL), which is the exposure 
dose where skin sensitization induction in consumers is not expected, to generate 
a margin of safety (MOS). CELs for both PE and EG were calculated using the 
shampoo-specific maximum dermal exposure per application, number of product 
applications per day, product retention factor, scalp surface area, and the maximum 
concentration of each preservative identified in a survey of shampoo products. The 
AEL for each preservative was calculated by applying a sensitization assessment 
factor of 30, which accounts for variability among subjects, product formulations, 
and product use patterns, to a no expected sensitization level (NESIL) at which 
sensitization is not observed in the test species. The NESIL for both PE and EG was 
determined based on a weight of the evidence review of skin sensitization data in 
humans and nonclinical animal models obtained from the peer-reviewed literature. 
Benchmarking the CEL (PE = 1.63 µg/cm2 and EG = 13.05 µg/cm2) against the AEL 
(PE = 7 µg/cm2 and EG = 133 µg/cm2) for each preservative provided a MOS. Overall, 
the MOS values estimated for PE and EG in the shampoo products were above 1, 
demonstrating that these products were not expected to be associated with an 
increased risk of skin sensitization induction for the evaluated consumer exposure 
scenario. This QRA approach can be utilized to understand the risk of sensitiza-
tion induction from the use of cosmetic and personal care products containing 
other potentially allergenic ingredients or for other chemicals of concerns in various 
product types.

 4461 Role of miR-24-3p and miR-146a-5p in Dendritic Cells’ 
Maturation Induced by Contact Sensitizers

V. Galbiati1, M. Lefevre2, A. Maddalon1, M. Vocanson2, M. Iulini1, M. Marinovich1, and 
E. Corsini1. 1Universita Degli Studi Di Milano, Milan, Italy; and 2Centre International de 
Recherche en Infectiologie Université de Lyon/Inserm/Université Claude Bernard Lyon 1, 
Lyon, France.

Although allergic contact dermatitis has been studied extensively, few studies 
have addressed miRNA expression. MiRNAs are non-coding RNA molecules, 
contained also in exosome, that regulate gene expression at the post-transcrip-
tional level. The main aim of this work was to investigate the role of miRNAs in the 
underlying mechanism of dendritic cell maturation induced by contact sensitizers. 
Experiments were conducted using THP-1 derived immature DCs (iDCs). Contact 
allergens of different potency were used: p-benzoquinone, Bandrowski’s base, and 
2,4-dinitrochlorobenzene as extreme; nickel sulfate hexahydrate, diethyl maleate 
and 2-mercaptobenzothiazole as moderate; and α-hexyl cinnamaldehyde, eugenol, 
and imidazolidinyl urea as weak. Selective inhibitor and mimic miRNAs were then 
used and several cell surface markers expression was evaluated as targets. Also, 
patients patch tested with nickel were analysed to determine miRNAs expression. 
Results indicate an important role of miR-24-3p and miR-146a-5p in DCs activa-
tion. miR-24-3p was up regulated by extreme and weak contact allergens, while 
miR-146a-5p was up regulated by weak and moderate contact allergens and down 
regulated by the extreme ones. Also, the involvement of PKCβ in contact allergen-in-
duced miR-24-3p and miR-146a-5p expression was demonstrated. Furthermore, the 
expression of the two miRNAs maintains the same trend of expression in both in 
vitro and in human conditions. In conclusion, results obtained suggest the involve-
ment of miR-24 and miR-146a in DCs maturation process in the proposed in vitro 
model, supported also by human evidence.

 4462 Cross-Elicitation Potential of Three New Hair Colorants in 
Individuals with Hair Dye–Related Contact Allergy

B. Blömeke1, A. Fuchs2, and R. Fautz2. 1Universität Trier, Trier, Germany; and 2Kao 
European Research Laboratories Darmstadt, Darmstadt, Germany.

Hair dyes are the prime cause of skin allergy and sensitization to para-phenylene-
diamine (PPD)-containing hair dye products is a relevant issue due to frequently 
observed cross-reactivity to chemically related structures like toluene-2,5-diamine 
(PTD), para-aminophenol and meta-aminophenol. This is a significant problem 
for the health care systems worldwide and allergic individuals as alternative hair 
dyes are scarce. Assessing the skin sensitization potential and potency of three 
new colorants HC Red No. 18 (CAS No. 1444596-49-9), HC Blue No. 18 (CAS 
No. 1166834-57-6) and HC Yellow No. 16 (CAS No. 1184721-10-5) in vivo in the 
local lymph node assay (LLNA) up to the highest achievable concentration, the 
effective concentrations of the colorants necessary to induce an immune response 
3-fold above vehicle control (EC3 value) was >10% and >20%, indicating an allergy 
induction risk negligible compared to PPD or PTD. Subsequent, tolerability and 
potential cross-reactivity to the new hair colorants were investigated in 40 PPD 
allergic individuals (38 females, 2 males; mean age: 35.5 ± 14.2 years). The concen-
trations of the colorants applied in this patch test study represent the intended 
maximal use concentrations, namely 0.5% of HC Red No. 18 and HC Yellow No. 
16, and 0.35% of HC Blue. The compounds were applied in petrolatum using 8 mm 
Finn Chambers. In addition, 1% PPD and PTD were applied to re-evaluate the current 
sensitization status of the study participants. Because many of the study partic-
ipants had experienced severe reactions to hair dyes and previously performed 
patch tests, test chambers containing PPD and PTD were removed 45 minutes after 
application for safety reasons. All other test chambers were removed on day 2 (D2) 
as done in routine diagnostics. HC Blue No. 18 and HC Yellow No. 16 were negative 
in all participants. No late reactions (D6 or later) to any of the investigational 
substances were observed. Only HC Red No. 18 was positive in only one of the 40 
participants. Repeated testing of the positive participant with the three investiga-
tional substances and pure petrolatum nine months after initial testing confirmed 
the positive reaction to HC Red No. 18. Patch testing results found high tolerability 
and no or limited cross-elicitation potential of the three new hair colorants in 40 
PPD sensitized individuals with documented allergic contact dermatitis to hair dye.

 4463 Is the 3D Reconstructed Human Epidermis (RHE)/THP-1 
Co-culture Model Suitable to Determine the Potency of 
Lipophilic Compounds?

D. Henseler, N. Peter, N. Lobes, U. Bock, and B. Blömeke. Universität Trier, 
Trier, Germany.

We showed that 3D reconstructed human epidermis (RHE) models can be co-cul-
tured together with THP-1 cells to address the sensitizing potential of chemicals 
(Schellenberger et al., 2019). Nonetheless, the need for a method to determine in 
addition the potency of a sensitizer remains, especially for difficult or lipophilic 
compounds. Here we investigated whether a RHE/THP-1 co-culture model can be 
used to determine potential and potency of chemical sensitizers. To address this 
question, we implemented the RHE (SkinEthics)/THP-1 model, which has already 
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been developed in our lab group. Compounds of interest were topically applied on 
the RHE and THP-1 cells were placed underneath the RHE. We focused on difficult 
molecules and lipophilic sensitizers and varied exposure conditions to maximize 
sensitivity of the co-culture model. To determine the THP-1 cell activation, we 
analyzed cell surface expression of CD86 and CD54 on collected THP-1 cells by 
flow cytometry. It was evidenced that with changed exposure conditions, the RHE/
THP-1 model shows a higher sensitivity for tested compounds. Preliminary results 
indicate that the optimized THP-1/RHE co-culture is suitable to identify a sensitizer 
and address the question of determining the potency of moderate and weak 
sensitizers. This co-culture model offers a promising step to fill the gap in finding 
an appropriate in vitro method to assess the potency of sensitizers.

 4464 Applicability of NAMs for Skin Sensitization to Agrochemical 
Active Substances

A. Grivel1, E. Webb2, C. Stahl3, and H. Tinwell1. 1Bayer Crop Science, Sophia 
Antipolis, France; 2Bayer Crop Science, St. Louis, MO; and 3Bayer Crop Science, 
Monheim, Germany.

Substantial efforts towards non-animal methods for skin sensitization have been 
made for years. Mechanistic understanding of skin sensitization has resulted in the 
establishment of an adverse outcome pathway (AOP), which in turn enabled the 
development and validation of in silico/chemico/vitro assays, relative to specific 
key events (KE) of the AOP. Used in an integrated testing strategy and validated 
in June 2021 under the OECD Testing Guideline No. 497, these non-animal assays 
demonstrated a superior performance (69-88%) to the “gold standard” mouse 
Local Lymph Node Assay (LLNA) (58%) when compared to human data. This 
superior performance of the non-animal assays is due to a low specificity (22%), 
or true negative rate, of the LLNA to human. Primarily validated by OECD using 
cosmetic ingredients, the stand-alone KE new approach methodologies (NAMs) 
are de facto considered applicable to the broad chemical substances, includ-
ing agrochemical small molecules, based on their physico-chemical properties. 
Being the first validated Defined Approaches (DAs) using NAMs and translated 
into a Testing Guideline by OECD, it is nonetheless helpful to provide the scientific 
community as well as regulatory authorities with case studies on the applicabil-
ity of those methods and to build confidence in their utility in decision-making. 
Therefore, the objective was to assess the applicability of NAMs for agrochemical 
active substances with five skin sensitizers and five non-sensitizers based on their 
historical animal data. Both hazard identification and potency sub-categorization 
were performed using the three DAs described in OECD TG No. 497: The “2 out of 
3” (2o3) defined approach, the Integrated Testing Strategy version 1 (ITSv1) and 
version 2 (ITSv2). The DPRA, LuSens and h-CLAT assays (corresponding to KE 1, 
2 and 3 respectively of the AOP) were conducted. Derek Nexus and OECD QSAR 
Toolbox were used for in silico prediction. The in silico approaches successfully 
reported structure alerts, but rarely allowed a read-across, based on a lack of similar 
chemicals in the database of the tools. A solubilization issue in the DPRA assay led 
to a non-applicability of this test for most of the active substances and resulted in 
the inability to conclude on the skin sensitizing properties of the known non-sen-
sitizer ingredients using ITSv1 or ITSv2. On the contrary, all the known sensitizers 
were correctly identified using at least one of the three DAs of the test guideline. 
Among the five active substances considered to be a non-sensitizer in vivo, one was 
identified as a skin sensitizer using in vitro assays. This over-estimation may be 
explained by the poor ability of this chemical to pass through the skin and react with 
the proteins in animal models. Future work in developing and validating a full-thick-
ness skin model would allow the evaluation of the impact of the skin barrier and the 
skin metabolism in the assessment of the skin-sensitizing properties of a chemical. 
In conclusion, evaluation of the skin-sensitizing properties using NAMs and at least 
one DAs of the OECD TG No. 497 demonstrated agreement with animal data for 
8/10 of the tested agrochemical active substances. Decision-making would take 
advantage from improvements in the assessment of the reactivity of a chemical to 
skin proteins (KE 1). Moreover, for some chemicals which have low dermal absorp-
tion, there is a potential for positive results in vitro assays, which would not occur 
in an in vivo test, or in a full-thickness human skin model, if such a model were 
available. Its inclusion in the TG would enhance the relevance of human exposure to 
a chemical. In the absence of such improvements, the use of NAMs would benefit 
from a weight-of-evidence approach with more flexibility to the current testing 
strategy proposed by the OECD where expert judgement is discouraged.

 4465 Environmental Chlorination Stress and Skin Health: The 
Chlorination Agents HOCl (Hypochlorous Acid) and TCIC 
(Trichloroisocyanuric Acid) Display Opposing Effects on Solar 
UV–Driven Inflammatory Dysregulation and Skin Carcinogenesis

J. A. Snell1,2, A. B. Hua1,2, P. Vaishampayan3,2, S. E. Dickinson3,2, J. Fimbres1,2, 
J. Jandova1,2, and G. T. Wondrak1,2. 1R.K. Coit College of Pharmacy University of Arizona, 
Tucson, AZ; 2University of Arizona Cancer Center, Tucson, AZ; and 3University of Arizona, 
Tucson, AZ. Sponsor: S. E. Dickinson, American Association for Cancer Research.

Hypochlorous acid (HOCl), an innate immune factor and environmental toxicant is 
an important component of the skin exposome. HOCl, a weak halogen-based acid 
and powerful oxidant, serves two seemingly unrelated molecular roles: (i) as an 

innate immune factor [acting as a myeloperoxidase (MPO)-derived microbicidal 
factor] and (ii) as a chemical disinfectant used in freshwater processing on a global 
scale, both in the context of drinking water safety and recreational freshwater use. 
Mimicking recreational freshwater exposure in the context of swimming pool use 
associated with cutaneous chlorination stress and solar UV exposure, our recent 
studies have explored the interaction between UV photons and HOCl-related environ-
mental co-exposures. First, the anti-inflammatory activity of topical HOCl (100 μM 
in topical carrier) was established in vivo and attributed mechanistically to blockade 
of AP-1-driven inflammatory signaling as assessed by bioluminescent imaging of 
luciferase reporter SKH-1 mice exposed to solar UV with and without topical HOCl. 
Moreover, HOCl topical exposure blocked tumorigenic inflammatory progression in 
UV-induced high-risk (tumor-prone) SKH-1 mouse skin (chronic exposure regimen; 
solar simulated UVB, 112 days regimen), a finding with potential implications for 
the prevention of human nonmelanoma skin photocarcinogenesis. In contrast, we 
were able to demonstrate that the drinking water and swimming pool disinfectant 
trichloroisocyanuric acid (TCIC; up to 100 µM in topical carrier), used widely as a 
photostable HOCl-precursor fresh water disinfectant, causes chlorination stress 
potentiating solar UV-induced inflammatory gene expression in SKH-1 mouse skin. 
In addition, a novel stratum corneum-specific chloramine adduct, formed as a 
consequence of topical HOCl (and TCIC) exposure, was identified by LC-MS after 
tape stripping of human ex vivo skin exposed to environmentally relevant chlori-
nation stress, serving as an investigational biomarker of topical cutaneous chlori-
nation stress (in addition to the established protein adduct 3-chloro-L-tyrosine). 
Taken together, our data suggest that environmental or therapeutic chlorination 
stress in skin, substantiated by detection of a novel histidine-derived biomarker, 
serves both detrimental and potentially photochemopreventive roles, observable 
as a function of HOCl or HOCl-precursor compound (TCIC) exposure. This research 
was supported in part by funding from NIH: 1R21ES029579; ES007091; ES006694; 
1R01CA229418; CA023074; 1P01CA229112.

 4466 Suitability of the Direct Peptide Reactivity Assay (DPRA) 
for Assessing Chemical Sensitization Potential of Aromatic 
Polymeric Polyisocyanate Pre-polymer (P3) Substances

S. Krieger1, B. Day2, A. Kuhl3, and M. Spence2. 1Dow Chemical Company, Midland, MI; 
2International Isocyanate Institute Inc., Mountain Lakes, NJ; and 3Huntsman LLC, The 
Woodlands, TX.

The prediction of chemical sensitization by the respiratory route presents a 
challenge for lack of validated test guidelines and formally recognized in vitro or 
animal assays for this endpoint. Tiered weight of the scientific evidence (WoE) 
approaches where skin sensitization data are evaluated first have been suggested 
and are routinely utilized: low molecular weight chemicals with a negative skin 
sensitization result are also considered negative for the potential to cause respira-
tory sensitization and further exploration of respiratory sensitization potential 
is considered only where positive skin sensitization results are observed or the 
substance is an isocyanate (R-N=C=O). Isocyanate-based polyurethane prepoly-
mers, formed by combining an excess of diisocyanate (DII) monomer with 
polymeric polyols, exhibit properties (i.e., higher molecular weight (MW) and viscos-
ity, lower isocyanate content (%NCO) and vapor pressure) that decrease exposure 
relative to DII monomer. Local Lymph Node Assays (LLNA) conducted with special-
ly-prepared low residual monomer [i.e., < 500 ppm (0.05% wt)] methylene diphenyl 
(MDI)- and toluene diisocyanate (TDI)- based polymeric polyisocyanate prepoly-
mers (P3) indicate that the skin sensitization potency of these substances is at 
least 300 times less than that of the DII monomers from which they are derived, 
and that sensitizing potential is mainly governed by hydrophobicity (calculated 
octanol-water partition coefficient, log Kow) and surfactant properties. To evaluate 
the respiratory sensitization potential of isocyanate-based prepolymers, we 
previously proposed a framework that is unique in its inclusion of further evaluation 
following a negative skin sensitization result in order to assess the potential for 
absorption in the lung. In our proposed framework, a negative skin sensitization 
result indicates that the prepolymer is neither a dermal sensitizer nor a respiratory 
sensitizer via the dermal route and triggers assessment of bioavailability, reactivity, 
biological/immunological WoE, and exposure to determine the potential risk. As a 
next step in our proposed research framework, we sought to determine the suitabil-
ity of the Direct Peptide Reactivity Assay (DPRA) for assessing the chemical sensiti-
zation potential of P3 substances. Four P3 substances: TDI-PPG/PEG (MW=3350), 
TDI-PEG (MW=750), TDI-Gly/PPG (MW=4525), and MDI-PTMEG (MW=3400), 
as well as 4,4’-MDI were selected based on results in the LLNA (sensitizing and 
non-sensitizing) and the range of calculated octanol-water coefficients (-5, 3, 18 
and 37, respectively). As expected, 4,4’-MDI was categorized as highly reactive 
in reactivity class and predicted to be a sensitizer in the DPRA (mean cysteine 
(cys) depletion: 72.3%; mean lysine (lys) depletion: 28.9%; mean cys+lys depletion: 
50.6%). TDI-PPG/PEG yielded a mean Cys depletion of 53.1% but was incompatible 
with the Lys depletion assay due to co-elution with lysine. Although considered 
negative in the LLNA, TDI-PPG/PEG was categorized as moderately reactive in 
reactivity class and predicted to be a sensitizer in the DPRA. Results for the other 
P3 substances were considered inconclusive due to incompatibility with the assay 
(formation of precipitates immediately upon addition to the cysteine and lysine 
reaction buffers). Overall, we conclude that the DPRA assay is not appropriate for 
screening diisocyanate compounds for sensitization potential. In order to utilize 
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the proposed research framework as a tool to guide the future development of 
isocyanate chemistries and associated polyurethane applications toward reduced 
exposure and health hazard potential, further evaluation is needed.

 4467 Evaluation of Long-Term Health Effects from Acute Exposure to 
Toxic Chemicals

A. Castleberry1, A. Fond1, J. Cox2, T. Pennington2, and L. Roszell3. 1Battelle Memorial 
Institute, Columbus, OH; 2US Department of Homeland Security Science and Technology 
Directorate, Washington, DC; and 3Army Public Health Center, Aberdeen, MD.

Since 2016, the Department of Homeland Security Science and Technology (DHS 
S&T) directorate and the Defense Centers for Public Health - Aberdeen have 
partnered to develop guidelines for acute exposure resulting in chronic effects. The 
Acute Exposure/Chronic Effect (AECE) project is done utilizing a toxic syndrome 
(toxidrome) based approach where the likelihood of long-term health outcomes 
is evaluated as a function of the acute exposure level (mild, moderate, severe, 
life-threatening). We have completed work on 8 toxidromes (Cholinergics, Blood, 
Opioid, Irritant/Corrosive - Upper Pulmonary, Irritant/Corrosive - Lower Pulmonary, 
Vesicants, Convulsants, and Hemolytics) with one toxidrome planned for FY23 
(Metabolic). This project utilizes Subject Matter Experts (SMEs) and peer reviewed 
journal articles to identify acute symptoms, which are categorized by health effect 
for generalizability, determine long- term symptoms, also categorized by health 
effect, and then elucidate the probability of a long-term health effect based on the 
level of acute exposure. These effect probabilities are combined with chemical-spe-
cific acute effect dose-response estimates to yield long-term health effect curves. 
Leveraging SME knowledge allows for lived experience to fill in gaps left by sparsely 
available data, as the chronic effects of an acute exposure to a chemical are not 
well studied. Collecting data based on a toxidrome rather than a single chemical 
also addresses the issue of sparse data, as findings made for a toxidrome can be 
leveraged for any chemical in that toxidrome. The supporting assumption for this 
generalization is that chemicals in the same toxidrome elicit similar acute effects, 
and that long-term health effects can be estimated based on the extent of the injury 
demonstrated by acute effects. Defense Centers for Public Health would like to 
utilize these calculations to expand on the military exposure guidelines (MEGs). 
Currently, MEGs only consider the acute effects of acute exposures despite 
documented evidence that acute exposures can lead to long-term effects. Such 
evidence includes incidences with military relevance, such as exposure to mustard 
agents during World War I and sarin attacks in Syria from 2012 until present day. 
Better knowledge of how an acute exposure can lead to long-term effects allows 
for better military planning, as long-term effects could manifest during the course 
of a deployment in ways that would impact operational readiness. The DHS S&T 
will apply these values to modeling potential harm to civilian populations and has 
taken on the task of ways to operationalize this data to the Homeland Security 
Enterprise (HSE).

 4468 Pyrimethanil in Apples: Potential to Target Human Proteins

W. Maldonado-Rojas, I. Puentes-Perez, F. Palacio-Herrera, and J. Olivero-Verbel. 
Universidad de Cartagena, Cartagena, Colombia.

Pyrimethanil (Pym) is an anilinopyrimidine fungicide used in vegetable and fruit 
crops since the 1990s. This xenoniotic has been considered of low toxicity in 
humans; however, endocrine disrupting effects have been reported in mammals. 
These factors, added to the resistance acquired by some types of fungi, are of 
concern about the risk of human exposure through the ingestion of foods with the 
presence of Pym, especially in Latin American countries that lack controls on crops 
and imported food. Moreover, there is little data on the possible mechanisms of 
Pym toxicity in humans. The aims of this work were to quantify Pym in commer-
cially available apples using GC-MS, and to search for protein targets for Pym 
using pharmacophore mapping tools (PharmMapper), Machine learning (NR Tox 
Pred), molecular docking protein-ligand (AutoDock Vina) and molecular dynamic 
simulations (Gromacs). GC-MS results showed detectable levels of Pym in 100% 
of analyzed apple samples. On the other hand, computational calculations showed 
that Pym has the potential to bind and interact with different human protein targets, 
such as aldo-keto reductase family 1 member C3, serine/threonine kinase Pim-1, 
cholinesterase, androgen and progesterone receptors, among other proteins. These 
findings suggest that people are exposed to Pym through apple consumption, and 
the fungicide has the potential to promote endocrine disruption, cell proliferation 
and neurodegenerative diseases. Therefore, it is necessary to establish rigorous 
control systems for Pym in food, prioritizing experimental approaches to evaluate 
its toxicological effects on humans.

 4469 Using Internal Dosimetry to Calculate Relative Potency Factors 
of Polycyclic Aromatic Hydrocarbons (PAHs) for Human 
Risk Assessment

J. Smith1,2, P. Pande1, M. Vermillion Maier2, T. Ognibene3, K. Turteltaub3, and 
D. Williams2. 1Pacific Northwest National Laboratory, Richland, WA; 2Oregon State 
University, Corvallis, OR; and 3Lawrence Livermore National Laboratory, Livermore, CA.

Many polycyclic aromatic hydrocarbons (PAHs) are procarcinogens, and the 
United States Environmental Protection Agency (US EPA) frequently assesses 
PAH-mixture cancer risk using the Relative Potency Factor approach. The Relative 
Potency Factor approach estimates cancer risk of a chemical mixture by summing 
doses of component mixture compounds after normalizing each component dose 
with a relative cancer potency of that component compared to an index compound. 
For PAHs, benzo[a]pyrene (BaP) is used as the index compound. Cancer slope 
factors are typically measured using animal models, like mice, and are calculated 
by external exposures to the animal model. Since many PAHs require metabolic 
activation to form the ultimate toxicant, the Relative Potency Factor approach 
assumes that PAH metabolism rates scale allometrically between animal models 
and humans. Our research has demonstrated metabolism rates and internal 
dosimetry do not scale allometrically for BaP or the potent dibenzo[def,p]chrysene 
(DBC) (relative potency factor ~30). Here, we developed physiologically based 
pharmacokinetic models (PBPK) for DBC and BaP in mice and humans to calculate 
the relative potency factor of DBC based on internal dosimetry. We measured 
and integrated in vitro metabolism rates of DBC, BaP, and metabolites, and PBPK 
models simulated DBC, BaP, and major metabolite (diols and tetrols) concentra-
tions in blood and/or urine reasonably well compared to measured data in mice 
and human volunteers. We then queried the PBPK models to predict internal dose 
metrics of mouse studies used to calculate the relative potency factor for DBC 
and translated those dose metrics to external doses in humans. Depending on the 
dose metric selected (area under the curve of Phase I diol metabolism, peak rate 
of Phase I diol metabolism, etc.) the predicted relative potency factor was not 30 
and ranged 6-18 as an external human oral dose. This indicates the current Relative 
Potency Factor approach may be inaccurate for compounds whose metabolism 
rates do not scale allometrically between animal models and humans. As such, 
our approach offers an improved method by considering species differences in 
pharmacokinetics. Finally, we used Monte Carlo simulations of population distri-
butions of sensitive physiological parameters to predict variability of PAH dose 
metrics in humans. This variability allows calculations of uncertainty of the relative 
potency factors determined by internal dosimetry. These results demonstrate the 
importance of understanding internal dosimetry and utility of PBPK modeling for 
determining improved relative potency factors that can be used in risk assessment 
of chemical mixtures like PAHs found at Superfund sites. Supported by NIH Grants 
P42 ES016465 and R01ES028600.

 4470 Multiple Elemental Exposures, Genotoxic, and Epigenotoxic 
Alterations in Benin Bronze Casters: Evidence of Occupational 
Metal Toxicity Associated with Traditional Bronze Casting 
Practices in Nigeria

O. G. Igharo1, J. O. Osunbor1, E. L. Igharo1, I. A. Aruomaren1, J. O. Osakue1, C. I. Owie1, 
I. H. Igbinosa1, B. O. Eiya1, H. B. Osadolor1, C. F. Harrington1,2, and J. I. Anetor1,3. 
1University of Benin, Ugbowo, Benin City, Nigeria; 2Supra-Regional Assay Service (SAS) 
Trace Element Centre, Guildford, Surrey, United Kingdom; and 3University of Ibadan, 
Ibadan, Nigeria.

Nigerians are currently faced with a number of environmental and occupational 
hazards which contribute to the reported lower life expectancy. The informal sector 
where artisans, including the ancient Bronze Casters, operate is inadequately 
regulated in Nigeria, hence a susceptibility for high environmental and occupational 
hazards. In this cross-sectional study, 200 consenting participants were recruited 
from Benin City, South-South Nigeria; consisting of 100 Benin Bronze Casters 
(BBC), 40 age-and-sex-matched Environmentally exposed (EC) and 60 Unexposed 
Participants (UP), serving as controls. From the blood samples obtained, levels of 
the toxic metals (cadmium, lead, mercury, arsenic, chromium, nickel, molybdenum, 
aluminum, vanadium, thallium, antimony and tin) were determined using Inductively 
Coupled Plasma-Mass Spectrometry. Enzyme-Linked Immunosorbent Assay was 
used to determine the genotoxicity biomarkers: mutant tumour suppressor protein 
(m-p53), DNA repair protein;8-oxoguanine-DNA glycosylase (OGG1) and oxidative 
DNA damage biomarker:8-hydroxy-2’-deoxyguanosine (8-OHdG); and the epigenetic 
biomarker: DNA Methyltransferase 1 (DNMT-1). Data were analysed using ANOVA 
at α0.05. From the results, blood levels of toxic metals in the bronze-toxicants 
exposed populations (BBC and EC) were significantly raised, compared with the 
UP; and this was accompanied by a significant upregulation of m-p53 and lowered 
activities of DNMT-1 in both BBC and EC. The activities of OGG1, which was signifi-
cantly elevated in EC, was lowest in BBC which in turn was comparable with UP. 
Beside the remarkable body burden of toxic metals experienced in the bronze-tox-
icants exposed populations (BBC & EC), these data appear to provide evidence of 
genotoxic and epigenotoxic aberrations in occupational and environmental metal 
exposures associated with traditional bronze casting practices in Nigeria.
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 4471 Class-Based Oral Risk Assessment of 2- and 3-Heptanone: 
Balancing Class- and Compound-Specific Adverse Effects

S. L. Cousineau, and K. A. Magurany. NSF International, Ann Arbor, MI.

2- and 3-Heptanone have been detected in the extractant water from tested 
drinking water system components and thus may result in oral exposure through 
ingestion of drinking water. Per NSF/ANSI/CAN 600, drinking water criteria may 
be established for a class of compounds utilizing the combined safety data, where 
it is demonstrated that an appropriate read-across may be established including 
similarity of structure, physical-chemical data, and common metabolites. As the 
chemical structure and physical-chemical data were sufficiently similar, metabo-
lism was further considered. The primary metabolic pathway for aliphatic ketones 
is reduction to the corresponding alcohol followed by conjugation with glucuronic 
acid. However, longer chain dialkyl ketones (C ≥ 5) can also be metabolized via 
(omega-1)-oxidation yielding diketone compounds. Diketone compounds with 
gamma-spacing of the carbonyl functional groups can form pyrroles following 
reaction with primary amino acid groups. Reaction of gamma-diketones with amino 
groups within neurofilamentary proteins is postulated to be the initiating event 
for peripheral neuropathy following exposure by oral and inhalation routes. The 
(omega-1)-oxidation product of 2-heptanone does not possess gamma-spacing 
of the carbonyl functional groups; however, (omega-1) oxidation of 3-heptanone 
yields 2,5-heptanedione, a known neurotoxicant. In rats exposed to 3-heptanone via 
gavage for 14 weeks, neuropathologic lesions in the form of typical “giant” axonal 
neuropathy were observed at 2000 mg/kg-day and above. In this same study, rats 
exposed to 1000 mg/kg-day of 3-heptanone remained “clinically normal.” Human 
relevance of this endpoint was confirmed using data on a similar dialkyl ketone, 
2-hexanone, which readily forms 2,5-hexanedione, a six-carbon gamma-diketone. 
In humans occupationally exposed to low doses of 2-hexanone, axonal neuropa-
thy of the peripheral nerve was consistently observed. Systemic toxicity data on 
2-heptanone identified increased kidney weights in male rats at gavage doses of 
500 mg/kg-day that were determined to be adverse as a precursor observation of 
renal toxicity for similar dialkyl ketone compounds that occurs at higher levels of 
exposure. As the LOAEL for nephrotoxicity observed for 2-heptanone occurs at a 
dose level four times less than the neurotoxic effects observed for 3-heptanone, 
nephrotoxicity is considered as the most sensitive effect for this class and protec-
tive of neurotoxic effects. Therefore, the RfD for this class-based assessment is 
based on a human-equivalent NOAEL of 20 mg/kg-day identified from a 13-week 
gavage study in CFE rats administered 2-heptanone at dose levels of 0, 20, 100, or 
500 mg/kg-day. A composite uncertainty factor of 300x was applied that includes 
a 10x factor for intraspecies variability, and 3x factors for interspecies variability, 
database deficiencies, and duration considerations. An RfD of 0.08 mg/kg-day was 
determined, which corresponds to a Total Allowable Concentration of 0.5 mg/L for 
the sum of 2- and 3-heptanone in drinking water.

 4472 Challenges in Evaluating Risks from Lead Exposure

B. Beck, J. Cohen, S. Boomhower, and C. Marsh. Gradient, Boston, MA.

Multiple health authorities have programs to restrict exposure to lead (Pb) in 
different media to permissible levels. The scientific basis of these approaches 
was evaluated across several agencies to understand important similarities and 
differences among them. Agencies and programs were chosen to be a represen-
tative, rather than complete, description of the different approaches. The agency 
approaches evaluated were the FDA Interim Reference Level (IRL) for Pb in food 
(Flannery, 2022), the EPA approach for evaluating Pb in soil at Superfund sites 
(EPA 1998, 2016), the EPA model for evaluating Pb in surface dust in residences 
(EPA, 2019), and the CA Office of Environmental Health Hazard Assessment 
(OEHHA) identification of the Maximum Allowable Dose level (MADL) for Pb for 
under Proposition 65 (OEHHA, 1989). The following factors were considered in the 
evaluation: populations of interest; critical endpoints; risk targets (e.g., blood lead 
levels [BLLs]); exposure methodology; and description of uncertainty and variability. 
All agency approaches, except for the CA OEHHA MADL, consider young children 
as the population of interest, based on associations between BLLs and certain 
neurodevelopmental endpoints in this population. Because CDC concluded that no 
threshold can be determined for these associations, the agency identified the 97.5th 

percentile distribution of BLLs (the blood lead reference value [BLRV]) in young 
children as a guidance tool for identifying children with elevated BLLs. Therefore, 
the BLRV is not a health-based value per se. The EPA dust Pb approach and the FDA 
IRL use the 2012 BLRV of 5 µg/dL and the 2021 BLRV of 3.5 µg/dL, respectively. In 
contrast, the EPA Superfund program uses the pre-2012 CDC health-based level of 
concern of 10 µg/dL. In addition to a target BLL, the EPA approach for Pb in surface 
dust (EPA, 2019) considers decrements in IQ based on predicted BLLs under 
different exposure scenarios, explicitly incorporating potential health effects in the 
analysis. The extent to which agencies consider other populations and endpoints 
varies. The FDA analyzed other health endpoints in pregnant women and children 
to confirm that the IRL for Pb in food is broadly protective. In contrast to the 3 other 
programs, the target population for the CA OEHHA MADL for Pb, a notification limit, 
is the adult male or female of reproductive age. Compliance with the MADL under 
intermittent exposure conditions can be determined by blood Pb modeling. Other 
agency approaches also incorporate blood Pb modeling to develop a specific limit, 
although the details of the approaches differ. While there are similarities across 

programs, there are also important differences. For example, the CA OEHHA MADL 
focuses on the average consumer, typically interpreted as a median exposure, 
whereas the Superfund approach focuses on a high-end exposure, specifically the 
95th percentile BLL. Other differences include choice of risk targets, approaches 
to estimate BLLs, complexity of the analyses (in particular the characterization 
of uncertainty and variability), the ability to incorporate site-specific information 
(e.g., the Superfund program allows incorporation of soil Pb bioavailability), and 
the ability to compare predicted BLLs with measured BLLs. Our findings highlight 
challenges in lead risk assessment and management approaches across media, 
and both across and within agencies.

 4473 Formaldehyde Off-Gassing from Bed Sheets and Pillowcases: A 
Simulation Study

D. A. Drechsel, T. Simoneau, and M. Lumpkin. CTEH, Golden, CO.

Formaldehyde and formaldehyde-containing resins are used in clothing and other 
textiles, particularly those made from natural fibers to impart strength, durability, 
and wrinkle-resistance. Historical concerns of potential health effects associated 
with elevated formaldehyde levels have prompted improved testing and regulatory 
standards in the textile industry. Clothing has been a major focus of these efforts 
due to the occurrence of allergic contact dermatitis among consumers. Meanwhile, 
the highest airborne concentrations of formaldehyde are generally found indoors 
as a result of off-gassing from building materials and consumer products. The 
inhalation of formaldehyde released from bed linens (e.g. sheets and pillowcases) 
represents a unique circumstance for consumer exposure. Specifically, a large 
surface area, frequent and extended duration of use, and close proximity of the 
product to one’s breathing zone may result in the potential for higher exposures 
compared to other textiles found in the home and clothing. Since 2020, nearly 20 
notices have been issued to manufacturers and retailers under California Safe 
Drinking Water and Toxic Enforcement Act (also known as Proposition 65) for 
potential warning label violations related to formaldehyde exposures from bed 
linens. This study was conducted to measure airborne formaldehyde levels result-
ing from off-gassing from bed linens during expected consumer use scenarios. An 
initial screening-level study was performed on ten sets of bed linens marketed as 
wrinkle-free/resistant of various fabric types to determine formaldehyde release 
under accelerated storage conditions according to AATCC TM112 standard 
methodology. In general, microfiber-based products released lower amounts of 
formaldehyde (0-3 µg/g), followed by cotton-blends (0-6 µg/g), and 100% cotton 
(2-17 µg/g), while the highest levels were found with bamboo fiber-based products 
(20-48 µg/g). Two bamboo fiber-based bed linens were selected for further evalua-
tion of formaldehyde release during an 8-hour simulated sleeping period in the 
bedroom of a residential home. Personal and area samples were collected under 
four conditions for each product: 1) immediately after unpackaging 2) one-week 
after initial test, 3) following one wash/dry cycle, and 4) one-month after initial 
testing with weekly wash/dry cycles. Background samples collected weekly in the 
absence of products showed an average airborne formaldehyde concentration in 
the test bedroom of 30 to 45 µg/m3. Personal samples collected during testing of 
the first bamboo-based bed linen product showed airborne concentrations of 49 
µg/m3, 59 µg/m3, and 50 µg/m3 for initial, one-week, and first wash testing, respec-
tively. Testing of the second bamboo-based product found airborne concentrations 
of 72 µg/m3, 58 µg/m3, and 48 µg/m3 during the same scenarios. The product that 
showed lesser levels of formaldehyde release under accelerated storage conditions 
showed higher release during the consumer use simulation study. In general, area 
samples were 10 to 20% less than that of the personal samples collected during 
product testing. By one month after initial testing, formaldehyde release from both 
bamboo fiber-based products was similar to background levels, demonstrating that 
release is substantially decreased with time and washing. These results indicate 
that the potential exposure to formaldehyde from bed linens is low and comparable 
to background levels of formaldehyde observed in indoor environments. In addition, 
any potential formaldehyde exposure does not exceed health-based guidance 
values established under California Proposition 65 or proposed by the USEPA for 
non-cancer and cancer effects in humans. Therefore, formaldehyde release from 
bed linens is not expected to present a health risk to consumers.

 4474 Mammalian Toxicity of Trifluoroacetate and Assessment of 
Potential Human Health Risks Due to Environmental Exposures 
to Trifluoroacetate

R. Dekant, and W. Dekant. University of Würzburg, Würzburg, Germany. Sponsor: 
A. Mally.

While the strong acid trifluoroacetic acid has limited technical uses, the highly 
water-soluble trifluoroacetate (TFA) is ubiquitously present in water bodies at low 
concentrations. Most of TFA in the environment is believed to arise from natural 
processes, but decomposition of certain fluorinated refrigerants in the atmosphere 
and degradation of herbicides that contain the trifluoromethyl group also contrib-
ute. The presence of TFA, mainly in water bodies, and the relative stability of TFA 
in the environment result in human exposures to TFA. For hazard and risk assess-
ment, the mammalian toxicity of TFA and human exposures are reviewed to assess 
margins-of-exposures (MoE) between no-observed-adverse-effect levels (NOAELs) 
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with TFA in animal studies and human exposures from environmental sources. 
The potential of TFA to induce acute toxicity is very low and several repeated dose 
studies in rats with oral administration have identified the liver as target organ with 
mild liver hypertrophy as lead effect with a NOAEL of 10 mg/kg bw/day in a 90-day 
oral study. Biomarker analyses indicate that TFA is a weak peroxisome proliferator 
questioning the human relevance of the liver effects seen in rodents. Regarding 
reproductive toxicity, oral administration of TFA to rats did not induce adverse 
effects in an extended one generation study (NOAEL > 265 mg/kg bw/day) and in 
a developmental toxicity study (NOAEL > 150 mg/kg bw/day). Additionally, TFA did 
not induce genotoxic responses in bacteria and in mammalian cells. Toxicokinetic 
data on TFA have not been published, but information on the excretion of TFA as 
a metabolite of halothane and 2,2-dichloro-1,1,1-trifluoroethane indicate a half-life 
in the range of 36 hours for the urinary excretion of TFA. Based on recent levels 
of TFA in surface and groundwater and standard assessment factors for drinking 
water consumption, MoEs for human exposures to TFA from these sources are 
well above the required 100. TFA is also present in diet, likely due to uptake of 
deposited TFA from soil into plants and breakdown of trifluoroalkyl herbicides in 
plants and soil. However, a MoE of well above 100 is also present regarding human 
exposures to TFA from diet based on the exposure assessment by the European 
Food Safety Authority.

 4475 Route Extrapolation and Critical Effect Characterization as a 
Basis to Establish Drinking Water Criteria for Dibutyl Ether

K. Magurany, R. Adams, and B. Lampe. NSF International, Ann Arbor, MI.

Dibutyl ether (DBE) may extract into drinking water when present as a residual 
component of drinking water contact coatings. As a regulated contaminant level for 
DBE was not available from US EPA or Health Canada, drinking water criteria were 
developed by NSF in accordance with NSF/ANSI/CAN 600 (that outlines standard 
risk assessment procedures) and subsequently peer-reviewed by the NSF indepen-
dent Health Advisory Board. The weight of evidence suggests that DBE has low 
genotoxic potential based on four negative, high-quality in vitro genotoxicity assays 
for DBE, in addition to genotoxicity data for DBE metabolites that suggest low 
risk. In the absence of chronic animal data investigating carcinogenic endpoints, 
there is inadequate information to assess the carcinogenic potential of DBE accord-
ing to U.S. EPA 2005 guidelines for carcinogen risk assessment. Toxicokinetic 
data for DBE were lacking and thus data on similar alkyl ethers were referenced 
to identify metabolic pathways and to consider route extrapolation. These data 
indicate DBE is metabolized to similar plasma concentrations via oral and inhala-
tion routes through O-dealkylation by CYP450 enzymes to n-butanol and n-butyr-
aldehyde. Based on the available animal data including data for DBE metabolites, 
target organs of DBE after oral and inhalation exposure are the central nervous 
system (CNS) with evidence of narcosis at human equivalent doses (HED) ≥ 171 
mg/kg-day, the hematological system (hemolytic anemia) at ≥ 73 mg/kg-day (HED), 
liver and kidney toxicity at ≥ 1000 mg/kg-day (HED), testicular effects at ≥ 36 mg/
kg-day (HED) and generalized toxicity in the form of reduced body weight gain in 
adult and pregnant animals at ≥ 37 mg/kg-day (HED). Developmental effects includ-
ing reduced fetal body weight and skeletal variations that cannot be excluded as 
adverse, occurred in the presence of maternal toxicity at human equivalent doses 
of ≥ 228 mg/kg-day. Neurodevelopmental effects including increased incidence 
of dilation of cerebral ventricles and the subarachnoid space of the brain were 
observed at ≥ 1000 mg/kg-day (HED). Overall, the most sensitive effect that was 
deemed to be toxicologically adverse and relevant to human exposure is well-com-
pensated hemolytic anemia in Wistar rats from a guideline-compliant 90-day inhala-
tion study for DBE with a human equivalent NOAEL of 24 mg/kg-day. This endpoint 
was selected as the critical effect after evaluating the human relevance, uncertainty 
and comparative RfDs of the CNS, kidney, liver, testes, reduced body weight of 
adult and maternal animals and developmental effects. The selection of the critical 
effect is further supported by a high-quality 13-week gavage study for the metabo-
lite n-butanol in which hematological effects were reported at an HED of 112 mg/
kg-day. Based on the NOAEL of 24 mg/kg-day and applying a composite uncertainty 
factor of 300x, an RfD of 0.08 mg/kg-day was derived. Applying water intake rates 
for an adult of 0.034 L/kg-day and a relative source contribution of 20%, a total 
allowable concentration in drinking water of 500 µg/L is calculated.

 4476 Pesticide Residues in Honeybee (Apis mellifera L.) Pollen 
Collected in Two Ornamental Plant Nurseries in Connecticut: 
Implications for Bee Health

K. P. Hester1, K. A. Stoner2, B. D. Eitzer2, R. W. Koethe3, and D. M. Lehmann1. 1US EPA, 
Research Triangle Park, NC; 2Connecticut Agricultural Experiment Station, New Haven, 
CT; and 3US EPA, Boston, MA.

Honeybees (Apis mellifera L.) are one of the most important agricultural pollina-
tors, pollinating at least 90 commercial crops. In recent decades, there has been a 
significant decline in populations of some insect pollinators worldwide as a result 
of stressors including habitat loss, pests/pathogens, poor nutrition, and pesticides. 
While potential effects of agricultural pesticides on honeybee health have been 
investigated in some settings, risks associated with exposures occurring in the plant 
nursery setting have received much less attention. The limited amount of data on 

pesticide contamination in the pollen and nectar of ornamental and nursery plants 
is of particular concern to many stakeholders (e.g., regulators, nursery operators, 
pesticide applicators, the public). In this study, we sought to identify and quantify 
pesticide levels present in honeybee collected pollen harvested in two ornamental 
plant nurseries, Nursery M and Nursery P, in Connecticut. From June to September 
2018, pollen was collected weekly from 8 hives using bottom-mounted pollen 
traps. Following extraction, pesticide levels in pollen samples were quantified using 
liquid and gas chromatography coupled with single or tandem mass spectrome-
try. Fifty-five unique pesticides (including related metabolites) were detected: 24 
insecticides, 20 fungicides, and 11 herbicides. Interestingly, some of the pesticide 
contaminants within the pollen had not been applied by the nurseries, indicating 
that honeybees located at both plant nurseries did not exclusively forage on pollen 
at the nursery. The average number of pesticides per sample was similar at both 
nurseries - 12.9 at Nursery M and 14.2 at Nursery P. To estimate the potential 
risk posed to honeybees from these samples, we utilized the EPA’s BeeREX tool 
to calculate risk quotients (RQs) for each pesticide within each sample. RQs are 
calculated on a per bee basis using dietary consumption values for pollen and/
or nectar, pesticide residue concentrations in those matrices, and acute toxicity 
values for detected pesticides. Resulting RQs ≥ 0.4 for acute exposures are consid-
ered above the level of concern (LOC), which indicates more detailed exposure 
estimates and mitigation measures may be necessary. The average aggregate RQ 
for nurse bees, which consume the most pollen, was 0.004 at Nursery M and 0.006 
and Nursery P, well below the LOC. We also calculated RQs for larvae due to their 
increased sensitivity to certain pesticides. In total, 6 samples had larval RQs above 
the LOC (0.45 - 2.51), resulting from the organophosphate diazinon. Since 2015, the 
frequency and amount of diazinon detected in pollen increased at one of our study 
locations, potentially due to pressure to reduce the use of neonicotinoid pesticides. 
Overall, these data suggest that pesticide application at the two ornamental plant 
nurseries investigated herein can contaminate pollen at levels that may pose a risk 
to larvae but not to adult honeybees. Additional studies are needed to determine if 
these findings are generalizable to other ornamental plant nurseries; however, they 
highlight the importance of considering all life stages when estimating potential 
risk to honeybee colonies from pesticide exposure. 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.

 4477 Risk (Re)Assessment of N-Methyl-N-Nitrosophenethylamine for 
Use in Computing Acceptable Intake Levels of N-Nitrosamine 
Drug Substance–Related Impurities

D. R. Woolley1, K. P. Cross2, and G. E. Johnson3. 1ForthTox Ltd., Linlithgow, United 
Kingdom; 2Instem, Columbus, OH; and 3Swansea University, Swansea, United Kingdom.

Management of N-Nitrosamine impurity levels in pharmaceutical drug substances 
and products is guided by ICH M7 where they are defined as Cohorts of Concern. 
Regulatory agencies have suggested using read-across of rodent carcinogenicity 
TD50 values for structurally similar compounds to assess the potency of various 
N-nitrosamines. They have set provisional acceptable daily intake limits for several 
common N-nitrosamines based upon experimentally measured TD50 values of 
close structural analogs. However, there are few N-nitrosamines with robust TD50 
values for comparison as documented in the Carcinogenicity Potency Database 
(CPDB) with the Leadscope Carcinogenicity Database. The TD50 for N-Methyl-N-
nitrosophenethylamine (NMPEA) as reported in the CPDB with a harmonic mean 
TD50 value 7.88 µg/kg/day (or an Acceptable Intake (AI) level of 8 ng/day) was 
found to be inappropriately calculated for use in ICH M7 submissions as mixed 
tissues (oesophagus, forestomach, tongue, and nasal cavity) were combined into 
a single group termed “upper gastro-intestinal tract”. Upon examination of the 
original data (Lijinsky et al., Food Chem. Tox. (20) 393-399, 1982), the oesophagus 
was considered the most sensitive organ of effect though, as stated in ICH M7, 
combinations mixed tumor types are still appropriate as they give a more sensitive 
potency estimate. The TD50 value for the oesophagus was recalculated to 40.1 µg/
kg/day (or an AI of 40.1 ng/day). Subsequently, Benchmark Dose (BMD) analysis 
was also performed yielding a BMD10 of 3.06-17.6 µg/kg/day in rats (or an AI 
range of 306-1760 ng/day). These updated values are 5-38 times (or higher) than 
the current AI level and could result in significantly higher AI limits for marketed 
drugs, such as N-nitroso-nortripyline, that use NMPEA as a suitable analog. These 
potency levels are also more consistent with the structure-activity relationship of 
N-nitrosamines based on the structural features of NMPEA.

 4478 Development of Hydrogen Sulfide Spacecraft Maximum 
Allowable Concentrations for Mars and Exploration

A. A. Wimberly1,2, and V. E. Ryder2. 1KBR, Houston, TX; and 2National Aeronautics and 
Space Administration, Houston, TX.

Hydrogen sulfide (H2S) has not historically been detected in spacecraft, but the 
possible evolution of volatile components from polar ice on the lunar surface is a 
potential concern for NASA’s planned Artemis missions. Numerous case reports 
and occupational epidemiological studies document that exposure to H2S at 
high concentrations has effects on the respiratory system, potentially leading to 
unconsciousness followed by debilitating neurological effects. Studies in rodents 
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demonstrate sensitivity of the respiratory system to low concentrations of H2S. 
Adverse respiratory effects have also been indicated in workers chronically exposed 
to H2S. The objective of the present publication is to develop Spacecraft Maximum 
Allowable Concentrations (SMACs) for H2S for all current standard durations of 
exposure for spaceflight (1hour, 24 hours, 7 days, 30 days, 180 days, and 1000 
days). Summary sources and literature review were used to identify relevant 
studies to inform SMAC development. Space flight mission specific activities and 
most probable exposure scenarios were used to determine the relevant toxicity 
endpoints and supporting studies. SMACs were established for 1 hour, 24 hours, 7 
days, 30 days, 180 days, and 1000 days. These values were based on irritant effects 
of H2S. SMACs for H2S will support development of handling protocols and proper 
containment for lunar sample collection.

 4479 Occupational Toxic Metal Exposure and HIV Infection in the 
Potentiation of Chemical Carcinogenesis

D. C. Udah1, S. A. Bakarey1, G. O. Anetor2, M. Omabe3, K. S. Akinwande4, 
G. O. Ademowo1, and J. I. Anetor1. 1University of Ibadan, Ibadan, Nigeria; 2National 
Open University of Nigeria, Abuja, Nigeria; 3University of Saskatchewan, Saskatoon, SK, 
Canada; and 4Federal Medical Centre, Ogun, Nigeria.

Growing reports indicate that occupational toxic metal exposure and HIV infection 
independently enhance the risk of cancer through varied mechanisms, but their joint 
impact on cancer risk has received limited attention. The combined effects of these 
factors on carcinogenesis were investigated in this study. Based on HIV status and 
occupational exposure to toxic metals, 248 adults (191 males, 57 females, mean 
age 38.42 ± 0.73 years) were divided into four groups: HIV-positive exposed (n=62), 
HIV-positive unexposed (n=66), HIV-negative exposed (n=60), and HIV-negative 
unexposed (n=60). The HIV-positive and HIV-negative groups had similar occupa-
tions, ages, and other characteristics. Blood cadmium (Cd), lead (Pb), and mercury 
(Hg) were measured by inductively coupled plasma optical emission spectrometry 
(ICP-OES), while serum zinc (Zn) and copper (Cu) were determined using atomic 
absorption spectrometry. Data were analyzed by one- and two-way ANOVA. Lead, 
cadmium, and mercury were significantly elevated in the occupationally exposed 
HIV-positive group (14.92 ± 0.54 µg/dl, 0.25 ± 0.01 µg/L, 1.93 ± 0.08 µg/L respec-
tively) compared with the HIV negative unexposed group (11.07 ± 0.48 µg/dl, 0.17 
± 0.01 µg/L, 0.76 ± 0.05 µg/L), p < 0.05. Although toxic metal exposure and HIV 
infection contributed additively to elevated Pb and Hg levels, they reduced the 
level of Zn, an antioxidant, p53 activator, cell cycle regulator, anti-inflammatory, 
and metabolic antagonist to Cu. The results of this study, taken together, suggest 
that elevated toxic metal burden combined with a positive HIV status may exacer-
bate oxidative stress, DNA damage, genome instability, and impaired DNA repair, 
with these pathophysiological events converging to accelerate pathways that 
potentiate chemical carcinogenesis. As a result, appropriate safety precautions 
are required to reduce toxic metal exposure and the associated cancer risk among 
HIV-positive workers.

 4480 Science-Based Assessment of Food Safety in Japan and Risk 
Assessment of Nicarbazin (Coccidiostat or Feed Additives)

E. Kikuchi, M. Furuno, Y. Naka, S. Maema, K. Hashizume, and S. Asano. Food Safety 
Commission, Tokyo, Japan.

The Food Safety Commission of Japan (FSCJ) is a risk assessment organization 
for science-based assessment of food safety risks to human health. The FSCJ is 
comprised of seven commissioners. Weekly Commission Meetings are open to 
the public. The FSCJ receives requests for risk assessments from *risk manage-
ment organizations. The risk assessment request is assigned to relevant Expert 
Committees or Working Groups which developing the draft risk assessment. The 
draft risk assessment is reported to the Commission for discussion. Commission 
will finalize the risk assessment and notify risk management organizations. 
Risk management organizations will provide guidance and implement regula-
tion by establishing maximum levels, maximum residue levels, and standards 
for use based on the result of the risk assessments. *Ministry of Health, Labour 
and Welfare (MHLW), Ministry of Agriculture, Forestry and Fisheries (MAFF), 
Ministry of the Environment (MOE), and the Consumer Affairs Agency (CAA). Our 
work is (1) risk assessment, (2) risk communication, (3) research and survey, (4) 
collection and dissemination of domestic and international information, and (5) 
International cooperation. (1) The FSCJ assesses risks to human health posed 
by microorganisms, chemical substances, and others contained in food on the 
basis of the scientific evidence[CF1] . The FSCJ consists of the Planning Expert 
Committee, which develops its annual work program and 16 Expert Committees/5 
Working Groups for Food Additives, Pesticides and Feed and Fertilizers etc., which 
conduct risk assessments on specific hazards. Currently, more than 200 experts 
(part-time) from universities, research institutes, and other organizations belong to 
each of the committees or groups and conduct risk assessment on their respective 
field of expertise. The FSCJ risk assessment should constantly incorporate new 
assessment methods as science advances. For example, in silico methods have 
been developed to predict toxicity using computers based on the structure of the 
substances. (2) The FSCJ conducts risk communication to exchange information 
and opinions on risks and related factors with related parties (stakeholders)such 

as the general public (consumers, etc.), government (risk management organi-
zations), media, food-related industries (primary producers, etc.), and experts 
(researchers, etc.). (3) The FSCJ has conducted research and survey programs to 
generate scientific evidence for improving risk assessment. (4) The FSCJ collects 
information on human health effects, hazards in foods, and risk assessments from 
overseas. (5 )The FSCJ is proactively working to strengthen international collabo-
ration, such as by holding periodic meetings with overseas bodies involved in risk 
assessment to exchange the latest information and opinions. The FSCJ conducted 
risk assessment of nicarbazin in 2022. Nicarbazin is used as a coccidiostat or feed 
additives for chickens in Japan. Nicarbazin, when ingested, is rapidly split in its 
two components 4,4’-dinitrocarbanilide (DNC) and 4,6‐dimethylpyrimidine (HDP The 
main hazard to humans is not nicarbazin but its component DNC. For genotoxicity 
studies, there is no genotoxicity that poses a particular problem to humans to via 
food, and an ADI can be set. Among various toxicity tests, the lowest NOAEL for 
DNC (20 mg /kg bw per day) and HDP (8 mg /kg bw per day) was obtained in a 52‐
week chronic toxicity study using rats. Based on these NOAEL and applying a safety 
factor of 100, ADI is: The DNC was set at 0.2 mg /kg bw per day and the HDP was 
set at 0.08 mg /kg bw per day.

 4481 Evaluating the Potential for Dermal Sensitization following 
Exposure to Butylphenyl Methylpropional in Rinse-Off and 
Leave-In Haircare Products

K. Chen1, A. M. Schulte2, C. Stewart3, K. Steimel2, S. L. More4, E. S. Fung2, and 
J. A. Parker2. 1Stantec (ChemRisk), Brooklyn, NY; 2Stantec (ChemRisk), Aliso Viejo, CA; 
3Stantec (ChemRisk), Boulder, CO; and 4Stantec (ChemRisk), Portland, OR.

Butylphenyl methylpropional, commercially known as Lilial®, is a compound that 
is widely used as a fragrance ingredient in personal care and household products, 
including shampoos, conditioners, lotions, soaps, and detergents. Although Lilial® 
is still prevalent throughout the world, it was banned from personal care products 
on the European Union (EU) market in March of 2022 due to reported associa-
tions with reproductive toxicity from a single study in rats. While Lilial® was banned 
following itsclassification by the EU as a Category 1B carcinogenic, mutagenic or 
reprotoxic (CMR) substance, the Scientific Committee on Consumer Safety (SCCS) 
of the EU also stated that Lilial® induced skin sensitization in guinea pigs. However, 
the relevance of these findings and the risk inferred from this study to humans is 
unclear. While the EU has introduced regulation of Lilial® into its consumer product 
landscape, other countries including the United States have yet to do the same. 
Thus, further investigation is warranted to better understand the potential risk to 
humans from exposure to Lilial® in personal care products. Skin sensitization was 
the endpoint of interest in this study due to a lack of existing studies characterizing 
risk in humans, and dermal application being the exposure route through which 
most individuals are expected to encounter Lilial®. The aim of this analysis was to 
evaluate the potential risk of skin sensitization induction following the use of both 
rinse-off and leave-in haircare products by conducting a quantitative risk assess-
ment (QRA) and calculating a margin of safety (MOS), which provides a ratio of 
estimated human exposure levels to levels with no established risk. Products with 
a MOS less than 1 may be associated with an increased risk of the endpoint of 
interest (e.g., sensitization). To establish a MOS for Lilial® in rinse-off shampoo 
products, a consumer exposure level (CEL) was estimated and benchmarked 
against an acceptable exposure limit (AEL), a level at which skin sensitization 
induction in consumers is not expected. For this QRA, the CEL was calculated using 
a Lilial® product concentration of 0.01% weight by volume and variables including 
scalp surface area, number of applications per day, amount of product applied, 
and retention factor that were specific to either a rinse-off or leave-on product use 
scenario. The calculated CEL values were then benchmarked against an AEL derived 
from a sensitivity assessment factor (SAF) of 100 and a no expected sensitization 
induction level (NESIL) of 410 µg/cm2 to obtain subsequent MOS values for both 
scenarios. The resulting MOS values ranged from approximately 25 to 250. Overall, 
the QRA indicates that dermal exposure to Lilial® at the reported concentrations in 
rinse-off and leave-on haircare products is not expected to result in an increased 
risk of skin sensitization induction in the average healthy consumer. Furthermore, 
this model can be applied to other chemicals and products to understand risk of 
skin sensitization induction in additional consumer use contexts.

 4482 Assessing Potential Cancer Risk Associated with Dermal 
Exposure to Formaldehyde in Consumer Hair Relaxers

P. Kundu, S. L. More, K. G. Steimel, and E. S. Fung. Stantec (ChemRisk), Aliso Viejo, CA.

Formaldehyde and formaldehyde-releasing chemicals are found in many hair 
smoothing and straightening products, often referred to as hair relaxers. Several 
regulatory agencies have designated formaldehyde as a human carcinogen based 
on inhalation studies from human occupational exposure data and experiments in 
laboratory animals. There are several established health guidance values for formal-
dehyde, and each is specific to an exposure scenario. The Office of Environmental 
Health Hazard Assessment has established a No Significant Risk Level (NSRL) for 
formaldehyde exposure via inhalation of 40 μg/day, assuming a 70-year lifetime of 
daily exposure. This correlates to a lifetime NSRL of 1,022,000 µg formaldehyde/
lifetime (40 µg formaldehyde/day x 365 days/year x 70 years). The NSRL is defined 
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as the daily intake level posing a 10-5 lifetime risk of cancer. We performed a dermal 
exposure risk assessment to better understand the potential cancer risk associated 
with exposure to formaldehyde from personal use of hair relaxing products. Results 
from published bulk sampling studies reported formaldehyde concentrations in 
hair relaxing products ranging from below the limit of detection of 0.017 ppm up to 
115,000 ppm. A systemic exposure dose (SED) was calculated for dermal applica-
tion of hair relaxer using the formaldehyde concentrations, published exposure 
parameters for scalp surface area, skin adherence, hair relaxer retention factor, and 
percent dermal absorption of formaldehyde. The estimated SEDs ranged from 6.4 
to 368 μg/day for formaldehyde concentrations reported in the literature. However, 
daily exposure to hair relaxers is not expected as the maximum recommended 
frequency of use is every two months as advised by the American Academy of 
Dermatology. Thus, to model a realistic use pattern, a less-than-lifetime (LTL) 
adjustment was applied to estimate exposure to formaldehyde from lifetime typical 
use of hair relaxing products. Using Haber’s law (concentration × time = constant), 
which relates time and dose assuming that there is a linear relationship between 
time and toxicity, one can determine the appropriate cumulative dose. Assuming 
hair relaxer use up to six times per year for 70 years, the cumulative systemic 
lifetime exposure ranged from 2,688-154,560 μg of formaldehyde which is less 
than the cumulative lifetime NSRL of 1,022,000 µg. Our calculated MOS values 
were all greater than 1 (6.61-380), indicating that a significant risk of cancer from 
dermal exposure to formaldehyde from consumer use of hair relaxers following 
typical use is not expected. Our model includes some conservatisms, including 
the assumption that hair relaxer is used six times per year continuously for 70 
years, and the inclusion of the highest reported formaldehyde concentration, which 
is not representative of most commercially available hair relaxers. The exposure 
assessment approach utilized in this study can be used to estimate the risk of other 
chemicals or endpoints of interest, including potentially adverse effects of other 
chemicals present in hair relaxers or in other products. One limitation of the model 
we present here is that only dermal formaldehyde exposure is being modelled, 
and inhalation exposure is also expected to occur through consumer use of hair 
relaxers. Our work modeling the dermal exposure is an important component of a 
comprehensive risk assessment.

 4483 Evaluating the Reproductive Toxicological Potential from 
Dermal Exposure to Butylphenyl Methylpropional, a Popular 
Fragrant Chemical

A. M. Schulte1, K. Chen2, S. L. More3, and E. S. Fung1. 1ChemRisk, Aliso Viejo, CA; 
2ChemRisk, Brooklyn, NY; and 3ChemRisk, Portland, OR.

Butylphenyl methylpropional, more commonly known as Lilial®, is a synthetic 
aromatic compound that has historically been used as a fragrance additive in a 
variety of consumer products including household cleaners, detergents, and hair 
styling products. As of March 2022, Lilial® was banned for use in products on the 
European Union (EU) market due to the compound’s classification as a 1B carcino-
genic, mutagenic or reprotoxic (CMR) substance based on repeated dose oral 
toxicity studies conducted in rats. Specifically, Lilial® is presumed to be a reproduc-
tive toxicant because of adverse effects observed in the testes of male rats follow-
ing oral exposure to Lilial®. While the EU has banned Lilial®, there is currently no ban 
on the use of the compound in products sold on other markets around the world; 
thus, there is a need to better characterize the potential toxicity of Lilial® to humans. 
In order to understand the possible reproductive toxicity risk associated with 
exposure to Lilial® from personal use of hair styling products, a quantitative dermal 
risk assessment was performed. Margin of safety (MOS) values were calculated to 
compare estimated human exposure levels, expressed as systemic exposure doses 
(SEDs), to an established derived no effect level (DNEL). MOS values greater than 
1 indicate that there is not an increased risk of a health endpoint (e.g., reproductive 
toxicity) based on the exposure scenarios used in the calculation. The SEDs in 
this analysis were estimated to reflect typical and worst-case exposure scenarios 
to Lilial® from the dermal application of hair styling products over a 70-year life. 
In order to calculate the typical and worst-case SEDs, the concentration of Lilial® 
found in a popular hair styling product, an estimated hair styling product retention 
factor, and assumptions regarding the amount and frequency of hair styling 
product used by an individual (i.e., the average amount of product used weekly for a 
typical exposure scenario and the 95th percentile amount of product used daily for a 
worst-case exposure scenario) were considered. The estimated SEDs ranged from 
0.267 mg/kg/day to 4.43 mg/kg/day. The lower- and upper-bound SEDs were then 
benchmarked against a DNEL of 0.89 mg/kg/day for Lilial®, which has been reported 
as a systemic, long-term DNEL derived to conservatively protect against reproduc-
tive toxicity, and MOS values were calculated for both exposure scenarios. The 
resulting MOS values ranged between 200- and 3500-fold greater than 1, indicating 
that dermal exposure to Lilial® through the lifetime use of Lilial®-containing hair 
styling products is not expected to contribute to reproductive toxicity. Adjustments 
to the exposure assessment approach utilized in this study can be made in order to 
estimate the risk of other chemicals or endpoints of interest.

 4484 NAM-Related Robustness Analysis of Commercial 
hiPSC-Cardiomyocytes in the Light of Preclinical Cardiac 
Risk Assessment

B. Lickiss1, M. Gossmann1, P. Linder1, E. Dragicevic2, U. Thomas2, R. Vaidyanathan3, 
O. Filali3, S. Stoelzle-Feix2, M. George2, and N. Fertig2. 1innoVitro GmbH, Jülich, Germany; 
2Nanion Technologies, Munich, Germany; and 3FUJIFILM Cellular Dynamics Inc., 
Madison, WI. Sponsor: M. Gossmann, Safety Pharmacology Society.

The use of human induced pluripotent stem cell-derived cardiomyocytes 
(hiPSC-CMs) in combination with new approach methodologies (NAMs) continues 
to increase in preclinical cardiac risk assessment. Especially commercial hiPSC-CMs 
play an important role as a stable source of biological material. Nevertheless, 
lot-to-lot robustness and the possibility to assess drug responses without the 
presence of serum is needed to address potential hazardous side effects reliably. 
Here we analyzed the lot-to-lot consistency of commercial human iPSC-CMs (iCell 
Cardiomyocytes2, FCDI) as well as the effects of a defined serum-free medium 
on these cells. Contractile properties served as functional readout and were 
assessed with the FLEXcyte 96 technology using gold standard compounds 
nifedipine, sotalol, erlotinib and doxorubicin. For the robustness analysis, commer-
cial hiPSC-CMs from 10 different cell lots were cultured on flexible membrane 
substrates for 6 days before compound treatment. Pre-compound conditions were 
analyzed regarding two parameters, contraction amplitude and beat rate. Cells were 
then treated acutely with two different concentrations of nifedipine and sotalol. 
Changes in amplitude and duration were analyzed and compared among the cell 
lots. To test the effect of serum-depletion on the dynamic mechanical activity of 
hiPSC-CMs, the cells were cultured for 6 days in either serum-free or serum-contain-
ing medium. Subsequently, their contractile properties were analyzed. Finally, the 
pharmacological response to chronic treatment (5 days) with erlotinib and doxoru-
bicin was recorded. The pharmacological comparison of ten lots of hiPSC-CMs 
with sotalol and nifedipine showed robust results with non-significant fluctuations. 
Similar results were obtained in the serum-free study with comparable reactions of 
hiPSC-CMs cultured in either serum-containing or serum-free medium. Both studies 
demonstrate the stable performance of commercial hiPSC-CMs in combination 
with the FLEXcyte 96 technology, thus prove this combination to be a robust 
approach for human-relevant preclinical cardiac risk assessment.

 4485 A Preliminary Quantitative Risk Assessment of Inhalation 
Exposure to Diethanolamine and Respiratory Effects

S. P. Pandalai. NIOSH, Cincinnati, OH. Sponsor: C. Whittaker.

Diethanolamine (DEA; MW=105.14 g/mol) is used in various industrial chemical 
processes. This work describes a preliminary quantitative risk assessment of 
DEA inhalation exposure and respiratory effects to extrapolate to the occupa-
tional context. The best available data identified were from a low dose inhalation 
exposure study (Gamer et al. 2008) using a head-nose apparatus to dose groups 
of 13 Wistar rats (strain CrlG1xBr1Han:WI) of each sex. Animals were exposed to 
0, 1.5, 3, or 8 mg/m3 of aerosolized DEA for 6 hours/day, 5 days/week, for a total 
of 30 hours/week, with exposures on 65 of 99 days (90-day study). The endpoint 
laryngeal epithelial squamous metaplasia in male rats had sufficient non-zero 
dose group counts of 0, 0, 3, and 9 with increasing dose and a significant Cochran-
Armitage one-sided exact trend test (p<0.0001). This endpoint was deemed 
appropriate for dose-response modeling. Frequentist and model average (MA) 
approaches used the U.S. Environmental Protection Agency (EPA) Benchmark Dose 
Software version 3.2.0.1, with a 10% benchmark response, estimated background, 
extra risk, and 95% confidence interval. To extrapolate to a 40-hour work week, the 
point of departure (PoD) was multiplied by a factor of 30/40, or 0.75. Since DEA 
is an aerosol, the PoD was also multiplied by a dose adjustment factor equal to 
a regional dose deposition ratio of 0.08. Uncertainty factors (UFs) were used to 
account for interspecies, interindividual, and subchronic to chronic uncertainty and 
variability, following Dankovic et al. 2015. It was assumed that laryngeal epithe-
lial squamous metaplasia is a site of contact effect, and as such is assumed to 
have similar toxicokinetic effects across species. The toxicokinetic component 
of the interspecies and interindividual uncertainty factors were set to 1, with the 
toxicodynamic component values of 2.5 for interspecies and 3.2 for interindividual 
UFs providing the basis of each total UF. The sub-chronic to chronic uncertainty 
factor was set to 3. The overall UF=24, calculated by multiplying individual UFs. The 
MA benchmark concentration (BMC) and benchmark concentration lower bound 
(BMCL) values for the endpoint of laryngeal epithelial squamous metaplasia in 
male rats were 2.3 mg/m3 and 1 mg/m3, respectively. The viable, recommended 
model, based on standard criteria from the U.S. EPA for the frequentist suite, was 
the multistage degree 3. This model had the lowest Akaike Information Criterion 
value of all frequentist models (37.1). The BMC and BMCL values for this model 
were 1 mg/m3 and 0.7 mg/m3, respectively. Although these values are lower, the 
MA values consider information available from all individual models contributing to 
the MA. The MA approach thus considers a broader set of dose-response relation-
ship information than that considered by an individual model. The MA results were 
used to determine a human equivalent concentration (HEC). This gave an 8-hour 
time weighted average HEC, using the MA BMCL value, of [(1 mg/m3) * 0.75 * 
0.08]/24=0.0025 mg/m3
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(0.58 ppb). Similar calculation using the BMC=2.3 mg/m3 results in a HEC of 0.006 
mg/m3 (1.4 ppb). The resulting 8-hour time weighted average value of 0.58 ppb has 
relevance for inhalation exposure to DEA in the occupational setting.

 4486 Dissolution of Inorganic Lead (Pb) Compounds in Synthetic 
Sweat to Assess Risk of Dermal Exposure

R. T. Niemeier1, N. Hudson1, A. Stefaniak1, A. Maier2, and J. F. Reichard1. 1NIOSH, 
Cincinnati, OH; and 2Occupational Alliance for Risk Assessment, Cincinnati, OH. Sponsor: 
C. Whittaker.

It is estimated that over 4.53x108 kg of inorganic lead (iPb) compounds were 
manufactured in the U.S. in 2020. Over 1.4 million U.S. workers have dermal 
exposures to iPb compounds in several industries with loading of iPb on hands 
varying widely (0.005-16.1 µg/cm2). In vitro skin studies suggest that dermal 
exposures to iPb could increase blood lead levels (BLLs) by as much as 6.3 µg/
dl. However, these studies did not evaluate the dissolution of iPb compounds 
in skin surface film liquids (SSFLs) (including both synthetic sweat and sebum) 
to determine the potential for Pb ion formation. Dissolution is a critical factor 
to determine dermal bioaccessibility and is different than solubility. Dissolution 
measures ion formation in SSFLs, does not necessarily reach equilibrium, and 
can be influenced by physiochemical interactions with the components in SSFLs. 
Dissolution data can be used to model bioavailability via dermal absorption using 
both the concentration of dissolved ions in sweat, and the permeation rate (Kp) of 
chemicals through the skin. As far as we know, the dissolution of iPb compounds 
under biologically relevant conditions has not been published. The study objectives 
were to 1) determine the pH-dependent static dissolution of four iPb compounds 
in SSFLs: Pb2+ nitrate (PbN), Pb2+ acetate (PbA), Pb2+ oxide (PbO), Pb2+/4+ red oxide 
(PbRO); 2) evaluate iPb dissolution kinetics; and 3) provide screening estimates of 
the potential impact of these compounds on BLLs (assuming exposure to hands 
only). Statistical analysis using SAS® to fit negative exponential functions to data 
and calculate dissolution parameters were completed. Using the output from these 
data analyses, along with dermal loading estimates of Pb compounds in workplace 
settings, provides a starting estimate for the concentration of Pb ions potentially 
available in the sweat layer on skin. Estimated concentration of Pb ions available 
on the skin was used along with available permeability coefficients (Kp) to provide 
more robust understanding for the potential for dermal bioavailability of these 
compounds. The iPb compounds are bioaccessible in SSFLs; PbN and PbA have 
greater dissolution at 8 h (36.4-61.1%) compared to PbO and PbRO (0.01-2.5%). 
pH has a statistically significant effect on bioaccessibility for all four compounds 
tested. Screening estimates suggest that BLLs may be increased by 0.7-8 µg/
dL for these iPb compounds. The screening level estimates based on this model 
suggest that the impact on BLLs warrants a more comprehensive assessment. 
In occupational settings where other routes of exposure to iPb may be relevant, 
dermal exposure estimates may represent a significant relative source contribu-
tion to overall body burden of Pb exposure. Examination of the impact of dermal 
exposures on BLLs could be incorporated into physiologically-based pharmacoki-
netic models (PBPK) to provide a more robust understanding of n the impact on 
BLLs. Given the potential for Pb ion availability to enable dermal absorption of Pb as 
demonstrated in this study and previously in the literature, reducing Pb exposure on 
skin may be important for reducing overall worker exposure to iPb. More research 
is needed including dissolution of iPb particles from industrial settings and the 
impact of particle size on dissolution.

 4487 Avian Risk Assessment for 1,1,2-Trichloroethane in 
Surface Water

D. E. Badger1, A. Massarsky2, and M. L. Kreider1. 1Stantec ChemRisk, Pittsburgh, PA; and 
2Stantec ChemRisk, Aliso Viejo, CA.

1,1,2-Trichloroethane is an anthropogenic chemical primarily used as an interme-
diate in the production of 1,1-dichloroethene and 1,2-dichloroethane. In 2019, 
1,1,2-trichloroethane was designated as a high priority substance for risk evaluation 
following the process required by section 6(b) of the Toxic Substances Control 
Act (TSCA). The U.S. Environmental Protection Agency (EPA) determined that this 
chemical’s potential toxicity in birds is a data gap that needs to be filled. Thus, 
the current study conducted an avian risk assessment for 1,1,2-trichloroethane 
in surface water using existing data by considering (i) environmental concentra-
tions of 1,1,2-trichloroethane and (ii) toxicity benchmarks derived from studies on 
1,1,2-trichloroethane analogues as well as modeling data obtained for 1,1,2-trichlo-
roethane from U.S. EPA’s Web-based Interspecies Correlation (Web-ICE) tool. We 
calculated the average, median, and 95th percentile concentrations of 1,1,2-trichlo-
roethane measured in approximately 40,000 surface water samples available from 
the Water Quality Portal (WQP), a public database that contains water-quality records 
from more than 400 federal, state, and local agencies. We found that the detection 
frequency of 1,1,2-trichloroethane in environmental samples is very low (e.g., <1% 
in surface water). Using the 95th percentile of the measured 1,1,2-trichloroethane 
concentrations from surface water, we predicted daily doses of 1,1,2-trichlo-
roethane in bobwhite quails, mallard ducks, and Canadian geese, representing a 
range of potential avian sensitivities to chemical toxicities. The estimated exposure 
doses in birds due to ingestion of water containing 1,1,2-trichloroethane were lower 

than the toxicity benchmarks identified for 1,1,2-trichloroethane analogues as well 
as the estimated hazardous dose (HD5) for 1,1,2-trichloroethane of 22 mg/kg, which 
would be protective of 95% of avian and mammalian species. The hazard quotients 
for daily exposure ranged from 3.34x10-5 to 8.35x10-5; even if birds consumed 
surface water at the 95th percentile of measured 1,1,2-trichloroethane concentration 
for an entire lifetime, their cumulative 1,1,2-trichloroethane dose would remain well 
below the HD5. Based on these analyses, we conclude that 1,1,2-trichloroethane 
is not anticipated to be a risk to birds that may be exposed to this chemical via 
ingestion of contaminated surface water.

 4488 Making Safety Decisions for a Sunscreen Active Ingredient 
Using Next-Generation Risk Assessment: Benzophenone-4 
Case Study

M. Dent1, S. Cable1, N. Hewitt2, J. Houghton1, H. Li1, J. Reynolds1, P. Kukic1, S. Scott1, 
S. Malcomber1, R. Mascarenhas3, C. Alexander-White2, and M. Baltazar1. 1Unilever 
Safety and Environmental Assurance Centre, Bedford, United Kingdom; 2Cosmetics 
Europe, Brussels, Belgium; and 3Estee Lauder, London, United Kingdom.

Performing safety assessments for systemic toxicity without using any animal 
data is a significant challenge. Although an increasing number of examples are 
becoming available, there are few examples of next generation risk assessment 
(NGRA) being used to address the systemic safety of an ingredient of regulatory 
interest, such as a UV filter. The purpose of this work was therefore to see if new 
approach methodologies (NAMs) could be used to evaluate the systemic safety 
of such an ingredient. Benzophenone-4 is used at an inclusion level of up to 5% 
in sunscreen products and other formulations to prevent damage caused by the 
sun. An exposure-led and hypothesis-driven safety assessment was conducted, 
based on the International Cooperation on Cosmetics Regulation principles of Next 
Generation Risk Assessment and the Safety Evaluation Ultimately Replacing Animal 
Testing (SEURAT-1) ab initio safety assessment workflow. The overall hypothesis 
was that if biological activity measured using a broad suite of human-relevant test 
systems is not observed at concentrations experienced systemically by sunscreen 
users, there can be no adverse effects associated with product use. To test this 
hypothesis, experiments and computational modelling were conducted to i) provide 
a predicted consumer systemic exposure concentration of benzophenone-4, to 
compare with ii) point(s) of departure obtained using human-relevant NAMs which 
provide information on bioactivity of benzophenone-4. Bioactivities assessed 
included perturbation of cell stress pathways, in vitro pharmacological profiling, 
and high throughput transcriptomics in four different cell types. Because physio-
logically-based kinetic modelling indicated that concentrations of benzophenone-4 
would be higher in the kidney than in any other organ, this included a primary human 
renal proximal tubular cell model. The safety decision relied on a calculation of 
a range of Bioactivity:Exposure Ratios (BERs) for different types of bioactivities. 
The median plasma level of benzophenone-4 was predicted to be 1.3 µM, with a 
95th percentile of 9.8 µM. Benzophenone-4 showed very little biological activity, 
including in primary renal cells. A lowest point of departure of 4.2 µM was obtained 
from the transcriptomics assay in HepG2 cells, as at this concentration a single 
gene was differentially expressed. Because changes in single genes may or may 
not have toxicological significance, it is also important to consider whether gene 
changes could be meaningful by only calculating PODs where more than one gene 
present in a pathway is differentially expressed. This was done by benchmark dose 
pathway modelling using BMDExpress2, and the HepG2 BMDL was calculated to be 
240 µM. This provided assurance that the single gene change seen at 4.2 µM is of 
limited toxicological significance. The cells stress panel, in vitro pharmacological 
profiling and BMD analysis of transcriptomics data provided median BERs between 
110 and 510. Therefore, based on this toolbox, no significant bioactivity would be 
expected in the human body at relevant exposures. In summary, this case study 
demonstrated that NGRA is a protective and useful approach for the safety evalua-
tion of this UV filter.

 4489 Derivation of an Acceptable Daily Intake for Cannabidiol (CBD)

B. J. Lampe. NSF International, Ann Arbor, MI.

The aim of this work was to derive an oral acceptable daily intake (ADI) for cannabi-
diol (CBD) when present in hemp-based dietary supplement products, as a detect-
able impurity or as a naturally occurring constituent at less than 70% of the hemp 
extract. At the time this research was conducted, the UK Committee on Toxicology 
of Chemicals in Food, Consumer Products and the Environment (COT) was the 
only authoritative body to propose an ADI (4 mg/day) for CBD intended for general 
consumption. A comprehensive literature search was conducted and all studies 
relevant to potential toxicological effects of oral CBD consumption in animals and 
humans were reviewed. The key studies selected for the derivation of a point of 
departure (POD) for this assessment included three randomized, controlled trials 
in human subjects being treated with the CBD drug Epidiolex® for epilepsy-related 
conditions. These studies ranged from three weeks to 14 weeks in duration and 
tested doses up to 20 mg/kg-day CBD. By pooling data on liver enzyme activities 
from these studies, it was determined that patients treated with 20 mg/kg-day CBD 
had elevated alanine aminotransferase (ALT) serum concentrations greater than 
5-fold higher than the upper limit of normal (ULN). This observation occurred in 
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17/229 (7%) patients receiving 20 mg/kg-day versus 1/67 (1.5%) patients receiv-
ing 10 mg/kg-day and 2/220 (1%) patients receiving placebo. Based on these 
data, a human no observed adverse effect level (NOAEL) of 10 mg/kg-day was 
identified, which served as the POD for the assessment. The use of human clinical 
data instead of animal data to derive the POD is supported by toxicokinetic data, 
which indicate considerable interspecies differences in metabolism and internal 
exposures to the CBD parent compound and its metabolites. Most notably, the 
internal dose of the 7-COOH-CBD metabolite appears to be much higher in humans 
compared to rats, mice and dogs, whereas the internal dose of the 7-OH-CBD 
metabolite appears to be much higher in mice compared to the other species, 
including humans. Although it is unknown whether the parent compound or one or 
more metabolite(s) are the toxic moieties, these differences suggest uncertainty 
in the human relevance of toxicity observed in animals administered oral doses of 
CBD, including recent studies reporting Sertoli cell toxicity in male mice exposed 
to 30 mg/kg-day CBD for approximately five weeks. A total uncertainty factor of 
100 was applied to the human NOAEL to account for inter-individual differences 
in sensitivity to liver effects (10x), extrapolation to a lifetime exposure duration 
(3x), and uncertainty in the selection of the critical effect due to a lack of sufficient 
reproduction and developmental toxicity data relevant to humans (3x). This results 
in an ADI of 10 mg/kg-day / 100, or 0.1 mg/kg-day (7 mg/day for a 70 kg adult). In 
addition, alternate ADIs consisting of revised uncertainty factors that consider the 
use of product labeling to restrict use of CBD in pregnant women or to a maximum 
use duration of 14 weeks are also proposed in this assessment. The ADI of 7 mg/
day is less than 2-fold higher than the ADI of 4 mg/day derived from the COT evalua-
tion. Although the ADI proposed in the COT assessment was similarly based on 
elevated liver enzyme activities in human patients treated with CBD, the difference 
between the COT ADI and the currently proposed ADI are related to differences in 
the selection of the POD and the uncertainty factors.

 4490 Acute Exposures to Acetone and Developing an 
Immediately Dangerous to Life or Health (IDLH) Value in 
Occupational Settings

S. Chittiboyina, and M. Edmondson. NIOSH, Cincinnati, OH.

Acetone is a colorless water-soluble liquid that is used as an industrial solvent 
in chemical production. The primary route of exposure to acetone in occupa-
tional settings is inhalation. Acute exposures to acetone have been reported to 
elicit neurological effects, irritation, and respiratory effects, which could impair a 
worker’s ability to escape from a contaminated environment. The National Institute 
for Occupational Safety and Health (NIOSH) develops immediately dangerous to 
life or health (IDLH) values to identify air concentration levels that cause severe 
irreversible adverse health effects, impairment of escape from the exposure 
environment, and in extreme cases, death. NIOSH guidelines for deriving IDLH 
values include an evaluation of toxicological data from human and animal studies, 
including dose-response information, if available. At exposure levels of several 
thousand parts per million (ppm), acetone is associated with neurological effects 
like dizziness, headache, and loss of coordination in human studies, and narcosis 
and decreased visual vigilance in animal studies. Acetone has a current IDLH 
value of 2,500 ppm. NIOSH-sponsored human experimental studies reported that 
exposure to a concentration of 1,000 ppm acetone for 4 to 8 hours did not result in 
neurobehavioral effects in humans. However, these studies identified mild irritation 
of the eyes and upper respiratory tract. Animal studies have reported loss of reflex, 
ataxia, decreased response, and narcosis at exposure concentrations greater than 
10,000 ppm for 3-8 hours. Certain studies reported a 50% decrease in respiration 
rate (RD50) in mice exposed to concentrations ranging from 77,500 ppm for 10 
minutes to >84,000 ppm for 4 hours. These data are a measure of respiratory irrita-
tion. Lethal concentration in 50% (LC50) of rats exposed to acetone for 4-8 hours 
ranged from 16,000 ppm to 50,000 ppm. NIOSH will continue to evaluate these data 
in the development of a draft updated IDLH value for acetone based on neurological 
and irritation endpoints from findings from both animal and human studies.

 4491 Probabilistic Exposure Modeling as a Key Tool for Refining 
Cosmetic Assessments

A. J. Mol, S. L. O’Neal, J. C. Coleman II, A. L. Dysert, and J. Avalos. Kao USA Inc., 
Cincinnati, OH.

Cosmetic risk assessment includes many default assumptions that build an intrin-
sic conservatism to ensure consumer safety. These default assumptions can be 
refined when data (exposure data, endpoint-specific toxicity data) are available 
without compromising safety. Refining the toxicity assessment aspect of risk 
assessment has become more challenging in the cosmetics industry following 
introduction of animal testing bans. Exposure calculation inputs are one aspect 
of the risk assessment that can often be more readily refined. Most determinis-
tic exposure models intentionally overestimate consumer exposure, adding an 
additional layer of conservatism to the cosmetic risk assessment. However, signif-
icant overestimation of consumer exposure can result in unfavorable risk assess-
ment outcomes and ultimately in unnecessary restrictions on the use of key ingredi-
ents. This does not afford additional consumer protection and can hinder product 
innovation. To overcome this challenge, risk assessments can rely on probabilistic 

exposure modeling to estimate the variety of products consumers use, product 
volumes, and use frequencies. This still includes enough conservatism to result in 
an acceptable margin of safety and reduces unnecessary ingredient restrictions. 
To demonstrate the impact of refinement to exposure calculations, aggregate 
exposure calculations were carried out using both deterministic and probabilistic 
models for a selection of important materials in the cosmetics industry. The SCCS 
Notes of Guidance (11th Ed.) calculations and default assumptions were selected 
as the conservative deterministic model, and the refined approach was carried 
out using the Crème RIFM aggregate exposure probabilistic model. A case study 
of Ethylhexylglycerin (EHG) will be discussed in detail. Comparing the results of 
the two models’ predicted consumer exposure values demonstrates use of the 
Crème RIFM probabilistic model can consistently support significantly higher 
ingredient levels (in wt% formula) while still assuring safe use of multiple cosmetic 
ingredients. The Crème RIFM model has some limitations, including no data for UV 
products, minimal habits and practices data for Asian markets, and no available 
data to assess certain unique sub-populations. However, use of this probabilistic 
model is an important and impactful tool for refining estimated cosmetic exposures 
in risk assessments. Future improvements to this model will ideally address some 
of the limitations.

 4492 Identification of Direct and Specific Inhibition of Fatty Acid 
Oxidation on Isolated Hepatic Mitochondria to Investigate 
Drug-Induced Steatosis

N. Buron1, C. Martel1, R. Loyant1, M. Porceddu1, B. Fromenty2, and A. Borgne-Sanchez1. 
1MITOLOGICS, Romainville, France; and 2Rennes 1 University, Rennes, France. Sponsor: 
G. Hendriks.

Drug-induced liver injury (DILI) is one of the major causes of premature termina-
tion of drug development, or marketing. Among DILI, macrovacuolar steatosis is a 
common and benign lesion characterized by lipid accretion (mostly triglycerides), 
although it can slowly progress in some patients to steatohepatitis or cirrhosis. 
In rare cases, drugs can also induce microvesicular steatosis, a severe form of 
DILI associated with hepatic cytolysis and hypoglycemia. Impairment of mitochon-
drial fatty acid oxidation (mtFAO) is a key mechanism whereby drugs can induce 
steatosis, with the most severe mtFAO alterations leading to microvesicular steato-
sis. In a screening study showing high relationship between steatosis and mtFAO 
inhibition (positive predictive value 91%, specificity 77%), the steatogenic drugs 
dexamethasone, olanzapine, ritonavir and zidovudine inhibited fatty acid-driven 
oxygen consumption in mouse liver mitochondria (with IC20 below 100 µM) but 
not complex I- and complex II-driven oxygen consumption (with glutamate/malate 
and succinate as respiratory substrates, respectively). Hence, results indicate 
that these drugs likely inhibit mtFAO via a direct mechanism and not via an 
impairment of the mitochondrial respiratory chain (MRC). This represents a new 
mechanism for the antiretroviral drug zidovudine since mitochondrial DNA (mtDNA) 
depletion was deemed to be the unique mechanism whereby this drug can induce 
hepatic mitochondrial toxicity and steatosis. Notably, three types of substrates 
(palmitoyl-L-carnitine, palmitoyl-CoA + L-carnitine and octanoyl-L-carnitine) were 
used in our assay in order to determine whether drug-induced inhibition of mtFAO 
is involving carnitine palmitoyltransferase 1 (CPT-1, an enzyme located at the outer 
membrane and allowing the formation of palmitoyl-L-carnitine from palmitoyl-
CoA and L-carnitine) and/or other enzymes involved in the oxidation of long-chain 
and medium-chain fatty acids within the mitochondrial matrix. Thanks to this 
methodology, we uncovered that the four aforementioned drugs inhibited mtFAO 
of both medium and long-chain fatty acids and that CPT-1 was not impaired. On 
the contrary, other steatogenic drugs such as doxycycline, indomethacin, rifampi-
cin and troglitazone inhibited complex II- and complex I-driven oxygen consump-
tion and mtFAO at similar concentrations (with IC20 below 25 µM), suggesting 
that mtFAO inhibition was secondary to an impairment of MRC. Finally, our study 
demonstrates the usefulness to test drug-induced alteration of mtFAO and MRC 
in isolated mitochondria incubated with different respiratory substrates to better 
understand the mechanism whereby drugs can induce mitochondrial dysfunc-
tion and liver injury including steatosis and hepatic cytolysis. In addition, because 
severe mitochondrial dysfunction can cause drug withdrawal during clinical trials or 
after marketing (e.g. pirprofen, fialuridine, troglitazone), our methodology might be 
helpful during drug development to avoid such major misadventures.

 4493 Chemical Mixtures: The Science of Skin Deep

K. Beins, A. Temkin, H. Lin, and H. Swei. Environmental Working Group, Washington, DC.

The US personal care product industry mostly regulates itself, with limited oversight 
from the Food and Drug Administration. Without a standardized approach to 
formulation, the industry is replete with product ingredients that vary in quality and 
in their potential risks to human health and the environment. Although the potential 
risks posed by personal care products are well-documented, the standard single 
chemical risk assessment approach used in the personal care sector limits the 
ability of consumers, regulators, and formulators to accurately assess the safety 
of their products. The Environmental Working Group’s Skin Deep database utilizes 
a weighted hazard stacking approach to approximate cumulative risk from the 
complex mixtures that comprise personal care products. Skin Deep hazard stacking 
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begins at the ingredient level. Each ingredient undergoes a hazard assessment 
with hazard data sourced from authoritative bodies and open literature reviews. 
These data are categorized into 17 groupings: cancer, reproductive/developmen-
tal toxicity, neurotoxicity, endocrine disruption potential, allergies/immunotoxic-
ity, restrictions/warnings, organ system toxicity, persistence/bioaccumulation, 
multiple/additive exposure, mutations, cellular/biochemical changes, ecotoxicity, 
occupational hazards, irritation, absorption, impurities, and miscellaneous. Base 
ingredient hazard scores ranging from 0 to 100 are assigned according to the 
endpoint and weight of evidence. These data are used to calculate the ingredient 
raw hazard score. For ingredient raw hazard scores, the highest score is taken for 
13 of the 17 categories, while 3 categories (restrictions/warnings, impurities, and 
miscellaneous) are additive. The final category, absorption, is used to weight the 
ingredient raw hazard score. Finally, the weighted ingredient hazard scores are 
combined based on endpoint groupings to create the overall product hazard scores. 
The product hazard scores are then scaled 1-10, with lower ratings representing 
products with the fewest health concerns. Skin Deep users can compare product 
safety using the scaled ratings. Currently the database includes almost 9,000 
ingredients that make up over 87,000 products. The ingredient and product scores 
are iterative and updated based on the publication of new hazard data. Skin Deep’s 
comprehensive hazard stacking approach accounts for co-exposures that impact 
a range of human health endpoints. Unlike other cumulative risk frameworks, the 
Skin Deep calculations do not assume that chemical effects are only additive or 
multiplicative. This approach to chemical mixtures may be applied more broadly 
to address the range of exposures from consumer products and to support the 
development of more comprehensive cumulative risk assessments.

 4494 Mixtures Risk Assessment of Volatile Organic Chemicals 
through Multiple Target Organ Evaluation

M. Mumtaz, A. Young, D. Mellard, H. Pohl, J. Przybyla, and D. Langmann. CDC/ATSDR, 
Atlanta, GA.

Environmental mixtures assessment consists of evaluating compounds that 
cause various toxic effects, often in different target organs or systems. Whole 
mixtures toxicity testing data are preferred, but rarely available, for mixtures risk 
assessment. Instead, Agency for Toxic Substances and Disease Registry (ATSDR) 
performs mixtures assessments using the hazard index (HI) approach, which 
constructs the plausible toxicity of the mixture by using the toxicity of the individual 
compounds of the mixture. Using indoor air levels from one site, ATSDR reviewed 
the toxic effects of individual compounds to determine which organ systems could 
be affected by the combination of compounds. ATSDR used the inhalation minimal 
risk level (MRL) or, when not available, derived specific ad hoc inhalation target-or-
gan toxicity concentrations (TTCs) for 20 compounds measured in indoor air, 
including 1,1-dichloroethene (DCE), perchloroethylene (PCE), and trichloroethylene 
(TCE). The uncertainty factors associated with these TTCs ranged from 10-3,000. 
PCE’s chronic MRL is 6 parts per billion (ppb) (neurological), with derived chronic 
TTCs of 38 ppb (hepatic), 24 ppb (renal), 36 ppb (endocrine), 360 ppb (gastroin-
testinal), and 18 ppb (respiratory). TCE’s chronic MRL is 0.4 ppb (developmental 
and immunological), with derived chronic TTCs of 4 ppb (neurological), 37 ppb 
(hepatic), and 37 ppb (renal). DCE’s chronic MRL is 1 ppb (respiratory), with derived 
chronic TTCs of 50 ppb (hepatic), 1.1 ppb (renal), 2.4 ppb (endocrine), and 1.1 
ppb (reproductive). ATSDR used the MRLs and the TTCs to determine target-or-
gan hazard quotients (HQs) for each compound in the mixture, which are added 
to obtain HIs for each target organ or system. Using this approach, ATSDR can 
assess the toxic risk of each health endpoint in the mixture, such as hepatic, renal, 
or immunological. Derivation and use of TTCs allow for a more realistic charac-
terization of the mixtures risk. Such profiles can be used to consistently prioritize 
various mixtures found in a community and can also be used to predict toxicities 
of new mixtures. This type of mixtures analysis can benefit both cumulative risk 
assessment and evaluation of health equity and environmental justice. Coordinated 
targeted toxicity testing and computational methods development can help bridge 
data gaps that exist in the toxicity database of some of these compounds. The 
findings and conclusions in this presentation have not been formally disseminated by 
the Agency for Toxic Substances and Disease Registry and should not be construed 
to represent any agency determination or policy.

 4495 Bayesian Hierarchical Models to Solve Mixtures Prediction with 
Dirichlet Processes and Generalized Concentration Addition

D. Zilber, and K. Messier. NIEHS, Research Triangle Park, NC.

Environmental toxicants usually occur together as components in mixtures rather 
than in isolation. This presents a challenge when attempting to infer relations 
between chemical exposure and health outcomes in observational studies, since 
the effective exposure or outcomes cannot be assigned to a single toxicant at 
the observed exposure level. In this work, we assume individual toxicants have 
dose-response curves following the Hill model and can be clustered through the 
slope parameter as a proxy to mode of action. We propose a Bayesian hierarchi-
cal model that automatically clusters toxicants with a Dirichlet process (DP) prior, 
avoiding the need to specify the number of clusters. Replicates are modeled with a 
mixed effect for the maximum response to reduce parameter variability. A standard 

two-step model of concentration addition (CA) and independent action (IA) is 
used to estimate a mixture response. We provide a geometric technique based on 
reflection to estimate the mixture effect with partial agonists, even when the slope 
parameter is not 1. Our method recovers the generalized concentration addition 
(GCA) method when the Hill slope parameter is 1. We compare our technique to 
standard two-step methods in simulation and demonstrate an application to real 
data. The results suggest that our technique can more accurately recover the 
mixture effect compared to alternatives that do not account for partial agonists 
while avoiding the manual tuning that is typically needed when estimating clusters.

 4496 Embryonic Zebrafish as a Model to Evaluate Salicylate 
Analogues and Their Mixtures

V. Mehta1, L. Truong2, R. L. Tanguay2, Y. Shan1, C. Lester1, and C. Mahony3. 1Procter 
& Gamble, Mason, OH; 2Oregon State University, Corvallis, OR; and 3Procter & Gamble, 
Reading, United Kingdom.

Various frameworks exist for mixture risk assessment that share four main 
attributes: problem formulation; combined hazard assessment; combined exposure 
assessment and risk characterization. Dose addition is widely accepted in these 
frameworks as the default assumption for compounds that share a common mode 
of action and toxicological phenotype. Rapid mechanism-based methodologies 
afford us mechanistic insights to group chemical behavior, but they are not a direct 
indication of organismal health or adverse phenotypes. The embryonic zebrafish 
model shows promise as a systems-model with metabolic competency, to rapidly 
identify phenotypic changes due to chemical exposure in a high-throughput manner 
and affords a deeper understanding of toxicity from combined chemical exposures. 
Salicylates are a large group of compounds used in a variety of consumer products 
and so to improve the understanding of how salicylates would behave in uninten-
tional combinations, we have selected compounds for further investigation in the 
embryonic zebrafish model using Structure Activity Based Relationships. Salicylic 
acid was selected as the primary structure of interest for the grouping exercise 
due to its REACH classification as a category 2 reproductive toxicant, based on 
developmental effects in animal toxicity studies. Seven salicylates were then priori-
tized based on their cosmetic relevant use. In parallel we used publicly available 
gene expression data and Connectivity Mapping to investigate salicylic acid’s 
primary mode of action and selected based on weak cyclooxygenase inhibitory 
activity, etodolac, as a functional analogue. Dechorionated embryonic zebrafish 
were continuously exposed beginning at 6 hours post fertilization (hpf), to a broad 
range of concentrations (dose range finding) to identify the maximum tolerable 
concentration for individual compounds and determine the concentration to cause 
50% morphological effects (EC50). Of the 7 salicylates, the most bioactive was 
benzyl salicylate with an EC50 at 12 uM, followed by methyl salicylate, homosalate, 
and salicylic acid. Etodolac was 165x less potent than benzyl salicylate but had a 
similar EC50 to salicylic acid at 1970 uM. Sodium, 2-ethylhexyl and hexyl salicy-
late did not cause morphological defects by 120 hpf. In addition, at 120 hpf larvae 
swimming behavior was assessed at concentrations that did not induce morpho-
logical defects. The simple response to the light stimuli was tracked and 87% of the 
salicylates caused hypoactive movement in the dark. Once again, benzyl salicylate 
was the most potent, with the lowest effect level (LEL) of 6.84 uM, followed by 
salicylic acid, etodolac and methyl salicylate (250-350 uM). The least active was 
sodium salicylate with an LEL of 750 uM. Our data suggest that the mechanism of 
action of the salicylates may vary at higher test concentrations, with metabolism 
likely playing a key role in the effects observed by esters such as benzyl salicylate. 
Next, we used the LEL values to design mixture experiments of various chemical 
combinations, to inform dose additivity and drivers in the mixture risk assess-
ment. Our data suggest that a more nuanced approach like this to mixture risk 
assessment could be achieved by considering both chemical and biological similar-
ity whilst more downstream considerations of phenotypes would help evaluate 
combined effects of chemicals. Non-mammalian models such as the zebrafish can 
be used to elucidate the risk of combined effects of chemicals in a high throughput, 
cost-effective and reproducible manner.

 4497 Dose-Response Assessment of Dioxin-Like Mixtures through a 
Bayesian Framework of Mechanism-Based Data Integration

Y. Zhou, and K. Shao. Indiana University Bloomington, Bloomington, IN.

Human health risk assessment of mixtures is an emerging and important subject 
that has gained much attention in recent years. Since humans are exposed to 
various hazardous substances simultaneously in their daily life, mixture risk 
assessment can provide a more plausible risk evaluation of chemical exposures, as 
compared with a traditional approach that assesses one chemical at a time. Infinite 
combinations of chemicals make it almost impossible to only rely on experimen-
tal toxicity data of mixtures to assess the risk. Currently, based on the traditional 
animal data and/or epidemiological exposure-response data, two typical strategies 
[i.e., concentration addition (CA) and independent action (IA)] integrate reference 
doses from individual chemicals to derive a “safe” dose of the mixture. But they 
are limited to evaluating the constituent chemicals known to be in a mixture and 
overall mechanistic information of components is not fully incorporated. On the 
other hand, emerging techniques in modern toxicological science [e.g., in vitro and 
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in silico data] advance our understanding of toxicological mechanisms and provide 
a great opportunity for risk assessment to improve dose-response modeling by 
simultaneously incorporating different types of data. This brings us to develop 
a novel framework to perform a dose-response analysis of compound mixtures 
with consideration of low-dose extrapolation and uncertainty quantification. The 
objective of this study is to synthesize mode of action (MOA) information charac-
terized by a series of dose-response datasets across the entire dose continuum for 
individual chemicals to quantify the toxicity of chemical mixtures using a Bayesian 
hierarchical modeling method. The mixture of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD), 3,3’,4,4’,5-pentachlorobiphenyl (PCB 126), and 2,3,4,7,8-pentachlorod-
ibenzofuran (PeCDF) is utilized as an exploratory case study to demonstrate the 
plausibility and feasibility of the method. To achieve this objective, two steps are 
proposed. First, we will construct pathway dose-response relationships of individ-
ual chemicals, given key quantifiable events (KQEs) leading to liver tumors, the 
main adverse effect caused by dioxin-like compounds. Briefly, a series of key 
events, associative events, and/or modulating factors with quantifiable in vitro/
vivo dose-response data for TCDD, PCB 126, and PeCDF will be identified and 
extracted. For each compound, estimated critical doses for different endpoints 
that compose the MOA will be coupled with corresponding exposure durations to 
form a pathway dose-response relationship. Then, a Bayesian hierarchical model 
will be developed to govern the distributions of the model parameters that quantify 
the heterogeneity of the pathway dose-response relationship of the individual 
compounds. This will lead to an integrated dose-response curve that reconciles 
MOA information of all components and describes the toxicity of the chemical 
mixture. To validate the plausibility of the proposed framework, the estimated 
points of departure (PODs) of the mixture will be compared with the estimates 
derived from BMD analyses using dose-response data from mixture toxicity experi-
ments. The preliminary results of the hierarchical model indicate that the estimated 
POD (with uncertainty) of mixtures generally covers the ranges of individual PODs. 
The wider range of the confidence interval of the mixture POD suggests that our 
model can capture uncertainty and variability in the toxicity of mixtures. Overall, 
the proposed framework has laid a foundation for future investigation in mixture 
risk assessment.

 4498 Exposure to a Chemical Mixture Exacerbates the Effects of 
EGFR-Mediated Trophoblast Cell Functions Compared to Single 
Chemical Exposures

A. A. Waye, E. Ticiani, and A. Veiga-Lopez. University of Illinois at Chicago, Chicago, IL.

Pregnant women are exposed to complex chemical mixtures which are detect-
able in the placenta. Some of these chemicals interfere with epidermal growth 
factor receptor (EGFR) activation, a receptor highly expressed in the placenta, that 
modulates cytotrophoblast proliferation, differentiation, and invasion of extravillous 
trophoblasts (EVT) into the maternal decidua. We and others found that polychlo-
rinated biphenyl (PCB)-126, PCB-153, atrazine, trans-nonachlor, niclosamide, 
and BPS prevent EGF endocytosis and reduce EGFR activation suggesting that 
they may interfere with EGFR-mediated placenta cell functions. We hypothesized 
that PCB-126, PCB-153, atrazine, niclosamide, trans-nonachlor, or BPS would 
independently reduce EGFR phosphorylation, compete with EGF binding to EGFR 
and when combined in a mixture (Chem-Mix), reduce EGF-mediated trophoblast 
cell proliferation and invasion. We evaluated the effects of the Chem-Mix on EGFR 
phosphorylation by exposing the placental EVT cell line, HTR-8/SVneo to vehicle 
control (0.1% DMSO), Chem-Mix (1, 10, or 100 ng/ml), EGF (30 ng/ml), or Chem-Mix 
+ EGF. Using western blotting, we determined that EGF increased phospho (p)-EGFR 
compared to the vehicle control (p<0.05), while the Chem-Mix alone had no effect 
on p-EGFR. However, when in combination, Chem-Mix + EGF reduced p-EGFR in a 
dose dependent manner compared to EGF (p<0.05). Using the same exposure, we 
measured the protein abundance of signal transducer and activator of transcription 
3 (STAT3) which is a downstream effector of EGFR. This resulted in no signifi-
cant changes in p-Stat3 and total STAT3 abundance compared to EGF after 120 
minutes of exposure. To understand if specific chemicals were responsible for 
the decrease in p-EGFR, HTR-8/SVneo cells were also exposed to EGF (30 ng/ml) 
or individual chemicals (100 ng/ml) + EGF. Of note, individual chemicals did not 
block EGF-mediated EGFR phosphorylation. Since EGFR mediates trophoblast 
cell functions, HTR-8/SVneo cell proliferation was tested using a CellTiter-Glo 
luminescent cell viability assay kit. Cells were exposed for 7 days to Chem-Mix 
(100 ng/ml), EGF (30 ng/ml), or the Chem-Mix + EGF. Starting at day 3 of culture, 
exposure to the Chem-Mix resulted in a reduction in proliferation compared to the 
vehicle control (p<0.05). Similarly, starting at day 4 of culture, the Chem-Mix + EGF 
decreased cell proliferation compared to EGF (p<0.05). Furthermore, HTR-8/SVneo 
cells were exposed to the same treatments as above to investigate the effects of 
the Chem-Mix on cell invasion using a Transwell cell culture system. As expected, 
EGF increased cell invasion compared to the vehicle control. Interestingly, both the 
Chem-Mix and the Chem-Mix + EGF reduced cell invasion compared to the vehicle 
control (p<0.05) and EGF (p<0.05), respectively. To determine if a specific chemical 
of the Chem-Mix was responsible for reduced cell invasion, we exposed HTR-8/
SVneo cells to individual chemicals (100 ng/ml). None of the chemicals altered 
cell invasion compared to the vehicle control. Altogether, our results demonstrate 
that while individual chemicals do not alter EGFR phosphorylation, when in mixture, 
they reduce EGFR activation. This, in turn, impairs EGFR-mediated functions, such 
as placenta cell proliferation and invasion. Since the EGFR effector STAT3 was not 

affected, other pathways should be explored to identify the downstream effectors 
responsible for alterations in cell proliferation and invasion. These findings support 
previous findings that complex mixtures can exacerbate individual chemical 
effects. Furthermore, this highlights the need to investigate the effects of the 
chemical mixture on other EGFR-regulated trophoblast cell functions. Funded by 
NIEHS/NIHR01ES027863 to A.V-L.

 4499 A Cell-Based Platform to Screen Chemical Mixtures for 
Endocrine-Disruptive Effects

D. Strand, E. Nylander, B. Lundgren, J. W. Martin, and O. Karlsson. Stockholm University, 
Stockholm, Sweden. Sponsor: D. Strand, EUROTOX.

Chemical contaminants are omnipresent in the environment. A great number of 
industrial compounds are commonly detected in human blood and urine. Human 
exposure to chemicals is dependent on a multitude of environmental factors. 
As such, there can be great interindividual differences in the exposome and it is 
therefore difficult to construct a contaminant mixture that is universally represen-
tative. Ubiquitous chemicals such as bisphenols, phthalates and parabens that can 
interfere with endocrine signaling are classified as endocrine disruptive compounds 
(EDCs). The sex steroid hormonal signaling pathway is complex and sensitive 
to interference, as circulating concentrations of these potent hormones are low. 
Even limited exposure and uptake of an EDC could therefore cause adverse effects 
on, for example development, brain function, and the reproductive- and immune 
systems. Industrial chemical production involves risk assessments that balance 
societal benefits to potential negative effects on human- and environmental health. 
These risk assessments are based on observations in single-chemical exposure 
studies, which is not reflective of real-life scenarios where exposure to differ-
ent chemicals and classes from many sources occurs simultaneously. Additive 
or synergistic effects are a concern, since the toxicity of different compounds in 
the biological system could interact and produce an unexpected and exaggerated 
toxicological response. The single compound approach may therefore potentially 
underestimate the biological impact of mixture effects. We have set up a chemical 
test set of 26 selected persistent organic pollutants identified in human serum, 
including PFASs, PCBs, organochlorines and BDEs. Non-contact liquid handling 
dispensing is employed to efficiently reproduce real-world mixtures as detected in 
human samples for toxicity screening. The endocrine disruptive potential of these 
mixtures is then investigated by using OECD-validated in vitro cell-based methods 
that assess effects on steroidogenesis and androgen- and estrogen receptor 
interactions. Our aim is to establish medium or high throughput (MTS/HTS) micro 
plate-based screening methods for toxicological investigation of both single 
compounds and complex chemical mixtures. This set-up will later be applied to 
investigate the effects of reconstructed individual exposomes based on chemical 
profiles detected by advanced mass spectrometry analysis of serum collected from 
a northern Swedish cohort. This will aid in the development of relevant risk assess-
ments for chemical mixtures, which better can protect the general population from 
endocrine disruptive mixture toxicity.

 4500 Pregnancy Is a Critical Window for Endocrine-Disrupting 
Chemical Effects on Maternal Cardiometabolic Health

A. K. Merrill1, K. Manz2, Y. Wang1, K. Conrad1, E. Marvin1, D. A. Cory-Slechta1, and 
M. Sobolewski1. 1University of Rochester School of Medicine and Dentistry, Rochester, 
NY; and 2Brown University, Providence, RI.

During pregnancy, mothers undergo unique cardiometabolic changes to support 
fetal development, e.g., insulin resistance increases, glucose levels rise, blood 
volume nearly doubles, and blood pressure fluctuates; changes coordinated by 
hormones including a surge in estradiol to levels 100- to 1000-fold greater than in 
a normal estrous cycle. Diminished estradiol increases the likelihood of develop-
ing cardiometabolic diseases, including gestational diabetes and preeclampsia. 
Multiple endocrine disrupting chemicals (EDCs) have been shown to have anti-es-
trogenic properties. Our previous research indicated that gestational exposure to a 
mixture of anti-estrogenic EDCs decreased the estradiol surge during pregnancy, 
increased glucose intolerance and altered lipid profiles in pregnant dams. The 
same anti-estrogenic EDCs have also been shown singly to disrupt cardiometabolic 
health in non-pregnant females, however, the effects during pregnancy are relatively 
unknown. To assess the effect of anti-estrogenic EDCs (known to alter cardiomet-
abolic health) on acute cardiometabolic health, pregnant dams and non-pregnant 
females were exposed to either a mixture of four EDCs (MIX: atrazine (10mg/kg), 
bisphenol-A (50µg/kg), perfluorooctanoic acid (0.1mg/kg), and 2,3,7,8-tetrachlo-
rodibenzo-p-dioxin (0.036µg/kg)) or vehicle beginning on gestational day (GD) 0.5 
until either GD16.5 or 17.5. Non-pregnant females were concurrently exposed for 
the same acute duration. Serum and adipose EDC levels were quantified in both 
pregnant and non-pregnant females on GD16.5 and treatment day 16.5, respec-
tively, and data indicate that internal EDC parent and metabolite levels are altered 
by pregnancy status. Mice underwent metabolic testing (insulin tolerance testing 
(ITT) and serum lipids and adipokines) on either GD16.5 or treatment day 16.5. 
Blood pressure was measured continuously from GD0.5 to GD17.5 and treatment 
day 0.5 to 17.5. For the ITT, only non-pregnant MIX females exhibited increased 
insulin sensitivity compared to non-pregnant vehicle females; however, pregnancy 
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alone triggered insulin intolerance. MIX significantly decreased fasting insulin 
levels, in both pregnant and non-pregnant conditions. Insulin was the only adipokine 
altered by MIX regardless of pregnancy status. Non-pregnant MIX females also 
had increased interleukin 6, tumor necrosis factor alpha, and plasminogen activa-
tor inhibitor-1 total. Pregnant MIX dams had decreased leptin, but no signs of 
inflammation. For serum lipids, pregnant MIX dams had increased very-low-den-
sity lipoprotein, signifying MIX may negatively impact maternal cardiometabolic 
health and data replicated across multiple studies. Adipose metabolomics revealed 
thirty-five MIX and vehicle pathway differences between non-pregnant and pregnant 
females, however, only seven pathways were impacted by MIX in both physiological 
states highlighting the differences in MIX based on the physiological state during 
exposure. Furthermore, only MIX dams had significantly elevated blood pressure on 
GD17.5 indicative of gestational hypertension. In conclusion, the cardiometabolic 
effects of an acute exposure to a mixture of anti-estrogenic EDCs differs based 
on pregnancy status. Further studies are needed to determine the effects of EDC 
exposures in different physiological conditions.

 4501 Complex Mixtures: Array Modeling of Jet Fuel Components

T. R. Sterner1,2, T. R. Covington1,2, and D. R. Mattie2. 1Henry 
M. Jackson Foundation for the Advancement of Military Medicine, Wright-Patterson 
AFB, OH; and 2Air Force Research Laboratory, Wright-Patterson AFB, OH.

An array physiologically based pharmacokinetic (PBPK) model represents a 
streamlined method to simultaneously quantify dosimetry of multiple compounds 
resulting from exposure to a mixture of chemicals. To predict internal dosime-
try of multiple volatile components of jet fuel simultaneously, an array PBPK 
model was coded to simulate inhalation exposures to one or more select jet fuel 
compounds: toluene, ethyl benzene, xylene, nonane, decane, and naphthalene. The 
model structure accounts for metabolism of compounds in the lung and liver, as 
well as kinetics of each compound in multiple tissues, including the cochlea and 
brain regions associated with auditory signaling (brain stem and temporal lobe). 
The model can accommodate either diffusion-limited or flow-limited kinetics (or 
a combination), allowing the same structure to be utilized for compounds with 
different characteristics. The resulting model satisfactorily simulated blood 
concentration and tissue dosimetry data from multiple published single chemical 
rat studies. The model was then utilized to predict tissue kinetics for the Guthrie 
et al. (2014) jet fuel hearing loss study (JTEH A, 25:1-14). Peak brain stem concen-
trations of nonane and decane were predicted to be 9 times higher than blood; 
exposures to these alkanes have been linked to central auditory processing disrup-
tion (CAPD), mirroring the outcome of the Guthrie study. The model was also used 
to predict rat kinetic comparisons between hypothetical exposures to JP-8 or a 
Virent Synthesized Aromatic Kerosene (SAK):JP-8 50:50 blend at the occupational 
exposure limit (200 mg/m3). Predicted exposure to the blend decreased nonane 
and decane exposures by about 50%, with predicted brain stem concentrations 
decreasing by the same percentage. However, toluene exposure increased by 
144% and predicted peak toluene blood concentrations by 200%. The array model 
has proven useful to compare potential tissue burdens resulting from the use of 
complex mixtures. Disclaimer: No DoD endorsement implied.

 4502 Individual and Combined Effects on Respiratory and 
Neurological Effects of Diesel Exhaust and Carbon Dioxide 
Inhalation Exposure

J. L. Stricker1,2, B. C. Sharits1,2, M. R. Armstrong1,3, J. G. Rohan1, F. C. Golich1,4, 
A. J. Keebaugh1,4, and K. L. Mumy1. 1Naval Medical Research Unit Dayton, Wright-
Patterson AFB, OH; 2Leidos, Reston, VA; 3Odyssey Systems Consulting Group, Wakefield, 
MA; and 4Oak Ridge Institute for Science and Education, Oak Ridge, TN.

We have conducted a study to determine the neurological and respiratory effects 
of individual and combined inhalation exposures to volatile organic compounds 
from diesel exhaust emissions and elevated carbon dioxide (CO2) levels in male 
Sprague Dawley rats. Animals were exposed via inhalation to 0 (Control), 0.25, 
1, 5, or 10 mg/m3 filtered diesel exhaust emissions (fDEE), or 3.5, 5, or 6.5% CO2. 
To assess combined effects, additional groups of animals were exposed to both 
5 mg/m3 filtered diesel exhaust emissions in combination with 3.5, 5 or 6.5% 
CO2. All exposures lasted a total of four hours and were conducted in whole body 
plethysmographs. A one-time, four-hour exposure to 5 or 10 mg/m3 fDEE led to an 
increased respiratory rate and decreased tidal volume in rats. A one-time, four-hour 
exposure to elevated CO2 levels (3.5, 5, or 6.5%) increased both the respiratory 
rate and tidal volume of the exposed rats. Control rats had an average of 5.7% and 
11.6% reduction in respiratory rate and tidal volume, fDEE (5 mg/ml) rats had 7.5% 
increase and 15.2% reduction in tidal volume, CO2 (6.5%) rats had 23.3% reduction 
in respiratory rate and 5.5% increase in tidal volume. Combined exposure to 5 mg/
m3 fDEE and 6.5% CO2 resulted in a greater increase in respiratory rate (9.9%) over 
exposure to 5 mg/m3 fDEE or 6.5% CO2 alone, indicating an additive or synergistic 
effect. Combined exposure to 5 mg/m3 fDEE and 6.5% CO2 caused a reduction 
in tidal volume b15.6%, a slightly greater effect than exposure to 5 mg/ml fDEE 
alone and opposite effect than exposure to CO2 alone. We also measured levels of 
inflammatory cytokines in the lung homogenates of control and exposed rats one 
day following exposure. Increases in TNF-α, KC-GRO, IL-6, IL-5, IL-4, IL-1β, and IL-13 

were detected in lung homogenates from rats after exposure to the combined fDEE 
and elevated CO2. Increases in IL-13, IL-5, and KC-GRO were also detected in lung 
homogenates from rats after exposure to elevated CO2 alone. Exposure to fDEE 
alone induced significant increases only in IL-1β levels from lung homogenates. 
Neurobehavioral endpoints included motor activity and Morris water maze tests. 
Motor activity tests were conducted immediately following exposure. There were 
significant changes in two of the motor activity parameters induced by fDEE alone 
or in combination with CO2. There was a reduction in the number of total rears in rats 
exposed to 10 mg/m3 fDEE alone. Combined exposure to fDEE and elevated CO2 
resulted in a trending reduction in total rears and statistically significant reduction 
in stereotypical beam breaks. To assess effects on cognitive function, rats were 
subjected to the memory component of Morris water maze test to evaluate spatial 
memory one day following exposure. Data revealed that exposure to fDEE or CO2 
alone or in combination did not induce detectable effects on memory parameters. 
Thus far, our data support additive or synergistic effects of combined exposure to 
fDEE with elevated CO2 on respiratory and inflammatory endpoints.

 4503 In Vivo Evaluation of Polycyclic Aromatic Compounds 
and Mixtures

C. Rider1, V. Johnson2, E. Mutlu1, S. Waidyanatha1, G. Dinse3, S. Harris3, D. Umbach1, 
M. Easterling3, K. Shockley1, and D. Germolec1. 1NIEHS, Research Triangle Park, NC; 
2Burleson Research Technologies, Morrisville, NC; and 3Social & Scientific Systems, 
Durham, NC.

People are exposed to polycyclic aromatic compounds (PACs) as complex and 
dynamic mixtures. A component-based approach that utilizes individual PAC 
relative potency factors is typically used to estimate human health risk from 
exposure to PAC mixtures. While the class includes a broad range of structurally 
diverse compounds that display a wide spectrum of toxicities, risk evaluations 
have typically focused on select polycyclic aromatic hydrocarbons (unsubstituted 
PAC members containing only carbon and hydrogen) with available carcinogenic-
ity data. The current work is aimed at evaluating the assumptions involved in the 
relative potency factor approach used to assess PAC mixtures. First, we evaluated 
13 individual PACs (acenaphthenequinone, benz[j]aceanthrylene, benzo[a]
pyrene, benzo[b]fluoranthene, benzo[k]fluoranthene, benzo[c]fluorene, chrysene, 
dibenzo[a,h]anthracene, dibenzo[a,l]pyrene, dibenzothiophene, indeno[123-c,d]
pyrene, phenanthrene, pyrene) in 28-day B6C3F1/N mouse immunotoxicity studies. 
Endpoints evaluated included immunotoxicity parameters, hematology, histopa-
thology in select organs, organ weights, and liver transcriptomics. Evaluation of 
these endpoints provided a diversity of mechanistic and apical data orthogonal to 
existing cancer data for PACs. Relative potency factors were calculated for differ-
ent endpoints using benzo[a]pyrene as the reference chemical. All PACs except 
pyrene displayed dose-responsive decreases in humoral immunity, with immuno-
toxicity potency factors relative to benzo[a]pyrene ranging from 0.02 (dibenzothio-
phene) to 21 (dibenzo[a,l]pyrene). Some interesting differences in potency were 
noted between existing cancer studies and immunotoxicity endpoints. For example, 
benzo[k]fluoranthene was more potent than benzo[a]pyrene for immune suppres-
sion, but less potent for tumor development. Dose-response immunotoxicity data 
from these studies were used in parametric models to predict mixture toxicity, 
based on the concepts of dose additivity and independent action. Three 13-PAC 
mixtures were designed using data from the individual chemicals: an equimolar 
ratio, a ratio based on PAC doses eliciting 50% response (ED50s), and a ratio based 
on PAC ED10s. Mixtures were evaluated and observed responses were compared 
to predicted responses. In general, dose-additive models provided a closer approx-
imation to observed mixture data than independent-action models, supporting the 
current assumptions in the cumulative risk assessment of PACs.

 4504 In Vitro Evaluation of Polycyclic Aromatic Hydrocarbon 
Compound (PAC) Mixtures

K. Gaston1, E. Green1, C. Rider2, E. Medlock Kakaley1, S. Waidyanatha2, K. Eccles2, and 
E. Mutlu1. 1US EPA, Research Triangle Park, NC; and 2NIEHS/NTP, Research Triangle 
Park, NC.

Multiple States have explored the implementation of in vitro new approach method-
ologies (NAMs) as component of water quality monitoring programs to detect 
biological activity indicative of potential contaminant and/or contaminant mixture 
occurrence. Polycyclic aromatic compounds (PACs) have been detected in environ-
mental matrices, and many are known to activate the human Aryl hydrocarbon 
receptor (hAhR). As part of a larger mixtures study, in collaboration with the Division 
of Translational Toxicology (NIEHS), we aim to explicate the confounding discrep-
ancies between in vitro and in vivo PAC mixture responses to increase confidence 
in application of similar NAMs to future monitoring efforts. We used the INDIGO 
Biosciences hAhR reporter assay, to test 13 PACs (benzo[a]pyrene, benzo[k]fluoran-
thene, dibenz[a,h]anthracene, chrysene, benz[j]aceanthrylene, indeno[1,2,3-cd]
pyrene, phenanthrene, pyrene, dibenzo[a,l]pyrene, dibenzothiophene, acenaphthen-
equinone, benzo[c]fluorene, and benzo[b]fluoranthene) for hAhR activation. Cells 
were plated on a 96-well plate and AhR activity (luminescence) and cytotoxicity 
(absorbance) were quantified. Potency (EC50 values) and efficacy (percent maximal 
response of MeBio positive control) were determined using the Hill model and 
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dose-response curve fits were developed using the drc package in R. In vitro EC50 
values ranged from 1.2x10-8 M (dibenz(a,h)anthracene) to 2.8x10-6 M (benzo(a)
pyrene). Dibenzothiophene, dibenzo[a,l]pyrene, chrysene, pyrene and phenanthrene 
did not activate the AhR in vitro at exposure concentrations up to 1 mM molar. 
Benzo[a]pyrene had the highest efficacy (85.9% maximal MeBio response). Three 
test mixtures were designed based on in vivo responses (immunotoxicity bioassay; 
antibody formation in B6C3F1/N female mice splenic lymphocytes) and tested in 
vitro. In general, in vitro EC50 of the test mixtures decreased with increasing molar 
concentrations of the most potent individual PACs in vitro (e.g. benzo(k)fluoran-
thene and dibenz(a,h)anthracene), and the Concentration Addition mixtures model 
over-estimated maximal efficacy of all three test mixtures. Chemical analysis of 
in vitro exposure media is underway to address relative potency discrepancies 
between in vitro and in vivo responses of individual compounds. For example, 
dibenzo[a,l]pyrene, benzo[c]fluorene, and acenaphthenequinone were active in vivo 
but not in vitro. Overall, our analysis will support future application of this in vitro 
AhR effects-based approach for detecting PACs and other AhR-activating environ-
mental contaminants likely to cause adverse health outcomes. Abstract does not 
reflect Agency views or policy.

 4505 In Vitro Biomass Smoke Exposures Indicative of Residential 
Wildfires Induce Greater Changes in Expression of Genes in 
the Hypoxia Inducible Factor 1-alpha Pathway Compared with 
Forest Wildfires

E. M. McDermott1,2, H. Hartwell1,2, R. Winker1,2, and J. E. Rager1,2. 1Gillings School of 
Global Public Health University of North Carolina at Chapel Hill, Chapel Hill, NC; and 
2Institute for Environmental Health Solutions University of North Carolina at Chapel Hill, 
Chapel Hill, NC.

The danger to public health posed by wildfire smoke exposure continues to increase, 
with notable variability in health risks attributable to different burn conditions and 
fuel types. While our knowledge of toxicological impacts induced by forest wildfires 
is steadily growing, there remains a paucity in research evaluating residential 
wildfire scenarios occurring at the wildland-urban interface (WUI) in controlled in 
vitro settings. Wildfire particulate matter exposures have been known to cause 
respiratory illnesses and symptoms. These exposures can induce disease through 
multiple biological pathways. An important pathway is the hypoxia inducible factor 
1-alpha (HIF1A) pathway, which plays essential roles in lung cellular function includ-
ing hypoxia responses, tissue protection from damage, and inflammation. This 
study tested the hypothesis that wildfire-relevant exposure scenarios, including 
those relevant to WUI mixture scenarios, impact the expression of genes involved in 
HIF1A signaling to variable degrees. To address this hypothesis, this study exposed 
16HBE human bronchial epithelial cells seeded on 3D transwell inserts to differ-
ent biomass smoke samples. Forest-relevant exposures consisted of eucalyptus 
smoke selected as a representative biomass fuel known to induce lung toxicity 
and produced through two temperatures emulating flaming or smoldering burn 
conditions. WUI-relevant exposures were produced using the same biomass fuel 
but with the additions of plywood, plastic, and cardboard. The four conditions 
thus consisted of eucalyptus flaming (EF), eucalyptus smoldering (ES), residen-
tial mixture + eucalyptus flaming (RMF+EF), and residential mixture + eucalyptus 
smoldering (RMS+ES). Cells were exposed for four hours in triplicate and then 
collected. RNA was extracted and used to measure the expression levels of 70 
genes involved in HIF1A signaling using a gene panel Fluidigm assay. A total of 
61 significant genes were identified as significantly differentially expressed across 
at least one of the four conditions, with gene perturbations varying according to 
exposure condition. Specifically, the RMF+EF burn scenario altered the expression 
of 60% of the genes, while the RMS+ES burn scenario altered the expression of 8% 
of the genes (based upon total gene counts with data passing QA/QC filters). Genes 
that were significantly differentially expressed across multiple conditions included 
ADRA1B, CDKN1A, EDN1, EIF4E, GPI, and IGF2, all representing important members 
of the HIF1A pathway. Overall, both flaming conditions altered the expression levels 
across more genes in comparison to smoldering conditions. These findings collec-
tively stress the importance of evaluating WUI-relevant exposures in wildfire toxicity 
research, while imparting novel gene-level perturbation evidence for HIF1A pathway 
disruptions in the lung.

 4506 Differential Transcriptomic Responses Underlie Site-Specific 
Toxicity in Developing Zebrafish Exposed to Whole Mixtures 
from Portland Harbor Superfund Site Passive Sampling Extracts

C. Rude1, S. Tilton1, K. Anderson1, K. Waters2, and R. Tanguay1. 1Oregon State University, 
Corvallis, OR; and 2Pacific Northwest National Lab, Richland, WA.

The Portland Harbor Superfund Site (PHSS) is an area of active remediation along 
the Willamette River in Portland, Oregon. Previous studies paired low density 
polyethylene passive sampling devices (PSD) with standardized developmental 
toxicity assays in zebrafish to characterize contaminant levels and associated 
toxicities at six sites along the PHSS and showed that polycyclic aromatic hydrocar-
bon (PAH) concentrations correlated with site toxicity. In this study, we couple the 
chemical characterization and dose response of extracts from two of these sites, 
river mile 7 west (RM7) and river mile 6 west (RM 6.5), with RNA sequencing. The 

objective of this study was to assess the utility of this technique to characterize the 
hazard of environmental mixtures, compare the molecular responses between PSD 
extract exposures, and determine how the molecular response to extracts inform 
drivers of toxicity. For each treatment, three groups of 20 dechorionated zebrafish 
were batch exposed to 0.75% extract in embryo media. Treatment groups included 
RM7 extract, RM6.5 extract, and a vehicle control. At 48 hours post fertilization, the 
embryos were inspected for malformation and subsequently harvested for RNA. 
We tested for differentially expressed genes (DEGs) and conducted Gene Ontology 
(GO) Enrichment analysis with g:Profiler and Enrichmentmap. Additionally, we 
compared the extract transcriptomic responses to individual chemical exposures 
including three PAHs and three oxygenated-PAHs (O-PAHS). RM6.5 was more toxic 
than RM7. PAH ratios within each extract were conserved, while RM6.5 had slightly 
higher total PAH concentration. Similarly, the directionality of gene expression 
changes was largely conserved between extracts, but RM6.5 induced more robust 
changes. Network analysis revealed enriched GO term clusters shared between the 
two extract exposures relating to xenobiotic metabolism, sensory system dysregu-
lation, and retinoid metabolism. There were no RM7 distinct GO terms, while RM6.5 
distinct clusters included ion transport, negative regulation of peptidase activity, and 
muscle fiber constituents. PAH and OPAH transcriptomic signatures were strongly 
reflected in both extract treatments, indicating involvement of similar compounds 
driving mixture toxicity, but could not account for all disturbed biological processes. 
Coupled to environmental sampling and developmental toxicity testing, transcrip-
tomics in zebrafish embryos exposed to PSD extracts was relatively easy, sensitive 
to differences in toxicity, and insightful as to mode of action. This highlights the 
usefulness of this tool for unbiased hazard characterization in complex environ-
mentally relevant mixtures. This research was funded by NIEHS award numbers: 
P42ES016465, P30ES030287, and T32ES007060.

 4507 Polychlorinated Biphenyl 126 Alters the Hepatic Transcriptome 
to Enhance Alcohol-Associated Liver Disease

T. C. Gripshover, B. Wahlang, K. Z. Head, E. Rouchka, J. L. Young, J. Luo, I. A. Kirpich, 
and M. C. Cave. University of Louisville, Louisville, KY.

Alcohol-associated liver disease (ALD) is initially characterized by hepatic lipid 
accumulation which can further progress with fibrosis and cirrhosis. ALD develop-
ment can be impacted by other factors including hypercaloric diets and smoking. 
Previously, environmental pollutants, namely persistent organic pollutants (POPs), 
have been demonstrated to exacerbate dyslipidemia and influence hepatic lipid 
metabolism. The resulting phenotype we have observed suggests that exposures 
can compromise liver functionality that subsequently makes the liver susceptible 
to further insult. For instance, polychlorinated biphenyl (PCB) 126 is an environ-
mentally relevant POP that has been demonstrated to enhance steatosis and 
liver injury in high-fat diet models. Because excessive alcohol consumption is a 
major cause of preventable death and humans are inevitably exposed to POPs, it 
is important to understand how these factors jointly influence ALD. The current 
study’s objective is to characterize the hepatic transcriptome in mice exposed to 
PCB126 followed by 5% ethanol feeding. We hypothesize that PCB126 exposure 
prior to ad libitum alcohol feeding will result in more differentially expressed 
genes (DEGs) and enriched pathways will implicate altered lipid metabolism and 
hepatocellular injury pathways. Male C57BL/6J mice were exposed to 0.2 mg/kg 
PCB126 or corn oil vehicle by oral gavage. Mice were then fed 5% Lieber DeCarli 
EtOH (EF) or pair fed (PF; 0% EtOH) diet for ten days followed by 31.5% EtOH binge. 
Post euthanasia and tissue collection, hepatic mRNA was isolated and prepared 
for RNA sequencing (50M 1x100bp aligned reads/sample). DEG analysis was 
performed with Cuffdiff2 and DESeq2 for pairwise comparisons for p≤0.05 and 
q≤0.05. Hepatic transcriptomic analyses indicated 5919 (2834↑; 3085↓) DEGs 
for EF vs PF animals and 449 (278↑; 171↓) DEGs for PCB126 exposed vs vehicle 
exposed. Importantly, the EF+PCB126 vs PF+PCB126 had 4832 (2214↑; 2618↓) 
DEGs while our PF+PCB126 vs PF+vehicle comparison had only 503 (339↑; 164↓) 
DEGs, suggesting that EtOH feeding in conjunction with PCB126 exposure alters 
the transcriptome approximately 9.6-fold greater. Among the top 20 upregulated 
genes in our PCB126 exposed mice, common phase I & II xenobiotic metabolism 
genes are prevalent, while cell signaling- and 2nd messenger-related genes were 
downregulated. Among the top 20 upregulated genes in our EF mice, glutathione-re-
lated genes and ER stress-related genes were observed, whereas downregulated 
genes in EF mice consisted of lipid transporter genes and N-acetyltransferase-
related genes. Downstream enrichment analyses from ‘Gene Ontology (GO) 
Biological Processes’ in the EF+vehicle vs PF+vehicle comparison indicated fatty 
acid metabolism and ncRNA metabolic processing as some of the most significant 
processes. ‘KEGG’ processes enriched for the EF+vehicle vs PF+vehicle compar-
ison suggested cofactor biosynthesis and fatty acid metabolism to be some of 
the most significant alterations. GO processes that were most significant in the 
EF+PCB126 vs EF+vehicle comparison indicated peptidyl-tyrosine modification and 
regulation and leukocyte migration to be some of the top pathways. KEGG pathway 
analyses of the EF+PCB126 vs EF+vehicle comparison indicated that phagosome 
and cofactor biosynthesis were among the top enriched pathways. These prelimi-
nary analyses suggest that PCB126 exposure modifies the hepatic transcriptome 
to, in part, disrupt cell signaling processes. This study is significant as it highlights 
environmental pollutant exposure’s ability to enhance lifestyle-related diseases, 
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inclusive of ALD. Based on our enriched pathway analyses, tyrosine modifica-
tions and cofactor biosynthesis may be promising alterations that are involved in 
PCB126’s ability to modify EF mice hepatic transcriptome.

 4508 Activity of Binary and Complex Environmental PCB Mixtures at 
the Ryanodine Receptor

E. B. Holland1, J. A. Griffin1, and H. Lehmler2. 1California State University of Long Beach, 
Long Beach, CA; and 2University of Iowa, Iowa City, IA.

Non-dioxin-like polychlorinated biphenyls (PCBs) have been shown to alter 
ryanodine receptor (RyR) activity and such disruption is linked to developmental 
neurotoxicity. Of the 209 PCB congeners, 49 non-dioxins-like (NDL) PCB congeners 
have been shown to alter RyR activity. PCBs are present in environmental or human 
samples as mixtures; however, how these mixtures, rather than single PCBs, 
contribute to altered activity is unknown. The focus of this study is to examine 
whether PCBs act in an additive, antagonistic, or synergistic manner at the RyR 
using the Concentration Addition model (CA model). We conducted radioligand 
binding assays exposing junctional sarcoplasmic reticulum preparations to single, 
binary and complex mixtures of PCBs. The activity of binary mixtures or complex 
mixtures were then compared to expected response curves, or effective concen-
tration (EC) values, calculated using the CA model. We show that binary mixtures 
of RyR activity NDL PCBs display additivity at the RyR1 and that congeners that 
do not activate the RyR do not interfere with the activity of active congeners. The 
RyR activity of complex mixtures varied significantly from that expected when 
applying the CA model. While the CA model did not adequately describe activity of 
the complex mixtures, reported concentrations of PCB mixtures found in environ-
mental or serum-based mixtures did cause RyR1 activity. This work helps to further 
understand the impact of neurotoxic PCBs that dominate the Total PCBs found in 
environmental mixtures and supports the need for further model development to 
better describe the neurotoxic hazards presented by ongoing exposure or presen-
tation in serum.

 4509 Adverse Effects following Time-Course and Dose-Response 
Oral Exposures in Sprague Dawley Rats to Complex 
Groundwater Mixture

B. Boamah1, S. Siciliano1, M. Hecker1, M. Hanson2, P. D. Campbell3, R. Peters4, 
A. Al-Dissi1, and L. Weber1. 1University of Saskatchewan, Saskatoon, SK, Canada; 
2University of Manitoba, Winnipeg, MB, Canada; 3Wood PLC, Winnipeg, MB, Canada; and 
4Federated Co-operatives Limited, Winnipeg, MB, Canada.

Groundwater containing a complex mixture of contaminants was collected from 
an industrial site for the identification of target organ toxicity. An initial time-course 
study involved an oral exposure to a single concentration (0.05% v/v) of groundwa-
ter compared to control (after 7-, 14-, 28-, and 60-day exposure) in male Sprague 
Dawley rats (n=10/group). The second study involved a 60-day oral exposure to 
drinking water (control group), 10% v/v low impact water from an alternate well 
on-site compared to 0.01% v/v, 0.1% v/v, 1% v/v and 10% v/v of high impact ground-
water (n= 5 males and 5 females/group). Plasma alpha 2 macroglobulin was signifi-
cantly reduced on day 60 within the time course study. Similarly, the dose-response 
showed a significant reduction in plasma alpha 2 macroglobulin between the control 
and the exposed groups. Plasma symmetric dimethyl arginine (SDMA) was signifi-
cantly elevated on day 14 within the time-course study. There was a significant 
elevation of plasma SDMA within the exposed 1% and 10% high-impacted groups. 
Kidney histopathological patterns showed sex differences, but both sexes exhibited 
tubular necrosis. Time course changes in testicular histopathology accompanied 
significant increases in testicular oxidative stress (elevated malondialdehyde) 
and reduced plasma testosterone. Taken together, the groundwater contaminants 
potentially driving nephrotoxicity, immunosuppression and testicular toxicity are 
likely to be 2,4- dichlorophenoxy acetic acid and F2 and F3 hydrocarbon fractions.

 4510 Environmental Exposure Mixtures Associated with Bladder 
Cancer in Pet Dogs

C. F. Wise1, C. A. Wiley2, N. J. Herkert1, K. Hoffman1, S. L. Vaden2, M. Breen2, and 
H. M. Stapleton1. 1Duke University, Durham, NC; and 2North Carolina State University, 
Raleigh, NC.

Companion animals, and particularly pet dogs, are considered a good compara-
tive model for human bladder cancer (BC). While sharing a domestic environment 
with people, the shorter lifespan of dogs results in a substantially reduced latency 
period between environmental exposures and cancer development. As such the 
dog can serve as a sentinel species for identification of possible environmental 
risk factors linked to cancer in both species. An overwhelming majority (85%) of 
canine BCs are associated with a single base mutation in the canine BRAF gene 
which can be detected at very low levels in exfoliated cells recovered from the 
urine. We conducted a case control study to assess environmental exposures 
associated with canine BC by identifying dogs with subclinical BC. Urine from 
clinically healthy dogs was assessed for this BRAF mutation. Dogs with urinary 

BRAF mutation levels between 0.29% to 21% were recruited as cases (n=25) and 
dogs that had no detectable BRAF mutation (with limit of detection <0.1%) and that 
were breed, sex, and age matched to cases were enrolled as controls (n=76). Dogs 
wore a silicone passive sampler attached to their collars for five consecutive days. 
The silicone samplers were extracted and analyzed in the laboratory using both 
targeted and non-targeted GC-MS approaches. Targeted analyses focused on a 
suite of 115 chemicals including phthalates, organophosphate esters, brominated 
flame retardants, polycyclic aromatic hydrocarbons, and pesticides. Of the 115 
compounds targeted, 39 were detected in greater than 50% of all samples (n=101). 
Higher levels (2-3X) of BDE-47, BDE-99, anthracene, and benzyl butyl phthalate 
were measured in silicone samplers worn by cases compared to controls (p<0.05). 
BDE-28 and Tris(1,3-dichloroisopropyl)phosphate (TDCPP) were also higher (1.5X) 
in samplers worn by cases, however this difference was not statistically signifi-
cant (p≤0.09). Measurements of exposure to azo dyes are underway. For suspect 
screening, data were processed using the deconvolution plugin in the Tracefinder 
software and screened against three mass spectral libraries (NIST 2017, Thermo 
Hi-Res Library, In-house library). Using this approach, we identified 1,407 chemical 
features on silicone samplers detected in >50% of the samples, of which 12 were 
statistically higher in cases (p<0.01). Furthermore, the trends observed in these data 
suggest that there is a higher burden of environmental chemical exposures experi-
enced by our cases, both in the number of chemicals detected and the magnitude 
of exposures. This study is the largest study to date to investigate such a wide 
breadth of contaminant exposure levels associated with canine BC and is the first 
to assess a population with subclinical disease. This study is part of a larger project 
that will include whole exome sequencing of serially sampled cases as a means to 
identify signatures of disease progression and facilitate investigation of gene-envi-
ronment interactions. These data will allow for advances in translational medicine 
that may one day improve the clinical outcomes for human and canine patients with 
BC or aid in cancer prevention.

 4511 Environmental Mixtures and Breast Cancer: Identifying 
Co-exposure Patterns between Understudied and 
Breast Cancer–Associated Chemicals Using Chemical 
Inventory Informatics

L. E. Koval1, K. L. Dionisio2, K. Paul Friedman3, K. K. Isaacs2, and J. E. Rager1. 1University 
of North Carolina at Chapel Hill, Chapel Hill, NC; 2US EPA/ORD, Research Triangle Park, 
NC; and 3US EPA, Research Triangle Park, NC.

Although evidence linking environmental chemicals to breast cancer is growing, 
mixtures-based exposure evaluations are lacking. This study aimed to identify 
environmental chemicals in use inventories that co-occur and share properties 
with chemicals that have an association with breast cancer, highlighting exposure 
combinations that may alter disease risk. The occurrence of chemicals within 
chemical use categories was characterized using the Chemical and Products 
Database. Co-exposure patterns were evaluated for chemicals that have an associ-
ation with breast cancer (BC), no known association (NBC), and understudied 
chemicals (UC) identified through query of the Silent Spring Institute’s Mammary 
Carcinogens Review Database and the US Environmental Protection Agency’s 
Toxicity Reference Database. UCs were ranked based on structure and physico-
chemical similarities and co-occurrence patterns with BCs within environmen-
tally relevant exposure sources. A total of 6,793 chemicals had data available for 
exposure source occurrence analyses. 50 top-ranking UCs spanning five clusters of 
co-occurring chemicals were prioritized, based on shared properties with co-occur-
ring BCs, including chemicals used in food production and consumer/personal 
care products, as well as potential endocrine system modulators. Results highlight 
important co-exposure conditions that are likely prevalent within our everyday 
environments that warrant further evaluation for possible breast cancer risk.

 4512 Determination of Variability in Monoterpene Levels in Pine Bark 
Extract Dietary Supplements Using Gas Chromatography-High 
Resolution Mass Spectrometry

I. Walker-Franklin1, S. Waidyanatha2, T. Uenoyama1, M. A. Rehder Silinski1, R. Fernando1, 
and C. V. Rider2. 1RTI International, Research Triangle Park, NC; and 2NIEHS, Research 
Triangle Park, NC.

Pine bark extract (PBE) dietary supplements are widely used for purported antiox-
idant, antimicrobial, and anti-inflammatory properties. α-Pinene, which has been 
shown to be a multi-site toxicant in rodents following inhalation exposure, makes 
up approximately 60% of pine bark essential oil. There are no data available on 
α-pinene concentration in commercial PBE dietary supplements. The objective of 
this work was to determine the α-pinene concentration, along with other monoter-
penes, β-pinene, 3-carene, and D-limonene, in 23 commercially available PBE 
dietary supplements and compare to a U.S. Pharmacopeia (USP) PBE standard. 
Supplements were extracted with ethyl acetate containing the internal standard 
(isophorone-d8) and analyzed by gas chromatography-high resolution mass 
spectrometry. Quantification of analytes was achieved using solvent calibration 
curves prepared similarly. A subset of samples was also quantified using the 
standard addition method to demonstrate the accuracy of using a solvent calibra-
tion curve for quantification of the analytes. The 3-carene standard used for 

Find up-to-date information at www.toxicology.org/2023 | #2023SOT | #ToxExpo  | 447



quantification had a ≤ 0.05 min retention time shift from the carene isomer detected 
in PBE dietary supplements suggesting that the isomer present in the supplement 
may be different from 3-carene. Monoterpenes had varied detection frequency in 
23 PBE dietary supplements investigated. D-limonene was detected in all supple-
ments while α-pinene, 3-carene and β-pinene were detected in 22, 18 and 15 supple-
ments, respectively. Analyte concentrations varied widely within and between 
supplements. Determined concentration ranges were (ng monoterpene/g supple-
ment): limonene, 4.99−12,200; 3-carene, 4.45−3,210; β-pinene, 3.73−402; α-pinene, 
2.90−299. Monoterpene concentrations in the USP PBE standard were within 
those observed in the dietary supplements with determined D-limonene, 3-carene, 
β-pinene, and α-pinene concentrations of (ng/ g supplement) 3980, 624, 46.0 and 
99.0, respectively. Monoterpene concentrations normalized to PBE content per 
label claim (ng monoterpene/g PBE) in supplements from the same manufacturer 
also varied substantially with observed ranges of 1980−5050, 346−690, 29.9−91.6, 
and 82.2−389 for D-limonene, 3-carene, β-pinene, and α-pinene, respectively. These 
data demonstrate the variability in monoterpene concentrations in PBE products on 
the market including those from the same manufacturer.

 4513 A Potential Screening Strategy for Neuroactive Potential 
of Botanicals

M. Embry1, L. Truong2, R. Tanguay2, M. T. Simonich2, C. Mitchell1, L. M. van Rijnberk3, 
M. Wildwater3, R. G. van Kleef4, and R. H. Westerink4. 1HESI, Washington, DC; 2Oregon 
State University, Corvallis, OR; 3Vivaltes, Bunnik, Netherlands; and 4Universiteit Utrecht, 
Utrecht, Netherlands.

Botanical product use is widespread and growing in efforts to preserve and 
enhance human health and well-being. However, safety evaluations of botanicals 
are often inadequate. Because people are intentionally taking these products for 
their potential benefits, an urgent need exists to define appropriate toxicity evalua-
tions to support safe use of botanicals. A cross-sector collaboration is address-
ing this need through an international group of scientific experts to develop 
a comprehensive toolkit for generating reliable toxicological profiles of these 
complex mixtures. This effort includes finding assays to screen for neuroactive 
potential (as an indication of neurotoxicity). A battery of assays and models already 
suitable for single chemical toxicity testing was selected to evaluate each tool’s 
suitability for botanicals as complex mixtures. These were 1. microelectrode array 
(MEA) recordings using neuronal cells 2. zebrafish embryos and 3. C. elegans. 
Botanicals with well-documented neuroactive potential were sourced, character-
ized, and used across the biological assays (e.g., aconite [Aconitum napellus] and 
yohimbe [Pausinystalia yohimbe]). MEA recordings can be used for non-invasive, 
medium-throughput screening of changes in neuronal activity. These recordings 
can also be multiplexed with cell viability to aid in prioritization of botanicals for 
in-depth analysis. Rat primary cortical cultures grown on MEAs exposed to aconite 
(5 µg/mL) show an intense hyperexcitation with the mean spike rate (MSR) and 
mean burst rate (MBR) amounting to respectively 416% and 286% of control. Cells 
exposed to oleander (5 µg/mL) show a remarkable activity phenotype, with a 
decrease in MSR and MBR, but a strong increase in burst duration (900% compared 
to control) and a remarkable increase in sub-threshold network bursts. Zebrafish 
embryos can be used for both morphological and behavioral screens to provide 
evidence for neuropotential. Dechorionated embryonic zebrafish were continu-
ously exposed to 16 botanicals and 81% induced morphological defects. The most 
neuroactive botanicals were oleander and kava, inducing hyperactive swimming 
behavior at 1.1 µg/mL. C. elegans can assess endpoints related to neuroactivity, 
including their motility and behavior towards adverse smells. Tripterygium wilfordii 
induced a dose-dependent decrease in body movement and delay in the reaction 
to smell compared to controls, with the highest concentration tested (2 µg/mL) 
moving roughly half as much as controls and taking twice as long to react to an 
adverse smell. These results indicate that many assays currently available for 
single chemicals can be adapted for botanicals as complex mixtures. Further work 
includes testing more botanicals in concentration responses, including different 
preparations (e.g., different solvents) to better understand the applicability domain 
of these tools.

 4514 Risk Assessment of Three Smoke Flavoring Primary Products 
Currently under Reevaluation by EFSA

A. Franzen1, C. Thompson2, G. Brorby3, D. Wikoff4, Z. Ilkbahar5, and C. Doepker6. 
1ToxStrategies Inc., Monroe, LA; 2ToxStrategies Inc., Houston, TX; 3ToxStrategies 
Inc., San Rafael, CA; 4ToxStrategies Inc., Asheville, NC; 5Kerry Inc., Naas, Ireland; and 
6ToxStrategies Inc., Newport, KY.

Smoke flavorings are used in or on a variety of foods to impart a smoky taste 
and have many advantages compared to conventional smoking techniques. These 
flavors are traditionally used in/on meat, fish and cheeses and have been in use for 
centuries. The objective of this work was to determine the safety of three smoke 
flavoring primary products (SFPPs) (SF-002, SF-005, SF-006) which are used to 
produce smoke flavorings. These SFPPs are currently under re-evaluation in the 
European Union by European Food Safety Authority (EFSA) to have their existing 
authorizations to be renewed. The risk assessment was conducted using modified 
methodologies outlined in the EFSA (2021)’s Scientific Guidance for the preparation 

of applications on smoke flavouring primary products. This assessment involved 
evaluation of mixtures as a whole, as well as individual constituents. The hazard 
evaluation was based on stepwise assessment first of the potential for genotox-
icity, followed by other endpoints. Guideline-based micronucleus (OECD 474) and 
transgenic rodent assays (OECD 488) were conducted for each SFPP; results were 
negative, demonstrating a lack of concern for genotoxicity. For other endpoints, 
previously conducted 90-day studies (OECD 408) were available for each SFPP; 
the no observed adverse effect levels (NOAELs) from these studies ranged from 
785 mg/kg-bw/day to 1,397 mg/kg-bw/day. For the constituent-based assessment, 
a robust analytical characterization was performed resulting in the identification 
and quantification of over 95% of the volatile fraction of the smoke flavors; SF-002 
and SF-006 had 48 constituents and SF-005 had 49 constituents. Systematic litera-
ture searching was conducted for each constituent following a tiered approach, 
focusing on EFSA evaluations, other European or global authoritative bodies, 
genotoxicity databases and primary literature to identify any available genotoxic-
ity data. For constituents that had available testing data, a hazard-based assess-
ment was performed (SF-002=34, SF-005=39, SF-006=38). If no data were identi-
fied (SF-002=14, SF-005=10, SF-006=10) an in silico assessment was performed 
using read-across and/or QSAR modeling. Of the identified constituents, none 
were determined to pose a genotoxic risk under the conditions of intended use 
when considered together in a risk-based analysis with the whole mixture data. 
The exposure assessment involved a combination of consumption data from the 
European Union Comprehensive Food Consumption Database as well as use levels 
of the flavors for a variety of different foods. After utilizing EFSA’s intake models 
(i.e., FAIM, DietEx), it was determined that FAIM is not as reliable as DietEx due to 
overly broad food categories that greatly overestimate exposure. Therefore, the 
most reliable exposure estimate, derived by DietEx, was 1.2 mg/kg-bw/day, 0.98 
mg/kg-bw/day, and 0.96 mg/kg-bw/day for SF-002, SF-005 and SF-006 respectively. 
MOS estimates were calculated using the NOAEL values from the 90-day studies 
and exposure estimates from DietEx, resulting in MOS values of 640 for SF-002, 
1400 for SF-005 and 1400 for SF-006. Based on their MOS these smoke flavoring 
primary products are of no safety concern at their proposed use levels, consistent 
with EFSA’s MOS of greater than 300. In conclusion, this risk assessment supports 
that the overall safety for these SFPPs continues to be demonstrated. This risk 
assessment also helps to inform risk-benefit considerations, particularly when 
comparing the robust safety profile of these SFPPs relative to lack of traditional 
safety data for conventional smoke.

 4515 Valorization of Corncob Agricultural Waste Material for the 
Removal of Methylene Blue Dye from Aqueous Solution

C. T. Onwordi1, Q. I. Abubakar1, C. C. Uche2, R. A. Borokinni1, O. O. Tovide1, S. W. Dodo1, 
and O. L. Osifeko1. 1Lagos State University, Lagos, Nigeria; and 2Federal University of 
Technology, Owerri, Nigeria.

In recent years, the treatment of industrial wastewater contaminated with dye 
has become so important following the need for the water to be reused. Corncob, 
an agricultural by-product and a kind of solid waste, is frequently disposed of 
carelessly, resulting in an environmental burden. Corncob was used in this study 
as an adsorbent in a batch adsorption technique to remove methylene blue (MB) 
dye from aqueous solutions. This technique was used to assess the effects of pH, 
adsorbent dosage, adsorbate concentration, contact duration and temperature on 
dye removal. The result obtained from the time and concentration variations was 
used to deduce the kinetic and isotherm study. The dye adsorption investigation 
found that the removal effectiveness of dye employing corncob was substantial 
at pH 7 with removal percentage and adsorption capacity as 88.8% and 2.142 
mg/g respectively, adsorbent dosage was optimum at 0.1 g with 98.79% and 15.35 
mg/g, adsorbent concentration was recorded as 50 mg/L with 98.53% and 18.91 
mg/g, contact time was optimal at 10 minutes with 98.77% and 18.96 mg/g and 
the temperature was significant at 25oC with 97.70% and 18.75 mg/g. Experimental 
data showed a good fit with the Temkin isotherm models. The pseudo second 
order kinetic model delivered a better fit for the adsorption data. Thermodynamic 
parameters including the Gibbs free energy (ΔGo), enthalpy (ΔHo), and entropy 
(ΔSo) changes indicated that the adsorption of MB was feasible, spontaneous and 
endothermic in the temperature range of 25°C - 45 °C. The results explored that the 
low-cost, corncob biosorbent could be used for the effective removal of Methylene 
blue dye from aqueous solution.

 4516 Mixture Effects of Perfluorooctane Sulfonic Acid (PFOS) and 
Benzo[a]pyrene on Embryo Morphology and Cyp1a Enzyme 
Activity in Zebrafish (Danio rerio)

K. Borys, and A. Timme-Laragy. University of Massachusetts Amherst, Amherst, MA.

Polyfluoroalkyl substance (PFAS) is a class of man-made chemicals that were 
widely used by industry, this includes Perfluorooctanesulfonic acid (PFOS). These 
chemicals have been referred to as “forever chemicals” due to their relative stabil-
ity and persistence in the environment and living organisms. Benzo[a]pyrene (B[a]
P) is a polycyclic aromatic hydrocarbon (PAH) found in the environment due to 
the burning of carbon-based materials, such as fossil fuels. Given that both are 
ubiquitous environmental toxicants, it is likely that organisms will be exposed to 
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both simultaneously; however, little is known about the combined effects of PFAS 
and PAHs. To address this knowledge gap, we used Danio rerio (zebrafish) embryos 
exposed to PFOS alone, BaP alone, and a mixture of PFOS+BaP to compare the 
effects on embryonic deformities and Cyp1a enzyme activity. Embryos at 3 hpf 
(hours post fertilization) were exposed to a solvent control (0.01% DMSO), 16 µM 
PFOS, B[a]P (50 or 100 µ/L), and a 16 µM PFOS and B[a]P (50 or 100µ/L) solution 
for 96 hpf. Each exposure group was additionally exposed to ethoxyresorufin (0.01 
µg/mL) to measure the activity of the Cyp1a enzyme (ethoxyresorufin-o-deethylase 
activity; EROD). At 96 hpf, embryos were imaged live via fluorescence microscopy 
to visualize EROD and any morphological deformities. Exposures to 16 µM PFOS 
alone resulted in a decrease in basal EROD activity by 15.0%. In co-exposures with 
B[a]P, PFOS resulted in a decrease in B[a]P induced EROD activity by as much as 
67.4%. Co-exposures of PFOS and B[a]P led to increased occurrence of embryo 
malformations including spinal curvatures, pericardial edema, and craniofacial 
malformations. These data demonstrate that with increased B[a]P concentration, 
the presence of PFOS can inhibit the induction of Cyp1a enzyme activity by B[a]
P and exacerbate incidence of embryonic deformities. As such, risk assessments 
that consider toxicity of PFAS or PAH compounds alone may underestimate toxicity 
in the environment where mixture exposures occur. This work was supported 
by R01ES025748.

 4517 Extracellular Vesicles Altered by Per- and Polyfluoroalkyl 
Substance Mixtures: In Vitro Concentration-Dependent Release, 
Chemical Content, and MicroRNA Signatures Involved in 
Liver Health

C. K. Carberry1, L. Koval1, J. Bangma2, M. Strynar2, D. Keshava1, H. Hartwell1, 
M. Sokolsky1, R. C. Fry1, and J. E. Rager1. 1University of North Carolina at Chapel Hill, 
Chapel Hill, NC; and 2US EPA/ORD, Research Triangle Park, NC.

Per- and polyfluoroalkyl substances (PFAS) have emerged as a high priority class 
of contaminants due to their ubiquity and pervasiveness in the environment. 
Numerous PFAS chemicals have been shown to co-occur across sources of 
drinking water, including areas of North Carolina (NC) with some detected concen-
trations above the Environmental Protection Agency’s (EPA’s) established health 
advisory levels. While recent evidence demonstrates that even low concentrations 
of PFAS induce harmful effects in the liver, the involvement of extracellular vesicles 
(EVs) as potential mediators of these effects has yet to be evaluated. This study 
set out to evaluate the novel hypothesis that PFAS mixtures induce concentra-
tion-dependent release of EVs from liver cells, with exposures causing differential 
loading of microRNAs and PFAS chemical signatures. To test this hypothesis, a 
defined PFAS mixture relevant to the NC Research Triangle region was prioritized 
utilizing data collected by the NC PFAS Testing Network. This mixture contained 
three PFAS, PFOS, PFOA, and PFHxA, selected based upon co-occurrence patterns 
and the inclusion of both short-chain (PFHxA) and long-chain (PFOA and PFOS) 
substances, to cover differing chemical properties and potential toxicological 
responses. HepG2 liver cells were exposed to equimolar PFAS mixtures, and 
secreted EVs were isolated from conditioned media and characterized for count 
and molecular content. Results provide evidence that exposure to PFAS mixtures 
induces concentration-dependent release of EVs carrying miRNAs that are differ-
entially loaded by exposure. These altered miRNA signatures were predicted to 
target mRNA pathways involved in hepatic fibrosis and cancer. Concentrations of 
PFOS, PFOA, and PFHxA were also measured via high resolution mass spectrome-
try, where concentrations were found to be similar across parent HepG2 cells and 
emitted EVs after normalizing for protein content. These results provide evidence 
that extracellular vesicles induced by PFAS mixture exposure could represent a new 
mechanism of toxicity.

 4518 Cytotoxic and Molecular Effects of Soil Extracts from the 
Agbogbloshie Electronic-Waste Site on the Rainbow Trout 
RTgill-W1 and Human Caco-2 Cell Lines

K. Mittal1, K. Xu1, J. Zheng1, S. Bayen1, J. Fobil2, and N. Basu1. 1McGill University, Sainte-
Anne-de-Bellevue, QC, Canada; and 2University of Ghana, Accra, Ghana.

Electronic-waste (E-waste) sites are notoriously contaminated with complex 
chemical mixtures thus challenging environmental monitoring, management, and 
remediation activities. Additionally, there is increasing awareness that traditional 
whole animal-based toxicity tests are resource-intensive, expensive and unethi-
cal. Given that E-waste sites are typically situated in low- and middle-income 
countries that tend to be poorly resourced, there is a need to develop more efficient 
techniques for application in such settings. The objectives of the current study were 
to: A) characterize cytotoxic effects of soil extracts on the rainbow trout RTgill-W1 
and the human Caco-2 cell lines; B) measure gene expression changes in both cell 
lines and calculate transcriptomic points of departure (tPODs); and C) compare the 
cytotoxicity and molecular results across both cell lines to determine if the tPODs 
are protective of the in vitro LC50 values. Extracts were prepared from 35 soil 
samples collected at the Agbogbloshie E-waste site (Accra, Ghana). Samples were 
classified as upstream (6), downstream (2), community (3), trade site (8), dump site 
(13), and burn site (3). The RTgill-W1 and Caco-2 cells were exposed in triplicate 
to concentrations equivalent to 9.38, 4.69, 2.34, 1.17, 0.59, and 0.29 mg dry weight 

of extract (eQsed)/ml. Cytotoxicity was determined using the Alamar Blue assay. 
Many of the samples from the various site types caused a decrease in RTgill-W1 
cell viability % at 9.38 eQsed/ml. For example, obvious cytotoxicity was measured 
in two upstream and two community samples (6.9 - 66%), five dump site samples 
(5.2 - 31.4%), and the eight trade site samples (2.2 - 53%). The most cytotoxic 
site to the RTgill-W1 cells was trade site #8 with an LC50 value of 0.5 eQsed/ml. 
Preliminary results from the first exposure to the Caco-2 cell line showed that it 
was less sensitive to the extracts with most sites causing little to no decrease in 
cell viability; For example, only trade site #8 decreased cell viability by 45% (though 
this was deemed to be the most cytotoxic sample for both the cell lines). Studies 
on molecular responses are underway. Differential gene expression upon exposure 
to these extracts will be measured by ultraplex RNA sequencing technology, from 
which tPODs will be determined for each site. This work is expected to support 
ongoing efforts in establishing the use of efficient alternative testing strategies 
with a focus on developing methods for environmental monitoring and remediation 
activities in contaminated sites at under-resourced locations.

 4519 Effects of Polyethylene Microplastics and Salmonella enterica 
Typhimurium Co-exposure in Ceca of Broiler Chickens

C. Chatman, D. Dittoe, L. Wythe, S. Ricke, and E. Majumder. University of Wisconsin–
Madison, Madison, WI.

Microplastics (MPs) are plastic fragments less than 5 mm in diameter that have 
been implicated in intestinal toxicity, altered metabolites, and other adverse 
health outcomes following exposure. In recent years, MPs have increasingly been 
found in locations where there could be an interaction with pathogens such as 
Salmonella enterica Typhimurium. Microorganisms like Salmonella can colonize 
MPs to affect the surrounding environment. Current research has not focused 
on microbe-MPs co-exposures. This study aimed to elucidate the interaction of 
polyethylene MPs and S. Typhimurium and how this co-exposure alters the cecal 
microbiome of broiler chickens. We focused on polyethylene MPs which is one 
of the most abundant plastics found in the environment and in food packaging 
materials. We assessed two common forms of polyethylene: powder and fiber. 
For this study, we utilized chicken cecal mesocosms (n=60) for a 24 h co-expo-
sure. 16S community sequencing results indicate that polyethylene fiber treatment 
groups with and without S. Typhimurium had greater changes to cecal taxonomic 
composition following a 24-hour exposure. However, changes in the total metabo-
lome were primarily driven by the presence of S. Typhimurium. Further experiments 
will be needed with this in vitro cecal microbiome model to indicate if and how a 
high concentration of polyethylene microplastics and S. Typhimurium will lead to 
phenotypes for gastrointestinal disorders. This will give insight into human health 
implications from consumption of or interaction with chicken contaminated with 
this co-exposure.

 4520 Corteva Agriscience Approach to Animal Use Metrics: 
Identifying Opportunities to Reduce Animal Testing by 
Understanding Where We Were, Are, and Want to Be

J. E. Henriquez1, P. Garcia2, K. Hopkins3, M. Merrell1, L. Murphy1, and S. Gehen1. 
1Corteva Agriscience, Zionsville, IN; 2Corteva Agriscience, Oxfordshire, United Kingdom; 
and 3Corteva Agriscience, Newark, DE.

Pesticidal active ingredients are one of the most heavily regulated and toxicolog-
ically evaluated types of molecules on the market. Pesticides must be evaluated 
for mammalian acute to chronic toxicity, carcinogenicity, and reproductive 
toxicity across rodent and non-rodent species as a surrogate for humans and wild 
mammals. Additionally, non-mammalian vertebrate organisms (fish, amphibians 
and birds), are evaluated for toxicity to support environmental safety assessment. 
Likewise, genetically modified crops may contain proteins which increase yield 
or have other attributes but originate from other organisms. These proteins must 
also be evaluated for potential toxicity in mammal and non-mammalian species. 
Traditionally, these toxicological evaluations of mammalian and non-target species 
for the purposes of human health and environmental assessment are performed 
in vivo. Consequently, the evaluation of new pesticidal active ingredients and new 
transgenic events are very animal intensive. An estimated 8-9K animals are used 
in the toxicity evaluation for human health risk assessment alone for one new 
pesticidal active ingredient. Further, while the agrochemical sector has embraced 
new approach methodologies (NAMs) to reduce animal testing, registrants are 
simultaneously faced with updated test guidelines and new data requirements can 
further increase the animal testing burden. At Corteva Agriscience, we are commit-
ted to tracking our animal use for the purposes of identifying opportunities to 
replace, reduce, and refine animal testing wherever possible. This poster provides 
an overview to the approach Corteva Agriscience has used for 1) determining the 
average number of animals for use in a typical data package and 2) benchmarking 
our animal use for the testing programs for our five most recent active ingredi-
ents and four recent genomic events (GMO Crops). Finally, this poster provides 
our prospective and iterative approach to the evaluation of animal reduction with 
the growing inclusion of NAMs as integral to regulatory submissions in the future.
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 4521 Zebrafish as a Predictive Tool for Toxicological Screening of 
Discovery Crop Protection Compounds

P. Mundy1, E. Bianchi1, M. Bondesson2, B. Bhattacharya2, and J. LaRocca1. 1Corteva 
Agriscience, Indianapolis, IN; and 2Indiana University, Bloomington, IN.

The successful registration of an agrichemical includes extensive toxicological 
testing on mammals including but not limited to developmental and reproductive 
(DART) and endocrine disruption evaluation. To reduce the number of mammals 
used in testing, we embrace new approach methodologies (NAMs) for the predic-
tive testing of discovery molecules in in vitro and in vivo models. Zebrafish are 
a particularly useful tool for toxicological screens considering their fast genera-
tion time, high fecundity, translucent development, and characterized genome. We 
leverage the medium-to-high throughput capabilities of zebrafish to reduce the 
number of mammalian testing performed. Here we give an overview of testing 
strategies developed. To investigate the mechanism by which thyroid disruption 
occurs upon exposure, we have designed an assay using biomarker quantification 
from zebrafish tissue. A suite of compounds with known modes of action such as 
potassium perchlorate (sodium iodide symporter inhibitor), propylthiouracil (thyroid 
peroxidase and deiodinase inhibitor), and N-phenylthiourea (thyroid peroxidase 
inhibitor) were found to induce a several-fold increase in transcript expression of 
the appropriate biomarkers. To predict teratogenicity resulting from developmental 
exposure, we use a transgenic bone reporter line (SAGFF(LF)53a, or bone:egfp) in a 
medium-to-high throughput manner via fluorescence microscopy. We conclude that 
the use of zebrafish embryos provides a valuable platform for the prioritization and 
design for novel compound development.

 4522 Mancozeb Exposure Causes Bioaccumulation of Copper in the 
Renal Cortex of Rats Leading to Oxidative Tubular Injury

M. Akhtar, and L. D. Trombetta. St. John’s University, Jamaica, NY.

Mancozeb, an ethylenebisdithiocarbamate, is a well-known broad-spectrum contact 
fungicide. In the United States, an estimated 7-8 million pounds of Mancozeb 
active ingredient is applied on agricultural lands every year. Mancozeb is metabo-
lized to ethylene thiourea (ETU), one of the major metabolites excreted in rat and 
human urine. Urinary ETU concentration has been considered as a well-estab-
lished biomarker of Mancozeb occupational, dietary, or environmental exposure 
in humans. Mancozeb is a dithiocarbamate, and dithiocarbamates have been 
known to form organometallic complexes by selectively and strongly binding to 
most transition heavy metals including cadmium, copper, manganese, nickel, etc. 
In consideration of this, the aim of this study was to evaluate whether Mancozeb 
exposure causes mobilization and bioaccumulation of essential trace metals, 
such as copper, iron, manganese, and zinc, in the kidneys of male and female rats. 
Age-matched male and female Long-Evans rats were exposed to 0, 50, or 100 
mg/kg/day of Mancozeb for 28 days via oral gavage. At the end of the exposure, 
renal cortices were collected at necropsy, processed, and quantified for essential 
metals using inductively coupled plasma optical emission spectroscopy (ICP-OES). 
Additionally, formalin-fixed paraffin embedded (FFPE) whole kidneys from the 
high-dose group (100 mg/kg/day) were processed for renal histological staining 
of copper deposits and copper-associated proteins as well as immunohistochem-
istry evaluation of 4-hydroxynonenal (4-HNE), kidney injury molecule-1 (KIM-1), and 
neutrophil gelatinase-associated lipocalin (NGAL). A dose-dependent significant 
increase of 469% and 630% was observed in the copper level in the renal cortex 
of 50 and 100 mg/kg/day Mancozeb-treated male rats, respectively, relative to 
vehicle control. In female rats, a dose-dependent trend was observed with a signif-
icant accumulation (625%) of copper in the 100 mg/kg/day Mancozeb dose group 
relative to vehicle control. Furthermore, the zinc concentration was significantly 
reduced (26%) in the renal cortex of both low- and high-dose Mancozeb-treated 
male rats; whereas, there were no significant differences in zinc levels observed in 
females or iron and manganese levels in either males or females. In the 100 mg/kg/
day Mancozeb dose group, histological staining of copper deposits demonstrated 
ubiquitous bioaccumulation of brick-red copper granules within the cytoplasm of 
the proximal and distal convoluted tubules in both males and females, while there 
was no visual deposition of copper granules within the glomeruli. In addition, a 
dramatic increase was observed in the cytoplasmic orcein-positive copper-asso-
ciated protein level in the renal proximal and convoluted tubules of the kidneys in 
both males and females. Immunohistochemistry revealed that copper accumu-
lation was accompanied by oxidative damage as indicated by increased 4-HNE 
adduct detection in the brush border of the proximal tubules and cytoplasm of the 
distal convoluted tubules in both males and females when compared to the respec-
tive vehicle controls. Moreover, there was increased immunoreactivity of KIM-1 in 
the proximal tubules and NGAL in the tubular cells of both males and females when 
compared to vehicle controls. These results suggest that exposure to Mancozeb 
causes copper accumulation in the kidney, leading to potential renal injury via 
oxidative stress. Further investigation is warranted to elucidate the mechanism of 
potential renal toxicity of Mancozeb.

 4523 Mancozeb Exposure Results in Mitochondrial Disruption and 
Oxidative Stress in HT-29 Human Colon Cancer Cells

D. Hardej, and A. Dhaneshwar. St John’s University, Queens, NY.

The ethylene bisdithiocarbamate pesticides, a subclass of the dithiocarbamate 
pesticides, are mainly used in agriculture as fungicides on a variety of crops. 
Mancozeb (MZ) is a member of the ethylene bisdithiocarbamate pesticides and is 
comprised of an ethylene bisdithiocarbamate backbone complexed to the metals 
manganese and zinc. Ingestion of food containing pesticide residue and occupa-
tional exposure are common routes of Mancozeb exposure. Previous studies in the 
literature have established Mancozeb as a mitochondrial toxicant. Previous work in 
our laboratory has demonstrated the mitochondrial toxicity of Mancozeb through 
the decreased activities of mitochondrial complex enzymes (I-V). The current work 
further demonstrates that Mancozeb is a mitochondrial toxicant through changes 
in mitochondrial morphology and activity. Transmission electron micrographs 
of HT-29 human colon cancer cells exposed to 100 µM MZ for 24 hours showed 
mitochondria were grossly swollen with loss of cristae. Loss of mitochondrial 
membrane potential, measured with use of a fluorescent mitochondrial potential 
dye (Sigma-Aldrich), further confirmed mitochondrial disruption. Treatment with 
60 µM, 100 µM, and 140 µM MZ for 24 hours resulted in significant decreases in 
mitochondrial membrane potential. This study also investigated the mechanism 
of Mancozeb induced mitochondrial toxicity through the measurement of various 
oxidative stress parameters such as cellular reactive oxygen species, mitochon-
drial superoxide, superoxide dismutase 2 protein levels, and total antioxidant 
capacity. Fluorescent dyes, CellROX® Orange Reagent (ThermoFisher Scientific) 
and MitoROS 580 dye (Abcam) respectively, were utilized to measure cellular 
reactive oxygen species and mitochondrial superoxide. Both parameters were 
significantly increased after cells were treated with 100 µM and 140 µM MZ for 24 
hours. Superoxide dismutase 2 protein levels were significantly increased in cells 
treated with 100 µM and 140 µM MZ for 24 hours. Furthermore, treatment with 100 
µM and 140 µM MZ for 24 hours resulted in significant decreases in total antioxi-
dant capacity. Current data indicates that oxidative stress contributes to Mancozeb 
induced mitochondrial toxicity in HT-29 cells.

 4524 Exposure to Dithiocarbamate Fungicide Ziram Results in Hepatic 
and Renal Toxicity in Long-Evans Rats

J. Chen, M. Akhtar, and D. Hardej. St John’s University, Queens, NY.

Ziram (ZM) and sodium dimethyldithiocarbamate (Na-DMDTC) are fungicides 
of the dimethyldithiocarbamate (DMDTC) subclass of dithiocarbamate (DTC) 
pesticides. Both compounds are complexed to a metal, with ZM complexed to zinc 
(Zn) and Na-DMDTC complexed to sodium. The widespread use of these fungicides 
is attributed to their good foliar protection, short environmental persistence and 
presumed low acute toxicity in humans. However, concerns have been raised 
because dithiocarbamates are a group of highly reactive compounds and there 
has been evidence of numerous toxic effects. Previous work has suggested that 
the mechanism of action of these compounds involves the production of oxidative 
stress, metal-induced toxicity, and toxicity attributed to the organic backbone. In 
the present study, Long-Evans rats were treated orally with 50% (v/v) PEG 400, 100 
mg/kg ZM, 94 mg/kg Na-DMDTC, or 45 mg/kg ZnCl2 daily, for 6 weeks. This study 
investigated the metal homeostasis altering effects of ZM, and the downstream 
effects of this disturbance on the glutathione defense system along with potential 
physiological dysfunctions of the kidney and liver of rats. This study also sought 
to determine if effects produced were due to the intrinsic property of ZM, its 
chemical structure or metal moiety. Metal analysis conducted using Inductively 
Coupled Plasma Optical Emission Spectroscopy (ICP-OES) demonstrated signif-
icant increases in copper and zinc levels in the liver of animals treated with ZM. 
Significant increases in zinc levels were also seen in the kidney of animals treated 
with ZM. In addition, animals treated with ZM exhibited significant increases in total 
glutathione (GSH) levels in the liver and significant increases in GSH/GSSG ratio in 
the kidneys. Histopathological examination of liver and kidney sections indicated 
the presence of infiltrates in the liver of animals treated with ZM only, whereas 
protein aggregates, sloughing of tubular cells and increased KIM-1 positive cells 
were seen in the kidneys of animals treated with ZM and Na-DMDTC. These 
findings suggest that the overall toxicological effect of ZM is mediated by an intrin-
sic property rather than to the DMDTC backbone or metal moiety alone.

 4525 Neurotoxic Phospho-Proteomic Analysis of Manganese-
Containing Dithiocarbamate in PC12 Cells

S. Cheng. John Jay College of Criminal Justice, New York, NY.

Association between manganese overexposure and various neurological disorders 
such as Parkinson’s disease has been suggested. Mancozeb is a manganese-con-
taining dithiocarbamate fungicide used to control various crop diseases such as 
the infamous potato blight. However, recent studies have linked these fungicides 
to neurodegenerative diseases such as Parkinson’s and have raised major 
toxicological concerns. Studies showed that mancozeb can potentiate parkinso-
nian toxicant MPP+ toxicity in PC12 cells. In order to reveal the comprehensive 
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toxicity profile of mancozeb,this study used a quantitative high throughput protein 
array with 167 antibodies to reveal neurotoxic protein phosphorylation profiles in 
PC12 cells treated with various concentrations of mancozeb for 24 hours. The 
proteomic results showed some protein phosphorylation status was upregulated, 
such Dab1 (70% increase), CaMK2 (60% increase), Gab2 (52% increase), PP2A 
alpha (62% increase), Presenilin 1/2 (60% increase), Synapsin1 (42% increase), and 
TrkB (78% increase) when PC12 cells were treated with mancozeb 50 uM for 24 
hours. Some protein phosphorylation status was downregulated, such as NMDA 
R1 (40% decrease). Interestingly, around 90% of the tested protein expressions 
were increased after 24 hours of 50 uM mancozeb incubation, such as Ataxin 1 
(46% increase), nNOS (62% increase), Parkin 1 (87% increase), Synapsin1 (92% 
increase), and alpha synuclein (42% increase). This study provides a clearer picture 
of mancozeb effect on PC12 cells. The validation experiment will be conducted to 
confirm the changes triggered by mancozeb in PC12 cells.

 4526 Development and Validation of an Analytical Method for 
Quantitation of Chlorpyrifos in Rat Plasma and Heart by Liquid 
Chromatography-Tandem Mass Spectrometry (LC-MS/MS)

B. L. Fletcher1, M. A. Silinski1, R. A. Fernando1, and S. Waidyanatha2. 1RTI International, 
Research Triangle Park, NC; and 2NIEHS, Research Triangle Park, NC.

Chlorpyrifos is an organophosphate pesticide that has been widely used for 
decades for both agricultural and household applications; thus, there is potential for 
human exposure. The Division of Translational Toxicology is conducting short-term 
toxicity studies to evaluate cardiotoxicity following oral exposure of Hsd:Sprague 
Dawley®SD® (HSD) rats to chlorpyrifos. Generating systemic exposure data is 
integral to putting toxicological findings into context. However, there are limited 
efficient and sensitive methods in the literature to quantitate chlorpyrifos. The 
objective of this work was to develop and validate a simple LC-MS/MS method to 
quantitate chlorpyrifos in rat plasma and tissues. Matrix calibration standards were 
prepared by fortifying 50 μL of rat plasma with 10 μL of chlorpyrifos in methanol 
and 10 μL of internal standard solution (chlorpyrifos-d10). Samples were extracted 
by protein precipitation with 400 μL of acetonitrile and analyzed by LC-MS/MS in 
positive ion mode. The method was successfully validated in male Sprague Dawley 
rat plasma over the concentration range 5 to 1000 ng/mL. Calibration curves were 
linear (r ≥ 0.99), and accuracy, determined as percent relative error (%RE), was ≤ 
±9.9% for standards at all levels. The limit of detection was 1.14 ng/mL. Recovery 
was ≥ 88% at all concentration levels. Intra- and inter-day precision, determined 
as % relative standard deviation (RSD), was ≤ 6.4% and %RE was ≤ ±5.3% for 
quality control standards prepared at 10, 50, and 500 ng/mL. The method was 
evaluated for HSD rat plasma and heart homogenate (ratio of 1:2 heart:water); 
%RE values were ≤ ±8.7% and %RSD ≤ 8.5%. Analyte stability in extracted plasma 
was demonstrated for 4 days at ambient and refrigerated temperatures, as well as 
in plasma and heart homogenate stored at -80°C for up to 60 days (84.3-96.5% of 
day 0 concentrations). These data demonstrate that the method is suitable for the 
quantitation of chlorpyrifos in rat matrices. The method can be easily adapted to 
other species and matrices.

 4527 The Herbicide Acetochlor Increases Lipid Peroxidation by 
Inhibition of Glutathione Peroxidase

M. Bondesson, F. Masmar, M. Muhsen, J. Tourigny, and J. Tennessen. Indiana University 
Bloomington, Bloomington, IN.

Obesity is increasing worldwide, and particularly in rural communities, where there 
is a higher risk for exposure to pesticides. Acetochlor is a widely used herbicide 
that prevents weeds in corn and soy fields. It is a member of a class of herbicides 
known as chloroacetanilides, also including metolachlor. We investigated 
whether acetochlor and metolachlor enhance adipocyte differentiation and lipid 
droplet formation in vitro in the mouse 3T3L1 preadipocyte cell line and found 
that exposure to both these herbicides induced adipogenesis. The most potent 
compound, acetochlor, was selected for further studies in zebrafish. Acetochlor 
exposure caused morphological malformations and lethality in zebrafish larvae 
with an EC50s of 7.8 µM and an LC50 of 12 µM. Acetochlor exposure also resulted 
in lipid accumulation inzebrafish larvae when simultaneously fed a high choles-
terol diet. Transcriptomics and lipidomics in zebrafish were performed to decipher 
the molecular mechanisms of action of acetochlor. The omics results combined 
suggested that acetochlor exposure results in an increased Nrf2 activity in response 
to reactive oxygen species, as well as in induced ferroptosis and lipid peroxidation. 
We further discovered that acetochlor structurally shares a chloroacetamide group 
with known inhibitors of glutathione peroxidase 4 (GPx4). Consequently, glutathi-
one peroxidase activity was efficiently repressed in acetochlor-exposed zebrafish 
larvae. Protein modeling suggested that a covalent bond is formed between the 
chloroacetamide group in acetochlor and the enzymatic site in GPx4. We propose 
that acetochlor disrupts lipid homeostasis by inhibiting GPx4, resulting in excessive 
lipid peroxidation, and accumulation of hydrogen peroxide in the cells, which in turn 
induces de novo synthesis of NRF2. Because metolachlor, among other acetan-
ilide herbicides, also contains the chloroacetamide group, inhibition of glutathi-
one peroxidase activity may represent a novel common molecular initiating event 
of obesogens.

 4528 Are Herbicides Toxic for Humans? Artificial Intelligence 
Answers This Question

N. Stojkov Mimic1, T. Krsmanovic1, K. Jankovic1, G. Apic1, and R. Russel2. 1Metisox, 
Cambridge, United Kingdom; and 2Heidelberg University, Heidelberg, Germany.

Glyphosate is a systemic, broad-spectrum and post-emergent herbicide, used to 
control weeds and other non-desirable vegetation that have grown above ground. 
The use of glyphosate has grown over the years, but so far glyphosate’s safety and 
health consequences are controversial. Glyphosate is not an isolated case; there 
are a lot of herbicides and other pesticides with unrevealed potential toxic effects. 
Atrazine, on the other hand, is a widely used herbicide with well-known toxic effects 
on endocrine and nervous system and an increased risk of developing cancer. The 
aim of this study was to predict potential toxicities of glyphosate and atrazine to 
humans. In order to do this, we collected data on pesticides and their interactions 
with proteins and known toxicities within 18 different species, including humans, 
from the public domain and proprietary company datasets. We generated comput-
able networks of interacting pesticides, genes, proteins, pathways and biological 
effects that allowed us to predict pesticide effects on organisms. To validate our 
approach, we chose two herbicides: glyphosate - with controversial toxic effects 
and atrazine - with well-known toxic effects on humans. Our knowledge base identi-
fied several diseases and potential toxicities associated with these herbicides: 
Non-Hodgkin lymphoma, acute pancreatitis, erythema multiforme and fibrosar-
coma for glyphosate; and hypothalamic dysfunction, gonadal dysgenesis, hermaph-
roditism, and prostatitis for atrazine. The analysis tool within our computational tool 
showed that glyphosate is indirectly involved in: cellular lipid metabolic process, 
regulation of steroid biosynthetic process, response to peptide hormones and 
regulation of neuronal synaptic plasticity. Atrazine is indirectly involved in estrogen 
and progesterone receptor signaling pathways, steroid biosynthetic process, bile 
acid biosynthetic process and male gonad development that corresponds to known 
toxicity of atrazine and mechanism of action. The tool for identifying interaction 
partners gave us a list of the molecules that interact with glyphosate or atrazine. 
The analysis of chemicals together with their target molecules identified involve-
ment of glyphosate in erythema multiforme, conjunctivitis, renal failure, multiple 
myeloma and Parkinson’s disease; and involvement of atrazine in arthritis, coronary 
heart disease and dysplasia that correspond to literature findings that indicate 
glyphosate/atrazine influence disease incidence. At tissue and organ level, toxici-
ties identified by this analysis were at immune system level (immunotoxicity) and 
at male reproductive system level (spermatid degeneration and spermatid toxici-
ties cluster) for glyphosate; and at nervous system level (brain cortex toxicity 
and CNS inflammation) and reproductive system level (mammary gland toxicity, 
ovary carcinoma, ovary degeneration and prostate hyperplasia) for atrazine, that 
correspond to literature findings that indicate glyphosate/atrazine potential toxici-
ties. Additionally, our tool can be used to generate a network of interactions to 
potentially identify the mechanism of action of the pesticide in certain toxicity. 
For example, ovary degeneration network identifies aromatase (CYP19A1) as 
important molecule involved in atrazine mediated ovary degeneration, a finding 
that is also confirmed by literature search. By these examples, we showed how our 
computational tool can contribute to a quick chemical toxicological assessment. 
By using artificial intelligence we can quickly detect toxicities that are associated 
with pesticides, and even give an overview of the potential mechanisms of action.

 4529 The Influence of the Neonicotinoid Pesticide Imidacloprid on 
Learning and Memory in CD-1 Mice

C. Lee, and M. Mahoney. University of Illinois at Urbana-Champaign, Urbana, IL. Sponsor: 
J. Flaws.

Neonicotinoid pesticides are heavily used in agriculture and to combat household 
pests, which has led to widespread environmental contamination and human 
exposure. Modeled after nicotine, they have a high affinity for invertebrate nicotinic 
acetylcholine receptors (nAchRs) and a comparatively low affinity for mammalian 
ones, and thus are marketed as safe for human and pet exposure. However, in 
mammals they cause oxidative stress in numerous tissues, and can still partially 
activate mammalian nAchRs. Further, relatively little is known about their 
behavioral effects, particularly those mediated by nAchRs. Activation of nAchRs 
influences behavioral and cognitive processes, including learning and memory, 
anxiety, locomotion, and attention, all of which are disrupted by nicotine. This study 
examined behavioral effects of imidacloprid (IMI) exposure, with the hypothesis 
that it affects cognitive behaviors. Adult male and female CD1 mice were orally 
exposed for 28 days to either 0.5 mg IMI/kg body weight/day, 5.7 mg IMI/kg body 
weight /day, or the vehicle (either 33% DMSO or corn oil with 2% DMSO). During the 
dosing period mice were tested weekly on two memory tasks: rewarded alterna-
tion on a T-maze (procedural memory task) and spontaneous alternation on a 
Y-maze (working memory task). Following 28 days of dosing the hippocampus 
was collected and analyzed for the expression of the α4β2 nAchR, which strongly 
influences learning and memory. For both sexes, both IMI dosages impaired perfor-
mance on the T-maze within the first 8 days of dosing, but not at later time points, 
and no significant differences were observed on the Y-maze. Additionally, α4β2 
was reduced in male IMI groups compared to controls, which likely reduces a 
neuron’s responsiveness to IMI and, as an unintended consequence, its respon-
siveness to endogenous ligands. Thus, IMI exposure acutely impairs performance 
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on a procedural memory task, but long-term exposure does not, and IMI does not 
influence performance on a working memory task. Procedural memory is a form 
of long-term memory whereas working memory is short term, suggesting that IMI 
exposure influences long term, but not short term memory consolidation. Future 
work will examine the effect of IMI on anxiety behaviors and quantify the hippocam-
pal expression of the α7 nAchR, which also strongly affects learning and memory. 
This is one of the first studies to demonstrate that a neonicotinoid can alter both 
behavior and nAchRs, and provides a critical early step in the study of neonicoti-
noids’ effects on learning and memory in mammals.

 4530 Pulmonary Toxicity of Neonicotinoid Pesticides

L. W. Rasmussen, M. Mazur, and S. V. Raju. University of Alabama at Birmingham, 
Birmingham, AL. Sponsor: S. V. Raju, American Physiological Society.

Pesticides containing neonicotinoids (NNs) are widely used in both agricultural 
and residential settings. NNs are nicotine analogs developed as potent pesticides 
based on their higher binding affinity to nicotinic acetylcholine receptors (nAChRs) 
in insects over mammals rendering them safer to humans compared to organo-
phosphates. However, emerging data is challenging the perceived safety of NN due 
to increased human disorders and ecological disasters. Based on the epidemiologic 
link between the increased burden of respiratory disease and exposure to NNs in US 
agriculture workers (independent of other known risk factors such as smoking), we 
chose to investigate the pulmonary toxicity of these compounds. Here, we tested 
the impact of various NNs on the physiologic properties of airway epithelial cells, 
including barrier function, epithelial anion transport, and mucociliary clearance, the 
primary defense of lungs against inhaled irritants and pathogens in humans. Based 
on the physiologic significance of these protective airway functions, as observed 
in patients suffering from various respiratory illnesses such as cystic fibrosis (CF), 
chronic obtrusive pulmonary disease (COPD), and pneumonia, we specifically tested 
the impact of NN exposure in laboratory models. Primary human bronchial epithe-
lial (HBE) cells expressing wild-type CFTR were grown at an air-liquid interface to 
obtain fully differentiated monolayers. These cells were exposed to common NNs 
such as acetamiprid, clothianidin, dinotefuran, imidacloprid, and thiamethoxam at 
the reported blood concentrations of 100nM to 1000nM in basolateral media. After 
exposure to NNs for 24 hours, no apparent difference in transepithelial electrical 
resistance (TEER), an indicator of epithelial barrier integrity, was observed, suggest-
ing no acute effects on cell viability. However, all five NNs at each concentration 
significantly decreased CFTR-mediated ion transport function by 20- 60% of vehicle-
treated cells, as assessed by Ussing chamber electrophysiologic assay. Of the five 
NNs, clothianidin was selected for further study due to its widespread use and 
potent inhibitory effects on CFTR at the lowest concentrations tested. Daily applica-
tion of clothianidin (100nM) for 5 days to primary HBE cells expressing both CFTR 
and epithelial sodium channel (ENaC), which together regulate mucosal defenses in 
the lung. Sub-chronic exposure revealed a significant reduction in both CFTR (-41%) 
and ENaC (-35%)-mediated ion transport. Next, micro-optical coherence tomogra-
phy (μOCT) imaging of similarly treated cells found clothianidin exposure to signifi-
cantly increased mucus viscosity by 57%, suggesting negative impacts on mucocili-
ary defense. Overall, our data demonstrate that NNs impair physiologic functions of 
airway epithelium and provide new insights into the increased respiratory disease 
among agricultural workers exposed to NNs. These findings support further evalua-
tion of pulmonary toxicity of NNs in animal models to accurately quantify the risk to 
human health and inform improved regulation of these pesticides.

 4531 Neural Exposome Converges on Aging Signaling to Drive Post-
acute Neurologic and Cognitive Sequelae of COVID-19

X. Tian, H. Zhang, A. Trupp, M. Grames, K. Keys, J. Long, Y. Wang, A. Yurochko, and 
X. Lu. Louisiana State University Health Sciences Center Shreveport, Shreveport, LA.

The dramatic heterogeneity of the clinical outcomes of COVID-19, including highly 
prevalent long-lasting neurological and neurocognitive deficits in post-acute 
sequelae of COVID-19 (PASC or long-COVID), highlights the dire need to understand 
the pathogenic role of noninheritable environmental factors or the neural exposome 
in mediating virus and host interaction to initiate and propagate chronic neuronal 
dysfunction with the possibility of progressing to cognitive decline and neurode-
generative conditions. Our work and others have provided mechanistic insights to 
link environmental toxicant exposure to long-lasting neurologic sequelae of virus 
infection. We have recently identified a strong association of the accumulative 
COVID-19 death per capita by the parish with agriculture herbicide use in Louisiana. 
Our autopsy study in human COVID-19 patients identified a significant increase in 
genotoxic stress (telomere attrition and increased DNA damage response (DDR) 
pathway). These findings are consistent with our previous findings that persistent 
genotoxic stress is a prominent feature in aged human brains, Parkinson’s disease 
(PD), and Huntington’s disease (HD). Persistent genotoxic stress can trigger an 
overzealous DDR signaling cascade orchestrated by Ataxia-telangiectasia mutated 
(ATM), dictating the fate of cells into cell cycle arrest or senescence. To examine 
the hypothesis in vivo, we have successfully developed a human ACE2 Bacterial 
artificial Chromosome (BAC) transgenic mouse model with full-length human ACE2 
regulatory regions that faithfully recapitulated the structure, tissue distribution, and 
gene regulation of the human gene. Furthermore, to facilitate the analysis of PASC 

in an ABSL-2 facility, we developed a strategy to model the acute or senescence 
induction phase of SARS-CoV-2 infection that recapitulates the signature cytokine 
storm and acute respiratory distress syndrome (ARDS). Known cell senescence-in-
ducers: Doxorubicin or Bleomycin, and environmental genotoxic agents (e.g., 
Parkinson’s disease (PD)-associated herbicide, Paraquat) exerted strong genotoxic 
stress to facilitate the virus infection, which can be blocked by an ATM inhibitor. 
Importantly, Paraquat treatment synergistically increased virus-induced DDR/
cell senescence and acute cytokine phenotypes in our long COVID animal model 
and suggested that environmental toxicant exposure and virus infection-driven 
systemic inflammation act as a “dualhit” to convergingly elicit brain genotoxic 
stress that precipitates age-dependent development of neurological and neurocog-
nitive sequelae. Exploiting knowledge on environmental exposome in disease 
susceptibility, severity, and the manifestation of neurological and neurocognitive 
PASC will enhance our ability to address the long-term clinical outcome of viral 
infection, as it will shed light on the underlying mechanisms of pathobiology at 
molecular virus-host interfaces.

 4532 In Vitro Hepatic Triculture System to Evaluate Human Relevance 
of Chemical-Induced Thyroid Toxicity.

A. Raza1, K. K. Wolf2, M. Biven3, T. Stone2, S. Kellum1, E. LeCluyse2, J. LaRocca3, 
R. Settivari1, and S. M. Catalano1. 1Conteva Agriscience, Newark, DE; 2LifeNet Health, 
Durham, NC; and 3Conteva Agriscience, Indianapolis, IN.

Many chemicals that induce liver metabolizing enzyme and transporter activity 
cause alterations in thyroid hormone (TH) metabolism. Chronic alterations to TH 
homeostasis may lead to follicular adenomas and carcinoma. After a xenobiotic 
chemical insult (e.g., CAR/PXR activators), there are two major TH metabolism 
pathways in the liver (i.e., deiodination and conjugation (sulfation and glucuroni-
dation)), but the response type and rate may differ among species. Advancements 
in alternative methods have provided more species and population-relevant 
physiological in vitro systems to better evaluate hepatic TH metabolism. In this 
study, the TH metabolism kinetics of six reference compounds were calculated 
and compared among two species (rat and human) to differentiate rodent-spe-
cific and human-relevant mode of action. A triculture system, consisting of primary 
hepatocytes (human and Sprague Dawley rat), endothelial cells and stromal cells, 
was used to evaluate chemical-mediated perturbations in TH (T3, T4), metabolism 
(T4G, T4S) and species sensitivity. The model’s physiological functionality was 
assessed using urea, albumin, and cyp and ugt induction over 10 days of culture. 
Disruption of T4 metabolism in the triculture system was assessed using reference 
compounds (Phenobarbital (PB), Rifampicin (RIF), Pregnenolone 16α-carbonitrile 
(PCN) and Polychlorinated biphenyl 153 (PCB153)), at non-toxic concentrations, 
in two species (Sprague Dawley rat and human). After 7 daily doses of reference 
compounds, cultures were exposed to a physiologically relevant level of thyrox-
ine (0.05 µM rat, 0.1 µM human), incubated for 0, 4, 8, 12 and 24 hours, and the 
rate of T4 clearance and metabolite concentration (T4G, T4S, T3) were analyzed in 
media using LC-MS/MS. The rate of T4 depletion was used to compare compound 
intrinsic clearance in different species. Furthermore, the in vitro clearance data 
were used to extrapolate in vivo hepatic T4 qualitative metabolism. Results showed 
that the model exhibits stable urea, albumin, and cyp and ugt induction over 10 
days of culture. The level of T4 glucuronidation (T4G) peaked at 24 hours in both 
rat and human culture media, though the level of T4G production in rat was three 
times more than in human. The level of T3 in human was 2-fold greater than rat. 
T4 sulfation (T4S) was not identified in either medium. The rate of T4G production 
increased in rodent tricultures when treated with PCB153 and PCN, which recipro-
cated with increased T4 clearance over 24 hours. Intrinsic clearance (CLint) of T4 in 
the rat model after PCB153 and PCN treatment was calculated at 4.2 and 1.9 µL/
min/106 cells, respectively, and extrapolated to in vivo values of 20.2 and 9.1 mL/
min/kg, respectively. In comparison, human tricultures only showed an increase in 
T4G with PCB153, but T4 clearance exaggeration was seen with both PCB153 and 
RIF over 12-24 hours. The CLint (in vivo) after PCB153 and RIF was calculated at 2.3 
and 3.4 mL/min/kg, respectively. The selective TH metabolism response with PCN 
in rodent and not human, and the RIF selective response in human and not rodent, 
suggest species-specific relevant responses. In conclusion, the mechanism of TH 
perturbations in response to CAR/PXR activators was studied in primary human 
and rat in vitro triculture systems. The in vitro system showed measurable TH 
metabolism responses with some relevant species differences. Further evaluation 
of intercellular T4G, T4S and deiodinase T4 will be useful for a comprehensive TH 
metabolism pathways assessment. Future studies will incorporate multiple donor 
groups of validated species (rat, mice, human) to allow better estimation of TH 
kinetic responses in larger populations, including male to female variances.

 4533 In Vitro Modeling of the Post-ingestion Mobilization and 
Bioaccessibility of Pesticides Sorbed to Soil and House Dust

J. M. Starr1, E. Valentini1, B. Parker2, S. Graham1, and F. Waldron2. 1US EPA, Research 
Triangle Park, NC; and 2US EPA/ORD, Research Triangle Park, NC. Sponsor: C. Lau.

Soils and dusts can act as sinks for semivolatile lipophilic organic compounds 
and children may ingest significant quantities of both soils and dusts. Following 
intake, sorbed chemicals may desorb (mobilize) and become available for intestinal 
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absorption (bioaccessible). For chemicals that are not degraded in the digestive 
tract, mobilization and bioaccessibility are the same. Where mobilized chemicals 
are degraded or lost it can be useful to separate mobilization from bioaccessi-
bility. In this study we used a three-compartment in vitro assay to build digestive 
mobilization and bioaccessibility models for 16 pesticides (log Kow from 2.5 to 6.8) 
sorbed to 32 characterized soils and house dusts. Models were constructed both 
with and without a tenax sink meant to mimic intestinal absorption. We found that 
pesticide mobilization was predicted by pesticide log Kow and the carbon content of 
the soils and dusts. Pesticide loss measurably reduced the bioaccessibility of most 
pesticides, and bioaccessibility was largely predicted by log Kow and pesticide loss 
rate constants. Introduction of the sink increased mobilization by x ̄= 4 ± 6% (soil) 
and x ̄= 9 ± 7% (dust) and bioaccessibility x ̄= 41 ± 21% (soil) and x ̄= 24 ± 12% (dust).

 4534 Development of a Toxicity-Weighted Pesticide Index to 
Assess Cumulative Risk of Pesticides and Associations with 
Sociodemographic Characteristics

A. Temkin1, U. I. Uche1, S. Evans1, K. M. Anderson2, C. Campbell1, and O. V. Naidenko1. 
1Environmental Working Group, Washington, DC; and 2Vanderbilt University, Nashville, 
TN. Sponsor: K. Beins.

Exposure to agricultural pesticides can harm human health and the environ-
ment. Following pesticide application, both farmworkers and local communities 
may be at risk of acute exposure. For the general population, dietary exposure to 
pesticide residues on fruits, vegetables, and grains is the main route of chronic 
pesticide exposure. Epidemiological studies reported associations between 
pesticide exposure adverse health outcomes including neurotoxicity, reproduc-
tive and developmental toxicity, respiratory toxicity, and increased risk of cancer. 
While regulatory risk assessments of pesticides review one pesticide at a time, 
there is a need for methodologies to assess the potential health risks associ-
ated with mixtures of pesticides experienced in real-world scenarios. This study 
developed a comprehensive framework to assess toxicity-weighted pesticide use 
by incorporating data on multiple health effects, including harms to specific organ 
systems, carcinogenicity, and impacts on the developing fetus. The framework 
was applied to a case study of pesticide use in Ventura County, California (USA). 
Pesticide data for years 2016-2018 was combined with sociodemographic data 
to assess potential disparities in pesticide exposure and potential health risks. 
First, a cumulative toxicity index was calculated incorporating multiple toxicity 
endpoints for individual pesticides, the severity and strength of association for 
each endpoint, and the reliability of the data sources used. Next, combining the 
toxicity index for each pesticide with the pounds applied within each square mile 
section in Ventura County, the total toxicity-weighted pesticide use was calculated 
and identified pesticides associated with higher potential risk to health. Overall, 60 
pesticides were linked to cancer, 78 pesticides were associated with neurotoxic-
ity, 44 pesticides were associated with thyroid toxicity, 74 pesticides were associ-
ated with potential endocrine disrupting effects, 85 pesticides were associated 
with developmental and reproductive toxicity, and 39 pesticides were associated 
with respiratory toxicity. The ten pesticides with the highest cumulative toxicity 
index typically had evidence of neurotoxicity at low doses in animal studies and 
many also exhibited thyroid toxicity as well as developmental and reproductive 
toxicity and carcinogenicity. Analysis of U.S. Census data for Ventura County found 
a greater percentage of Hispanic/Latino, African American and Asian community 
members in township sections with a greater volume of pesticides applied and 
higher toxicity-weighted pesticide use. Similarly, areas with limited economic and 
social resources had elevated pesticide application overall and elevated toxici-
ty-weighted pesticide use. The combination of toxicological and demographic 
analyses presented in this study provides information that can support the develop-
ment of policies to protect public health from excessive exposure to pesticides 
and better environmental health protection for socially vulnerable populations. This 
framework can also be applied to other routes of pesticide exposure.

 4535 Persistent Metabolite of DDT, p,p’-DDE Is a Potent Inducer of 
Amyloid Release and Pathology

F. M. Sammoura1, D. Popova2, A. J. Barahona1, I. Mhatre-Winters1, Y. Han1, A. Morris2, 
Y. Jan2, P. Zalamea2, J. Laskin2, R. P. Hart2, and J. R. Richardson1. 1Florida International 
University, Miami, FL; and 2Rutgers, The State University of New Jersey, Piscataway, NJ.

Alzheimer’s disease (AD) is the most common neurodegenerative disease in the 
world; however, little is known of its etiology. We have shown that AD patients 
had significantly higher serum levels of dichlorodiphenyldichloroethylene (DDE), 
the primary metabolite of organochlorine pesticide dichlorodiphenyltrichloroethane 
(DDT). Although there has been a steady decline in environmental DDT levels, 
the persistent metabolite DDE is still ubiquitously detectable, but DDE has long 
been considered non-neurotoxic. Molecular docking simulations with the cryo-EM 
structure of the human voltage-gated sodium channel Nav1.1 indicated that both 
DDT and DDE dock within the channel pore. Acute and chronic exposures of DDT 
and DDE in mouse primary neurons and human induced neurons (hiN) resulted in 
increased action potential frequency with unique burst-like responses. Analysis of 
culture media revealed significantly higher secreted levels of Aβ-40 and Aβ-42 in 
mouse primary neurons and hiN treated with DDT and DDE in a dose-dependent 

manner (50 nM - 1000 nM). Male 5xFAD mice 6 weeks of age were treated with 3 
mg/kg DDT, DDE, or corn oil every 3 days for 90 days by oral gavage. Mice exposed 
to DDT and DDE displayed significant deficits in working memory (50% and 49%, 
respectively) compared to controls (61%) as assessed by Y-Maze. Sequential 
extraction of hippocampal and cortical tissue revealed no significant changes in 
soluble Aβ-40 and Aβ-42. However, in hippocampus homogenates, we detected 
significantly higher levels of Aβ-40 and Aβ-42 in the GuHCl soluble fraction (~30-fold 
and ~100-fold, respectively) of DDE exposed animals, and formic acid soluble 
fractions (~3-fold and ~4-fold, respectively) of both exposure groups. Frontal cortex 
homogenates showed significant increases in Aβ-42 from the formic acid homoge-
nates in both DDT and DDE exposed mice (~0.4 and ~0.6 fold, respectively). These 
findings were confirmed by visualization of amyloid plaques by immunofluorescent 
staining for Aβ-42. DDT and DDE exposed mice had significantly more compact 
plaques (gini co-efficient ~0.4-0.5) compared to controls (~0.1-0.2) in the CA1, 
CA3, and subiculum of the hippocampus as well as layer V of the frontal cortex. 
These effects were accompanied by significant decreases in synaptophysin levels 
in DDT exposed (~10-fold) and DDE exposed (~2-fold) mice. Unbiased stereology 
of Nissl+ neurons indicated that exposure to DDT and DDE significantly decreased 
neuron density in the subiculum (12% and 15%, respectively) and layer V of the 
frontal cortex (12% and 15%, respectively). Neurofilament light chain (NfL) was 
significantly increased in serum of both DDT and DDE-treated mice (80% and 40%, 
respectively). These data indicate that DDE is neurotoxic and that both DDT and 
DDE significantly accelerate and exacerbate AD pathology. Supported in part by 
NIH R01ES026057.

 4536 Hsp70 Regulates ROS-Induced Autophagy in 
Pentachlorophenol-Challenged Cells 

S. Thota1, R. Begum1, N. Bidarimath1, J. Morehouse1, S. Yang1, W. Dorsey2, and 
S. Batra1. 1Southern University and A&M College, Baton Rouge, LA; and 2Grambling State 
University, Grambling, LA.

Pentachlorophenol (PCP) was a widely used organochlorine pesticide and wood 
preservative in the U.S. Due to its carcinogenic activity, the use of PCP was 
restricted by EPA. PCP is easily absorbed through the skin and lungs. Since it is 
an environmental toxicant, chronic exposure leads to severe lung and liver toxicity 
in humans. There are few reports which demonstrate a PCP-mediated increase 
in inflammatory responses using murine and cellular study models. However, the 
molecular mechanisms associated with PCP-induced inflammation are yet to be 
explored in detail. The literature review states that oxidative stress induced by a 
wide variety of stimulants causes protein degradation, DNA damage, and cell death, 
thereby resulting in altered protein homeostasis. Earlier studies also demonstrate 
that increased expression of heat shock protein (Hsp) 70 and oxidative stress 
trigger autophagy which plays a critical role in cellular homeostasis. In this regard, 
ROS has been shown to be sufficient to initiate the autophagy process in cellular 
models. In our preliminary studies we observed a significant increase in the expres-
sion of Hsp70 and Beclin-1 in PCP-challenged human type II alveolar epithelial 
cells (A549) and hepatocarcinoma cells (HepG2). We, therefore, hypothesized that 
Hsp70-Beclin1 interaction regulates ROS- Induced autophagy during PCP exposure. 
In this regard, we cultured and treated A549 and HepG2 cells with 1 and 10 µM 
concentrations of PCP for 24hours. Our results showed increased- a) cytokine/
chemokine (IL1β, IL-6, TNF-α, IL-8, CCL2 and CCL5) production (1.5-3.0 fold); and 
b) expression of inflammatory mediators (NF-κB, STAT3 and p38 MAPK- range 
between 1.5-4.0 fold); autophagy-related proteins (ATG12, ATG16, Beclin1 and 
LC3B -1.5-3.0 fold); NADPH oxidase subunits (p22phox, p47 phox, p67 phox and 
gp91 phox - 1.5-4.0 fold); and antioxidants (MnSOD, Catalase & GPx-2.0-4.0 fold), 
in PCP-challenged A549 and HepG2 cells. Interestingly, pretreatment with N-acetyl 
cysteine (ROS inhibitor) reversed PCP-induced responses. Additionally, an increase 
in the interaction of Hsp70 with Beclin-1 (>3.0 times) was observed during PCP 
exposure in our study models. In brief, our experiments reveal that increase in 
Hsp70 reinforced ROS-mediated autophagy by directly interacting with Beclin-1 
in PCP-challenged lung and liver epithelial cells. Further studies are in progress to 
understand the specific role of posttranslational modifications in Hsp70-mediated 
responses in our study models.

 4537 Differential Effects of Two Organophosphorus (OP) Pesticides 
on Microglia (MC) Viability and Inflammatory Mediator 
Gene Expression

M. H. Yousef, A. Abdelnaser, and H. A. El-Fawal. American University in Cairo, New 
Cairo, Egypt.

The neurotoxicity of OPs is well established, ranging from acute cholinesterase 
inhibition to delayed polyneuropathy. Malathion (MAL) and Chlorpyrifos (CPF) are 
representative of these activities, with CPF shown to induce a central-peripheral 
neuropathy. CPF has been shown to promote oxidative stress and inflammatory 
response in BV-2 microglia, while MAL was reported to elevate inflammatory 
cytokines in rodent brains. The present study compared the effects of MAL (1µM - 
1mM) and CPF (1 - 10µM) on murine SIM-A9 MC. Cytotoxicity of MAL and CPF was 
determined using the MTT viability assay. Nitric oxide production was measured 
using the Griess method, and qPCR was employed to determine variations in the 
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mRNA expression of key inflammatory mediators. CPF was not cytotoxic at any of 
the tested concentrations, whereas MAL was associated with a 70.50% decrease 
in viability at 80 μM (IC50 = 70.99 μM). Neither CPF nor MAL was associated with a 
significant change in NO production compared to LPS-treated MC. Gene expression 
showed that both CPF and MAL, alone, did not induce a change of mRNA levels 
for any of the assayed targets (iNOS, TNF-α, COX-2, IL-1β, and IL-6). However, in 
combination with LPS, CPF significantly enhanced the LPS-induced upregulation of 
iNOS, IL-1β, and IL-6, whereas MAL reduced LPS-induced gene expression. These 
results are consistent with some published reports of differential and opposite 
activities in zebrafish and rodents with these agents. It also suggests that their 
defined neurotoxicity, other than cholinergic, may involve diverse mechanisms of 
action, inclusive of neuroinflammation in the presence of neurodegenerative events.

 4538 Multi-dimensional Screening in Adult and Regenerating 
Planarians Is a Biologically Relevant System to Study 
Neurotoxicity of Organophosphorus Pesticides

D. Ireland1, S. Zhang2, V. Bochenek1, T. Gong1, J. Hsieh3, C. Rabeler1, Z. Meyer1, 
and E. S. Collins1,4. 1Swarthmore College, Swarthmore, PA; 2University of California 
San Diego, La Jolla, CA; 3NIEHS/NTP, Research Triangle Park, NC; and 4University of 
Pennsylvania, Philadelphia, PA.

Epidemiological studies suggest that low dose chronic prenatal and infant 
exposures to organophosphorus pesticides (OPs) can lead to life-long neurological 
damage and behavioral disorders. While inhibition of acetylcholinesterase (AChE) 
is the shared mechanism of acute OP neurotoxicity, OP-induced developmental 
neurotoxicity (DNT) can occur independently and/or in the absence of significant 
AChE inhibition, implying that OPs affect alternative targets. Moreover, different 
OPs can cause different adverse outcomes, suggesting that OPs act through 
various mechanisms. These findings emphasize the importance of comparative 
studies of OP toxicity. Freshwater planarians are invertebrates that uniquely allow 
for automated, rapid and inexpensive testing of adult and developing organisms 
in parallel to differentiate neurotoxicity from DNT. Effects found only in regenerat-
ing planarians would be indicative of DNT, whereas shared effects may represent 
neurotoxicity. The planarian Dugesia japonica is especially well suited to study OP 
toxicity. D. japonica has two cholinesterase enzymes with intermediate proper-
ties between AChE and butyrylcholinesterase that are sensitive to OP inhibition. 
D. japonica can bioactivate chlorpyrifos and diazinon into their respective active 
metabolites at all life stages and has both carboxylesterase and paraoxonase 
activity. Leveraging these unique strengths, the potential differential effects of OPs 
on the adult and developing brain were investigated by performing a comparative 
screen of 7 OPs (acephate, chlorpyrifos, dichlorvos, diazinon, malathion, parathion 
and profenofos) across 10 concentrations in quarter-log steps. Neurotoxicity 
was evaluated using a wide range of quantitative morphological and behavioral 
readouts. AChE activity was measured using an Ellman assay. The toxicological 
profiles of the 7 OPs differed across the OPs and between adult and regenerating 
planarians and were not correlated with levels of AChE inhibition. These results 
recapitulate findings from mammalian studies showing that different OPs cause 
different adverse outcomes, and that these differences cannot be explained by 
AChE inhibition alone. Presumably, adverse outcomes differ between adult and 
developing organisms due to the OPs’ effects on multiple targets. Phenotypic 
profiles identified in this comparative screen can be used as a starting point for 
future mechanistic studies of OP neurotoxicity in planarians using proteomics or 
RNA-seq. The unique strength of planarian rapid screening to directly compare 
the toxic outcomes of adult and developing animals using the same assays and 
metrics make this type of mechanistic analysis particularly powerful, as it would 
allow for direct connections to be made between molecular targets and adverse 
outcomes across different developmental stages.

 4539 Repeated Exposure to the Organophosphate Insecticide 
Malathion Underlies Motor Performance Changes in Rats

K. M. Miller1,2, M. J. Sonner1,3, H. M. Procopio1,3, J. L. Stricker1,3, H. I. Warwick1,3, 
E. A. Phillips1,3, D. R. McMeans1,2, M. A. Spencer1, and S. H. Romer1,3. 1Naval Medical 
Research Unit Dayton, Wright-Patterson AFB, OH; 2Oak Ridge Institute for Science and 
Education, Oak Ridge, TN; and 3Leidos, Reston, VA. Sponsor: J. Rohan.

While organophosphates are known neurotoxicants, they remain in use as flame 
retardants, additives to lubricants and plasticizers, and are heavily used as 
pesticides. Acute exposure to organophosphates inhibits cholinesterase activity 
and can lead to muscle paralysis and in some cases death. There is also compel-
ling evidence that low-level repeated exposures, such as those that may occur 
in the case of working with or around pesticides, are linked to adverse neurobe-
havioral effects in humans and animals even though they do not severely impact 
cholinesterase levels (<10 %). Malathion is a commonly used insecticide organo-
phosphate in the United States. Repeated exposure to low levels of malathion 
correlate with cognitive deficits. Despite known behavioral impacts, there is 
a paucity of data available as to how these repeated exposure to low levels of 
malathion impact locomotion and the structure of motor neurons and their 
innervation of skeletal muscle at neuromuscular junctions. We hypothesized that 
low-level repeated exposure to malathion results in motor function deficits with 

anatomical alterations in the motor unit consistent with neurodegeneration. To 
test our hypothesis, we exposed male and female adult Sprague Dawley rats to 50 
mg/kg of malathion via subcutaneous injections once daily for 5 days a week for 
4 weeks total. Locomotor behavior was assessed 1 week following exposure and 
includes open field motor activity, rotarod/accelerod and grip strength. In male 
rats, malathion exposed animals were significantly less active in the open field, 
with activity times for control animals of 1488 ± 150 seconds (mean ± standard 
deviation) while animals exposed to malathion displayed mean activity times of 
1253 ± 151 seconds. Male rats exposed to malathion also fell off the accelerod 
approximately 54 seconds earlier than control animals, with no significant differ-
ences in forelimb or hindlimb grip strength. Female rats exposed to malathion also 
were significantly less active in open field compared with control animals (1101 
± 218 seconds and 1357 ± 122 seconds, respectively). Unlike males, female rats 
exposed to malathion performed the same as control animals on the accelerod 
but had a significant decrease in forelimb grip strength (0.86 ± 0.13 kilograms 
for control and 0.72 ± 0.12 kilograms for malathion exposed females). These 
neurological differences may be associated with anatomical changes observed at 
the neuromuscular junction of hindlimb skeletal muscles in malathion exposed rats 
that are consistent with peripheral neuropathy. Altogether, our results suggest that 
the effects of repeated low-level exposure to malathion can affect motor function 
differentially in male and female rats.

 4540 Cortical Lamination and Sociocognitive Behavior in Mice 
Exposed to Organophosphates In Utero

T. Vaughn1,2, T. Adeyelu1, and O. Ogundele1. 1Louisiana State University, Baton Rouge, 
LA; and 2Southern University A&M College, Baton Rouge, LA.

Organophosphates are chemicals used in pesticides and other domestic or 
industrial reagents. Due to their broad applications in household, industrial, and 
farm processes, organophosphates can contaminate food and water sources. 
It is well established that maternal exposure to environmental toxins, including 
organophosphates, leads to cognitive and social behavioral defects in offspring. 
Previous studies have provided evidence that links organophosphate poisoning in 
pregnant women to the prevalence of autism. The goal of the current study is to 
ascertain some of the specific mechanisms through which in-utero organophos-
phate exposure impairs neuronal migration, cortical organization, and sociocog-
nitive behavior. C57BL/6 mice were paired for mating, and the female mice were 
monitored for gestation. Vaginal smears were performed to detect ovulation 
and vaginal plug detection indicated gestational day zero (GD). Chlorpyrifos, an 
organophosphate, was administered orally to two groups of pregnant females 
(3mg/kg and 6mg/kg) between GD7-GD14. A separate set of control mice received 
the diluent (corn oil) during the same period. Behavioral tests were performed at 
postnatal day (P) 0, P9-11, P23-28, and P50 to assess motor (P0) and cognitive 
function (P9-50) in the high and low dose groups. For these age groups, brains will 
be processed to label neuronal layer markers CuX1 and Tbr1. In addition, we will 
ascertain the expression level of proteins involved in axon guidance and neuronal 
cytoskeletal organization. These results will allow us to determine how in-utero 
organophosphate exposure impacts cortical organization and behavior.

 4541 Mecamylamine Is More Effective Than Pyridostigmine Bromide 
as a Prophylactic Treatment for Acute Organophosphate 
Intoxication in Adult Male Mice

X. Liu, A. B. Nguyen, P. Andrew, J. A. MacMahon, P. N. Bernardino, D. Harvey, N. Saito, 
J. J. Calsbeek, and P. J. Lein. University of California Davis, Davis, CA.

Acute intoxication with organophosphate (OP) cholinesterase inhibitors can 
cause a clinical toxidrome referred to as cholinergic crisis. Clinical signs associ-
ated with cholinergic crisis include peripheral parasympathomimetic symptoms, 
muscle fasciculations, respiratory distress and seizures that rapidly progress to 
life-threatening status epilepticus (SE). Pyridostigmine bromide (PB), a reversible 
cholinesterase inhibitor, was used in the Gulf War as a prophylactic treatment to 
protect against acute OP intoxication; however, both clinical and experimental 
studies have demonstrated that PB is not particularly efficacious for this indica-
tion. We have recently reported that nicotinic cholinergic receptors (nAChR) are 
required for the initiation of OP-induced seizures, which suggested the possibil-
ity that nAChR antagonists might be more effective than PB as a prophylactic 
treatment to mitigate seizure initiation following acute OP intoxication. To address 
this hypothesis, we compared the efficacy of pretreatment with mecamylamine 
(MEC), a non-specific nAChR antagonist, to that of PB in preventing seizures in 
a mouse model of acute intoxication with the OP, diisopropylfluorophosphate 
(DFP). Adult male mice were administrated PB (0.2 mg/kg, i.m.) or (MEC, 9.5 mg/
kg, s.c) or an equal volume of vehicle (saline, 100 μl, s.c) 10 minutes or 30 minutes 
before DFP (9.5 mg/kg, s.c.), followed by atropine sulfate (0.1 mg/kg, i.m.) and 
pralidoxime (25 mg/kg, i.m.). Pretreatment with MEC 10 or 30 minutes prior to DFP 
effectively suppressed behavioral seizure activity and prevented OP-induced weight 
loss at 4 and 24 hours post-exposure. In contrast, pretreatment with PB did not 
protect against behavioral seizures or weight loss. Electroencephalographic (EEG) 
analyses revealed that 10 minutes pretreatment with MEC, but not PB, significantly 
attenuated DFP-induced increases in EEG root mean square - a metric of seizure 
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activity. Relative to DFP mice pretreated with PB or saline, MEC pretreatment also 
significantly reduced reactive astrogliosis, microglia activation and neurodegener-
ation in a time and region-specific manner as indicated by immunohistochemical 
analyses of the piriform cortex and hippocampus at 1, 3, and 7 days post-DFP 
exposure. Collectively, these findings suggested that mecamylamine, a non-selec-
tive nAChR antagonist, is an effective prophylactic treatment for protecting against 
OP nerve agent-induced SE. Supported by the NIH CounterACT Program (U54 grants 
NS079202 and NS127758.

 4542 Trifloxystrobin: Combination of In Vivo and In Vitro Approaches 
to Address Neurotoxicity Concerns

K. Bothe, E. Hallscheidt, M. Lamshoeft, and K. Hartmann. Bayer AG, Monheim am 
Rhein, Germany.

Trifloxystrobin is an established fungicide widely used in food and feed crops. 
As a member of the strobilurin fungicide class it acts as disruptor of mitochon-
drial respiration by targeting mitochondrial complex III in fungi. Even though 
the available robust in vivo database for trifloxystrobin showed no indication of 
neurotoxicity there is increasing concern mainly due to the assumed relationship 
between mitochondrial complex I inhibitors and Parkinson disease and recent in 
vitro investigations with strobilurins in neuronal cell models. Based on its chemical 
structure four possible trifloxystrobin stereoisomers can be formed. The technical 
grade active substance trifloxystrobin consists of >97.5% of the EE isomer, but 
under the influence of light photo-isomerization occurs resulting in an equilibrium 
state between EE, EZ, ZZ and ZE isomer. This is reflected in the EU residue defini-
tion for risk assessment (EU/1107/2009) which includes next to trifloxystrobin 
its three stereoisomers and desmethyl-trifloxystrobin as major transformation 
products. Exposure to the target tissues, in this case the brain, is a pre-requisite 
for the elicitation of a toxic effect in vivo. Therefore, the goal of this project was to 
investigate potential brain exposure to trifloxystrobin plus a comparative toxicity 
evaluation of the major transformation products with a combination of different in 
vivo and in vitro methods. Studies with radioactively labelled test material show that 
residues in rat brain 12 hours after exposure are the lowest of all organs (<0.01% 
of dose). Due to the extensive metabolism, it is assumed that the radioactive signal 
originates mainly from trifloxystrobin transformation products. Stability investi-
gations under acidic and basic conditions in in vitro gastric and intestinal fluids/
juices indicate that first transformation steps already take place before entering 
the systemic circulation. In addition, investigations in Caco2-cells revealed transfor-
mation of trifloxystrobin into its metabolites (primarily desmethyl-trifloxystrobin) 
during the subsequent passage through the intestine. A comparative in vitro 
metabolism study with liver microsomes exhibited no unique human metabolite 
and similar transformation in rodents, supporting the relevance of the rat model. 
Based on a set of in vitro investigations, it could be shown that both the inhibitory 
potential on cellular respiration and the cytotoxicity is related to the stereoisomeric 
form of trifloxystrobin as well as to the presence of the toxophore (methoxyacry-
late), resulting in a clear potency ranking: EE isomer >> ZE isomer > EZ isomer > ZZ 
isomer >> desmethyl-trifloxystrobin > all other metabolites. Furthermore, the lower 
toxicity potential of the different transformation products was confirmed in vivo by 
acute fish studies and 28-day studies in rats. Comparison of available cytotoxicity 
results in different in vitro test systems also showed that there seems to be no 
increased sensitivity of neuronal cells compared to other mammalian cell types. 
In conclusion, the chance that trifloxystrobin enters the brain is very low and all 
its transformation products can be considered less toxic compared to the parent 
molecule further decreasing the probability of neurotoxic in vivo effects.

 4543 Combinations of Glyphosate and Mancozeb Alter Metal Levels 
and Disrupt Redox Balance in Mouse Neuro-2a Cells

H. A. Ebid, and L. D. Trombetta. St. John’s University, Queens, NY.

Pesticides-associated toxicities have long been studied. Most of the studies are 
focused on the effects of exposure to one pesticide at a time rather than the 
exposure to environmentally relevant combinations of these compounds. In this 
study, different combinations of two extensively used pesticides, glyphosate 
and mancozeb, were examined. Glyphosate (GL) is a broad-spectrum systemic 
herbicide. Mancozeb (MZ) is a broad-spectrum non-systemic fungicide. Residues 
of both GL and MZ are detected in fruits, vegetables, and beans. Both of these 
pesticides have been linked to neurotoxicity. GL and MZ are known for their 
metal-chelating potential and their ability to alter intracellular metal levels. Failure 
to regulate intracellular metal levels can increase the production of reactive oxygen 
species and lead to oxidative stress. In the current study, alterations in metal levels 
and disruptions in redox balance are investigated as underlying mechanisms 
of neurotoxicity associated with GL, MZ and their combinations using mouse 
neuroblastoma (neuro-2a) cells. Concentrations used were 100µM for GL and 6µM 
for MZ. Neuro-2a cells were treated with GL for 30 minutes or 24 hours or treated 
with MZ for 30 minutes or 24 hours. Cells were also exposed to three different 
combinations of GL and MZ including exposure to mixture of GL + MZ for 24 hours, 
exposure to MZ for 30 minutes followed by GL for 24 hours or exposure to GL 
for 30 minutes followed by MZ for 24 hours. Inductively coupled plasma - optical 
emission spectroscopy (ICP - OES) was used to analyze metal levels in neuro-2a 

cells. Copper levels were significantly increased compared to controls in MZ 24 
hours treatment, MZ 30 minutes followed by GL 24 hours combination treatment 
and in GL 30 minutes followed by MZ 24 hours combination treatment. Manganese 
levels significantly increased compared to controls in MZ 24 hours treatment, 
GL + MZ 24 hours mixture treatment and in GL 30 minutes followed by MZ 24 
hours combination treatment. Zinc levels were significantly increased compared to 
controls in MZ 24 hours treatment and in all GL and MZ combination treatments. 
Iron and magnesium levels were not changed in any of the treatment groups. GL 
+ MZ 24 hours mixture showed significantly higher levels of manganese and zinc 
compared to glyphosate treatment. Combination of MZ 30 minutes followed by GL 
24 hours showed significantly higher levels of copper and zinc compared to glypho-
sate and mancozeb treatments. Combination of GL 30 minutes followed by MZ 24 
hours showed significantly higher levels of copper, manganese and zinc compared 
to GL treatment. To assess redox balance disruptions in response to MZ, GL and 
their combinations, reduced glutathione to oxidized glutathione ratio (GSH/GSSG) 
was evaluated. GSH/GSSG ratio was significantly reduced in MZ treatments and 
in all forms of GL and MZ combinations. GL + MZ 24 hours mixture and combina-
tion of MZ 30 minutes followed by GL 24 hours showed significantly lower GSH/
GSSG ratio compared to GL treatment. Combination of GL 30 minutes followed 
by MZ 24 hours showed significantly lower GSH/GSSG ratio compared to GL and 
MZ treatments. From these results it is concluded that the degree of alterations 
in metal levels and in redox balance differs from one GL and MZ combination to 
another. Combinations of GL and MZ result in more metal levels alterations and 
induce more redox balance disruptions in neuro-2a cells compared to GL. It is also 
concluded that exposure to GL followed by MZ induces more redox balance disrup-
tions in neuro-2a cells compared to exposure to each compound separately. 

 4544 Evaluation of Gut Microbiome Perturbation and Neurotoxicity in 
C57BL/6 Mice Chronically Exposed to Glyphosate

J. Feng, G. Johnson, Y. Yang, Y. Hsiao, C. Liu, and K. Lu. University of North Carolina at 
Chapel Hill, Chapel Hill, NC.

Glyphosate is currently the most heavily used broad-spectrum herbicide in the 
world, and glyphosate exposure is widespread through a variety of sources, such as 
diet and environment. Significant concerns about the toxicity and health effects of 
glyphosate in humans have been raised but remain controversial. In plants, glypho-
sate disrupts the shikimate pathway by inhibiting the enzyme 5-enolpyruvylshi-
kimate-3-phosphate synthase (EPSPS). The subsequent deficiency in EPSPS leads 
to a reduction in aromatic amino acids that are essential for protein synthesis and 
plant growth. The shikimate pathway exists in plants and microorganisms but not 
mammals, which is a major reason that glyphosate is considered a safer herbicide. 
However, the human body harbors massive microorganisms in the gastrointesti-
nal tract and the gut microbiome plays a key role in human health. Of particular 
relevance, many gut bacteria actually encode epsps gene. In addition, aromatic 
amino acids serve as precursors for the synthesis of neurotransmitters, raising 
the possibility that perturbation of the gut microbiome and shikimate pathway by 
glyphosate may alter neurotransmitter homeostasis and contribute to neurotoxicity. 
To test this hypothesis, we exposed male C57BL/6 Mice to 0, 0.0175, and 1.75 mg/
mL glyphosate in drinking water for 6 months, followed by gut microbiome analysis 
and neurotoxicity test. Our results show that glyphosate altered the gut microbiome 
community structures and abundances of selected gut bacteria, as evidenced by 
16S metagenomics sequencing results. In addition, glyphosate mice were assessed 
via neurobehavioral tests, such as elevated plus maze test, rotarod, and social 
approach in a 3-chamber choice test. In the elevated plus maze test for anxiety-like 
behavior, the groups had similar percent time spent on the open arms versus the 
closed arms. However, the low-dose exposure group had significantly decreased 
percent entries into the open arms, in comparison to both the vehicle and high-dose 
groups (p=0.0027), suggesting mice given treatment with low-dose glyphosate had 
increased anxiety in the plus maze. No statistical significance was found in other 
neurobehavior endpoints yet. Analysis of aromatic amino acids and metabolites 
of the shikimate pathway is underway. Future studies are warranted to further 
examine the complex interactions of glyphosate-gut microbiome-neurotoxicity.

 4545 Low-Dose Oral Insecticide Exposure Induces Gastrointestinal 
Dysfunction and Alters Dopamine Handling Circuitry in Young 
Adult Mice

A. C. White, B. Pfluger, T. C. Chen, J. Chang, S. D. Kelly, W. M. Caudle, and 
T. R. Sampson. Emory University, Atlanta, GA.

Pesticide exposure is a well-established risk factor for Parkinson’s disease 
(PD). PD is a progressive neurodegenerative disease attributable to the death of 
dopamine (DA) neurons in a region of the midbrain called the substantia nigra 
pars compacta (SNc). These neurons project from the SNc to a separate region 
called the striatum, forming the nigrostriatal dopamine pathway. The death of 
nigrostriatal dopamine neurons results in gradual loss of motor function, which 
typically manifests once individuals are already aged. However, many people with 
PD report experiencing a range of gastrointestinal (GI) disturbances, especially 
constipation, sometimes decades before motor symptom onset. Emerging associ-
ations between PD, pesticide exposure, and GI abnormalities have led to the 
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idea that some incidences of PD may be triggered from within the gut after oral 
pesticide exposure, perhaps initiating prodromal stages of disease. Pyrethroids, a 
class of commonly used insecticides, target the nervous system and are known to 
disrupt DA signaling pathways. Since ingestion is an important route of pyrethroid 
exposure, we hypothesize that low-dose oral exposure to the pyrethroid deltame-
thrin induces gut dysfunction and disrupts nigrostriatal DA circuitry in young 
adulthood. To test this hypothesis, wildtype mice of both sexes (aged 10-12 
weeks) were orally gavaged once weekly with a low dose of deltamethrin (3 mg/
kg) or vehicle control in a subchronic (3 weeks) or chronic (12 weeks) exposure 
paradigm. A panel of GI functional assays was performed to determine whether 
deltamethrin induces constipation. Gene and protein levels of tyrosine hydroxylase 
(TH), dopamine transporter (DAT), and vesicular monoamine oxidase 2 (VMAT2), 
all important for dopamine synthesis and trafficking, were quantified in gut and 
brain tissues via qPCR and western blot to determine effects of oral deltamethrin 
exposure on DA signaling pathways. Motor function was assessed using a variety 
of behavioral assays to assess fine and gross motor function. Our results indicate 
that oral deltamethrin exposure triggers intestinal behaviors indicative of consti-
pation. These effects were not due to impairments in gut hormone signaling, but 
we did observe significantly decreased gene expression and increased protein 
levels important for DA synthesis (TH) and reuptake (DAT) in the proximal colon 
of deltamethrin-treated groups compared to controls. Intriguingly, there were also 
decreased levels of dopamine and its metabolite, DOPAC, in the proximal colon 
of deltamethrin-treated mice, altogether suggesting a pyrethroid-induced impair-
ment to dopamine handling in the gut. Motor behaviors were unaltered in deltame-
thrin-treated mice of both sexes, yet the nigrostriatal DA pathway was disrupted as 
evidenced by significant increases in TH, DAT, and VMAT2 gene expression in the 
midbrain and increased TH protein levels in the striatum. These findings suggest 
that epidemiologically relevant exposure to deltamethrin in early adulthood leads 
to altered dopamine handling in both the gut and brain, rendering the system more 
vulnerable to PD-like phenotypes.

 4546 Say It, Don’t Spray It: Keeping Organochlorine Pesticides in the 
Conversation—A Skunk’s Tale

R. Sheffler1, J. Melotti2, B. Puschner1, A. F. Lehner1, and J. P. Buchweitz1. 1Michigan 
State University, East Lansing, MI; and 2Michigan Department of Natural Resources, 
Lansing, MI.

Biomagnification of persistent organochlorine (OC) pesticides at higher trophic 
levels and their effects as endocrine disruptors have been researched extensively. 
Since banning the use of most OCs in the United States in the 1970s and 1980s, 
exposures in lower trophic levels continue and cannot be easily explained by 
bioconcentration nor magnification. Between August 3 and September 27, 2022, six 
male skunks presented to the Michigan Department of Natural Resources Wildlife 
Disease Laboratory for post-mortem evaluation. Five animals exhibited tremors, 
seizures, or abnormal behavior prompting euthanasia. One additional animal had 
signs consistent with an upper respiratory infection. All animals tested negative for 
canine distemper and rabies before submission to the Michigan State University 
Veterinary Diagnostic Laboratory Toxicology Section for further workup. Livers 
were extracted with a modified FERN QuEChERs dispersive solid-phase extraction 
(d-SPE) procedure and analyzed by GC-MS. Prominent chromatographic peaks were 
noted for multiple OCs (including members of the cyclodiene class of OCs) when 
matched to library spectra. Cyclodiene pesticides inhibit gamma-aminobutyric acid 
(GABA) mediated neurotransmission. Inhibition of inhibitory GABA signaling results 
in a net stimulatory effect and convulsions consistent with the neurologic observa-
tions for these skunks. To assess the brain concentration of these OCs, quantitative 
analysis of brain tissue was performed. Brain lipids were extracted via liquid-liquid 
extraction and the lipid fraction was subjected to an additional QuEChERs d-SPE 
extraction for OCs. Brain OC residues were quantitated via GC-MS/MS against 
matrix-matched standards. Fat content in brain ranged from 4.8 to 10.5%. Total 
organochlorine pesticide concentrations ranged from 0.54 to 10.07 µg/g wet 
weight and 6.38 to 166.40 µg/g lipid weight. Summated chlordane (oxychlordane, 
heptachlor epoxide, trans-nonachlor, cis- and trans-chlordane) concentrations in 
brain ranged from 0.11 to 9.34 µg/g wet weight and 1.27 to 154.39 µg/g lipid in 
the six submitted animals. Moreover, DDE residues ranged from 0.02 to 0.34 µg/g 
wet weight and 0.23 to 5.54 µg/g lipid. Previous reports suggest brain OC residue 
greater than 10 µg/g wet weight to be lethal in birds. Based on the clinical presen-
tation and quantitative data, we suggest that cumulative OC residues contributed 
to the neurologic state of the animals. Skunks are opportunistic omnivores with 
a diet consisting primarily of insects during the warm summer months and small 
mammals, eggs, hatchlings, reptiles, and fish during the colder months. As skunks 
belong to a lower trophic level than bald eagles and other raptors, the degree of 
biomagnification of pesticide residues is expected to be less. Biomagnification 
appears less likely to contribute to pesticide burdens in lower-level consumers 
compared to apex predators. This unexpected OC burden in wildlife suggests a 
need for continued monitoring across species and its implications on human and 
animal health.

 4547 APOE-Genotype and Sex Alters Effects of Organochlorine 
Pesticide DDT in Humanized APOE Mice

I. Mhatre-Winters1, A. Eid1, R. P. Hart2, and J. R. Richardson1. 1Florida International 
University, Miami, FL; and 2Rutgers, The State University of New Jersey, Piscataway, NJ.

The Apolipoprotein ε4 (APOE) gene variant is the strongest genetic risk factor 
for late-onset Alzheimer’s Disease (LOAD). However, it is not entirely predic-
tive of LOAD, and emerging evidence points to environmental factors in the 
etiology of the disease. Evidence from numerous epidemiological studies 
has identified associations between pesticides and lower cognitive scores. 
Dichlorodiphenyltrichloroethane (DDT) is a pesticide used in various regions, and 
although its use was banned in 1972 in the US, existing DDT dumpsites and DDT’s 
long half-life contribute to the trace amounts found in the environment and food 
chain. We have recently reported novel translational evidence indicating DDT 
affects the amyloid pathway and induces AD pathology in multiple in vitro and in vivo 
models. We have also previously shown increased serum levels of DDE, the primary 
metabolite of DDT, in AD patients compared to age-matched controls. Moreover, 
APOE genotype modified mini-mental state exam scores and contributed an ~4-fold 
increase in AD risk. In the present study, we sought to investigate whether the 
APOE4 genotype alters the pathological response to DDT. To assess the effects of 
DDT exposure in vivo, three-month-old male and female APOE3 (E3) and APOE4 (E4) 
mice were exposed to 3 mg/kg DDT by oral gavage every 3 days for 5 months. To 
investigate DDT-induced APOE genotype and sex-specific alterations at the mRNA 
level, RNA-sequencing was conducted in the hippocampus of mice. Comparisons 
between genotypes in female DDT-exposed mice indicated significantly downreg-
ulated cellular component pathways in E4 females, including plasma membrane 
bounded cell projection (Padj=1.568×10-4), neuron projection (Padj=3.041×10-3), 
and vesicles (Padj=3.480×10-2). Similar comparisons made between genotypes 
of DDT-treated males indicated that E4 males downregulated biological process 
pathways, including cell-cell signaling (Padj=1.1×10-3), chemical synaptic transmis-
sion (Padj=7.3×10-3), and learning or memory (Padj=7.057×10-3). Cellular component 
pathways, including neuron projection (Padj=8.486×10-8), synapse (Padj=9.238×10-5), 
and presynapse (Padj=3.468×10-2), were also downregulated in E3 males exposed 
to DDT. To confirm these findings, synaptic deficits were assessed by measur-
ing protein levels of postsynaptic density protein 95 (PSD95) and synaptophysin, 
a pre-synaptic protein associated with small synaptic vesicles. Immunoblotting 
indicated an ~7% decrease in PSD95 in the hippocampus of DDT-exposed E3 males 
and females, a ~14% decrease in E4 males, and a 16% decrease in DDT-exposed 
E4 females compared to their respective controls. Immunoblotting for synapto-
physin indicated a ~3.5% decrease in E3 DDT-treated males and females, a 6.5% 
decrease in E4 males, and a 12.5% reduction in E4 females compared to their 
respective controls. Finally, DDT exposure also increased serum neurofilament 
light chain (sNfL) levels, a biomarker for neurodegeneration, by 1.9 and 2.1-fold 
in male and female APOE4 mice, respectively, compared to controls. sNfL levels 
were 1.4-fold higher in DDT-exposed APOE4 females compared to APOE4 males. 
sNfL levels did not change in DDT-exposed APOE3 mice. Together, these findings 
suggest a potential gene-by-environment interaction that is modified by sex. These 
data provide a platform to explore possible mechanisms in AD-related neurode-
generation to support previous epidemiological findings. Supported in part by 
NIH R01ES026057.

 4548 Pesticide Exposure Impairs Neuronal Autophagic Flux in a 
Zebrafish Model: Toxicological Implications for Parkinson’s 
Disease Risk

M. Arellano, L. M. Barnhill, and J. M. Bronstein. University of California Los Angeles, Los 
Angeles, CA.

Autophagy is a conserved cellular pathway for clearing aggregated proteins 
and cellular waste via lysosomal degradation. Dysfunctional autophagy has 
been implicated in the pathogenesis of several degenerative diseases, including 
Parkinson’s Disease (PD). PD is characterized, in part, by aggregation of alpha-sy-
nuclein protein, progressive loss of dopaminergic neurons, and neuroinflamma-
tion. Pesticides have broadly been associated with an increased risk of developing 
PD, however, only a few individual pesticides have been identified as specific risk 
factors. Zebrafish (ZF), Danio rerio, have emerged as a useful animal model to 
study neurodegenerative processes due to their optical clarity, rapid development, 
and conserved brain structures with mammals. We have observed that pesticides 
alter vesicular and protein components involved in autophagy through a 2-phase 
cell-based screen using SK-N-MC human neuroblastoma cells and exposing them 
to pesticides commonly used in the Central Valley of California. We hypothe-
size that pesticides impair autophagic flux, which then confers increased risk of 
developing PD. Using a stable transgenic ZF line that expresses eGFP-Map1lc3b 
in post-mitotic neurons under the HuC promoter, we screened the top pesticide 
hits from our cell-based screen in vivo. By modulating and quantifying the number 
of autophagosomes after treatment with known autophagy inhibitors (Bafilomycin 
A1, protease inhibitors), we determined the autophagy-modulating effect of 
specific pesticides in ZF neurons. For example, acute exposure to ziram (1 µM; 
dithiocarbamate fungicide) in combination with Bafilomycin A1 treatment in 3 
day-post-fertilization ZF larvae resulted in significantly decreased autophagosome 
puncta counts relative to Bafilomycin A1 treated controls alone, assessed using 
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confocal microscopy. As Bafilomycin A1 acts to prevent autophagosome fusion 
with the lysosome and lysosomal acidification, these findings suggest that ziram 
is acting early in or upstream of the autophagic pathway in a manner that prevents 
or decreases autophagosome formation. Further investigations are underway to 
determine precisely how these pesticides alter autophagic flux in vivo and whether 
they may be acting similarly or may interfere with the pathway through multiple 
mechanisms of action. These studies seek to identify specific pesticides that impair 
protein turnover, increasing risk of neurotoxicity, and to assess the mechanisms by 
which these pesticides may act.

 4549 Decision-Making in Adolescent Rats Exposed Repeatedly to 
Chlorpyrifos as Juveniles

S. K. Broadaway, K. J. Burroughs, K. N. McKinnon, A. K. Ross, C. A. Taylor, K. N. Sette, 
P. Threet, S. X. Guo-Ross, and R. L. Carr. Mississippi State University, Mississippi 
State, MS.

Chlorpyrifos (CPF) is an organophosphorus insecticide that exerts its toxicity 
through the inhibition of acetylcholinesterase in both insects and non-target 
species following higher levels of exposure. However, following exposure to levels 
that do not inhibit acetylcholinesterase, CPF will target the enzyme fatty acid amide 
hydrolase (FAAH) which is responsible for the degradation of the endocannabi-
noid anandamide. Any alteration of the endocannabinoid system in the develop-
ing brains could disrupt normal development leading to altered function. In fact, 
exposure of children to low levels of chlorpyrifos (CPF) has been associated with 
persistent behavioral problems including attention deficit hyperactivity disorder 
(ADHD) and decreased cognitive abilities. However, these types of effects have 
not been recapitulated in clinical animal models. A rendition of the Iowa Gambling 
Test (IGT), geared towards rodents, has been used to quantify risk-taking behaviors 
such as those associated with ADHD. The objective of this study was to determine 
if risk-taking behavior in the rat IGT (rIGT) is altered by repeated exposure to CPF. 
Daily from 10-16 days, 10-day old male and female rat pups were orally adminis-
tered either corn oil, CPF (0.25, 0.5, or, 0.75 mg/kg), or 0.02 mg/kg PF-04457845 
(PF), a specific inhibitor of fatty acid amide hydrolase (FAAH). FAAH is inhibited 
following CPF exposure so PF was included for comparison to behavior altered by 
CPF. On days 32-41, rats were tested in the rIGT with 12 trials per day (120 total 
decisions). The maze consisted of 2 empty arms and 2 arms containing either food 
(advantageous arm) or quinine-treated food (disadvantageous arm). The decisions 
of the rat were scored based on food/quinine arm selections and the subsequent 
decisions. In terms of overall performance, the male rats exposed to all dosages 
of CPF and to PF performed better than did controls. This was especially evident 
during the later days of testing. However, this improvement was not observed in 
females. The basis for this improvement was that upon encountering a quinine-
treated food, treated males had a reduced rate of returning to the same arm thereby 
increasing the chance of a correct selection.

 4550 Potential Interaction of Cannabinoids and Insecticides in 
Causing Dopaminergic Neurotoxicity

A. Rivera1, A. Stephens1, L. Jameson1, S. Griffith1, S. Sammi2, J. Cannon2, and 
M. Leung1. 1Arizona State University, Glendale, AZ; and 2Purdue University, West 
Lafayette, IN.

The therapeutic potential of medical cannabis has gained significant interest in 
recent years. Over 200 million people in the U.S. now have access to medical 
cannabis through legalized state programs. Yet, cannabis is not being regulated 
as a pharmaceutical at the federal level. Organophosphate (OP) and pyrethroid 
pesticides are common contaminants in cannabis and known human neurotoxi-
cants with potential links to neurodevelopmental and neurodegenerative diseases. 
Here, we utilized a behavioral repulsion assay with the whole organism model 
Caenorhabditis elegans to examine the effect of cannabinoids and insecticides on 
depleting dopamine synthesis. Exposure to the endocannabinoid 2-arachidonoyl-
glycerol (2-AG) - an endogenous cannabinoid agonist of human CB1 receptor and 
C. elegans homolog npr-19 - resulted in a dose-dependent increase at 30 and 100 
µM in repulsion time by 75% (p < 0.01), indicating dopamine depletion. Exposure to 
the OP insecticide chlorpyrifos produced up to a 3-fold increase in repulsion time 
at lower doses (1.25 - 50 µM; p < 0.001). In comparison, exposure to the pyrethroid 
insecticide permethrin produced no significant effect at 15, 30, and 100 µM (p > 
0.05). Next, we examined the combined effect of 2-AG and chlorpyrifos on neurode-
generation using a dopaminergic C. elegans reporter strain BZ555 (egls1[dat-
1p::GFP]). Treatment with 2-AG had no detectable cell loss but aggravated cell 
loss co-treated with chlorpyrifos at 100 and 250 μM. Two-factor ANOVA indicated 
a significant interaction between 2-AG and chlorpyrifos treatments (p < 0.05) with 
10% enhancement. Taken together, these results suggest that pesticide contam-
inants can alter the effects of cannabinoids on dopaminergic signaling. Further 
studies will characterize the combined effect of pesticide-cannabinoid co-expo-
sure in neurotransmission (including cholinergic signaling) as well as its potential 
impact on the therapeutic uses of cannabis.

 4551 Activities of Commercial Pesticides on SIM-A Murine Microglia 
(MC): Viability and Oxidative Stress

M. H. Yousef, A. Abdelnaser, and H. A. El-Fawal. American University in Cairo, New 
Cairo, Egypt.

Given the idiopathic nature of many neurodegenerative diseases (ND), the role 
of environmental exposures, particularly metals and pesticides, has received 
attention based on epidemiological evidence. The potential role of MC as effectors 
or potentiators of neuroinflammation in ND has been reported with Paraquat and 
Rotenone in experimental studies. The present study characterized the response 
of murine SIM-A9 MC to concentrations ranging from 1 µM - 100 mM of the follow-
ing pesticides: cyhalothrin (CY; 5 and 10%), acetamide (AC), abamectin (AB), and 
glyphosate. Post-treatment viability was measured using the MTT assay, NO 
production was analyzed using the Griess assay, and ROS production, using the 
H2DCFDA assay. All pesticides, except GLY, reduced MC viability in a concentra-
tion-dependent manner. GLY manifested a quantal response at 1 mM and higher. 
While all pesticides induced NO production, measured as supernatant nitrites, 
levels (µM) were significantly (p<0.05) lower than untreated cells, or those activated 
with LPS. The exception was in the case of CY 5%, which significantly (p<0.001) 
increased nitrite levels compared to untreated cells, but less than LPS-activated 
MC. ROS production by pesticide-treated cells was biphasic, significantly (p<0.001-
0.05) higher than untreated cells at concentrations of 1-100 µM, and declining at 
1-100mM. The exception was the case of AC, that was consistently, and signifi-
cantly lower than untreated MC. A similar pattern was discernable when ROS 
production in the presence of pesticides was compared to that of LPS-activated 
MC. However, the exceptions were for AC and GLY, which had significantly lower 
ROS Production. Taken together, the data suggests that multiple pesticides can 
influence MC function, favoring inflammation and oxidative stress induction. 
Whether pro-inflammatory mediators are elaborated remains to be determined, with 
implications for ND.

 4552 Brain-Derived Extracellular Vesicle Biogenesis Alteration by 
Early-Life Exposure to Deltamethrin Induces Impaired Synaptic 
Plasticity and Deficits in Learning and Memory

L. Koff1, J. Di Re1, Y. Avchalumov1, M. Bernabucci1, M. Marosi1, L. Hallberg1, 
B. Ameredes1, T. Green1, S. Yelamanchili2, G. Pendyala2, and F. Laezza1. 1University of 
Texas Medical Branch at Galveston, Galveston, TX; and 2University of Nebraska Medical 
Center, Omaha, NE.

Medical Center Pyrethroids are a class of synthetic insecticide thought to be 
safer than their organophosphate predecessors. However, with their popular-
ity in both agricultural and general public use in the past three decades there is 
growing concern of pyrethroid exposure and the incidence of neurodevelopmen-
tal disorders. For example, recent studies have linked pyrethroid exposure, within 
the NOAEL guidelines set by the EPA, to neurodevelopmental disorders including 
attention deficit hyperactivity disorder (ADHD) and autism spectrum disorder. 
During development, the blood brain barrier is vulnerable to the lipophilic proper-
ties of Deltamethrin (DM) and is expected to lead to neural circuit disfunction. 
A possible key regulator in this disfunction include extracellular vesicles (EV), 
which are phospholipid nanovesicles that, based on their origin or size, include 
apoptotic bodies, micro vesicles, and exosomes. These molecules are involved 
in communication between cells and regulating the pathophysiology of several 
diseases. However, their role in DM-induced neurotoxicity is yet to be explored. 
Using a developmental exposure model, in which pregnant dams were exposed 
to 3 mg/kg/72 hours, equivalent to 1mg/kg/day, DM or vehicle through pregnancy 
and lactation, we have found that early-life exposure to DM causes an increase in 
the average size of EVs compared to the control. Crucially, this increased size of 
EVs has been associated with enhanced neuroinflammation linked to neurodevel-
opmental and neurodegenerative disorders. Functionally, we are determining the 
effect of these Brain Derived Extracellular Vesicles (BDEV) on neuronal function 
using naïve cortical neurons by exposing neurons to BDEVs from DM or control 
animals and then recording the effect on synaptic properties using whole-cell patch 
clamp electrophysiology. We are determining the effect of BDEVs on synaptic 
properties of naïve cortical neurons. At the organismal level, their perturbations in 
neuronal function may give rise to corresponding changes in behaviors associated 
with neuronal function. Overall, these data suggest early-life exposure to DM causes 
alterations in EV morphology that are associated with changes in hippocampal 
plasticity and corresponding behaviors. This research was funded by a NIEHS T32 
training grant T32ES007254 (JD), an NIEHS R01 grant R01ES031823 (FL) and an 
NIEHS P30 grant P30ES030285 (FL).
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 4553 Role of Melatonin on Fungicide-Induced Neurobehavioral and 
Reproductive Activities through Changes of Dopaminergic 
Activity in the Brain of Catfish, Mystus cavasius

M. Badruzzaman. Kyushu University, Fukuoka, Japan.

Propiconazole is a triazole fungicide extensively use in agriculture which can harm 
non-target organisms in aquatic environments through runoff. Chronic exposure 
to environmental pesticides leads to behavioral impairment in vertebrates includ-
ing teleosts. However, the potential effect of this fungicide on neurobehavioral 
impairment and release from it in vertebrates has not been fully explored. In this 
work, we examined the role of melatonin to rescue fungicide-induced neurobe-
havioral and reproductive alternation and its connection with changes in dopami-
nergic activity in the brain of Mystus cavasius. After fish were exposed to water 
containing propiconazole at 0, 0.1, 5, and 250 µg/L for 3 days, significant increases 
of DA, 3,4-dihydroxyphenylacetic acid (DOPAC; a DA metabolite), and their ratio 
(DOPAC/DA) were observed in whole brains at 250 µg/L concentration. When fish 
were treated with propiconazole at 250 µg/L for 3 days, there was a significant 
elevation of DA, DOPAC and DOPAC/DA in diencephalon and pituitary, and only DA 
in the telencephalon, compared with control fish. Besides, it induced a reduction in 
extracellular serotonin and had an anxiolytic-like effect, supported by a decrease 
in cortisol production. Increased locomotor activity, anxiety and aggressiveness, 
decreased gonadosomatic index with few vitellogenic oocytes in ovaries after 
propiconazole treatment. When fish were treated with melatonin, D1 (SCH-23390) 
or D2 (Haloperidol) dopamine receptor antagonists and combined of melatonin and 
D1/D2 receptor antagonist and was observed melatonin + D2 receptor antagonist 
rescued fungicide induced all behavioral changes in fish. These results indicate 
that propiconazole increases locomotor activity, anxiety and aggressiveness and 
decreases reproductive activity, which was rescued by combined treatment of 
melatonin and dopamine receptor antagonist.

 4554 Intracellular Copper Accumulation and the Activation of 
the Nrf2-ARE Pathway by Copper (II) Octanoate in Mouse 
Hippocampal Astrocytes

A. A. Shohatee, and L. D. Trombetta. St. John’s University, Queens, NY.

Copper as an essential trace element is crucial for various biological processes but 
has also been utilized as a constituent of various pesticides for decades. Copper 
(II) octanoate is one such pesticide utilized as an antifungal agent on a variety of 
crops and is approved for use in the production of certified organic foods. Previous 
studies have implicated copper as an inducer of oxidative stress and activator of the 
Nrf2-ARE pathway. Nrf2 is essential in regulating the transcription of various genes 
to alleviate toxicity such as those involved in glutathione synthesis as well as phase 
I and II detoxification. Due to the limited toxicological data, an investigation into 
the induction of oxidative injury and activation of Nrf2 mediated mechanisms was 
performed on copper (II) octanoate in vitro. Astrocytes were chosen as the model 
of this study as these cells are vital for maintenance of ion homeostasis, such 
as copper, and support overall neuronal survival. Astrocytes treated with 350 μM 
copper (II) octanoate resulted in a statistically significant upregulation in glutamate 
cysteine ligase catalytic (Gclc) and modifier (Gclm) subunits of glutamate cysteine 
ligase, heme oxygenase 1 (Hmox1) and NAD(P)H quinone dehydrogenase 1 (Nqo1) 
mRNA levels as compared to control. Cells treated with 300 or 350 μM copper 
(II) octanoate resulted in significant increases in total glutathione levels while, in 
contrast, significant decreases in the reduced/oxidized glutathione (GSH/GSSG) 
ratio was observed as compared to control. A statistically significant increase 
in heme oxygenase 1 (HO-1) protein levels was also observed in both treatment 
groups when compared to control. Additionally, analysis of intracellular copper 
levels in astrocytes treated with 300 or 350 μM copper (II) octanoate by inductively 
coupled plasma optical emission spectroscopy (ICP-OES) revealed a concentration 
dependent increase in copper content in both treatment groups as compared to 
control. Activation of the Nrf2-ARE pathway by copper (II) octanoate suggests that 
the toxicity may be associated with accumulation of intracellular copper, cellular 
redox dysregulation and the subsequent induction of Nrf2-mediated antioxidant/
detoxification pathways to mitigate cellular injury.

 4555 17β-Estradiol Protects against Mn-Induced Impairment of 
Mitochondrial Dynamics and Mitophagy in BV2 Microglia Cells

I. Nyarko-Danquah1, E. Pajarillo1, S. Kim1, A. Digman1, H. Multani1, I. Ajayi1, M. Aschner2, 
and E. Lee1. 1Florida A&M University, Tallahassee, FL; and 2Albert Einstein College of 
Medicine, Bronx, NY.

Chronic exposure to elevated levels of manganese (Mn) causes a neurological 
disorder referred to as manganism, presenting symptoms similar to those of 
Parkinson’s disease (PD). Impairments of mitochondrial dynamics and mitophagy 
have been reported in Mn neurotoxicity and are commonly observed in neurodegen-
erative diseases such as PD. 17β-estradiol (E2) affords neuroprotection in several 
neurological disorders, including PD. E2 has been shown to increase mitochon-
drial efficiency and play a role in promoting autophagy. However, E2 effects on 
Mn-induced impairment of mitochondrial dynamics, and autophagy/mitophagy 

remains to be addressed. In the present study, we tested if E2 exerted protection 
against Mn-induced dysregulation in fission-fusion proteins, and proteins involved 
in autophagy/mitophagy in BV2 microglia cells. E2 (10 nM) was pretreated for 18 
hours prior to Mn (250 μM) exposure for 24 hours, followed by western blotting 
of fusion-fission proteins Drp-1, Mfn2 and Opa-1, as well as proteins involved in 
autophagy/mitophagy such as LC3-I/LC3-II, p62, Parkin, and PINK1 in both whole 
cell lysates and mitochondrial fraction. Subcellular localization of Drp-1 by immuno-
cytochemistry was also performed to determine its translocation from the cytosol 
to mitochondria. Results showed that E2 (10 nM) inhibited Mn (250 μM)-induced 
translocation of the fission protein Drp-1 from the cytosol to the mitochondria. E2 
also attenuated Mn-induced reduction of fusion proteins Mfn2 and Opa-1 in both 
whole cell lysate and mitochondria fraction. In addition, E2 alleviated Mn-induced 
alterations in mitophagic protein levels of PINK1 and Parkin in mitochondria 
fraction. E2 also mitigated Mn-impaired autophagic protein levels of LC3-1/LC3-II 
and p62. Taken together, our findings suggest that E2 induces protective effects 
against Mn-induced dysregulation in mitochondrial dynamics and autophagy/
mitophagy in BV2 microglia. Supported by NIEHS R01 ES031282 and R01 ES010563.

 4556 Manganese-Induced Neurobehavioral Abnormalities and 
Related Neurotoxicity

C. Campos1, G. Weisman2, S. Risen2, M. Schmanke1, A. Hines2, K. Streifel1, and 
J. Moreno2. 1Regis University, Denver, CO; and 2Colorado State University, Fort 
Collins, CO.

Manganese (Mn) is an essential trace metal, however in excess it is a potent 
neurotoxin. Previous studies have solely focused on the central nervous system 
(CNS) and have demonstrated that Mn excess prompts cognitive and behavioral 
deficits in juveniles. Yet the first site of exposure is through the enteric nervous 
system (ENS) that is comprised of glial and neuronal cells, that may be affected like 
observed cells in the CNS by excess Mn ingestion. We hypothesize that there will 
be a correlation between behavioral and cognitive deficits relative to glial inflamma-
tion in the ENS. Mice were administered with environmental-relevant levels of Mn, 
50 mg/kg MnCl2, daily via drinking water from d21-d90 postnatal and evaluated 
locomotor function, memory and learning, and glial activation in both the CNS 
and ENS. Preliminary results from these studies have replicated sex-dependent 
behavioral in the juvenile mice previously observed while demonstrating no change 
in memory and learning of Mn treated mice. Neurochemical analysis in the ENS has 
demonstrated that there is little alteration of biogenic amines with the low dose 
exposure cohort compared to controls. Initial analysis of the inflammatory biomark-
ers, GFAP and s100B, shows sign of inflammation in the ENS yet analysis of these 
tissues is ongoing. These data indicate that exposure to Mn during development 
leads to inflammatory activation of the cells in the ENS. These findings lead us to 
question if high exposures to Mn induce a neurotoxic effect on the gut-brain-axis 
leading to the behavioral modification.

 4557 Loss of Function of Manganese Efflux Transporter SLC30A10 
in Dopaminergic or Glutamatergic Neurons Induces Early-Life 
Motor Deficits

S. M. Grant1, T. Jursa2, D. R. Smith2, and S. Mukhopadhyay1. 1University of Texas at 
Austin, Austin, TX; and 2University of California Santa Cruz, Santa Cruz, CA.

Manganese (Mn) is a fundamental trace metal yet elevated levels are neurotoxic. 
Exposure to excess Mn leads to deposition in the basal ganglia of the brain, 
inducing a debilitating disease known as Mn-induced neurotoxicity. Recent studies 
have indicated that early-life individuals (newborns, infants, and adolescents) 
environmentally exposed to increased Mn levels display impairments in postural 
balance, fine and gross motor function, and cognitive deficits. Despite this, the 
specific neuronal target and mechanism of early-life Mn-induced neurotoxicity 
is unknown. To address this, we developed neuron-specific knockout mice for 
Slc30a10, the critical Mn efflux transporter, which is expected to selectively alter 
Mn levels of targeted neuronal populations: dopaminergic, GABAergic, glutamater-
gic, or cholinergic neurons. Preliminary validation of the neuron-specific Slc30a10 
knockout mice display decreased Slc30a10 mRNA levels using qRT-PCR and 
increased Mn levels by laser ablation ICP-MS in targeted basal ganglia nuclei. We 
found that dopaminergic- or glutamatergic-, but not GABAergic- or cholinergic-, 
specific Slc30a10 knockouts displayed a hypolocomotor phenotype at PND56 
when compared to littermate controls. Further, the dopaminergic-specific Slc30a10 
knockout displayed decreased reflexes during PND9-11 neuromotor assays and 
increased missteps during PND28 beam balance tests. These data suggest that 
the expression of Slc30a10 in dopaminergic or glutamatergic neurons is required 
to protect against early-life Mn-induced motor deficits. In sum, our results suggest 
that dopaminergic and glutamatergic neurons may be the main targets of early-life 
Mn-induced neurotoxicity.
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 4558 Hepatic and Intestinal Manganese Excretion Play Equally 
Important Roles in Regulating Body Manganese Homeostasis

S. Hutchens1, T. Jursa2, A. Melkote1, S. Grant1, D. Smith2, and S. Mukhopadhyay1. 
1University of Texas at Austin, Austin, TX; and 2University of California Santa Cruz, Santa 
Cruz, CA.

Elevated levels of the essential metal manganese (Mn) are neurotoxic and induce 
neuromotor disease. Excretion of Mn by the liver and intestines is a major pathway 
that regulates body and brain Mn. Notably, the relative contribution of hepatic and 
intestinal Mn excretion to the homeostatic control of body Mn is unknown, although 
historic Mn radiotracer studies in wild-type rodents have led to two long-standing 
tenets: (1) the liver is the primary organ that excretes Mn, and the intestines play 
a minor role; and (2) Mn excretion is not prominent in pre-weaning early-postnatal 
life. Here, we leveraged the discovery of SLC30A10 as a critical transporter that 
mediates Mn excretion to define the role of hepatic and intestinal Mn excretion 
in controlling body Mn homeostasis. Under basal conditions, tissue Mn levels 
of liver or intestine-specific Slc30a10 knockout mice were comparable to litter-
mates in pre-weaning or later-life. Thus, under physiological conditions, the liver 
and intestines compensate for loss of Mn excretory function of the other organ. 
During elevated Mn exposure in pre-weaning or later-life, tissue Mn levels of liver- 
or intestine-specific Slc30a10 knockouts were both markedly higher than litter-
mates. Thus, during elevated exposure, Mn excretory function of both the liver and 
intestines is necessary to regulate body Mn homeostasis. Overall, in contrast with 
well-established tenets, (1) hepatic and intestinal excretion play equally important 
roles in regulating body Mn homeostasis; and (2) Mn excretion is indispensable in 
regulating body Mn homeostasis in both early-postnatal and later-life stages.

 4559 Chronic Manganese Exposure–Induced Toxicity 
in Caenorhabditis elegans in a DAergic-Related 
Behavior Phenotype

A. C. Martins1, A. Bowman2, and M. Aschner1. 1Albert Einstein College of Medicine, 
Bronx, NY; and 2School of Health Sciences Purdue University, West Lafayette, IN.

Manganese (Mn) is an essential element that participates in several biological 
processes. However, overexposure may induce neurotoxicity and may contribute to 
the development of neurodegenerative diseases, such as Alzheimer’s disease and 
Parkinson’s disease. Although several well-supported mechanisms likely explain 
the acute neurotoxicity of Mn overload, the molecular mechanisms and factors that 
trigger the onset and disease progression upon chronic exposure remain largely 
unknown. Moreover, previous studies have demonstrated that the dopaminergic 
system is affected by Mn exposure, leading to behavioral dysfunction. Therefore, in 
this study, we investigated if chronic exposure to Mn causes a dose- and dose-du-
ration dependent persistent decline in a DAergic-related behavior phenotype in 
Caenorhabditis elegans (C. elegans). Specifically, we used wild-type N2 worms at 
the synchronized larval 1 (L1) stage and assessed the impact of exposure dose 
and duration on chronic Mn-induced behavioral toxicity on the DAergic-dependent 
basal slowing response (BSR) phenotype (i.e. DAergic dysfunction correlates with 
a decrease in the difference (Δ) between the rate of body bends in ‘no-food’ vs. 
‘food’ conditions). Moreover, we evaluated reactive oxygen species (ROS) genera-
tion and correlated it with dose and duration of Mn exposure. Mn treatment was 
carried out using 2500 worms exposed to 0, 2.5, 5, 10, mM for 2 days or 10 days in 
sterile microcentrifuge tubes on a shaker at 200 rpm and 20 °C. After 2 or 10 days 
of treatment the worms were pelleted and washed three times and immediately 
after exposure to Mn, 40 to 60 worms were placed on 60 mm plates containing 
NGM and seeded with OP50 E. coli for BSR and ROS analyses. We compared 2-day 
and 10-day Mn-exposures which started at L1, followed by a 10-day no-Mn period 
post-exposure (testing at adult day 10 and adult day 18, respectively). We observed 
that the longer the duration of exposure, the lower Mn exposure levels were needed 
to detect a significant reduction in the BSR. After 2-day exposure, BSR decreased 
with 5 and 10 mM, but not with 2.5 mM. Furthermore, additional time post-expo-
sure showed a continued, even slightly stronger, persistent effect on BSR for at 
least another 8 days in the 2-day exposure model. Interestingly, when we analyzed 
the BSR after 10-day exposure, we observed decreases in BSR for all concentra-
tions when compared to control. In addition, ROS formation increased first at 5 
and 10 mM after 2 days of Mn exposure and increased at all concentrations 10 
days after exposure, corroborating the BSR results. In conclusion, our results show 
that chronic Mn exposure causes DAergic-dependent BSR phenotype in a dose-and 
dose-duration dependent manner. Supported by NIEHS grant R01ES10563.

 4560 What Does Neuroimaging of the Cerebellum in Welders Exposed 
to Manganese Tell Us about Mood Changes?

G. K. Nossa, M. Martinez Ortiz, K. Ahmed, H. Monsivais, and U. Dydak. Purdue 
University, West Lafayette, IN.

High exposure to manganese (Mn) through inhalation of welding fumes has 
been shown to have a toxic effect to the human brain leading to a Parkinson’s-
like syndrome known as manganism. Oxidative stress and neuroinflammation are 
two common mechanisms implicated in psychiatric and neurological disorders, 

such as Parkinson’s disease. Previous animal studies illustrated that depletion of 
glutathione (GSH - the primary antioxidant) in the brain is the starting point for 
metabolic stress, neuroinflammation, and cognitive impairment. Additionally, mood 
disorders have been reported as one of the earliest symptoms in humans with high 
exposure to Mn. Magnetic resonance spectroscopy (MRS) techniques allow for 
the non-invasive measurement of these oxidative stress and neuroinflammation 
markers in vivo. In this study, we evaluated whether mood change is associated 
with welder metabolite levels in the cerebellum, a brain region recently associated 
with mood disorders. Twenty-four stainless-steel welders (23 males, age range 
= 45±15 yrs) and 14 controls (10 males, age range = 45±15 yrs) were recruited 
from a local truck trailer manufacturer and university, respectively. All subjects 
underwent a brain scan on a 3T Siemens MRI scanner and were administered 
the Brief Symptom Inventory (BSI) survey to self-assess psychological symptom 
patterns. Short echo-time as well as edited cerebellum MRS data were acquired 
using sLASER and HERMES. Metabolite concentrations are referenced to brain 
water content and reported in mM. The relationship between changes in cerebellar 
metabolite levels and BSI raw mood scores were assessed via Spearman correla-
tions (α=0.05) in R-Studio. A preliminary analysis showed significant negative 
correlations between cerebellar GSH and anxiety (ANX), obsessive compulsive 
(O-C), and phobic anxiety (PHOB) subdomains of the BSI in welders (p=0.002, 0.029, 
0.002, respectively). Myoinositol (mI) positively correlated with ANX (p=0.013) and 
somatization (SOM, p=0.042). Choline (Cho) showed to be linked to ANX, depres-
sion (DEP), O-C, PHOB, and psychoticism (PSY) (p=0.00005, 0.017, 0.04, 0.036, 
respectively). And finally, Cre was correlated with ANX, paranoid ideation (PAR), and 
PHOB (p=0.009, 0.042, 0.018, respectively). With these results we demonstrate that 
mood changes may be associated with oxidative stress and neuroinflammation 
reflected through metabolite changes in the cerebellum of Mn exposed welders. 
GSH, an antioxidant, negatively correlated with mood categories indicating that 
increased oxidative stress may be associated with anxiety, obsessive compulsive, 
and phobic anxiety increase. Both Cho (a marker for cell membrane metabolism 
and turnover) and Cr (a marker for cellular energy) exist at higher concentrations 
in glial cells compared to neurons. Therefore, together with mI (a glial cell marker), 
elevated concentrations may reflect glial cell activation, which release inflamma-
tory mediators. Positive correlations between these metabolites and mood scores 
may indicate that as concentrations increase, the symptoms for anxiety, somati-
zation, depression, obsessive-compulsive, phobic anxiety, paranoia, and psychoti-
cism also increase. This suggests that these mood disorders may be associated 
with neuroinflammation. This study was supported by the R01 ES032478 and the 
International Manganese Institute. 

 4561 17β-Estradiol and Tamoxifen Attenuate Manganese-Induced 
Dysregulation of the Wnt/β-Catenin/REST Pathway in 
Neuronal Cells

A. Digman1, E. Pajarillo1, S. Kim1, I. Nyarko-Danquah1, H. Multani1, I. Ajayi1, M. Aschner2, 
and E. Lee1. 1Florida A&M University, Tallahassee, FL; and 2Albert Einstein College of 
Medicine, Bronx, NY.

Chronic exposure to manganese (Mn) causes a neurological disorder referred to 
as manganism, presenting similar symptoms to those of idiopathic Parkinson’s 
disease (PD). Dysregulation of repressor element-1 silencing transcription factor 
(REST) is associated with PD and Mn-induced neurotoxicity, and REST protected 
neurons against Mn-induced neurotoxicity. 17β-estradiol (E2) and a selective 
estrogen receptor modulator (SERM) tamoxifen (TX) exerted neuroprotection 
against Mn neurotoxicity. E2 has been shown to activate the Wnt/β-catenin 
pathway which upregulates REST, but whether the Wnt/β-catenin signaling is 
involved in E2/TX’s protective effects against Mn’s toxicity is unknown. In the 
present study, therefore, we investigated the role of the Wnt/β-catenin/REST 
pathway in E2/TX-induced protection against Mn toxicity in Cath. a-differentiated 
(CAD) neuronal cells. First, we determined if E2/TX attenuated Mn-reduced REST 
promoter activity, mRNA, and protein levels using luciferase assay, qPCR, and 
western blotting, respectively. The results showed that both E2 (10 nM) and TX (1 
μM) upregulated REST promoter activity, mRNA, and protein levels, and attenuated 
Mn-induced reduction in REST expression in CAD cells. It also suggests that TX 
acts as an agonist similar to E2 in our experimental settings. Next, the molecular 
mechanism involved in E2/TX-induced REST upregulation was studied by investi-
gating the Wnt/β-catenin signaling pathway, including signaling proteins involved 
in this pathway using immunoblotting, as well as the binding affinity of transcrip-
tion factor TCF/LEF-1 to its binding motifs in REST gene promoter regions using 
methods of chromatin immunoprecipitation (ChIP), electrophoretic mobility shift 
assay (EMSA), and DNA affinity precipitation assay (DAPA). The results showed 
that Mn decreased β-catenin, but its overexpression increased REST promoter 
activity, suggesting that β-catenin plays a role in Mn’s repression on REST via 
canonical Wnt signaling. Mn activated GSK3β by phosphorylating its Y216 residue 
for β-catenin degradation, but E2/TX attenuated Mn’s β-catenin degradation by 
inhibiting Mn’s GSK3β Y216 phosphorylation as well as phosphorylating S9 residue 
of GSK3β, which inactivates GSK3β, resulting in prevention of β-catenin degrada-
tion. Moreover, E2/TX attenuated Mn-induced reduction in β-catenin by inhibiting 
Mn-induced phosphorylation of β-catenin at S33, S37, and T41 residues which 
leads to β-catenin degradation. Subsequently, E2/TX increased nuclear translo-
cation of β-catenin and attenuated Mn-induced reduction of nuclear β-catenin 
in CAD cells. Consequentially, Mn decreased binding of TCF/LEF-1 on the REST 
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promoter regions, but E2/TX attenuated this Mn’s effect, suggesting that E2/TX 
activate canonical Wnt signaling via the nongenomic pathway to attenuate Mn’s 
repression of REST. Taken together, our findings provide molecular insights of 
the Wnt/β-catenin signaling pathway associated with regulation of REST in E2/
TX-induced neuroprotection against Mn-induced neurotoxicity.   

 4562 IGF/Insulin Signaling Interruption in Acute versus Chronic 
Manganese Exposure

X. Tang1, H. Kim1, A. M. Tukker1, M. M. Strom1, M. Aschner2, and A. B. Bowman1. 
1Purdue University, West Lafayette, IN; and 2Albert Einstein College of Medicine, 
Bronx, NY.

Manganese (Mn) functions as an essential trace metal and facilitates insulin/
insulin-like growth factor (IGF) signaling (IIS) transduction by serving as a cofactor 
for multiple kinases along the pathway. The activity of these kinases, including 
protein kinase B (AKT), mechanistic target of rapamycin complex 1 (mTORC1), and 
downstream p70 ribosomal S6 kinase (S6), are highly sensitive to fluctuations in 
intracellular Mn content. Thus, the nutritional aspects of Mn are paralleled by its 
role as a neurotoxicant upon excessive accumulation. Published data from our 
lab provide evidence that elevated intracellular Mn activates AKT and S6 without 
inducing cell death. We thereby hypothesized that disruption of IIS homeosta-
sis could be attributed to adverse neurological effects of chronic real-world Mn 
exposures. Our new studies in wildtype mouse striatal neuronal STHdh line show 
that acute (<48 hours) Mn exposure altered AKT and S6 response to IGF stimula-
tion. Notably, S6 phosphorylation was significantly potentiated by exposure to low 
concentrations of Mn (5-25 µM), at which AKT activity per se was not affected. This 
differential sensitivity indicates that S6 regulators lying downstream from AKT, 
presumably mTORC1, may be involved in cellular responses to acute low-dose Mn. 
However, prolonged exposure of 6-9 days did not induce significant changes in 
the kinase phosphorylation or gene expressions in IIS. When the exposure time 
frame was again extended to 5 µM Mn for 40+ days, transcriptional alterations in 
multiple pathways of the IIS system were detected with single-cell RNA sequencing 
analysis. mTOR and its substrates, S6 and eukaryotic translation initiation factor 4 
(eIF4), were identified as the principal affected pathways in postmitotic glutamater-
gic populations of cortical neurons differentiated from human induced pluripotent 
stem cells (hiPSCs). Despite differential gene expression detected in IIS, morpho-
logical changes were negligible in the exposed cortical neurons. In contrast, we 
observed a dramatic loss of neurite connections and complexity in the hiPSC-de-
rived floor plate dopaminergic neurons that were introduced to the same level of 
excessive Mn. The specific vulnerability of dopaminergic neurons is consistent with 
the development of Parkinsonian-like symptoms in severe Mn neurotoxic cases, 
though the toxicity of Mn in these neurons is controversial. Taken together, our 
findings highlight the interruption of IIS, especially mTOR pathways, in the transition 
of acute response to chronic neurotoxicity against Mn exposure. They also shed 
light on the diphasic protective versus toxicity-inducing role of neural signaling 
systems for which Mn normally serves as an essential co-factor. Supported by R01 
ES010563 (MA, ABB).

 4563 What Does Neuroimaging of the Cerebellum in Welders Exposed 
to Manganese Tell Us about Motor Function?

M. Martínez Ortiz1, G. Nossa1, H. Monsivais1, S. Snyder1, S. E. Zauber2, and U. Dydak1. 
1Purdue University, West Lafayette, IN; and 2Indiana University, Indianapolis, IN.

Manganese (Mn) and iron (Fe) are micronutrients that play important roles in differ-
ent metabolic and neuronal processes in the central nervous system. However, 
occupational exposure to these heavy metals has been shown to have detrimental 
effects on cognition, mood and motor functioning by promoting oxidative stress 
and synthesis of reactive oxygen species (ROS). The cerebellum is an important 
structure for motor control but has not been studied in humans with respect to 
Mn toxicity yet. Magnetic Resonance Imaging (MRI) allows us to non-invasively 
measure the accumulation of Mn, using the R1 contrast, as well as of Fe, using 
the R2* contrast. Equally, magnetic resonance spectroscopy (MRS) allows quanti-
fying concentrations of the neurotransmitters gamma-aminobutyric acid (GABA), 
glutamate (GLU) and the oxidative stress marker glutathione (GSH). Using a 3T 
Siemens MRI scanner, we studied the cerebellum of 24 welders and 12 controls. 
The participants also underwent an evaluation of their motor function using the 
Unified Parkinson Disease Rating Scale (UPDRS)-Part III, the Finger-Tapping test 
and the Grooved Pegboard test. The cerebellar data showed that welders have 
significantly higher Fe (R2*) concentrations in the left dentate nucleus (p= 0.020), 
but no difference in Mn (R1) was observed. Similarly, welders had significantly 
elevated GSH levels in the cerebellum than controls (p=0.008), with no significant 
difference observed in GABA or Glu. In addition, welders also scored significantly 
higher on the UPDRS scale (p<0.001), indicating reduced motor skills. No differ-
ences were found for the Finger-Tapping and Grooved Pegboard tests. Correlation 
analysis revealed that both higher Mn in the left cerebellar hemisphere, and higher 
cerebellar GSH values are associated with worse performance on the UPDRS scale. 
Our results provide evidence for disturbed Fe and GSH homeostasis in the dentate 
nucleus/cerebellum in welders. Since this welding population is exposed to typical 
occupational exposure levels of Mn, and would otherwise count as “healthy”, the 

increase in GSH might be an upregulation to increase antioxidative capacity and 
resistance to oxidative stress due to the elevated Fe levels. With larger sample 
sizes we will be able to test this new hypothesis and see whether GSH decreases 
again at higher exposure levels. This study is supported by NIEHS R01 ES032478, 
and the UREP - C exchange program between Colombia and Purdue University.

 4564 Dopaminergic Neuron-Specific Deletion of REST/NRSF Worsens 
Manganese-Induced Neurotoxicity by Exacerbating Behavioral 
Deficits and Reduction of Dopamine and Serotonin Levels in the 
Nigrostriatal Pathway of Mice

S. Kim1, E. Pajarillo1, A. Digman1, I. Nyarko-Danquah1, H. Multani1, I. Ajayi1, M. Aschner2, 
and E. Lee1. 1Florida A&M University, Tallahassee, FL; and 2Albert Einstein College of 
Medicine, Bronx, NY.

Manganese (Mn) is an essential element acquired through a regular diet. However, 
chronic exposure to high Mn levels may develop into a neurological condition 
known as manganism, exhibiting clinical symptoms similar to those in Parkinson’s 
disease (PD). Although Mn has been shown to impair the dopaminergic system, 
the underlying mechanism of Mn-induced dysregulation remains to be understood. 
We have shown previously that the RE1-silencing transcription factor (REST) in 
dopaminergic neurons exerts protective effects against Mn toxicity. In the present 
study, we determined if deletion of dopaminergic REST modulated Mn-induced 
neurotoxicity in mice. We first generated dopamine transporter (DAT)-specific 
REST deleted (REST cKO) mice by crossing DAT-Cre mice with REST loxP mice to 
delete REST specifically in dopaminergic neurons. After wild type (WT, REST loxP) 
and REST cKO mice were exposed to Mn (30 mg/kg, daily, intranasally) for three 
weeks, locomotor activity in open-field and motor coordination by rotarod were 
assessed. Various neurotransmitter levels were also measured in tissue homoge-
nates from five brain regions, such as cortex, hippocampus, striatum, midbrain, 
and cerebellum, using HTEC-510 high-performance liquid chromatography with an 
electrochemical detector. The results showed that dopaminergic REST cKO mice 
worsened Mn-induced impairment of locomotor function and motor coordination 
compared to WT mice, while REST cKO mice did not exhibit significant changes in 
phenotype or behavior compared to the loxP WT mice. Mn significantly decreased 
dopamine and serotonin levels in striatum and midbrain of loxP WT mice, and 
further decreased these neurotransmitter levels in REST cKO mice in the same 
regions. Moreover, Mn-induced reduction in tyrosine hydroxylase (TH) protein levels 
was exacerbated in the striatum and substantia nigra of REST cKO mouse brain 
compared to WT mice by western blotting and immunofluorescence imaging. On 
the other hand, Mn’s effects on dopamine and serotonin levels in cortex, cerebel-
lum, and hippocampus were not as significant as those in striatum and midbrain 
in both WT and REST cKO. Interestingly, Mn significantly decreased GABA levels in 
striatum, cortex, and hippocampus we tested in WT mice. These findings indicate 
that dopaminergic REST plays a critical role in modulating Mn’s neurotoxicity, at 
least in part, by dysregulating dopaminergic and serotonergic neurotransmission in 
the nigrostriatal system.

 4565 MRI Relaxometry Covariance Analysis Identifies Brain Regions 
That Propagate Manganese to Other Brain Regions

H. Monsivais, J. Goñi, and U. Dydak. Purdue University, West Lafayette, IN.

Chronic exposure to welding fumes increases manganese (Mn) deposition in 
the brain leading to adverse neurobehavioral health effects. Because the signs 
of metal-induced toxicity are neurological, it is critical to understand how excess 
metal deposition distributes across the brain. Our group has shown that excess 
Mn seems to diffuse along white matter tracts to areas in the cortex; however, how 
these depositions are associated with each other is unclear. Therefore, the objective 
of this study is to use a network science approach termed “relaxometry covariance 
network” (RCN) analysis to assess the spatial distribution of Mn (as assessed by R1 
(=1/T1) mapping) and identify specific brain regions that do not only accumulate Mn 
(silos) but also propagate it to other brain areas. Structural T1-w brain MRI scans 
from 40 welders (MN) and 30 controls (HC) were parcellated into 192 separate brain 
regions of interest (ROIs) as masks with a fully automated segmentation software 
FreeSurfer V6.0.0. Brain regions with a significant amount of cerebrospinal fluid 
(CSF) were excluded since R1 mapping methods cannot measure the long times 
of CSF reliability. Next, the segmentation masks were overlaid onto the R1 maps 
to extract the relaxometry values. Left and right brain hemispheres were averaged, 
leaving 92 R1 values to construct Pearson correlation matrices representative of 
the correlation between R1 values across brain regions. To evaluate the covariance 
change (covChange) between the two groups, the HC Group correlation matrix was 
subtracted from the MN Group correlation matrix element-wise and added column-
wise. From this operation, high positive values represent increased covariance with 
the rest of the brain and “coupling” (i.e., correlation) with other brain regions. In 
other words, these brain regions accumulate Mn and propagate it to other brain 
areas. Negative values represent that for one specific brain region in the MN Group, 
the covariance is diminished with the rest of the brain (i.e., not correlated with other 
brain regions), and that specific brain region is a “silo” that only accumulates Mn 
but does not distribute it. A two-sample t-test was used to make a stronger case to 
identify brain regions with statistically significant differences in R1 values across 
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the two groups. The covChange was then plotted against the p-values to obtain a 
quadrant plot with quadrants representing brain areas that act as silos versus those 
acting as propagators. The correlation matrices show higher correlation between 
the basal ganglia (BG) welders compared to controls. This is to be expected as 
the BG is one of the primary brain areas where excess Mn accumulates due to 
occupational exposure to welding fumes. Additionally, more correlation between 
the BG and cortex areas is seen. When examining the larger covChange among the 
groups, nine brain regions are identified: thalamus, putamen, brainstem, amygdala, 
accumbens-area, optic-chiasm, subsections of the corpus callosum, and the 
transverse frontopolar gyri and sulci. Two-sample t-test results show statistically 
significant higher R1 values in the putamen, globus pallidus, and accumbens-area. 
The quadrant plot shows that the globus pallidus is a silo, while the putamen and 
accumbens-area accumulate and propagate Mn. Other brain areas that accumulate 
and propagate Mn are the caudate nucleus, hippocampus, cerebral white matter, 
amygdala and subsections of the corpus callosum. In conclusion, the preliminary 
results from the relaxometry covariance analysis allow for identifying silos and 
propagators of excess Mn deposition in the brain. In addition, the results seem to 
agree with already established literature (i.e., globus pallidus as a Mn silo) and yield 
information about other brain regions that potentially play an important role in the 
distribution of Mn and the development of Mn neurotoxicity.

 4566 Decreased Newborn Oligodendrocytes and Demyelination in 
Corpus Callosum following Lead Exposure

W. Zheng1, L. L. Liu1, Y. Du2, U. Emir1, and S. Sawiak3. 1Purdue University, West Lafayette, 
IN; 2Indiana University School of Medicine, Indianapolis, IN; and 3University of Cambridge, 
Cambridge, United Kingdom.

The corpus callosum (CC) is an oligodendrocyte (OL)-enriched brain region, replen-
ished by newborn OLs differentiated from oligodendrocyte progenitor cells (OPCs) 
in subventricular zone (SVZ). While exposure to lead (Pb) has been clinically linked 
to multiple sclerosis, a disease characterized by the loss of the myelin produc-
ing OLs, the underlying mechanism remains unclear. This study employed ex vivo 
neurospheres, in vivo lineage tracing, and real-time MRI technologies to investigate 
whether Pb exposure altered the population of SVZ-derived newborn OLs, resulting 
in demyelination in CC. In ex vivo experiments, mice received one ip. injection of 27 
mg Pb/kg (as Pb-acetate; saline as controls); brain SVZ tissues were dissected 24 
hours later for primary culture of neurospheres which were enriched with OPCs. 
Immunofluorescent staining showed that, following differentiation, neurospheres 
from Pb-treated mice had significantly fewer newborn myelin basic protein 
(MBP)-positive OLs (5.7±1.8 OLs per neurosphere) than those of controls (12.2±1.7; 
p<0.01). To verify this discovery, adult mice received daily ip-injections of BrdU (50 
mg/kg) for 3 d (for the purpose of tracing newborn OLs in CC), followed by daily oral 
gavage of Pb at 13.5 mg Pb/kg, 5 d/wk, for 4 weeks. Immunohistochemical staining 
of CC revealed that chronic Pb exposure decreased BrdU(+)/MBP(+) newborn 
OLs in the CC by 39.4% (p<0.05). Interestingly, quantifying demyelination using 
our newly developed 3D rosette dual-echo UTE MRI technique demonstrated that 
the transgenic APP/PS1 mice with chronic Pb exposure (27 mg Pb/kg, daily oral 
gavage for 4 weeks) had a marked demyelination in the CC compared to controls 
without Pb treatment by 14% (p<0.001). To explore the underlying mechanisms, we 
quantified the expression of RICTOR (a critical subunit for mTORC2 that regulates 
progenitor cell proliferation and differentiation in the SVZ), metallothionine 3 
(MT3, an intracellular Pb-binding protein), and Klotho (an OPC-stimulating protein 
uniquely expressed by the choroid plexus). Our data showed that by co-colocal-
izing signals with OPC marker NG2, the expression of RICTOR in SVZ OPCs was 
significantly reduced by 50.1% following chronic Pb exposure (p<0.05), while 
MT3 in SVZ OPCs was significantly elevated in Pb-exposed animals, implying the 
status of activated intracellular defense against Pb cytotoxicity. Intriguingly, Klotho 
expression in the choroid plexus (CP) was significantly downregulated by 35.2% 
following Pb exposure (p<0.01). Further characterizations of Pb-induced inflam-
matory responses showed the Pb-induced astrogliosis and microgliosis in the CC, 
which are known to interfere with the migration and arrival of newborn OLs to CC. 
Since Pb accumulates extensively in the choroid plexus upon overexposure, we 
conducted additional two-chamber Transwell studies to co-culture SVZ-derived 
neurospheres from Pb-exposed mice with the freshly isolated CP tissues. The 
data demonstrated that the presence of fresh CP tissues significantly reversed the 
Pb-caused inhibition of newborn OL generation. Overall, these observations provide 
direct evidence that Pb exposure inhibits the supply of newborn OLs from the SVZ 
to corpus callosum. Chronic Pb exposure evidently causes demyelination in this 
brain region. The questions as to how these factors may lead to multiple sclerosis 
and the involvement of CP remain to be further explored. NIH/NIEHS R01ES027078.

 4567 Analysis of Neuron-Derived Extracellular Vesicle Lead Levels 
and microRNA Cargoes from Human Plasma in an Aging 
Minority Population at Risk of Cognitive Impairment and 
Toxic Exposure

S. M. Nicholson, P. Bose, J. F. Herrera Moreno, K. Schilling, D. Re, A. Baccarelli, and 
J. A. Luchsinger. Columbia University, New York, NY.

Minority populations are at greater risk of developing neurological disorders and 
cognitive impairment such as those associated with Alzheimer’s disease and 
Related Dementias (ADRD) compared to the general population in the United States. 
A myriad of biological, lifestyle, and social determinants have been proposed to 
underlie such disparity. However, environmental exposure to toxic metals like lead 
(Pb) that disproportionally affects minority populations has not been adequately 
assessed for its neurotoxic contribution in cognitive impairment and ADRD 
onset and progression in the same population. Extracellular Vesicles (EVs) may 
play a role in the development and diagnosis of dementia-related neurodegener-
ative disorders. Lacking access to the brain, we enriched extracellular vesicles 
of neuronal origin (neuron-derived extracellular vesicles or NDEVs) from plasma 
to serve as a surrogate of the brain milieu and measure their Pb and microRNA 
(miRNA) cargo content. In this study, we examine NDEVs from participants at 
higher risk of mental health illness due to metabolic and cardiovascular disorders 
(Northern Manhattan Study of Metabolism and Mind or NOMEM), to identify associ-
ations with measures of cognition. The 64 minority participants had an average age 
of 64 with equal numbers of men and women and were compared to 32 non-His-
panic white cohorts. We captured NDEVs using neuron-specific immunoprecipita-
tion from total plasma EVs isolated by size-exclusion chromatography from 0.5 mL 
of plasma and conducted metal analysis using cold-acid digestion for quantitation 
of Pb by ICP-MS/MS. Preliminary analysis showed Pb to be reliably detected in the 
range between 0.11-0.35 ng/g in NDEVs samples with average NDEV concentration 
of 9.56E+08 particles/ml. We used linear regression to determine associations of 
Pb concentrations with cognitive scores. Additionally, we explored mechanistic 
involvement and biomarker potential of Pb in NDEVs. We hypothesized that Pb 
may influence cognition in aging populations by targeting the biogenesis of NDEVs 
as well as the miRNA sorting that target genes for tau phosphorylation, amyloid-
beta peptide binding, and neuronal function into NDEVs. RNA sequencing results 
obtained on NDEVs from this population revealed that several miRNAs were differ-
entially expressed in minority groups compared to non-Hispanic whites. Among the 
target genes of these miRNAs, several previously implicated in Alzheimer’s Disease 
are: HMGA1/2, HMGB1, and CASP3/IL6, GSK3B, and CDK4/CDK6/CDKN1A. Other 
target genes identified are known for their role in neuronal signaling/plasticity, and 
endocytosis and autophagy. GRIN2B, SCAMP, and TMEM, were also investigated. 
The expression levels of these genes were evaluated by qRTPCR and analyzed in 
relation to associated Pb concentrations. Our study demonstrates the potential of 
NDEVs to be used as biomarkers of environmental exposures and ADRD risk.

 4568 TGF-β Signal Mediates Lead (Pb)-Induced Vascular Amyloid, 
Demyelination, and Cognitive Deficits in an AD Mouse Model

H. Gu1, L. L. Liu2, A. Wu1, Y. Yu1, U. Emir2, W. Zheng3, and Y. Du1. 1Indiana University 
School of Medicine, Indianapolis, IN; 2Purdue University School of Health Sciences, West 
Lafayette, IN; and 3Purdue University, West Lafayette, IN.

Lead (Pb) is an environmental risk factor being suspected of contributing to 
Alzheimer’s disease (AD) and related dementia. Our previous study has suggested 
that Pb exposure increases amyloid plaques in the walls of cerebral arterioles 
and capillary, an early event leading to cerebral amyloid angiopathy (CAA) that is 
observed in approximately 85%-95% of AD patients. However, it remained unclear 
whether and how Pb exposure induced CAA pathology. This study was designed 
to investigate how chronic exposure to Pb induced CAA in APP/PS1 AD transgenic 
mice. Pb treatments at 0.2% drinking water for 2 months displayed pathological 
evidence characteristically for significant induction of CAA in the cortical blood 
vessels of APP/PS1 mice (3 mice with NaAc and 4 with PbAc). Along with the 
CAA formation, Pb exposure also significantly induced vascular TGF-β signal by 
immunohistochemical (IHC) analyses, cortical demyelination by both IHC and 3D 
rosette dual-echo UTE MRI technique, and cognitive deficits by neurobehavioral 
testing in these mice. Furthermore, Pb exposure also caused the disruption of 
perivascular drainage and increased the binding affinity of Aβ to brain vascula-
ture. Interestingly, by addition of an inhibitor against TGF-β signal, Pb-induced CAA 
pathogenic outcomes including CAA pathology were markedly attenuated. Taken 
together, these data provide strong evidence that chronic Pb exposure induces CAA 
and TGF-β signal is critically involved in the pathogenic processes leading to CAA 
pathology in this AD mouse model. Supported in part by NIH/NIEHS R01ES027078 
and NIA R21AG067923.
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 4569 Expression of Copper Chaperone for Superoxide Dismutase 
(CCS) in the Blood-CSF Barrier and Impact of In Vivo Lead 
Exposure in Mice

V. L. Hurn, L. Liu, L. Sang, and W. Zheng. Purdue University School of Health Sciences, 
West Lafayette, IN.

Copper chaperone for superoxide dismutase (CCS), also named superoxide 
dismutase 4 (-SOD4), is a copper (Cu) chaperone protein with a primary function to 
deliver Cu to SOD1 for cellular defense against oxidative damage. CCS also partic-
ipates in regulation of cellular Cu levels by its influence on the expression of Cu 
binding proteins, e.g., MT-I, MT-II, ATOX1, COX17, and ATP7A. CCS has been found 
to be expressed in high amounts in the choroid plexus, a brain tissue that consti-
tutes a barrier between the blood and cerebrospinal fluid (CSF) in brain ventricles 
and is known to play a vital role in maintaining Cu homeostasis in the central milieu. 
Previous data from this lab has established that exposure to toxic metal lead 
(Pb) causes substantial accumulation of Pb in the choroid plexus. This study was 
designed to test the hypothesis that Pb accumulation in choroid plexus following 
chronic exposure interfered with CCS expression in two major cell types of choroid 
plexus (i.e., choroidal epithelia and endothelia), which may contribute to altered Cu 
brain homeostasis. CD-1 mice received oral gavage at the dose of 13.5 mg Pb/kg 
body weight as Pb acetate (saline for control mice), once daily for 28 days. Atomic 
absorption spectroscopy (AAS) analysis revealed that blood lead levels (BLLs) 
were 0.1 ± 0.2 (SD) µg/dL and 35.0 ± 8.0 µg/dL in control and Pb-exposed animals, 
respectively (n=4, p=0.01). Immunohistochemistry was performed with rabbit 
anti-SOD4 antibody and, rat anti-CD31 antibody, followed by fluorophore-conjugated 
secondary antibody to visualize the impact of Pb exposure on CCS expression in 
brain tissues by confocal microscopic imaging analysis. The data showed that Pb 
groups had a significantly increased CCS expression in the choroidal epithelial cells 
by 92.9% (p<0.01), but with no changes in the choroidal endothelial cells, in compar-
ison to controls. Interestingly, CCS was found to express abundantly in the subven-
tricular zone (SVZ) at levels equivalent to that in the choroid plexus. Pb exposure 
appeared to increase CCS expression in SVZ by 20.2%, although this increase did 
not meet statistical significance (p<0.05). These results prove the presence of CCS 
in both choroidal epithelial and endothelial cells in the blood-CSF barrier in the 
choroid plexus. Exposure to environmental Pb causes an increased expression of 
CCS specifically in the epithelial cells that are the structural basis of the blood-CSF 
barrier, suggesting an activated defense against Pb toxicity and possible interfer-
ence with Cu regulation by the blood-CSF barrier. Further research to explore the 
mechanisms whereby Pb altered the CCS with resulting Cu dyshomeostasis in the 
CSF is in progress. Supported by NIH/NIEHS R01ES027078.

 4570 Variable Activity of Lead (Pb) on Inflammatory Cytokine Gene 
Expression in SIM-A9 Murine Microglia (MC) Stimulated 
with Endotoxin

A. Abdelnaser, M. H. Yousef, and H. A. El-Fawal. American University in Cairo, New 
Cairo, Egypt.

Despite regulatory restrictions, Pb continues to pose a risk to human health, partic-
ularly the nervous system (NS). Pb has been shown to induce oxidative stress, 
impair neurotransmitter signaling, and cause the death of the different neuronal 
populations. Given its environmental ubiquity, Pb poisoning accounted for 50% of 
the deaths due to exposure to chemicals in 2019 and 30% of idiopathic cognitive 
dysfunction, according to the WHO. While MC play a protective role in the CNS, 
they have also attracted significant attention as effectors of neuroinflammation 
and neurodegeneration (ND). Yet few studies have addressed the effects of Pb 
on MC. The present study used murine SIM-A9 MC to determine the effects of 
Pb acetate (1 µM - 1 mM) on MC viability at 24 hours. At these concentrations, 
Pb did not affect viability using the MTT assay, nor did these concentrations alter 
NO production, as indicated by nitrite analysis of cell supernatant using the Griess 
method. However, while 100 µM Pb alone did not induce changes in gene expres-
sion, determined by RT-qPCR, for IL-1β and IL-6, it enhanced LPS (100 ng/mL)-in-
duced MC activation, as evidenced by the significantly elevated expression of these 
markers (p<0.001). Interestingly, for COX-2, TNF-α and iNOS gene expression was 
negligible in the presence of Pb (100 µM) alone, but that concentration significantly 
(p<0.05) reduced gene expression in the presence of LPS (100 ng/mL) compared to 
MC treated with LPS (100 ng/mL) only. These latter results are at odds with reports 
of enhanced expression in murine MC primary cultures. However, those studies 
relied on immunohistochemistry and not qPCR. These preliminary studies indicate 
that Pb may exacerbate activity of primed MC in the presence of ongoing injury, 
given that Pb is known to directly induced neuronal damage, and warrants further 
investigation, particularly as to its inflammatory role.

 4571 Aberration of Corticothalamic Brain Regions in Rats Exposed to 
Welding Fumes

D. Pathak, G. X. Lin, W. McKinney, J. M. Antonini, and K. Sriram. NIOSH, 
Morgantown, WV.

The potential for developing Parkinson’s disease (PD)-like neurological dysfunction 
following occupational exposure to welding fumes (WF) is an emerging concern. 
Manganese (Mn) in welding consumables is suspected to cause the neurological 
deficits seen in welders. Indeed, we have shown that Mn-containing WF causes 
dopaminergic neurotoxicity in rats by provoking neuroinflammation, and reducing 
PD-related (PARK) proteins in the striatum and midbrain, areas typically affected 
in PD. Recent studies show that chronic exposure to low doses of Mn causes 
fine motor and cognitive impairment. Functional magnetic resonance imaging 
studies of welders reveals Mn accumulation and altered metabolites in cortical 
and thalamic regions, which correlated with reduced performance in fine motor, 
working memory, and executive function tasks. Such subclinical motor and non-mo-
tor dysfunction often precede clinical motor symptoms linked to dopaminergic 
neurodegeneration. These findings suggest that the neurological underpinnings 
in PD, manganism, and WF-mediated PD-like manifestation encompasses much 
more than degeneration of the nigrostriatal dopaminergic pathway and involves 
brain areas associated with sensorimotor, fine motor, and cognitive tasks, such 
as the cortex, thalamus, and cerebellum. Here, we examined the effects of WF on 
the frontal cortex (FCT, including pre-frontal cortex), parietal cortex (PCT, includ-
ing motor cortex), and thalamus (THL, including subthalamic nucleus) of rats to 
determine if it instigates neurochemical and synaptic changes that are predictive 
of sensorimotor and cognitive impairment. Sprague-Dawley rats (male; 3 months 
old) were exposed by whole-body inhalation to fumes (4 - 6 mg/m3; 3 hours/day × 4 
days/week × 5 weeks; for a total of 20 days) generated by gas metal arc-stainless 
steel (GMA-SS / WF), humanely euthanized at 1, 7, 28 or 112 days post-exposure, 
and brain areas collected. WF upregulated (1.4 to 1.7-fold) the mRNA transcripts 
for interferon-gamma (Ifng), inducible nitric oxide synthase (Nos2), matrix metallo-
proteinase 9 (Mmp9), dopamine D2 receptor (Drd2), and the solute carrier family 
18 member A2 (Slc18a2 / Vmat2) in FCT after 1 d, suggestive of neuroinflamma-
tion and altered monoamine neurotransmitter signaling. Small decrements (10 - 
20 %) in norepinephrine (NE) and serotonin (5-HT) were detected in the FCT at 
7, 28, and 112 days. Reduced (22 - 30 %) NE, 5-HT, and dopamine (DA) was also 
seen in THL at 28 days, and the levels remained persistently lower at 112 days. 
Synaptophysin 1 protein increased (43 %), while ubiquitin C-terminal hydrolase 
L1 (UCHL1 / PARK5) protein levels decreased (44 %) in the FCT at 28 days. The 
FCT, primarily the prefrontal cortex, is known to coordinate and regulate cognitive 
tasks, including working memory, decision-making, attention, and learning. NE, DA, 
and 5-HT principally modulate this brain region, and dysregulation or imbalance in 
their levels affect neuronal circuits involved in cognitive processing. In conjunction, 
increased DRD2 expression is linked to poor cognitive performance. Together, our 
findings support the notion that a complex interplay of overlapping neural circuits, 
primarily involving nigrostriatal, cortical, thalamic, and cerebellar tracts are critical 
for eliciting key motor and non-motor symptoms in PD, and perhaps manganism, 
as well as welding-mediated PD-like manifestation. As dysregulation of corticotha-
lamic region, linked to subclinical and non-motor symptoms, often precedes clinical 
motor signs, it may provide early insight into the neurodegenerative process. More 
research is necessary to identify biomarker signatures linked to sensorimotor and 
cognitive impairment that can aid early detection, intervention, and prevention of 
motor dysfunction associated with welding and Mn exposure.

 4572 Cadmium Exposure Alters the Gut Microbiome and Microbial 
Metabolites before the Onset of Learning and Memory Deficits 
in Mice

H. Wang1, Z. Xia1, H. Gu2, and J. Cui1. 1University of Washington, Seattle, WA; and 
2Florida International University, Miami, FL.

Cadmium (Cd) is a heavy metal that has been recognized as one of the most toxic 
environmental pollutants. Increasing evidence suggests that Cd is a neurotoxicant, 
however, the underlying mechanisms remain poorly understood. The gut-brain axis 
is a communication pathway between the gut microbiome and the central nervous 
system. Studies in the literature have found that alterations of the gut microbiome 
are implicated in various neurological diseases and manipulating the gut microbi-
ome can affect neurological functions in animals. Because we previously showed 
that the gut microbiome is a target of Cd toxicity, we hypothesize that the gut-brain 
axis may mechanistically contribute to Cd-induced impairment of learning and 
memory. As a first attempt to test our hypothesis, we tested if Cd induces gut 
dysbiosis preceding the onset of cognitive deficits, and how distinct neuroactive 
microbial metabolites mechanistically contribute to Cd-mediated cytotoxicity. We 
exposed 8-week-old C57BL/6 male mice to 3 mg/L Cd through drinking water for 9 
weeks. The Novel Object Location test, which probes for hippocampus-dependent 
spatial memory deficits, was performed weekly during the exposure period to detect 
the onset of cognitive deficits. Fresh fecal pellets were collected weekly to examine 
the alterations of the microbiome over the time course. We found Cd exposure 
caused hippocampus-dependent learning and memory impairments starting at 4 
weeks into exposure, without affecting activity or anxiety in mice. Hippocampus-
specific RNA-sequencing at the terminal time point showed that Cd reduced the 
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expression of genes involved in synapse function and neurotransmitter transpor-
tation. Metagenomic shotgun sequencing data showed that the dysbiosis in the 
fecal microbiome was observed 1 week prior to the onset of learning and memory 
deficits. Most notably, over the time course, Cd exposure produced a sustained 
decrease of the succinate and acetate-producing A. muciniphila - a producer of the 
short chain fatty acid (SCFA) acetate and succinate (a precursor of butyrate), as well 
as a sustained increase of B. thetaiotaomicron - a commensal human gut microbe 
associated with cognitive deficits and is known for its role in secondary bile acid 
synthesis. At the terminal time point, targeted metabolomics showed a decrease 
of the neuroprotective short-chain fatty acids acetate and butyrate, as well as an 
increase in secondary bile acids (taurine-conjugated (T-) omega muricholic acid, 
T-deoxycholic acid, and T- ursodeoxycholic acid), at distinct bio-compartments 
of the Cd-exposed mice. Furthermore, butyrate and succinate supplementation 
rescued the Cd-induced cytotoxicity in primary cultured adult neural stem cells. 
Together, our findings showed that Cd exposure induced gut dysbiosis before the 
onset of cognitive deficits in mice, whereas restoring the neuroprotective SFCA 
metabolites rescued Cd neurotoxicity in vitro. Therefore, the gut-brain axis is likely a 
mechanistic contributor and a novel therapeutic target for Cd neurotoxicity.

 4573 Glucose Deprivation Activates Signaling and Metabolic 
Pathways to Attenuate Cadmium-Induced Neurotoxicity in a 
Striatal Cell Model of Huntington’s Disease

G. Kwakye, R. Ziar, and P. Kamitsuka. Oberlin College, Oberlin, OH.

Huntington’s disease (HD) is functionally linked to environmental factors including 
cigarette use and dyshomeostasis in the levels of essential metals. Interestingly, 
one of the most abundant heavy metals in cigarettes is cadmium (Cd), which also 
accumulates in the striatum and causes neurotoxicity upon exposure. We have 
previously demonstrated that expression of mutant HD protein coupled with acute 
Cd exposure perturbs physiological mechanisms and promotes cell death. However, 
the basis for this genotypic effect remains to be elucidated. Using an established 
striatal cell line model of HD, immunoblotting, and various molecular and biochem-
ical assays, we report that glucose deprivation abolishes the genotype-specific 
effect observed upon acute Cd exposure for 24 hours. Specifically, glucose-depri-
vation reduces the Cd-induced early production of reactive oxygen species and 
upregulates glutathione synthesis and Nrf2 protein expression in HD striatal cells 
as compared to wild type (WT). Additionally, we observed improved mitochondrial 
function in mutant HD cells cultured in glucose-deprived media and exposed to 
Cd for 24 hours. Importantly, this cytoprotective effect of glucose deprivation in 
HD cells is specific to Cd and no other implicated neurotoxicants. Furthermore, in 
glucose supplemented media, Cd exposure significantly upregulates key divalent 
metal influx transporter systems and downregulates efflux transport mechanisms 
in HD cells compared to WT. Altogether, these data suggest that the primary 
pathways underlying Cd neurotoxicity in HD striatal cells do not utilize traditional 
metal transport mechanisms but may be facilitated via glucose dependent metal 
transporters. These findings not only illuminate a valuable therapeutic target but 
highlight a possible interaction between the HD protein and glucose transporters.

 4574 Neurobehavioral Toxicity of Developmental Cadmium and PAH 
Mixtures in Zebrafish

A. Stickler, A. B. Hawkey, and E. D. Levin. Duke University Medical Center, Durham, NC.

Developmental exposure to a group of combustion products known as polycyclic 
aromatic hydrocarbons (PAHs), or to heavy metals, have been shown to cause 
persisting neurobehavioral effects in multiple species. However, interactions 
between these compounds have not been assessed, despite the fact that air and 
water pollution frequently contain both classes of contaminants. In two companion 
studies, we examined the effects of developmental exposure to cadmium (Cd) 
alone and in a mixture with the model PAHs benzo-a-pyrene (BAP) or fluoranthene 
(FA) in zebrafish. Zebrafish were exposed to Cd (0-0.3 µM), BaP (0-3 µM) (Study 1), 
FA (0-1.0µM) (Study 2), or binary CD-PAH mixtures during the first five days post-fer-
tilization (dpf). In Study 1, single exposures to BaP reduced increased swimming 
activity in the dark at 6 dpf. Co-exposure with Cd blocked this effect and caused 
a significant BaP-induced hypoactivity to be expressed in the light. At 3 months 
of age (adolescence), single exposure to BaP caused locomotor hyperactivity in 
the novel tank, but co-exposure with Cd attenuated this effect. In the tap startle 
test, BaP generally reduced pre-tap activity, and Cd did not alter this pattern. In 
Study 2, in contrast, the effects of FA and Cd did not interact with one another. The 
lower concentration of Cd (0.1µM) caused hyperactivity in the dark during the 6dpf 
motility test, while 1.0µM FA caused generalized hypoactivity, and each of these 
patterns was equally evident across binary mixtures. At 3 months FA generally 
reduced the diving response in the novel tank and activity in the tap test without 
altering the magnitude of the startle response. Taken together, these data indicate 
that Cd exposures can interact with neurotoxic PAHs and influence the expression 
of PAH-related deficits, but that those interactions may not be relevant to all PAHs. 
PAHs which primarily act as AHr agonists, like BAP, may be particularly sensitive to 
these interactions, while PAHs acting as CYP1a inhibitors, like FA, may not. Further 
research at later life stages is ongoing. This work emphasizes the need for detailed 

risk assessments of mixtures containing contaminants of differing classes, and for 
clarity on the mechanisms which allow cross-class toxicant interactions to occur. 
Research supported by the Duke University Superfund Research Center (ES010356).

 4575 Comparison of MRI Methods for Iron Imaging in the 
Human Brain

H. Monsivais, G. K. Nossa, M. A. Martinez, and U. Dydak. Purdue University, West 
Lafayette, IN.

Iron (Fe) is a fundamental element in many normal brain physiological processes 
involving neurotransmitter synthesis and metabolism, mitochondrial respiration, 
and myelin synthesis as components of certain enzymes. While Fe homeostasis 
needs to be maintained, abnormal iron accumulation can be toxic and has been 
associated with pathological changes, e.g., neurodegeneration. Fe is also a signifi-
cant constituent of welding fumes and shares similar chemical characteristics with 
manganese (Mn); however, studies of Fe brain deposition and their associations 
with Mn-induced toxicity are inconsistent and scarce. Due to the paramagnetic 
properties of Fe, MRI can be used to estimate brain iron non-invasively and has 
great potential as a complementary tool to study altered metal-status homeostasis. 
Specifically, the effective transverse relaxation rate (R2*) and quantitative suscep-
tibility mapping (QSM) are two MRI contrasts used to quantify Fe concentrations 
in the body. However, which method is more specific and sensitive to changes in 
Fe concentrations is not yet clear. This study aimed to characterize the quantita-
tive dynamic range of these two methods by assessing the relationship between 
R2* and QSM signal and iron concentrations in a phantom and comparing them 
in-vivo in a cohort of steel welders and healthy controls. A cylindrical phantom 
containing nine 15 mL vials of different concentrations (0.5, 1.0, 2.0, 3.5, 5.0, 7.5, 
10.0, 25.0, and 50.0 mM) of iron chloride (FeCl2) diluted with a 1% agar solution 
was constructed and imaged on a 3T Siemens Prisma MRI scanner. Quantitative 
R2* relaxation maps (MapIt, Siemens Healthcare) were acquired using a multi-echo 
gradient recalled echo (mGRE) sequence. QSM maps were generated using the 
open-source software QSMxT using the magnitude and phase images from the 
same R2* scan. For the in-vivo study, twenty stainless-steel welders (19 M, 1 F, age 
range = 45±11 yrs) and 13 controls (8 M, 5 F, age range = 42±12 yrs) were recruited 
from a local truck trailer manufacturer and university, respectively. R2* and QSM 
images were acquired with the same MRI sequences as in the phantom study. 
ROIs were drawn bilaterally on the globus pallidus (GP) and substantia nigra (SN) 
to obtain the mean signal intensity. The average mean values were then used for 
statistical analysis. In the phantom study, both methods show a strong positive 
linear relationship between QSM and R2* signal and increasing Fe concentra-
tions (R2 = 0.96 and 0.99, respectively) up to 50 mM. In vivo, the linear relationship 
between QSM and R2* values is strong in the GP for the welder group (R2 = 0.88, p 
< 0.0001) and moderate in the control group (R2 = 0.75, p = 0.0034). The correlation 
between the two contrasts in the SN was not as strong in both the welder group (R2 
= 0.32, p = 0.17) and the control group (R2 = 0.69, p = 0.009); however, it remained 
positive. Two sample t-tests revealed statistically significant differences between 
welders and controls for QSM values in the SN (p = 0.015). In contrast, R2* values 
were statistically different in both the GP (p = 0.004) and SN (p <0.0001). Overall, 
both imaging sequences show strong linear relationships between R2*, QSM, and 
iron concentrations. In-vivo results show better agreement in the GP, most likely 
due to the large uniformity of this brain area which potentially alleviates suscep-
tibility to artifacts. The R2* values showed statistically significant differences 
between the welder and control groups in both brain regions, while the QSM values 
only showed a statistically significant difference in the SN. In this study, QSM is 
not superior to the gold standard of R2* for measuring brain iron levels in toxicol-
ogy studies. This study was supported by the R01 ES032478 and the International 
Manganese Institute.

 4576 Detection and Speciation of Iron Particles in Killifish Brain after 
Exposure to Particulate Matter and Its Effects on Mechanisms 
of Neurodegeneration

F. Kastury1,2, P. Bhattarai1, N. Nelson1, K. DeSantis1, M. Cosacak3, S. Nicholas4, C. Hu5, 
C. Kizil1, B. Bostick1, and B. L. Pearson1. 1Columbia University, New York, NY; 2University 
of South Australia, Adelaide, Australia; 3German Center for Neurodegenerative Diseases, 
Dresden, Germany; 4Brookhaven National Laboratory, Upton, NY; and 5Stony Brook 
University, Stony Brook, NY.

Despite being an essential trace metal in the brain, iron (Fe) accumulation in brain 
tissues may cause neurodegenerative diseases such as Alzheimer’s disease, 
Parkinson’s disease, amyotrophic lateral sclerosis, multiple sclerosis, neuroferriti-
nopathy, and stroke. Excessive Fe storage in brain may cause neurotoxicity due to 
oxidative stress via Fenton reaction, inducing pathophysiology of neurogenerative 
diseases. African turquoise killifish (Nothobranchius furzeri) has been proposed as 
an ideal organism to study the effect of Fe exposure on neurotoxicity, owing to its 
short life span (4-9 months) and capacity to develop prominent aging associated 
cognitive decline such as sporadic neurodegeneration (e.g., Alzheimer’s disease). 
The overarching aim of this study was to investigate if Fe associated with partic-
ulate matter (PM) crosses the blood brain barrier of killifish, accumulates in the 
brain and causes neurotoxicity. We hypothesized that older fish will accumulate 
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more particles in the brain tissues, owing to age related increase in the permeabil-
ity of blood brain barrier, and show higher neurotoxicity. To achieve this aim, PM 
sample was collected from 23 indoor/outdoor sites at Taranto (Southern Italy), a 
region known to be significantly impacted by air pollution from steel manufactur-
ing, with epidemiological studies highlighting neurotoxicity among the residents 
of this area. Total elemental concentrations of the homogenized PM sample (< 74 
µm) was analyzed using X-ray fluorescence. Killifish aged 3 months were treated 
with either 200 mg PM/L (n = 2) or system water as unexposed controls (n = 2) 
for 3 days. After euthanasia, the brain was frozen and cryo-sectioned (30 µm), 
mounted on Ultralene®, dried using a N2 desiccator. Detection of Fe particles in the 
brain was conducted using X-ray Fluorescence (XRF) microscopy at the National 
Synchrotron Light Source II (NSLS-II), while Fe speciation in both the PM sample 
and brain tissues were analyzed using X-ray absorption spectroscopy (XAS). XRF 
microscopy showed a significantly higher number of Fe hotspots in the telenceph-
alon of exposed killifish compared to the unexposed controls. Speciation analysis 
confirmed the presence of magnetite (Fe3O4) in the brain tissues, with similar ratios 
of elements such as titanium and vanadium to that of the PM particles, confirm-
ing that Fe-rich particles from the PM sample crossed the blood brain barrier and 
accumulated in the brain. Molecular and histopathological markers are pending; 
nevertheless, our study provides empirical evidence of Fe accumulation in brain in a 
fish model for brain aging and its role in neurodegeneration.

 4577 A Toxic Aging Coin: An Assessment of Cr(VI)-Induced Biological 
Aging in the Brain

S. T. Vielee, A. R. Williams, H. Lu, I. I. Meaza, J. H. Toyoda, J. P. Wise Sr., and 
J. P. Wise Jr. University of Louisville, Louisville, KY.

The world’s population is aging at an unprecedented rate, with an estimate for 
2030 that 20% of the U.S. population will reach a geriatric age and will live 20-40 
more years as geriatrics. This swelling aged population poses a significant and 
immediate challenge to healthcare infrastructures due to the increased prevalence 
of age-related diseases and comorbidities. Exacerbating this challenge is the 
ubiquitous environmental pollution, which threatens the health of people at any 
age and can also accelerate biological aging. There are critical knowledge gaps 
regarding how geriatric populations may be especially vulnerable to environmental 
pollutants and how these chemicals contribute to biological aging, necessitating a 
greater need for research at the intersection of aging and toxicology. To tackle this 
two-sided dilemma, we use the metaphor of a “toxic aging coin.” On the heads side, 
we consider how age (young, middle-aged, geriatric) affects the toxic outcomes 
of a chemical. On the tails side, we consider how chemicals accelerate biological 
aging of cells, tissues, and organs; i.e., how chemicals act as gerontogens. To 
assess what qualifies chemicals as gerontogens, we measure their effects on the 
hallmarks of aging. We propose a gerontogenic mechanism progressing from DNA 
damage to genomic instability to cellular senescence. Genomic instability is consid-
ered the strongest etiological factor for aging, though how it contributes to aging 
remains largely unknown. Heavy metals are likely candidates as gerontogens. We 
chose to study hexavalent chromium [Cr(VI)] as it has the best described clasto-
genic mechanism of the heavy metals. Importantly, Cr(VI) is prevalent in industrial 
applications and waste effluents contributing the majority of Cr(VI) environmental 
pollution. Its widespread pollution, alongside its well-defined clastogenic effects, 
makes it an ideal candidate for our gerontogenic mechanism. Furthermore, there 
is a significant lack of data regarding the neurotoxic effects of Cr(VI), and there 
are currently no federal or state regulations protecting against Cr(VI) neurotox-
icity. Hence there is a critical need for research into the neurotoxic and geronto-
genic effects of Cr(VI). We propose Cr(VI)-induced DNA double strand breaks 
promote genomic instability, and subsequent cellular senescence in brain cells. 
We use M059K and M059J cells to assess this gerontogenic mechanism. Both 
cell lines were isolated from a glioblastoma and only differ in the fact that M059J 
cells spontaneously mutated to lose DNA-protein kinase (DNA-PK), a key protein 
for the repair of DNA double strand breaks. M059K cells still maintain functional 
DNA-PK and are proficient in DNA double strand break repair. Thus, this pair of 
cell lines is an ideal model to isolate the effects of DNA repair deficiency on the 
hallmarks of aging. Cells are treated with sodium chromate (0.1-1 uM) for 5 or 10 
days. Our results indicate Cr(VI) induces cytotoxicity and growth arrest in both cell 
lines, with M059J cells more sensitive to Cr(VI). Ongoing work examines the cellular 
senescence markers p16 and p21 to confirm the induced growth arrest is a result 
of senescence. Additionally, examining immunofluorescence of H2AX will link the 
induction DNA double-strand breaks with senescence. This work is supported by 
R21ES033327 (JPWJr) and R35ES032876 (JPWSr).

 4578 Developmental Methylmercury Exposure and Mitochondrial 
Dynamics in Caenorhabditis elegans

R. Deza-Ponzio1, B. Ferrer1, A. C. Martins1, A. B. Bowman2, and M. Aschner1. 1Albert 
Einstein College of Medicine, Bronx, NY; and 2Purdue University, West Lafayette, IN.

Mercury (Hg) is a highly toxic, non-essential, naturally occurring metal with a variety 
of uses. Mercury is not required for any known biological process and is harmful 
to organisms, especially to the nervous system during development. Known for its 
high neurotoxicity, methylmercury (MeHg) is a form of mercury that bioaccumulates 

in fish and shellfish. Compelling evidence identifies both dopaminergic (DAergic) 
and glutamatergic (GLUergic) neurons as targets of MeHg-induced neurotoxicity, 
commonly associated with oxidative stress damage and mitochondrial dysfunc-
tion. In addition to altering mitochondrial membrane potential, MeHg can impair 
the electron transport chain and affect ATP synthesis by reacting with proteins 
in mitochondria. Despite their significance as measures of MeHg neurotoxicity, 
underlying targets of MeHg neurotoxicity and their interconnections remain unclear. 
In this scenario, the present work sought to evaluate molecular and mitochondrial 
mechanisms of MeHg-induced neurotoxicity in C. elegans. Worms of the N2 strain 
(Bristol, wild type) were exposed to 0, 0.5, and 5 μm of MeHg during development 
(48 hours, L1-L4 stage). As reported previously by our laboratory, after MeHg 
exposure during 48 hours there was no significant change in lifespan, nonetheless, 
a developmental delay was observed following MeHg exposure. In addition, at day 
1 of the adult stage, DAergic neuronal morphology was altered by MeHg exposure 
in the BZ555 (egIs1 [dat-1p::GFP]) strain, manifested by large dots in dendrites, 
concomitant with morphological alterations or interruptions in dendritic extensions. 
To evaluate reactive oxygen species (ROS) production, 2,7-dichlorodihydrofluores-
cein diacetate (H2DCFDA, total ROS) and MitoTracker red CMXRos (mitochondrial 
ROS) were used. MeHg exposure led to increased ROS levels of both markers at 
day 1 of the adult stage. Further, mitochondrial morphology was evaluated using 
confocal microscopy in GL390 [aco-2::gfp] strain worms exposed to MeHg. An 
increase in the quantity of punctate or circular mitochondria and a decrease in 
tubular, interconnected filamentous objects at the 5μm MeHg treatment were 
observed. Since mitochondrial dynamics is a crucial mechanism in mitochondrial 
function and health, we performed an analysis of Dynamin-Related Protein 1 (drp-1) 
role in MeHg toxicity. Worms of the strain EU2917 (drp-1(or1941[drp-1::GFP]) were 
used for drp-1 evaluation by confocal microscopy. At day 1 of the adult stage, 
an increase in the fluorescence of drp-1::GFP was observed after the 5 μm MeHg 
exposure. Taken together, these results show evidence of altered ROS homeostasis 
and mitochondrial dynamics underlying MeHg toxicity in C. elegans. Supported by 
NIH/NIEHS R01 ES07331 (ABB, MA).

 4579 PTP1B Inhibition-Enhanced Methylmercury-Induced Antioxidant 
and Anti-inflammatory Response

B. Ferrer Villahoz1, R. Deza Poncio1, A. B. Bowman2, and M. Aschner1. 1Albert Einstein 
College of Medicine, Bronx, NY; and 2Purdue University, West Lafayette, IN.

Methylmercury (MeHg) is an environmental pollutant that causes neuropatho-
logical alterations in the developing and mature central nervous system. Despite 
extensive research over the past decades, the molecular mechanisms mediating 
MeHg neurotoxicity have not been fully clarified. Oxidative stress, impairment of 
the antioxidant defense, and disruption of calcium homeostasis are mechanisms 
associated with MeHg toxicity. Protein Tyrosine Phosphatase 1B (PTP1B) is a 
member of the protein tyrosine phosphatases (PTPs) superfamily. PTP1B acts as 
a direct negative regulator of several receptors and receptor-associated tyrosine 
kinases. Dysregulation of PTP1B is associated with the pathophysiology of several 
diseases. Recently, PTP1B has attracted attention in the field of neuroscience 
since PTP1B inhibition emerged as a promising strategy to prevent neurodegen-
erative and neuroinflammatory processes. Here, we explored PTP1B as a potential 
therapeutic target against MeHg-induced neurotoxicity in a neuronal cell model. 
We transfected immortalized neuronal hypothalamic GT1-7 cells with lentivirus 
with murine PTP1B shRNA to generate a stable cell line. Then, we exposed these 
cells to 5 µM MeHg for 0, 30 minutes, 1 hour, 3 hours, 6 hours, and 24 hours. This 
concentration of MeHg will lead to accumulation of 25 µHg/protein, capturing the 
cytotoxic threshold reported in mammalians. Our data show that the knock-down of 
PTP1B exacerbated MeHg-induced protein and gene expression of heme oxygen-
ase 1. Similarly, PTP1B knock-down increased gene expression of NAD(P)H quinine 
dehydrogenase 1 (NQO1) and some inflammatory genes, such as interleukin 6 (IL6) 
and IL1β. In contrast, PTP1B knock-down inhibited tumor necrosis factor alpha 
(TNFα) gene expression. Overall, our novel findings show that PTP1B knock-down 
may mediate protection against MeHg toxicity by inducing antioxidant and anti-in-
flammatory defenses. Supported by NIEHS R01ES07331.

 4580 In Vitro Inhalation Toxicity Assay of Lambda-Cyhalothrin 5% EC 
Using EpiAirway

V. Dalal1, J. Prajapati1, A. Mhaske1, M. Patel1, and C. Roper2. 1JRF Global, Gujarat, India; 
and 2Roper Toxicology Consulting Limited, Edinburgh, United Kingdom.

Lambda-Cyhalothrin 5% EC (LC), a crop protection product, may induce damage 
to the respiratory tract of the exposed spray-operator or bystander via the inhala-
tion route. Inhalation toxicity testing is used to identify potential hazards for such 
products. Conventionally, this was assessed using OECD TGs 403, 412, 413, 433 or 
436. NAMs for respiratory toxicity have been accepted by US EPA and highlighted 
in an OECD Case Study2. The EpiAirwayTM Model (AIR-100) is used as a part of the 
JRF strategy to develop alternative tests, in compliance with the principles of the 
3Rs. MatTek developed the model to assess inhalation hazards of xenobiotics. The 
study was performed according to the manufacturer’s instructions. A dose range 
finding test was performed to identify appropriate LC concentrations for the main 
test. TEER was measured predose and at 24 hours. LC was dosed (100 mL/tissue) 
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at 0.1, 0.25, 0.5, 1, 2.5 and 5 g/L in Dulbecco’s Phosphate Buffered Saline (DPBS) 
alongside untreated (ALI) negative, vehicle (treated with DPBS), and positive (10 
g/L formaldehyde in DPBS) controls to 6 tissues (per dose group). The tissues were 
incubated at 37°C in a 5% CO2 humidity saturated atmosphere. At 24 hours, LDH 
was assayed in the media. LC was removed with DPBS from the tissue surface and 
tissues processed for viability using the MTT viability assay. Vehicle and positive 
controls (81.8 and 2.18% of the ALI control viability, respectively) confirmed the 
test procedure reliability. LDH and TEER controls performed correctly. There was 
a dose dependent increase in cytotoxicity above an LC concentration of 1 g/L. 
The calculated IC50 and IC75 for LC were 1.59 and 0.97 g/L, respectively. TEER was 
more sensitive showing a similar cytotoxic effect from 0.5 g/L. LDH was the least 
sensitive with cytotoxicity observed at the 2.5 and 5 g/L only. Slides were developed 
for histopathology, and similar observations were identified to the biomarkers in 
test and control tissues. In conclusion, the MatTek EpiAirwayTM model can be used 
to identify hazards for inhalation toxicity for crop protection products. This assay 
may either be used as an alternative to the in vivo OECD tests or as a screening tool.

 4581 Naphthalene-Induced Lung Toxicity in Aging Mice and the 
Impact of Antioxidant Pre-treatment

V. J. Brown1, X. Wu2, L. Yin2, K. Tran1, S. Tabofunda1, P. C. Edwards1, X. Ding2, and 
L. S. Van Winkle1. 1University of California Davis, Davis, CA; and 2University of Arizona, 
Tucson, AZ.

Aging is a natural process that can change disease susceptibility and affect 
overall health. There are limited studies discussing the geriatric population and the 
impacts of environmental toxicants on the lung. This study aims to 1) define the 
pulmonary toxicity of naphthalene (NA) at different doses and 2) investigate the 
potential of a dietary antioxidant, ergothioneine (ET), as a cytoprotectant against 
NA toxicity in geriatric mice. NA is a polycyclic aromatic hydrocarbon that causes 
a well-characterized pattern of tissue injury to the lungs of young adult mice. NA 
toxicity has yet to be characterized in geriatric mice. ET is a water-soluble thiol 
found in mushrooms. It functions as an antioxidant, scavenger for free radicals, 
and immunoregulator in other organs. The ET transporter (ETT), SLC22A4, is the 
primary mediator for ET uptake. ET and ETT tend to accumulate in tissues that 
experience high levels of oxidative stress, such as the lung, liver, and blood. In this 
study, geriatric male and female C57BL/6J mice, aged 1 - 1.5 years, maintained 
on an ET-free synthetic diet, were gavaged with 70 mg/kg of ET, or saline control 
(SA), for five consecutive days. On day 8, the mice were exposed to a single dose 
of 50, 100, 150, or 200 mg/kg of NA, or corn oil (CO) vehicle. At 24 hours post-injec-
tion, the lung, liver, and blood were collected and analyzed for ET, reduced glutathi-
one (GSH), and oxidized glutathione (GSSG) concentrations using HPLC-MS/MS. 
Histopathology and gene expression was used to assess acute lung toxicity and 
the cellular response. As NA concentration increased, the levels of GSH in the 
liver significantly decreased (p ≤ 0.05) in both males and females. Sham mice had 
undetectable levels of ET in the lung (≤ 0.4 µg/g), liver (≤ 0.4 µg/g), and blood (≤ 
0.02 µg/ml) samples. There was a significant increase of ET in all of the samples 
post-ET treatment, averaging 30 µg/g in the lung, 70 µg/g in the liver, and 20 µg/
ml in the blood. Histopathology of ET-treated mice exposed to 100 mg/kg of NA 
suggests reduction in toxicity in the airways of male geriatric mice, though not in 
females. Females were the most susceptible to NA effects on both the airway and 
terminal bronchiolar epithelium regardless of ET pretreatment. Our findings are the 
first to document the toxicity of NA in geriatric mice and show some efficacy of ET 
as a protectant in the lungs of males exposed to NA. Support: T32 HL007013, T32 
ES007059, R01 ES020867 and P30 ES023513.

 4582 HUMITIPAA: A Bioinspired Robotic System for Predictive 
Inhalation Toxicology

A. Kaiser1, D. Chandra2, R. F. Bogdanoff2, R. P. Bowler3, and K. H. Benam2. 1University 
of Colorado Denver, Aurora, CO; 2University of Pittsburgh, Pittsburgh, PA; and 3National 
Jewish Health, Denver, CO.

Over the past decade the use of electronic nicotine delivery systems (ENDS) such 
as electronic cigarettes (ECs), has surged. In addition to health concerns for healthy 
adults, the use of ENDS among the youth population and those with underlying lung 
conditions is particularly of concern. Given the exponentially rapid pace and diversity 
of new vaping products entering the market, there is a pressing need for a platform 
that allows on-the-fly insight into potential pulmonary toxicity of these products. 
Thus, we created a novel biologically inspired robotic system - called Human 
Vaping Mimetic Real-Time Particle Analyzer (HUMITIPAA). HUMITIPAA generates 
fresh aerosols for any desired EC in a very controlled and user-definable manner 
and utilizes an optical sensing system to quantitate and analyze sub-micron and 
microparticles from every puff over the course of a vaping session in real-time while 
emulating clinically relevant breathing mechanics and vaping topography. We then 
utilized this platform for two clinically and society-wise relevant applications: to 
evaluate whether addition of vitamin E acetate (VEA) or menthol flavoring impacts 
the profile (size distribution and quantity) of inhaled aerosols, and whether this can 
correlate with clinical outcome. VEA has been strongly linked to outbreak of EC or 
vaping product use-associated lung injury (EVALI) that can cause severe respira-
tory illness and lead to death. On the other hand, toxic effects of menthol-flavored 

ECs are not fully understood. Using HUMITIPAA, we found that addition of as little 
as 1.25% VEA was sufficient to significantly enhance total particles inhaled from 
an EC. Interestingly, nicotine levels inversely yet non-significantly correlated with 
particles generated from ECs. However, supplementation of VEA led to significant 
increase in vapor particles of ECs containing nicotine. In addition, by emulating 
obstructive and restrictive lung disorders breathing, we identified a similar trend in 
ability of VEA to enhance particle quantities in inhaled vapor and later size distribu-
tion. But, notably the magnitude of increase in total particle count due to presence 
of VEA was highest with the restrictive breathing profile, following sequentially with 
obstructive and normal breathing. We also discovered that addition of menthol 
flavoring to e-liquid base propylene glycol-vegetable glycerin leads to enhanced 
particle counts in all tested size fractions, similar to the effect of VEA supplemen-
tation. Similarly, menthol vs. non-menthol e-liquid from popular and commercially 
available ECs led to generation of significantly higher quantities of 1 µm - 10 µm 
particles upon inhalation. To clinically validate the data, we then retrospectively 
analyzed data from the COPDGene study to identify any association between 
menthol-flavored vs. non-menthol-flavored ECs and lung function. This analysis 
revealed an association between the use of menthol flavored ECs and reduced 
forced expiratory volume in the first second (FEV1) % predicted and FEV1/ forced 
vital capacity (FVC) independent of age, gender, race, pack-years of smoking, and 
use of nicotine or cannabis-containing vaping products. We anticipate HUMITIPAA 
to serve as a novel preclinical technological platform for evaluating pulmonary 
toxicity potential of emerging ECs.

 4583 Weight of Evidence Analysis for the Development of a Reference 
List of Chemical Respiratory Sensitizers

J. Ponder1, R. Rajagopal2, S. Cochrane2, M. Singal3, N. Baker4, G. Patlewicz5, E. Roggen6, 
and K. Sullivan1. 1Physicians Committee for Responsible Medicine, Washington, DC; 
2Unilever, Bedford, United Kingdom; 3L’Oréal, Clark, NJ; 4Leidos, Research Triangle Park, 
NC; 5US EPA, Research Triangle Park, NC; and 6Danish 3R-Center, Glostrup, Denmark.

Despite high regulatory need, there remains a lack of internationally harmonized 
approaches to identify chemical respiratory allergens. Depending on the regulatory 
context, approaches are needed for determining the potential of a low molecu-
lar weight (LMW) compound to sensitize the respiratory tract and hence the need 
for hazard labeling, potency assessment, and the definition of sensitization and 
elicitation thresholds. Approaches are also needed to distinguish respiratory from 
dermal sensitizers. This unmet need presents a unique opportunity to apply New 
Approach Methodologies (NAMs) and human biological understanding ab initio 
to develop regulatory guidelines and approaches needed to protect consumer and 
worker health. An Adverse Outcome Pathway has been outlined to identify hazard 
identification approaches to assess the potential of chemicals to cause respiratory 
sensitization in humans. Briefly, the AOP for respiratory sensitization follows a 
similar path to dermal sensitization, from protein binding to immune activation. 
However, these pathways diverge at early key events, resulting in IgE-mediated 
bronchial hypersensitivity for respiratory sensitizers rather than T cell-mediated 
contact dermatitis. Recent efforts have sought to characterize the specifics regard-
ing protein identity and chemical reactivity mechanisms that may be informative 
for distinguishing skin and respiratory sensitizers. A major limiting factor for the 
development of test methods for chemical respiratory sensitization is the scarcity 
of well-studied chemicals to use in a defined reference set of known sensitizers 
and non-sensitizers. To address this limitation, we have recently made significant 
progress in synthesizing clinical literature, finding 28 unique clinical respiratory 
sensitizers using an ”in litero” screening approach with defined clinical diagnos-
tic criteria. A highly significant (p < 0.001) enrichment for acylation over other 
covalent binding mechanisms was observed in the identified clinical respiratory 
sensitizers. This approach also identified 153 chemicals with clinical evidence that 
was suggestive, but not conclusive, of respiratory sensitization. Using the QSAR 
Toolbox to compare the reactivity mechanisms of these chemicals identified 21 
additional chemicals with suggestive clinical evidence that share this covalent 
binding mechanism. Herein, we present additional positive chemicals identified 
from a weight-of-evidence analysis of in silico, in vitro, and in vivo studies, and a 
systematic method to establish a list of non-sensitizers for test method evaluation. 
This reference list will be vital for the evaluation of NAMs for respiratory sensitiza-
tion. This abstract does not reflect EPA policy.

 4584 The Use of Computational Fluid Dynamics in the Design of 
Inhalation Primate Masks

S. Moore. Labcorp, Huntingdon, United Kingdom.

Inhalation administration is a common dose route used in nonclinical develop-
ment for assessing compound toxicity. A standard preclinical toxicology package 
includes both a rodent and non-rodent assessment. With the increased use 
of biopharmaceuticals, there has been a proportional increase in selection of 
nonhuman primates (NHP) as the large animal species. Inhalation mask design 
and flow rates have a large influence on the amount of drug delivered, as well 
as the animal safety as evidenced by levels of CO2 in the mask (range 0.5-1.5%). 
To assess the impact of design and flow, computational fluid dynamics (CFD) 
analysis of a broad range of tidal volumes (TV), respiration rates (RR), airflow per 
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mask and whether the NHP model was nasal or mouth breathing was performed 
to determine the concentration of CO2 within 3 different mask designs. Providing 
6 L/minute to the mask using the CFD model with a TV of 30 mL, RR of 30 breaths 
per minute, 100% mouth breathing and 0% nasal breathing produced 2.5% CO2 
within a Philips Respironics® ProfileLite single port mask. The CO2 decreased to 
0.7% using dual ported masks (designated as 15-22 Mk1 and IPM). A similar CO2 
concentration of 2.7% was produced with the Philips Respironics® ProfileLite mask 
with 100% nasal breathing at the same TV and RR. Hyper-ventilating conditions 
(TV=15mL TV, RR=70 breaths per minute) and 100% mouth breathing, produced 
a CO2 concentration of 2.4%. The results using the 15-22 Mk1 and IPM masks 
under these conditions gave CO2 concentrations of 0.5% to 0.7%. Decreasing the 
airflow to 3 L/min from 6 L/min increased CO2 in the Philips Respironics® ProfileLite 
mask to 2.8%,=; however, there was a marked increase with both dual ported 15-22 
Mk1 and IPM masks to 1.4%. Increasing the airflow to 9 L/minute from 6 L/minute 
decreased CO2 in the Philips Respironics® ProfileLite mask to 2.5%, however, there 
was a marked decrease with both dual ported 15-22 Mk1 and IPM masks to 0.4%. 
Intentionally raising or lowering the angle of the mask on the 3D printed NHP model 
by 7.5° did not result in a significant change in CO2 concentration (<0.1% from 
baseline in terms of ventilated CO2) for the IPM mask. In conclusion, using a dual 
ported mask significantly reduces CO2 concentration in the mask. Reduced CO2 
improves safety and the animal experience allowing for improved welfare and study 
integrity. However, decreasing mask airflow reduces the clearance in the mask and 
increases the CO2 concentration, especially in the dual port designs.

 4585 Myeloid Heterogeneity Mediates Air Pollution–Induced Acute 
Exacerbations of Pulmonary Fibrosis

J. L. Larson-Casey1, M. Mack2, S. Boddulri1, S. P. Bhatt1, S. R. Duncan1, and A. Carter1. 
1University of Alabama at Birmingham, Birmingham, AL; and 2University of Regensburg, 
Regensburg, Germany.

Epidemiological evidence indicates that exposure to particulate matter is linked to 
the development of idiopathic pulmonary fibrosis (IPF) and increases the incidence 
of acute exacerbations of IPF (AE-IPF). In addition to accelerating the rate of 
lung function decline, exposure to fine particulate matter (PM2.5) is a risk factor 
for increased mortality in IPF subjects. Mice were intratracheally administered 
bleomycin and exposed to PM2.5 daily for 7 days after fibrosis was early (day 14) or 
extensively established (day 21). Monocyte/macrophage subsets were determined 
by FACS analysis in BAL cells from mice exposed to bleomycin and PM2.5. Fibrotic 
progression was analyzed by micro-CT imaging. Exposure to PM2.5 in mice with 
established pulmonary fibrosis led to monocyte recruitment. Although monocyte-de-
rived macrophages were recruited to the lung in bleomycin-injured mice treated with 
PM2.5, there was no difference in the number compared to bleomycin-injured mice 
receiving vehicle. PM2.5 exposure promoted the recruitment of monocytes express-
ing Ly6Chi to the lung. This resulted in progression of fibrosis and reduced lung 
aeration. Ly6Chi monocytes isolated from fibrotic mice exposed to PM2.5 showed 
enhanced expression of proinflammatory markers compared to fibrotic mice 
exposed to vehicle. Moreover, IPF BAL cells treated ex vivo with PM2.5 showed an 
exaggerated inflammatory response. Therapeutically targeting Ly6Chi monocytes 
inhibited fibrotic progression in mice after PM2.5 exposure. These observations 
suggest that enhanced recruitment of Ly6Chi monocytes with a proinflammatory 
phenotype drives AE-IPF fibrosis after exposure to PM2.5 and targeting these cells 
may provide a novel therapeutic target to protect against AE-IPF.

 4586 Effect of Crystalline Silica and Welding Fume on Lung-
Associated Gene Changes in the Rat

T. M. Sager, W. McKinney, and P. Joseph. NIOSH, Morgantown, WV.

A major source for the occupational diseases that result in significant morbidity 
and mortality is exposure to dust often containing toxic agents, such as silica 
and/or welding fumes. More than 424,000 workers in the U.S. and close to one 
million workers worldwide perform welding as part of their work duties. Because 
there is little information regarding the number or the health effects of workers 
who are exposed to both crystalline silica and welding fumes while carrying out 
work duties, this study was designed to assess the possible health effects on this 
unique population of workers. Male Fischer 344 rats weighing approximately 200 g 
were exposed to air or silica (15 mg/m3, 6 hours/day, 5 days). At 5- and 11-months 
post-silica exposure, rats received gas metal arc stainless steel welding fumes (20 
mg/m3, 4 hours/day, 4 days/week for 4 weeks) by whole-body inhalation. At 1-day 
post welding fume exposure bronchoalveolar lavage was conducted to assess 
pulmonary toxicity. Lung expression gene changes were also assessed. The BAL 
results showed that both silica and welding fume exposures resulted in lung toxicity, 
at both post-exposure time points. The silica alone, welding fume alone, and the 
silica + welding fume exposure all resulted in a significant increase in neutrophil 
and macrophage infiltration at both 6-and 12-months post welding fume-exposure. 
For example, at 12-months post-exposure silica or welding fume exposure, alone, 
resulted in neutrophil infiltration of 250 and 625 times, respectively, compared to 
air controls. The exposure to silica + welding fume, however, caused neutrophil 
infiltration that was 1392 times higher compared to air controls. The induction of 
pulmonary inflammation in the exposed rats also caused a significant elevation in 

the measured cytokine levels, at both post-exposure timepoints. Although silica 
alone, welding fume alone, and the silica + welding fume exposures all caused this 
elevation, the elevation was most significant in the silica + welding fume exposure 
group at both 6- and 12-months post-exposure. Global gene expression changes 
in the lungs were also detected in all exposure groups, at both 6- and 12-months 
post-exposure. For example, silica exposure alone resulted in 750 significantly 
differentially expressed genes (SDEGs), while the welding fume alone group had 
2255 SDEGs, and the silica + welding fume exposure had 1910 SDEGs, at 12-month 
post-exposure. The bioinformatic analysis at 12 months post-exposure showed 
the top 3 disease and function pathways in the welding fume and welding fume 
+ silica exposure groups are respiratory system tumor, lung tumor, and lung 
cancer. Additionally, gene transcripts associated with lung cancer development 
were significantly expressed. Specifically, MMP7, MMP12, and FOLR4 (all genes 
associated with lung cancer development) have more than 3-fold higher expres-
sion rates in the welding fume + silica exposed lungs compare to the silica alone 
exposed lungs. Past studies have demonstrated that stainless steel welding fumes, 
which contain significant levels of nickel (Ni) and chromium (Cr), induce more lung 
injury and inflammation, and are retained in the lungs longer than mild steel welding 
fumes, which contains mostly iron. Previous studies have shown that Ni and Cr are 
key contributors to the development of lung cancer in stainless steel welders. Our 
study, assessing the pulmonary toxicity outcome to a mixed exposure of welding 
fume and crystalline silica concluded that the combined exposure caused a greater 
expression of disease/injury markers and functional pathways associated with lung 
cancer. Taken together, these results suggest a potentially enhanced effect of the 
silica + welding fume exposure on genes associated with lung tumor and lung 
cancer development.

 4587 Lung Toxicity in Rats after Inhalation of Aerosols 
Generated during Thermal Spray Coating Using Different 
Consumable Materials

J. M. Antonini, V. Kodali, T. Meighan, W. McKinney, J. L. Cumpston, H. D. Leonard, 
J. B. Cumpston, M. Jackson, S. Friend, S. S. Leonard, R. Andrews, P. C. Zeidler-Erdely, 
A. Erdely, E. G. Lee, and A. Afshari. NIOSH, Morgantown, WV.

Thermal spray coating (TSC) is an emerging industrial process in which molten 
metal is sprayed at a high velocity onto a surface as a protective coating. Little is 
known about the physical and chemical properties of the particles generated and 
the potential health effects associated with exposure to TSC aerosols. A computer 
controlled TSC generator and inhalation exposure system has been developed 
to perform animal studies to mimic workplace exposures. Male Sprague-Dawley 
rats were exposed by whole-body inhalation to aerosols (25 mg/m3 x 4 hours/
day x 4 days) generated from electric arc wire TSC using different consumable 
wires including a Fe-Cr stainless-steel wire (PMET731), a Ni-based wire (PMET885), 
and a Zn-based wire (PMET540). Control animals were exposed to filtered air. 
Bronchoalveolar lavage (BAL) was performed at 4 and 30 days after the last of the 
4 day exposures to assess lung toxicity. BAL fluid lactate dehydrogenase (LDH) 
was measured as a marker of lung cell toxicity, and total recovered BAL cells were 
counted as an index of lung inflammation. Animal body weights were measured 
throughout the post-exposure period to assess general health. The TSC aerosols 
were generated in a closed spray booth and piped into an animal exposure chamber 
where they were collected and characterized. The metal composition of each was 
determined by ICP-AES, including the stainless-steel wire [PMET731 (66% Fe, 26% 
Cr)], the Ni-based wire [PMET885 (97% Ni)], and the Zn-based wire [PMET540 
(99% Zn)]. The particles generated regardless of composition were poorly soluble, 
complex metal oxides that were arranged as chain-like agglomerates and were 
similar in size distribution with mass median aerodynamic diameters (MMAD) that 
ranged from 310 - 378 nm as determined by MOUDI. Inhalation of the Ni-based 
(PMET885) aerosol caused a significant decrease in body weight compared to 
the air control at all time points assessed post-exposure for 30 days, whereas 
the Zn-based (PMET540) and Fe-Cr stainless-steel (PMET731) aerosols had no 
effect on body weight post-exposure. Exposure to the Ni-based (PMET885) aerosol 
caused a significant increase in lung injury (BAL fluid LDH activity) and inflamma-
tion (total BAL cells recovered) at both 4 and 30 days after exposure. Inhalation 
of the Zn-based (PMET540) aerosol caused a slight but significant increase in 
BALF LDH and total BAL cells recovered at 4 but not at 30 days compared to air 
control. Exposure to the Fe-Cr stainless-steel TSC aerosol had no significant effect 
on lung toxicity post-exposure. Results of this pilot comparison study of different 
TSC aerosols indicate that varied lung responses (e.g., Ni >> Zn > Fe-Cr) are likely 
dependent on the type of consumables used.

 4588 Differential Mucus Secretion in Several Mouse Strains in 
Response to Cigarette Smoke Exposure

K. Kushibe, K. Ishimori, S. Onami, H. Suzuki, and H. Ozaki. Japan Tobacco Inc., 
Yokohama,Kanagawa, Japan. Sponsor: S. Onami, Japanese Society of Toxicology.

Mucus hypersecretion from airway goblet cells induced by cigarette smoke (CS) 
or other particulate matter exposure is a major feature of chronic bronchitis. 
Several CS exposure studies with mice have been reported to date. The effects 
of CS exposure on the respiratory system are not necessarily consistent. Thus, 
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conditions appropriate for a specific study objective, including mouse strain, 
should be selected. In this study, we focused on mucus secretion and compared 
the responses to CS exposure between three different mouse strains, C57BL/6, 
A/J, and BALB/c mice. Female mice of each strain were whole-body exposed to 
filtered air (Air) or diluted mainstream CS from 1R6F Kentucky reference cigarettes 
for 5 days per week, up to 1 or 5 weeks. Exposure conditions were set based on 
our preliminary studies as follows. For A/J and BALB/c mice: 550 μg total partic-
ulate matter (TPM)/L for 2 or 4 hours. For C57BL/6 mice: 550 μg TPM/L for 2 
or 4 hours, or 750 μg TPM/L for 4 hours. Body weights were assessed twice a 
week as indicators of CS tolerance. A decrease in body weight was observed only 
in A/J mice exposed to 550 μg TPM/L for 4 hours. In the C57BL/6 and BALB/c 
groups, body weights increased throughout the exposure period and these two 
strains were tolerant to CS exposure at the conditions. Mucus secretion and the 
effects on the airway tract were evaluated after the completion of exposure. The 
amount of mucus secreted into the bronchoalveolar lavage fluid (BALF) was 
measured by staining mucus plugs with Alcian blue and dose-dependent mucus 
secretions were observed in C57BL/6 and A/J, but not in BALB/c mice, after 1- or 
5-week CS exposure. Mucus in lung tissues was evaluated histologically, and no 
dose-dependent mucus increase in goblet cell was observed in all three strains. The 
airway obstruction index (enhanced pause: Penh) was increased in a dose-depen-
dent manner in C57BL/6 mice after 5-week CS exposure while the index was less 
affected in A/J and BALB/c mice. Thus, increased mucus secretion was observed 
as early as 1 week after exposure whereas airway obstruction occurred after a 
longer duration of CS exposure in C57BL/6 mice. The number of free cells and 
inflammatory mediators in the BALF were measured. The numbers of neutrophils 
and secretion of inflammatory cytokines were increased in all three strains after CS 
exposure for 1 and 5 weeks. In conclusion, these results suggest that C57BL/6 mice 
are the most suitable mouse strain of those tested to evaluate mucus secretion and 
related respiratory functions by CS exposure.

 4589 Alterations in the Molecular Regulation of Mitochondrial 
Metabolism in Human Alveolar Epithelial Cells in Response to 
Cigarette and Heated Tobacco Product Emissions

M. Davigo1, F. Van Schooten1, B. Wijnhoven1, M. Drittij1, L. Dubois1, A. Opperhuizen1, 
R. Talhout2, and A. Remels1. 1Maastricht University, Maastricht, Netherlands; and 
2National Institute for Public Health and the Environment, Bilthoven, Netherlands.

Mitochondrial abnormalities in bronchial- and alveolar epithelial cells have been 
associated with chronic obstructive pulmonary disease (COPD) pathogenesis. 
Cigarette smoke (CS) is the main risk factor for developing COPD and CS has been 
shown to induce alterations in the molecular pathways regulating mitochondrial 
function in lung epithelial cells. Recently, novel tobacco products such as Heated 
Tobacco Products (HTPs) have been marketed as harm reduction products, due to 
lower levels of toxicants in their emissions compared to cigarette smoke. However, 
the effects of HTP emissions on human alveolar epithelial cell metabolism and 
on the molecular mechanisms regulating mitochondrial biogenesis and mitochon-
drial-specific autophagy (mitophagy) are unclear. Therefore, in this study, human 
alveolar epithelial cells (A549) were exposed to cigarette- or HTP emissions in form 
of liquid extracts for 24 hours. Both types of extracts similarly induced increases in 
basal, maximal and non-mitochondrial respiratory capacity. Moreover, we observed 
alterations in the abundance of regulatory molecules controlling mitochondrial 
biogenesis and mitophagy in response to both extracts. In conclusion, not only 
respiratory capacity but also key mitochondrial quality control mechanisms are 
similarly impacted in human alveolar epithelial cells in response to cigarette and 
HTP emissions. Which chemical compounds mediate these effects remains to 
be determined.

 4590 Comparison of the Toxicological Effects of Highly Volatile 
Inhaled Components of Artificial Butter Flavoring Using In Vivo 
Rodent and In Vitro Human Approaches

W. Gwinn, M. Cesta, A. Pandiri, P. Yao, M. Stout, and G. Roberts. NIEHS, Research 
Triangle Park, NC.

Artificial butter flavoring (ABF) is used in the food and beverage industry, includ-
ing in the processing and production of microwave popcorn. Highly volatile 
organic components (diketones) of ABF include 2,3-butanedione (diacetyl, DA), 
2,3-pentanedione (PD), 2,3-hexanedione (Hex), and/or acetoin. Inhalation exposure 
of microwave popcorn plant workers to DA vapors has been associated with the 
development of small airway fibrosis in the form of obliterative bronchiolitis (OB). 
PD has been used as a major substitute for DA in some ABF but has been shown to 
exhibit similar toxicological potency with regards to the induction of airway fibrosis. 
Other substitutes in ABF include Hex. Whole-body inhalation exposure to >150 
ppm DA or PD for approximately 2 weeks has been shown to recapitulate OB-like 
airway lesions in rats similar to those in exposed workers. Furthermore, in vitro 
human air-liquid interface (ALI) airway epithelial culture models have been applied 
to help elucidate the mechanisms of airway fibrosis induced by these chemicals. 
The objective herein was to review the current understanding of the in vivo and in 
vitro toxicological effects of these four major components of ABF, especially in the 
context of the respiratory tract, including a presentation of new in vivo NTP study 

data for the acute and sub-chronic inhalation toxicity testing of acetoin, for which 
there is no inhalation toxicity data, and the sub-chronic inhalation toxicity testing of 
PD. Whole-body inhalation exposure to >50 ppm PD for 3 months induced adverse 
pulmonary and ocular effects in rats and mice. The pulmonary effects of PD 
included airway inflammation along with squamous metaplasia and/or hyperplasia 
(with atypical lesions in mice) of the tracheal, bronchial, and/or bronchiolar epithe-
lium. The ocular effects included acute inflammation, ulceration, and/or epithelial 
hyperplasia of the cornea. Minimal toxicological effects were observed after acute 
(2-week) or 3-month inhalation exposure to acetoin. Overall, the in vivo and in vitro 
data suggest that the potential adverse human health effects of DA and PD with 
regards to respiratory tract and ocular toxicity are of greater concern compared to 
acetoin and Hex.

 4591 Targeting Senescence-Like Fibroblasts in Inflammatory 
Cytokine-Mediated Radiation-Induced Pulmonary Fibrosis

S. B. Shaikh, B. Marples, E. Hernady, C. Goracci, A. Tjitropranoto, and I. Rahman. 
University of Rochester, Rochester, NY.

Due to a poor prognosis and abnormal lung remodeling, pulmonary fibrosis (PF) 
manifests global prevalence guided by an augmented burden in terms of mortality. 
One of the most common side effects in the occurrence of PF is radiation antineo-
plastic activity, following which a set of microenvironmental stress responses 
including cellular senescence, which often tends to be ignored in scheming effectual 
approaches to resolve fibrotic cell radioresistance. Unfortunately, the mechanisms 
by which radiation-induced cellular senescence leading to radiation-induced lung 
fibrosis (RILF) have not been well established. Hence, the current study elucidates 
the molecular and cellular mechanisms of the role of cellular senescence in RILF. 
The study is designed to evaluate the role of cellular senescence upon radiation 
in a combination of treatments with the chemotherapeutic drug bleomycin 
(BLM), the pro-inflammatory cytokine Interleukin-17A (IL-17A) and transforming 
growth factor-β (TGF-β1) induced fibrinolytic changes. Here, we identified the 
senescence-associated features in human lung fibroblast cells upon radiation 
revealing the ability of senescence-like lung fibroblasts in promoting RILF and 
radioresistance through the IL-17A/TGF-β1 pathway in human lung fibroblasts 
(HFL1). Cells received a single dose of 10-Gy γ-radiation at early and late time 
points, and post-radiation cells were treated with BLM, IL-17A, and TGFβ-1 to 
verify the modulation of the cellular senescence mechanism. The irradiated lung 
fibroblast cells along with the cells exposed to BLM, IL-17A, and TGFβ-1 post-radia-
tions showed hallmarks of cellular senescence, including increased C12FDG levels 
and SA-β-gal activity. Irradiated lung fibroblast cells produced increased ROS levels 
highest upon the exposure to BLM and TGF-β1 post-radiation. Further, it was shown 
that BLM and TGF-β1 depict a central role in the induction of cellular senescence 
by radiation which might result in the advancement of RILF. Further, expressions of 
various SASP biomarkers like IL-6, IL-8, PAI-1, IL-1β, and TNF-α were also elevated 
upon BLM and TGF-β1 exposed fibroblast post-radiated cells, thereby intensifying 
the RILF condition. The identified markers are being validated using NanoString 
expression analyses and mass spectrometry-based micro-flow proteomics. Hence, 
the study uncovered the novel participation of IL-17A in augmenting radiation-in-
duced lung fibrosis via senescence-like fibroblasts in vitro. In conclusion, the study 
defines a strategy highlighting the potential mechanism of cell senescence during 
RILF. Thus, pulmonary fibrosis is mediated, at least in part, by senescent cells, 
which could be targeted to improve respiratory health and function. Supported by 
NIH ES029177 and AG075931.

 4592 Assessing Toxicity of Microplastics on Airway Epithelial Cells 
Using Air-Liquid Interface Models

I. F. Gosselink1, I. M. Kooter2,1, E. van de Steeg2, M. Drittij1, E. Moschini3, T. Serchi3, 
A. C. Gutleb3, F. van Schooten1, and A. H. Remels1. 1Maastricht University Medical 
Center, Maastricht, Netherlands; 2Netherlands Organization for Applied Scientific 
Research, Utrecht, Netherlands; and 3Luxembourg Institute of Science and Technology, 
Esch-sur-Alzette, Luxembourg.

Human are estimated to be exposed to nearly a thousand micro- and nanoplastics 
(MNPs) per day, with inhalation as one of the main exposure routes. Evidencing this 
exposure, MNPs have been detected in human lung tissue. Recent in vitro studies 
demonstrated the ability of MNPs to cross epithelial cell layers including the 
airway/lung epithelium. Consequently, MNPs have been detected in human blood, 
intestinal tissue and placenta. However, the knowledge on the direct impact of 
MNPs on the human airway/lung epithelium is limited. Available in vitro studies are 
almost exclusively focused on the effects of spherical polystyrene (PS) particles 
in submerged exposure conditions using cell monocultures. These exposures are 
not realistic for the very diverse scale of MNPs present in the environment and 
the complexity of the bronchial/alveolar epithelial barrier. Therefore, in our study, 
we assessed whether MNPs exert toxic effects on cells that comprise the lung/
airway epithelial barriers, using Air-liquid interface (ALI) cultures. Copper (II) Oxide 
(CuO) and Titanium dioxide (TiO2) nanoparticles of the same size (50 nm) served as 
reference particles. We first characterized particle suspensions by measuring the 
zeta potential and size distribution, using dynamic light scattering. Thereafter, both 
simple and complex ALI models were established composed of either alveolar A549 
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cells (in mono or co-culture with endothelial (Ea.hy926) and macrophage (5 days 
PMA differentiated THP-1) cells), bronchial BEAS2B cells or differentiated primary 
bronchial epithelial cells (PBECS; provided by PLUC facility MUMC+) from healthy 
donors. Successful differentiation of the PBECs was confirmed by an increase of 
transepithelial resistance (TEER) and an increase of transcript levels of differen-
tiation genes. The different models were subsequently exposed for 24 hours to 
different doses of PS or control particles. Read-out parameters included cytotoxic-
ity and inflammatory response. None of the exposures significantly impacted cell 
viability compared to the vehicle control. Moreover, transcript levels of inflamma-
tory genes and IL8 protein secretion were not changed in cultures exposed to PS or 
TiO2 particles. In contrast, CuO exposure resulted in an increase of both IL8 protein 
secretion and transcript levels, in a dose-dependent manner. These results show 
that both simple and advanced ALI cultures are suitable models to study the toxic 
effects of nanoparticle exposure. As a follow-up, we are currently exposing BEAS2B 
ALI cultures to environmentally relevant MNPs of different polymers and size 
ranges to assess dose-response relationships of these MNPs with cell viability and 
inflammatory responses. The MNPs used for this are produced and well-character-
ized by the MOMENTUM consortium, a national collaboration between academia, 
government and industry. Including environmentally relevant MNPs in combina-
tion with ALI models is crucial as input for assessing risks of these particles to 
human health.

 4593 Respiratory Sensitization: The Pursuit of a Biomarker Signature

R. Lavrador, M. T. Cruz, and I. Ferreira. Universidade de Coimbra, Coimbra, Portugal.

Asthma affects more than 300 million people worldwide, of which 10-25% suffer 
from occupational asthma, representing a considerable source of morbidity and 
economic burden. To date, there are less than 100, and probably no more than 
80 low molecular weight (LMW) chemicals implicated as having potential respira-
tory sensitization hazard. These include diisocyanates, acid anhydrides, aliphatic 
amines, chloroplatinate salts and some reactive dies. Despite more than three 
decades of research, there are still no validated methods for the assessment of 
the respiratory sensitizing potential of LMW chemicals. Therefore, the aim of this 
study was to identify biomarkers for the development of a platform for respiratory 
sensitizing potential assessment. Since protein reactivity and subsequent adduct 
formation may represent the earliest point of divergence in the pathways leading 
to either skin or respiratory sensitization, the reactivity of chemical sensitizers with 
cysteine and lysine-containing peptides was addressed by an in chemico assay. 
For in vitro studies, we established three models consisting of the human alveolar 
type II epithelial cell line A549 and the human monocytic cell line THP-1: 1) THP-1 
cultivated in A549 conditioned medium, 2) THP-1 monoculture and 3) coculture of 
THP-1 and A549 in transwells. These models were exposed to known respiratory 
sensitizers (phthalic anhydride, maleic anhydride and hexamethylene diisocyanate), 
skin sensitizers (1-fluoro-2,4-dinitrobenzene), respiratory irritants (methyl salicy-
late) and non-sensitizers (lactic acid) and the release pattern of airway epitheli-
al-derived cytokines (IL-33, GM-CSF and TSLP) and chemokines (CCL20) as well 
as the expression of dendritic-like cell activation surface markers was addressed. 
Although no clear distinction between skin and respiratory sensitizers was obtained 
from the in chemico studies, the exposure to respiratory sensitizers (e.g., acid 
anhydrides) induced specific dendritic-like cell activation, namely increased CD80 
and ICOSL expression both in THP-1 cultured in A549-conditioned medium as well 
as in monoculture. Therefore, and although more studies must be performed before 
the integration of all the generated data, the work herein presented contributed 
to the identification of two molecules as promising markers to be integrated in a 
defined approach for the identification and discrimination of respiratory sensitizers.

 4594 Inhalation Exposure and Health Effects Associated 
with Emissions Representative of Underground Plastic 
Manufacturing Processes

L. Xia, Y. Noh, A. J. Whelton, and J. Shannahan. Purdue University, West Lafayette, IN.

The installation of cured-in-place pipe (CIPP) is commonly utilized to repair aging 
and damaged underground pipes. The procedure manufactures a new plastic pipe 
within the existing pipe, restoring its functionality. Specifically, the CIPP procedure 
involves inserting a flexible liner impregnated with raw materials inside the existing 
pipe, inflating the liner, and exposing it to heat or ultraviolet to dry and harden the 
liner inside the pipe. There are increasing concerns associated with the public health 
hazards of CIPP-related emissions. We hypothesize that CIPP-related emissions 
and toxicity are variable based on the types of resins used in raw materials. To 
generate representative emissions for analysis, a laboratory curing chamber was 
utilized to cure styrene and non-styrene-based resins. Characterization of emissions 
during curing was performed by thermal desorption-gas chromatography-mass 
spectrometry (TD-GC-MS) analysis and photoionization detector (PID) response. 
Styrene was determined to be released during all three phases of the curing 
process and peaked during cooling. Male and female C57BL6/J mice were utilized 
to examine alterations in pulmonary responses and neurotoxicity 1 day or 7 days 
following exposure to filtered air (controls), non-styrene composite manufactur-
ing emissions (non-styrene-CMEs), or styrene composite manufacturing emissions 
(styrene-CMEs). Serum styrene metabolites were increased in mice exposed to 

styrene-CMEs. Metabolite and lipid serum profiling revealed alterations related to 
exposure to CIPP emissions that were resin-, time-, and sex-dependent. Exposure 
to styrene-CMEs resulted in an influx of lymphocytes in both sexes. Expression of 
inflammatory and oxidative stress markers, including TNF-α, VCAM-1, CCL2, CXCL2, 
CXCL1, TGF-β1, Tgmt2, and HO-1, displayed alterations following exposure to 
emissions. These changes in pulmonary and neurological markers of toxicity were 
dependent on resin type, sex, and time. Overall, this study demonstrates resin-de-
pendent modulations in representative CIPP-related emissions and alterations in 
toxicity endpoints, which can potentially inform the safe usage of CIPP technology.

 4595 Estrogen Signaling and Cholesterol Metabolism Regulate 
Sex Differences in Alveolar Macrophage Phenotype following 
Nanoparticle Exposure

J. L. Ray1, R. L. Kendall1, B. Postma1, B. Saunders2, K. M. Gowdy2, and A. Holian1. 
1University of Montana, Missoula, MT; and 2Ohio State University, Columbus, OH.

Our laboratory has previously established that following multi-walled carbon 
nanotube (MWCNT) exposure, female mice develop greater M2a-type inflamma-
tory signaling by alveolar macrophages (AMs) than male mice. Despite AMs being 
widely considered the primary responder to inhaled nanoparticles and responsi-
ble for directing subsequent inflammation, the mechanism responsible for this 
sex disparity in M2a inflammatory signaling remains unclear. Estrogen receptor 
(ER) signaling, cholesterol efflux, and oxysterol (oxidized derivatives of choles-
terol) signaling, have all been reported, separately, to influence M2 phenotypes. 
However, these pathways have yet to be fully elucidated, nor has a connection 
between estrogen signaling and cholesterol metabolism been investigated as an 
explanation for sex-differences in respiratory inflammation. Therefore, we hypothe-
sized that the female bias in MWCNT-induced M2a inflammatory signaling is due to 
estrogen-mediated enhancement of the M2a phenotype, which is achieved through 
the modulation of cholesterol metabolism and flux. To test this hypothesis, the ER 
antagonist Fulvestrant was given in vivo. Fulvestrant attenuated MWCNT-induced 
M2a development (STAT6 activation and Ccl24, Chil3, Arg1, Gata3, Il5 expression) 
and subsequent eosinophil recruitment to the airways of female mice. However, 
while AMs from Fulvestrant-treated males also displayed reduced MWCNT-induced 
M2a gene expression, there was no effect on eosinophil recruitment to the airways, 
suggesting an estrogen-independent mechanism for the low-level inflammation 
observed in males. In support of the hypothesis that estrogen signaling modulates 
cholesterol metabolism and flux during type 2 inflammation, AM expression of 
cholesterol efflux transporter, Abcg1, and oxysterol synthesis enzyme, Ch25h, 
were only increased over controls in MWCNT-treated females, not MWCNT-males, 
and were decreased by Fulvestrant treatment. Accordingly, in vitro incubation 
with estrogen reduced cholesterol levels (indicative of efflux) while increas-
ing M2a polarization in female, but not male, AMs. Lastly, bone marrow-derived 
macrophages from SR-BI KO mice, which have impaired cholesterol uptake and 
efflux, had diminished M2a polarization capabilities following both IL-4 and IL-13 
treatment, confirming the importance of cholesterol flux in M2a development. 
Taken together, these data provide foundational evidence for the contribution 
of estrogen-mediated regulation of cholesterol metabolism in AM inflammatory 
function and the subsequent sex-based outcomes observed in nanoparticle-in-
duced respiratory disease. NIEHS R21ES030978-01.

 4596 Effects of Low-Level Hydrogen Sulfide Exposure on the 
Pathogenicity of Influenza-A Virus in a Mouse Model

C. M. Santana1, D. Kim1, W. A. Firoz1, P. C. Gauger2, N. Baumgarth1, and 
W. K. Rumbeiha1. 1University of California Davis, Davis, CA; and 2Iowa State University, 
Ames, IA.

The environment plays an important role in human susceptibility to respiratory 
tract infections. Hydrogen sulfide (H2S) is a toxic gas which is ubiquitously present 
in many workplaces and the environment. H2S in low levels is a respiratory tract 
irritant. Influenza is a significant public health disease globally. In this study we 
tested the hypothesis that repeated exposure to environmentally relevant concen-
trations of H2S increases the severity of influenza A virus (IAV) infection in mice. 
C57BL6 mice were exposed to breathing air (BA), 5 or 10 ppm H2S for 2 hours, 
5 days a week for 5 weeks, followed by the exposure to a sublethal IAV dose of 
20 PFU or PBS vehicle solution. Surviving mice were observed for up to 28 days 
before euthanasia. Mice exposed to 5 or 10 ppm H2S together with IAV exhibited 
severe weight loss and were euthanized on day 6 to 8 and day 4, respectively, while 
the mice exposed to BA and IAV did not show significant weight loss or mortality. 
Pre-exposure to 5 ppm H2S increased viral titer 11-fold compared to BA group on 
days post infection (DPI) 3. Cytokine assays were performed on Bronchoalveolar 
lavage fluids (BALF) to investigate the immune response on dpi 3 using Luminex 
instrument. Exposure to 5 ppm H2S significantly increased protein expression 
of pro-inflammatory TNF-α, IL-6, and IL-10 cytokines compared to the groups of 
BA-sham and BA-IAV. Histopathology of lung revealed significant severe injury in 
mice exposed to both H2S and IAV. Taken together, these results indicate that 
chronic exposure to low levels of H2S exacerbates the pathogenicity of viruses 
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such as IAV. It enhanced severity of inflammation and lung injury. This novel 
data is consistent with our previous findings in the pig model and underscore the 
importance of investigating the impact of H2S on respiratory tract infections.

 4597 In Vitro Assessment of Radiation Exposure on Primary Human 
Bronchial Epithelial Cells

D. Lizanets1,2, S. V. Murphy1,2, and A. R. Hall1,2. 1Wake Forest Institute for Regenerative 
Medicine, Winston-Salem, NC; and 2Virginia Tech-Wake Forest School of Biomedical 
Engineering and Sciences, Winston-Salem, NC.

While radiation therapy is an effective treatment for lung cancer, there are known 
secondary complications that stem from irradiation of the surrounding healthy 
tissue, including radiation-induced pneumonitis, radiation-induced fibrosis, and 
other effects associated with cell toxicity. These conditions can significantly 
impact the quality of life of patients, so it is important to improve our understanding 
of the effects of radiation on human lung tissue, especially since a model to do 
so has not yet been developed. Here, we use a simplified lung model to achieve 
this. Simplified lung cultures were created by seeding Normal Human Bronchial 
Epithelial (NHBE) cells on 96-well plates. The simplified lung cultures were exposed 
to gamma radiation at varying doses ranging from 0.5 Gy to 250 Gy. Analyses 
were conducted with both confluent and sub-confluent cultures and included DNA 
double-strand break assays as well as cell proliferation studies. Initial results show 
that the optimal dose to observe radiation damage without significant changes in 
cell proliferation and cell morphology is 2 Gy, which is clinically relevant. Radiation 
exposure induces DNA double strand breaks and decreases the ability of cells 
to proliferate. In continuing work, we will investigate the ability of Amifostine, an 
FDA approved radioprotectant, to mitigate the effects of damage due to radiation 
exposure. There has been minimal investigation of the mechanism of Amifostine 
in vitro and its ability to protect against the toxic effects of gamma irradiation. 
Additionally, we plan to improve upon these lung models by creating 3D models 
to better mimic the native lung microenvironment. Radiation exposure will also 
be modified to mimic clinical radiation regimens with fractionated exposure as 
opposed to single-dose radiation. We anticipate developing a 3D model for studying 
radiation damage in human lung tissue and to better understand the mechanism 
and capabilities of a radioprotectant in this system.

 4598 The Role of Plk1 in Pulmonary Fibrosis

T. Arbogast. University of Kentucky, Lexington, KY.

Idiopathic pulmonary fibrosis (IPF), the most common and aggressive form of 
interstitial pneumonia, stems from a unknown causes that results in respiratory 
failure within two to five years of diagnosis. Increasing evidence suggests that 
the alveolar epithelium may be uniquely vulnerable to pathogenesis of pulmonary 
fibrosis (PF); however, the mechanism behind pathogenesis is not fully understood. 
The TGFβ-1 pathway is considered the major mechanism for several fibrotic 
diseases, including ones resulting from both environmental exposures and genetic 
factors. Therefore, our objective is to discern how TGFβ1 exposure leads to 
activation of alveolar epithelial type 2 (AT2) and/or fibroblast differentiation and 
eventually progression of IPF by utilizing Polo-like Kinase 1 (Plk1) inhibition. Plk1 
plays many roles in cell cycle and mitotic progression, where Plk1 activity in is 
abolished upon DNA damage and acts as a transcriptional target of p53 to cause 
cell cycle arrest. This interaction with p53 inhibits its apoptotic function and drives 
stress responses. Plk1 also plays a major role in homologous recombination which 
contributes to it anti-apoptotic activity. Overexpression of Plk1 is well established in 
several cancers where it contributes to tumorigenesis and metastasis via abnormal 
cell cycle regulation. Several recent studies have established efficacy of Plk1 inhibi-
tion as a cancer therapeutic with clinical trials ongoing. I hypothesize that that 
polo-like kinase 1 (Plk1) acts as a critical molecule to link ROS, NFκB, and p62/
Nrf2 signaling, and that this kinase can be activated by TGFβ1 exposure as it would 
it be human IPF. This hypothesis has been formulated on a key observation made 
by the Liu lab, that Plk1 activates the p62/Nrf2 signaling via direct phosphorylation 
of p62 and Nrf2. Therefore, Plk1 may be a novel and efficient therapeutic target to 
prevent aberrant AT2 differentiation and fibroblast and accumulation that leads to 
ECM (extracellular matrix) deposition characteristic of IPF. Additionally, by utilizing 
Plk1 inhibition/activation, a unique opportunity exists to investigate the contribu-
tion of aberrant cell cycle progression of AT2 cells to impact disease develop-
ment mechanistically. Based on this knowledge, experiments with human alveolar 
epithelial and lung fibroblasts, a 3-D murine lung organoid, and novel mouse 
model of bleomycin-induced PF, Spc-Cre;Plk1-KO/KI, will be utilized alongside a 
model of familial IPF, SpcI73T;Plk1-KO/KI, and compared. Using western blotting, 
immunofluorescence, qPCR, flow cytometry, and immunohistochemistry, these 
models will be evaluated after induction of pulmonary fibrosis, for in vivo/ex vivo 
experiments. Preliminary results in a bleomycin-induced model of WT mice yielded 
significantly reduced hydroxyproline and Ashcroft scoring with Plk1 inhibition 
by GSK461364, supporting the TGFB1-induced pro-fibrotic state seen in human 
BEAS-2B and normal human lung fibroblasts. The rationale for this research is that, 
once the mechanism of Plk1-associated kinase contribution to disease progression 

is established, the Plk1 can be manipulated pharmacologically, offering a novel 
multi-mechanism drug target that may overcome limitations of single-mechanism 
therapeutics for this disease.

 4599 Human Cell–Based In Vitro Systems to Assess Respiratory 
Toxicity: A Case Study Using Silanes

M. Sharma1, A. O. Stucki1, S. Verstraelen2, A. Jacobs2, K. Hollanders2, F. Maes2, 
D. Poelmans2, J. Laer2, L. Geerts2, S. Voorspoels2, S. Remy2, E. Frijns2, and 
A. Clippinger1. 1PETA International Science Consortium Ltd., Stuttgart, Germany; and 
2VITO, Mol, Belgium.

Silanes are widely used as reducing and coupling agents with applications in 
surface modifications. Because of their reactivity and rapid hydrolyzation, occupa-
tional exposure to silanes is possible in the production line. In this study, called the 
INSPiRE Initiative (IN vitro System to Predict REspiratory toxicity), human bronchial 
epithelial cell line (BEAS-2B) and a reconstructed tissue model (MucilAir™) were 
exposed to triethoxysilane (TES) and trimethoxysilane (TMS) as vapors, to predict 
the ability of these chemicals to cause portal-of-entry effects on the human respira-
tory tract. Three concentrations were tested for each silane in BEAS-2B cell line 
(TES: 1, 50, and 150 ppm, and TMS: 1, 25, and 85ppm) and MucilAir™ tissues 
(TES: 75, 150, and 300 ppm, and TMS: 25, 100, and 300 ppm). All exposures were 
performed for 30 minutes at the air-liquid interface (ALI) using a VITROCELL® 6/4 
system and appropriate negative (sodium chloride, incubator control, or nitrogen 
gas) and positive (nitrogen dioxide) controls were used. Endpoints were assessed 
19-24 hours (BEAS-2B and MucilAir™) or seven days (MucilAir™) after exposure 
and included cell viability (Prestoblue™ assay), cytotoxicity (lactate dehydroge-
nase assay), and secretion of inflammatory markers (electrochemiluminescence 
immunoassay). For MucilAir™ tissues, histology (hematoxylin and eosin staining), 
barrier integrity (transepithelial electrical resistance (TEER)), and cilia beating 
frequency (CBF) and average active area (AAA) (SAVA system) were also included. 
In BEAS-2B cells, a dose-dependent response was observed for all endpoints for 
both silanes. 19-24 hours after exposure of MucilAir™ tissues, the results show 
decreased cell viability, TEER, and AAA, and an increase in cytotoxicity, inflamma-
tory response, and CBF for all concentrations of both silanes. Seven days after 
exposure, a further decrease in cell viability and AAA was observed and inflamma-
tory response and CBF remained elevated indicating that the cellular damage due 
to exposure to silanes was substantial. Interestingly, barrier integrity was restored 
back to pre-exposure values. The results from both in vitro systems indicate 
that TMS is more toxic than TES, which is expected based on chemical proper-
ties and existing data. Studies are underway to assess additional test chemicals 
and to compare ALI exposure to direct pipetting in both systems. The results of 
this project can be used to better understand the usefulness of in vitro systems 
in assessing the impact of chemicals on the human respiratory tract and inform 
regulatory decision-making.

 4600 Acute Pulmonary Response and Lung Burden following Solid 
Surface Composite Dust Inhalation

W. K. Mandler, W. G. Mckinney, M. S. Orandle, A. K. Knepp, L. A. Battelli, S. A. Friend, and 
Y. Qian. NIOSH, Morgantown, WV.

Pulmonary exposure to emissions from manipulating solid surface composite 
(SSC) materials with power tools has been associated with adverse health effects 
in humans and laboratory animals. Previous in vitro and in vivo investigations of 
SSC toxicity have been limited by particle delivery methods that do not fully recapit-
ulate the workplace environment. To represent a real-world particle exposure more 
accurately, our group constructed a chamber for simultaneous particle genera-
tion, characterization, and animal exposure. In order to determine lung deposition 
and clearance, 6-week-old male C57BL/6 mice were exposed to SSC particles 
for 4 hours (n = 9) or filtered air control in the exposure chamber. The mice were 
sacrificed immediately after the exposure as well as 24 hours post-exposure and 
divided into two subsets. In one subset, (n = 6), whole lungs were collected and 
analyzed for aluminum content using inductively coupled plasma atomic emission 
spectroscopy. In the other subset, (n = 3), in the right lobe was neutral buffered 
formalin for histopathology, while the left lobe was or snap frozen and kept at 
-80ºC for later molecular analyses. The exposure apparatus was successfully able 
to generate and aerosolize particles and maintain them at the target concentration 
of 20 ± 1.7 mg/m3) for the full exposure period. The aerosol count median aerody-
namic diameter was 820 nm, while the geometric standard deviation was 2.884. 
Inductively coupled plasma-atomic emission spectroscopy analyses determined 
the lung deposition of 19.13±5.03 µg/g elemental aluminum, or approximately 60 
µg/g SSC dust, based on the relative proportion of Al in SSC bulk material. No 
significant clearance after 24 hours was observed. No acute pulmonary inflamma-
tion or toxicity was observed in any histology section. Lung 4-hydroxynonenal was 
elevated at the 0-hour timepoint, while superoxide dismutase was depressed at the 
24-hour timepoint, compared to control, suggesting an oxidative stress response. 
Lung tissue IL-6 was significantly increased at 0 hours compared to control and 
returned to baseline at 24 hours. IL1-β, IL-2, IL-5, TNFα, and IFNγ were all decreased 
at 0 hour post-exposure and all except for TNFα remained decreased at the 24-hour 
time point. In conclusion, our system was able to reliably generate a consistent 
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and reproducible real time SSC aerosol with a portion of that aerosol inhaled by the 
mice. A single 4-hour exposure to 20 mg/m3 SSC dust elicited changes in inflam-
matory markers in lung tissue, likely driven by an increase in oxidative stress. The 
findings and conclusions in this report/presentation have not been formally dissem-
inated by the National Institute for Occupational Safety and Health, Centers for 
Disease Control and Prevention and should not be construed to represent any agency 
determination or policy.

 4601 Inhibition of the Volume-Regulating Anion Channel LRRC8 
Attenuates Contraction and Migration in Human Airway Smooth 
Muscle Cells

J. Woo1,2, G. Cao2, J. Lee2, S. S. An1,2, R. A. Panettieri Jr.1,2, and J. A. Jude1,2. 1Rutgers, 
The State University of New Jersey, Piscataway, NJ; and 2Rutgers Institute for 
Translational Medicine and Science, New Brunswick, NJ.

During proliferation and migration, cells rely on cell surface ion channels like 
volume-regulated anion channels (VRACs), involved in ion balance and osmolyte 
transport. The channel leucine-rich repeat-containing protein 8 (LRRC8) is the 
dominant VRAC present in human airway smooth muscle cells (HASMCs), which 
have a crucial role in airway contraction and remodeling in asthma. However, the 
role of LRRC8 in HASMC function and asthma pathogenesis is poorly understood. 
To elucidate the role of LRRC8, we hypothesized that LRRC8 activation increases 
HASMC contraction and remodeling. Non-asthma lung donor-derived HASMCs were 
pretreated with DCPIB (0.1-10μM, 1h), a reversible inhibitor of LRRC8, or transfected 
with LRRC8-targeting siRNA. To assess the effects of LRRC8 on HASMC physiol-
ogy, magnetic twisting cytometry (MTC) measured HASMC stiffness, while scratch-
wound assay measured migration. Cells were exposed to transforming growth 
factor-beta1 (TGF-β1) (4ng/mL, 18h), carbachol (Cch) (25μM, 5-60min), histamine 
(2.5μM or 10μM, 5-60min), or isoproterenol (10μM, 5min) and measured for myosin 
light chain (MLC), cytosolic Ca2+, Myosin phosphatase target subunit-1 (MYPT1), 
and protein kinase B (Akt). DCPIB pretreatment attenuated agonist-induced 
HASMC maximum and steady-state stiffness (CCh: vehicle: 1.12±0.019, DCPIB: 
1.03±0.015, p<0.05; histamine: vehicle: 1.17±0.024, DCPIB: 1.00±0.016, p<0.0001; 
n=100-163 cells) and in a concentration-dependent manner (histamine: vehicle: 
1.50±0.038, DCPIB 10μM: 1.18±0.019, p<0.001; n=112-134 cells). DCPIB pretreat-
ment reduced mitogen-induced migration in HASMCs (0.497±0.045 of control, 
p<0.0001; n=3 donors). Surprisingly, in parallel, DCPIB significantly attenuated 
agonist-induced MLC phosphorylation, a key mediator in excitation-contraction 
(EC) coupling (0.733±0.121 of Cch, p<0.05, n=6 donors; 0.687±0.025 of histamine, 
p<0.005, n=4 donors). DCPIB attenuated TGF-β1 (0.706±0.061 of control, p<0.005, 
n=7 donors) and Cch-induced MLC phosphorylation (0.550±0.109 of control, 
p<0.005, n=8 donors). SiRNA-mediated knockdown of LRRC8 reduced histamine-in-
duced MLC phosphorylation (0.600±0.053 of control, p<0.01, n=4 donors). These 
findings were unassociated with agonist-induced cytosolic Ca2+. However, DCPIB 
concentration-dependently attenuated Cch-induced Akt (0.639±0.053 of control, 
p<0.01, n=6 donors) and MYPT1 phosphorylation (0.499±0.082 of control, p<0.01, 
n=4 donors). Our findings suggest inhibition of LRRC8 activity attenuated the 
contractile and migratory responses in HASMCs, complementing reductions in 
agonist-induced MLC phosphorylation. This introduces a novel mechanistic link 
between LRRC8 activity and asthma progression through altering the function of 
HASMCs and EC coupling. Supported by NIH P01 HL114471(RAP), UL1 TR003017, 
and 2T32ES007148-36.

 4602 Establishing a Continuous Aerosol Exposure Method for 
Evaluating the Respiratory Toxicity of Ortho-Phthalaldehyde

Y. Sun1, N. Twaddle1, F. A. Beland1, Y. Wang1, D. Rua2, W. M. Gwinn3, and X. Cao1. 1US 
FDA/NCTR, Jefferson, AR; 2US FDA/CDRH, Silver Spring, MD; and 3NIEHS/NTP, Research 
Triangle Park, NC.

Ortho-phthalaldehyde (OPA) is an FDA-cleared high-level disinfectant for heat-sen-
sitive medical devices. However, its inhalation exposure limit has not been 
determined due to the lack of comprehensive respiratory toxicity data. To fill this 
data gap, we repeatedly exposed a human in vitro air-liquid-interface (ALI) airway 
tissue model to a wide range of OPA aerosol concentrations (i.e., 0.31 to 5.94 µg/
cm2) 4 hours per day for 5 days, followed by a 4-week recovery phase to assess 
the reversibility of the tissue responses. A VITROCELL® BioAerosol Nebulizing 
Generator and a 24/48 Exposure Module were used to generate and deliver a 
continuous flow of OPA aerosols to the apical surface of the ALI cultures. OPA 
aerosols slightly increased tissue permeability after 3 repeated exposures as 
measured by lactate dehydrogenase release. At the end of the 5-day exposure, 
tissue permeability in the treated cultures was decreased, possibly due to morpho-
logical changes induced by OPA aerosols. Functional tissue responses, such as 
ciliary response and mucin secretion, were modulated by OPA aerosols in a concen-
tration- and time-dependent manner. Cilia beat frequency (CBF) was significantly 
suppressed by a single OPA exposure at concentrations above 0.87 µg/cm2; this 
inhibitory effect was exacerbated with an increasing number of exposures. The 
inhibition of CBF was accompanied by the downregulation of key ciliary proteins 
(i.e., acetylated α-tubulin and DNAI1), suggesting that ciliary structures may have 
been compromised in the treated cultures. OPA aerosols generally decreased the 

secretion of mucins at all timepoints, with the exception of MUC5AC secretion, 
which was induced after 5 repeated exposures. Quantification of cytokine/chemok-
ine release in the basolateral medium revealed the induction of IL-1RA, IL-9, and 
MIP-1β secretion and reduction of VEGF secretion. From the in vitro concentra-
tion-response data generated on these endpoints, we are currently establishing a 
panel of toxicological points-of-departure to predict an OPA-specific safe limit of 
exposure in humans.

 4603 Acat-1 Inhibition Limits Pulmonary Fibrosis

E. R. Stevenson, C. Guo, E. Abramova, and A. J. Gow. Rutgers, The State University of 
New Jersey, Piscataway, NJ.

The enzyme Acat-1/Soat1 catalyzes the conversion of cholesterol to cholesterol 
esters, a critical step leading to intracellular lipid droplet formation. In previous 
studies of acute lung injury, we have observed large, lipid-laden cells, which 
correlate with an increase in pro-inflammatory alveolar macrophages (AM) and 
mature, pro-fibrotic interstitial macrophages (IM). This macrophage phenotype was 
reduced with the administration of the Acat-1 inhibitor K-604 in vivo. As persistent 
activation of macrophages is known to contribute to fibrotic processes, we hypoth-
esized that limiting cholesterol esterification through Acat-1 inhibition would reduce 
the persistence of activated macrophages and limit the progression of pulmonary 
fibrosis. To induce fibrotic changes in the lung, male and female wild-type mice 
(C57BL6/J, n = 6-7/group) received an intraperitoneal (IP) injection of bleomycin 
(IPB, 0.1 U/200 µL) every 3 days from d0-15, with corresponding saline control 
group (IP, 200 µL). Intratracheal saline or K-604 (10 mg/kg) was administered 
every 3 days from d17-34 with sacrifice on day 40. IPB significantly blunted weight 
gain compared to control (9.6±1.3%* vs 16.0±2.5%) and gain was maintained 
with K-604 administration post-IPB (14.3±1.4%†). No differences in cell count or 
protein concentration in the bronchoalveolar lavage were observed across groups. 
Magnetically-selected CD45+ cells from digested lung tissue were immunostained 
for flow cytometry. IM (CD45+/Viable/Siglec F-/F4/80+/CD11b+) were assessed 
for expression of markers related to classical (Ly6c+) and alternative (CD206+) 
activation. Greater proportions of mature IM (CD11c+) were observed with IPB 
compared to control (61.1±3.7%* vs. 45.4±2.5%) which was not reduced by K-604 
administration (62.7±2.7%). The proportion of CD206-expressing IM was also 
increased with IPB (57.8±4.8* vs. 39.3±3.2%) with no changes in Ly6c positivity 
across groups. Hematoxylin & eosin stained sections were scored for cellular-
ity and epithelial thickening post-treatment, indicating significant IPB-mediated 
histological changes. Fibrotic endpoints were assessed via trichrome stain and 
hydroxyproline quantitation. Improved body weight maintenance and histological 
appearance with K-604 treatment, but no significant change in the progression to a 
pro-fibrotic IM phenotype, highlights the effects of K-604 on non-macrophage cell 
types in the lung. (*,†=p<0.05). Supported by NIH HL086621 and 4T32ES007148-30. 

 4604 Macrophage-Specific ARNT Signaling Mediates Acrolein-
Associated Acute Lung Injury

M. G. Tanner, J. D. Luisi, B. K. Choudhury, L. M. Hallberg, B. T. Ameredes, and 
C. W. Wright. University of Texas Medical Branch at Galveston, Galveston, TX.

Acrolein is a potent immunomodulatory respiratory toxicant that promotes acute 
lung injury (ALI), however, the mechanisms remain to be fully characterized and no 
treatments currently exist. Pulmonary macrophages are essential for initiating and 
resolving lung inflammation and are thought to be key drivers of ALI. Additionally, 
the aryl hydrocarbon receptor nuclear translocator (ARNT) is a crucial modulator 
of immune homeostasis via obligate cooperation with aryl hydrocarbon receptor 
(AhR), hypoxia inducible factor (HIF), and NF-kB transcription factors. Accordingly, 
macrophage specific ARNT signaling could dictate the intensity and duration of the 
immune response by altering cytokine production and immune cell recruitment, 
and therefore severity of ALI, after acute acrolein exposure. Interestingly, ARNT 
is alternatively spliced into isoform 1 and isoform 3 to promote pro-or anti-inflam-
matory responses, respectively, and presents a potential target for therapies to 
treat acrolein-induced ALI. To investigate the impact of the ARNT isoforms on the 
initiation of the inflammatory response after acrolein exposure, 16-week-old male 
and female transgenic mice that overexpress Arnt-a (murine homolog of human 
ARNT isoform 1) within macrophage (Arnt-a Tg), were dosed intratracheally with 
2 mg/kg acrolein and sacrificed 24 hours later. Transcriptomic changes attributed 
to sex, genotype, and treatment were assessed in isolated BAL macrophages, 
and the inflammatory response was further characterized using differential BAL 
cell counts, lung histology, and BioPlex cytokine arrays. Transcriptomic analysis 
revealed sex- and genotype-specific differences in NF-kB and HIF target gene 
expression after acrolein exposure, which was further confirmed by alterations 
in pro- and anti-inflammatory cytokines, chemoattractant proteins, and overall 
immune cell landscape. Markers of ALI were then measured in the lungs of age 
matched animals 5 days post-exposure to assess ARNT isoform specific effects 
on inflammatory resolution. Interestingly, BAL cell counts in female Arnt-a Tg mice 
reveal persistent neutrophil and lymphocyte numbers that correspond with higher 
ALI scores relative to non-carrier (NC) controls. Neutrophil and lymphocyte popula-
tions were not observed in male Arnt-a Tg or NC mice on day 5, however, Arnt-a Tg 
males had lower ALI scores relative to NC. Taken together, these results support 
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a role for macrophage-specific ARNT signaling during the progression of acrole-
in-associated lung injury. Moreover, these findings align with previous reports of 
sexual dimorphism in response to acrolein, but also reveal a sexual dichotomy 
within ARNT isoform-specific functions that may be leveraged for numerous 
immune disorders. In conclusion, the role of ARNT within macrophages is import-
ant during development of acrolein-associated ALI and poses an attractive target 
for the development of pharmacological interventions. Funding: T32ES007254, 
R01ES025809, P30ES030285.

 4605 Development of a Preclinical Inhalation Model to Test Vaporized 
Cannabis Distillates

R. Gorgani, Z. Haidar, V. Orsat, D. Eidelman, and C. J. Baglole. McGill University, 
Montréal, QC, Canada.

With the legalization of cannabis occurring throughout the world, cannabis use 
is increasing. Numerous products are now available, including concentrates and 
distillates for use in vaporizers which are becoming an increasingly popular method 
of cannabis use for consumers. This includes cannabis vape cartridges that utilize 
e-cigarette technology to heat the cannabis distillates to form aerosols that are 
inhaled into the lungs. Cannabis distillates are a purified form of cannabis that 
typically contain specific compounds from the cannabis plant, particularly the 
cannabinoid tetrahydrocannabinol (THC), which is the psychoactive component. 
Despite their growing popularity, the pulmonary effects of cannabis distillates that 
are inhaled are completely unknown. Therefore, the purpose of this study was 
to address this gap in knowledge by creating a standardized mouse model for 
vaporized cannabis distillate exposure. Importantly, the model is established using 
commercially available and regulated cannabis products. C57BL/6 and Balb/c 
mice were subjected to nose-only exposures of vaporized THC distillate using the 
SCIREQ inExpose system using two popular cannabis vape devices: the 510 Thread 
Cartridge and Pax Era Pod. The pharmacokinetics of THC-COOH, a THC metabo-
lite, were characterized with a 10-minute exposure given 1 puff per minute, and 
blood was collected from the mice 30, 60, 90, and 240-minutes post exposure via 
cardiac puncture. A dose response to increasing exposure length and intensity 
was characterized with 10, 20, and 30-minute exposures at 1 puff per minute, or 
1, 2, and 4 puffs per minute exposures for 10 minutes, respectively. Blood was 
collected immediately following the exposures and serum THC-COOH levels were 
subsequently measured using a THC Forensic ELISA kit. A peak serum concen-
tration of 26.8 ng/mL THC-COOH was observed at 240 minutes post exposure 
in C57BL/6 mice and was similar between the 510 Thread Cartridge and Pax Era 
Pod. However, there was a strain-dependent difference with the Balb/c mice, where 
the peak concentration of 13.6 ng/mL was observed 90 minutes post exposure. 
The response to increasing exposure length showed dose-dependent increases, 
with a concentration of 11.4 ng/mL following a 10-minute exposure and 19.5 ng/
mL following a 30-minute exposure. Results were similar in both devices and in 
both strains of mice. The dose response to increasing exposure intensity also 
showed dose-dependent increases with a concentration of 10.8 ng/mL at 1 puff 
per minute and 31.8 ng/mL at 4 puffs per minute with little differences between 
devices and strains of mice. This preclinical model will allow for further investiga-
tion of the pulmonary and systemic response to inhaled vaporized cannabis distil-
lates, allowing for rigorous safety evaluation. This will be important as the cannabis 
marketplace continues to grow, and there is a need for research to investigate the 
safety of new products. This preclinical model can also be used to evaluate the 
biomedical benefit of cannabis-based products delivered via the respiratory system 
against a number of disease indices. This research is critical because it contributes 
to an improved understanding of the potential health benefits of cannabis consump-
tion while ensuring safety to the millions of cannabis consumers worldwide.

 4606 High-Throughput Screening of Chemicals for Respiratory 
Toxicity Using a Three-Dimensional (3D) Tissue

M. Klausner, Y. Kaluzhny, G. R. Jackson, A. Armento, and S. Ayehunie. MatTek, 
Ashland, MA.

A 3D, highly differentiated, tracheal bronchial tissue (TBT) has been previously 
used to screen chemicals for respiratory toxicity (Jackson, et al, Prevalidation 
of an acute inhalation toxicity test using the EpiAirway in vitro human airway 
model, Appl In Vitro Tox, 2018). In the current study, the TBT was cultured using 
a new, 96-well high throughput (HTP) cell culture insert plate with a microporous 
membrane bottom. H&E-stained histological cross-sections of the tissue cultured 
on the HTP plate showed a pseudo-stratified morphology with ciliated and mucous 
producing cells, similar to the standard model produced in a 24-well, individual 
insert format. Likewise, transepithelial electrical resistance (TEER) values for the 
HTP tissues were not significantly different (p=0.19) than measurements made 
on the TBT grown on the 24-well individual inserts: 861 ± 175 (n=16 lots) vs. 998 
± 339 (n=41 lots) Ω*cm2, respectively. The utility of the HTP tissues for toxicolog-
ical testing was investigated using 8 respiratory irritants (RI), which ranged from 
GHS Category 1 (most toxic) to GHS Category 5 (least toxic). 4 doses of each RI 
were applied to the apical side of the tissues for 3 hours, and tissue viability was 
determined using the MTT assay, without any recovery period. The dose of each 
RI which reduced tissue viability by 25% (ED-25) was mathematically interpolated 

and compared with previously reported results obtained using the 24-well format 
tissues. A strong correlation (r2=0.967) was observed between ED-25 values for 
the HTP tissues and the ED-25 values previously reported for the individual inserts. 
Thus, we anticipate that the HTP tissues will be useful for toxicological screen-
ing of the large numbers of formulations typically investigated during the drug 
development/formulation process.

 4607 Chemical or Radiological Toxicity: Effects of Uranium Oxides on 
Human Lung Cells

S. C. Moore, G. L. Wagner, M. Livshits, L. M. Lilley, J. B. Strickland, H. Mukundan, and 
J. F. Harris. Los Alamos National Laboratory, Los Alamos, NM.

Given the threat of radioactive events such as Fukushima Daiichi, Chernobyl, Three 
Mile Island and other environmental/occupational exposures we performed a 
systematic investigation on how internal human tissues respond to inhaled radionu-
clide sources and particulates. The majority of studies have focused on external 
exposures concerning lower linear energy transfer beta particles and gamma rays 
emitting radionuclides that penetrate completely through the whole body rather 
than the more harmful alpha particles. Radioactive elements that produce alpha 
particles include uranium, radium, thorium, and other man-made materials such as 
plutonium and americium. Of the presented materials uranium is the second most 
naturally abundant radioactive element behind thorium, but is significantly easier 
to handle and refine. Furthermore, uranium has a tunable isotopic ratio meaning 
that it is possible to vary the amount of radioactive activity in each sample to 
depleted, natural or highly enriched values. By using this advantage, it is possible 
to elucidate the effects of uranium and whether it is chemically or radiologically 
induced. This work investigated the in vitro effects of well characterized (<10 μm) 
depleted (DU), natural (NatU), and highly enriched uranium oxide (U3O8) particles in 
immortalized (A549) and primary human lung cells (HBTEC and HSAEC). Evaluating 
cytotoxic effects, biomarker changes, and uranium speciation at various levels of 
enrichment provides an integrated approach to distinguish the radiological and 
chemical toxicity of internal uranium exposure. We investigated viability, reactive 
oxygen species, and DNA breakage. Results show that despite the varying isotopic 
content of U3O8, exposed A549 cells responded similarly with increasing cell death 
as concentrations of material increased. IC (50)’s were determined with the viability 
data for each isotopic ratio for A549 cells and primary human lung epithelial cells. 
Data indicate that the chemical toxicity of the metal exposure may be a stronger 
effect than the radiological toxicity for U3O8 particulates.

 4608 Vitamin D Metabolites Enhance Corticosteroid Sensitivity 
and Modulate Inflammatory Pathways in Severe Allergic 
Airway Inflammation

B. W. Lewis, A. Q. Khan, K. A. Shay, J. Walum, M. L. Ford, T. Harshman, M. Guessas, and 
R. D. Britt. Nationwide Children’s Hospital, Columbus, OH.

Severe asthma involves complex inflammatory pathways involving innate and 
adaptive immune cells that secrete effector cytokines to promote asthma pathogen-
esis. Airway inflammation and remodeling persists despite treatment with cortico-
steroids, increasing asthma symptoms and exacerbations. A deficiency in vitamin 
D metabolism is associated with development of asthma and may also affect 
corticosteroid sensitivity. We evaluated the effects of Vitamin D3 and its metabo-
lites, 25-hydroxy vitamin D3 (calcidiol) and 1,25-dihydroxy vitamin D3 (calcitriol), on 
corticosteroid sensitivity in a mouse model of severe allergic airway inflammation. 
To induce allergic airway inflammation, newborn mice were challenged with PBS 
or mixed allergen (MA; Aspergillus fumigatus, house dust mite, Alternaria alternata, 
and ovalbumin) and c-di-GMP, for 7 weeks. Mice were also administered vehicle, 
1 mg/kg fluticasone propionate (FP), and/or 50 ng/g of Vitamin D3, calcidiol, or 
calcitriol. Lung inflammation and airway hyperresponsiveness were analyzed. 
Lung tissue was collected for bulk RNA-sequencing for differential and pathway 
analyses. Compared to PBS mice, c-di-GMP + MA increased immune cell infiltra-
tion and airway hyperresponsiveness. Treatment with Vitamin D3, calcidiol, and 
calcitriol along with FP reduced total immune cell infiltration. However, treatment 
with calcitriol and FP reduced airway hyperresponsiveness whereas it remained 
enhanced with Vitamin D3 and calcidiol treatment. Further, treatment with calcitriol 
and FP reduced T helper cell populations and airway remodeling. Bulk RNA-seq 
analyses in lung tissue revealed that 1 mg/kg FP and calcitriol significantly reduced 
more than 1100 genes, which are associated with immune cell infiltration and 
pro-inflammatory pathways. These data suggest that a vitamin D3 metabolites 
can improve corticosteroid sensitivity, with calcitriol reducing airway remodeling, 
immune responses, and inflammatory signaling. Enhancement of corticosteroid 
sensitivity by calcitriol may provide a therapeutic approach to improve corticoste-
roid sensitivity in patients with severe asthma.
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 4609 Household Allergen–Induced Mucus Hypersecretion in Lung 
Airways Is Aggravated by Low-Dose Cadmium Exposure

P. Singh, C. Stephens, and V. Antony. University of Alabama at Birmingham, 
Birmingham, AL.

Airway hyperresponsiveness (AHR) and mucus hypersecretion are hallmarks of 
airway diseases. Exposure to common household allergens and heavy metals acts 
as stimulator of immune inflammatory response contributing to the severity or 
existence of chronic airway diseases. Heavy metals like cadmium (Cd) areassoci-
ated with increased AHR and can contribute to the pathology of existing diseases 
or infections. Cd exposure can be through cigarette smoke extract (CSE), diesel 
exhaust or any other occupational and environmental sources. CSE induces mucus 
production in airway epithelial cells contributing towards dysregulation of air surface 
liquid homeostasis. Chloride efflux channel play an important role in maintaining air 
liquid homeostasis in the airways. In this study we demonstrate cadmium mediated 
regulation of ANO1 which is critical for mucus production in airway diseases. Six-to-
eight- week-old Balb/c mice (n=5 per group) were exposed to Cd and/or Cockroach 
extract (CE) through intranasal administration. Sensitization and challenge were 
achieved with saline, CE alone or, CE and Cd together for 5 days. AHR was assessed 
24 hours after the last allergen challenge. Lung histology and BAL analysis was 
performed 48 hours after the last allergen exposure. ANO1 expression and 
mucus production were estimated in lung whole cell lysate and airways. Saline 
exposed mice were used as controls. CE and Cd co-exposure during sensitiza-
tion and challenge demonstrated increased AHR in mice. ANO1 expression was 
highly upregulated in mice exposed to CE or Cd alone. Compared to single allergen 
exposure CE and Cd co-exposure demonstrated significantly upregulated ANO1 
expression. Mucus production was analyzed expression pattern of MUC5AC in 
lung homogenates and tissue sections. Increased MUC5AC intensity was observed 
in co-exposed mice. In conclusion, regulating ion channel/transporters to alter 
associated physiological functions is a suitable candidate for controlling the severe 
outcomes of allergic sensitization. Our results demonstrate that low-dose cadmium 
induced ANO1 expression may act as an additional mechanism of action exacer-
bating the airway diseases and accelerate adverse effects of household allergens.

 4610 Two Hours of Inhaled Carbon Dioxide in Healthy Humans 
Leads to Systemic Vascular Inflammation and Acute 
Cognitive Impairment

F. T. Lu1, A. Legard1, N. Fiedler1,2, U. Satish3, K. G. Black1, A. De Resende1, L. Calderón1, 
C. Guo4, A. Gow2,4, and H. M. Kipen1,2. 1Rutgers, The State University of New Jersey, 
Piscataway, NJ; 2Rutgers School of Public Health, Piscataway, NJ; 3SUNY, Syracuse, NY; 
and 4Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ.

Concentrations of carbon dioxide (CO2) have conventionally been considered a 
marker of indoor ventilation adequacy rather than a toxic hazard. In the U.S., the 
current permissible exposure limit for CO2 is 5,000 ppm as set by the Occupational 
Safety and Health Administration (OSHA). Concentrations of 1,000-2,500 ppm are 
frequently found in conference rooms, schools, and other poorly ventilated areas. 
However, in laboratory experiments at or below these levels, acute inhalation 
exposures to CO2 have produced impaired cognitive performance in humans. For 
instance, human subjects exposed to CO2 at 600, 1,000, and 2,500 ppm for 2 hours 
in a chamber study showed significant declines in components of decision-mak-
ing performance on the Strategic Management Simulation (SMS) test. Previously 
in rodent studies it has been suggested that CO2 exposure can lead to inflam-
masome activation within polymorphonuclear leukocytes (PMNs). We proposed 
that in humans CO2 exposure results in vascular inflammation and PMN activation, 
which is associated with impaired cognitive function. In our blinded, randomized, 
cross-over design, healthy young volunteers (n=12) breathed filtered air contain-
ing CO2, either 600 ppm (control) or 2,500 ppm, for two 2.5-hour intervals one 
week apart in a controlled exposure facility while completing the decision-making 
SMS test. We sampled venous blood before exposure and at 4 hours after the 
end of exposure. PMNs were isolated by differential centrifugation and examined 
for baseline oxygen consumption (OCR), maximal mitochondrial OCR, glycolytic 
capacity, and other markers related to PMN activation. Statistical significance 
(p<0.05) was assessed by paired t-test. Our results showed that CO2 exposure at 
2,500 ppm produced significantly decreased scores across all 5 domains of the 
SMS test (i.e., task management, focused activity, information management, crisis 
responsiveness, and basic strategy). Only one of the 12 subjects scored higher on 
all 5 domains for the CO2 exposure at 2,500 ppm compared to the CO2 exposure 
at 600 ppm. In all subjects, CO2 exposure at 2,500 ppm significantly increased the 
baseline OCR of PMNs from 13 ± 2.9 pmol/min to 21 ± 3.3 pmol/min (p<0.001) and 
decreased the maximal mitochondrial OCR of PMNs by 20% (p<0.05). Glycolytic 
capacity in the PMNs did not significantly change from 37 ± 3.3 mpH/min to 39 
± 3.2 mpH/min (p>0.05). In summary, CO2 inhalation exposure increased PMN 
baseline oxygen consumption in the absence of external stimulation and separately 
from mitochondrial activity. SMS results showed a strong association between 
CO2 inhalation and cognitive performance. A likely underlying explanation for these 
data is increased activity of nicotinamide adenine dinucleotide phosphate (NADPH) 
oxidase, which will be further elucidated by this study’s planned assessment of NLR 
family pyrin domain containing 3 (NLRP3) inflammasome activity, oxidative burst, 
and oxygen consumption in the setting of phorbol myristate acetate (PMA). We 

concluded that these human data are supportive of a vascular inflammatory model 
as a mechanism of CO2-mediated cognitive dysfunction and add to the urgency of 
further investigation on the potential toxicity of this ubiquitous gas. Funding was 
provided by NIEHS grants P30ES005022, R21ES033777-01A1, and T32ES007148.

 4611 Effect of Inter-individual Variability on a Phenotypic Endpoint 
Battery in an In Vitro Co-culture Model of the Human Respiratory 
Tract after Exposure to Model Reactive Gas Acrolein

A. E. Simmons1, L. Dailey2, E. Aungst2, N. Mallek1, P. Clapp1, and S. D. McCullough2. 
1University of North Carolina at Chapel Hill, Chapel Hill, NC; and 2US EPA, Chapel Hill, NC.

Many untested, ubiquitous inhalable toxicants may drive adverse human health 
effects. The “Tox21” program seeks to increase chemical testing throughput by 
integrating in vitro new approach methodologies (NAMs) to address challenges 
including developing tiered-testing frameworks and replacing costly and lengthy 
in vivo models. The use of non-immortalized cells from native human tissue (i.e. 
primary cells) in NAMs incorporates inter-individual variability into in vitro models 
that is not recapitulated by inbred rodent strains or immortalized cell lines. The use 
of primary cell-based NAMs for the evaluation of inhaled chemicals on the respira-
tory tract also poses challenges, including evaluating the impact of inter-individual 
variability on in vitro system assessment. To this end, we characterized inter-indi-
vidual variability across 14 donors using an in vitro co-culture model of the human 
tracheobronchial respiratory tract and using acrolein as a model reactive gas, a 
ubiquitous indoor and environmental combustion byproduct. The co-culture model 
was characterized by a battery of 16 physiologically-relevant endpoints assessing 
viability, epithelium physiology and function, and intracellular communication. We 
found that 1) differentiated donor epithelium exhibited highly variable barrier height 
and goblet cell density prior to insult; 2) 6 of 16 endpoints exhibited sensitivity 
(i.e., statistical significance after insult) and detected variability at baseline or after 
insult. For example, all donors exhibited high viability at baseline; however, exposure 
to acrolein revealed 4 resilient individuals (cell death < 20%) and 3 highly respon-
sive individuals (cell death > 80%) with several intermediate donor responses. 
Alternatively, barrier integrity (TEER) exhibited high variability at baseline and a 
significant decrease in barrier integrity for all donors after acrolein exposure. The 
extensive response range prompted us to assess the relative sensitivity of each 
endpoint as many published NAMs have used only 3-5 primary cell donors. 3) We 
calculated that sub-samplings of an n = 3 donor group from the 14-donor popula-
tion will fall within the 14-donor confidence interval in ~70% of sub-samplings 
for all endpoints. 4) Furthermore, we assessed the minimum number of donors 
required to detect a significant response to acrolein exposure. For example, TEER 
requires 7 donors to detect a robust significant response between acrolein and 
control populations; however, viability requires 9 donors to reach the same robust 
conclusion. These observations are among the first to define the impact of inter-in-
dividual variability on NAM performance, revealing variability in baseline donor cell 
culture, differential sensitivity within the endpoint battery, and variability in donor 
response. While it is clear that 14 donors fail to represent the human population, 
this work is necessary to inform more complex NAM infrastructure to evaluate risk 
to known susceptible populations and address populations that are marginalized in 
the existing published research. Does not reflect EPA policy.

 4612 IL-17a Neutralization Fails to Attenuate Flavorings-Related Lung 
Disease and Amplifies Proinflammatory Signaling Pathways in 
Diacetyl-Exposed Rats

E. L. House, S. Kim, D. Chalupa, C. J. Johnston, and M. D. McGraw. University of 
Rochester Medical Center, Rochester, NY.

Diacetyl (2,3-butanedione; DA) is a highly reactive alpha diketone often used as 
a flavoring chemical. Inhalation exposure to DA is associated with the fibrotic 
lung disease bronchiolitis obliterans (BO) also known as ‘flavorings related lung 
disease’. Previously, our group has shown increased IL-17a concentrations in 
bronchoalveolar lavage (BAL) from rats exposed to DA vapors who develop flavor-
ings related lung disease. In other preclinical models of BO, IL-17a neutralization 
has shown promising benefit in disease progression. We hypothesized IL-17a 
neutralization would attenuate flavorings related lung disease progression in rats 
exposed to DA vapors by inhalation. Sprague-Dawley rats were exposed to 200 
parts-per-million DA vapor or filtered air for 6 hours/day x 5 days via whole body 
exposures and monitored for 2 weeks post-exposure. Exposed groups included: 
(1) Air+IgG, (2) Air+IL-17a neutralizing antibody (αIL-17a), (3) DA+IgG, and (4) 
DA+αIL-17a. Intraperitoneal injections of αIL-17a or non-specific IgG control were 
performed twice weekly. Clinical parameters assessed included survival, oxygen 
saturations, and percent weight change. Lung tissue and bronchoalveolar lavage 
(BAL) were collected at study’s end (day 19 post exposure) for Trichrome staining 
and semi-quantitation. BAL IL-17a concentration was measured via ELISA. Whole 
lung homogenates were evaluated for various T cell populations via flow cytome-
try, T cell-associated cytokines via immunoblot (34 membrane array, Abcam), 
and α-smooth muscle actin (α-SMA) via Western blot. Statistical analyses were 
performed using Prism v. 8.0, utilizing ANOVA, Welch ANOVA, and multiple T-tests 
where appropriate. Survival, oxygen saturations, and percent weight change did 
not differ significantly in rats exposed to DA and treated with αIL-17a compared to 
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IgG controls despite reduced BAL IL-17a concentration. Lung histology also did not 
show any difference in number of fibrotic bronchial lesions nor inflammatory airway 
aggregates between DA-exposed groups. BAL neutrophilia remained persistently 
elevated in DA-exposed rats treated with αIL-17a versus. The proportion of CD4+ 
and CD4+CD25+ T cell populations did not differ significantly between groups 
while the proportion of CD103+ regulatory T cells increased in αIL-17a versus IgG 
controls (19.4 ± 10.3 % vs. 10.3 ± 6.34 , p<0.05). α-SMA expression also increased 
significantly in DA-exposed and αIL-17a-treated rats compared to IgG controls with 
increased expression of multiple pro-inflammatory cytokines, including TNF-α, 
IFN-γ and IL-1β, following DA exposure and αIL-17a treatment. IL-17a neutralization 
failed to attenuate flavorings related lung disease progression. In contrast, BAL 
neutrophilia persisted with amplified pro-inflammatory signaling and lung α-SMA 
expression increased with IL-17a neutralization post-DA exposure. Our results 
suggest alternate pathways responsible for flavorings related lung disease progres-
sion with IL-17a neutralization. Future studies evaluating the lung’s innate immune 
system may elucidate the differential responses seen in pathogenesis between 
chemical inhalation exposure and other forms of BO development.

 4613 House Dust Mite Allergen and Th2 Cytokine-Mediated Epithelial 
Barrier Dysfunction Attenuation by Rev-erb Agonists in 
16-HBE Cells

I. Sundar, A. Srinivasan, S. Duraisamy, and M. Castro. University of Kansas Medical 
Center, Kansas City, KS.

House dust mite (HDM) and Th2 cytokines (IL-4 and IL-13) drive allergic lung 
diseases such as asthma and allergic rhinitis resulting in altered epithelial barrier 
function and dysregulated immune response. Prior reports demonstrate the 
intricate role of circadian clock molecules that regulate epithelial barrier function 
and immune response. Rev-erbα is also known as Nuclear Receptor Subfamily 1 
Group D Member 1 (NR1D1), a key circadian molecule that regulates physiologi-
cal processes such as inflammation, metabolism, and immune response. There 
are no studies currently available to demonstrate whether activation of Rev-erbα 
using specific synthetic ligands (Rev-erb agonists) can protect against HDM and 
Th2 cytokine-mediated epithelial barrier dysfunction in human bronchial epithelial 
cells (16-HBE). In this study, we utilized the xCELLigence real-time cell analysis-
based electrical impedance measurement to monitor HDM and Th2 cytokine-me-
diated change in transepithelial electrical resistance (TEER) and markers of epithe-
lial barrier function tight junction protein (TJ: Zonula occludens 1) and adherence 
junction complexes (AJC: E-cadherin and β-catenin) by immunostaining using 
confocal microscopy in 16-HBE cells. Additionally, we determine the effect of 
pre-treatment with different Rev-erb agonists (GSK4112, SR9009, and SR9011)/
antagonists (e.g., SR8278) with or without HDM and Th2 cytokines to evaluate their 
epithelial barrier function (TEER), TJ and AJC proteins at 24 hours post-treatment 
by confocal microscopy. HDM and Th2 cytokines caused a significant change in the 
TEER at 24 and 48 hours post-treatment in 16-HBE cells. However, pre-treatment 
with different Rev-erb agonists for 4 hours along with HDM or Th2 cytokines showed 
a differential response in attenuation of epithelial barrier dysfunction including 
augmented expression of AJC and TJ proteins confirmed by confocal microscopy. 
We for the first-time report that Rev-erb agonists that activate Rev-erb(s) inhibit 
HDM and Th2 cytokine-mediated epithelial barrier dysfunction. The exact molecular 
mechanism by which Rev-erb agonist mediates protection either directly by acting 
through a specific clock target or indirectly via other independent mechanisms 
still needs to be investigated and that may have implications for the treatment of 
allergic lung diseases. This study is Supported by NIH R01 HL142543.

 4614 Chronic House Dust Mite Exposure Shows Time-of-Day 
Difference in Immune-Inflammatory Response and Circadian 
Clock Gene Expression in the Lung

I. Sundar, A. Srinivasan, S. Duraisamy, and M. Castro. University of Kansas Medical 
Center, Kansas City, KS.

Asthma is a chronic inflammatory lung disease that shows a time-of-day effect 
characterize by increased eosinophilic infiltration associated with Th2 cytokine 
release and mucus production. Recent studies support that altered rhythms of 
immune cells and inflammatory mediators contribute to dysregulated innate/
adaptive immune response during chronic lung diseases. However, whether a 
time-of-day response to allergen exposure leads to the difference in immune-in-
flammatory response and circadian clock function in the lung remains unclear. 
We hypothesize that chronic exposure to house dust mite (HDM) allergen shows 
time-of-day effects in innate and adaptive immune response and altered circadian 
clock function in the lungs. NCI C57BL/6NCr (Wild-type) mice were administered 
with PBS or HDM (30 µg) (intranasally; 5 days/week for 5 weeks, with 2 days 
interval) at specific time-of-day [Zeitgeber time ZT0 (6:00 am) or ZT12 (6:00 pm)]. 
Lung immunophenotyping of myeloid cells was performed using flow cytometry. 
Gene expression of Th2 cytokines and circadian genes were analyzed by qRT-PCR. 
Total and HDM-specific immunoglobulins (IgG and IgE) in serum were measured 
by ELISA. Chronic HDM exposure at ZT12 caused a significant increase in resident 
eosinophils (EOS: Siglec F+, CCR3-), inflammatory EOS (Siglec F+, CCR3+), 
GR1+ EOS, neutrophils, and dendritic cells in the lung compared to ZT0. Alveolar 

macrophages (AV-MACs) were significantly reduced in airway lumen of the ZT12 
HDM exposed group compared to ZT0, and interstitial MACs did not show any 
time-of-day difference but were increased in the HDM exposed group at ZT0 and 
ZT12. Gene expression analysis of Th2 cytokines (Il4, Il5, and Il13) was augmented 
at ZT12 compared to ZT0 in the HDM exposed group. Except for total IgG, total IgE 
and HDM-specific IgE were higher in HDM exposed group at ZT12 compared to 
ZT0. However, HDM-specific IgG response was decreased in HDM exposed group 
at ZT12 compared to ZT0. HDM exposure showed altered expression of core clock 
genes Nr1d1, Nr1d2, Per1, Per2 and Dbp in the lungs at ZT12 compared to ZT0. HDM 
exposure at ZT12 showed strong time-of-day effects on the status of immune-in-
flammatory cellular influx, Th2 cytokine expression, and humoral response associ-
ated with circadian clock disruption in the lungs. This study demonstrates that 
time-of-day allergen exposure affects circadian gene expression leading to an 
exaggerated immune-inflammatory response in the lung. Our study demonstrates 
the link between the circadian clock and time-of-day variation in asthmatic lung 
phenotype. This study is supported by NIH R01 HL142543.

 4615 Sex Differences in the Gut Microbiome in a Mouse Model of 
Allergic Asthma

R. Alford, C. Ekpruke, and P. Silveyra. Indiana University Bloomington, Bloomington, IN.

Asthma is a chronic inflammatory disease of the airway that compromises lung 
function and affects more than 300 million patients worldwide. Disparities in 
sensitivity between men and women to the initiation and exacerbation of asthma 
phenotypes have been identified; however, it remains unclear whether mediators 
such as the gut microbiome contribute to such differences. Commensal microbial 
communities found throughout the body are necessary for initiating immune 
responses and they contribute to the development of chronic inflammation. In this 
study, we used a mouse model of house dust mite (HDM) challenge and identified 
sex differences in the composition of the gut microbiota. The aim was to discover 
the extent to which the gut microbiome undergoes alteration in response to the 
induction of allergic asthma in mice challenged with HDM. For this, fecal pellets 
of male and female C57BL/6 mice intranasally exposed to 25 µg of HDM in 50µL 
of phosphate buffered saline (PBS) or 50µL PBS (control) daily for 5 weeks (n=5/
group) were collected before starting treatment and at the end of week 5. DNA 
from fecal pellets was extracted using the ZymoBIOMICS®-96 MagBead DNA Kit, 
and analyzed with the ZymoBIOMICS® Service to determine the 16S microbiome: 
Targeted Metagenomic Sequencing (Zymo Research, Irvine, CA). After treatment, 
males in both groups showed a significant decrease in the median absolute 
abundance of bacterial DNA with similar variabilities. Females treated with HDM 
also displayed a significant decrease in the median absolute abundance with 
large variability, while females treated with PBS had a very minimal decrease in 
the median absolute abundance when compared to pre-exposure. On average, 
males had a higher relative abundance of bacteria from the phylum Firmicutes than 
females at basal levels with relative ratios of Firmicutes:Bacteroidetes equaling 
2.24 and 1.64, respectively. Both sexes saw F:B increases in response to both 
PBS and HDM exposure suggesting a microbial dysbiosis associated with the 
treatments. We conclude that the induction of the allergic asthma phenotype with 
HDM contributes to sex-specific changes in the gut microbiome of C57BL/6 mice.

 4616 Alterations in Mitochondrial Respiration in Human 
Airway Epithelial Cell Cultures as a Function of Time at 
Air-Liquid Interface

H. R. Matthews1, S. Brocke1, I. Jaspers1, L. A. Dailey2, and J. M. Samet2. 1University of 
North Carolina at Chapel Hill, Chapel Hill, NC; and 2US EPA, Chapel Hill, NC.

The biochemical pathways involved in the utilization of energy are fundamen-
tal determinants that govern every aspect of the interaction of the cell with its 
environment and are increasingly recognized as having pivotal regulatory roles in 
the cellular response and adaptation to environmental exposures. Morphologically 
and functionally, fully differentiated human airway epithelial cells (HAEC) cultured 
at an air-liquid interface (ALI) on a semi-permeable membrane support represent 
the most relevant in vitro model of the human airway. The dependence of HAEC 
on glycolysis and mitochondrial respiration during differentiation at ALI has not 
been examined. In this study, we used extracellular flux analyses (Seahorse) to 
obtain a high temporal resolution metabolic profile of HAEC cultures as a function 
of time at ALI. Bronchial biopsies were obtained from healthy adult volunteers using 
an IRB-approved protocol. HAEC cultures at days 0, 7, 14, 21 and 28 of ALI were 
assayed using the Seahorse mitochondrial stress test, in which the cellular oxygen 
consumption rate (OCR) was monitored continuously at baseline and following 
sequential addition of complex 4 inhibitor oligomycin, the protonophore FCCP, and 
the Complex I and II inhibitors rotenone and antimycin A. The results showed a 
significant and progressive decrease in baseline ATP production and spare ATP 
production capacity in HAEC during differentiation days 0-14, stabilizing thereafter, 
consistent with the notion that HAEC differentiation is accompanied by a decrease 
in energy utilization. Cinnamaldehyde, an electrophilic phenylpropanoid compound 
commonly used as a flavorant in foods and electronic cigarettes, was previously 
reported to suppress mitochondrial respiration in HAEC-ALI. Differentiation at ALI 
may potentiate the inhibitory effect of cinnamaldehyde on HAEC-ALI. These results 
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reveal alterations in the metabolic profile of HAEC as a function of time at ALI, 
which may be associated with the promotion of metabolic quiescence in differ-
entiating cells. These findings have implications for the assessment of the risk 
of adverse effects induced by exposure to ambient air pollutants in health and 
disease. Funded by NIEHS 1R25ES031870-01. This abstract of a proposed presenta-
tion does not necessarily reflect EPA policy.

 4617 Sex-Dependent Effects of Early-Life Heavy Metal Exposures on 
Airway Function

X. Hu, J. Ma, Z. R. Jarrell, M. Orr, V. Tran, C. J. Marsit, D. P. Jones, Y. Go, and 
C. Wongtrakool. Emory University, Atlanta, GA.

Developmental exposure to environmental stressors can adversely impact airway 
anatomy and lung function. Our previous work using murine embryonic lungs 
showed that cadmium (Cd) and arsenic (As) at levels relevant to human exposures 
via food and drinking water inhibited branching morphogenesis, a critical process to 
form the airway system in fetal development, and the effects were greatly potenti-
ated by a combination of low-level Cd and As. We aim to determine whether early 
developmental Cd and As effects are linked to postnatal lung function alterations 
and susceptibility to pediatric airway disease. Female C57/Bl6 mice were provided 
with low levels of Cd and As (250 ppb each) in drinking water and purified AIN-93G 
diet ad libitum for 10 weeks prior to timed breeding and continued until 3 weeks 
postpartum, thus exposing the pups indirectly during pregnancy and lactation. 
We measured respiratory mechanics in 3-week-old pre-weaning pups (age and 
body weight matched between groups) by using the forced oscillation technique 
(flexiVent). Airway specific mechanics were assessed in response to increased 
dose of inhaled methacholine (a bronchoconstrictor). We found that in response 
to inhaled methacholine, exposed female pups (n=10) showed increased overall 
respiratory resistance (Rrs, P < 0.05) compared to non-exposed female pups (n=8). 
In particular, Newtonian resistance (RN) which primarily reflects the resistance of 
the large conducting airway resistance showed a 50-70% increase by Cd and As (P < 
0.001) at the baseline and with methacholine, along with increased airway hyperre-
activity (P < 0.01) in female pups. Tissue damping (G) which reflects the tissue 
resistance and small peripheral airway resistance was not changed at baseline 
but showed increased responsiveness to inhaled methacholine in exposed female 
pups (P < 0.001). Elastance (Ers) and tissue elastance (H) were not affected. These 
results, in line with our prior findings of Cd and As induced inhibition of branch-
ing morphogenesis, indicated that early-life Cd and As adversely impact the large 
conducting airway at an anatomical level in females causing changes in baseline 
resistance. On the contrary, in male pups, Cd and As did not cause any differ-
ences in respiratory mechanics (n=10-11 per group). Analyses of high-resolution 
metabolomics and single-cell ATAC-seq + RNA-seq data are ongoing to understand 
the molecular alterations underlying the sexual dimorphism. Taken together, our 
studies showed that early-life environmental exposure to Cd and As presents a 
sex-dependent risk for pediatric asthma and later-life airway disease by impacting 
fetal airway formation and increasing airway resistance and hyperreactivity.

 4618 Aerosolization and Exposure of a Vaping Mixture to Lung Cell 
Models for Toxicity Analysis and Degradant Identification

Y. M. Baldovinos, J. Liu, J. Beard, P. Obiako, and C. M. Sayes. Baylor University, 
Waco, TX.

Since its inception in 2007, vaping devices have been marketed as a “safe alterna-
tive” to traditional cigarettes. As a result, vaping has become highly popularized 
among habitual smokers seeking smoking cessation alternatives and first-time 
tobacco users. Vaping products such as e-cigarettes are battery-powered portable 
devices comprised of a cartridge which houses the e- liquid, atomizer, and a 
mouthpiece. E-liquids contain a mixture of an active ingredient (i.e., nicotine or 
cannabis), water, diluents, and flavoring agents (i.e., terpenes and aldehydes). 
Although the rise in vaping-associated hospitalizations has contributed to public 
health notices from the CDC surrounding e-cigarette use in adults and youth, 
e-liquid variations are continuously produced and sold in the market. Due to factors 
like device and e-liquid variability, the testing and regulation of vaping products 
has proved difficult and thus there is uncertainty surrounding e-cigarette toxicity. 
Furthermore, toxicological investigations of e-liquid toxicity require the application 
of mixture toxicity methods to determine which ingredients are more toxic. The 
purpose of this study is to investigate the resulting cytotoxicity and production 
of reactive oxygen species (ROS) after exposure to aerosolized vaping mixtures 
containing a diluent (triethyl citrate) and flavoring agent (linalool). Nuclear magnetic 
resonance (NMR) spectroscopy was used for the detection of degradant production 
of aerosolized binary mixtures. The mixture was prepared at two ratios of 97:3 % v/v 
and 80:20 % v/v (TEC: linalool) tested against two lung cell models, BEAS-2B and 
A549. Cells are human epithelial cells representative of the bronchial and alveolar 
regions of the respiratory tract allowing for analysis of differential responses. Two 
aerosolization methods were used and compared in this study; a jet nebulizer and 
vaping device were used for non-heated and heated aerosol generation. Cell viabil-
ity was measured via MTS and produced potency values. Results showed that 
toxicity increased after exposure to each mixture containing increased amounts of 
linalool. Also, toxicity was higher in cells exposed to the heated aerosol mixtures as 

compared to the non-heated aerosol mixtures. Oxidative stress was determined to 
be the molecular initiating event. Exposure to heated aerosolized mixtures resulted 
in increased levels of H2O2 indicating cellular stress. NMR detected degradants in 
the heated aerosol mixtures, namely acetaldehyde and ethyl acetate. Additional 
toxicological investigations of aerosolized vaping mixtures are underway and will 
be used to adequately define the mechanistic pathways perturbed after exposure 
to vaping aerosols.

 4619 Cancer Potency of Fibrous Balangeroite: Utilizing the 
Quantitative Structure-Activity Relationship (QSAR) Modeling to 
Predict Toxicity for a Mixed Mineral Dust

A. Korchevskiy. Chemistry & Industrial Hygiene Inc., Wheat Ridge, CO.

The mineral balangeroite has been identified in an asbestiform habit from the 
Balangero chrysotile mine (Italy). Seven cases of mesothelioma were identified 
among the mine workers; this level was significantly higher than would be predicted 
using the average potency of chrysotile asbestos. The sample of balangeroite was 
obtained from the mine and tested in the laboratory. The lengths and widths of 
particles from a sample of balangeroite were measured by TEM, and the distribu-
tions of fiber dimensions were determined. Statistical analysis and QSAR modelling 
were applied to assess toxicological potential of balangeroite in comparison to 
other mineral occurrences known to cause asbestos-related diseases. Balangeroite 
fibers are characterized as asbestiform, with geometric mean length of 10 µm, 
width of 0.54 µm, aspect ratio of 19, and specific surface area of 13.8 (1/ µm). The 
distributions of fiber size follow a fractal dimensions law with D=0.98 for length 
and D=1.24 for width, typical for non-fragmented naturally occurring mineral fiber. 
Proximity analysis shows asbestiform anthophyllite as the mineral with dimensions 
and chemical composition closest to balangeroite. Modeling estimates the average 
potency of balangeroite as 0.04% (95 % CI 0.0058, 0.16) for mesothelioma and 
1.3% (95 % CI 0.75, 1.77) for lung cancer. Monte Carlo simulation was used to 
reconstruct the risk level for the workers and explain the mesothelioma mortality 
rate with good precision.

 4620 Quantitative Ex Vivo to In Vivo Extrapolation for Respiratory 
Toxicity of Inhalable Substances

K. Schwarz, H. Obernolte, D. Winterberg, D. Schaudien, S. Cleeves, K. Sewald, and 
A. Braun. Fraunhofer Institute for Toxicology and Experimental Medicine, Hannover, 
Germany. Sponsor: A. Bitsch.

Methods for the prediction of acute respiratory toxicity in vivo can strongly contrib-
ute to a faster and more effective development of new inhalational drugs and new 
chemicals as well as to animal welfare. Due to the complex biological and physio-
logical processes and interactions in the lung as well as differences in the exposure 
protocols (concentration, exposure time, repeated exposure) and dosimetry, the 
development of predictive models allowing for an in-vitro-to-in-vivo-extrapolation 
remains challenging, however. To assess effects on whole organ level, the model 
of the Isolated Perfused Rat Lung (IPL) providing a fully intact organ system with 
cellular, structural and functional integrity including pulmonary barrier function 
and circulation is an interesting tool due to the proximity to the in-vivo situation. 
The aim of the present works was to apply Isolated Perfused Rat Lungs (IPLs) to 
estimate respiratory toxicity of Nafamostat mesylate prior to a regulatory subacute 
toxicity study. For this purpose, lungs from rats were ventilated and perfused with 
a physiologic buffer solution. The IPLs were exposed to rat respirable Nafamostat 
mesylate aerosols in a dose escalation scheme with a single explant using an 
Aerogen Pro mesh nebulizer. Regional dose deposited for IPLs was calculated with 
the MPPD (Multiple Path Particle Dosimetry) model using the underlying breathing 
parameters and aerosol characteristics. Measurement of tidal volume allowed for 
the on-line assessment of the viability of the lungs. In addition, precision-cut-lung-
slices of the IPLs were prepared and analyzed for viability by confocal micros-
copy after LIVE/DEAD stain. The resulting effect level data obtained ex vivo were 
compared to the corresponding data from a 28-day subacute in vivo inhalation 
study in rats. For high concentrations of Nafamostat mesylate aerosols a dose-de-
pendent decrease in lung function was observed in IPLs. A No Observed Adverse 
Effect Level (NOAEL) and a Lowest Observed Adverse Effect Level (LOAEL) as 
dose deposited per body weight could be derived. In line with these findings, signif-
icant cell death was observed in particular along the airways but also to a smaller 
extent in the lung parenchyma for the maximum exposure dose. Comparison to the 
in vivo data showed both, a good qualitative agreement regarding the site of the 
adverse effects and still more important a good quantitative agreement with the 
data obtained ex vivo. Using the ex-vivo model of the Isolated Perfused Rat Lung an 
in-vivo predictive estimate for respiratory toxicity from Nafamostat mesylate could 
be successfully derived. In addition, preliminary data show promising results for a 
set of pesticides. Thus, this model might be a valuable screening tool for identifica-
tion of substances exerting acute respiratory toxicity prior to regulatory studies. It 
therefore can accelerate development of new drugs or chemicals and may allow to 
reduce in-vivo testing for (sub-)acute inhalation toxicity.
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 4621 Colorimetric Assessment of Household Settled Dust Captured 
on Silicon Nanomembranes

S. Romanick. University of Rochester, Rochester, NY.

Humans spend 70-90% of their time indoors, however, there is a significant lack of 
knowledge regarding human exposure to microplastic particles and fibers (MPs) 
within the indoor environment. Fibers make up more than 90% of household settled 
dust worldwide and have been found in indoor air. Studies have identified MPs 
larger than 50 micrometers in indoor dust, but these are unlikely to be respira-
ble and little information is available regarding smaller airborne particles. It is 
evident that humans are inhaling these particles as they have been found in excised 
diseased and healthy human lung tissues. We have developed methods to identify 
plastic particles in settled household dust larger than one micrometer in diameter 
by distinguishing plastic from cellulosic, proteinaceous, and inorganic materials 
using two different stains, Nile Red for plastics, and Trypan Blue for cellulosic 
materials. Proteinaceous and inorganic materials remain unstained. Household 
settled dust is collected onto silicon nitride nanomembranes where in situ analysis 
of particles can be characterized. The innovative use of nanomembranes allows for 
particle capture and multiple analyses to take place on the same substrate. Particle 
analysis via colorimetric staining and imaging is followed by polymer identification 
via Raman spectroscopy and subsequently characterized via scanning electron 
microscopy for size and surface morphology. Using this innovative approach, 
microplastic particles larger than one micrometer in diameter have been identified 
in all settled dust samples.

 4622 Effect of Palmitoylation Inhibitor, 2-Bromopalmitate, on 
Cadmium-Related Changes to Cellular Metabolomes in the 
Human Lung Fibroblast Cell (HLF)

C. M. Lee, G. Singer, V. Ly, Z. Jarrell, M. L. Orr, D. P. Jones, and Y. Go. Emory University 
School of Medicine, Atlanta, GA.

Cadmium (Cd) is a toxic, naturally occurring environmental metal found in foods. 
Humans do not have an efficient mechanism for Cd removal; thus, Cd burden in 
humans increases with age. Increasing evidence from cell and mouse studies 
suggests that lung exposure to Cd at low environmental levels has an impact 
on cellular metabolism and on cell growth and proliferation signaling. In our 
previous mouse study with Cd exposure, we found that zDHHC11, a member of 
protein S-palmitoyltransferases, plays a role in regulating central metabolism for 
cell growth and proliferation. This finding led us to hypothesize that inhibition of 
palmitoylation of proteins potentiates Cd-caused metabolic disruption in lung cells. 
To test this hypothesis, we examined the effects of inhibiting protein palmitoyla-
tion on lung cell metabolism. Human lung fibroblasts treated with 2 μM Cd for 24 
hours with or without 20 μM 2-bromopalmitate (2-BP, palmitoylation inhibitor) were 
analyzed via LCMS-based, untargeted, high-resolution metabolomics (HRM). HRM 
data was analyzed by one-way ANOVA using xmsPANDA and limma packages in R. 
A total of 8186 metabolic features were detected. Of these metabolic features, 188 
were significantly altered by both Cd plus 2-BP treatment compared with treatment 
by Cd or 2-BP alone (P<0.05). Pathway enrichment analysis using Mummichog 
shows that these metabolic features are associated with purine and pyrimidine 
nucleotide metabolism and with lipoate and propanoate metabolism, suggesting 
that inhibition of protein palmitoylation potentiates Cd-altered lung cell physiology 
such as cell growth and proliferation. Therefore, protein palmitoylation could be a 
potential target mechanism to ameliorate environmental Cd-caused disruption of 
lung metabolism and subsequent pathologic outcomes.

 4623 IL4i1 Promotes Antioxidant Gene Expression and Inhibits 
Human Airway Smooth Muscle Cell Shortening

J. M. Lee1, T. Cho2, J. Lee2, A. Cho2, Q. Yang2, and S. S. An2. 1Rutgers, The State 
University of New Jersey, Piscataway, NJ; and 2Rutgers Institute for Translational 
Medicine and Science, New Brunswick, NJ.

Mucosal-associated invariant T (MAIT) cells are present in the airways, and 
MAIT cell deficiency has been implicated in asthma. These lung-resident innate-
like T lymphocytes express abundant IL-4-induced-1 (IL4i1) gene, an L-amino 
acid oxidase, and the secreted IL4i1 has been shown to suppress airway inflam-
mation and airway hyperresponsiveness in animal models of allergen-induced 
asthma. Here we find that IL4i1 inhibits histamine-induced human airway smooth 
muscle (HASM) shortening, the end effector of acute airway narrowing in asthma. 
IL4i1-mediated functional alterations in HASM cells were associated with increases 
in mRNA expression of anti-oxidant genes NFE2L2, NQO1, HMOX1, and TXNRD1. 
These data suggest IL4i1 limits oxidative stress by promoting transcription of 
anti-oxidant pathways, and potentially confers protection against ferroptosis. 
These findings support that IL4i1 reduces airway hyperresponsiveness by acting on 
HASM cells and indicates a mechanism for IL4i1 activity, which may present new 
targets for therapeutics to treat asthma. Funding: P01HL114471.

 4624 Elucidating the Effect of Anti-plasminogen Binding on Pleural 
Mesothelial Cells

D. M. Stevens, C. Wilson, S. Madrigal, and K. M. Serve. Idaho State University, 
Pocatello, ID.

Plasminogen (Plg) binds at the surface of fibrin clots or various cells, where it 
is activated to plasmin (Pla). Pla is an important protein in regulating cellular 
functions and extracellular matrix (ECM) remodeling after trauma. Compromises 
of this pathway may lead to collagen build-up resulting in fibrosis and fibrin clots. 
Recently, anti-Plg antibodies were described in people with fibrotic autoimmune 
disorders and with asbestos-associated pleural fibrosis. We recently demonstrated 
that Plg binds to mesothelial cells, which are the main cellular component of the 
pleural cavity. Therefore, we suspected that these antibodies (aPlg) block Plg 
activation, thus preventing normal mesothelial cell responses to Plg/Pla and 
shifting the cell to a fibrotic phenotype. Here, we have investigated mesothe-
lial cell responses following exposure to Plg or aPlg. We specifically examined 
responses associated with fibrosis, including migration, monolayer permeability, 
collagen deposition, and activation of matrix metalloproteinases (MMP), a protein 
family known for ECM remodeling. The findings showed that aPlg did block Plg 
activation to Pla and altered mesothelial cell responses. We noted significantly 
increased cell migration through a collagen-coated Transwell insert by Plg-treated 
cells in comparison to the untreated and aPLG-treated cells. We also noted signifi-
cantly increased collagen deposition by aPlg-treated cells, a response that was 
reversed upon addition of active Pla. Lastly, the findings from a Multiplex MMP 
assay and confirmed by SDS-PAGE indicated increased MMP-9 and MMP-2 expres-
sion in aPlg-treated cells. The MMP inhibitor TIMP-1 was also increased by aPlg 
binding, suggesting a potential imbalance in MMP activity following antibody 
binding. Follow-up studies will examine the contribution of different Plg receptors 
to the observed cell responses and will identify the intracellular signaling pathways 
involved in MMP, TIMP, and collagen expression. Better understanding of these 
pathways may identify a therapeutic target for mitigating aPlg-associated fibrosis.

 4625 Deposition Efficiency of Fluorescent Polystyrene Particles 
on Human Airway Epithelial Cells in a Novel Live Cell 
Exposure Chamber

E. Pennington1, A. Abzhanova2, and J. Samet3. 1Oak Ridge Institute for Science and 
Education, Oak Ridge, TN; 2University of North Carolina at Chapel Hill, Chapel Hill, NC; 
and 3US EPA, Research Triangle Park, NC.

Ambient air pollution is a leading risk factor for premature mortality and morbidity 
arising from increased pulmonary and cardiac pathogenesis. The composition of 
ambient air pollution is highly dependent on local atmospheric accumulation of 
primary and secondary pollutants, including particulate matter (PM), ozone, and 
others. Airborne PM is a known driver of adverse health outcomes associated with 
exacerbations of asthma and cardiopulmonary disease through mechanism(s) that 
remain poorly understood. Recent advances in air-liquid-interface (ALI) techniques, 
for the culture of primary human airway epithelial cells (pHAEC), have allowed for in 
vitro investigation of particulate deposition in the human airway. Exposing pHAEC 
cultured under ALI conditions to particulates is often challenging and is usually 
accomplished by exposing cells to a suspension of extracted particles. However, 
this technique compromises the integrity of the ALI culture and may result in off-tar-
get effects. Therefore, the objective of this work was to develop a more physiolog-
ically relevant exposure model for the deposition of particles on pHAEC cultured 
under ALI conditions. Our approach utilizes the high spatiotemporal resolution 
afforded by fluorescence confocal microscopy, which allows for direct visualization 
of particle deposition on pHAEC in a novel ALI exposure chamber that provides 
physiologic pH, temperature, and humidity. Using this chamber, we measure the 
deposition efficiency of aerosolized fluorescent polystyrene particles on pHAEC 
maintained at ALI. Under conditions of negative flow (200 mL/min), normal pHAEC 
maintained at ALI were exposed to a dilute aerosol of 0.5 um fluorescent polysty-
rene particles for 10 minutes, resulting in approximately 0.1% surface deposition. In 
summary, our findings demonstrate that a deposition efficiency of 0.1% results in 
measurable coverage of the surface of pHAEC. Taken together, our results suggest 
that aerosolization of fluorescent particles, coupled with fluorescence confocal 
microscopy, is a suitable technique for modeling underlying mechanisms associ-
ated with particulate deposition in the human airway. This abstract of a proposed 
presentation does not necessarily reflect EPA policy.

 4626 Multi-species 3D Airway Tissue Models for Translational 
Inhalation Toxicity Studies

S. Ayehunie, R. Jackson, S. Durand, K. Coen, T. Landry, M. Klausner, Y. Kaluzhny, and 
A. Armento. MatTek, Ashland, MA.

Scalable and reproducible in vitro 3-dimensional organotypic models from different 
species are needed for translational studies in order to develop reliable alternatives 
to traditional in vivo animal inhalation toxicity tests. The aim of this study is to 
compare toxicity responses of 3D airway tissue models constructed using primary 
tracheobronchial epithelial cells harvested from rat, primate, and human tissues. 
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Primary cells from the different species were expanded in monolayer culture and 
seeded onto microporous membrane inserts to reconstruct 3D organotypic tissue 
models. Tissues were characterized for polarity of epithelial cells (histology), 
epithelial cell markers (IHC), barrier integrity (transepithelial electrical resistance, 
TEER measurement), and functionality in inhalation toxicological studies by testing 
3 well-characterized chemical toxicants (CT). Polyethylene glycol was used as the 
positive control and either water or corn oil was used as negative control. CT (100 
µL) were applied to the apical surface, and tissue inserts were sealed with insert 
caps (MILICEL-MTK-CAP, MatTek Life Sciences) for 4 hours to mimic in vivo rat 
exposure experiments. After 4 hours, dosed tissues were washed and allowed to 
recover for 20 hours at 37oC. Analysis of the 3D tissues from the different species 
revealed: well polarized epithelium with a physiological TEER value of >300 Ώ*cm2, 
cilia formation on the apical surfaces, and mucin production mimicking the airway 
microenvironment. Acute exposure to CT for 4 hours showed varying levels of 
tissue viability and membrane integrity by MTT and TEER assays, respectively. 
While the effective dose concentration that reduces tissue viability by 50% (ED-50) 
for vinyl acetate and chloroacetaldehyde are comparable (<2 mg/tissue) for all 
species, the ED-50 value for toluene showed differences: human >20 mg, primate 
16.2±1.7 mg, and rat 13.8±0.1mg. Based on the MTT viability and TEER values the 
test chemicals were rank ordered from high to minimal toxicity: chloroacetaldehyde 
> vinyl acetate > toluene >propylene glycol and vehicle control. While the human and 
primate airway models showed comparable MTT values, the rat airway tissue was 
more sensitive to the higher concentration of toluene. Although more chemicals 
need to be tested, the multispecies 3D airway tissue models will be vital transla-
tional tools to predict airway inhalation toxicity and to bridge the in vitro in vivo 
knowledge gap to reliably predict human responses, while providing an alternative 
approach to animal experimentation.

 4627 Novel Fully Primary Human Airway Epithelium-Alveolar 
Macrophages In Vitro Co-cultures Models to Study Host 
Pathogen Interactions

B. Boda, C. Bertinetti, O. Verbeke, G. Gunasingam, S. Huang, and S. Constant. Epithelix, 
Plan-les-Ouates, Switzerland.

Being the first line of defense of the organism against airborne pathogens like 
bacteria and viruses, the respiratory epithelium acts as a physical barrier as well 
as an efficiency mucociliary escalator. Furthermore, the airway epithelium is also 
a potent immune-regulator which orchestrates both innate and adaptive immune 
responses upon bacterial or viral infections. Many animal models have been used 
to study lung infections, but the relevance and predictability of animal models are 
still questionable. Here we established a new co-culture model using well charac-
terized, standardized human airway epithelium such as MucilAirTM, SmallAirTM 
and human lung macrophages (CD45+,HLA-DR+, CD206+, CD11b+and CD14-) for 
studying bacterial and viral infections. The alveolar macrophages were not only 
able to adhere to the epithelial cells but also functional: The macrophages were 
capable of phagocytosis, evaluated using pHrodo™ Red (S cerevisiae Bio-particles 
Conjugate). Moreover, the co-culture models respond to pro-inflammatory stimuli 
such as LPS, TNF-α and Poly(I:C) with an increased IL-8 secretion. Upon bacterial 
infection with methicillin-susceptible Staphylococcus aureus strain (MSSA), 
compared to MucilAir™ monocultures, MucilAir™-macrophages showed stronger 
immune responses: (i) a reduction of bacterial growth (up to 1.5Log10 CFU) and (ii) 
decreased upregulation of IL-8 and β-defensin-2 secretions. Interestingly, greater 
difference was observed for Streptococcus pneumonia (Sp19F): The presence of 
macrophages led to a decrease of 3.5Log10 CFU after 24 hours of culture (N=12) 
versus MucilAir™ alone. These novel in vitro models might find applications in 
understanding the role of immune-epithelial cell interactions in infection diseases 
and inhalation toxicity assessment.

 4628 Development of Fully Primarily Human 3D Alveolar 
Model (AlveolAir)

C. Ferreira, B. Boda, S. Huang, and S. Constant. Epithelix, Plan-les-Ouates, Switzerland.

Chronic obstructive pulmonary disease (COPD) and lower respiratory infections 
are leading causes of death worldwide. This highlights the necessity for new and 
more efficient treatments. In order to develop novel drugs and assess lower respira-
tory toxicity of xenobiotics, robust and relevant in vitro alveolar models would be 
very helpful. We herein describe the characterization and functionality of a full 
primary human epithelial-endothelial 3D alveolar model, AlveolAir™. To character-
ize AlveolAir™, long-term parameters were measured: Biomarkers for ATIs, ATIIs 
and tight junctions (CAV-1, HTII-280 and ZO-1 respectively, Immunofluorescence); 
Morphology and lamellar bodies’ presence (Histology & TEM); existence of a 
maintained alveolar epithelial barrier (TEER) and SPC secretion (ELISA). Using 
these techniques, the evolution of the culture was monitored for several weeks. 
Functionality of AlveolAir™ was evaluated by exposure to pro-inflammatory 
compounds (LPS, TNF-α, poly(I:C) and cytomix). TEER and cytotoxicity (LDH) were 
monitored daily, along with morphological observations and cytokines quanti-
fication. It revealed that AlveolAir™ is able to display an inflammatory response 
by secreting IL-6, IL-8 and RANTES significantly when treated with poly(I=C) or 
cytomix. As proof-of-concept, effect of a flagellin-based formulation (inhaled drug 

candidate) was assessed on AlveolAir™. The tissues were exposed to 0.0003, 
0.003; 0.03; 0.3 or 3 µg/cm2 of flagellin apically 2 h/day, for 5 days. TEER, LDH, 
pro-inflammatory cytokines (IL-6 & IL-8) and a panel of genes were evaluated. The 
flagellin-based formulation had no effect on TEER and cytotoxicity for all tested 
conditions. However, flagellin did induce a dose-dependent increase of IL-8 starting 
at 0.03 mg/cm2 and upregulate the expression of genes coding for CCL4, TNF, 
IL-1β, CSF3, or CCL20, with a plateau obtained at 0.03 mg/cm2. Altogether, flagel-
lin was well tolerated by alveolar epithelia. Apical exposure induced biomarkers 
upregulation, demonstrating flagellin’s immunomodulatory potential on alveoli. 
Finally, co-culture model between AlveolAir™ and primary alveolar macrophages 
has been developed. Upon bacterial infection with Streptococcus pneumonia 
(Sp19F) compared to AlveolAir™, AlveolAir™-macrophages showed stronger 
immune response with reduction up to 3.5Log10 CFU after 24 hours of culture. 
This novel in vitro model, AlveolAir™, represents a relevant and reliable tool for 
inhalation toxicity assessment of drugs. It is also highly useful for understanding 
the cellular and molecular mechanisms of respiratory diseases such as COPD, viral 
and bacterial infections.

 4628a Filling the Gaps: Translating Lung In Vitro Toxicology

N. Roldan1, G. Raggi1, L. de Maddalena1, A. Sengupta2, L. Froment1, A. Rapet1, 
L. Todeschini1, T. Krebs3, J. D. Stucki1, and N. Hobi1. 1AlveoliX AG, Bern, Switzerland; 
2University of Bern, Bern, Switzerland; and 3VITROCELL Systems GmbH, Waldkirch, 
Germany. Sponsor: A. Stucki.

Lung toxicity assessment, as part of the evaluation of consumer goods and 
therapeutics, has classically relied on simplified in vitro systems and animal models 
prior to regulatory approval. With the surge of microphysiological systems (MPS), 
the new possibilities that these fit-for-purpose in vitro models offer is changing the 
paradigm of research. This is becoming apparent by the recognition and support 
of regulatory agencies (US EPA, US FDA, European Chemicals Agency), who no 
longer mandate animal testing and are adapting the requirements for approval for 
each context of use. In this work, we present the use case of the AXLung-on-chip 
system for toxicity and safety evaluation of several test compounds using differ-
ent cell models that exemplify the fit-for-purpose of this technology. To investi-
gate lung toxicity in the context of occupational exposure, distal (AX immortal-
ized alveolar epithelial cells/human lung microvascular cells/ THP-1-derived 
macrophages; AXiAECs/hLMVEC/dTHP-1) and upper (Calu-3) human airway models 
were developed on-chip and subjected to nebulized polyhexamethylene guanidine, 
zinc oxide or titanium oxide, by using the Cloud α AX12. Our data revealed that the 
incorporation of breathing-mimicking cyclic stretch, led to an increased sensitivity 
to these compounds. This resulted in significant alterations in barrier function (>80% 
decrease in transbarrier electrical resistance), increased cytotoxicity (2.5-fold), ROS 
generation and enhanced expression of proinflammatory markers (IL-6, IFNγ) when 
compared to conventional non-breathing cultures. We further investigated toxicity 
in a preclinical context by looking at the impact of blood byproducts, suggested 
to contribute to sepsis-derived respiratory distress syndrome at the distal lung. 
When treated with heme, our breathing model (AXiAECs/hLMVEC) developed a 
robust response in comparison to non-breathing conditions. This was reflected in 
an amplified cytokine secretion from both epithelial and endothelial compartments 
indicating inflammation and cell damage (IL-6, IL-8, IL-1α) and increased barrier 
weakening (2.7-fold higher than in non-breathing). Further, paracellular transport 
of small molecules (0.4 kDa) was enhanced by an order of magnitude. This data 
agrees with our findings on breathing bringing these in vitro models closer to 
physiological conditions, and therefore more sensitive to in vivo relevant trigger 
concentrations. Finally, in a safety-centered approach, we investigated the safety 
of oncologic immunotherapeutic candidates by using a primary alveolar epithe-
lial model combined with the immune component (PBMC) on chip. This model 
proved highly predictive and replicated enhanced inflammation, immune cell 
recruitment and activation, which were flagged as a safety concern prior to clinical 
trials. Altogether, our data lays out the predictive capabilities of the AXLung-on-
chip System for inhalation toxicology studies, identification of therapeutic targets 
and drug testing with regulatory acceptance; which is supported by several IND 
submissions. Additionally, we show the current use of this technology to assist 
decision-making and speed up the drug development pipeline while minimizing 
animal modeling.

 4629 The Impact of Age on Ozone Responses in Rodents

K. Lewars, M. Guttenberg, M. Albright, A. Vose, and R. Tighe. Duke University, 
Durham, NC.

Ambient Ozone (O3) is a criteria air pollutant, which causes increased morbidity 
and mortality, in part, through increased lung inflammation. As ambient O3 levels 
continue to rise, mitigating these adverse health effects will require identifying 
individuals who exhibit different susceptibility to ozone-induced inflammation. 
One of these susceptibility factors is aging, as prior ozone exposure studies have 
demonstrated increased O3 induced inflammation in aged rodents. However, 
the mechanisms driving these aged responses are poorly understood. The goal 
was to determine how aging impacts the genetic response to O3-induced lung 
injury and inflammation. To address this, we exposed C57BL/6 male mice to O3 
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(2 ppm) or filtered air for 3 hours. These mice were studied in 2 groups, young 
(8-10 weeks) and aged (12-18 months). The mice were harvested at 12, 24, 48, 
and 72 hours following acute exposure, where bronchoalveolar lavage fluid (BALF) 
and lung tissue were collected. BALF was assessed for total cell counts, differen-
tials, total protein, and protein carbonyls. RNA was extracted from lung tissue to 
generate cDNA that was then assessed by real-time PCR for 17 genes, selected 
due to relevance to ozone-induced inflammation, epithelial integrity, and oxidant 
stress. BAL total protein showed a significant increase at the 12-hour time point in 
young mice and increased slightly at the 48-hour time point before decreasing at 
the 72-hour time point. For the aged mice, similarly, there was a significant increase 
at 12 hours, however the protein levels had no significant change for the rest of 
the time points. BAL neutrophils and macrophages increased at 12 hours and 24 
hours, respectively, in both groups, but were higher in the young group. There was 
no difference in the BAL protein carbonyls between young and aged mice. The lack 
of difference between filtered air and 12 hours in the aged cohort is the outlier and 
may be attributed to low sample number. Whole lung RNA expression at 12 hours 
post- exposure was noted for an increase in the epithelial barrier proteins zo-1, 
e-cadherin, claudin-4, and claudin-3 gene expression in both the young and aged 
mice. However, expression was higher in the aged group. Similarly, in the aged 
group, at 12 hours, there was an increase in the gene expression of arginase 1 and 
arginase 2, which encode inflammation-regulating enzymes. However, pro-inflam-
matory cytokine gene expression (IL6, TNF-alpha, KC, mip2, and Cxcl10) was more 
variable between the young and aged mice. IL6 showed no significant difference 
between young and aged mice, while KC, mip2, Cxcl10, and TNF-alpha showed an 
increase in the gene expression at 12 hours, which was more prominent in the aged 
mice. Comparison of BAL cell count, total protein and gene expression in young 
versus aged mice following O3 exposure suggest that there are age-dependent 
effects. However, there is a disconnect between airspace inflammation and inflam-
matory gene expression. The reason for this is unknown but requires further investi-
gation. Overall, this adds to the scientific evidence supporting a need to consider 
age as an effect modifier in O3 exposure responses.

 4630 PGC-1β Promotes Macrophage Metabolic Activation toward a 
Pro-resolution Phenotype after Ozone Exposure

B. Gelfand-Titiyevskiy, L. C. Smith, E. Abramova, J. Noto, A. J. Gow, J. D. Laskin, and 
D. L. Laskin. Rutgers, The State University of New Jersey, Piscataway, NJ.

Ozone is a ubiquitous urban air pollutant that causes airway inflammation and 
hyperresponsiveness in both healthy and susceptible populations. Inflammatory 
macrophages play a key role in ozone-induced lung injury by regulating the initia-
tion and resolution phases of the inflammatory response. These distinct activities 
are mediated by macrophage subpopulations broadly classified as M1/proinflam-
matory and M2/proresolution. Proper control of the inflammatory response 
requires a balance between M1 and M2 activity. The transcriptional coactivator 
PPARγ coactivator-1 β (PGC-1β) modulates the activity of transcription factors 
involved in M2 activation and promotes oxidative phosphorylation, an intracellu-
lar metabolic pathway associated with M2 activity. We hypothesized that PGC-1β 
signaling attenuates ozone-induced lung injury by promoting oxidative phosphor-
ylation, M2 activation and the resolution of inflammation. To test this, we utilized 
a conditional Cre-lox mouse model in which PGC-1β is specifically knocked out in 
CX3CR1+ macrophages (PGC-1β KO). Female wild type (WT) and PGC-1β KO mice 
were exposed to air or ozone (0.8 ppm, 3 hours). After 72 hours, CX3CR1+ cells were 
collected from lung tissue digests by magnetic separation and knockdown was 
confirmed by western blotting for PGC-1β in CX3CR1+ and CX3CR1- macrophage 
populations. The phenotypes of CX3CR1+ cells were then characterized by flow 
cytometry. We found that the majority of CX3CR1+ cells were Siglec-F+/CD11chi/
CD11b- alveolar macrophages (~40%) and Siglec-F-/CD11clo/CD11b+ macrophages 
(~30%). Analysis of the cells using an Agilent SeahorseR showed that deletion 
of PGC-1β in CX3CR1+ cells significantly reduced spare respiratory capacity, a 
metabolic parameter linked to mitochondrial oxidative phosphorylation, relative 
to CX3CR1- cells from WT mice. Next, we investigated the effect of loss of PGC-1β 
on inflammatory macrophage recruitment. A significant increase in cells staining 
positively for CD11b was detected in lung tissue sections from mice exposed 
to ozone; this was not affected by the loss of PGC-1β. Similarly, flow cytometry 
analysis showed that the increase in numbers of pro-inflammatory (Ly6Chi) and 
anti-inflammatory (Ly6Clo) Siglec-F-/CD11c-/CD11b+ macrophages in the lung 
after ozone exposure was similar in WT and KO mice. Collectively, these data 
demonstrate that PGC-1β regulates intracellular metabolism and phenotypic activa-
tion of macrophages but does not affect inflammatory macrophage recruitment. 
Supported by NIH ES004738, ES030984, ES032473, ES020721, and ES005022.

 4631 Protective Role of Surfactant Protein-D in Lung Injury and 
Inflammation Caused by Chronic Ozone Exposure in Mice

V. R. Sunil1, K. N. Vayas1, J. Lee1, C. Smith1, E. Abramova1, J. Meshanni1, J. Radbel2, 
J. Laskin1, and D. Laskin1. 1Rutgers, The State University of New Jersey, Piscataway, NJ; 
and 2Rutgers Robert Wood Johnson Medical School, Piscataway, NJ.

Chronic exposure to ozone leads to reduced lung function and increased risk of 
developing emphysema and asthma, diseases associated with persistent inflam-
mation. Evidence suggests that alveolar macrophages contribute to the pathogenic 
response. Surfactant Protein (SP)-D is a pulmonary collectin known to suppress 
alveolar macrophage activity. In these studies, we analyzed the effects of loss of 
SP-D on pulmonary function and lung disease following chronic ozone exposure. 
Wild type (WT) and SP-D-/- mice were exposed to air or ozone (1.5 ppm, 2 hours), 
twice a week, for 3.5 weeks. Bronchoalveolar lavage (BAL) fluid and alveolar 
macrophages were collected 24 hours later and analyzed for markers of injury, 
inflammation and macrophage activation. Pulmonary mechanics was measured 
using a SciReq flexiVent. Exposure of both WT and SP-D-/- mice to chronic ozone 
resulted in histological changes in the lung; these included increases in peribron-
chiolar infiltration of mononuclear cells and foamy macrophages; significantly 
greater numbers of foamy macrophages were noted in lungs of SP-D-/- mice when 
compared to WT controls. SP-D-/- mice exposed to ozone also exhibited increased 
bronchiolar distention and bronchiolar epithelial thickening. When compared to 
air exposed controls, BAL cell number, protein and IgM levels increased in WT 
mice after chronic ozone exposure. Loss of SP-D exacerbated the increases in 
BAL cell number and protein, with no major effect on IgM levels. Greater increases 
in ozone-induced levels of BAL phospholipids, sRAGE, and fibrinogen were also 
observed. This was associated with impaired lung function; thus, significant 
increases in elastance and hysteresivity were observed in SP-D-/-, but not in WT 
mice. After exposure to ozone, numbers of alveolar macrophages recovered from 
the lungs increased in SP-D-/-, but not in WT mice. These were activated, as reflected 
by increases in mRNA expression of TNFα, IL-1β, IL-33, CCL3, CCL17, CCL22 and 
MMP9; this was linked to increased NFκB activity. Expression of M2/anti-inflam-
matory genes elastin, TGFβ, MMP12 and MMP28 were also upregulated in SP-D-/- 
mice after ozone. These data suggest that SP-D plays an important role in protect-
ing against chronic ozone induced pulmonary injury and inflammation. Our data 
provide new mechanistic pathways into lung pathology following chronic exposure 
to ozone.

 4632 Hematopoietic-Lineage Cells Contribute to Higher Sex-Specific 
Susceptibility of Female Mice to Ozone Exposure

D. Singamsetty, T. Vo, R. Lamichhane, I. Choudhary, K. R. Paudel, S. Patial, and Y. Saini. 
Louisiana State University, Baton Rouge, LA.

Ozone exposure is known to cause lung injury and increased immune cell recruit-
ment into the lung airspaces. Prior studies have shown that female mice exhibit 
exaggerated inflammatory responses to ozone exposure as compared to male 
mice, however, the potential mechanisms for this sex-specific susceptibility of male 
and female mice to ozone exposure remain unknown. Cells of the hematopoietic 
as well as the non-hematopoietic lineage respond to ozone exposure via altered 
morphology, functioning, and survival. Here, we hypothesized that the inherent 
sex-specific differences within the hematopoietic lineage cells in females versus 
males account for their variable sex-specific responses to ozone exposure. To 
test this, we generated cross-sex bone marrow chimeras. Briefly, 10-11-week old 
C57BL/6 mice were lethally irradiated and then reconstituted within 12 hourspost-ir-
radiation with bone marrow (BM) cells obtained from donor mice of either the same 
or the opposite sex via tail vein injections. The chimeric mice were housed in a 
sterile environment for 8 weeks post-irradiation and bone marrow transplantation. 
At 8 weeks, the chimeric mice were subjected to repetitive exposure to either 
filtered air (FA) or ozone (800 ppb; 4 hours/day for 14 consecutive weekdays) and 
were necropsied within 12-16 hours post-last FA/ozone exposure. Bronchoalveolar 
lavage fluid (BALF) and lung tissues were analyzed for immune cell infiltration, 
levels of inflammatory biomarkers, and histopathological alterations. As expected, 
ozone-exposed females that received BM cells from female donors exhibited 
increased immune cell recruitment compared to ozone-exposed males that received 
BM cells from male donors. Interestingly, ozone-exposed males that received BM 
cells from female donors exhibited increased immune cell recruitment compared 
to the ozone-exposed males that received BM cells from male donors; whereas 
ozone-exposed females that received BM cells from male donors exhibited signifi-
cantly reduced immune cell recruitment as compared to ozone-exposed females 
that received BM cells from female donors. Macrophages were found to be the 
predominant cell type contributing to increased immune cell infiltration following 
ozone exposure, followed by neutrophils. BALF protein and double stranded DNA 
(dsDNA), both markers of lung injury, were not significantly different among the 
four ozone-exposed chimeras. Taken together, these data indicate that the cells 
of the hematopoietic lineage determine the exaggerated responsiveness of female 
mice to ozone-exposure. In summary, the current and forthcoming findings from 
this study will help us better understand the underlying mechanisms that contribute 
towards the differential sex-specific susceptibility of mice to ozone exposure.
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 4633 Alterations in Lung Injury and Gene Expression following Two 
Weeks of Episodic Ozone Exposure

M. Moore1,2, H. Nguyen1,2, M. Schladweiler1, R. Grindstaff1, J. Richards1, U. Kodavanti1, 
J. Dye1, and C. Miller1. 1US EPA, Research Triangle Park, NC; and 2Oak Ridge Institute for 
Science and Education, Oak Ridge, TN.

Ozone-induced acute lung injury and inflammation following one or two days of 
exposure are not evident if ozone exposure continues for 3 or more days. While 
a one-to-two-day exposure can induce neutrophilic inflammation, lung protein 
leakage, and airway irritation, real-life exposures to ozone are more likely to occur 
in an episodic fashion. Chronic exposure to ozone has been associated with 
cardiopulmonary disease. The goal of this study was to understand the effects of 
episodic ozone on lung responses compared to an acute exposure. Subsequently, 
an episodic exposure paradigm was established where, over the course of 2 weeks, 
rats were exposed to ozone on days 1, 2, 4, 9 and 10. Male Long-Evans rats were 
exposed to either air or ozone (0.4, 0.8 ppm) for 4 hours/day utilizing the aforemen-
tioned paradigm or for 2 consecutive days to model an acute exposure. Due to the 
adaptation response commonly observed with acute ozone exposure, we hypoth-
esized that some phenotypic markers of lung injury would be blunted at 2 weeks 
while certain molecular alterations would either emerge or persist. Penh, an index 
of airflow limitation, was significantly increased on the first and second day of 
ozone exposure. This response was suppressed over the course of the 2-week 
study. Rats exposed to only 2 days of ozone displayed concentration dependent 
increases in bronchoalveolar lavage fluid (BALF) albumin and protein, whereas this 
response was not evident in the 2-week exposure group. BALF neutrophils, on the 
other hand, were significantly increased at both the 2-day and 2-week timepoints 
in a concentration-dependent manner. After 2 days of ozone, genes associated 
with angiogenesis (Ace, Cdh5, Flt1) and cell metabolism (Ldhb and Pdk1) were 
altered but did not persist to 2 weeks. Despite the blunted effect in Penh and protein 
leakage, differences in genes involved with glucocorticoid signaling (Hsd11b1 and 
Tsd22d3) and inflammation (Il1r1, Cxcl2, Arg1) were observed in ozone exposed 
rats. Interestingly, dual specificity phosphatase 1 (Dusp1), which is associated 
with the negative regulation of both cell proliferation and inflammation, was signifi-
cantly reduced at both 2 days and 2 weeks of 0.8 ppm ozone only. Reductions in 
Dusp1 was not observed at 0.4 ppm at either time point. Collectively, these analyses 
suggest that changes in the glucocorticoid system persist after 2 weeks of episodic 
ozone exposure, which may underlie the mixed adaptive response observed. 
Continued perturbation of this system may be key in understanding the associ-
ations with chronic ozone exposure and cardiopulmonary disease. This abstract 
does not reflect US EPA policy.

 4634 Ozone-Induced Lung Injury Increases Susceptibility to 
Lower Respiratory Infections by Generating a Favorable 
Pulmonary Microenvironment

E. Schott1, G. L. Serpa1, J. M. Baker2, G. Hutton1, H. B. Lovins1, R. M. Tighe3, A. T. Vose3, 
R. P. Dickson2, M. E. Long1, and K. M. Gowdy1. 1Ohio State University, Columbus, OH; 
2University of Michigan, Ann Arbor, MI; and 3Duke University, Durham, NC.

Air pollution exacerbates cardiopulmonary diseases resulting in increased morbid-
ity and mortality. Epidemiological studies have reported that following increased 
ambient air pollution, there is an increased risk for hospitalization and/or mortality 
from lower respiratory infections. The biological mechanisms of why this occurs 
are not well characterized. To uncover these specific mechanisms, we utilized a 
murine model of ozone (O3)exposure and infection to test the hypothesis that O3 
increases susceptibility to pneumonia by promoting an airway microenvironment 
that favors bacterial growth. Male C57Bl/6J (WT) mice were exposed to filtered air 
(FA) or 1 ppm O3 for 3 hours, and then 24 hours after either exposure, mice were 
infected by oropharyngeal aspiration with 2000 colony forming units (CFU) of the 
gram-negative bacteria Klebsiella pneumoniae (Kp). Mice were necropsied 24 or 48 
hours post-infection and lung tissue and blood were obtained. Bacterial burden was 
quantified from homogenized lung tissue and blood. Bronchoalveolar lavage (BAL) 
fluid and cells were evaluated at the 24-hour time point to define the pulmonary 
immune response. Total protein in the BAL fluid was assessed to quantify lung 
injury, whereas lung inflammation was assessed by BAL leukocyte differentials 
and multiplex ELISA. Lung tissue was assayed by qPCR to determine pro-inflam-
matory cytokine expression. To determine if factors in the O3-exposed lung directly 
promotes Kp growth, BAL fluid from C57Bl/6J male mice 24 hours post FA or 1 
ppm O3 exposure was incubated with 10000 CFU of Kp and bacterial growth was 
measured by spectrophotometry readings at OD600over 16 hours. Twenty-four 
hours following Kp infection, there was a significant increase in bacterial burden in 
the lungs and blood from O3-exposed mice compared to FA controls. The increased 
bacterial burden in the lung was also noted 48 hours post-infection; however, there 
was no significant difference in the systemic bacterial burden in the blood between 
FA and O3-exposed cohorts. O3-exposed mice infected with Kp had a significant 
increase in airspace neutrophilia and total BAL protein 24 hours post infection. In 
addition, O3-exposed mice infected with Kp significantly decreased Cxcl2 expres-
sion, whereas BAL IFN-γ and IL-6 production was significantly upregulated. When 
evaluating if the lung microenvironment promotes bacterial growth, cell-free BAL 
from O3-exposed mice significantly increased Kp growth when compared to BAL 
from FA exposed mice. Taken together, these data suggest that O3-exposure 

worsens Kp pneumonia associated with increased lung injury and inflammation. 
Furthermore, O3 exposure promotes an airspace microenvironment that facilitates 
bacterial proliferation. Ongoing studies will identify the specific O3-induced soluble 
factors that promote this bacterial growth.

 4635 Sex Differences in Acute Ozone Exposure’s Effects on Viability 
and Inflammatory Gene Expression in Primary Human Bronchial 
Epithelial Cells

D. Rousselle, and P. Silveyra. Indiana University Bloomington, Bloomington, IN.

Ozone is a highly reactive gas known to cause lung inflammation, oxidative 
stress, and other deleterious health effects when inhaled. Prior studies using 
animal models showed an increase in lung hyperresponsiveness and inflamma-
tion in female mice compared to male mice after acute exposures to ozone. This 
trend disappeared when female mice underwent gonadectomy and then returned 
when they had supplemental estrogen. This suggests a hormonal and possible 
genetic link between the disparity in response to ozone. In this study, I used human 
bronchial epithelial primary cells (HBEpCs, Promocell Cat. # C-12640) to investi-
gate the link between sex and lung inflammatory responses to ozone. I seeded 
collagen-coated inserts with 200,000 HBEpCs from male and female patients and 
cultured until confluent. The apical media was removed to achieve an air-liquid 
interface (ALI) and cells (n=10-15/group) were incubated for 2 hours at 37C. Cells 
were then exposed to ozone (500 ppb) or filtered air (FA) for 3 hours, then incubated 
for again for 2 hours at 37C. The basal media was collected and the cells were 
lifted from the inserts to determine viability, or lysed directly on the insert to extract 
RNA. Cell counting was automated by the Countess 3 and RNA extracted with 
the Zymo™ Direct-zol miniprep kit. Data was analyzed with the GraphPad PRISM 
software using Student’s t-test. Cell counts showed a general but not significant 
decrease in viability after exposure to ozone with a mean viability of 68.1% (SD 
13.7%) in the FA group and 59.5% (SD 16.1%) in the ozone group. The viability for 
female cells was 69.5% (SD 16.6%) in the FA group and 61.1% (SD 17.9%) in the 
ozone group. Male cells displayed 66.0% (SD 7.85%) viability in the FA group and 
57.4% (SD 14.0%) in the ozone group. Expression of IL1β was higher, and heme 
oxygenase-1 was lower in female cells exposed to ozone vs. FA (p<0.05). These 
differences displayed a similar trend but were not statistically significant in male 
cells. IL8 expression was significantly higher in male, but not female, cells exposed 
to ozone vs. FA. IL6 expression did not show significant differences. We conclude 
that ozone exposure differentially affects inflammatory gene expression in male 
and female epithelial cells. Further work is needed to investigate sex differences in 
other inflammatory biomarkers.

 4636 Distinct Effects of Acute and Chronic Ozone Exposure on 
Pulmonary Function in Mice

A. J. Gow, J. M. Lee, J. A. Meshanni, K. Vayas, V. Sunil, J. D. Laskin, and D. L. Laskin. 
Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ.

Ozone is an urban air pollutant that causes pulmonary injury and impairs lung 
function. In previous studies, we reported distinct structural changes in the lungs 
of mice following inhalation exposure to ozone acutely (0.8 ppm, 3 hours) versus 
chronically (1.5 ppm, 2 hours, 2 times/week, 6 weeks). Thus, whereas acute 
exposure primarily disrupts the bronchiolar epithelial barrier, chronic exposure 
causes airway remodeling characterized by epithelial thickening and collagen 
deposition. In this study we compared the functional deficits induced by acute 
and chronic ozone exposure. Mice were euthanized 24 hours following final ozone 
exposure. Bronchoalveolar lavage fluid (BAL) and lung tissue were collected and 
lung function measured using a SciReq small animal ventilator. Impedance spectra 
were recorded in response to forced oscillation measurement. Real and imaginary 
portions of the spectra were used to conditionally model resistance RL= (a+bf)/
(c+f) and elastance EL=E0+ΔE(1-e-βf), respectively. Chronic ozone exposure reduced 
the inherent tissue elastance of the lung (E0) and the frequency-dependent change 
in elastance (ΔE). Upon methacholine challenge, chronic ozone increased central 
resistance and high frequency resistance (b) relative to air controls, indicating 
airway hyperresponsiveness. In contrast, acute ozone had no effect on tissue E0, 
ΔE, or airway hyperresponsiveness. Analysis of pressure volume loops showed 
that chronic ozone increased maximum lung volume, while acute ozone decreased 
hysteresis. Chronic ozone-induced functional changes were accompanied by 
significant histological evidence of alveolar degeneration; conversely, acute ozone 
was associated with minimal histological alterations. However, acute ozone 
exposure caused significant change to the lung lining increasing total phospho-
lipids, total surfactant protein D (SP-D), and low molecular weight SP-D fragments 
in BAL. These changes are consistent with reduced surface-active function as 
demonstrated by reduced hysteresis. Chronic ozone exposure had only minimal 
effect on hysteresis or the lung lining. These findings demonstrate that acute and 
chronic ozone exposure cause distinct alterations in pulmonary function. While 
acute ozone-induced loss in hysteresis is likely driven by increases in SP-D and 
inflammation, chronic ozone-induced emphysematous pathology and airway 
hyperresponsiveness are primarily driven by altered lung structure. Supported by 
NIH grants ES005022, ES033698 and ES007148.
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 4637 ChemR23 Axis Regulates Ozone-Induced Lung Inflammation 
and Injury

H. B. Lovins1, E. Schott1, S. Varikuti1, M. J. Yaeger1, K. Dunigan Russell1, G. Hutton1, 
B. Kilburg-Basnyat2, S. Raza Shaikh3, and K. M. Gowdy1. 1Ohio State University, 
Columbus, OH; 2East Carolina University, Greenville, NC; and 3University of North Carolina 
at Chapel Hill, Chapel Hill, OH.

Ozone (O3) is a criteria air pollutant shown to increase morbidity and mortality 
from chronic lung diseases. O3 induces lung injury and inflammation through the 
promotion of oxidative stress leading to cell death, as well as inducing the produc-
tion of pro-inflammatory lipid mediators such as prostaglandins and leukotrienes. 
Studies have identified a novel class of lipid mediators, termed specialized pro-re-
solving mediators (SPMs) that resolve inflammation following injury by binding 
to their respective G-protein coupled receptor (GPCR). ChemR23 is one of the 
GPCRs that binds to its ligands, Chemerin and Resolvin E1 (RvE1). Chemerin is an 
adipokine that acts as a chemoattractant by activating the migration of inflamma-
tory cells driving a pro-inflammatory response. RvE1, an SPM, metabolized from 
the n-3 polyunsaturated fatty acid (PUFA) Eicosapentaenoic Acid (EPA), also binds 
to the ChemR23 receptor facilitating the resolution of inflammation and tissue 
homeostasis. We have previously shown that O3 exposure downregulates select 
SPMs in the lung and the SPM receptor ChemR23. From this, we hypothesized 
that the ChemR23 receptor binding to its ligand, RvE1, leads to protection of the 
lung from O3-induced pulmonary inflammation and injury. To test our hypothesis, 
male C57BL/6J (WT) and ChemR23 deficient (ChemR23-/-) mice were exposed to 
either filtered air (FA) or 1 part per million O3 for 3 hours. Mice were euthanized 
at 24 hours post O3 exposure and bronchoalveolar lavage (BAL) fluid and lung 
tissue were collected to assess inflammation/injury. Following acute O3 exposure, 
ChemR23-/- mice revealed increased pulmonary injury and inflammation seen in 
higher levels of BAL protein and cell differentials, respectively at the 24hr timepoint. 
Furthermore, the ChemR23-/- mice revealed higher protein production of pro-inflam-
matory cytokines and chemokines including IL-6, KC, and MCP-1 24 hours post O3 
exposure. Both WT and ChemR23-/- mice had increased Chemerin levels in their 
BAL fluid following O3, however ChemR23-/- mice had significantly more Chemerin 
in the airspace compared to WT controls. However, ChemR23-/- mice exposed to 
O3 had a significant decrease in RvE1 BAL when compared to WT controls. Taken 
together, our results indicate that acute O3 exposure leads to greater pulmonary 
inflammation and injury in ChemR23-deficient mice which is associated with 
increased Chemerin and decreased RvE1. Future studies will investigate how RvE1 
plays a role in the ChemR23/Chemerin pro-inflammatory axis and if the increasing 
of EPA through diet leads to enhanced pulmonary production of RvE1 and protects 
the lung from O3-induced injury and inflammation.

 4638 Metabolomic and Multi-tissue Transcriptomic Analysis Reveals 
Complex Phenotypic Interactions of Eight-Week Social Isolation 
and Acute Ozone Exposure in Rats

U. P. Kodavanti1, S. J. Snow2, A. R. Henriquez3, M. C. Schladweiler1, D. I. Alewel3, and 
T. W. Jackson3. 1US EPA/ORD, Research Triangle Park, NC; 2ICF International Inc., 
Durham, NC; and 3Oak Ridge Institute for Science and Education, Research Triangle 
Park, NC.

Socially isolated individuals and communities often face psychosocial stressors 
and are also likely to be exposed to high levels of air pollutants. Social isolation (SI) 
has been considered a risk factor for neuropsychiatric conditions and is also linked 
to increased metabolic disorders. The SI model in rats is a well-validated model of 
depressive- and anxiety-like behavior. Based on our research demonstrating the 
mechanistic similarities on how air pollutants and psychosocial stressors through 
the neuroendocrine system might exacerbate chronic immune and metabolic 
alterations, we hypothesized that rats under long-term SI will have exacerbated 
metabolic phenotype through dysregulated neuroendocrine activity and that acute 
ozone inhalation will exacerbate metabolic response in SI relative to pair-housed 
rats. Male, 4-week-old Wistar-Kyoto rats were either 1) pair-housed (2/cage) with 
environmental enrichment and frequent handling (no stress (NS) control group), 
or 2) socially isolated (SI) by single-housing, with no environmental enrichment 
provided and avoiding frequent handling for 8 weeks. Animals were then exposed 
to filtered air or ozone (0.8 ppm) as a challenge stressor for 4 hours followed 
immediately by necropsy. The body weight gain of NS and SI were similar during the 
course of the study, indicating similar food consumption. However, in air-exposed 
SI animals, circulating cholesterol assessed using clinical assays was increased 
along with small increases in circulating cytokines, and this effect of SI was exacer-
bated by acute ozone exposure. Serum metabolomic analysis revealed only a 
modest effect on circulating metabolites of air-exposed SI relative to NS animals, 
except for higher levels of several circulating sphingomyelins in SI rats. These 
increases in sphingomyelins were associated with the absence of higher levels of 
cholesterol when assessed through metabolomics, suggesting that these sphingo-
myelins are likely bound to cholesterol and thus some cholesterol signal may be 
lost during the mass spectrometry ionization process. A single ozone exposure 
caused remarkable changes in circulating metabolites - including higher levels of 
a variety of free fatty acids, glycerols, branched chain amino acids, and ketone 
metabolites - typical of an acute stress-mediated metabolic response we have 
previously demonstrated in rats and humans. These ozone effects also included 

increases in sphingomyelins in both NS and SI groups. Because sphingomyelins 
are widely distributed in all cell membranes and enriched in myelinated neurons, 
and because liver is the master regulator of metabolic processes, we examined 
transcriptional changes in the stress responsive region of the brain (hypothalamus) 
and the liver to determine their potential contribution to circulating sphingomyelins 
in SI animals. There were no significant transcriptional changes attributable to SI 
either in the hypothalamus or in the livers of air-exposed animals. Acute ozone 
exposure, on the other hand, caused 940 hypothalamic genes to be changed in NS 
and 1192 in SI, and 2398 liver genes in NS and 3055 genes in SI, with no significant 
interaction between SI and ozone in either tissue. Thus, these data indicate likely 
other complex mechanisms responsible for exacerbation of systemic metabolic 
and inflammation phenotypes together with increases in circulating sphingomye-
lins in SI by acute ozone exposure. These subtle effects of subchronic SI modifying 
the metabolomic response to acute ozone exposure indicate the importance of 
understanding how prior stressors modify the subsequent stress responses. This 
abstract does not reflect the US EPA policy.

 4639 Loss of G-Protein-Coupled Receptor ALX/FPR2 Inhibits Innate 
Inflammation and Resolution following Acute Ozone Exposure

M. J. Yaeger1, K. Dunigan-Russell1, E. Schott1, H. B. Lovins1, G. Hutton1, B. Saunders1, 
R. Virk2, S. Raza Shaikh2, and K. Gowdy1. 1Ohio State University, Columbus, OH; and 
2University of North Carolina at Chapel Hill, Chapel Hill, NC.

Ozone (O3) is a toxic air pollutant that exacerbates pulmonary diseases by activat-
ing the innate immune response, inhibiting the resolution of inflammation, and 
causing lung injury. To activate the resolution of inflammation, specialized pro-re-
solving mediators (SPMs) are synthesized from ω-3 or ω-6 polyunsaturated fatty 
acids by enzymes such as cyclooxygenase-2, 5-lipoxygenase (5-LOX), 12-LOX, and 
15-LOX. We recently published that mRNA expression of these enzymes and formyl 
peptide receptor 2 (ALX/FPR2) - the receptor for SPMs resolvin D1 (RvD1) and 
lipoxin A4 (LXA4) - are decreased in lung tissue 24 hours following O3 exposure. 
However, the biological significance of ALX/FPR2 signaling is currently unknown 
in O3-induced pulmonary inflammation and/or resolution. Therefore, we hypothe-
sized that ALX/FPR2 deficiency exacerbates inflammation and inhibits resolution 
of inflammation following O3 exposure. To test this hypothesis, we exposed male 
ALX/FPR2 wild type (FPR2+/+) or ALX/FPR2 knockout (FPR2-/-) mice to filtered air 
(FA) or 1 ppm O3 for 3 hours and then collected bronchoalveolar lavage (BAL) 6, 
24, or 48 hoursafter exposure to assess the initiation, peak, and resolution phases 
of lung inflammation respectively. At the 6-hour time point, FPR2-/- mice had signifi-
cantly less pulmonary neutrophil infiltration and production of cytokine TNF-α, and 
chemokines MCP-1 and MIP-2 in the BAL when compared to FPR2+/+ mice after O3 
exposure. Then 24 hours following O3 exposure, pulmonary neutrophilia and BAL 
cytokines and chemokines were equivalent between FPR2+/+

 and FPR2-/- mice but 
the SPM maresin 1 was increased in the lungs of FPR2-/- mice after O3 exposure. 
Lastly at 48 hours after exposure, FPR2-/- mice had increased BAL protein (a marker 
of lung injury) and macrophage infiltration after O3 exposure compared to FPR2+/+ 
mice. Taken together these data indicate that ALX/FPR2 may contribute to the 
balance of initiating the O3-induced pulmonary inflammatory response along with 
activating the resolution phase of inflammation.

 4640 The Role of CD163 and HO-1 Signaling in Ozone-Induced Lung 
Antioxidant Responses

B. Saunders1, K. Dunigan-Russell1, M. J. Yaeger1, A. Mehta1, G. Hutton1, E. Schott1, 
S. J. Cochran1, N. Majumder2, S. Hussain2, R. M. Tighe3, and K. Gowdy1. 1Ohio State 
University, Columbus, OH; 2West Virginia University, Morgantown, WV; and 3Duke 
University, Durham, NC.

Ozone (O3) is a criteria air pollutant that has been linked to adverse pulmonary 
and cardiovascular outcomes when present in elevated concentrations. The 
mechanisms by which acute O3 exposure causes these adverse outcomes are 
currently unknown. Previous studies have shown that acute O3 exposure increases 
pulmonary oxidative stress and inflammation. These effects can be partly attributed 
to the presence of reactive oxygen species (ROS) and depletion of antioxidant 
responses. CD163 is a scavenger receptor expressed by macrophages responsible 
for the activation of the heme oxygenase 1 (HO-1) pathway which is an essential 
antioxidant response element known to protect the lung from oxidative damage. 
However, it is unknown if CD163 reduces O3-induced oxidative stress responses in 
the lung. Therefore, we hypothesize that CD163 expression is essential for inducing 
HO-1 driven antioxidant responses that dampen O3-induced oxidative stress in 
the lung. To test this hypothesis, we exposed C57BL6 (WT) and CD163 knockout 
(CD163-/-) female mice to either filtered air (FA) or 1 ppm O3 for 3 hours. This 3-hour 
exposure is equivalent to acute ambient increases in ground level O3. Mice were 
necropsied at 6 and 12 hours following exposure to collect broncheoalveolar lavage 
(BAL), lung tissue, and blood for serum. Lung tissue was used to measure mRNA 
levels of antioxidant response genes via real time PCR including glutamate-cyste-
ine ligase catalytic subunit (GCLC), NAD(P)H quinone dehydrogenase 1 (NQO1), 
nuclear factor erythroid 2-related factor 2 (Nrf2), and HO-1. SIx hours following 
O3 exposure, HO-1 gene expression in the lung was increased in WT mice but 
not in CD163-/- mice. Twelve hours following O3 exposure, WT mice maintained a 
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significant increase in HO-1 expression which was again not noted in CD163-/- mice. 
When examining other antioxidant responses, both WT and CD163-/- mice upregu-
lated Nrf2 expression in the lung in response to O3 exposure at both timepoints. 
However, WT mice exposed to O3 exhibited increased pulmonary expression of 
GCLC, which plays a role in the production of the antioxidant glutathione at the 
6-hour time point when compared to FA controls. Alternatively, this increase in 
GCLC was not noted in CD163-/- mice exposed to O3. Surprisingly, 12 hours post O3 
exposure, CD163-/- mice had a significant increase in the pulmonary expression of 
NQO1 and GCLC which are phase 2 oxidative stress response elements that play 
a crucial part in the reduction of ROS, when compared to the WT mice exposed to 
O3. Thus far, our findings suggest that the scavenger receptor CD163 is required for 
induction of the pulmonary HO-1 response to acute O3 exposure, suggesting inacti-
vation of CD163 activates alternative pathways for dampening oxidative stress. 
Future studies will identify the mechanisms by which CD163 contributes to the 
antioxidant response to O3 exposure, if this is dependent on HO-1 activation, as well 
as which cells expressing CD163/HO-1 are essential to these responses.

 4641 Role of Nod-Like Receptor X1 in Ozone-Induced 
Lung Inflammation

N. Majumder1,2, M. H. Mazumder1,2, N. O. Tan1, M. Velayutham1,2, E. E. Kelley1,2, 
S. P. Devkota1,2, M. Mansy1,2, T. R. Nurkiewicz1,2, R. M. Tighe1, and S. Hussain1,2. 1West 
Virginia University, Morgantown, WV; and 2NIOSH, Morgantown, WV.

A significant increase in cardiorespiratory morbidity and mortality is associ-
ated with acute episodes of air pollution increase. Ozone is the most reactive 
gaseous components of air pollution and is a criteria pollutant regulated by the US 
Environmental Protection Agency (EPA). NLRX1 (Nod like receptor X1) is a recently 
discovered NOD-like receptor, implicated in multitude of cellular responses includ-
ing mitochondrial injury, reactive oxygen species formation, inflammation and 
cell death. However, its effect in mediating environmental toxicant induced lung 
insult is yet to be studied. We hypothesized that ozone induced lung inflammation 
is mediated by the NLRX1. C57bl/6J (Nlrx1+/+) and NLRX1 knock out (Nlrx1-/-) 
mice were exposed to filtered air (control) or 1 ppm ozone for 3 hours. We utilized 
6-12-week-old male and female mice in these studies. The animals were euthanized 
24 hours post exposure and changes in lung lavage cellularity, cell death, alveolar 
barrier damage, lung inflammation and oxidant capacity were measured. Ozone 
exposure induced a significantly greater increase in neutrophils in bronchoalveo-
lar lavage fluid of Nlrx1-/- animals compared to the Nlrx1+/+ animals. Moreover, 
Nlrx1-/- mice displayed a significant induction of inflammation (KC, TNF-α, IL-1β) 
both in terms of gene expression on the lung tissue and protein secretion in the 
broncho-alveolar lavage fluid. We also observed a significant induction in Nf-κB 
activity in Nlrx1-/- mice compared to Nlrx1+/+ mice. Electron paramagnetic 
resonance studies demonstrated significantly greater induction of free radicals 
in the lung tissue, bronchoalveolar lavage and serum of Nlrx1-/- mice compared 
to Nlrx1+/+ mice. Mitochondrial function studies using sea horse assay confirmed 
greater mitochondrial dysfunction (proton leak, glycolytic capacity and decrease 
in ATP production) in Nlrx1-/- mice compared to Nlrx1+/+ mice. In summary these 
studies confirm the role of NLRX1 in mediating ozone induced lung inflammation 
and cellular damage. Funding: NIH R01 ES031253 (SH).

 4642 Gestational Ozone Exposure Augments the Amniotic 
Environment with Osteopontin-Driven Placental Adaptation

S. E. Brent1, A. Hamm1, M. A. Garcia2, M. J. Campen2, and A. K. Ottens1. 1Virginia 
Commonwealth University, Richmond, VA; and 2University of New Mexico, 
Albuquerque, NM.

Urban air pollution impacts millions worldwide influencing an estimated 4.2 million 
premature deaths a year. A highly reactive component of air pollution, ozone (O3) 
is associated with adverse vascular, respiratory, and neuronal health outcomes as 
well as developmental deficits. While many of these outcomes are documented, 
the effects of ozone inhalation during critical windows of gestational development 
remain unclear. The epidemiology shows an increased risk for pre-eclampsia, 
gestational diabetes, and lower fetal birth weight at term, the symptoms of which 
have been recapitulated in modeled ozone exposures. Yet, little is known about the 
mechanisms by which the placenta and the enclosed amniotic environment are 
augmented during different periods of gestation. In the current study, we hypoth-
esized that an acute rat maternal ozone exposure will elicit a more robust impact 
on the amniotic environment consequent prolonged remodeling of placental tissue 
vascularization when issued at the beginning versus the end of decidualization. To 
test this hypothesis, pregnant Sprague-Dawley rats were exposed once for 4hours 
to 0.3 ppm ozone (O3) at GD10 (gestational day) or GD20, with sham filtered air (FA) 
exposure at the opposing time point. A control group was exposed to sham FA at 
both time points. At term (GD21), amniotic fluid and placental tissue were collected 
and snap-frozen. Studies began with a non-targeted proteomic analysis of the 
amniotic fluid to discern exposure time-dependent perturbation to the fetal environ-
ment. Label-free mass spectrometric quantification was performed on tryptic 
digests of the amniotic fluid proteome. The effect at term was distinct between 
exposure times, with the influence on osteopontin (OPN) concentration being a 
particularly interesting example. OPN levels at term increased in amniotic fluid with 

GD10 but decreased with GD20 O3 exposure. Importantly, past studies found that 
increased maternal blood OPN was associated with increased risk of preeclampsia 
and OPN also acts as a cytokine that may influence fetal development. We next 
sought to identify the source and relevance of the GD10 OPN response. Placental 
tissues were sectioned, prepared for immunofluorescence microscopy, and stained 
for OPN as well as associated markers. OPN levels increased two-fold across 
placental lamina with the GD10 O3 exposure but not GD20. While the GD10 time 
point generally excludes the relevance of OPN on implantation, OPN can play an 
anti-inflammatory role by reducing MMP-2 expression and limiting matrix remodel-
ing. MMP-2 staining affirmed a corresponding reduction with GD10 and not GD20 
O3 exposure, while staining of TIMPs 1 and 2 showed no response at either time 
point. Together, these findings suggest an enduring suppression of MMP-2 that is 
independent of acute TIMP inhibition. Increased OPN expression has also been 
linked with both angiogenesis and vessel wall thickening. PECAM staining (platelet 
and endothelial cell adhesion molecule) was correspondingly increased selectively 
with GD10 O3 exposure, biased to the decidual later attached to the uterine wall. 
However, it could not be distinguished whether this was due to hypervascularization 
or a thickening of the vessels, the latter known to occur with preeclampsia. Uterine 
artery resistance at term, however, significantly increased with GD10 O3 exposure, 
supporting the later conclusion. In all, results from these studies demonstrate a 
gestational-window dependent influence on the amniotic environment bathing the 
fetus with a prominent and lasting increase in placental OPN as an anti-inflamma-
tory response to O3 exposure that is also associated with vascular changes that 
may predispose for preeclampsia.

 4643 Ozone-Induced Genomic Changes in Oxidative Stress, 
Bioenergetics, and Glucocorticoid Signaling in Male and Female 
Rat Brains

P. S. Kodavanti, D. Freeborn, P. Vulimiri, M. Valdez, and U. Kodavanti. US EPA, Research 
Triangle Park, NC.

Recently, air pollutants (e.g., ozone [O3]) have been associated with various adverse 
outcomes to brain health including increased occurrence of cognitive disorders, 
Alzheimer’s disease, anxiety, depressive disorders, and even suicide. In the present 
study, we hypothesized that the sex differences underlying the increased suscep-
tibility to inflammatory lung disease would also affect sex-specific transcription 
responses in brain to air pollutants. Male and female adult Long-Evans rats were 
exposed to O3 for 2 consecutive days (0.8 ppm, 4 hr/day), rats were euthanized, and 
brain regions were dissected. Protein carbonyls and various markers of oxidative 
stress (OS) were analyzed in the cerebellum to confirm previous results. Complexes 
I, II, and IV enzymes were measured in the same tissue to understand mitochon-
drial bioenergetics. We extended these studies to the genomic level by conducting 
qPCR with a panel of genes for OS, bioenergetics, and glucocorticoid signaling on 
hypothalamus and hippocampus, regions critical for observed neuronal effects. 
O3 produced more oxidative damage in the brains of females compared to males 
as evidenced by higher levels of protein carbonyls. Differences in mitochondrial 
bioenergetics may contribute to the increase in carbonyls since males showed 
higher levels of activity of mitochondrial complex enzymes I and IV whereas 
females showed increased activity of Complex II. Genes related to glucocorticoid 
signaling (Fkbp4, Fkbp5, Hsp90aa1, Hspa4, nr3c1, nr3c2) showed that males and 
females respond comparably to O3 exposure by increasing expression of glucocor-
ticoid responsive genes. Similarly, O3 exposure decreased the expression of Bdnf in 
both hippocampus and hypothalamus in males and females. However, expression 
of genes related to mechanisms of OS (Cat, Dhcr24, Foxm1, Gpx1, Gss, Nfe2l2, 
Sod1) showed the most sexually dimorphic response than any other class of gene 
assayed. Taken together, these results indicate that sex-specific responses to air 
pollution may, in part, be caused by difference in brain transcriptomic responses. 
This abstract does not necessarily reflect US EPA policy.

 4644 Differential Effects of Acute and Chronic Ozone 
Exposure on Resident Lung Macrophage Efferocytosis of 
Apoptotic Neutrophils

J. Radbel1, J. Meshanni2, O. Lehoang1, K. Vayas2, E. Abramova2, J. Cervelli2, 
J. D. Laskin3, A. J. Gow2, and D. L. Laskin2. 1Rutgers Robert Wood Johnson Medical 
School, New Brunswick, NJ; 2Rutgers Ernest Mario School of Pharmacy, Piscataway, NJ; 
and 3Rutgers School of Public Health, Piscataway, NJ.

Ozone is a ubiquitous urban air pollutant known to cause acute lung injury. 
Evidence suggests that ozone exposure and impaired efferocytosis can contribute 
to the development of acute respiratory distress syndrome (ARDS), a severe form 
of human lung injury. However, there is limited data on whether exposure to ozone 
affects resident alveolar macrophage (AM) efferocytosis. Herein we compared AM 
efferocytosis of apoptotic lung neutrophils (PMNs) from mice exposed acutely or 
chronically to ozone. Male C57Bl/6J mice were exposed to filtered air or ozone 
acutely (0.8 ppm, 3 hours) or chronically (1.5 ppm ozone, 2 hours, 2 times/week, 
3 weeks). Mice were euthanized 48 hours after the last ozone exposure and lung 
cells collected by bronchoalveolar lavage (BAL). Resident AMs (Ly6G-CD11b-) 
were separated from BAL cells by magnetic separation. BAL Ly6G+ PMNs from 
mice treated with ozone and i.v. LPS were labeled with the cell membrane dye 
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DilC18(5)-DS and incubated with AMs from mice treated with air or ozone for 90 
minutes at a 1:1 ratio of AMs to PMNs. Using flow cytometry, the percentage AM 
efferocytosis was calculated as the number of DilC18(5)-DS fluorescent AMs/
total AMs (SiglecF+Ly6G-DilC18(5)-DS+ cells/total SiglecF+Ly6G- cells). Exposure 
of mice to both acute ozone and chronic ozone reduced the percentage of AMs 
that performed efferocytosis when compared to air controls (acute, 30 ± 4% vs 46 
± 3%; chronic, 32 ± 2% vs 47 ± 16%); no difference was observed between acute 
and chronic ozone exposure. Notably, the ozone induced impairment in efferocy-
tosis persisted in chronically exposed mice despite a 20% absolute increase in 
the percentage of AMs expressing the efferocytosis receptor CD36. These results 
demonstrate that ozone exposure reduces the capability of AMs to efferocytize 
apoptotic PMNs; they further highlight that this impairment is independent of the 
ozone exposure duration and CD36 expression. Impairment in AM efferocytosis 
suggest a potential mechanism by which ozone exposure increases the risk of 
ARDS. Supported by NIH ES031678, ES004738, ES033698, ES005022.

 4645 Sex Differences Modulate Airway Hyperresponsiveness in a 
Model of Ozone-Exacerbated Allergic Asthma

M. Ballinger, D. Jelic, K. Gowdy, and J. Englert. Ohio State University, Columbus, OH.

Asthma is a chronic, obstructive, inflammatory disease that affects the airways and 
causes wheezing, breathlessness and chest tightness. Currently, 1 in 13 people 
in the U.S have asthma, and previous work has shown a higher prevalence of 
asthma in adult female as opposed to males. There is no cure for asthma, but it 
can be controlled by taking anti-inflammatory medicine, such as steroids or biolog-
ical therapies. Asthma symptoms can be aggravated by various environmental 
factors such as dust and air pollution. Ozone (O3) is a common component of 
air pollution and high O3 days exacerbate asthma symptoms. Currently, available 
asthma therapies do not address the complexity of factors that initiate or exacer-
bate symptoms such as sex and air pollution. In order to address this gap, we 
have established a murine model of ozone-induced asthma exacerbation using 
both male and female mice to examine the effects of these two hits in regulating 
airway inflammation. Male and female C57Bl/6 mice were untreated or sensitized 
and then challenged with a triple-antigen mixture of common allergens (dust mite, 
ragweed, and Aspergillus fumigatus, DRA). Then half were exposed to O3 (2ppm 
for three hours). All mice underwent methacholine challenge to test their airway 
hyperresponsiveness (AHR) and samples were taken from airways and whole lung 
tissue to measure inflammation. There was a significant increase in AHR after 
methacholine challenge across all of the groups. Interestingly, there was increased 
AHR in DRA-O3 male mice compared to single treatment alone, whereas treatment 
with DRA, O3 or DRA-O3 combined caused higher AHR at baseline of female mice. 
Total number of cells within the airways were highest in the DRA only group for both 
males and females, but the total bronchoalveolar lavage (BAL) cell count in females 
were significantly higher than the cell counts in males. To assess differences in the 
type of immune cells present in the airways, cell differentials were counted in male 
and female mice after exposure to the various challenges. Male mice exposed to 
O3 alone exhibited a significant increase in percentage of neutrophils, whereas this 
was not observed in the female O3 group. For both male and female groups, H&E 
staining of lung sections shows increased inflammation in DRA and DRA-O3 groups 
compared to untreated and O3 only groups. Taken together, these data suggest sex 
differences regulate airway hyperresponsiveness to ozone-induced asthma.

 4646 The Impacts of Ozone Inhalation on the Brain Lipidome 
and Blood-Brain Barrier Integrity as Modulated by Dietary 
Fatty Acids

B. E. Baird. University of New Mexico, Albuquerque, NM.

Ozone is a highly reactive molecule derived from sunlight-induced reactions with 
volatile organic chemicals and oxides of nitrogen. Ozone reacts rapidly within 
the lung upon inhalation, and yet is known to cause widespread, systemic health 
effects, including cardiovascular impairment, immune cell influx into the lung, along 
with acute respiratory symptoms. Inhalation exposure to ozone induces blood-brain 
barrier permeability and neuronal inflammation, or reactive gliosis. In this study, 
dietary supplementation with different fatty acid diets was analyzed as a potential 
intervention for ozone-induced outcomes. Supplementation of standard chow with 
saturated and polyunsaturated fats (PUFAs) was conducted in order to determine 
how diet impacts the effects of ozone inhalation. As ozone is highly reactive with 
alkenes, we hypothesized that PUFAs in the lung would buffer most of the oxidative 
reactions and limit the systemic (neural) implications of exposure compared to 
saturated fat supplementation. Mice were placed on diets supplemented with 6% 
oil enriched with the respective fatty acid species for 3 weeks before being exposed 
to 1ppm ozone for 4 hours. Diet types included coconut oil (saturated fat) soybean 
oil, (PUFA, Omega-6), flaxseed oil (PUFA, Omega-3) and a standard grain chow. 
24h after ozone exposure, brain tissue was collected for lipidomics, metabolomics, 
and gene expression assays. Primary mouse brain endothelial cells were assayed 
for barrier integrity evaluation using electric cell-substrate impedance sensing 
(ECIS). Cells were treated with serum from the mice in the diet study. Cells treated 
with the supplemented diet serum demonstrated higher resistance between cells, 
indicating tighter junctions. In contrast, cells treated with standard chow serum had 

the lowest resistance levels. Gene expression data demonstrated higher levels of 
claudin 5 within the brain with ozone exposure. This potentially indicates a protec-
tive compensatory mechanism in response to a toxic interaction at the blood-brain 
barrier. Claudin 5 is a transmembrane protein that plays an important role in barrier 
integrity, expression of which appears to be upregulated in response to ozone. 
Lipidomic data analysis revealed both dietary and exposure-based changes in 
brain lipid species. Specifically, phosphatidylcholine, platelet activating factor, and 
phosphatidylethanolamine species decreased with ozone exposure and a saturated 
fat diet. Changes in platelet activating factor demonstrated the most significant 
changes in the soybean oil group (omega 6), showing decreased expression with 
ozone exposure. The omega-3 PUFA-supplemented group (flaxseed oil) showed 
only modest changes in both lipid species and metabolites, suggesting a protec-
tive effect against ozone. This is in contrast to coconut oil, which exhibited more 
extensive changes in brain lipids and metabolites in response to ozone.

 4647 Altered Pulmonary Dosimetry of Ozone in a Collaborative Cross 
Mouse Strain Leads to Rapid Onset of Airway Inflammation and 
Pulmonary Fibrosis

G. J. Smith1, R. Immormino1, T. P. Moran1, J. G. Wagner2, J. R. Harkema2, and 
S. N. Kelada1. 1University of North Carolina at Chapel Hill, Chapel Hill, NC; and 2Michigan 
State University, East Lansing, MI.

Inhalation exposure to air pollutants such as ozone (O3) is associated with respira-
tory disease in humans. In mice, repeated O3 exposure induces airway inflammation 
and remodeling in both the airways and parenchyma (fibrosis). However, typically 
high concentrations or long duration exposures are required to generate airway 
remodeling and fibrosis in classical inbred mouse strains such as C57BL/6J. To 
overcome these limitations, we utilized the Collaborative Cross (CC), a geneti-
cally diverse multi-parental mouse population, to identify strains with enhanced 
susceptibility to O3. In a previous study of 12 CC strains exposed to O3 for 9 days 
(0.8 ppm O3 x 4 hours/day) we identified CC002/Unc (CC002) as a strain that was 
highly susceptible to O3-induced eosinophilic airway inflammation. Intriguingly, 
histopathological analyses of O3-exposed CC002 lungs revealed the presence of 
fibrotic lesions adjacent bronchoalveolar duct junctions; while this phenotype has 
been observed previously in other rodent models, it has never been observed on 
this short time scale. Here, we tested whether CC002 mice also exhibit a height-
ened response to acute O3 vs. C57BL/6J mice. After a single 4-hour exposure to 
0.8 ppm O3, CC002 mice exhibited earlier and more prominent epithelial alarmin 
responses (lung IL-6, IL-33, and IL-1beta expression 2 hours post exposure) and 
greater epithelial cell injury (# of Ki67+ cells 20 hours post exposure) compared 
to C57BL/6J mice. These findings led us to hypothesize that CC002’s suscepti-
bility may be a function of altered dosimetry, which we evaluated by measuring 
O3-induced changes in body temperature and breathing patterns (by whole-body 
plethysmography). Indeed, we observed that in contrast to C57BL/6J mice, which 
exhibited a large drop in body temperature (10 deg C) and rapid, shallow breath-
ing, CC002 mice better maintained body temperature (3 deg C drop) and exhibited 
diminished changes in breathing patterns. In conclusion, CC002 exhibits a unique 
susceptibility to O3 exposure that is correlated with altered dosimetry and leads to 
fibrosis on very shortened time scale compared to other rodent models. The differ-
ence in dosimetry increases the relevance of CC002 as a model for O3 exposure 
induced pulmonary disease in humans. In the future, we aim to identify the genetic 
basis of CC002’s susceptibility.

 4648 Ozone Inhalation Enhances the Accumulation of Regulatory T 
Lymphocytes in the Lung

L. C. Smith, E. Abramova, K. Vayas, O. Lehoang, B. Gelfand-Titiyevskiy, 
A. J. Gow, J. D. Laskin, and D. L. Laskin. Rutgers, The State University of New Jersey, 
Piscataway, NJ.

Lung injury caused by inhalation of ozone is thought to be due, in part, to a failure 
to resolve acute inflammation. Macrophage efferocytosis is known to play a role 
in inflammation resolution; thus, identifying mechanisms regulating this response 
is key to limiting ozone toxicity. Regulatory T (Treg) cells are a subset of CD4+ T 
cells that have been reported to stimulate macrophage efferocytosis. Herein, we 
assessed the effect of ozone on T lymphocyte populations accumulating in the 
lung. Lung cells were collected by bronchoalveolar lavage with gentile massage 
24 and 72 hours after exposure of mice to air or ozone (0.8 ppm, 3 hours). 
Immunostaining of lung cells with anti-CD3 antibody revealed that the total number 
of T cells was increased at 72 hours post-ozone exposure relative to air controls. 
This was confirmed by flow cytometry; thus, a significant increase in viable 
CD45+CD4+CD3+ cells was detected at this time. Notably, this included a significant 
increase in CD25+ Treg cell subsets, and a subpopulation of these cells expressed 
the T cell activation marker CD69. In contrast, ozone had no effect on natural killer 
(NK) cell, B cell, or CD8+ and NKT cells at either post-exposure time point. Single 
cell RNA-sequencing identified a clearly defined cluster of cells exhibiting high 
expression of the Treg marker gene Il2ra. In this cluster, there were 42 differen-
tially expressed genes (fold change > |1.5| and FDR-corrected p-value < 0.05) at 72 
hours post exposure; no genes were differentially expressed at 24 hours. Pathway 
analysis of the differentially expressed genes using Ingenuity Pathway Analysis 
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software identified yes-associated protein 1 (YAP-1), a transcriptional regulator 
that promotes Treg differentiation, as a significantly enriched upstream regulator. 
Similarly, Elongation Initiation Factor 2 (EIF2) signaling was a significantly enriched 
canonical pathway and was predicted to be upregulated (z-score = 3.87), a response 
consistent with increased protein synthesis, which is a hallmark of lymphocyte 
activation. Collectively, these results indicate that activated Tregs accumulate in 
the lung during the later resolution phase of the inflammatory response to lung 
injury induced by ozone. We speculate that these cells are important in promot-
ing macrophage efferocytosis, resolution of inflammation, and limiting lung injury 
caused by ozone. This work was supported by NIH ES032473, ES004738, ES005022 
and ES033698.

 4649 Effects of Prolonged Wildland Fire Smoke Inhalation on Murine 
Respiratory Structure and Function

J. Matz1, M. J. Eden1, M. Gollner2, C. Bellini1, and J. M. Oakes1. 1Northeastern University, 
Boston, MA; and 2University of California Berkeley, Berkeley, CA.

Rising global temperatures and prolonged droughts world-wide are increasing the 
size and severity of wildland fires, which are in turn increasing the occupational 
risk of smoke inhalation for wildland fire fighters (WLFFs). While epidemiologi-
cal evidence shows varied evidence of cross-shift or seasonal declines in lung 
function, the long-term impacts of wildland fire smoke (WFS) inhalation remain 
unclear. To uncover the biological underpinnings of WFS exposure, we performed 
a preclinical assessment of long term WFS inhalation in a hypercholesterolemia 
mouse model (Apoe-/-). A custom-built smoke generation apparatus was used to 
produce consistent smoldering Douglas fir smoke (DFS, Missoula, MT). Daily partic-
ulate matter (PM) concentration was measured gravimetrically, carbon monoxide 
(CO) was monitored continuously (Enerac 700; Enerac, NY), and the particle size 
distribution was measured using an engine exhaust particle sizer (EEPS 3090; TSI, 
MN). Male, 8-week-old Apoe-/- mice were exposed for 2 hours/day, 5 days/week, for 
8 or 16 weeks (N=28) with exposure to room air as control (N=28). Bronchioalveolar 
lavage fluid (BALF) and blood serum were collected at both endpoints for cytokine 
assessment (Q-Plex; Quansys Biosciences, UT). Forced oscillation techniques 
were used to measure lung function (flexiVent; Scireq Inc, CA). Pressure-volume 
(P-V) loops were constructed by applying step wise increases in pressure between 
functional residual capacity to total lung capacity for the inflation and deflation 
limbs. A sigmoidal relationship was fit to the data and the static compliance (Cst) 
was determined. After functional assessment, lung tissue was stained with Movat’s 
pentachrome and then used to assess morphological tissue changes with measure-
ments of airspace size (Lm) as well as parenchyma and airway tissue thicknesses. 
DFS exposure led to an average PM concentration of 39±13 mg/m3 with a count 
median diameter of 110±20nm and an average CO concentration of 218±46 ppm, 
which were elevated from air exposure (PM: 0±0mg/m3, CO: 0±0ppm). Signs of 
both systemic and local inflammation were seen at each end point, with significant 
increases in BALF and serum concentrations of IL-1α, IL-5, and RANTES after 8 
weeks and elevated levels of IL-5 and IL-6 after 16 weeks. An upward-leftward 
shift of the P-V curve was observed with 16, but not 8, weeks of DFS exposure. 
This culminated in a significant increase in Cst at 16 weeks (DFS16wk: 0.070±0.011, 
Air16wk: 0.062±0.004 mL/cmH2O, p<0.05) and no change with 8 weeks of exposure 
(DFS8wk: 0.063±0.008, Air8wk: 0.064±0.012 mL/cmH2O, p>0.05). Like the changes 
in Cst, airspaces (Lm) enlarged in a progressive fashion only reaching significance 
with 16 weeks of DFS exposure (DFS16wk:35.8±6.6, Air16wk:33.16±3.0, p<0.05, DFS8wk: 
34.3±6.5, Air8wk: 32.8±3.6 µm, p>0.05). However, parenchyma tissue thickened with 
both 8 and 16 weeks of exposure (DFS16wk:6.2±2.1, Air16wk:4.6±1.1, p<0.05, DFS8wk: 
7.6±2.3, Air8wk: 5.5±1.1 µm, p<0.05). Airway lumen wall thickness, which were primar-
ily epithelial cells, also thickened at both endpoints (DFS16wk:9.6±2.6, Air16wk:7.0±1.5, 
p<0.05, DFS8wk: 10.3±3.4, Air8wk: 7.4±1.4 µm, p<0.05). The conducting airways and 
parenchyma tissue both experienced morphometric changes at both time points, 
while functional changes were only observed at the 16-week time point. This 
suggests that tissue remodeling may be occurring before functional assessments 
of global lung function, highlighting the importance of coupled structure-function 
assessments. Thus, WLFFs may first experience structural changes in the lung 
which may manifest into functional changes with longer career durations. Funding 
is provided by DHS/FEMA: EMW-2017-FP-00446 and NIH/NIEHS: R01E5033792.

 4650 When You Give a Tissue-Resident Macrophage an Apoptotic Cell

M. A. Guttenberg1, A. T. Vose1, A. Birukova1, K. Lewars1, R. I. Cumming1, M. C. Albright1, 
M. J. Yaeger2, K. M. Gowdy2, A. V. Misharin3, and R. M. Tighe1. 1Duke University, Durham, 
NC; 2Ohio State University, Columbus, OH; and 3Northwestern University, Chicago, IL.

Acute ozone (O3) exposure exacerbates respiratory diseases through induction of 
lung inflammation and is a burden to global public health. A critical cell type regulat-
ing O3-induced inflammation is alveolar macrophages (AMØ). AMØ functions are 
dependent on their cellular origin (i.e., tissue-resident or recruited monocyte-de-
rived). Our prior work supports that monocyte-derived AMØ are not recruited after 
acute O3 exposure, while tissue-resident AMØ expand during O3-induced inflamma-
tion. However, the specific functional role of tissue-resident AMØ in O3-induced lung 
injury has yet to be defined. We hypothesized that tissue-resident AMØ promote 
resolution of O3-induced lung inflammation via their role in efferocytosis, the 

removal of apoptotic cells. To test this hypothesis, AMØ were depleted from the 
lungs of male C57BL/6 mice by oropharyngeal aspiration of clodronate liposomes 
(50uL of 5mg/mL) or PBS vehicle control. AMØ depletion was confirmed by whole 
lung flow cytometry assessment. These mice (AMØ sufficient or depleted) were 
then exposed to FA or O3 (2 ppm x 3h) and airspace inflammation and cytokine 
production were measured following a harvest 12 and 24 hours post-exposure. 
To assess for the requirement of tissue-resident AMØ in efferocytosis following 
acute O3 exposure, AMØ were depleted with clodronate versus vehicle and then 
apoptotic and Calcein AM labeled immortalized T cells, jurkats, were instilled via 
oropharyngeal aspiration for 90 min. Bronchoalveolar lavage (BAL) was collected 
and processed for flow cytometry to define Calcein AM positive cells as a measure 
of the clearance of apoptotic cells. We observed that clodronate ablation of AMØ 
caused persistence of airspace neutrophils and of pro-inflammatory cytokine 
production after acute O3 exposure. In addition, clodronate ablation of tissue-res-
ident AMØ decreased in vivo efferocytotic capacity as defined by an increase in 
lavagable Calcein AM positive cells. Given that AMØ highly express Mer tyrosine 
kinase (MerTK) and this receptor regulates efferocytosis, we exposed MerTK 
deficient (MerTK-/-) or sufficient (C57BL/6) mice to FA or O3 (2 ppm x 3h) and 
performed BAL 12 and 24 hours post-exposure. We observed overall increased 
numbers of BAL neutrophils in the MerTK null mice at 12 and 24 hours post-ex-
posure. Consistent with clodronate experiments, MerTK null mice demonstrated 
persistence of O3-induced neutrophilic inflammation. In addition, O3-exposed 
MerTK null mice when compared to controls exhibited increased oxidative stress 
as measured by a protein carbonyl assay. Overall, this data support that tissue-res-
ident AMØ promote resolution of O3-induced inflammation via MerTK-mediated 
efferocytosis. These data suggest distinct roles for macrophage subsets in the 
resolution of air pollution-mediated lung injury.

 4651 Dietary Modulation of Pulmonary Lipids Influencing 
Toxicological Responses to Ozone Inhalation in Mice

R. Hunter1, B. Baird1, D. Sciezska1, M. Garcia1, J. Begay1, S. Lucas1, G. Herbert1, H. Gu2, 
B. Bleske1, and M. Campen1. 1University of New Mexico, Albuquerque, NM; and 2Florida 
International University, Miami, FL.

Lipid and protein composition of the epithelial lining fluid of the lung facilitate 
interactions with xenobiotic agents and the degree of inflammatory reactions within 
the alveolar space. As a source of oxidative damage, the inhalation of ozone is a 
known driver of inflammation in the lung that leads to systemic release of biological 
mediators into the circulatory system effecting vascular tone. The current study 
examines how dietary supplementation of saturated and polyunsaturated fatty 
acids effect the overall lipidomic profile of the lung, as well as how these changes 
modulate the biological effect of ozone inhalation on the lungs. The experimen-
tal design utilized female C57BL/6 mice as a model, with animals receiving diets 
containing 6% soybean, flaxseed, or coconut oil. Animals were then exposed to 
either 1PPM ozone or filtered air for 4 hours. 24 hours post exposure, animals were 
evaluated for pulmonary inflammation via bronchoalveolar lavage (BAL), and lungs 
were taken for lipidomic analysis. Cell counts for the BAL showed increased inflam-
mation after ozone inhalation, with a pronounced increased in inflammation in the 
animals fed the saturated fatty acid diet when compared to other dietary groups. 
Lipidomic analysis of the lungs identified 373 lipid species differently expressed 
based from diet, as well as 135 lipid species differentially altered by exposure. 
Notably, PIP2(20:2) was shown to positively correlate with ozone exposure, 
and PIP2 has canonically been shown to be a critical regulator of vascular ion 
channels. In order to evaluate spatial lipidomic responses to ozone inhalation, 
another experiment was conducted with C57BL/6 mice where animals were placed 
on either coconut oil or soybean oil supplemented diets, and lungs were inflated 
with modified OCT media immediately following exposure. These tissues were 
prepped for Matrix-assisted laser desorption/ionization (MALDI) imaging. This 
technique allowed for the characterization and quantification of lipids species 
both globally across the whole lung, as well on a microscopic level to determine 
perivascular alterations in lipid abundance. Overall, the coconut oil diet altered the 
lipidomic profile of the lung in a manner that increased inflammation. This study 
highlights how dietary supplementation of fatty acids can have large effects on 
organ systems beyond the digestive tract and provides clues for potential dietary 
intervention strategies to limit risks to human health due to air pollution induced 
pulmonary damage.

 4652 Activation of the Integrated Stress Response in Lung 
Macrophages after Exposure of Mice to Ozone

J. R. Rodriguez, L. C. Smith, J. D. Laskin, and D. L. Laskin. Rutgers, The State University 
of New Jersey, Piscataway, NJ.

Ozone is a pulmonary irritant known to oxidize biomolecules in the respiratory 
tract, including phospholipids, which cause stress in lung macrophages. This can 
lead to proinflammatory macrophage activation and the release of mediators that 
exacerbate lung injury. In response to stress, cells upregulate the Integrated Stress 
Response (ISR), a protective pathway that functions to promote the resolution of 
inflammation; aberrations in the ISR have been implicated in chronic inflammation 
and exacerbation of tissue injury. Central to activation of the ISR is phosphorylation 
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of eIF2α via intracellular kinases; this initiates signaling pathways that promote 
cell survival. Oxidized phospholipids have been identified as a trigger of the ISR. 
In these studies, we analyzed the effects of acute ozone exposure on the accumu-
lation of oxidized phospholipids in lung macrophages and determined if this was 
associated with activation of the ISR. Female C57BL/6 mice (12 wk) were exposed 
to filtered air or ozone (0.8 ppm, 3 hours). At 24 hours and 72 hours post-expo-
sure, lung macrophages were collected by bronchoalveolar lavage and gentle lung 
massage and analyzed for oxidized phospholipids and for ISR activation. Following 
ozone inhalation, we observed an accumulation of oxidized phospholipids in lung 
macrophages, as determined by immunofluorescence staining. Western blot 
analysis of macrophages revealed that this was associated with ISR activation, 
characterized by significant increases in phosphorylated eIF2α protein in lung 
macrophages, a response most prominent 72-hour post ozone exposure. Analysis 
of isolated lung macrophages by RNAseq showed significant alterations in known 
ISR-regulated genes at this time; these included downregulation of Atf4, Atf5, Trib3, 
Asns, and Txnip, and upregulation of Ibtk, Idh2, and Mdm2. This was accompanied 
by activation of proliferation pathways in macrophages as determined by Ingenuity 
Pathway Analysis. These results demonstrate that acute ozone exposure causes 
an accumulation of oxidized phospholipids in lung macrophages, which may 
contribute to activation of the ISR and restoration of homeostasis. As such, the ISR 
could be a potential target to promote the resolution of inflammation and mitigate 
the effects of ozone-induced toxicity. Supported by NIH ES032473, ES004738, 
ES033698, ES005022, and GM139804.

 4653 Repetitive Exposures to Ozone Exaggerate Pathological 
Features in Mice with Preexisting Muco-Obstructive 
Lung Disease

T. Vo, I. Choudhary, K. Paudel, D. Singamsetty, Y. Mao, R. Lamichhance, S. Patial, and 
Y. Saini. Louisiana State University School of Veterinary Medicine, Baton Rouge, LA.

Ozone, one of the six criteria pollutants according to the National Ambient Air Quality 
Standards (NAAQS), has been shown to cause exaggerated muco-inflammatory 
responses in muco-obstructive lungs undergoing active postnatal development. 
Here, we tested whether the juvenile mice with muco-obstructive developed lungs 
respond differently to repetitive ozone exposures. Accordingly, we exposed 3-week-
old sodium channel, non-voltage-gated 1, β subunit transgenic (Scnn1b-Tg+) mice, 
a widely used model of Cystic Fibrosis (CF)-like lung disease, and their wild-type 
(WT) littermates to ozone (800ppb) or filtered-air (FA) for 3 weeks and examined 
their lung phenotypes 12-16 hours post-last exposure. Ozone-exposed Scnn1b-Tg+ 
mice exhibited significant increases in inflammatory cell recruitment in the lung 
airspaces as compared to FA-exposed Scnn1b-Tg+ and FA- and ozone-exposed 
WT mice. The levels of leukocyte chemoattractants such as keratinocyte-de-
rived chemoattractant (KC), macrophage inflammatory protein (MIP)-1α, MIP-1β, 
MIP-2, monocyte chemoattractant protein (MCP)-1, granulocyte colony-stimulat-
ing factor (G-CSF) were upregulated, accompanied by the increases of leukocytes 
in the lungs of ozone-exposed Scnn1b-Tg+ mice versus FA-exposed Tg+. Along 
similar lines, Th2 chemokines, i.e., Interleukin (IL)-4 and IL-5, but not IL-13, were 
also upregulated in the lungs of ozone-exposed Scnn1b-Tg+ mice as compared to 
FA-exposed Scnn1b-Tg+. Furthermore, as compared to FA-exposed Scnn1b-Tg+ 
mice, the ozone-exposed Scnn1b-Tg+ mice exhibited significantly increased 
numbers of lipid-laden macrophages that were accompanied by marked increases 
in double-stranded DNA (dsDNA) levels. Lastly, the expression levels of IL-10, an 
immunosuppressive and anti-inflammatory cytokine, increased in FA-exposed 
Scnn1b-Tg+ airways. Interestingly, the levels of IL-10, previously reported to be 
significantly elevated in ozone-exposed Scnn1b-Tg+ neonates, were significantly 
reduced in the lungs of ozone-exposed Scnn1b-Tg+ adults, suggesting the likely 
cause of exaggerated inflammation in adult Scnn1b-Tg+ lungs. Taken together, our 
data suggest that 1) ozone-exposed lungs with the underlying muco-obstructive 
disease exhibit exaggerated muco-inflammatory responses and 2) IL-10 is the likely 
cause of exaggerated inflammation in the Scnn1b-Tg+ lung airspaces following 
ozone exposure.

 4654 Understanding the Role of Physicochemical Properties in 
the Pulmonary Toxicity of Ultrafine Carbon Black and Ozone 
Inhalation Co-exposure over a Dynamic Dose Range

M. Mansy1,2, N. Majumder1,2, V. Kodali1,2, M. H. Mazumder1,2, M. Velayutham1,2, 
E. Kelley1,2, J. Harkema1, T. Nurkiewicz1,2, and S. Hussain1,2. 1West Virginia University, 
Morgantown, WV; and 2Center for Inhalation Toxicology, Morgantown, WV.

Air pollution exposure is among the leading causes of mortality and morbidity. 
Majority of the experimental studies describe the impact of single component of 
air pollution. However, air pollution is inherently a mixture of particles and gases. 
We recently demonstrated significantly greater inflammatory response and 
lung function decline after co-exposure to ultrafine carbon particles and ozone 
compared to individual exposures. Here, we use ultrafine carbon black (CB) 
and ozone (O3) as an experimental model of air pollution component co-expo-
sure to elucidate dose-dependence as well as physicochemical characteristics 
dependence of the pulmonary injury and inflammation. Aerosols of CB (2.5, 5.0, 
10.0 mg/m3) and O3 (0.5, 1.0, 2.0 ppm) were compared to a mixture of CB + O3 

(2.5 + 0.5, 5.0 + 1.0, 10.0 + 2.0). C57B/6J male mice were exposed for 3 hours 
using a whole-body inhalation exposure system and euthanized 24 hours post 
exposure. Bronchoalveolar lavage fluid (BALF) was performed and nonlavaged lung 
tissue was assessed for gene and protein expression of an array of inflamma-
tory mediators. Benchmark dose analyses confirmed that compared to individual 
exposures, co-exposure was significantly more potent over the observed aerosol 
concentrations. A dose-dependent pulmonary inflammation was observed after 
co-exposure. Furthermore, multivariate Pearson correlation analyses demonstrated 
a significant correlation of charge-based aerosol size distribution, lung deposition 
and acellular oxidant potency with inflammatory cell influx and lung injury was 
observed after co-exposure. These parameters uniquely predicted the different 
inflammatory cytokine/chemokine protein expression in the lavage and lung tissue. 
A dose-dependent and unique mRNA expression signature was observed for the 
co-exposure. Overall, these results confirm greater potency of the ultrafine carbon 
and ozone co-exposure and describe the utility of different aerosol characteristics 
in predicting biological activity of the ultrafine particle and ozone mixed areoles.

 4655 Ultrafine Particle and Ozone Co-exposure Predisposes to 
Greater Microbiome Dysbiosis after Acute Lung Injury

M. H. Mazumder1,2, N. Majumder1,2, L. Wang1, T. Goldsmith1,2, M. Hu1, T. R. Nurkiewicz1,2, 
J. Shannahan1, and S. Hussain1,2. 1West Virginia University, Morgantown, WV; and 
2Center for Inhalation Toxicology, Morgantown, WV.

Exposure to ultra-fine particulate matter and ozone are associated with significant 
cardiorespiratory morbidity and mortality. Microbiome plays a significant role in 
modulating host immune status. Acute Lung Injury (ALI) is a characterized by 
severe lung inflammation causing alveolar damage and poor lung compliance. 
Limited information exists on the adverse effect of environmental exposure on 
microbial dysbiosis in the lung and gut in the context of regenerating lung. We 
hypothesized that co-exposure to carbon black (CB) and ozone (O3) will induce 
significant alterations in lung and gut microbiome after acute lung injury. C57bl/6J 
male and female mice were exposed to air, or a mixture of carbon black (1 mg/
m3) + ozone (250 ppb) for 3 hours/day, 5 days/ week for three weeks. At the end 
of exposure, animals were treated intra-tracheally with bleomycin (3U/kg) or PBS 
and euthanized on 7th and 14th day post bleomycin treatment. We performed 16s 
sequencing on lung and colon contents, serum short chain fatty acid contents 
were measured using mass spectrometry and inflammation was assessed using 
real-time PCR and ELISA. Real-time monitoring and characterization of the aerosols 
demonstrated generation and exposure to stable aerosols at the desired concen-
trations. We observed significant shift in microbial abundance in bleomycin treated 
groups. However, magnitude of these changes (number of altered OTUs, alpha and 
beta diversity) was significantly altered in case of pre-exposure to carbon+ozone 
aerosols. Additionally, digital PCR based analysis of the absolute bacterial load 
demonstrated a sex-based response in the animals post co-exposure. The females 
demonstrated significantly reduced bacterial load post-bleomycin treatment and 
exposure. Real-time PCR analysis for mRNA abundance of free fatty acid receptor 
FFR2 and FFR3 demonstrated significant induction after 7days’ time point. The 
short chain fatty acid analyses in the serum demonstrated significant reduction in 
acetate, propionate and butyrate in males compared to females after 7- and 14-days 
post-bleomycin treatment. In summary, we demonstrate significant alteration of 
lung-gut microbiome dysbiosis and systemic short chain fatty acid levels in ultraf-
ine particle and ozone co- exposed and bleomycin injured lungs.

 4656 Cardiopulmonary Effects of the Combined Exposure to Urban 
Particulate Matter and Ozone and Analyses of Substance P 
and Cytokines

K. A. Frondorf, N. Hanandeh, J. L. Stricker, N. M. Gargas, B. C. Sharits, S. M. McInturf, 
S. K. Mathur, S. K. Sivasubramani, and P. A. Ortiz. Naval Medical Research Unit Dayton, 
Wright-Patterson AFB, OH. Sponsor: K. Mumy.

The number of people living and working in urban areas has been steadily increas-
ing over the last several decades as populations have gravitated towards cities, 
and the number of megacities continues to grow. As the number of people in these 
environments increases, their activities likely contribute to higher levels of various 
forms of air pollution, thereby increasing the risk of adverse effects from exposure 
to air pollution. From a health perspective, two important components of urban 
air pollution are particulate matter (PM) and ozone gas. Urban PM is a complex 
mixture of particles and consists of organic and inorganic substances generated 
from a variety of sources including natural activities, industrial processes, and 
traffic-related emissions. Ozone (O3) is an important gaseous pollutant that is 
formed from numerous activities, including combustion. In this study, we simulated 
an urban environment in a chamber with airborne urban PM and ozone and exposed 
a rodent model in order to investigate the potential adverse health effects. Brown 
Norway rats were exposed for 3 hours in single whole-body inhalation exposure 
chambers to filtered air, National Institute of Standards and Technology (NIST) 
Urban PM standard reference material 1648a collected in the St. Louis, MO area 
(0, 10, or 20 mg/m3), O3 (0, 1.0, or 2.0 ppm), or a combination of PM and ozone. 
Exposed rats were evaluated the next day for cardiac and lung function, and 
changes in levels of Substance P and inflammatory cytokines in the blood and 
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bronchoalveolar lavage fluid (BALF). Results from a small animal echocardiography 
system used to measure changes in cardiac and major artery function revealed 
that animals exposed to 20 mg/m3 PM demonstrated significant cardiac effects 
including increased pulmonary artery acceleration time and pulmonary artery 
ejection time/pulmonary artery acceleration time compared with animals exposed 
to filtered air. Further, cardiac output was significantly lower for animals exposed 
to 20 mg/m3 PM. Conversely, animals exposed to either of the two O3 concentra-
tions and the co-exposures to O3 and PM showed no significant effects on cardiac 
function. Airway hyper-responsiveness was measured by FlexiVent. To measure 
the mechanical function of the lungs, animals were exposed to increasing doses 
of inhaled methacholine and various parameters including respiratory system 
resistance (Rrs), respiratory system elastance (Ers), central airway response (Rn), 
tissue damping (G) and tissue elastance (H) were measured. When compared to 
animals exposed to filtered air alone, there were statistically significant differences 
in Ers, Rn and G in animals exposed to combined PM and O3 (10 mg/m3 PM + 1 
ppm O3 and 20mg/m3 PM + 1ppm O3); Rrs in animals exposed to 1 ppm O3; and H in 
animals exposed to 20 mg/m3 PM in combination with 1 or 2 ppm O3. Plasma and 
BALF were analyzed by immunoassay for the neuropeptide Substance P and inflam-
matory cytokines (IFN-gamma, IL-4, IL-5, IL-6, IL-10, IL-13, TNF-alpha, and KC-GRO). 
Overall, changes in lung function were found in rats exposed to combined exposure 
of PM and ozone while changes cardiac parameters were observed in the animals 
exposed only to PM. Under the conditions of this study, it appears that the PM is the 
major contributor to the observed pulmonary changes.

 4657 Ozone and Particulate Co-exposure of Human Lung Epithelial 
Cells at the Air-Liquid Interface: Assessing Pollutant Interaction 
and Potentiation of Biological Responses

A. Henriquez1, J. Guénette1, P. Mudunuri2, M. Godbout-Cheliak1, A. Filiatreault1, and 
E. Thomson1,2. 1Health Canada, Ottawa, ON, Canada; and 2University of Ottawa, Ottawa, 
ON, Canada.

Air pollution is formed by a complex mixture of interacting gases and particulates. 
Although single pollutant exposures under controlled conditions provide evidence 
for the causality of biological effects, they do not reflect realistic multi-pollutant 
exposure scenarios where pollutant interaction might alter exposure dose and 
biological responses. While challenging, controlled in vitro co-exposures provide 
the opportunity to test interactions between pollutants and modification of biolog-
ical responses that realistically mimic real-world scenarios. In addition, reproduc-
ible and realistic conditions for in vitro co-exposures to gaseous and particulate 
pollutants are needed to elucidate mechanisms of air pollutant-induced toxicity. 
Air-liquid interface (ALI) exposures represent the interaction between respiratory 
mucosal surfaces and environmental exposures under more physiologically realis-
tic conditions than conventional submerged cell culture techniques. Our goal was 
to study the effects of individual and combined exposure to gaseous and particu-
late air pollutants in human epithelial cells under settings resembling pulmonary 
conditions by establishing an ALI exposure system. We exposed human lung type 2 
epithelial-like cells (A549) to air, ozone (O3, 200 ppb), particles (25 nm fluorescent 
polystyrene beads), and O3 + particles (co-exposure) for 1 h using an ALI horizon-
tal flow exposure system. Temperature, relative humidity (RH), and O3 concentra-
tion were measured in realtime while particle deposition was measured through 
fluorescence intensity. Cell injury and inflammation were quantified by extracellular 
lactate dehydrogenase (LDH) activity and the release of proinflammatory cytokines 
(interleukin (IL)-8 and IL-6) respectively in the basolateral media, immediately after 
exposure (0 hours) and 24 hours later. Temperature (36.5 ± 0.8 ºC) and RH (95.9 
± 6.6 %) were controlled during exposures to mimic pulmonary conditions. While 
the desired O3 concentration was consistently achieved, particle deposition was 
reduced in the presence of O3 (from 288 ± 68 to 146 ± 49 ng/cm2, avg ± std dev), 
indicating pollutant interaction (Ozone x Particle interaction, p=0.02). Immediately 
after O3 exposure and co-exposure, cell injury reflected by LDH activity levels was 
increased (Ozone x Time interaction, p=0.001). IL-8 and IL-6 release (24 hours > 
0 hours) were not changed by any individual pollutant, but co-exposure tended 
to increase IL-8 release when compared to air exposure (Particle x Time interac-
tion, p=0.03; Air vs. Co-exposure group at 24 hours, p=0.08). Results suggest that 
although the polystyrene particles were not markedly cytotoxic or inflammogenic at 
tested doses, i) particle deposition efficiency decreases in the presence of ozone 
and ii) ozone-induced biological effects might be potentiated by such particles.

 4658 Pulmonary Toxicity of Pyrotechnic-, Smokescreen-, and 
Explosive-Derived Particulate Matter

S. H. Gavett1, Y. H. Kim1, S. A. Vance2, J. Aurell3, B. K. Gullett1, K. L. McNesby4, 
A. F. Johnstone1, and M. I. Gilmour1. 1US EPA, Research Triangle Park, NC; 2Oak Ridge 
Institute for Science and Education, Research Triangle Park, NC; 3University of Dayton 
Research Institute, Dayton, OH; and 4US Army Research Laboratory, Aberdeen Proving 
Ground, MD.

Military personnel may be exposed to hazardous emissions from the use of 
pyrotechnics, smokescreens, propellants, and explosives containing potentially 
toxic solid, liquid, and gaseous components. The objective of our study was to 
study the relationship between the particulate matter (PM) composition of these 

emissions and their effects on respiratory function and pulmonary toxicity. PM10 
samples were collected on Teflon filters from burning an illumination Flare (contain-
ing magnesium, sodium nitrate, phenolic resin, binder) and M18 smokescreen 
grenade (magnesium carbonate, potassium chlorate, sucrose, mixed colors), 
and from the detonation of plastic-bonded explosive (PBX: 95% 1,3,5,7-tetrani-
tro-1,3,5,7-tetrazocane, 5% binder). Filters were extracted with a methanol/water 
mixture, dried, and resuspended in sterile saline for lung toxicity testing in female 
CD-1 mice via oropharyngeal aspiration (100 µg of PM per mouse). Control animals 
received saline vehicle (negative) or lipopolysaccharide (LPS; positive), and all 
mice were necropsied 4 or 24 hours after exposure. Whole body plethysmography 
showed that in comparison with pre-exposure baselines, significant reductions in 
breathing frequency were detected in the Flare (-26%) and LPS (-45%) groups at the 
4 h time point, while significant increases in enhanced pause (PenH), an indicator 
correlating with airflow obstruction, were observed in the PBX (2.0 × baseline) and 
LPS (3.3×) groups at 4-hour and the PBX group at 24-hour (2.6×) post-exposure. 
PBX significantly increased pro-inflammatory cytokines in the bronchoalveolar 
lavage (BAL) fluid at 4 h (MIP-2, IL-6) and 24 h (MIP-2, IL-6, and TNF-α) post-ex-
posure. BAL neutrophils were significantly increased (46% of total BAL cells) by 
PBX 24-hour post-exposure. PBX also significantly increased BAL markers of lung 
injury at 4-hour (LDH) and 24- hour (protein, albumin, NAG, LDH) post-exposure. 
LPS caused significant increases in all these BAL endpoints, while none were 
affected by exposure to saline, Flare, or M18 grenade. These data show that PM 
isolated from PBX detonation emissions caused significant impairment of respira-
tory function and increases in indices of acute pulmonary inflammation compared 
with M18 grenade or Flare smoke PM, or several ambient PM samples collected 
from different locations across the United States. The results may be used to help 
quantify risk following exposure to various military-type activities under training or 
active-duty scenarios. This abstract does not represent EPA policy.

 4659 Beetroot-Derived E162 Alleviates Hexavalent Chromium–
Induced Toxicity in Human Lung Epithelial Cells and Human 
Lung Fibroblasts

R. J. Patel. University of Louisville, Louisville, KY. Sponsor: C. Kouokam.

Hexavalent chromium [Cr(VI)] is a carcinogen that is released into the air by many 
chromate industries, with potential environmental and occupational exposures 
in humans. Cr(VI) promotes lung cancer by inducing genomic instability and 
inflammation within the cells, leading to neoplastic transformation. On the other 
hand, beetroots have known anti-inflammatory and antioxidant properties, mainly 
attributed to betanin (E162), the major constituent of beetroot juice commonly used 
a food colorant. This study aimed to assess the effects of E162 on Cr(VI)-induced 
cytotoxicity in human bronchial epithelial BEP2D cells and lung fibroblast WTHFB-6 
(Clone 6) cells. BEP2D and Clone 6 cells were first treated with various doses of 
E162 to assess its toxicity in vitro, quantitating cell viability by the CCK-8 assay. 
Then, cell proliferation was assessed by the CCK-8 and colony formation assays 
in BEP2D cells administered zinc chromate at 0.1-0.3 ug/cm2 and 0.1-0.5 ug/cm2, 
respectively, with or without 1 mg/ml E162. Next, reactive oxygen species levels 
were determined by the CellROX assay in cells after treatment with zinc chromate 
(0.1-0.3 ug/cm2) with or without 1 mg/ml E162. E162 had a good safety profile in 
vitro, inhibiting cell viability only at concentrations above 6 mg/ml. We chose 1 mg/
ml for further experiments. Our data showed decreased cell viability and colony 
formation ability in BEP2D and Clone 6 cells that were administered zinc chromate 
(0.1-0.3 ug/cm2), and these effects were alleviated by E162 at 1 mg/ml. In addition, 
E162 decreased the production of reactive oxygen species induced by Cr(VI) in 
BEP2D and Clone 6 cells. Finally, we demonstrated that E162 did not reduce Cr(VI) 
uptake by BEP2D cells and Clone 6 cells. E162 alleviates the cytotoxic effects of 
Cr(VI) on lung epithelial cells and with human lung fibroblast cells by inhibiting 
Cr(VI)-induced oxidative stress and inflammation.

 4660 The Effect of Inhaled Copper Exposure on the Developing 
Mouse Brain

C. Goeke, K. Conrad, E. Marvin, A. Merrill, M. Sobolewski-Terry, and D. Cory-Slechta. 
University of Rochester, Rochester, NY.

Increasingly, epidemiological evidence links developmental exposure to air 
pollution (AP) and a variety of neurodevelopmental disorders, including schizophre-
nia (SCZ), a male-biased disorder. AP is a complex mixture of gases and of particles 
to which contaminants including trace elements and metals and organic moieties 
are adsorbed. The smallest particles, i.e., nanoparticles, are considered the most 
toxic given the greater surface area to mass ratio for contaminant adsorption. One 
frequent contaminant is copper (Cu), which is of note given reports of increased 
brain levels of this metal in SCZ, and the involvement of Cu in both inflammatory 
and redox processes. Therefore, to determine whether inhaled Cu might serve 
as a risk factor for SCZ, mice were exposed via inhalation to nanoparticulate Cu 
from postnatal days (PND) 4-7 and 10-13, consistent with human third trimester 
brain development, for 4 hours/day. Filtered air exposures served as a control. 
Consequent assessments, at PND 14, included neuropathological features seen in 
SCZ, including reductions in myelination, which may underlie the altered connec-
tivity characteristic of this disorder, enlarged lateral ventricles, and reductions in 
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neurogenesis. In contrast to what is observed in SCZ, however, male mice exposed 
to Cu showed smaller, albeit non-significant, ventricle area and perimeter than 
control males. In contrast, Cu-exposed females showed significantly increased 
ventricle area and perimeter in the more caudal section of brain. Myelination was 
examined in the largest white matter tract of brain, the corpus callosum which 
was split into three subregions: the truncus, the medial external capsule (MEC) 
and lateral external capsule (LEC). This was done to account for the large area 
of the brain which the corpus callosum spans, and the large variety of other 
brain regions to which it interconnects. No significant differences in myelination, 
measured either as myelin basic protein positive counts or in staining intensity, 
were found in relation to Cu exposure, in either sex. Neurogenesis was assessed 
by number of parvalbumin (PV) positive (PV+), fast spiking, GABA-ergic neurons, 
which impact the brain’s excitatory-inhibitory balance, an imbalance of which is 
seen in SCZ, in two regions: the A32 of the frontal cortex, and the Dorsal Subiculum 
(DS), both regions dysregulated in SCZ. In the A32, the PV+ neurons examined were 
basket cells, while in the DS, the PV+ neurons were chandelier cells. In the A32, 
male mice trended toward having fewer PV+ neurons following Cu exposure, while 
there were no changes in females. In the DS, females in general had more PV+ 
neurons than males. There was also a trend toward both females and males having 
fewer PV+ neurons following Cu exposure in the more rostral areas of the DS. 
Overall, these data indicate a pressing need to further elucidate the effects of differ-
ent components of AP on neurodevelopmental disorders, including SCZ, as many 
of these disorders do not have a clearly defined etiology. Due to the increasing 
evidence that developmental exposure to AP may be involved in these disorders, 
increased understanding is of importance to public health. Supported by NIH Grants 
R01 ES032260 and R35 ES031689.

 4661 Toxicity of Aircraft Engine Emissions in Calu-3 Cells in Air-
Liquid Interface Condition

G. Melzi1, J. van Triel2, M. Gerlofs-Nijland2, and F. R. Cassee2,3. 1Università degli Studi 
di Milano, Milan, Italy; 2Rijksinstituut voor Volksgezondheid en Milieu (RIVM), Bilthoven, 
Netherlands; and 3Universiteit Utrecht, Utrecht, Netherlands.

Particulate Matter (PM) emissions from aircraft engines adversely affect air 
quality around airports, contributing to public health concerns for airport workers 
and neighbouring communities. Emissions are mainly generated by the combus-
tion of the fuel, and nowadays, alternative fuels are being developed which are 
supposed to result in lower emissions. However, very little information is available 
on the toxicity of these emissions. In this research, PM was collected from the 
exhaust of a turbine engine simulator after combustion of various types of aircraft 
fuels, including conventional fuel types like Jet A and Jet A1, and more sustain-
able alternatives with relatively low levels of aromatics compounds. PM samples’ 
toxicity was studied in vitro using Calu-3 cells in monoculture and in co-culture with 
macrophages (differentiated THP-1 cells). Cells were exposed to PM suspensions 
(250 µg/mL) using a cloud-based Air-Liquid Interface (ALI) exposure system and all 
the analyses were conducted 24 hours after the exposure. All the treatments were 
performed in absence of cytotoxicity (evaluated with LDH assay). An increase of 
DNA damage was detected through Comet assay mainly in cells exposed to Jet A 
and Jet A1 samples; co-incubation with endonucleases-III and formamidopyrimi-
dine-DNA glycosylase showed that DNA damage was not associated with oxidation 
of DNA bases. Real-Time PCR was performed to investigate the expression profile 
of genes involved in oxidative stress and DNA repair pathways. The genes evaluated 
were: Ataxia Telangiectasia Mutated (ATM), Growth Arrest And DNA Damage 
Inducible Alpha (GADD45α), NAD(P)H Quinone Dehydrogenase 1 (NQO1), Heme 
Oxygenase 1 (HMOX), Mucin 5AC (MUC5AC), Cytochrome P450 Family 1 Subfamily 
A Member 1 (CYP1A1), and Angiotensin-Converting Enzyme 2 (ACE-2). All those 
genes were modulated in the same samples where DNA damage was present. 
The production of inflammatory cytokines was evaluated through the analysis of 
the secretion of Interleukin (IL)-8. No differences were shown in the pro-inflam-
matory IL-8 secretion among the samples. IL-1β and Tumour Necrosis Factor 
(TNF)-α secretion will also be evaluated. Most of the PM samples generated using 
jet fuel with high content of aromatic compounds induced enhanced genotoxicity, 
suggesting that strategies lowering aromatic content may also result in less toxic 
PM emissions. Funded by Horizon2020 - Research of Aviation PM Technologies, 
mOdelling and Regulation (RAPTOR), grant number 863969.

 4662 Immune Surveillance and Exploratory Molecular Pathway 
Analysis in Miners: A Rural-Based Pilot Study

Q. Jacquez1, E. Erdei1, X. Zhou1, C. Shuey2, A. Camacho1, N. Ass’ad1, K. Page1, B. Gore3, 
C. Zhu4, A. Sood1, and K. Zychowski1. 1University of New Mexico, Albuquerque, NM; 
2Southwest Research and Information Center, Albuquerque, NM; 3Miners’ Colfax Medical 
Center, Raton, NM; and 4Department of Immunology and Microarray Core, Dallas, TX.

There is an extensive history of mining including coal, metals, and uranium 
(U)-mining in the Southwest region of the United States. Research has shown that 
specific ore miners, such as U-miners, are at a greater risk for developing autoim-
mune diseases including systemic sclerosis and systemic lupus erythematosus 
(SLE). Currently, autoimmune biomarkers are widely understudied in miners. 
Therefore, more research is needed to understand which signaling pathways may 

play a role in this occupational- driven autoimmunity. In this project, a rural pilot 
study was conducted with a mobile clinic platform to assess autoimmune biomark-
ers in miners. The miners self-identified as either U (n=10) or non-U miners (n=34) 
and were given routine health screenings. Preliminary screening for immune-related 
molecular dysfunction used high-throughput molecular technique to assess IgG and 
IgM serum-borne autoantibody markers. Three histone IgM autoantibodies (histone 
H2A, H4, H3) and spliceosomal proteins, SmD1/D2/D3, were downregulated in 
the U-miners, and alpha-actinin IgM was upregulated in the U-miners, relative to 
the non-U miner’s group. The survey of both U- and non-U miners using bioinfor-
matics-based, signal pathway analysis revealed significant signaling alterations in 
several key histone-related proteins (H1-0, H2BC21, H2AC15). Even when adjust-
ing for age as a covariate, using multivariable modeling, there was a significant 
association (p<0.05) between U-mining and biomarkers including IgM alpha-acti-
nin, entactin, histones H1, H2B, and H4, myeloperoxidase (MPO) and myelin basic 
protein and IgG myelin basic protein, cytochrome C and human centromere protein 
A (CENP-A). Additional research is necessary to further understand the mechanistic 
connection between U-exposure, autoantibody development, specifically IgM and 
histone-related alterations.

 4663 Single-Cell RNA Sequencing Analysis in Atherosclerosis 
Reveals Unique Cell Types and Differential Profiles in Response 
to Chronic Exposure to Ambient Air Pollution

J. Glenn, J. Dazard, A. Vergara-Martel, K. Chalappurath, E. Cara, P. Rengasamy, 
A. Maiseyeu, and S. Rajagopalan. Case Western Reserve University, Cleveland, 
OH. Sponsor: J. Glenn, American Physiological Society.

Air pollution is a major contributor to the development of chronic noncommu-
nicable diseases, including atherosclerotic cardiovascular disease (ASCVD). 
Atherosclerosis is the primary cause of cardiovascular disease and causes >50% 
of deaths worldwide attributable to air pollution. While our lab has provided 
molecular mechanisms linking exposure with atherosclerosis, the cell specific 
pathways remain unclear. The goal of this study was to identify the transcriptomic 
landscape and the dynamics of cell population heterogeneity within the athero-
sclerotic plaque of atherosclerosis prone mice following inhalation of particulate 
matter. Male ApoE-/- mice were exposed to filtered air (FA) or aerosolized partic-
ulate matter (PM) for 5 days a week, 6 hours per day for a total duration of 36 
weeks using a Versatile Aerosol Concentration Enrichment System (VACES), a 
whole-body exposure system, used routinely in our laboratory to accomplish long 
term exposures to PM2.5, at levels that are 8-10 x ambient levels (70-80 ug/m3). 
Aortas were carefully dissected, pooled, and cells were processed following the 
10X genomics protocol for single-cell RNA sequencing (scRNA-seq). Following 
sequencing, we analyzed 61,311 cells in total, and kept 25,692 high-quality cells 
with a mean sequencing depth of 11,900. In the process we retained only 12,823 
genes that could be detected. After data normalization, Uniformed Manifold 
Approximation and Projection (UMAP) and an unsupervised graph-based clustering 
method (K-nearest neighbor combined with a modularity optimization technique) 
was used to identify 12 cell clusters for FA and 14 cell clusters for PM-exposed 
mice. Characterization of subsequent aortic cell population, cell subtypes, and cell 
lineages was done by functional analyses (gene markers, gene ontology, molecular 
pathways). We identified 7 cell populations (vascular smooth muscle cells (VSMC), 
fibroblasts, endothelial cells (EC), macrophages, monocytes, B cells, and T cells) in 
FA mouse aortas and 2 additional cell populations in PM mouse aortas. A dendritic 
cell population and an unannotated cell population were identified upon PM 
exposure. This unannotated cell population demonstrated increased gene expres-
sion for TIMP1, ECRG4, TNFRSF11B, suggesting a fibroblast-like cell population. 
Air pollution air exposure caused macrophages’ gene expression profile changes 
from more fibroblast markers (DCN, LUM, and C3) to resolution phase macrophage 
markers (H2-Eb1, H2-Ab1, CD74, and H2-Aa). Overlapping cell clustering and cell 
typing data also allowed the identification of potential cell subtypes. In FA mice, we 
identified 4 vascular smooth muscle cell subtypes and 2 fibroblast subtypes. In PM 
mice, we also identified 4 vascular smooth muscle cell subtypes and 3 fibroblast 
subtypes. Lastly, we used a supervised graph method (Minimum Spanning Tree 
and Principal Curves) to deduce branching and cell ordering for novel cell lineage 
pseudotime/pseudospace inference. We observed 2 trajectory lineages in FA mice 
(monocytes to VSMC and monocytes to EC) and 2 additional ones in PM mice 
(monocytes to fibroblasts and monocytes to B cells/T cells). These trajectory cell 
lineages hint at potential new paths to cell differentiation and plasticity in response 
to air pollution exposure. Overall, scRNA-seq technology combined with statistical 
and functional analyses demonstrated that a previously uncharacterized biolog-
ical complexity of aortic cells in terms of cell populations, cell subtypes, and cell 
lineages in response to PM exposure can be unraveled. Our findings have signif-
icant implications for renewed understanding of the links between air pollution 
exposure and ASCVD.
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 4664 Fine Particulate Matter (PM2.5) Increases Metabolic Injury 
in Light-Induced Circadian Dyssynchrony (LICD) by Inducing 
Pulmonary Oxidative Stress

P. Haberzettl, A. Ribble, D. Conklin, and A. Bhatnagar. University of Louisville, 
Louisville, KY.

Results of epidemiologic studies independently suggest that either ambient fine 
particulate matter (PM2.5) air pollution exposure or a disturbed circadian rhythm 
(circadian dyssynchrony) are important contributing factors to the rapidly evolving 
type-2-diabetes (T2D) epidemic. In the present study we investigate whether and 
how PM2.5 exposure increases metabolic injury in circadian dyssynchrony. For this, 
we exposed mice maintained on a regular (12/12 h light/dark) or disrupted (18/6 
h light/dark, light-induced circadian dyssynchrony, LICD) light cycle to concen-
trated PM2.5 (CAP, 6 h/day, 30 days). Exposures during Zeitgeber times (ZT) 3-9 
or 11-17 tested for time-of-day PM2.5 sensitivity (chronotoxicity). At the end of 
the exposure experiments we examined systemic and organ-specific changes in 
glucose tolerance and insulin sensitivity in mice inhaling CAP or air (control). Mice 
transgenic for lung-specific overexpression of extracellular superoxide dismutase 
(ecSOD-Tg) were used to assess the contribution of pulmonary oxidative stress. 
We found that CAP exposure from ZT3-9 or ZT11-17 increased systemic glucose 
intolerance and insulin resistance in mice with LICD, but not in mice kept on a 
regular light cycle. Although changes in glucose homeostasis in CAP-exposed LICD 
mice were not associated with obesity, they were accompanied by adipose tissue 
inflammation, impaired insulin signaling in skeletal muscle and liver, as well as 
systemic and pulmonary oxidative stress. Overexpression of ecSOD prevented the 
effects of CAP on glucose tolerance and insulin sensitivity that occurred in LICD. 
Taken together, these data suggest that PM2.5 exacerbates glucose intolerance 
and insulin resistance in circadian dyssynchrony by inducing pulmonary oxidative 
stress. Our results demonstrate that circadian dyssynchrony is a susceptibility 
state for PM2.5 exposure.

 4665 Identifying Molecular Mechanisms Associated with Particulate 
Matter (PM2.5) Exposure and Osteoarthritis

M. F. Afzali, A. Schenkel, and K. S. Santangelo. Colorado State University, Fort 
Collins, CO.

Osteoarthritis (OA) is complex and multifactorial, with many interconnected cellular 
pathways influencing disease onset and progression. Epidemiological studies have 
shown that environmental factors such as environmental pollution may contrib-
ute to an increased risk of OA. Recently, investigators have reported an increased 
prevalence of pulmonary disease in relationship to PM2.5 exposure and have made a 
link to musculosketelal conditions. While some work has investigated PM in animal 
models of induced post-traumatic OA or rheumatoid arthritis, there are no studies 
to date that explore the effect of PM2.5 exposure in an age-related, naturally-oc-
curing model of OA. We postulated that chronic exposure to PM2.5 accelerates the 
pathogenesis of primary OA via increased inflammation, indirectly and/or directly. 
Indirect interactions, whereby lung inflammation incites a cascade of cytokines 
into the systemic circulation, may then influence joint homeostasis. Alternatively, 
PM2.5 may also be directly influencing joint health through accumulation in these 
tissues. We began with in vitro work to establish that cell viability of primary articu-
lar chondrocytes from an animal model of primary OA decreases significantly 
after 48 and 72 hours under PM2.5 exposure (100 μg/ml). Further, primary chondro-
cytes exposed to PM2.5 for 72 hours significantly increased ROS production when 
compared to control primary chondrocytes. Similarly, Annexin V staining corrobo-
rated a significant increase apoptotic chondrocytes exposed to PM2.5. Cumulatively, 
this in vitro work provided the foundation primary chondrocytes are undergoing 
oxidative stress and programmed cell death with PM2.5. To evaluate the effect of 
PM2.5, animals at 4 months of age inhaled fresh air (FA) or PM2.5 (36.9 ± 2.1 µg/m3 
for 1 hour for 7 consecutive days. Significant increase absolute mRNA counts of key 
inflammatory mediators affiliated with systemic inflammation and joint degener-
ation within lung and knee joint tissue (infrapatellar fat pad (IFP) and cartilage/
meniscus). Specifically, mRNA expression of interleukin-1beta (IL-1β), interleukin-6 
(IL-6), interferon gamma (IFN-γ), prostaglandin E2 (PGE2) and tumor necrosis factor 
(TNF). Additionally, an upregulation in reactive oxygen species production; NAD(P)
H dehydrogenase quinone 1(NQO1) and nitric oxide synthase 2 (NOS2). We did not 
anticipate histological changes after 7-day exposure; however, cartilage/menisci 
mRNA expression decreased for aggrecan, tissue metallopeptidase inhibitor and 
transforming growth factor-beta; conversely, we observed an increase in matrix 
metalloproteinase 9 & 13. Lastly, guinea pigs exposed to PM2.5 (36.9 ± 2.1 µg/m3) 
for 7 days have higher monocyte chemoattractant protein-1 (MCP-1), PGE2 and 
complement component 3 (C3) protein (serum and synovial fluid) and C3 gene 
expression (lung, IFP, cartilage/meniscus). These results are associated with OA 
biomarkers. Collectively, animals exposed to PM2.5 resulted with an increase of 
inflammatory mediators and oxidative stress within lung and joint tissue (cartilage/
meniscus and IFP). Further, dysregulation was seen in structural and degradative 
mediators in cartilage and menisci.

 4666 Particulate Matter Exposure Induces Broad Functional and 
Transcriptional Changes in Monocyte-Derived Macrophages in a 
Polarization-State Dependent Manner

T. Smyth, and I. Jaspers. University of North Carolina at Chapel Hill, Chapel Hill, NC.

Particulate matter (PM) exposure has been linked to increased pulmonary infection 
morbidity and mortality in humans. Macrophages, a key innate immune cell, 
demonstrate reduced phagocytosis, reduced pathogen killing, and elevated pro-in-
flammatory cytokine expression following PM exposure. Macrophages exist on a 
spectrum between the pro-inflammatory M1 and pro-resolution M2 polarization 
state. Previous work has demonstrated that M2 macrophages can repolarize to 
M1 states following exposure to inflammatory stimuli but have been suggested to 
retain none of their initial polarization programming. We hypothesized that repolar-
ized M2 macrophages would demonstrate a mixed M1/M2 phenotype following 
an assessment of a broad range of functional and transcriptional measures. We 
further hypothesized that exposure to diesel exhaust particles (DEP), a major 
component of airborne PM, would modify M2 repolarization responses and induce 
a dysfunctional pro-inflammatory phenotype. Monocyte-derived macrophages 
were generated from the blood of healthy human donors (in compliance with the 
UNC IRB) and left unpolarized (M0) or polarized into pro-resolution M2 cells (20 
ng/mL IL-4) for 24 hours. Following polarization, macrophages were exposed 
to M1-polarizing conditions (20 ng/mL LPS and IFN-γ) with or without 25 μg/
cm2 DEP for 24 hours. Following these exposures, macrophages were assessed 
for phagocytic ability, pro-inflammatory cytokine secretion, gene expression 
profiles, and bioenergetic properties. Both M0 and M2 macrophages exposed 
to either M1-polarizing conditions or DEP demonstrated a significant reduction 
in phagocytosis while co-exposure induced a further reduction. Repolarized M2 
macrophages (M2->M1) and directly polarized M0->M1 macrophages (M1) 
demonstrated similar gene expression profiles. DEP exposure induced compre-
hensive gene expression changes which were similar in both cell types, suggesting 
DEP exposure induces broad changes in gene expression patterns independent of 
initial polarization states. M2->M1 macrophages demonstrated a distinct M1/M2 
cytokine secretion profile compared to M1 cells, including significantly elevated 
secretion of many pro-inflammatory cytokines. While DEP exposure caused a shift 
in secretion patterns in both cell types, co-exposed M2->M1 cells maintained the 
mixed, highly inflammatory M1/M2 secretion profile. Finally, M2->M1 macrophages 
demonstrated a highly energetic, mixed M1/M2 bioenergetic profile character-
ized by elevated glycolytic and mitochondrial oxidative phosphorylation rates. 
Co-exposure with DEP induced a shift from glycolysis to oxidative phosphorylation 
in M1 and M2->M1 macrophages. However, co-exposed M2->M1 macrophages 
maintained their overall higher rate of oxidative phosphorylation compared to 
M1 macrophages. Together, these data suggest M2 macrophages are capable 
of repolarizing to a pro-inflammatory phenotype while retaining some of their 
original polarization programming. This mixed M1/M2 phenotype is characterized 
by dysfunctional phagocytosis, intermediate bioenergetic properties, and elevated 
pro-inflammatory cytokine secretion. DEP co-exposure during the repolarization 
process was demonstrated to broadly modify phagocytosis, gene expression 
patterns, and induce a shift from glycolysis to oxidative phosphorylation. In conclu-
sion, our data indicate that particle exposure during the M2->M1 repolarization 
process may generate a unique, highly inflammatory, highly energetic population of 
macrophages with diminished anti-microbial functions.

 4667 Air Pollution-Induced Early Onset of Cognitive Decline in Mice: 
Implication of Blood-Brain Barrier Dysfunction

A. Vergara-Martel, S. Moorthy, E. Cara, J. Glenn, K. Chalappurath, S. Rajagopalan, and 
P. Rengasamy. Case Western Reserve University, Cleveland, OH. Sponsor: J. Glenn, 
American Physiological Society.

Epidemiological studies suggest a link between air pollution exposure and neurocog-
nitive dysfunction and an association with numerous neurological diseases includ-
ing Alzheimer’s disease (AD). However, there remains a lack of understanding of 
potential mechanisms. Accordingly, we aimed to evaluate the effects of chronic 
exposure to air pollution (particulate matter <2.5µm, or PM2.5) and its effects 
on previously implicated pathways in neurocognitive dysfunction. A validated 
transgenic model of Alzheimer’s Disease (AD; 5xFAD) was tested and exposed to 
concentrated ambient particulate matter <2.5μm or filtered air using a Versatile 
Aerosol Concentration Enrichment System (VACES) used routinely in our labora-
tory to accomplish long term exposures to PM2.5 at levels that are 8-10x ambient 
levels (70-80 μg/m3). Wild-type (WT) littermates or transgenic 5xFAD mice were 
exposed to filtered air or concentrated PM2.5 (FA or PM) beginning at 4 weeks, for 
a total duration of 24 weeks (6 hours/ day, 5 days/week). The mice were subjected 
to a variety of behavioral tasks at an age of 16-20 weeks, i.e., to assess motor 
function (grip strength, open field), anxiety-related behavior (open field time spent in 
peripheral zone vs. center zone, elevated plus maze), and cognitive function (novel 
object recognition, Barnes maze test). Blood-brain barrier (BBB) permeability as an 
early biomarker for vascular-dysfunction using dextran fluorescence permeability 
assay was tested, along with immunohistochemical markers of microglial activa-
tion. Additional analysis of gene expression using RNA sequencing and ATAC-seq 
(Assay for Transposase-Accessible Chromatin using sequencing) was conducted 
in the hippocampus (analysis pending). Compared to wild-type mice exposed to 
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FA, PM-exposed wild-type mice along with both exposure groups of transgenic 
5xFAD mice show significant impairment in both cognitive and non-cognitive tasks. 
The leakage volume of dextran in WT PM-exposed mice was significantly higher 
when compared to WT FA-exposed mice. The presence of amyloid plaques using 
Thioflavin-S staining (fluorescent signal depicted from Thioflavin-S corroborating 
amyloid-beta presence) was tested. Fluorescence quantification of Thioflavin-S in 
the cerebral cortex of PM- and FA-exposed WT mice revealed no amyloid plaque 
deposition as expected. In contrast, 5xFAD mice demonstrated robust plaque 
deposition, with no significant difference between FA and PM exposure. Our study 
provides new and potentially important mechanisms of cognitive impairment 
caused by air pollution and may provide new mechanistic understanding of the 
underlying mechanisms linking air pollution exposure with cognitive decline.

 4668 Comparison of Daily Measurements of Fine Particulate 
Matter, Black Carbon, and Oxidative Potential across Months 
in Tennessee

V. T. Aminone, and C. Roper. University of Mississippi, Oxford, MS.

Air pollution is a significant environmental risk factor for human health. Fine 
particulate matter (PM2.5) is a complex mixture that contributes to air pollution, 
varies based on meteorology and location, and has been associated with adverse 
health effects. Importantly, the observed health effects can be altered by the 
components and sources present in PM2.5. Black carbon is a component of PM2.5 
with known associations to negative human and environmental impacts. Despite 
the negative effects, black carbon is not routinely monitored or regulated by govern-
ment agencies. Studies have hypothesized that health effects due to exposure 
to PM2.5 and its components are due to oxidative stress which can exacerbate 
chronic conditions or cause inflammation. Our goal was to measure the concentra-
tions of PM2.5, black carbon, and oxidative potential across locations and time and 
determine if trends between environmental contaminants and oxidative potential 
exist. The Tennessee Department of Environment and Conservation (TDEC) donated 
PM2.5 filters from 12 locations in Tennessee that were collected in fall 2014. All filter 
samples were collected for 24 h every third day (at least 27 days/location). Prior 
to extraction, PM2.5 concentrations were provided via gravimetric analysis by the 
TDEC and black carbon concentrations were measured with a Magee OT21 Soot 
Scan at 880 nm. PM2.5 was then extracted from filters by sonication in methanol for 
60 min. Oxidative potential was determined for each sample using the Dithiothreitol 
(DTT) assay with appropriate controls, in triplicate. During the four month sampling 
period PM2.5 ranged from 2.0 to 21.5µg/m3 for and black carbon from 0.01 to 4.9µg/
m3. Monthly ranges for PM2.5 and black carbon, respectively, in September (2.7 - 
19.6, 0.32 - 3.9 µg/m3), October (2.0 - 20.3, 0.06 - 6.6 µg/m3), November (2.1 - 20.9, 
0.01 - 4.9 µg/m3), and December (2.0 to 21.5, 0.1 to 4.4 µg/m3). In our preliminary 
data analysis of four locations in two months (September, November) there was a 
significant positive correlation between PM2.5 and black carbon (r = 0.625, p-value ≤ 
0.05). For oxidative potential analysis, measurements are ongoing with preliminary 
data for four locations in two months showing significant differences between 
months within the same locations (two-way ANOVA, p ≤ 0.05). We anticipate that 
this trend will be observed between additional months and locations. Upon comple-
tion of all data collection a correlation analysis will be conducted to determine if 
trends between oxidative potential and PM2.5 or black carbon exist. This research 
will determine if concentration, compositional, and oxidative potential differences 
between locations and months can be observed within the mid-South United States.

 4669 Particulate Air Pollution and Viral Activation by Airway 
Proteases: Assessed by a Novel Assay in Human Nasal 
Epithelial Cells

S. Brocke1, Y. Kim2, I. Gilmour2, W. Wu3, and I. Jaspers1. 1University of North Carolina at 
Chapel Hill, Chapel Hill, NC; 2US EPA, Research Triangle Park, NC; and 3Xinxiang Medical 
University, Xinxiang, China.

Several epidemiological studies have linked ambient particulate matter with 
increased respiratory viral infection severity and mortality. Previous in vitro studies 
demonstrated causality between particulate exposure and enhanced susceptibility 
to viral infection, though the mechanisms driving this interaction remain unclear. 
During respiratory viral infection, viruses such as Influenza H1N1 and SARS-CoV-2 
must be activated by endogenous proteases expressed by the host. In humans, 
transmembrane protease serine S1 member 2 (TMPRSS2), human airway trypsin-
like protease (HAT), and Furin, among others, are known to activate a variety of 
respiratory viruses. The activity of these proteases is naturally throttled by the 
expression of antiproteases in the airway such as secretory leukocyte protease 
inhibitor (SLPI). Previously, we have shown that exposure to ozone enhances 
proteolytic activation of influenza by upsetting the protease and antiprotease 
balance in the airway. Using a novel assay with internally quenched fluorescent 
peptides mimicking the cleavage site of viral fusion proteins, we have demonstrated 
apical proteolytic activity in cultures of differentiated human nasal epithelial cells 
(hNECs). We investigated whether exposure to air pollution particulates from 
various sources would impact apical proteolytic activity. Woodsmoke particles 
derived from red oak resulted in enhanced cleavage of the SARS-CoV-2 Spike 
peptide at 24-hour post exposure, though did not impact cleavage of influenza 

hemagglutinin. These findings suggest a possible mechanism by which exposure 
to particulate air pollution can enhance susceptibility to respiratory viral infection 
and this assay demonstrates utility for screening air pollutants for their ability to 
enhance apical proteolytic activity.

 4670 An Improved Machine-Learning Approach MacLEAP for 
the Recognition and Quantification of Carbon Content in 
Airway Macrophages

C. Hu, S. Leng, and X. Yu. University of New Mexico, Albuquerque, NM.

Long-term exposure to combustion-emitted particulate matter (CE-PM) increases 
cardiopulmonary morbidity and mortality. Macrophage carbon load (MaCL) is a 
novel sputum cytology-based method that measures accumulative lung deposition 
dose of total CE-PM exposure at an individual level. MaCL has been considered 
a highly effective assessment tool in pulmonary and extra-pulmonary outcomes 
in environmental and occupational exposure settings. Conventional pathological 
scoring of MaCL is labor-consuming and scorer-dependent, with a limitation on 
efficiency in large-scale studies. We have previously developed a state-of-the-art 
method based on the deep convolutional neural network Mask R-CNN: Machine 
Learning approach for Engulfed cArbon Particles (MacLEAP), which automatically 
distinguishes (segments) the macrophages from other cell types on the sputum 
images and quantifies the phagocytosed nano-scale black carbon particles (PM 
2.5 - PM 10) from 17 subjects. In the current report, we further optimized and 
strengthened the artificial intelligence (AI) algorithm with additional 1043 sputum 
images from 66 individuals of the Lovelace Smokers Cohort. Our current optimized 
MacLEAP algorithm successfully recognized 96.3% macrophages from all 1789 
sputum images. We found that MacLEAP exhibited greater robustness on challeng-
ing images. It is notable that the AI algorithm also recognizes more macrophages 
(3.5%), mostly cells with broken cytoplasm or irregularly stained nuclei, which were 
excluded during the visual inspection of images. Excellent correlations were identi-
fied for the mean number (R2=0.87) and median area (R2=0.82) of carbon particles 
between manual and AI counting in 66 subjects used for the development of the 
MacLEAP algorithm. Excellent correlations were also identified for the mean number 
(R2=0.76) and median area (R2=0.91) of carbon particles between manual and AI 
counting in 22 subjects used as the external validation of the MacLEAP algorithm. 
Combined R2 values for 88 subjects are 0.86 and 0.83 for the mean number and 
median area of black carbon particles between manual and AI counting, respec-
tively. In conclusion, this study established a MacLEAP machine learning model, 
which provides a high-throughput and scorer-independent approach to quantify 
MaCL levels from thousands of slide images, making large-scale epidemiological 
studies involving lung deposition dose of black carbon feasible.

 4671 Evaluating Exposure Hazards in Historical Collections

K. Burnell1, J. Klicker-Wiechmann1, M. Griem2, E. Daugherty2, J. Park1, M. Wilson1, and 
H. Cusack-McVeigh2. 1Purdue University, West Lafayette, IN; and 2Indiana University-
Purdue University, Indianapolis, IN.

Museum collections and exhibit spaces often contain health hazards as a result of 
historic preservation treatments and environmental conditions within the buildings. 
These hazards present dangers to the health and safety of those charged with 
their care and display. For example, individuals who encounter treated artifacts are 
at risk of exposure to heavy metals such as arsenic (As), lead (Pb), and mercury 
(Hg). These heavy metals can develop skin lesions, cancer, or destructive compli-
cations to the cardiovascular, muscular, digestive, and nervous systems. Moreover, 
particulate matter (PM) could be another hazard in the museum. Due to the limited 
ventilation conditions to protect collections, people can be more easily exposed 
to PM which can increase the risk of respiratory diseases. To protect people in 
the museum, we should better understand these risks in the collections and the 
environment. In this study, the team analyzed the diverse artifacts at three sites 
to help identify hidden hazards in their collections. Specifically, the concentra-
tions of metals including Pb and As in the artifacts were measured using a field 
portable X-ray fluorescence (FP-XRF) and mass concentrations of PM smaller 
than 2.5 µm (PM2.5) in the buildings were also measured using an aerosol direct 
reading instrument for 25 minutes during the cleaning of two exhibits. In the results 
measured using the FP-XRF, Pb and Hg were found in organic and inorganic pieces 
of artifacts. The highest concentration of As was found among organic artifacts. 
Older artifacts or those believed to have been traded illegally also had a higher 
concentration of As. The concentration varied across the artifacts and As concen-
tration on some artifacts (e.g., ancient tools, weapons, etc.) was above 28,400 ppm. 
Similarly, the concentration of Pb across organic and inorganic artifacts varied 
greatly. Variation and presence of Pb in both classes of artifacts are likely due to 
lead’s history of being used in paint, structural components of old equipment, and 
its presence in heavy metal pesticides. The highest Pb concentration measured 
across these collections was approximately 2,500,000 ppm. In the results of 
PM2.5 measurements, an average mass concentration across the museum was 
0.12 mg/m3 and maximum and minimum concentrations were 0.01 and 0.52 mg/
m3, respectively. Although these results cannot be compared to the Occupational 
Safety and Health Administration (OSHA) Permissible Exposure Limits (PEL) for 
dust, the average PM2.5 concentration was ten times higher than United States 
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Environmental Protection Agency (EPA)’s annual standard of PM2.5 (0.015 mg/
m3). These findings shed light on the exposures and health outcomes of museum 
staff and will help shape the future of health and safety in this field. The team will 
investigate other hazards such as mold and bioaerosols in future research. This 
work was supported by the IUPUI Office of the Vice Chancellor for Research under a 
Research Support Funds Grant (RSFG). This work was supported by the United States 
National Institute of Occupational Safety and Health Grant (T03OH008615).

 4672 Utilizing a Human Lung Epithelial Cell Macrophage Co-culture 
Model to Assess the Effects of Environmental Toxicants In Vitro

J. L. Moreno, C. McVeigh, R. Hunter, G. Herbert, M. Campen, and A. Bolt. University of 
New Mexico, Albuquerque, NM.

The development of representative in vitro models to investigate the effects of 
inhalation exposure of the lung environment to particulate matter is an essential 
step in the inhalation toxicology field. The inhalation of particulate matter from 
environmental sources such as vehicular sources, energy production, mine dusts 
as well as microplastics contributes to increased rates of diverse diseases, such 
as autoimmunity, hypertension, and interstitial lung diseases. While A549 cells are 
routinely used as a model for the testing of the effects of toxicants in the lungs, 
there is insufficiency in the representation of these cells to model the lung environ-
ment due to the lack of important immune cell populations and the inability to model 
the effects of their response and recruitment to sites of exposure. The addition of 
differentiated THP-1 monocytic cells into macrophages onto A549 cells in a co-cul-
ture model helps to investigate the interactive responses to deposited particulates 
as an immune-epithelial interface. We developed this model to investigate toxicity 
endpoints following particulate exposure in vitro. For the mine dust studies the 
A549 and THP-1 macrophages were plated in a 10:1 ratio and cells were exposed 
for 24-48-hours to soluble arsenic (6/12μM) and vanadium (60/120μM), with 
and without the addition of aluminum silicate powder (20μg). Aluminum silicate 
comprises roughly 25% of the mine dust from abandoned mine site waste in the four 
corners area of the United States, so we sought to determine whether there was a 
compounding effect of the aluminum silicate in combination with the heavy metals 
present in the mine dust. Analysis of the co-culture after treatment with the metals 
+/- silicate was performed by flow cytometry where a CD45 antibody was utilized 
to distinguish the macrophages from the epithelial cells. Markers for DNA damage 
and cytotoxicity-phosphorylated γ-H2AX and Live/Dead staining were also included 
in the panel. The results indicated that within the co-culture there was a differential 
toxicity response where the epithelial cells showed no change in DNA damage after 
treatment with arsenic or vanadium, yet the macrophages showed a significant 
increase in DNA damage after the arsenic treatment. Interestingly co-treatment 
with silicate did not magnify the effects of arsenic alone. At these short timepoints 
no cytotoxicity was observed in any of the treatment groups. Concurrent studies 
on the effects of microplastics on the co-culture tight junctions through Electric 
Cell-substrate Impedance Sensing (ECIS) showed a decreased level of resistance 
with the addition of the macrophages to the epithelial monolayer, as well as a signif-
icant decrease in resistance when the co-culture was treated with microplastics 
over the epithelial cells treated with microplastics in a monolayer. In order to further 
study the effects of these microplastics on the co-culture, high content imaging 
will be utilized with a stain for Claudin-V as well as Phalloidin to further discern the 
cause for the decreased resistance in the co-culture model after the microplastic 
treatment. This coculture model enables insights into the relationships between 
major cell types in the immune defense against environmental particulates.

 4673 Modulation of the Gut-Lung Axis by Ultrafine Exposure to 
Particulate Matter

T. Mustapha1, N. Johnson1, J. Zhao1, G. Wright1, R. Zhang1, and A. Rodrigues Hoffman2. 
1Texas A&M University, College Station, TX; and 2University of Florida, Gainesville, FL.

Early-life exposure to particulate matter (PM) has been shown to cause adverse 
health outcomes that alter neurologic development, cardiopulmonary health, and 
the immune system. Following early life exposure to PM, an immunosuppres-
sive pulmonary phenotype in response to an allergen or an infectious agent has 
been characterized by a transient increase in pulmonary T regulatory cell (Treg) 
and decreased or delayed T helper type 1 (Th1) and Th2 responses. Similarly, a 
significant shift in the gastrointestinal microbial diversity following exposure to 
PM has been linked to adverse conditions such as asthma, upper respiratory tract 
infections, appendicitis, and inflammatory bowel disease. While evidence suggests 
the gut microbiome is a modulator of pulmonary health, its role in modulating the 
pulmonary immunosuppressive effects from PM has not been elucidated. In this 
study, we established an in vivo neonatal mouse model to characterize the effects 
of inhalation exposure to ultrafine PM on the pulmonary immune system and gut 
microbiome. Using newly designed temperature controlled whole body exposure 
chambers, post-natal day 5 mice from C57Bl/6 and Balb/C backgrounds were 
exposed to filtered air (FA) or 200 μg/m3 ultrafine PM daily for seven days. Colon, 
bronchoalveolar lavage fluid and lung samples were collected for gut metagenom-
ics, IL10 levels, 8-isoprostanes, pulmonary flow cytometry and lung histology were 
performed on mice on post-natal days (PND) 11 and 18. On PND 11, PM exposure 
resulted in a significant lower bacteria diversity in Balb/C (p=0.001) mice compared 

to C57Bl/6 (p=0.001). This difference in bacteria diversity cleared out on PND 18 
indicating a strain-specific response. In both strains, a lower bacteria diversity 
was observed in PM group on PND 11 and PND 18. A PERMANOVA analysis on 
the beta diversity showed a significant alteration in bacteria diversity based on 
PM and strain interaction (p=0.018). On PND 11, pulmonary Treg panel returned 
to baseline with no significant differences seen in pulmonary 8-isoprostanes and 
albumin levels. Overall, findings from this study suggest there is a modulation of 
the gut microbiome in early life from exposure to PM at doses much lower to cause 
adverse pulmonary outcome.

 4674 Assessing Personal Particulate Matter Exposure and 
Respiratory Virus Infections among Farmworkers in the 
Southeastern United States

A. Manrique1, K. Clarke1, J. Lednicky1, T. Sabo-Attwood1, and E. Coker2. 1University of 
Florida, Gainesville, FL; and 2British Columbia Centre for Disease Control, Vancouver, 
BC, Canada.

Industrialization of the agricultural industry has led to an increased risk of 
exposure to hazardous pollutants for workers. Among crop farmworkers, occupa-
tional studies have identified particulate matter (PM) as an emerging concern. 
Particulates from agricultural dust may be multi-pollutant mixtures of pesticides, 
heavy metals, mineral silicas, air pollutants, and microbes and previous reports 
show that high PM exposures are associated with harvesting tasks. Furthermore, 
chronic respiratory conditions and mortality attributable to acute respiratory 
infections are notably elevated among crop farmworkers, yet the association 
between PM and respiratory infection susceptibility has not been well explored. 
In the United States, this workforce is comprised primarily of migrant, seasonal, 
and immigrant farmworkers that face many social inequities, leading to challenges 
in gaining exposure and health information. To begin to address PM exposure 
and respiratory infection incidence in crop farmworkers in Florida, we recruited 
mostly Mexican-American farmworkers that worked in fernery harvesting, nursery 
greenhouses, and strawberry harvesting. Participants (N=30) completed a question-
naire that captured information on demographics, chronic respiratory symptoms, 
work-related training, and work-related task. Each participant was then fitted with 
a personal air sampler to assess occupational exposure to respirable PM (< 2.5 
μm) during an 8-hour work shift which was used to calculate cumulative occupa-
tional exposure to PM2.5 for total years worked in agriculture. We then conducted 
prospective weekly follow-ups of participants during influenza season to determine 
the incidence of acute respiratory symptoms and viral respiratory infections. 
Nasal swab biospecimens were collected from symptomatic participants and 
tested for SARS-CoV-2 and 20 different respiratory pathogens using a PCR panel 
array (Biofire). Descriptive statistics were used to demonstrate continuous and 
categorical variables, meanwhile regression models were used to demonstrate 
the association of reported respiratory symptoms and PM2.5 exposure. Data from 
this study show that 2 participants (180014.24 μg/m3 and 17820.89 μg/m3) had 
PM exposures that exceeded the OSHA permissible exposure limit of 15mg/m3 

and strawberry harvesting yield the greatest geometric mean (121.35 μg/m3). A 
Poisson Regression analysis demonstrated that measured PM2.5 and calculated 
cumulative PM2.5 values had a positive association with reported symptoms 
of chronic coughing (OR 4.11 vs OR 3.02) and wheezing (OR 1.51 vs OR1.40). 
During the follow-up, four participants reporting acute respiratory symptoms and 
pathogenic molecular analysis revealed positive results for human rhinovirus (n=2), 
and SARS-Cov-2 (n=1), whereas 1 individual reported symptoms but tested negative 
in the panel used. To our knowledge, this is the first study to assess occupational 
PM2.5 exposure and incidence of respiratory infections in Southeastern US-hired 
farmworkers which support PM exposures may be significant and associated with 
adverse respiratory health outcomes in this population.

 4675 The Use of Low-Cost Sensors for Worker Exposure Assessment: 
Testing the Impact of Various Particulate Matter Compositions 
on Sensor Performance

S. Stowe, and R. Vilcassim. University of Alabama at Birmingham, Birmingham, AL.

Rising public interest in air quality has led to the rapid development and surge 
in popularity of low-cost air quality sensors which have expanded the field of air 
quality surveillance and opened new avenues for research. Prior studies have 
demonstrated that low-cost Particulate Matter (PM) sensors can be success-
fully used for environmental sampling, but research on their ability to measure 
occupational PM exposures is limited. Today’s low-cost PM sensors have several 
advantages over the current industry standard devices that would make them 
optimal for use in occupational settings including their lower cost, smaller size, 
and ability to stream location, temperature, humidity, and PM concentration data 
wirelessly to phones or computers via Bluetooth or Wi-Fi. However, previous 
studies have demonstrated potential limitations to these low-cost PM sensors, 
such as inter-instrument variability, plateauing of measurements, and reliability 
issues. Furthermore, low-cost PM sensors use light scattering similar to those 
used in the current industry standard devices, to measure PM concentrations, 
which may impact PM concentrations measurements due to varying compositions 
of PM. Therefore, the goal of this study was to test the efficacy of the second 
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and third generations of a selected low-cost PM sensors device (Airbeam) and 
investigate how particle composition can impact PM measurements and calibra-
tion coefficients. The Airbeams differ from the PDR 1500 in that they sample all 
PM and use an algorithm to estimate the size/size distribution of PM, whereas 
the PDR 1500 uses a physical cut cyclone for size selective sampling of PM. To 
perform the calibrations five Airbeam 2s, three Airbeam 3s, and one PDR 1500 with 
a pre-weighed filter were placed into an airtight chamber where the devices were 
run simultaneously with each taking measurements at 1-minute intervals. They 
were then exposed to one of three common occupational aerosols (combustion 
engine exhaust, biomass smoke, and construction dust) and allowed to measure 
PM concentrations in the chamber until the PDR 1500 measured a concentration 
of 0 µg/m3, after which the filter was removed from the PDR 1500 and weighed 
again to get the pre and post weight difference. These measurements were then 
used to generate calibration curves for each Airbeam and to compare the total 
concentration measured by each device to the actual total concentration sampled, 
determined from the gravimetric analysis of the filter. Our results showed that there 
was a strong linear relationship and high R2 value between the Airbeams’ and the 
PDR 1500’s measurements below150 µg/m3. However, plateauing and variability 
between the Airbeams’ measurements typically began at around 300 µg/m3. Size 
selective Airbeam measurements (i.e. PM1, PM2.5 and PM10 were observed to be 
influenced by the device equation and were different when changed to the sensor’s 
default equation. In conclusion, our current findings demonstrate that Airbeams 
have the capacity to be successfully used to measure occupational exposures 
to PM of varying chemical compositions below a certain range, and importantly 
should be calibrated with advanced instruments prior to use in research.

 4676 ChronicInhalation Exposure to Particulate Matter Alters the 
Intestinal Microbiome

C. Chang1, R. Gupta1, F. Sedighian1, R. P. O’Donnell1, K. Baek1, D. Gonzalez1, A. Mousavi2, 
T. S. Dong1, W. R. Katzka1, J. Castellanos1, V. Lagishetty1, S. Reddy1, M. Navab1, 
C. Sioutas2, T. Hsiai1, J. A. Araujo1, and J. P. Jacobs1. 1University of California Los 
Angeles, Los Angeles, CA; and 2University of Southern California, Los Angeles, CA.

Studies in both the US and in developing areas abroad show robust associations 
between acute and chronic airborne particulate matter (PM) exposure with cardio-
vascular morbidity and mortality. Ambient ultrafine particles (UFPs) generated 
via tailpipe emissions induce pro-oxidative effects in the blood and alter plasma 
lipoproteins. While almost weightless, UFPs represent 85-90% of PM2.5, and the 
small size of UFPs contribute to their biochemical and biophysical properties 
that lead to increased toxicity. The gastrointestinal (GI) tract may be exposed to 
UFPs as rapid bronchial mucocilliary clearance transports the inhaled particles 
to the oropharynx, followed by swallowing. When UFPs reach the GI tract, they 
may influence the gut microbiome, which modulates host metabolism, immunity, 
and inflammatory responses, leading to pathogenesis. We hypothesize that UFP 
inhalation exposures result in alterations of the fecal microbiome in hyperlipidemic 
and normolipidemic mice. Male 8-week-old ApoE-/- mice, 10-week-old Ldlr-/- mice, 
and 18-20-week-old mice on a C57BL/6 background were exposed to inhaled UFPs 
for 6 hours per session, 3 times a week for 10 weeks at 300 μg/m3. Longitudinal 
analysis of 16S rRNA gene sequencing of fecal pellet samples at weeks 0, 1, 5, 
and 10 was performed to characterize gut microbiome diversity and composition 
over the 10-week exposure period. Bacterial DNA was extracted and purified, and 
PCR was performed to amplify the 16S rRNA gene. Samples were sequenced by 
Illumina Miseq, followed by amplicon sequence variant (ASV) analysis, clustering, 
and classification using the SILVA database. The alpha diversity of Ldlr-/- mice 
exhibited significant changes in species richness (p<0.01) and evenness (p<0.05) 
by ANOVA. In ApoE-/- mice and C57BL/6 mice, distinct communities began forming 
after UFP inhalation, approaching significance in week 5, and clear changes in 
beta diversity were observed by week 10 in both strains (p<0.001, p<0.05) based 
on permutational multivariate analysis of variance (PERMANOVA). An increasing 
number of differentially abundant taxa were identified in ApoE-/- mice and Ldlr-/- 

mice across weeks 1, 5, and 10 compared to week 0. The microbiome in hyperlip-
idemic and normolipidemic mouse models showed varied response to air pollution 
particulates, demonstrating that the microbiome of mice from different genetic 
strains may respond polymorphically to UFP inhalation. Our findings suggest that 
alteration of the gut microbiome should be further investigated as a mediator of the 
effects of UFP inhalation on disease.

 4677 Personal Exposure Monitoring of Polycyclic Aromatic 
Hydrocarbons in Size-Segregated Particulate Matter

T. Zavodna1, O. Parizek2, M. Stupak2, A. Milcova1, V. Jirik3, J. Pulkrabova2, and 
J. Topinka1. 1Institute of Experimental Medicine of the Czech Academy of Sciences, 
Prague, Czech Republic; 2University of Chemistry and Technology, Prague, Czech 
Republic; and 3University of Ostrava, Ostrava, Czech Republic.

Polycyclic aromatic hydrocarbons (PAHs) represent ubiquitous environmental 
contaminants. Long-term inhalation exposure to PAHs has been associated with 
different types of cancer, cardiovascular, respiratory, and other diseases. They 
are generated primarily during incomplete combustion of organic matter. In the 
atmosphere, PAHs are distributed in both gaseous and particulate matter (PM) 

phases. PM of different sizes can bind various amounts and types of PAHs depend-
ing on their volatility and molecular structure. Personal monitoring of PM-bound 
PAHs offers an opportunity to obtain more detailed information on exposure 
histories and PAH sources in studied areas. In the present study, the personal 
exposure to PAHs bounded to different size fractions of PM (<0.25, 0.25-2.5, and 
>2.5 μm) has been investigated in a total set of 129 participants from two localities 
of the Czech Republic: industrial area of the city of Ostrava (n=65) and a control 
area of České Budějovice city (n=64). The personal air sampling was performed for 
24h at various seasons from August 2019 to August 2021 and was accompanied 
by a detailed questionnaire and PM2.5 measurements from the nearest monitoring 
stations. Extraction of target 20 PAHs (Phenanthrene, Anthracene, Fluoranthene, 
Pyrene, Benzo[c]fluorene, Benz[a]anthracene, Cyklopenta[c,d]pyrene, Chrysene, 
5-Methylchrysene, Benzo[b]fluoranthene, Benzo[k]fluoranthene, Benzo[j]fluoran-
thene, Benzo[a]pyrene, Indeno[1,2,3-cd]pyrene, Dibenz[a,h]anthracene, Benzo[g,h,i]
perylene, Dibenzo[a,l]pyrene, Dibenzo[a,e]pyrene, Dibenzo[a,i]pyreneb, Dibenzo[a,h]
pyrene) was carried out by organic solvent extraction in an ultrasonic bath. The 
analytical method for the determination of 20 PAHs was developed using gas 
chromatography coupled to tandem mass spectrometry in electron ionization 
(GC-EI-MS/MS). The recoveries of all target analytes were within the range from 
67% to 94%. The limits of quantification (LOQs) were ranging from 0.001 to 0.02 
ng/m3. The total amount of sum 20 PAHs ranged from 0.02 to 26.13 ng/m3, 
with a median of 0.3 ng/m3. The concentration of Benzo(a)pyrene, an air quality 
standard, ranged from 0.01 to 3.27 ng/m3, with a median of 0.02 ng/m3. The EU 
average concentration limit of 1.0 ng/m3 was exceeded in 20 out of 129 volunteers, 
especially in those exposed in the industrial locality and the winter season. The 
particle size distribution of PAHs during 24-hour personal exposure showed that 
up to 87% of the total amount of PAHs is bound to the fraction lower than 0.25 
µm, 12% of PM-bound PAHs were in the fraction 0.25-2.5 µm and only 1% in the 
fraction larger than 2.5 µm. Based on a comparison of the median concentrations 
of the analyzed PAHs and the daily inhalation exposure at the monitored locations, 
it was found the air in Ostrava has twice as higher mean concentrations of PAHs 
compared to České Budějovice, which is related to the industrial activities in this 
area. The highest inhalation exposures to all monitored PAHs were observed in the 
months of January and February for both sampling seasons, indicating the contri-
bution of local heating and unfavorable metrological conditions. The results of 
personal monitoring contribute to the understanding of local and seasonal sources 
of PAHs and the identification of specific activities with high PAH exposure. This 
work was financially supported by the European Regional Development Fund under 
Grant Healthy Aging in Industrial Environment HAIE (CZ.02.1.01/0.0/0.0/16_019/000
0798) and by the specific university research (A1_FPBT_2022_05).

 4678 Differences in Chemical and Toxicological Results Based on 
Fine Particulate Matter (PM2.5) Filter Extraction Methods

A. M. Craze, C. Bartle, and C. Roper. University of Mississippi, University, MS.

Outdoor air pollution caused 4.2 million premature deaths in 2016 alone. Fine 
particulate matter (PM2.5) is a complex mixture of air pollution 2.5 microns or 
smaller in aerodynamic diameter that has been hypothesized to cause detrimental 
health effects via oxidative stress. To better understand the risks of exposure, PM2.5 
is collected onto filters and concentrations are determined by state and federal 
agencies. Assessing the toxicity and/or chemical composition of these samples 
commonly requires particles to be removed from filters. However, there is not a 
standardized method for filter extraction, which creates the potential for methods 
biases and thus variable chemical and toxicity responses. The objective of this 
study was to extract evenly split PM2.5 filters in different solvents to determine 
if the extraction method used impacts the chemical composition and oxidative 
potential of PM2.5. This study utilized previously collected filters from the Arkansas 
Department of Environmental Quality at four locations during the same 24-hour 
collection period for selected days across multiple seasons (n=80). Black carbon 
(BC) data was collected before filters were quartered prior to sonication in: 1) MeOH 
2) DCM, 3) DI water or 4) 0.9% saline. Oxidative potential for each filter quadrant 
extract was determined using the dithiothreitol (DTT) assay. Chemical analysis was 
performed using ICP-MS to characterize elements present (n=16) and GC-MS to 
identify parent PAHs (n=14). DCM extracted fractions had significantly lower DTT 
consumption versus all other extraction solvents. Variation existed when compar-
ing correlations between PM2.5, BC, DTT, and elemental analysis results based on 
extraction solvent. For example, DTT consumption was strongly correlated with 
Rb, Cs, Pb, Th, and Ni, but only for samples extracted in MeOH. We concluded that 
extraction solvent had an impact on our subsequent analysis, thus identifying a 
methods bias in PM research based on extraction methods. Future directions for 
this study include method standardization for extraction of PM2.5, and how samples 
from different regions, sources, or meteorological conditions impact these findings.
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 4679 Female Mice Are Protected against Fine Particulate Matter–
Induced Glucose Intolerance in Circadian Dyssynchrony but Not 
Cardiovascular Insulin Resistance

M. Kitching, A. Ribble, and P. Haberzettl. University of Louisville, Louisville, KY.

Epidemiological studies have shown that exposure to elevated levels of ambient 
fine particulate matter (PM2.5) increases the risk of developing cardiovascular 
disease (CVD) and type 2 diabetes (T2D); however, the underlying mechanisms 
remain elusive. Results of our previous work in male mice showed that exposure 
to concentrated PM2.5 exacerbates glucose intolerance and insulin resistance in 
models of diet-induced obesity and circadian dyssynchrony. We also found that 
while PM2.5 alone did not affect systemic insulin sensitivity, it induces insulin 
resistance in the heart and aorta. This study investigated whether PM2.5 exposure 
has similar effects in female mice. Female wild-type (WT) or mice transgenic for 
lung-specific overexpression of extracellular superoxide dismutase (ecSOD-Tg) 
kept on a normal light cycle (12 hours light: 12 hours dark) or with light-induced 
circadian dyssynchrony (LICD, 18 hours light: 6 hours dark) were exposed to 
concentrated ambient PM2.5 (CAP) or inhaled HEPA-filtered air for 30 days. Glucose 
tolerance was tested after 21 days, and tissue-specific insulin sensitivity (1.5 U/kg 
insulin, i.p., 15 min) was analyzed after 30 days in skeletal muscle (SKM), liver, heart, 
and aorta by Western blot. Vascular inflammation was also assessed by Western 
blotting. Plasma concentration of the nitrite (NO) was determined by Griess assay. 
Statistical significance (p < 0.05) was determined for glucose tolerance using an 
unpaired Student’s t-test. Comparison of insulin stimulation in mice exposed to 
HEPA-filtered-air or CAP was done by Two-way ANOVA with Tukey’s post-hoc test. 
As previously observed in male mice, CAP exposure decreased the ratio of reduced 
glutathione (GSH) to oxidized glutathione (GSSG) in the lungs of female mice, which 
was attenuated in ecSOD-Tg mice. In contrast to our observation in male mice, CAP 
exposure did not induce glucose intolerance or systemic insulin resistance and did 
not impair SKM and liver insulin sensitivity in female mice kept on LICD. Although 
female mice were protected against CAP-induced systemic glucose intolerance 
and insulin resistance in SKM and liver, CAP exposure promoted vascular inflam-
mation and impaired insulin-stimulated phosphorylation of Akt in the heart and 
aorta of female WT mice, but not ecSOD-Tg mice. In addition, while basal NO levels 
were unaffected, CAP exposure decreased plasma NO levels in insulin-injected 
female mice. These results indicate that female mice are protected against the 
PM2.5-induced effects on glucose homeostasis in LICD. Yet, female mice seem not 
to be protected against the cardiovascular toxicity elicited by PM2.5

 exposure, which 
is dependent on pulmonary oxidative stress.

 4680 Study of Lung Toxicity by PM Exposure in HDM-Induced 
Asthma Model

D. Kim, M. Song, J. Yuk, and K. Lee. Korea Institute of Toxicology, Jeongeup, Korea, 
Republic of.

Particulate matter (PM) is associated with the exacerbation and incidence of 
asthma. However, its pathogenesis is complicated, and there is little evidence 
on the effect of PM in asthma. We investigated the effect of PM in an asthma 
model and performed transcriptomic analysis. For asthma model, C57BL/6 mice 
were intratracheally instilled three times with 5 mg/kg of house dust mite (HDM). 
Artificial PM (APM), which was synthesized in a laboratory system, and diesel 
exhaust particulates (DEP) were used as PM. The experiments were designed as 
follows: Group I and II were intratracheally instilled five times with 1.25, 2.5, or 5 
mg per kg of PM before and after asthma induction, respectively. We assessed 
asthmatic features by determining the cell number and cytokine levels in broncho-
alveolar lavage fluid (BALF), immunoglobulin E (IgE) in serum, and histopatholog-
ical changes. As results, group I showed that exposure to PM dose-dependently 
inhibited HDM-induced eosinophilic inflammation by decreasing the number of 
inflammatory cells and Th2 cytokine levels in BALF and IgE production in serum. 
Also, in histological examination, eosinophilic cell infiltration and mucus cell 
hyperplasia were significantly decreased by exposure to PM in HDM-induced mice. 
Interestingly, Group II showed that PM exposure increased more HDM-induced the 
inflammatory cytokines including Th2 cytokines in the BALF and the increased IgE 
production in serum. Especially, PM exposure synergistically induced granuloma-
tous inflammation and pulmonary fibrosis in lungs, accompanied by increased 
PM-pigment alveolar macrophages in the lungs of HDM-induced mice. In transcrip-
tomic profiling, group I showed that HDM-induced the expression of Rnase 2A and 
CCL24 genes was statistically down-regulated by PM exposure. Group II showed 
that the expression of endoplasmic reticulum stress, phospho-p38 mitogen-acti-
vated protein kinase, and fibrosis-related genes were higher in HDM pre-instilled and 
PM-exposed group than in HDM group. These results suggest that PM can trigger 
different immune responses in asthma depending on the timing of PM exposure.

 4681 Toxicity of Ultrafine Particles from Combustion of High Aromatic 
and Non-aromatic Fuels Using In Vitro ALI Exposure System

H. I. Hakkarainen1, A. Järvinen2, T. Lepistö3, L. Salo3, N. Kuittinen3, M. Yang1, 
M. Martikainen1, S. Saarikoski4, M. Aurela4, L. Barreira4, K. Teinilä4, M. Ihalainen1, 
H. Timonen4, T. Rönkkö3, P. Aakko-Saksa2, and P. Jalava1. 1University of Eastern Finland, 
Kuopio, Finland; 2VTT Technical Research Centre of Finland Ltd., Espoo, Finland; 
3Tampere University, Tampere, Finland; and 4Finnish Meteorological Institute, Helsinki, 
Finland. 

The differences in traffic fuels have been shown to affect the combustion emissions 
and their toxicity. The importance of aromatic content of the fuel is central consider-
ing the particulate matter (PM) emissions. Moreover, the role of ultra-fine particles 
(UFP) as a traffic emission component has been increasing due to connection with 
various health effects, and the large surface-area to mass-ratio of UFPs, resulting 
inthe efficient transport of particle surface-bound components deep into biologi-
cal systems. Therefore, studying the toxicity of the UFPs and how different fuels 
can be used in mitigating their emissions and toxicity is crucial. In the present 
study, emissions from a heavy-duty diesel engine and different cars were used to 
assess the exhaust emission toxicity with a thermophoresis-based in vitro air-liquid 
interface (ALI) exposure system. Aim of the study was to evaluate the toxicity of 
UFPs and the potential effect of distinct fuels to the emission toxicity. The results 
of the present study indicate that the aromatic content of both diesel and gasoline 
fuels increase the emission cytotoxicity and genotoxicity. Further, the increase in 
genotoxicity was most likely due to the PM phase of the aerosol, as removing to 
the particles high-efficiency particulate absorbing (HEPA)-filter, resulted in reduced 
genotoxicity with the heavy-duty diesel engine exposures. Overall, decreasing the 
aromatic content of the fuels could be a significant aspect for mitigating the PM 
emissions from traffic-related combustion emissions.

 4682 Examining Differential Behavioral Responses and Gene 
Expression of Two Zebrafish Strains Exposed to PM2.5

S. Victoria, C. Necaise, and C. Roper. University of Mississippi, University, MS.

Fine particulate matter (PM2.5) is a complex mixture of solid and liquid components 
of air pollution and is 2.5 µM or smaller in aerodynamic diameter. PM2.5 exposure has 
been associated with various human health conditions, especially those affecting 
the cardiorespiratory system. Even though PM2.5 contains particles small enough to 
enter thebloodstream, little research has been conducted to determine the effects 
of PM2.5 on other organ systems, such as the reproductive system. Therefore, we 
aimed to identify the effects of PM2.5 exposure on the expression of genes related 
to reproductive function and oxidative stress in two zebrafish strains. Zebrafish 
embryos (6 hpf) from two wild-type strains (AB and 5D) were exposed to 12.5, 25, 
50, 100, and 200 µg/mL whole particle and soluble fractions of fine particulate 
standard reference material (n=33/group). Health, morphology, and a behavioral 
endpoint (larval photomotor response) were measured prior to storage of larvae 
for gene expression analysis of oxidative stress and reproductive function-related 
genes. All exposures have been completed and morphological assessments were 
concentration-dependent, but not strain-dependent. Significant differences in 
behavioral responses were observed between PM2.5 concentrations and between 
zebrafish strains. For example, at the lowest exposure concentration of 12.5 µg/mL, 
swim distance differed significantly between AB and 5D strains (P=0.020, two-way 
ANOVA Holm-Sidak). RT-qPCR is underway to compare gene expression levels 
in the two strains following PM2.5 exposure, including genes related to oxidative 
stress (superoxide dismutase, catalase) and reproductive function (vitellogenin, 
estrogen receptors, and thyroid hormone receptors). Overall, this study is exploring 
differences in morphological, behavioral, and molecular responses based on the 
concentration of exposure and zebrafish strain. This information will aid in compar-
ing studies between research groups in the expanding field of utilizing zebrafish to 
study the effects of particulate matter exposures.

 4683 The Effects of Fluorene Exposure in Conjunction with High-Fat 
Diet on Toxicant-Associated Fatty Liver Disease

J. Luo1, B. Wahlang1, W. H. Watson1, C. M. White1, S. Singh2, O. E. Bolatimi1, 
N. V. Adiele1, L. L. Jophlin1, J. L. Marshall3, R. J. Sullivan3, and M. C. Cave1. 1University 
of Louisville, Louisville, KY; 2University of Ottawa, Ottawa, ON, Canada; and 3Louisville 
Collegiate School, Louisville, KY.

Fluorene belongs to the class of polycyclic aromatic hydrocarbons (PAHs) 
and is a major component of particulate matter (PM2.5). Previous studies have 
demonstrated positive associations between PAH mixtures and risk for fatty liver 
disease (FLD). However, the impact of fluorene in the context of toxicant-associ-
ated FLD (TAFLD) remains to be elucidated. The current study aims to investigate 
the effects of fluorene exposure in TAFLD and identify mechanisms contributing to 
hepatic and metabolic disruption. Male C57BL/6 mice were fed low fat control diet 
(CD) or high fat diet (HFD,42%) for 10 weeks; each diet group was then administered 
corn oil (vehicle control) or fluorene (50 mg/kg/day, daily gavage, 4 weeks). Mice 
were then euthanized; plasma and tissues were collected for downstream analysis. 
Results were analyzed using 2-Way ANOVA for two factors: ‘diet” and “fluorene”; 
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followed by Tukey’s post hoc test; p<0.05.HFD-fed mice showed hepatic steato-
sis (H&E staining of liver sections), while fluorene exposure resulted in increased 
liver inflammatory infiltration. Consistently, assessment of hepatic gene expression 
demonstrated fluorene upregulation of mRNA levels for the inflammatory/fibrotic 
marker (Tgfb1) in HFD-fed mice. In terms of lipid metabolism, HFD upregulated 
hepatic expression of genes involved in lipid uptake (Cd36) and decreased expres-
sion of genes for de novo lipogenesis (FASN) and lipid binding (FABP1). Fluorene 
decreased FASN and increased FABP1 mRNA levels in CD-fed mice, implicating 
fluorene-mediated disruption of lipid metabolism irrespective of HFD. Additionally, 
fluorene altered hepatic expression of genes involved in glucose and glycogen 
metabolism (increased gluconeogenic Pck1, decreased Gck expression) in CD-fed 
mice although this group exhibited lower fasting glucose levels, further implicating 
fluorene’s disruption of glucose metabolism. HFD feeding also decreased mRNA 
levels of genes involved in hepatic recovery/function (Fgf21, HNF4a) while fluorene 
further decreased Fgf21, indicating exacerbation of HFD-induced liver damage with 
exposure. Fluorene did not impact HFD-mediated lowering of hepatic glutathione 
levels. Lastly, assessment of hepatic xenobiotic receptor activation demonstrated 
fluorene-mediated induction of target genes for the AhR (Cyp1a2), CAR (Cyp2b10) 
and PXR (Cyp3a11). The current findings suggest that fluorene is a metabo-
lism-disrupting chemical that can contribute to TAFLD, partially through hepatic 
receptor activation.

 4684 Cardiorespiratory Response to Respirable Gunshot Residue and 
Impact of RAGE Signaling In Vivo

S. C. Smith, E. R. Hodges, J. A. Stewart Jr., and C. Roper. University of Mississippi, 
University, MS.

Gunshot residue (GSR) is a complex mixture comprised of organic and inorganic 
compounds released after shooting a firearm and includes components with 
known environmental and human health effects such as Pb, Ba, and black carbon 
(BC). The particle size of GSR is a key factor in health effects since particles less 
than 2.5 microns in aerodynamic diameter, PM2.5, can penetrate the respiratory 
tract and potentially enter the bloodstream. Currently, there is very limited research 
investigating the effects of GSR particle size and composition on cardiopulmonary 
health; however,the high concentrations of toxic compounds in GSR and epidemi-
ology studies indicate the need for further research. One potential mechanism of 
action involved in GSR-related responses is the advanced glycation end products 
(AGEs) and their receptor (RAGE) signaling cascade which plays a role in inflam-
mation and oxidative stress. This study collected PM2.5 during a University of 
Mississippi law enforcement firearms qualification. The GSR PM2.5 samples were 
used to determine the chemical composition of characteristic GSR components 
and the in vivo effects of exposure with a focus on the role of RAGE-mediated 
responses. Following collection, PM2.5 samples were pooled together, concen-
trated, and resuspended in saline for in vivo exposures or DI water for chemical 
analysis (elements via ICP-MS). PM2.5 samples and controls (vehicle, blank filter) 
were used to conduct in vivo exposures in male wild-type (C57BL/6) and RAGE 
knockout (RKO) mice at 0 or 100 µg/mouse (n=7-8/group). Pre- and 24 hr-post 
exposure physiological parameters were measured using echocardiography to 
determine cardiac function in the left and right ventricle. Tissues (heart and lung) 
were collected for histological (H&E, Picric acid-Sirius red, and Verhoeff-Van Gieson 
stains) and proteome analysis. Characteristic GSR elements (i.e. lead, barium) were 
quantifiable in the collected PM2.5 samples as was black carbon (92.48 ± 7.44 µg/
m3). Following exposures in the wild-type mice, we observed a trend of reduced 
ejection fraction and protein expression changes, with over 1-fold differences in 
inflammatory markers in the lung (i.e. CXCL1) and heart (i.e. CXCL1, BCA-1, IL-13) 
between GSR treated and control animals. Histological analysis identified changes 
in cell populations (including an influx of monocytes in the lung), collagen in the 
lung and right ventricle of the heart, and perivascular and interstitial elastin in the 
lungs following GSR treatment. Analysis of RKO mice is underway to identify the 
potential role of RAGE in the observed responses to GSR. These findings will help 
establish the cardiopulmonary effects of exposure to respirable GSR and determine 
if RAGE plays a role in the effects.

 4685 Interaction of Aryl Hydrocarbon Receptor (AhR) and Toll-Like 
Receptor (TLR) Signaling Induced by Exposure to Particulate 
Matter (PM)

S. Kado1, Y. He1, N. Ishihara2, Y. Ishihara3, K. Bein1, C. Sweeney1, and C. Vogel1. 
1University of California Davis, Davis, CA; and 2Hiroshima University, Hiroshima, Japan.

The aryl hydrocarbon receptor (AhR) plays a critical role as a modulator of the 
immune response. Exposure to compounds and environmental pollutants interact-
ing with the ligand-activated transcription factor AhR can modify the function of 
immune cells. Consequently, the AhR may influence inflammatory processes, 
infectious and common chronic diseases. Recently, it has been found that exposure 
to particulate matter (PM) collected from traffic related air pollution (TRAP) and 
wildfires may activate AhR signaling. Here, we examined the effects of particulate 
matter (PM) on Interleukin (IL)-22 and IL-33 expression in macrophages. IL-22 is 
critically involved in gut immunity and host defense. In different circumstances 
IL-22 may contribute to pathological conditions or act as a cancer promoting 

cytokine secreted by infiltrating immune cells. IL-33 is closely involved in the onset 
and progression of asthma. The exposure to traffic-related PM and PM collected 
from wildfire smoke induced the expression of IL-33 and IL-22, respectively, in 
macrophages. Inhibitor studies and analysis of macrophages derived from AhR and 
TLR4 knockout mice confirmed that the synergistic induction of IL-22 and upregu-
lation of IL-33 by PM and endotoxin depend on the expression of AhR and TLR. The 
results suggest that polycyclic aromatic hydrocarbons (PAHs) and pathogens such 
as endotoxin are critical components of PM collected from traffic related sources 
and wildfires activating AhR and Toll-like receptor (TLR) signaling leading to the 
upregulation of IL-22 and IL-33. Conclusively, the induction of IL-22 and IL-33 in 
macrophages exposed to PM may implement signals of the canonical and non-ca-
nonical AhR pathway.

 4686 Mechanistic Role of the Aryl Hydrocarbon Receptor (AhR) in the 
Tumor Microenvironment and Development of Breast Cancer

C. Sweeney, S. Kado, Y. He, K. Bein, and C. Vogel. University of California Davis, 
Davis, CA.

Air pollution and occupational exposure studies have reported positive associa-
tions with the risk of developing breast cancer. Air pollution and ambient partic-
ulate matter (PM) contain a complex mixture of compounds, including polycyclic 
aromatic hydrocarbons (PAHs) and various metals (e.g., iron, nickel, copper), which 
may induce oxidative stress and inflammation and stimulation of the progression of 
breast cancer. The aryl hydrocarbon receptor (AhR) is known as a sensor of environ-
mental exposure to pollutants and may act as a critical player in tumor promotion 
and breast cancer. Here, we tested the role that the AhR plays in mammary 
tumorigenesis by regulating molecular markers and cellular processes which are 
critically involved in carcinogenesis of breast cancer. Recently we showed that 
the growth of mammary tumors in mice treated with dioxin (TCDD) was effectively 
inhibited through suppression of AhR activity which was associated with a reduced 
activation of the transcription factor CCAAT/Enhancer-Binding Protein beta (C/
EBPβ) and the expression of cyclooxygenase (COX)-2. The expression of AhR and 
inflammatory markers increased while the expression of AhR decreased during 
tumor progression. The results in mice reflect a similar expression pattern found 
in human breast cancers. The results of the current study show that treatment with 
traffic-related PM stimulates the growth of syngeneic E0771 mammary tumor cells 
in the mammary fat pad of wt B6 mice. The TRAP-induced growth of mammary 
tumor cells was significantly suppressed in mice co-treated with an AhR antago-
nist (CH223191), indicating an AhR-dependent mechanism. Further we tested the 
effect of PM on mammary tumorigenesis in the PyMT mouse model. The exposure 
to PM shortened tumor-free survival and increased tumor burden in PyMT mice. 
Positron emission tomography (PET) imaging revealed early lesions at cervical 
and inguinal mammary glands, consistent with the development of mammary 
tumors after treatment with PM. Furthermore, using PET imaging we were able 
to detect metastasis in the lungs of PM-exposed mice. The PM-induced growth of 
mammary tumors was associated with accumulation of tumor associated myeloid 
cells. Tumor associated myeloid cells consist of myeloid-derived suppressor 
cells (MDSCs) and tumor associated macrophages (TAMs) which are key cells 
that create an immunosuppressive tumor microenvironment (TME). The data are 
indicating the presence and accumulation of TAMs in mammary tumors of PyMT 
mice which is further stimulated by PM exposure. The presence and accumulation 
of TAMs is supported by a significant increase of mRNA markers including Arg1 
and IDO-1 characteristic for immunosuppressive MDSCs and TAMs in mammary 
tumors. Our data indicate that exposure to traffic-related PM activates AhR signal-
ing and creates a tumor-promoting microenvironment enabling the development of 
breast cancer and metastasis.

 4687 Application of Hyperlocal Volatile Organic Compound Mapping 
in Environmental Justice Communities

M. I. Saitas1, T. Mustapha1, N. Harvey1, E. Vitucci1, G. Sansom1, A. Robinson2, 
C. Cannon1, and N. Johnson1. 1Texas A&M University, College Station, TX; and 2Carnegie 
Mellon University, Pittsburgh, PA.

Mobile air sampling is an emerging approach to characterize hazardous air pollut-
ant exposure at fine spatial resolution. Currently, there is a lack of information for 
ambient air pollutant concentrations, especially for a broad range of volatile organic 
compounds (VOCs), which have been linked with cancer and respiratory effects. 
Exposures can disproportionately impact vulnerable populations, such as environ-
mental justice (EJ) communities living nearby pollution point sources. We hypoth-
esized field-based mobile air sampling would inform risk assessment through 
improved characterization of VOC mixtures. We designed a mobile sampling 
van equipped with a proton transfer reaction time-of-flight mass spectrome-
try (PTR-ToF-MS) for high-resolution VOC sampling coupled with a Magellan 
MX-500 weather system to track location, temperature, humidity, wind speed and 
direction. Prior data from an earlier mobile monitoring campaign in 2015 in several 
EJ communities located along the Houston Ship Channel demonstrated VOC 
hotspots, including high concentrations of benzene in the Manchester community. 
Our subsequent mobile sampling in Manchester provided high spatial fidelity of 
benzene, toluene, styrene and xylenes with maximum concentrations recorded at 
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22.71ppbv, 44.69ppbv, 48.11ppbv and 28.95ppbv, respectively. Temporal analysis 
is ongoing. These findings provide refined exposure measurements to address 
air quality concerns in EJ communities, as well as help inform risk assessment 
through hazard identification of real-world VOC mixtures.

 4689 Evaluating Developmental Effects of Low-Level Benzene 
Exposure in Zebrafish (Danio rerio)

M. L. Connell1, C. C. Wu1, J. R. Blount2, E. K. Kintzele1, A. Haimbaugh2, and T. R. Baker1,2. 
1University of Florida, Gainesville, FL; and 2Wayne State University, Detroit, MI.

Urban environments are afflicted by anthropogenic volatile organic compounds 
(VOCs), such as mixtures of benzene, toluene, ethylene, and xylene (BTEX). Sources 
of BTEX that drive human exposure include vehicle exhaust, industrial emissions, 
and oil spillage. Benzene, the most volatile compound of the BTEX mixture, has 
been linked to adverse health outcomes. However, few studies have focused on 
the immediate and long-term effects of low-level benzene exposure during early 
development. Early development is a susceptible window in which hematologi-
cal, immune, metabolic, reproductive, endocrine, and detoxification systems are 
immature. In this study, a zebrafish animal model was utilized to conduct controlled 
VOC exposures and evaluate phenotypic and transcriptomic responses following 
0.1 and 1 ppm benzene exposure during the first five days of embryogenesis (n 
= 740/treatment). We also evaluated the long-term behavioral, reproductive, and 
transcriptomic responses to this low-level benzene exposure. Key genes includ-
ing pik3c2b, pltp, and chia.2 were differentially expressed in both 1 and 0.1 ppm 
exposures at the larval timepoint. Transcriptomic responses during embryogen-
esis have potential long-term consequences at levels equal to or lower than 1 
ppm, therefore, these results warranted transcriptomic analysis of the develop-
mentally exposed adult zebrafish. In adults, mortality, fertility, and gene expres-
sion changes have also been evaluated. These data suggest the highest impact of 
benzene exposure to be on cancer, endocrine system disorders, and neurological 
diseases across exposure concentrations. Because molecular pathways are highly 
conserved between zebrafish and mammals, adult zebrafish behavioral, transcrip-
tomic, and reproductive results are important endpoints for providing insight into 
the long term-effects of VOCs on public and human health.

 4690 Attenuation of Tissue Damages Caused by Mosquito Repellent 
with the Administration of Vitamin C and Daily Exercise in Male 
Wistar Rats

C. Ekpruke1, J. Adewole2, K. Osamwonyi2, M. Otabor2, and P. Silveyra1. 1Indiana 
University Bloomington, Bloomington, IN; and 2University of Benin, Benin, Nigeria.

Nigeria accounted for 31.9% of all malaria deaths worldwide, a disease known to 
be a major health threat. The most effective method of controlling mosquitoes 
that causes malaria remains the spraying of mosquito repellents. There is an 
increase in the number of people that are using this method to get rid of this insect, 
however, it has been shown to be hazardous to health. As a potential alternative, 
the effect of the use of vitamin C, an effective antioxidant, and daily exercise, an 
immunomodifier on the Wistar rats exposed to mosquito repellent was studied. 
Twenty-five Wistar rats were randomly selected and grouped into five groups of five 
animals each (n=5). Group A served as the Control, Group B was directly exposed 
to the insecticide, Group C was placed next to Group B to check for any indirect 
contamination effects, Group D was exposed to insecticide and given vitamin C 
supplement ad libitum, Group E was exposed to insecticides and exercised daily. 
At the end of the twenty-eight (28) days experimental period, the animals were 
sacrificed under anesthesia, blood samples were collected, and tissues were 
harvested. Blood samples were collected for high sensitive C-reactive Protein test 
(CRP) and serum lipid profile tests. The trachea, aorta, and liver were harvested for 
histological studies. The results, represented as mean values ± standard error of 
the mean for CRP showed that there was a significant increase in serum CRP level 
in rats exposed directly and indirectly to insecticide [groups B (23.23 ± 2.65μg/
ml) and C (10.36 ± 2.24μg/ml)] when compared with the control group A (1.540 
± 0.30μg/ml) using one-way ANOVA at P ≤ 0.05. However, there was no statisti-
cal significance in rats exposed to insecticide combined with vitamin C (group D; 
3.858 ± 0.61μg/ml) vs. control. The lipid profile test results showed that the level 
of Triglycerides increased significantly (P ≤ 0.05) in groups B (117.0±0.933mg/dl) 
and C (86.00±10.30mg/dl) when compared with control (53.75±3.591mg/dl). Total 
Cholesterol was increased in groups B (220.0±11.02mg/dl) and C (181.8±6.461mg/
dl) when compared with control (118.8±5218mg/dl), and LDL-Cholesterol was also 
significantly increased in groups B (151.7±10.8mg/dl) and C (115.0±6.63mg/dl) 
when compared with control (58.25±5.66mg/dl). Micrographs from the histopatho-
logical analysis of the liver revealed significant mononuclear infiltrates in the centri-
oles of Groups B and D which can be linked to hepatocellular necrosis or tissue 
fibrosis. The photomicrographs of aortic tissues showed histological alterations 
such as necrosis, and infiltrations of inflammatory cells only in Group B and Group 
C. The histopathological analysis of the trachea showed thickening of the hyaline 
cartilage in Groups B & D. In conclusion, mosquito repellent caused damage to the 
trachea and the liver that may be attenuated following daily exercise and adminis-
tration of vitamin C.

 4691 Increasing Confidence in Development of New Approach 
Methodology for Inhalation Toxicity with Expanded Endpoints

I. Paudel, M. Moreau, R. Samuel, S. Slattery, and T. Antonijevic. ScitoVation, Durham, 
NC. Sponsor: L. Recio.

New approach methodologies (NAM) are being widely used to reduce, refine, and 
replace, animal use in toxicology. This includes in vitro and in silico alternatives 
to replace traditional in vivo methods for inhalation toxicity. We have recently 
demonstrated the predictive power of combining in vitro ALI exposure assays with 
in-vitro-to-in-vivo extrapolation (IVIVE) based on computational airway dosime-
try models. Differentiated airway epithelial cell cultures were exposed acutely 
to 1,3-dichloropropene (1,3-DCP) vapor at the ALI, acute toxic responses were 
measured, and in vitro point of departure (POD) was determined. PBPK model of 
1,3-DCP airway dosimetry was then utilized to extrapolate the in vitro POD to a 
rat or human equivalent inhaled concentration (EIC), which served as an estimate 
of the in vivo POD. Measurement of cytotoxicity using lactate dehydrogenase 
(LDH) assay and transepithelial electrical conductance measurement for epithelial 
integrity were used as the endpoints to see the effect of 1,3-DCP. Five different 
cultures representing different parts of the human respiratory systems were used. 
MucilAir Nasal cultures were found to be most sensitive to 1,3-DCP. Here, we have 
expanded the endpoints to better understand the effect of 1,3-DCP and to bring 
more confidence to our model. The MucilAir Nasal cultures were exposed to 6 
sub cytotoxic concentrations of 1,3-DCP vapor: clean air, 6.25 ppm, 12.5 ppm, 25 
ppm, 50 ppm, 100 ppm and 200 ppm for 4 hours and the acute toxicity measured 
24 hours after initiation of exposure except for Glutathione (GSH) assay which 
was done immediately after exposure. The major metabolic pathway of 1,3-DCP 
in vivo is GSH conjugation to form mercapturic acid. Measurement of depleted 
GSH was done using the GSH assay immediately after exposure and found that 
GSH depletion starts at very low concentration of 1,3-DCP. The benchmark dose 
was calculated and IVIVE determined with the obtained data. We observed that 
the BMD for GSH was 6.7 which was 20 times lower than LDH and transepithelial 
conductance. We isolated RNA from the cultures exposed to 1,3-DCP and transcrip-
tomics analysis is ongoing to understand the in vitro mode of action of 1,3-DCP 
in lung organoid cultures. Further histological analysis was also done using H&E 
staining, which showed that there is change in cellular morphology with increas-
ing concentrations of 1,3-DCP at exposure levels of 100 ppm. The clean air group 
had normal pseudostratified epithelium while the 200-ppm group were squamous 
epithelium. To mimic chronic exposure condition, exposure for 5 days using clean 
air, 50 ppm, 100 ppm and 200 ppm of 1,3-DCP vapor was done in MucilAir Nasal 
culture. Histopathology was used to assess morphological changes in the cultures 
with significant changes from normal pseudostratified columnar epithelium in 
clean air cultures and 50 ppm groups to a squamous epithelium in the 200-ppm 
group. The change from a pseudostratified columnar epithelium to pseudostratified 
cuboidal, cuboidal, and then squamous is indicative of an increase in the severity of 
the injury. The density of ciliated cells and the cilia length are also dose-related and 
decreased as the concentration of 1,3-DCP increased. The number of necrotic cells 
also increase with increasing concentration. To look at the cytotoxicity, media was 
analyzed using LDH assay and the epithelial integrity was measured using TEER 
(transepithelial resistance) and observed increased cytotoxicity and decreased 
resistance over the time. Histopathological comparison of chronic and acute 
exposure condition indicates that chronic exposure had caused much damage 
compared to acute exposure. The use of multiple endpoints for the same chemical 
has increased the reliability of our system and confidence in the approach we are 
using for the development of NAMs for inhalation exposures.

 4692 Disposition of Aerosols of Isothiazolinone Biocides, BIT, MIT, 
and OIT

K. Lim. Ewha Womans University, Seoul, Korea, Republic of.

Biocides are widely used in everyday life and accordingly, human exposure to 
them is inevitable. Especially, inhalational exposure of humans to biocides and 
resultant respiratory toxicity are gaining public interest due to the recent catastro-
phe associated with humidifier disinfectants. Aerosolized chemicals are subject to 
gravitational deposition and chemical degradation. Therefore, the characterization 
of the disposition of aerosols is essential to estimate the inhalational exposure to 
biocides. Here we compared the disposition of aerosols of commonly used biocide 
class, isothiazolinone-based biocides, BIT, MIT, and OIT. An acrylic chamber (40 
cm x 40 cm x 50 cm) was made to simulate the indoor environment, and a vacuum 
pump was used to create airflow (1 LPM). Biocides were sprayed from a vertical 
nebulizer placed on the ceiling of the chamber, and the distribution of particle sizes 
and volume was measured using the Optical Particle Sizer (OPS) 3330 device. 
During and after the aerosol spraying, biocides deposited on the surface of the 
chamber and airborne were sampled to measure the deposition using LC/MSMS. 
As a result, the broad particle size distribution was observed ranging from 0.3 
to 8 μm during the nebulization. Inhalable particle faction (>2 μm) of isothiazoli-
nones was 32-67.9% in number but 1.2 to 6.4% in volume. Most of the aerosolized 
biocides were deposited on the chamber’s surface while only a minimal portion 
was air-borne (<1%) after the nebulization. More importantly, significant amounts 
of MIT and OIT were degraded during aerosolization resulting in poor total recovery 
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compared to BIT (31%, 71% vs 97% BIT). This result suggests that some isothi-
azolinone may become unstable during nebulization, affecting their disposition and 
human exposure significantly.

 4693 Altered Urinary Levels of Oxidative Stress Biomarkers in 
Pregnant Women Exposed to Oil and Gas Sites in Northeastern 
British Columbia

M. Day1, Y. Wu1, M. Verner2, and É. Caron-Beaudoin1. 1University of Toronto Scarborough, 
Scarborough, ON, Canada; and 2Université de Montréal, Montréal, QC, Canada.

Northeastern British Columbia is a hotspot for oil and gas extraction by hydrau-
lic fracturing. Oil and gas sites often release volatile organic compounds (VOCs), 
which have been shown to increase oxidative stress, disrupt antioxidant enzyme 
activity, and increase the incidence of adverse pregnancy outcomes. This study 
aimed to 1) measure biomarkers of oxidative stress and antioxidant activity in urine 
samples of a cohort of pregnant women living in Northeastern British Columbia; 2) 
analyze the associations between indoor air VOCs, density and proximity of oil and 
gas wells and biomarker levels. Up to 7 urine samples were collected for eighty-five 
pregnant women living in Northeastern BC. Passive air samplers were also installed 
in participants’ residences to measure VOCs in indoor air. Density and proxim-
ity metrics of oil and gas wells were determined in 2.5km, 5km, and 10km radii 
around the participants’ residences. Colorimetric and fluorescent assay kits were 
used to measure concentrations of catalase (CAT), superoxide dismutase (SOD), 
glutathione S-transferase (GST), total antioxidant capacity (TAC), 6-hydroxymela-
tonin sulfate, malondialdehyde (MDA), 8-hydroxy-2′-deoxyguanosine (8-OHdG), and 
8-isoprostane (8-IP). Associations between biomarker concentrations and exposure 
metrics were determined using multiple linear regression models with covariables 
adjusting for participant age, gestational week, smoking status, sample collection 
time, creatine content, and melatonin levels for some biomarkers. Biomarker levels 
were also compared between Indigenous and non-Indigenous participants. Urinary 
biomarker levels were not statistically different between Indigenous and non-In-
digenous participants. Increased density and proximity of oil and gas wells was 
associated with a significant increase in CAT at all buffer radii. SOD, 6-hydroxymel-
atonin sulfate, 8-OHdG, and 8-IP all decreased with elevated density and proximity 
to oil and gas wells. These trends tended to increase in strength as the buffer 
radii became smaller. 6-hydroxymelatonin sulfate and 8-IP also had strong negative 
associations with hexanal levels. No significant associations were found between 
TAC, GST, or MDA and our exposure metrics. These results may suggest that 
chronic exposure to oil and gas activity could impair protective oxidative stress 
pathways in pregnant women. More research is needed to elucidate the underlying 
mechanisms associated with changes in oxidative stress and to what degree these 
changes could affect birth outcomes.

 4694 Quantification of Sulforaphane Metabolites in Human Breast 
Milk for Protection against Infant Respiratory Toxicity

K. S. Prayaga, F. Haugen, L. Craig, R. Shore, E. Vitucci, N. Harvey, and N. M. Johnson. 
Texas A&M University, College Station, TX.

Respiratory syncytial virus (RSV) is a significant cause of infant hospitalization, 
increasing long-term risk for chronic respiratory disease. Environmental exposures 
to a variety of pollutants have been implicated in enhancing the severity of RSV 
infection necessitating intervention strategies. Sulforaphane (SFN), a phytochem-
ical derived from cruciferous vegetables, is a known dietary activator of the NRF2 
antioxidant response pathway that has been shown to mitigate RSV severity in 
experimental models. In this study, we hypothesized SFN may be transferred into 
human breast milk as the predominant metabolite SFN-N-acetylcysteine (NAC). To 
test our hypothesis, we recruited breastfeeding mothers from multiple daycares 
who reported consuming a normal dietary intake of cruciferous vegetables. Upon 
informed consent, breastfeeding mothers were administered a dietary question-
naire to fill out 24 hours prior to pumping breast milk for analysis. We adapted 
an isotope dilution liquid chromatography tandem mass spectrometry method to 
quantify SFN-NAC in breast milk, using d8-SFN-NAC as an internal standard. The 
limit of detection for this method was 0.48 ng/ml. SFN-NAC was detected in 50% 
of breast milk samples at an average level of 13.50 ng/ml (SD ± 6.30). There was 
not a strong correlation between reported intake of cruciferous vegetables and 
SFN-NAC concentrations. Overall, our findings demonstrate the lactational transfer 
of SFN-NAC into human breast milk. Inter-individual variability in SFN metabo-
lism and excretion, as well as variability in the type of cruciferous vegetables and 
cooking methods, which contribute to maternal SFN dose, may contribute to this 
weak correlation. Additional in vitro studies are ongoing to evaluate the NRF2 
activation and protective capacity of the metabolite SFN-NAC against RSV-induced 
respiratory toxicity. Future studies optimizing maternal SFN dose and investigating 
detailed pharmacokinetics and pharmacodynamics are warranted. Since young 
infants are highly susceptible to RSV, this may represent a potential protective 
period for future intervention studies.

 4695 Serum Metabolic and Tissue Transcriptomic Profiling Reveal 
Acrolein Inhalation Variably Impacts Multi-organ Stress 
Responses in Male and Female Rats

D. I. Alewel1, T. W. Jackson1, A. R. Henriquez1, M. C. Schladweiler2, S. A. Vance1, 
S. H. Gavett2, A. A. Fisher2, R. D. Grindstaff2, P. A. Evansky2, and U. P. Kodavanti2. 1Oak 
Ridge Institute for Science and Education, Research Triangle Park, NC; and 2US EPA, 
Research Triangle Park, NC.

Acrolein is a well-studied significant constituent of anthropogenic and wildfire 
smoke emissions and thus, an environmental risk factor contributing to adverse 
health outcomes. Acrolein is on EPA’s priority list of hazardous air pollutants 
and is a sensory irritant associated with adverse cardiopulmonary health effects; 
however, the ability for acrolein to induce systemic metabolic derangement has 
not been systematically investigated. Further, sex-specific stress responses are 
not examined in prior acrolein exposure studies, which in terms of metabolic stress 
is crucial considering the prevalence of metabolic disease often differs between 
sexes. In this study, 12-week-old male and female Wistar-Kyoto rats underwent 
acrolein nose-only inhalation in incremental concentrations (0, 0.1, 0.316, 1 
ppm) for 30 min for head-out plethysmography assessment, followed by a 3.5 hr 
exposure at 3.16 ppm (n=8/group). We performed serum metabolic profiling in 
males and females, identifying 887 known circulating biomolecules. Males showed 
extensive alterations in circulating metabolites relating to lipolysis, muscle protein 
catabolism, and mitochondrial respiration cycle shifts, whereas these markers 
in females were not changed by acrolein exposure. In males, acrolein exposure 
induced a release of long-chain polyunsaturated fatty acids and phospholipids, 
including glycerols and sphingomyelins, into circulation, which ultimately altered 
acetyl-CoA availability for additional noted changes in TCA cycle intermediates. 
Although the source of increased circulating short-, medium-, and long-chain 
acylcarnitines is unclear, it may be linked to altered insulin availability and signaling 
in muscle and liver. As a classic response to sympathetic activation, muscle protein 
breakdown was observed through increased metabolites of multiple amino acid 
families in male rats. Further, increased antioxidant glutathione metabolites, as 
well as other gamma-glutamyl amino acids, suggested an altered state of redox 
homeostasis in male rats following acrolein inhalation. Interestingly, several sera 
microbiome-related biochemicals were significantly increased in acrolein-exposed 
males, suggesting the observed stress response may interact with enteric microbi-
ome processes that respond to environmental stressors. Adrenal corticosterone 
metabolites, including 11-dehydrocorticosterone, were three-fold higher in acrole-
in-exposed males, but not females, relative to air control, indicating clear sex-spe-
cific glucocorticoid involvement in observed catabolic metabolomic changes. The 
alterations induced by acrolein in males were confirmed through transcriptomic 
analysis of liver, adipose, and muscle tissue, supporting trends in sympathetic 
and glucocorticoid stress responses observed in serum metabolic profiling. In 
conclusion, acute acrolein inhalation orchestrated a multi-organ metabolic stress 
response in males, impacting multiple homeostatic metabolic pathways. Basal sex 
differences in relative metabolite quantity were pervasive throughout all metabolic 
super-pathways, suggesting a further need to understand how basal metabolism 
between males and females may impact the stress response, as well as suscep-
tibility to metabolic diseases from exposure to irritant air pollutants. Importantly, 
male rats showing an increased susceptibility to respiratory-irritation induced 
metabolic effects relative to female rats may have implications for sex-specific risk 
of metabolic disease from acrolein and other volatile irritant pollutants. Does not 
reflect US EPA policy.

 4696 Association of Ambient Volatile Organic Compounds with 
Circulating Endothelial Cell–Derived Microparticles

M. V. Malovichko, S. Srivastava, S. McFall, B. S. Taylor, R. J. Keith, D. W. Riggs, 
A. Bhatnagar, and S. Srivastava. University of Louisville, Louisville, KY.

Volatile organic compounds (VOCs) are ubiquitous environmental pollutants 
abundant in indoor and outdoor air. Increased levels of VOCs are also present 
at various Superfund and other hazardous waste sites. Our studies in experi-
mental animals showed that VOCs induce endothelial toxicity. In humans, VOC 
exposure is associated with depletion of peripheral blood endothelial progenitor 
cells (EPCs), indicating compromised endothelial repair capacity. However, little is 
known about the association of ambient VOC exposure with endothelial activation/
injury. We applied flow cytometry to quantitate circulating endothelial microparti-
cles (MPs), activated endothelial MPs, EPC MPs, lung MPs, lung endothelial MPs, 
and activated endothelial lung MPs in 413 non-smokers (urinary cotinine level <40 
ng/mg creatinine) with low-to-high CVD risk. Urinary metabolites of VOCs were 
measured by liquid chromatography mass spectrometry (LC/MS/MS). Generalized 
linear models were used to assess the association of MPs with VOC metabolites. 
Models were adjusted for age, sex, race, BMI, diabetes, hypertension, daily ozone, 
and daily PM2.5 levels. Our data show that all the circulating MPs were positively 
associated with the metabolites of acrylamide, 1,3-butadiene, crotonaldehyde, 
NN-dimethylformamide and styrene. Percentage change in MPs per 2-fold increase 
in VOC metabolite level was 43-86% for styrene, 35-79% for 1,3 butadiene, 28-74% 
for acrylamide, 29-70% for N,N dimethylformamide (29-70), and 30-52% for croton-
aldehyde. Amongst all the MPs, the most pronounced increase was observed with 
endothelial MPs and lung endothelial MPs (84-86%). Similarly, acrolein metabolite 
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was positively associated with endothelial MPs, activated endothelial MPs, and 
EPC MPs (20-26% change per 2-fold increase in the metabolite). Environmental 
Risk Scores (cumulative effect of all the VOCs) was also significantly increased 
for all the MPs. Stratification of blood endothelial MP data by sex showed that 
acrylamide and 1,3-butadiene exposure display greater increase in men, whereas 
styrene/ethylbenzene exposure showed greater increase in women. Association of 
acrylamide metabolite was also higher with MPs in older (>55 years) than younger 
(<55 years) participants. Collectively, our data suggest that low-level ambient VOC 
exposure is associated with increased endothelial cell-derived MP formation, 
which reflects endothelial injury, and could potentially increase cardiovascular 
disease risk.

 4697 Role of Transfected Human Aldo-Keto Reductases on HPRT 
Gene Mutagenicity in V79-4 Cells Exposed to Nitroarenes

A. L. Su, and T. M. Penning. University of Pennsylvania, Philadelphia, PA.

1-Nitropyrene (1-NP), 1,8-dinitropyrene (1,8-DNP), and 3-nitrobenzanthrone 
(3-nitro-7H-benz[de]anthracen-7-one, 3-NBA) are nitroarenes that are air pollut-
ants found in diesel exhaust and ranked as either group 2A probable or group 2B 
possible human carcinogens by the International Agency for Research on Cancer. 
The metabolic activation of these compounds by nitroreduction contributes to the 
mutagenicity of these compounds. Specifically, the hydroxylamino intermediate 
can be O-acetylated to result in a good leaving group for the formation of tautom-
eric nitrenium and carbenium ions that bind guanine of DNA. Aldo-keto reductases 
(AKR) 1C1-1C3 catalyze the aerobic nitroreduction of 1-NP, 1,8-DNP, and 3-NBA, 
and NAD(P)H:quinone oxidoreductase 1 (NQO1) also catalyzes the nitroreduc-
tion of 3-NBA. The extent to which these enzymes contribute to the mutagenic-
ity of these nitroarenes is unknown. We investigated the mutagenicity of these 
compounds at the hypoxanthine-guanine phosphoribosyltransferase (HPRT) locus 
in V79-4 Chinese hamster fibroblasts using 6-thioguanine selection in response to 
transfected AKR1C1-1C3. Transfection of AKR1C1, AKR1C2, or AKR1C3 plasmid at 
2 µg/mL did not cause mutagenicity in the absence of nitroarene exposure. 1-NP at 
1, 5, or 10 µM in the absence of AKR1C transfection did not increase mutagenicity 
relative to vehicle (0.1% DMSO). In the presence of AKR1C1, AKR1C2, or AKR1C3 
transfection at 1 or 2 µg/mL, 1-NP at 5 or 10 µM increased mutagenicity relative 
to the untransfected controls, showing mutagenicity was dependent on AKR1C 
transfection. 1,8-DNP or 3-NBA at 5 or 10 µM caused mutation in the absence 
of AKR1C1, AKR1C2, or AKR1C3 transfection; however, 1 or 2 µg/mL of AKR1C1, 
AKR1C2, or AKR1C3 plasmid increased this mutagenicity. Mutagenicity for 3-NBA in 
absence of AKR1C can be attributable to NQO1 present in V79-4 cells; however, the 
enzymes involved in 1,8-DNP nitroreduction in the absence of transfected AKR1C 
are unknown. Our study shows that transfection of human AKRs is sufficient to 
cause mutation by nitroarenes at the HPRT gene locus.

 4698 Evaluating the Accuracy of Spatial Interpolation Models for 
Estimating Residential Ambient PM2.5 Exposure Concentrations 
in Kampala, Uganda

K. Clarke, T. Sabo-Attwood, and E. S. Coker. University of Florida, Gainesville, FL.

Fine particulate matter (PM2.5) is an ambient air pollutant estimated to cause over 4 
million deaths globally. Ambient PM2.5 levels are especially high in rapidly growing 
urban cities. However, little air pollution epidemiology research has been conducted 
in African cities. One barrier to conducting such research in Africa is a lack of air 
pollution monitoring to estimate exposures. The aim of this study was to determine 
the accuracy of spatial interpolation methods for estimating residential ambient 
PM2.5 in Kampala, Uganda. This was done by setting up low-cost air quality sensors 
to measure 24-hour PM2.5 concentrations inside and outside 30 homes. Next, 
multiple spatial interpolation methods were applied - inverse distance weighting 
(IDW), ordinary kriging (OK), and nearest neighbor - using calibrated ambient PM2.5 
monitoring data collected around Kampala with the same type of low-cost sensors. 
Interpolated PM2.5 estimates were compared with outdoor and indoor measure-
ments using Spearman’s Rho statistic. Model efficiency was determined using 
root mean squared error (RSME). Preliminary results from 10 homes found statis-
tically significant positive relationships between the interpolated estimates and 
household PM2.5 measurements. For outdoor measurements, IDW had a correlation 
of 0.93 (p = <0.001; RSME = 9.61), OK had a correlation of 0.95 (p = <0.001; RSME 
= 12.31), nearest monitor had a correlation of 0.85 (p = 0.004; RSME = 17.00). 
For indoor measurements, IDW had a correlation of 0.84 (p-value = 0.005; RSME 
= 14.19), OK had a correlation of 0.82 (p-value = 0.007; RSME = 13.51), nearest 
monitor a correlation of 0.78 (p-value = 0.012; RSME = 21.87). Outdoor exposure 
was predicted more accurately than indoor, and the IDW model most efficiently 
estimated in-situ PM2.5 concentrations. In conclusion, calibrated data from low-cost 
air quality sensors, combined with spatial interpolation methods, are sufficient to 
facilitate PM2.5 exposure assessment in under-resourced cities like Kampala.

 4699 Self-Reported Health Outcomes and Fine Particulate Matter at 
Western Montana Residences during the 2022 Wildfire Season

A. M. McIver, and E. S. Walker. East Tennessee State University, Johnson City, 
TN. Sponsor: C. Migliaccio.

Throughout recent decades wildfires have destroyed parts of the Western United 
States. Increases in temperature and droughts caused by climate change are 
correlated with a surge in the number of wildfires recorded as well as wildfire 
duration. These natural disasters are damaging not only the ecosystems they 
burn but the public health of the residential areas nearby (primarily from smoke). 
Previous studies have shown the implications of wildfires on public health; however, 
few have been done for the entire duration of a wildfire season. This project investi-
gated the Bitterroot Valley of Montana during the entirety of the 2022 Montana 
wildfire season (July-October). At the beginning of the study, 20 participants were 
mailed two PurpleAir (PAII-SD, PurpleAir, Inc, USA) air pollution sensors and a blood 
pressure monitor. The sensors were installed inside and outside of their homes to 
measure fine particulate matter (PM2.5) at two-minute intervals starting in July and 
were removed in November. Throughout the duration of wildfire season, partici-
pants submitted weekly electronic surveys to record their health outcomes and 
behaviors/activities. Health outcomes included blood pressure and self-reported 
health symptoms (e.g., headache, shortness of breath). The mean age of the 20 
participants was 48 years (range: 29 to 80) and 17 participants (85%) reported sex 
of female. In preliminary analyses, median daily outdoor PM2.5 at the households 
was 6.6 µg/m3 (25th percentile [P25]=4.5, 75th percentile [P75]=11.2) during the 
entire study period and 41.1 µg/m3 (P25=28.0, P75=68.9) during a 2-week period 
in September impacted by wildfire smoke. Systolic blood pressure was higher 
during the wildfire-impacted period (mean = 116.0 mmHg, standard deviation = 
16.0) compared to the rest of the study (mean = 112.6 mmHg, standard deviation 
= 14.1). We also observed higher diastolic blood pressure during the wildfire-im-
pacted period (mean = 77.2 mmHg, standard deviation = 10.0) compared to the rest 
of the study (mean = 74.8 mmHg, standard deviation = 8.4). In a wildfire-impacted 
two-week period during September, we observed higher systolic and diastolic blood 
pressure compared to the rest of the summer among 20 adult participants. This 
finding indicates a potential association between wildfire smoke and subclini-
cal cardiovascular health. In future analyses, we will further assess the associa-
tions between wildfire smoke and blood pressure as well as other self-reported 
health outcomes.

 4700 Gestational Ultrafine Particulate Matter Exposure Alters the 
Fetal Lung Transcriptional Profile

E. Vitucci, J. Behlen, R. Zhang, and N. Johnson. Texas A&M University, College 
Station, TX.

Exposure to ultrafine particulate matter (UFP) during pregnancy significantly 
increases the risk of adverse developmental outcomes, including long-term 
impacts on childhood respiratory health. Yet, the molecular mechanisms driving the 
effects from gestational exposure remain unclear. To improve our understanding 
of the underlying mechanisms mediating poor childhood respiratory health, we 
exposed pregnant C57Bl/6n mice to either a low (LD, 100 µg/m3) or high dose (HD, 
500 µg/m3) of UFP mixture or filtered air (control) for 6 hours every day through-
out an 18-day gestation period. This whole-body exposure setup resulted in an 
average 24-hour exposure of 25 µg/m3 and 125 µg/m3 for the LD and HD exposure 
groups, respectively. Following the exposure on gestation day 18, we collected 
sex-separated fetal lung tissue and conducted transcriptomic analysis through 
total RNA-sequencing. There were no significant transcriptomic changes in the 
fetal lung of the LD or HD exposed male offspring. However, there were 200 and 
240 significantly upregulated targets in the fetal lung of the LD and HD exposed 
female offspring, respectively. Interestingly, 176 of these upregulated targets 
were shared between both exposure groups. In line with this large overlap, the 
upregulated targets from both groups were significantly associated with signaling 
pathways involved in lipid metabolism (farnesoid X receptor/ retinoid X receptor 
activation, LD: p=1.3 x 10-41, HD: p=7.94 x 10-42), inflammatory responses (acute 
phase response signaling, LD: p=2.0 x 10-18 , HD: p=6.31 x 10-19), and coagula-
tion activation (coagulation system signaling, LD: p=4.0 x 10-22, HD: p=2.0 x 10-24) 
among others. As these pathways have all been implicated in the development 
of adverse respiratory diseases, these data suggest these pathways may be an 
important mechanistic link between gestational UFP exposure and early life respira-
tory disease. Collectively, these data suggest the lungs of female offspring may be 
more susceptible to adverse impacts from gestational UFP exposure. These results 
align with our prior findings showing altered placenta physiology, shortened fetal 
length, and more severe lung pathology following a secondary challenge to respira-
tory syncytial virus (RSV) in female offspring after LD gestational UFP exposure. In 
addition, despite the LD group residing within the safe 24-hour limits set for particu-
late matter 2.5 (PM2.5), the large overlap in the altered transcriptional response and 
enriched pathways between UFP LD and HD exposure groups suggest safe limits 
for PM2.5 may not reflect safe UFP exposure limits. This study represents a critical 
advancement towards understanding the mechanistic links between gestational 
UFP exposure and early life respiratory disease. Furthermore, this work can improve 
our ability to assess the health risks of UFP exposure and determine proper regula-
tions that can ultimately improve pediatric respiratory health.
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 4701 Ambient Particles May Cause Chronic Respiratory Disease by 
Disturbing Protein Synthesis

E. Park1, M. Yang2, M. Kang2, Y. Jo3, C. Yoon4, and B. Baek5. 1Kyung Hee University, 
Seoul, Korea, Republic of; 2Korea Institute of Toxicology, Jeongup, Korea, Republic 
of; 3Kyung Hee University, Suwon, Korea, Republic of; 4Korea Basic Science Institute, 
Cheongju, Korea, Republic of; and 5Keyprime, Cheongju, Korea, Republic of. Sponsor: 
A. Shvedova.

Chronic respiratory disease is among the most representative environmental 
diseases, and ambient particles are the major risk factors. Herein, we collected 
particles from the air of a port city in Korea using a high-volume sampler and 
investigated toxicity and the mechanism in mice and mouse alveolar macrophage 
cells. Compared with ambient particles used in our study previously, these particles 
contained more arsenic, and the hydrodynamic diameter was approximately 
2577.8 nm. When instilled intratracheally in mice for 13 weeks, the particles were 
persistent in the lungs of the mice and induced the formation of multinucleated 
macrophages and hyperplasia of mucinous cells in the bronchial epithelium. 
Meanwhile, among mediators measured in this study, we found that only pulmonary 
levels of CXCL-1 and IL-1β increased with the treatment of ambient particles. In 
addition, these particles formed autophagosomes together with increased produc-
tion of free radicals in alveolar macrophage cells, causing structural disturbance 
of the cis-Golgi matrix and increased expression of nuclear ribosomal RNA. 
Considering the crucial role of the Golgi network in the biosynthetic output from the 
ER, we concluded that ambient particles might cause chronic respiratory disease by 
disturbing protein synthesis.

 4702 Pharmacokinetic and Meta-analysis of Tissue Distribution of 
Nanomaterials in Tumor-Bearing Mice

Q. Chen1, L. Yuan1, W. Chou1, Y. Cheng2, C. He1, N. A. Monteiro-Riviere2, J. E. Riviere2, 
and Z. Lin1. 1University of Florida, Gainesville, FL; and 2Kansas State University, 
Manhattan, KS.

Nanoparticles (NPs) have been extensively studied both as a diagnostic agent to 
detect tumors and as a therapeutic agent to treat cancer. However, only a small 
number of NP-based drug formulations have been successfully translated to 
clinical usage, partly due to low targeted delivery efficiency (DE) to the tumor and a 
lack of quantitative tools that accurately predict the distribution of NPs to tumors 
and major organs. In the present study, the NP tumor DE and biodistribution to 
major healthy organs in tumor-bearing mice were calculated from data in relevant 
articles published between 2005-2021. Four pharmacokinetic metrics were used, 
including standard area under the curve (AUC) - based method of percentage of 
the injected dose (%ID), the maximum DE based on the peak concentration in the 
targeted tissue or tumor (Cmax), the AUC ratio between targeted tissue or tumor 
versus blood (e.g., AUCtumor/AUCblood), and the “relative distribution index over time 
(RDI-OT)” AUC. Using the AUC-based method, the median DE was 0.67 %ID and 3.45 
%ID/g of tumor tissue, respectively, which was very low and did not increase over 
time. Univariate analysis suggested certain physicochemical characteristics, such 
as core material and surface charge, can significantly affect the tumor DE, as well as 
the experimental models used, including the tumor model and the cancer cell lines. 
In terms of NP core materials, the tumor DE (%ID) was ranked as dendrimer > gold 
> other materials. Considering NP in blood, the AUC ratio showed that the tumor 
DE (%ID/g of tumor tissue) was ranked as hydrogel > other materials > liposome. 
NPs with a negative surface charge had a lower DE than those with a positive or 
a neutral charge using all methods. Regarding the cancer cell lines, the tumor DE 
were different with different methods. With the AUC-based and Cmax-based %ID, the 
DE in ovarian tumors were much lower than breast, brain, pancreatic, cervical, and 
liver tumors. In contrast, the DE with the AUC ratio and RDI-OT AUC was relatively 
low for colon cancer compared to brain, breast, liver and skin tumors. Moreover, 
compared to other pharmacokinetic metrics, the tumor DE based on the AUC ratio 
was well predicted by the physicochemical parameters with the greatest goodness 
of fit in multivariate linear regression, particular for the inorganic and gold NPs 
(R2 > 0.8). In conclusion, this study suggests that the AUCtumor/AUCblood ratio best 
pharmacokinetic metric among the four studied metrics to evaluate the NP tumor 
DE. The crucial factors that affect DE include core material, zeta potential/surface 
charge, targeting strategy, and the type of cancer being treated.

 4703 Investigation of the Bioaccessibility and Acute Toxicity of Nickel 
Oxide Nanoparticles

T. Lyons-Darden1, J. L. Blum2, M. W. Schooley2, M. Ellis2, D. Merrill2, J. Durando2, L. Han3, 
L. Haines3, K. E. Heim1, and A. R. Oller1. 1NiPERA Inc., Durham, NC; 2Product Safety Labs, 
Dayton, NJ; and 3Research Triangle Institute International, Research Triangle Park, NC.

Nanomaterials continue to be an emerging issue due to their unique and often 
beneficial characteristics with growing uses in various industries. However, there 
is currently unknown and even conflicting information regarding potential adverse 
effects and toxicity of nanoparticles. Our work presents a collection of data 
focused on evaluating the acute toxicity of nickel oxide (NiO) nanoparticles. An 
initial literature review was conducted on the health effects of NiO nanoparticles in 

which we noted that many short-term studies reported adverse effects (e.g., inflam-
mation, cytotoxicity, reactive oxygen species, etc.), yet mortality was not reported. 
Additionally, the short-term studies identified and evaluated were not guideline 
studies and did not establish appropriate toxicological dose descriptors (e.g., LC50, 
LD50, etc.) that could prove useful in the acute toxicity classification of NiO nanopar-
ticles in the future. To obtain a preliminary idea of the potential acute toxicity of NiO 
nanoparticles through the oral and inhalation routes of exposure, in vitro bioacces-
sibility analyses were conducted to measure the release of nickel ions in various 
simulated biological fluids, where increased nickel ion release suggests increased 
likelihood of toxicity. Three NiO particle samples were evaluated for bioaccessibil-
ity: two in the nanoparticle size range (20 nm and 80 nm) and one in the traditional 
non-nanoscale micron particle size range (15 μm). These samples were evaluated 
in simulated biological gastric fluid for 2 hoursand two simulated lung fluids 
(lysosomal and interstitial) for 24 and 72hours. The overall results showed that NiO 
nanoparticles released less nickel ions than traditional NiO micron particles, with 
the most significant differences observed in gastric and lysosomal fluids. These 
results suggest that NiO nanoparticles are not expected to be more toxic than the 
traditional micron particles. Additionally, although nanoparticles of different sizes 
were evaluated for bioaccessibility, both nanoparticle samples agglomerated in 
vitro to a similar extent and released similar amounts of nickel ion, suggesting 
a similar toxicity of nanoparticles within this size range. These bioaccessibility 
results were followed with OECD guideline acute toxicity studies evaluating the 
smaller of the two nanoparticles (20 nm). An acute oral toxicity study (OECD 425) 
was conducted in rats at doses that align with the Globally Harmonized System 
(GHS) of classification criteria for acute toxicity (175 - 5000 mg/kg). After a single 
exposure via oral gavage and following a 14-day observation period, the animals 
were active and healthy with no gross abnormalities or mortality, resulting in an LD50 
of >5000 kg/mg. An acute inhalation toxicity study (OECD 403) was conducted in 
rats at the limit dose of 5 mg/L, in accordance with the upper end of the dose range 
for GHS classification criteria. After a single 4-hr nose-only inhalation exposure and 
following a 14-day observation period, the animals exhibited irregular respiration 
and discolored lungs but no mortality, resulting in an LC50 of > 5 mg/L. Ultimately, 
no mortality was observed via the oral or inhalation routes for NiO nanoparticles at 
doses that align with the GHS classification criteria for acute toxicity. These acute 
toxicity results are consistent with results previously obtained with the traditional 
non-nanoscale micron particles, which also did not result in mortality at these 
doses and are not classified for acute oral or inhalation toxicity. Our bioaccessi-
bility analyses and OECD guideline studies suggest that potential differential acute 
toxicity classifications for NiO nanoparticles would not be warranted.

 4704 Evaluation of Pulmonary Toxicity to Inhaled Erbium Oxide 
Nanoparticles in Golden Syrian Hamsters

R. Liang, and J. M. Cerreta. St. John’s University, Queens, NY.

Erbium oxide nanoparticles (Er2O3 NPs) are used in various products from simple 
pottery to semiconductors. The usage of these nanoparticles has increased over 
the years leading to an elevated risk of accidental occupational exposure. The Er2O3 
NPs used in this study were characterized by dynamic light scattering (223 ±1 nm), 
TEM (20 ±1 nm) and zeta potential (44 ±1 mV). In the present study, the pulmonary 
toxicity of Er2O3 NPs was assessed by examining tissues and bronchoalveolar 
lavage fluid (BALF) from the lungs of Golden Syrian Hamsters following inhalation 
exposure. Animals were divided into 4 groups: Group-1: exposed to room air only, 
Group-2: exposed to aerosolized vehicle control fluid (water), Group-3: exposed to 
5 mg/m3 of Er2O3 NPs for 4 hours a day for 8 days, and Group-4: exposed to 10 mg/
m3

 of Er2O3 NPs for 4 hours a day for 8 days. Following exposure, the BALFs were 
assessed for total protein, total cell count, differential cell count, lactate dehydro-
genase (LDH) activity and alkaline phosphatase (ALP) activity. These assays were 
used to measure various biomarkers to gauge the cytotoxic effects due to exposure 
of Er2O3 NPs. The lung tissue was assessed for TUNEL positive cells and levels of 
p62 and beclin-1. Such assays were used to investigate the possible mechanisms 
of toxicity induced by exposure to Er2O3 NPs. There was a significant increase in the 
total protein content of the BALF in treated hamsters from Group-3 (449 ±72 μg/
mL) and Group-4 (486 ±110 μg/mL) as compared to control Group-1 (146 ±49 μg/
mL) and Group-2 (121 ±42 μg/mL). The total number of cells in the BALF increased 
in treated Groups-3 (3.5 x106 ±6.6 x105 cells/mL) and Group-4 (4.7 x106 ±3.7 x105 
cells/mL) from the levels seen in control Group-1 (2.7 x105 ±1.9 x105 cells/mL) 
and Group-2 (5.9 x105 ±1 x105 cells/mL). In the BALF, neutrophils had the greatest 
increase in numbers: Group-1 (8.5 x102 ±2.7 x102 cells/mL), Group-2 (3.6 x103 ±2.3 
x103 cells/mL), Group-3 (3 x106 ±5.3 x105 cells/mL) and Group-4 (3.8 x106 ±4.2 x105 
cells/mL). Lymphocytes were increased by a factor of x5 in both treated groups 
as compared to controls, while macrophage numbers were relatively unchanged. 
There were significant increases in the LDH activity in the BALF in the treated 
groups, Group-3 (88.8 x105 ±12.8 x105 mU/mL) and Group-4 (97.3 x105 ±11.4 x105 
mU/mL), when compared to the LDH levels from control groups, Group-1 (18.3 
x105 ±12.6 x105 mU/mL) and Group-2 (24.3 x105 ±7.1 x105 mU/mL). There was a 
significant increase in the ALP activity in the treated Group-3 (3.4 x10-6 ±9.8 x10-7 
U/mL) when compared to control groups, Group-1 (1.3 x10-6 ±4.5 x10-7 U/mL) and 
Group-2 (1.5 x10-6 ±1 x10-7 U/mL). TUNEL assay was used to assess the number of 
TUNEL positive cells in lung tissue of treated versus control animals. There were 
significant increases in TUNEL positive cells (average cells/per field) in the lung 
tissue of treated groups, Group-3 (7.1 ±1.1) and Group-4 (8.9 ±1), when compared 
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to the tissue in the control groups, Group-1 (<1) and Group-2 (<1). The protein levels 
of p62 were elevated in Group-4 (113 ±5.3%) when compared to the control groups, 
Group-1 (93.7 ±6.7%) and Group-2 (100%). The protein levels of beclin-1 were also 
elevated in Group-4 (125 ±1.8%) when compared to the control groups, Group-1 (92 
±3.7%) and Group-2 (100%). The inhalation exposure of Er2O3 NPs to Golden Syrian 
Hamsters caused significant differences in signs of inflammation and cytotoxicity 
in the lungs when compared to the controls.

 4705 Toxicity of Silicon Dioxide Nanoparticles on Rat Pleural 
Mesothelial Cells and the Lungs of Golden Syrian Hamsters

R. P. Renda, and J. M. Cerreta. St. John’s University, Queens, NY.

Silicon Dioxide Nanoparticles (SiO2 NPs) are widely used in the occupational, 
chemical, and cosmetics industries. Such particles are pulmonary toxicants, 
however, the mechanism of toxicity is uncertain. In the current study, toxicity was 
assessed using both an in vitro and an in vivo system. The mechanism which 
SiO2 NPs induce cell toxicity was studied in rat pleural mesothelial cells (RPMCs, 
CCL216, ATCC), that were cultured in Ham’s F-12 Medium supplemented with 15% 
FBS, L-glutamine, and Pen-Strep, in 5% CO2 at 37 degrees C. Concentrations of 
particles for the in vivo treated groups were selected based on NIOSH’s PEL for 
silica, Time Weighted Average (TWA) of 6mg/m3. SiO2 particles were character-
ized by dynamic light scattering, zeta potential and particle size measured by TEM. 
Cultures were divided into two groups, control and a treated group exposed to SiO2 
NPs for 24 hours (concentrations of 50, 100, 200, 300, 400, 600 or 800 μg/ml SiO2 
NPs). For the in vivo study, Golden Syrian Hamsters were exposed by inhalation to 
SiO2 NPs in a whole-body exposure chamber. Experimental animals were divided 
into 4 groups: Group 1: room air control, Group 2: aerosolized water vehicle, Group 
3: 6mg/m3 and Group 4: 12mg/m3 exposed for 4 hours/day for 8 days. For the 
in vitro model, cell toxicity of SiO2 NPs was investigated using microscopy, MTT 
assay, Apoptotic, Necrotic, & Healthy Cells Quantification Kit and measurement 
of caspase 3, 8, and 9 levels. For the in vivo study bronchoalveolar lavage fluid 
(BALF) was removed, and lungs inflated and fixed with formalin. Tissue sections 
were cut, stained with hematoxylin and eosin or by the TUNEL Assay. The BALFs 
were assessed for cell number, differential leukocyte counts, total protein, alkaline 
phosphatase, and LDH. Measurements for dynamic light scattering of SiO2 NPs in 
dH20 gave a particle size of 226nm and 694.5nm in complete cell culture medium. 
Zeta potential was -19.5mV in dH20 and -9.3mV in complete cell culture medium. 
Particle size was measure in dH20 as 19.6nm by TEM. Cell counts from cultures 
treated for 24h with increasing concentrations of SiO2 NPs had a decrease in cell 
viability from 69.2% for 50μg/ml exposure to 29.5% for cultures exposed to 800μg/
ml. 200μg/ml SiO2 NPs that gave a 48.3% survival rate (approximate LD50) was 
used as a treatment concentration for further experiments. Cultures stained for 
Apoptotic, Necrotic, & Healthy Cells indicated apoptotic cell death. Caspase 3 and 
8 levels were significantly increased (77% and 44% respectively) in cultures treated 
with 200 μg/ml SiO2 NPs. Caspase 9 levels of treated cultures remained unchanged 
from controls. In hamster lungs H&E staining of both the group 3 and 4 showed 
enlargement of airway spaces compared to control lungs. TUNEL results showed 
a significant increase of TUNEL positive cells in the high concentration group 
compared to the aerosolized water vehicle control (5.9-fold). Group 4 had signif-
icant increases in total cells (1100%), eosinophils (50%), lymphocytes (2000%), 
multinucleated macrophages (400%), and neutrophils (105 %) when compared to 
control. In the BALF of Group 4 animals’ total protein and alkaline phosphatase 
significantly increased compared to control (320% and 380% respectively). LDH 
in the BALF of Group 4 was significantly increased (600%) when compared to the 
control. Results from the in vitro experiment indicate that exposure of RPMCs to 
200μg/ml SiO2 NPs causes cytotoxicity and elevation of caspase 3 and 8 that 
suggests an extrinsic apoptotic pathway in the toxicity of SiO2 NPs in rat pleural 
mesothelial cells. Results from the in vivo study indicate that exposure to SiO2 NPs 
at 12mg/m3 in Golden Syrian Hamsters led to altered tissue morphology, cytotoxic-
ity, and an inflammatory reaction when compared to control.

 4706 A 60-Day Oral Exposure to the Food-Grade Silicon Dioxide 
Blocks Oral Tolerance Induction in the Gut and Exacerbates 
Gluten Immunopathology in a Mouse Model of Celiac Disease

B. Lamas1, N. Martins Breyner1, Y. Malaisé1, M. Wulczynski2, H. J. Galipeau2, E. Gaultier1, 
C. Cartier1, E. F. Verdu2, and E. Houdeau1. 1Paul Sabatier University, Toulouse, France; 
and 2McMaster University, Hamilton, ON, Canada. Sponsor: D. Zalko.

The gut immune system is daily exposed to inorganic particles used as food 
additives or processing aids in the food industry, such as silicon dioxide (SiO2), a 
common anticaking agent in manufacturing powdered foods (milk, infant formulae, 
instant soups), ingredients (spices, salt, flours) and supplements. In mucosal 
surfaces like the gut, a state of unresponsiveness to non-self antigens, called 
oral tolerance (OT), is established to prevent sensitivities, such as food allergies 
(peanuts, seafood) and autoimmune conditions driven by gluten proteins, namely, 
celiac disease (CeD). Here we investigated whether long-term oral exposure to 
food-grade (fg) SiO2 alters the intestinal immune response involved in OT, and the 
consequences in a model of gluten sensitivity. Wild type mice (C57BL/6) were daily 
treated for 60 days with fg-SiO2 (10mg/kg bw/day) in water suspension (gastric 

gavage) or incorporated into food pellets (solid matrix). Controls received only 
water. The gut immune response and OT induction to a food antigen model (ovalbu-
min, OVA) were evaluated, and intestinal immune cell populations analysed by flow 
cytometry. In addition, non-obese diabetic (NOD) mice expressing the CeD suscep-
tibility gene DQ8 and exposed to fg-SiO2 were sensitized to gluten. Development 
of small intestinal immunopathology was assessed at sacrifice. Chronic oral 
exposure to fg-SiO2 at human dietary levels, triggers low-grade intestinal inflam-
mation evidenced by increased production of the pro-inflammatory cytokines IFN-γ, 
and decreased production of the anti-inflammatory cytokines IL-10 and TGF-β, 
key mediators of OT. After OT induction to OVA, fg-SiO2 exposure decreased the 
frequency of IL-10 and TGF-β producing T cells, leading to breakdown of OT and 
mucosal inflammation. fg-SiO2 exposure through gastric gavage, but not through 
food pellets, decreased the frequency of CD103+ dendritic cells. Using water as 
fg-SiO2 vehicle, gluten immunopathology was worsened in NOD/DQ8 mice, charac-
terized by decreased villus-to-crypt ratios, increased CD3+ IELs counts, and an 
enhanced Th1 inflammatory response. These data collectively show that chronic, 
daily oral exposure to food-grade SiO2 particles blocked the establishment of OT 
in the gut, inducing intestinal inflammation worsening the development of gluten 
sensitivity in a mouse model of CeD. This raises the hypothesis that chronic 
exposure to SiO2 through the diet could act as environmental trigger of loss of 
tolerance in genetically susceptible people and lead to onset of food sensitivi-
ties. Our results should encourage epidemiological research on potential adverse 
effects related to the chronic intake of food additive SiO2 in particular, its associa-
tion with food allergies and autoimmune conditions, such as celiac disease.

 4707 Toxicological Assessment of ZnO Nanoforms to 
Substantiate Grouping

R. Landsiedel1, N. Honarvar1, V. Strauss1, S. Treumann1, K. Wiench1, W. Wohlleben1, 
N. Lombaert2, C. Spirlet2, and L. Ma-Hock1. 1BASF SE, Ludwigshafen, Germany; and 
2International Zinc Association, Brussels, Belgium.

Various zinc oxide nanoforms were grouped to fulfill information requirements of 
the European Chemicals Regulation, REACh. The grouping was to be substantiated 
by new experimental data on selected nanoforms within this group [1]. The toxico-
logical study included subchronic inhalation toxicity, reproductive and develop-
mental toxicity, and genotoxicity. 28 Nanoforms of ZnO were characterized: (i) 
size distribution and aspect ratio (by TEM, according to the NanoDefine Method) 
(ii) dustiness and aerodynamic diameter (by the small rotating drum method, EN 
17199:4, (iii) dissolution rate in lysosomal simulant (by continuous flow system; 
according to [2, 3]. Two nanoforms were selected having the same size and shape, 
but different surface characteristics: uncoated and hydrophobic coated. Soluble 
zinc sulfate monohydrate and micron-sized ZnO particles were tested as reference 
substances at equimolar Zn concentrations. Rats were exposed up to 10 mg/m³ 
ZnO for 90 days according to OECD test guideline (TG) no. 413 with, in addition, 
reproduction and developmental toxicity screening tests (TG no. 421), including 
developmental neurotoxicity on PND 22. Recovery groups of rats were included to 
check for any reversibility, progression, or delay of the toxic effect. A comet assay 
(TG no. 489) was performed after 14 days inhalation exposure. The target tissues 
analyzed in the comet assay were the nasal epithelium and the lung (site of contact) 
as well as the liver and the bone marrow. Zinc oxide nanoparticles caused local 
toxicity in the respiratory tract. No systemic effects were observed in any of the 
tested substances with the exception of some increased neutrophil blood counts 
in male animals exposed to 10 mg/m³ coated nano ZnO. There were no indications 
for impairment of fertility, developmental toxicity, or developmental neurotoxic-
ity. After the recovery period, all parameters in lavage fluid returned to the control 
level in all animals, irrespective of the exposed test and reference substance. 
With regards to histological findings in the respiratory tract, all changes reduced 
significantly in incidence and severity. The Comet assay confirmed the absence 
of genotoxic effects in all of the examined tissues, after exposure to both nano 
ZnO forms or to the high concentration of micron-sized ZnO or ZnSO4 monohy-
drate. Both ZnO nanoforms, micron-sized ZnO particles and Zn-ions in solution 
did not cause systemic-, reproductive-, developmental- or genotoxicity. The ZnO 
nanoforms were comparable and may be grouped together. No pronounced differ-
ence was found between nanoforms micron-sized ZnO. This grouping approach 
helps to minimize the number of animal studies to be performed. References: 
[1] Janer, G. et al. ,,Rationale and decision rules behind the ECETOC NanoApp to 
support registration of sets of similar nanoforms within REACH.” Nanotoxicology 
15.2 (2021): 145-166. https://doi.org/10.1080/17435390.2020.1842933 [2] Keller, 
J. G., et al. (2020). Predicting dissolution and transformation of inhaled nanopar-
ticles in the lung using abiotic flow cells: The case of barium sulfate. Scientific 
reports, 10(1), 1-15. https://doi.org/10.1038/s41598-019-56872-3 [3] Keller, J. G., 
et al. (2021). Variation in dissolution behavior among different nanoforms and 
its implication for grouping approaches in inhalation toxicity. NanoImpact, 23, 
100341. https://doi.org/10.1016/j.impact.2021.100341.
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 4708 Transgenic Zebrafish Larvae as a Nonrodent Alternative Model 
to Assess Neutrophil Responses to Nanomaterials

H. J. Johnston1, S. Gillies1, R. Verdon1, V. Stone1, D. Brown1, T. Henry1, L. Tran2, 
C. Tucker3, A. Rossi3, and C. Tyler4. 1Heriot Watt University, Edinburgh, United Kingdom; 
2Institute of Occupational Medicine, Edinburgh, United Kingdom; 3University of Edinburgh, 
Edinburgh, United Kingdom; and 4University of Exeter, Exeter, United Kingdom.  
Sponsor: A. Clippinger.

The exploitation of nanomaterials (NMs) in products such as food, cosmetics, 
electronics, textiles, and medicines is increasing. The hazards of NMs therefore 
need to be thoroughly assessed to ensure the safe and responsible exploitation of 
nanotechnology. This is challenging given the rapid growth of the nanotechnology 
industry and the production of a huge diversity of NMs with varied physico-chem-
ical properties. NM hazard assessments often focus on whether an inflammatory 
response is stimulated, with a reliance placed on using rodents. Thus, alterna-
tive models are needed to support the implementation of the 3Rs principles in 
nanotoxicology. Early life stage zebrafish (Danio rerio) are not protected until they 
have reached the stage of exogenous feeding at 5 days post-fertilisation (dpf). 
There are many other advantages to using early life stages of zebrafish as a test 
model including their small size, ease of maintenance and low cost relative to 
rodents, high fecundity, and transparency (which enables visualisation of organ/
tissue development). The zebrafish genome is also highly amenable to genetic 
manipulation, and the optical transparency of zebrafish larvae coupled with the 
transgenic expression of fluorescent proteins enables real time visualisation of 
specific cellular processes, cells and tissues. For example, transgenic zebrafish 
lines are available that express fluorescent proteins in immune cells (e.g. neutro-
phils, macrophages). We propose that non-protected life stages of transgenic 
zebrafish can be used to screen NM toxicity as an alternative to rodents to make 
testing more ethical, quicker, cheaper and potentially more predictive. The aim of 
this study was to investigate the suitability of using transgenic zebrafish larvae as 
a test model for screening NM toxicity via assessment of neutrophil responses. 
We used non-protected life stages of transgenic zebrafish (Tg(mpx:GFP)i114) with 
fluorescently-labelled neutrophils to visualise and quantify inflammatory responses 
to silver (Ag) and zinc oxide (ZnO) NMs. These NMs are widely used and as there is 
evidence from in vitro and in vivo studies that they can stimulate pro-inflammatory 
responses. Zebrafish (3dpf) were exposed to NMs via water following a tail fin 
injury, or microinjected into the otic vesicle (ear). Neutrophil accumulation at the 
injury or injection site was quantified at 0, 4, 6, 8, 24 and 48 hours using fluores-
cent microscopy. To identify a suitable positive control for inflammation induction, 
zebrafish larvae were exposed to neutrophil chemoattractants (fMLF, LTB4, CXCL-8, 
C5a) or LPS. Ag and ZnO NMs activated an enhanced neutrophilic inflammatory 
response in injured zebrafish following aqueous exposure. The inflammatory 
response activated by both NMs did not resolve within the timeframe of the study, 
and Ag NMs stimulated the greatest response. Ag NMs also stimulated a time-de-
pendent neutrophil accumulation in the otic vesicle following microinjection, which 
peaked at 48 hours. For studies investigating inflammatory responses in injured 
zebrafish following aqueous exposure, LTB4 was identified as the most appropri-
ate positive control, with CXCL-8 recommended for use for microinjection studies 
assessing inflammatory responses in the otic vesicle. Our findings suggest that 
transgenic zebrafish can be effectively harnessed to investigate the inflammatory 
effects of NMs, to rapidly screen NM toxicity and provide us with considerable 
potential for reducing our reliance on in vivo rodent studies in nanotoxicology (as 
well as other disciplines).

 4709 Changes in the Serum Metabolome of Rats following 
Intratracheal Instillation of Particles Representing Different 
Potential Mode-of-Action Categories of Nanomaterials

J. R. Roberts, G. R. Boyce, K. A. Roach, J. M. Antonini, M. J. Powell, V. K. Kodali, 
K. E. Fraser, A. B. Stefaniak, M. L. Kashon, and J. M. Hettick. NIOSH, Morgantown, WV.

With the expansion of nanotechnology, the number of workers potentially exposed 
to various emerging nanomaterials along their lifecycle increases creating the need 
to efficiently categorize different materials and their associated risks. Development 
of biomarkers of both particle exposure and the potential adverse outcomes is 
critical. Because of the rapid introduction of new materials to market, being able 
to categorize materials and the risks associated with them is also critical. The goal 
was to characterize the serum metabolome of different reference materials from 
different mode-of-action (MOA) categories [poorly soluble, low toxicity (nano-TiO2); 
poorly soluble, high toxicity (crystalline SiO2); higher solubility (nano-ZnO); and high 
aspect ratio (multi-walled carbon nanotubes-MWCNT)] for future development of 
biomarker panels that may be representative for different categories of nanoma-
terials. Male Sprague-Dawley rats were exposed by a single intratracheal-instilla-
tion to a low effect and high effect dose specific for each reference material or 
dispersion medium (DM; vehicle control): 0.100 or 1.00 mg nano-TiO2, 0.050 or 
0.125 mg nano-ZnO, 0.050 or 0.250 mg SiO2, 0.010 or 0.500 mg MWCNT. Rats were 
euthanized at 2 days, 7 days, 1 month, and 3 months following an overnight fast. 
Lavage was performed on the right lungs to characterize lung injury and inflamma-
tion, and the left lung was preserved for pathology analysis. Serum was collected 
and prepared for relative quantitation of metabolites performed via high perfor-
mance liquid chromatography with tandem mass spectrometry (HPLC-MS/MS), 

specifically using hydrophilic interaction liquid chromatography in the negative ion 
mode. Treatment groups were compared to DM animals to identify significantly 
altered metabolites. Lavage parameters showed that the high dose for each 
material caused significant lung injury and inflammation at 2 days which persisted 
throughout the time course for MWCNT and SiO2, with a trend for decreasing in 
MWCNT and increasing in SiO2. The low dose exposures, with the exception of 
nano-ZnO and MWCNT at 2 days and 7 days, did not cause significant toxicity. 
Parameters of toxicity were back to control levels for the high dose nano-ZnO at 1 
month and the nano-TiO2 at 7 days post-exposure. Across all times and exposures, 
> 4000 compounds were identified in the serum samples, and these were associ-
ated with > 300 metabolic pathways. The most significant changes in metabolic 
profiles for all exposures were found at 7 days post exposure, with the number of 
downregulated molecules ranging from 12 - 47 and upregulated molecules ranging 
from 11-71, depending on the dose and the particle exposure. The number of signifi-
cantly altered small molecules per group decreased dramatically with time. At the 
3-month timepoint significantly increased and decreased molecules across the 
various exposures ranged from 0-21. Future studies will apply a bioinformatics 
approach to these significant alterations to develop small molecule biomarker 
panels that correspond to both the exposure and its associated adverse outcomes.

 4710 Maternal Nanoparticles Inhalation during Late Gestation Does 
Induce Kidney Injury in Adult Rat Progeny

T. Ge1, Z. Zimmerman1, D. M. Cerqueira2, A. J. Bodnar2, J. Ho2, P. A. Stapleton3, 
and A. P. Sanders1. 1University of Pittsburgh, Pittsburgh, PA; 2Children’s Hospital of 
Pittsburgh, Pittsburgh, PA; and 3Rutgers Ernest Mario School of Pharmacy,  
Piscataway, NJ.

Titanium dioxide (TiO2) nanoparticles (NPs) are produced in large quantities 
worldwide for use in consumer products including pharmaceuticals and food. 
TiO2 is classified as a possible human carcinogen when inhaled, according to the 
International Agency for Research on Cancer. TiO2 NPs can cross the pulmonary 
barrier to enter circulation as well as the placental barrier from mother to fetus. 
Prior studies have shown that oral or gavage exposure to TiO2 NPs can induce 
renal injury and functional impairment in adult rodent models. Currently, no studies 
have examined the effects of gestational exposure to TiO2 NPs on kidney develop-
ment and function in progeny. Timed pregnant Sprague-Dawley (SD) rats were 
exposed to nano-TiO2 aerosols (9.35 ± 0.15 mg/m3, 4 hours, primary particle size 
21 nm, median particle size 162 ± 7.67 nm) via whole-body inhalation starting 
on gestational day (GD) 17 through GD 19, prior to delivery (GD 21). A subset of 
animals was exposed to filtered air during gestation as controls. Animals delivered 
in-house and offspring were weighed weekly. Progeny cohort weights were signifi-
cantly different between control and exposed animals at postnatal months 3, 6, and 
12. Plasma samples were collected from offspring rats at 3, 6, 9 and 12 months of 
age and analyzed for markers of kidney injury and function. Kidneys were collected 
from offspring rats at 9 months of age, and tissue was sectioned for histopatho-
logical analysis. Plasma neutrophil gelatinase-associated lipocalin (NGAL) and 
cystatin C (CysC) concentrations were measured using enzyme-linked immuno-
sorbent assays. No differences in NGAL or CysC levels were observed between 
TiO2 NP-exposed and control groups at 3, 6, 9 and 12 months. No differences in 
plasma concentrations of urea nitrogen, creatinine, albumin, phosphorus, sodium, 
chloride, or bicarbonate were observed between control and exposed groups at 
3, 6, 9 or 12 months. Plasma concentrations of urea nitrogen (17.75 ± 4.34 mg/
dL vs. 13.25 ± 2.22 mg/dL, p=0.11), creatinine (0.375 ± 0.05 mg/dL vs. 0.3 ± 0.08 
mg/dL, p=0.17) and albumin (4.525 ± 0.68 g/dL vs. 3.875 ± 0.59 g/dL, p=0.20) 
trended higher in exposed compared to control progeny at 6 months, respectively, 
although the results did not reach statistical significance. Overall, exposure to TiO2 
NPs during late gestation did not affect kidney function or induce kidney injury in 
adult rat progeny. Subsequent studies will further assess indicators of interstitial 
fibrosis in progeny kidneys.

 4711 Hepatic Proteomic Assessment of Oral Ingestion of Titanium 
Dioxide Nano Fiber (TDNF) in Sprague Dawley Rats

W. E. Gato, J. Wu, I. Appiah, O. Smith, and H. Rochani. Georgia Southern University, 
Statesboro, GA.

Nanomaterials have gained traction recently for their use in a variety of applications 
like electronics, paints, and cosmetics. Their unique properties stem from quantum 
structural effects due to their small size. Specifically, titanium dioxide nanofibers 
have been widely employed in pigments, sunscreens, paints, ointments, toothpaste 
and photocatalytic splitting of water. However, their potential toxicity has not been 
thoroughly examined. The goal of the present study is to examine hepatic effects 
associated with the ingestion of TiO2 nanofiber (TDNF). TDNF was fabricated via 
electrospinning method, characterized and followed by dissolution in water through 
the agitation. Six to seven weeks old male Sprague Dawley rats ingested 0, 10, 15 
ppm twice a week via oral gavage for a total of 0 ppm, 40, 60 ppm TDNF for the 
duration of the study. After sacrifice, the liver was assessed for cellular effects 
using the proteomic approach. Analysis of the structure of the materials show 
that the diameter ranged from 0.18 - 0.29 μm, forming clusters and the majority 
of the fibers were in the rutile phase. To understand toxicity effects, nanofibers 
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were ingested by Sprague Dawley rats. Proteomics assessment revealed more that 
more than 400 hundred proteins in the liver that may be affected. These proteins 
are involved in such processes as catalysis of fatty acids by CoA, homocysteine 
metabolism, beta oxidation and the condensation of carbamoyl phosphate in the 
urea cycle, among others. Further analysis of the protein associations by DAVID 
bioinformatics tool showed gene ontology (GO) categories including functional 
biological process (BP), cellular components (CC) and molecular function (MF). 
GO categories including325 biological processes, 140 molecular functions and 70 
cellular components appear to be affected from the ingestion of TNDF. Quantitative 
analysis of specific mRNA transcripts indicated CMBL, GSTM1 and SDS were 
differentially expressed.

 4712 Oral Toxicological Study of Titanium Dioxide Nanoparticles with 
a Crystallite Diameter of 6 nm in Rats

K. Ogawa, J. Akagi, Y. Mizuta, H. Akane, and T. Toyoda. National Institute of Health 
Sciences, Kawasaki, Japan.

Titanium dioxide (TiO2) is generally considered to have a low impact on the human 
body; however, the safety of TiO2 containing nanosized particles (NPs) has attracted 
attention. We found that the toxicity of silver NPs markedly varied depending on 
their particle size, as silver NPs with a diameter of 10 nm exhibited fatal toxicity in 
mice, unlike those with diameters of 60 nm and 100 nm. Therefore, the toxicolog-
ical effects of the smallest available TiO2 NPs with a crystallite size of 6 nm were 
examined by repeated oral administration at 10, 100, and 1,000 mg/kg bw/day 
for 28 days and at 100, 300, and 1,000 mg/kg bw/day for 90 days. In both the 28- 
and 90-day studies, no mortality was observed in any group, and no treatment-re-
lated adverse effects were observed in body weight, urinalysis, hematology, serum 
biochemistry, and organ weights. Histopathological examination with hematox-
ylin and eosin staining revealed TiO2 particles as depositions of yellowish-brown 
materials. The particles observed in the gastrointestinal lumen were also found 
in the nasal cavity, as well as in the epithelium and stromal tissue in the 28-day 
study. In addition, they were observed in the Peyer’s patches in the ileum, cervical 
lymph nodes, mediastinal lymph nodes, bronchus-associated lymphoid tissue, and 
trachea in the 90-day study. Notably, no adverse biological responses, such as 
inflammation or tissue injury, were observed around the deposits. The determina-
tion of titanium concentration in the liver, kidneys, and spleen showed that TiO2 NPs 
were hardly absorbed and accumulated in these tissues. Immunohistochemical 
analysis of colonic crypts showed no extension of the proliferative cell zone or 
preneoplastic cytoplasmic/nuclear translocation of β-catenin in both male and 
female 1,000 mg/kg bw/day groups. With regard to genotoxicity, no significant 
increase in micronucleated or γ-H2AX positive hepatocytes was observed. In 
addition, the induction of γ-H2AX was not observed at the deposition site of yellow-
ish-brown materials. As a conclusion, no toxic effects were observed after repeated 
oral administration of TiO2 with a crystallite size of 6 nm at up to 1,000 mg/kg bw/
day with regard to general toxicity, accumulation of titanium in the liver, kidneys, 
and spleen, abnormality of colonic crypts, and induction of DNA strand breaks and 
chromosomal aberrations.

 4713 Pulmonary Effects after Exposure to Cadmium Sulfide 
Nanoparticles: Comparison of In Vitro and In Vivo Changes 
in Proteome

P. S. Thorne1, N. J. Day2, N. J. Parizek1, M. J. Gaffrey2, B. R. Steines1, 
A. Adamcakova-Dodd1, and W. Qian2. 1University of Iowa, Iowa City, IA; and 2Pacific 
Northwest National Laboratory, Richland, WA.

The manufacturing of quantum dots using cadmium sulfide (CdS) nanoparticles 
(NPs) has been expanding. CdS quantum dots are semiconductors with a direct 
intermediate bandgap and excellent thermal stability and thus have shown strong 
potential for wide scale use in solar cells, light emitting diodes, and specialty lasers. 
Industrial scale manufacturing of CdS quantum dots requires bulk quantities of CdS 
NPs. To evaluate pulmonary toxicity associated with exposure to CdS NPs and to 
compare changes in proteome, we performed in vitro (acute) and in vivo inhalation 
(acute and sub-acute) studies. Primary particle size by TEM was 10.7 nm (SD=3.1 
nm). In vitro studies utilized human monocytes (THP1 cells) exposed to either 
12.5 or 25.0 µg/mL. Outcomes were evaluated 12 h postexposure. In vivo studies 
employed a nose-only inhalation exposure system and C57Bl6, female mice. CdS 
nanoaerosols had geomean mobility diameter of 41 nm (geometric SD=1.8) and 
exposures targeted a concentration of 3.5 mg/m3 for 4 h (acute) or 2 wk (sub-acute). 
Mice were necropsied immediately (0 wk) or 3 wk postexposure. Studies were 
controlled using either untreated cells (in vitro) or animals exposed nose-only to 
filtered air (in vivo). THP1 cells and lung tissues were processed for LC-MS/MS 
analysis (Orbitrap). Label-free quantitative proteomics and DAVID ontology analysis 
of data were performed. Bronchoalveolar lavage (BAL) fluid and lung tissues were 
evaluated for inflammation. Neutrophils in BAL fluid after acute inhalation exposure 
increased to 30% within 24 h. Immediately after sub-acute exposure, neutrophil 
infiltration into the lungs was 41% - this neutrophilic inflammation persisted through 
3 wk postexposure (29%). These increases corresponded to elevated concentra-
tions of inflammatory cytokines at these time points. Histopathology of lung tissue 
confirmed the presence of inflammation. There was evidence of lipid peroxidation 

in both lung tissue and serum of exposed mice (TBARS assay) after sub-acute 
exposure. Proteomics analyses of THP1 cells did not show significant changes 
in protein expression as opposed to acute and sub-acute in vivo exposures which 
showed significant and distinct exposure group separation from controls as well as 
between 0 wk and 3 wk post sub-acute exposure. Out of ~2500 proteins quantified, 
824 were shown to be significantly differently expressed in sub-acutely exposed 
mice (ANOVA adjusted P-value <0.05). The following biological processes were 
shown to be the most significantly affected by CdS NP exposure: cell adhesion, 
extracellular matrix organization, positive regulation of cell-substrate adhesion, 
regulation of cell shape, immune system and metabolic processes, positive regula-
tion of peptidyl-tyrosine phosphorylation, and cellular responses to interferon-β. 
The highest number of differently expressed proteins were in observed in the 
extracellular exosomes and plasma membrane. The results from in vitro studies 
were not predictive of in vivo results. Funded by NIH U01 ES027252.

 4714 Immunomodulatory Effects of Subacute Inhalation Exposure 
to Copper Oxide Nanoparticles in House Dust Mite–Induced 
Asthma and Allergen Immunotherapy Mouse Models

A. Adamcakova-Dodd, S. Areecheewakul, Z. R. Zacharias, X. Jing, D. K. Meyerholz, 
K. L. Legge, J. C. Houtman, P. T. O’Shaughnessy, P. S. Thorne, and A. K. Salem. 
University of Iowa, Iowa City, IA.

Inhalation exposure to copper oxide nanoparticles (CuO NPs) results in pulmonary 
inflammation. However, immunomodulatory consequences after CuO NP inhala-
tion exposure have been less explored. We investigated the effect of CuO NP 
aerosols on immune responses in healthy, asthmatic, or allergen immunotherapy 
(AIT)-treated asthmatic mice to determine if the AIT would minimize TH2 responses 
and induce immune tolerance. Mice (female, BALB/c) were exposed to CuO NPs by 
inhalation in selected modeled immune conditions: healthy, house dust mite (HDM) 
asthmatic, or AIT-treated asthmatic models. AIT treatment involved mice being 
immunized twice with purified Dermatophagoides pteronyssinus (Der p) 1 and 2 + 
CpG-loaded nanoparticles (CpG NPs) by subcutaneous (s.c.) injection while being 
exposed to CuO NP aerosols (4 h/day, 10 days) starting on the 1st immunization day. 
Mice were then sensitized twice by s.c. injection of HDM alone and were challenged 
10 times with HDM extract by intranasal instillation. The asthmatic mouse model 
followed the same timeline, except that they received no immunizations. Mice 
were euthanized 24 h after the last HDM challenge; macrophages, neutrophils, 
lymphocytes, and eosinophils in bronchoalveolar lavage (BAL) fluid were counted. 
Non-lavaged lung tissues were homogenized and selected immune cell populations 
were analyzed by flow cytometry (TH1, TH2, TH17, and Treg cells). Lung histopathol-
ogy using H&E and PAS staining was also performed along with measurements 
of cytokine/chemokine levels in BAL fluid, HDM-specific immunoglobulin levels 
(IgE, IgG1, IgG2a) in serum, and pulmonary mechanics after methacholine challenge. 
Mice that were exposed only to CuO NP showed significant increases in neutro-
phils and TH1-like Treg cells (T-bet+ FOXP3+), but no increases in TH1 cells were 
observed compared to sham mice. Inhalation exposure to CuO NPs followed by 
HDM exposure (asthmatic model) resulted in higher TH1 responses and lower 
TH2 responses; with elevations in TH1 cells and reductions in IL-4, TH2 cells, and 
TH2-like Treg cells (GATA-3+ FOXP3+) in lung homogenates, compared to non-CuO 
NP aerosol-exposed asthmatic mice. There was no immunomodulatory effect of 
CuO NP aerosol inhalation in mice treated with AIT followed by HDM exposure (to 
induce asthmatic conditions). Inhalation exposure to CuO NPs prior to HDM sensiti-
zation caused increased TH1 immune responses and increased levels of Treg cells 
in the lung homogenates, suggesting skewing of normal immune balance. The 
effect of CuO NP inhalation exposure on AIT-treated asthmatic mice did not result 
in significant differences in TH1 or TH2 immune responses. This work was funded by 
NIH U01ES027252 and P30 ES005605.

 4715 Preliminary Report on a Two-Year, Four-Week Interval 
Intermittent Whole Body Inhalation Study of the Multiwalled 
Carbon Nanotube (MWNT-7) in Male Mice

Y. Taquahashi1, S. Yokota1, M. Tsuji1, K. Morita1, K. Suga1, M. Hojyo2, A. Hirose1,3, and 
J. Kanno1,4. 1National Institute of Health Sciences, Kawasaki, Japan; 2Tokyo Metropolitan 
Institute of Public Health, Tokyo, Japan; 3Chemical Evaluation and Research Institute, 
Tokyo, Japan; and 4University of Tsukuba, Ibaraki, Japan.

In a whole-body inhalation toxicology study on gaseous test substance, the lungs 
are exposed to a same concentration throughout the study. Therefore, “area under 
the curve (AUC)” of the lung concentration-time curve is rectangular in shape. In 
contrast, in a conventional particulate matter inhalation study, when the particle 
is biopersistent, the concentration of the aerosol of the particle is constant 
throughout the inhalation period, and the lung burden or the amount of the particle 
deposited in the lung gradually increases over time, from zero at the beginning to a 
maximum amount at the end of the study. If the chronic lung toxicity is induced by 
the deposited particles, the particulate matter gives small effects at the beginning 
and larger effects towards the end of the study. In other words, particulate matter 
study has a triangle-shaped AUC of the lung tissue concentration-time curve which 
is a half of the AUC of gaseous test substances. We started a project to seek the 
experimental conditions to make the lung burden constant during the two-year 
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period by boosting it at the beginning of the study followed by intermittent mainte-
nance exposure to shape a rectangular AUC. As a first step, we performed a 4-week 
intermittent exposure 2-year inhalation study without initial boost, mimicking 
the increment of lung burden of conventional inhalation study by referring a rat 
study by Kasai et al., 2016. Male C57BL/6 mice were exposed to Mitsui MWNT-7 
aerosol generated by a Taquann system (J. Toxicol. Sci. 2013) using 53 microm-
eter mesh-filter, 6 hours per day, once per every 4 weeks, for a total of 26 times 
for 2 years. Mass concentrations were 2.7 ± 0.1 mg/m3 for the low concentra-
tion group (group L) and 5.2 ± 0.2 mg/m3 for the high concentration group (group 
H). MMAD was ca. 500 nm. No difference in mortality was observed between the 
groups. Grossly, the lungs were grayish-white to gray and “voluminous” along with 
an increase in weight in a dose-dependent manner, i.e. control, 165.6±8.8 mg, group 
L, 336.2±25.2 mg, and group H, 369.4±25.5 mg. The lung burden of MWNT-7 at 2 
years was 61.1±2.2 microgram/lung in group L and 91.6±21.5 microgram/lung in 
group H. Histologically, chronic granulomatous foreign body responses against 
MWNT-7 and fibrosis in a form of respiratory bronchiolitis was observed along 
with a proliferation of terminal bronchial epithelium and proliferation of type II cells 
of the adjacent alveoli. Septal and pleural inflammatory/fibrotic lesions were also 
observed. Nodular lesions, diagnoses as adenocarcinoma, were identified in two 
cases of group L. Adenocarcinoma cells were positive for TTF-1 and negative for 
CC10, indicating type II alveolar epithelial origin. Further details will be presented. 
Health and Labour Sciences Research Grant, Japan.

 4716 Effects of Subacute Inhalation Exposure to Multiwalled Carbon 
Nanotubes in B6C3F1/N Mice and Sprague Dawley Rats

K. A. Thongphanh, K. L. Zmich, and K. E. Pinkerton. University of California Davis, 
Davis, CA.

Multiwalled carbon nanotubes (MWCNT) are a subset of carbon nanotubes ranging 
from 10nm to 200nm long. MWCNT are applied in construction, engineering, and 
electronic applications, and have several physiochemical properties as well as a 
high aspect ratio. Materials with high aspect ratios can be easily inhaled, and this 
quality has been a concern in the safety of inhaled carbon nanotubes. To date, 
MWCNT studies have utilized intratracheal or intrapharyngeal aspiration routes of 
administration, and studies using inhaled MWCNT have focused on chronic rather 
than subacute effects on pulmonary health. The goal of this study was to elucidate 
the subacute effects of inhaled MWCNT in mice and rats, and their ability to clear 
MWCNTs from the lung. It is hypothesized that subacute inhalation of MWCNT 
results in increased lung inflammation, total cell counts in bronchoalveolar lavage 
(BAL), retention of MWCNT in alveolar macrophages, and increased inflammatory 
cytokine expression 1-week post-exposure which resolves by 5 weeks post-ex-
posure in B6C3F1/N mice and Sprague Dawley rats. Adult, male, pathogen-free 
B6C3F1/N mice and Sprague Dawley rats were assigned to one of four doses 
for MWCNT exposure (control, 0.06, 0.2, and 0.6mg/m3; n=5 per group). Animals 
were whole-body exposed to assigned doses of L-MWCNT-1020 via a particle 
attrition chamber and single jet disperser/aerosolizer. Exposures were conducted 
for 6 hours/day, 5 days/week for 5 weeks total, followed by a 1-week or 5-week 
recovery period. Animals were then anesthetized via an intraperitoneal injection 
of Beuthanasia and tracheotomized. Bronchoalveolar lavage (BAL) was harvested, 
and right lung lobes were collected for downstream RNA and protein extraction and 
analysis via RT-qPCR and ELISA respectively. BAL samples were cytospun onto 
slides for neutrophil counts and cell differentials. Left lung lobes were inflated and 
fixed with 4% paraformaldehyde, embedded in paraffin, and sectioned onto slides 
for H&E staining. BAL from mice in the 1-week recovery group conveyed signifi-
cantly higher number of total cells when exposed to 0.6mg/m3 MWCNT compared 
to those exposed to lower concentrations. Neutrophil counts from BAL of rats in 
the 0.2 and 0.6mg/m3 MWCNT exposure groups with 1-week recovery exhibited 
a dose-dependent increase compared to the control group. In both models, the 
5-week recovery period groups exhibited an attenuation of these effects. For both 
mice and rats, the highest dose treatment group exhibited significantly higher levels 
of neutrophil chemokine protein CXCL1 compared to control after 1-week recovery. 
MWCNT were found to be retained in BAL and lung tissue of both 1 and 5-week 
recovery groups for both species. In conclusion, acute inflammation is observed 
1-week post-exposure but resolves at the 5-week recovery time point. However, 
the continued retention of MWCNT inclusions in lung macrophages without the 
presence of overt inflammation or injury raises concerns about the potential 
long-term effects of MWCNT inhalation exposure. Funding: National Toxicology 
Program in MWCNT Research, NIEHS U01 ES020127.

 4717 Characterization and Toxicity Assessment of Aerosolized 
Particles Generated during Cutting of Carbon 
Nanotubes–Embedded Concrete

V. Kodali, J. R. Roberts, K. Fraser, R. Gill, T. Eye, W. McKinney, A. Afshari, A. Erdely, and 
E. Lee. NIOSH, Morgantown, WV.

Carbon nanotube (CNT) as a reinforcement enhances durability and performance 
of concrete composites. Exposure to some forms of CNT is known to cause 
adverse pathological outcomes. To understand potential toxicity arising from use 
of CNT-enabled concrete composites as it goes through various occupational life 

cycle stages, we evaluated 1) the physicochemical characteristics and toxicity 
of the as-produced CNT and 2) how particulate release during concrete manipu-
lation (e.g., cutting) is altered by CNT incorporation. Physical dimensional profil-
ing indicated the as-produced CNT had a geometric mean length of 0.72 µm and 
32 nm in diameter. Pulmonary injury and inflammation exerted by the CNT was 
assessed by exposing C57BL/J mice by oropharyngeal aspiration to a bolus dose 
of 4 and 40 µg. Animals were sacrificed on 1, 7 and 28 days to access toxicity. The 
toxicity of the as-produced CNT was similar to an agglomerated CNT studied in our 
previous research, lacking the more severe toxicity associated with longer length 
and diameter CNT. Mechanism-based screening of the initiating events in vitro in 
differentiated THP-1 macrophages were predictive of the in vivo outcome observed. 
For evaluating the second aim, three types of concrete blocks, 0% (reference), low%, 
and high% CNT, were tested in a custom designed enclosure housing an apparatus 
for the cutting of a block with an automated computer-controlled process. The 
highest particle number concentration (163,821 particles/cm3) was measured 
for the reference cylinder, while others showed similar concentrations (131,689 
particles/cm3 and 140,954 particles/cm3 for the low% and high% blocks, respec-
tively). There was no shift in the size distribution of the released aerosols from 
addition(s) of CNT. The released particulate was predominantly respirable partic-
ulate consisting of quartz, feldspar, etc. and often appeared to be agglomerated 
materials that included both paste and aggregate minerals with an aerodynamic 
diameter ~5µm. No free CNT were observed by electron microscopy from low% and 
high% samples. Toxicity screening of the released particulate is still ongoing but 
based on the size distribution profiles of the released aerosols, not a remarkable 
alteration in toxicity is expected from the particulate released due to addition of 
CNT to concrete.

 4718 The Acute and Short‐Term Inhalation of Carbon Nanofiber 
(CNFs) in Sprague Dawley Rats

M. Jo1, B. Kim2, Y. Kim3, J. Kim4, H. Kim4, J. Shin5, G. Lee6, K. Ahn7, M. Gulumian8, 
and I. Yu9. 1HCTm, Icheon-si, Korea, Republic of; 2Seoul National University, Seoul, 
Korea, Republic of; 3Chung-Ang University, Seoul, Korea, Republic of; 4H&H Bio, Asan, 
Korea, Republic of; 5KCOMWEL, Incheon, Korea, Republic of; 6PINE Ltd., Ansan, Korea, 
Republic of; 7Hanyang University, Ansan, Korea, Republic of; 8North-West University, 
Johannesburg, South Africa; and 9HCT, Seattle, WA.

The inhalation toxicity of CNFs is not clearly known due to relatively few related 
studies reported. An acute inhalation study and short‐term inhalation study (5 days) 
were therefore conducted using Sprague‐Dawley rats. In the acute inhalation study, 
the rats were grouped and exposed to a fresh air control or to low (0.238 ± 0.197), 
moderate (1.935 ± 0.159), or high (24.696 ± 6.336 mg/m3) CNF concentrations for 
6 h and thereafter sacrificed at 14 days. For the short‐ term inhalation study, the rats 
were grouped and exposed to a fresh air control or low (0.593 ± 0.019), moderate 
(2.487 ± 0.213), or high (10.345 ± 0.541 mg/m3) CNF concentrations for 6 h/day for 
5 days and sacrificed at 1, 3, and 21 days post‐exposure. No mortality was observed 
in the acute inhalation study. Thus, the CNF LC50 was higher than 25 mg/m3. No 
significant body or organ weight changes were noted during the 5 days short‐term 
inhalation study or during the post‐exposure period. No significant effects of toxico-
logical importance were observed in the hematological, blood biochemical, and 
coagulation tests. In addition, the bronchoalveolar lavage (BAL) fluid cell differ-
ential counts and BAL inflammatory markers showed no CNF‐exposure‐relevant 
changes. The histopathological examination also found no CNF‐exposure‐relevant 
histopathological lesions. Thus, neither acute nor 5 days inhalation exposure to 
CNFs induced any noticeable toxicological responses.

 4719 Effects of Carbon Nanodots on the Expression of Inflammatory 
Genes in Mouse Liver Tissue Induced by TNF-Alpha

S. Ahmed1, H. Zhu2, Y. Li2, and Z. Jia1. 1University of North Carolina at Greensboro, 
Greensboro, NC; and 2Campbell University, Buies Creek, NC.

Atherosclerosis is known to be the main cause of cardiovascular disease and is 
regulated by pro-inflammatory molecules such as macrophage chemoattractant 
protein-1 (MCP-1), interleukin 1 beta (IL- 1 beta), interleukin 6 (IL-6). A new class 
of nanoparticles, Carbon Nanodots (CNDs), have been expressed as potential 
candidates for bioimaging, biosensing, and drug delivery. The liver is known to be 
the main metabolic organ that is involved in metabolizing abnormal lipid metabo-
lism and complex inflammatory disease. However, the effect of CNDs on the liver 
has not been investigated. In this study, the impact of CNDs on TNF-a-mediated 
expressions of pro-inflammatory genes in mouse liver tissues was examined. 
C57BL/6 mice were treated with TNF-a (25mg/kg bw), CNDs (2.5 mg/kg CNDs), 
both TNF-a and CNDs, or neither to serve as the control. Spleen tissue was collected 
and homogenized, and the isolated RNA was used to make cDNA for the expression 
of various genes associated with the inflammatory response using real-time PCR. 
Our results showed that TNF-α increased the expression of pro-inflammatory genes, 
including MCP-1, IL-1β, and IL-6, and decreased the expression of anti-inflammatory 
genes, including glutathione s-transferase and heme oxygenase-1. CNDs treatment 
improved the expression of these genes in the liver of TNF-α-treated mice. This 
study would contribute to a better understanding of the role of CNDs on inflamma-
tion in vivo.
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 4720 Effects of Carbon Nanodots on Mice Liver and Heart Tissue

S. Ahmed, and Z. Jia. University of North Carolina at Greensboro, Greensboro, NC.

Cardiovascular disease affects many people around the world, and atherosclero-
sis is one of the main causes of cardiovascular disease. Atherosclerosis is the 
hardening of blood vessels and is strongly regulated by various pro-inflammatory 
molecules such as macrophage chemoattractant protein-1 (MCP-1), interleukin 
1 beta (IL-1 beta), interleukin 6 (IL-6). The liver is closely related to the metabo-
lism of abnormal lipids and complex inflammatory disease and is the organ we 
have been studying. There is a new class of nanoparticles, called Carbon Nanodots 
(CNDs), which have been noted as potential candidates for bioimaging, biosensing, 
and drug delivery. However, there is not much research on the effects of CNDs on 
inflammation in the liver and heart. In this study, I studied the impact of CNDs on 
TNF alpha mediated expressions of pro-inflammatory genes in mouse in both of 
the previously mentioned tissues. C57BL/6 mice tissues have been treated with 
either TNF alpha (25μl/kg bw), CNDs (2.5 mg/kg CNDs), both TNF alpha and CNDs, 
or neither to serve as the control. The real-time PCR performed shows that the 
TNF alpha increased the expression of MCP-1, IL-1 beta, and IL-6 beta in the liver 
tissues studied. Other experimental data are still in progress. Thisstudy will gain a 
better understanding of the actions of the CND on TNF alpha-induced inflammation 
in vivo.

 4721 Delphinidin Alleviates the Adverse Metabolic Effects of 
Polystyrene Exposure in Mice

J. Zhao, D. Gomes, A. NgozI, D. Conklin, M. Cave, and T. O’Toole. University of Louisville, 
Louisville, KY.

Microplastics (MPs), with a diameter less than 5 mm, have become widespread 
contaminants in the environment, where human consumption is inevitable. While 
the health consequences of MP inhalation or ingestion are largely unknown, our 
previous work has demonstrated that the consumption of polystyrene (PS) beads 
by mice promotes adiposity and indices of insulin resistance. To develop an 
understanding for the basis of these outcomes, we supplied male C57BL/6 mice at 
13 weeks of age with normal water or that containing polystyrene beads (5 μm or 
0.5 μm; 1 µg/ml) for 14 wk and assessed adipose immune cell infiltration, adipokine 
levels, as well as metabolic and inflammatory markers in the plasma and liver. We 
observed a significant increase in adipose tissue macrophage abundance in those 
mice drinking PS-containing water compared to mice drinking normal water. This 
was accompanied in the same group by increases in the expression of adipose 
Ccl2 and Irs2 and in plasma by increased leptin levels. The livers of PS-exposed 
mice demonstrated increases of cholesterol and protein CysSSG, but no changes in 
triglycerides and a decrease in the levels of carnitine palmitoyltransferase-2 (Cpt2). 
In additional mechanistic studies we tested if delphinidin, a plant- and berry-de-
rived anthocyanidin with antioxidant and anti-inflammatory properties, could allevi-
ate PS-effects. Thus, groups of PS-exposed mice received either intraperitoneal 
injections of DMSO or delphinidin (20mg/kg; 3x per week). After 4wk we assessed 
weight gain, and body composition, We observed that mice receiving consuming PS 
beads and receiving the delphinidin injections gained significantly less weight and 
had a smaller percentage of body fat, compared with those mice receiving consum-
ing PS beads and receiving DMSO injections. These results suggest that ingestion 
of PS beads promotes metabolic disturbances likely through mechanisms involving 
oxidative stress and inflammation, which could be alleviated by supplementation 
with delphinidin.

 4722 Application of the Local Lymph Node Assay: 5-Bromo-2-
Deoxyuridine Flow Cytometry Method for Prediction of 
Skin Sensitization Potential of Silicon Dioxide and Titanium 
Dioxide Nanoparticles

A. Maharjan1, R. Gautam1, D. Lee1, M. Acharya1, S. Kusma1, H. Kim2, C. Kim1, and 
Y. Heo1. 1Daegu Catholic University, Gyeongsan, Korea, Republic of; and 2Catholic 
University of Korea, Seoul, Korea, Republic of.

Nanometals are being used in various fields including cosmetic, medicinal, agricul-
tural, or consumer products. Nanometal oxides such as zinc oxide, aluminum oxide, 
manganese oxide, copper oxide, titanium oxide (TiO2), or silicon dioxide (SiO2) are 
consistently used in cosmetics and consumer products due to their unique charac-
teristics of large surface area-to-volume ratio, electronic properties, optical proper-
ties, and antimicrobial properties. While the consideration of nanometal oxides use 
is increasing, concerns have been raised regarding their potential negative impacts. 
Although used in dermal products, the skin sensitization (SS) potential of nanometal 
oxides has not been well investigated. In the present study, we employed local lymph 
node assay: 5-bromo-2-deoxyuridine flow cytometry method (LLNA:BrdU-FCM) to 
screen the skin sensitization potentials of TiO2 and SiO2 nanometals. SiO2 (2.5, 5, 
10%) nanometal was suspended uniformly in N,N-dimethylformamide and TiO2 (5, 
10, 25%) nanometal was suspended in dimethyl sulfoxide for experimentation. AOO 
(acetone: olive oil=4:1) and α-hexyl cinnamaldehyde were used as negative and 
positive control, respectively. The stimulation index (SI) values     of SiO2 were 1.2, 1.3, 
and 1.6 at 2.5%, 5%, and 10% test concentrations, respectively. Similarly, SI values 

of TiO2 were 0.9, 0.8, and 0.9 at 5%, 10%, and 25% test concentrations, respec-
tively. Since SI ≤ 2.7 is considered a non-skin sensitizer, both nanometals were 
predicted as non-skin sensitizers. According to the present study, cosmetics or 
dermal products containing those nanometals are considered safe regarding skin 
sensitization potential. However cautious use is recommended as various studies 
have revealed their toxicity in vitro. Supported by grant #2020R1I1A3A0403650911, 
National Research Foundation of Korea, and the Ministry of Environment-Chemical 
hazards and risk educational training program.

 4723 Combined Long-Term Effects of Metal Nanocatalysts and UVB 
on Human Epidermal Keratinocytes

E. R. Kisin1, S. Guppi1, S. Friend1, and A. A. Shvedova1,2. 1NIOSH, Morgantown, WV; and 
2West Virginia University, Morgantown, WV. Sponsor: J. Roberts.

Transition metal ferrites (MFe2O4) are widely used for various industrial catalytic 
processes due to their extraordinary properties and stability thus representing 
potential human health risk. The health effects arising from exposure to nano-cat-
alysts depend on their composition and the extent of exposure. In addition to 
inhalation exposure route, workers may also be exposed through dermal contact 
where keratinocytes are main cellular constituents of the epidermis and highly 
active sentinel cells. Further, the study of interactions of nanoparticles (NPs) with 
the skin cells, in particular after the environmental stress like UVB exposure, are 
essential. The aim of this study was to investigate the cytotoxicity, oxidative stress, 
genotoxicity, cytokine responses and potential to induce cell transformation follow-
ing long-term (8 weeks) exposure of human epidermal keratinocytes (HEK) to a 
sub-toxic dose of two spinel ferrite NPs, NiFe2O4 or CoFe2O4, with or without UVB 
(2 kJ/cm2) pre-treatment. Long-term exposure to NPs caused structural alterations 
in cells that were enhanced by co-exposure with UVB. Significant oxidative modifi-
cation of proteins - accumulation of carbonyls - was induced only by combined 
exposure with UVB, while an increase in lipid peroxidation products and phosphor-
ylated H2AX protein was induced by both NPs alone and co-exposure to UVB. UVB 
alone caused marked amplification of the observed responses. Moreover, NPs 
alone induced significant changes in cell invasion (except NiFe2O4), migration 
and anchorage-independent growth stimulated by UVB pre-treatment. Nickel NPs, 
known to cause cell transformation, were used as a positive control. These findings 
are further supported by observed levels of cytokines/chemokines/growth factors 
secretion related to inflammatory and TH2-type/regulatory immune responses. 
Exposure to NiFe2O4 alone caused release of IL-8 and IL-12p70, while RANTES was 
specific only for CoFe2O4. Secretion of IL-9, IL-15, IL-17, G-CSF and MIP-1b was 
induced by both NPs and significantly amplified by UVB pre-treatment, while VEGF, 
IL-2, IL-5, IL-8, IL-12p70, GM-CSF and Eotaxin were released by cells exposed to 
both, NPs and UVB. Release of IL-4, RANTES and MIP-1a were unique for CoFe2O4/
UVB co-exposure. Altogether, these results clearly indicate that spinel ferrite NPs 
alone or combined with UVB pre-treatment can induce cytotoxicity, oxidative stress, 
and inflammation, and may potentially influence neoplastic-like transformation in 
HEK. Moreover, such effects are dependent on the composition of NPs. Further 
long-term studies focusing on understanding molecular mechanisms and likeli-
hood to induce tumorigenic effects in vivo are necessary.

 4724 Physicochemical Characterization and Pulmonary In Vitro 
Toxicity Screening of Different Categories of Two-Dimensional 
(2D) Nanomaterials

K. Fraser, X. Xin, V. K. Kodali, K. A. Roach, A. Stefaniak, T. A. Stueckle, and J. R. Roberts. 
NIOSH, Morgantown, WV.

Two-dimensional (2D) nanomaterials are a large class of engineered nanoparticles 
with a multitude of applications in electronics, biosensors, and more. Increased 
demand for these materials, including graphene, nanoclay, transition metal dichal-
cogenides (TMDs), such as WS2 and MoS2, and hexagonal boron nitride (hBN), has 
elevated the potential for occupational exposures during manufacturing, notably 
respiratory exposure. Although graphene has been well investigated, there are 
relatively few toxicity studies of this class of materials as a whole. Existing studies 
indicate these materials may have the propensity to induce inflammation and 
cytotoxicity; however, some results are contradictory and comparison across the 
entire highly variable class remains difficult. The goal of the current study was to 
conduct a comparative toxicity study of representative 2D materials for the differ-
ent categories listed above using high throughput in vitro screening assays. The five 
materials were thoroughly characterized for size, density, surface area, hydrody-
namic diameter, and more. A battery of toxicity assays was performed using human 
bronchial epithelial cells (BEAS-2B) and human THP-1 monocytes in doses ranging 
from 1-100 µg/ml. Cytotoxicity and cell proliferation were assessed using WST-1 
and Alamar blue for each cell type. Significant reduction in cell viability was found 
to occur with graphene at doses ≥ 12.5 µg/ml. Nanoclay and hBN had significant 
changes at doses ≥ 25 µg/ml, while little to no changes were seen, even at the 
highest doses (100 µg/ml) for TMDs. Inflammasome activation was assessed in 
THP-1 cells. IL-1b was found to be significantly increased at an average of 3.6 (6.25 
µg/ml) and 4.8 (25 µg/ml) times the control level following nanoclay exposure, 
and a significant 1.8-fold change occurred following hBN (6.25 µg/ml) exposure. A 
4-fold change in Caspase-1 also resulted from exposure to 25 µg/ml nanoclay. In 
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BEAS-2B cells, there was a trend for cell cycle arrest in G0/G1 following the 25 µg/
ml exposure to nanoclay. These initial findings suggest that the TMD category is 
relatively less toxic than the other classes of 2D materials and nanoclay may be of 
greater toxicological concern overall. Future work will further screen these materi-
als for genotoxicity, oxidative stress, and inflammatory effects, as well as conduct 
statistical analyses of the relationship of material properties to these outcomes.

 4725 Development of Toxicity Evaluation Method for Nanomaterials 
Using Activation of THP-1 Cell as an Index

T. Ashikaga1, A. Ohno1, A. Nishida2, and K. Iijima2. 1National Institute of Health Sciences, 
Kawasaki, Japan; and 2Yokohama National University, Yokohama, Japan.  
Sponsor: A. Hirose.

The development and international standardization of a test method that can 
efficiently and accurately evaluate the toxicity of various nanomaterials (NMs) is 
an urgent issue. We have a hypothesis that activation of antigen presenting cell 
is a trigger of the toxic effect caused by NMs. In this study, therefore we focused 
on the effects of various NMs on antigen-presenting cells (APCs), which play a 
fundamental role in the recognition of foreign substances and aimed to elucidate 
the mechanism of toxicity and develop an in vitro test method. We evaluated 
various NMs using the human Cell Line Activation Test (h-CLAT), a skin sensitiza-
tion test adopted by the Organisation for Economic Co-operation and Development 
guideline that measures activation of APCs as an indicator. Our goal is to clarify the 
mechanism of the toxicity caused by NMs, and to standardize our in vitro evaluation 
system. All five nano silicas examined in this study were positive for h-CLAT. Some 
samples increased the expression of CD54 by over 20-fold that of the control. The 
potency of THP-1 cell activation was varied depending on nano silicas. For silver 
nanoparticles, both CD86 and CD54 expression by THP-1 cells were enhanced as 
well as allergenic silver ions. The activation of THP-1 cells by silver nanoparticles 
was considered to be due to silver ions that leached from the nanoparticles into the 
culture medium. In the case of titanium dioxide NMs, CD54 expression was mildly 
increased. In addition, some carbon nanotubes strongly enhanced CD54 expression 
at low concentrations. As results, many of them including silver nano particles, 
titanium dioxide and silicon dioxide NMs were resulted in positive. But the potency 
was varied depending on the type of NMs. In general, the activation potency of 
the silicon dioxide NMs was higher than that of titanium dioxide NMs. Among the 
same manufacturing method, the potency of THP-1 activation was depended on the 
primary particle size of silicon dioxide. Furthermore, the effects of mixed exposure 
to a nano silica along with LPS, which can activate THP-1 cells, was investigated. A 
synergistic effect was observed on mixed exposure to LPS and nano-silica. These 
results suggest the usefulness of the h-CLAT test as a screening test for the evalua-
tion of NM immunotoxicity. We are grateful to the TAYCA Corporation and the 
JRC Nanomaterials Repository for being the supplier of materials in this study. 
This research was supported by the Ministry of Health, Labor and Welfare Science 
Research Grant, Chemical Substance Risk Research 20KD1004.

 4726 Nanotoxicity of Engineered Nanoparticles following Acute and 
Chronic Exposures of the Small Intestinal Tissue Model

S. Ayehunie, K. Causey, A. Armento, and Y. Kaluzhany. MatTek, Ashland, MA.

Despite the expanding number of applications for engineered nanoparticles 
(ENPs), human health concerns associated with ingested nanoparticles are poorly 
understood. In this study we utilized 3D human small intestinal (SMI) tissue model 
to develop a physiologically relevant test system to assess nanotoxicity of ingestible 
nanomaterials. For dose response experiments, we tested ENPs of various sizes: 1) 
Copper oxide (CuO), 2) Zinc oxide (ZnO), 3) titanium oxide (TiO2), 4) silver (Ag), 5) 
Aluminum (Al), 6) iron oxide (FeO), and 7) single wall carbon nanotubes (SWCNT) 
at 4 different concentrations. Nanotoxicity was monitored using the following 
endpoints: 1) tissue viability (MTT), 2) barrier integrity (TEER), 3) structural damage 
(histology), 4) cytokine release (BioPlex ELISA) and 5) DNA damage (Comet assay) 
to monitor genetic perturbations in the gut epithelium. In all the experiments, 
tissues were exposed to 40 ul of different doses of sonicated nanoparticles under 
rocking condition for 4 hr. After 4hours, dosed tissues were further cultured for 
overnight under static condition. For chronic exposure, tissues were exposed every 
other day and cultured for a total of 7- 18 days (4-8 repeat dose applications). 
Using IC15 (concentration that reduces barrier function or tissue viability by 15%) 
as a cut off, we observed a dose response reduction of barrier integrity and tissue 
viability for CuO and ZnO following acute exposure. However, acute exposure of 
titanium oxide did not induce toxicity for the concentrations tested. Furthermore, 
culture supernatants collected at 24 hr of the culture period were also analyzed 
for inflammatory cytokines and the result showed a dose dependent release of 
IL-8 for CuO and ZnO. Tissues exposed to lower doses of nanoparticles that were 
not found to be toxic in acute exposure studies showed toxicity following repeat 
applications. For instance, repeated exposure of tissues to CuO (50 nm; 125 ug/
ml) showed toxicity at days 7, 14, and 18. FeO (5 nm, 900 ug/ml, gold (2 um, 125 
ug/ml), and TiO2 (15 nm, 900 ug/ml) showed toxicity at days 14 and 18. Analysis 
of the comet assay of the chronic exposure showed an increase in DNA tail length 
in tissues treated with SWCNT (125 and 900 µg/mL) and CuO (125 and 900 µg/
mL). Overall, the TEER measurement was a sensitive endpoint compared to the 

MTT tissue viability assay. In summary, the use of the SMI tissue model to examine 
the toxicity profile of ingested nanotoxicity will also enhance our understanding of 
nanoparticle cellular deposition and absorption/permeation through the intestinal 
tissues. The acute and chronic exposure results will play a key role in dose/design 
studies to generate a physiologically relevant data set for the food and pharmaceu-
tical industries and to provide greater insight into in vivo responses.

 4727 Nanoparticle Synthesis and Toxicological Characterization of 
Distinct Size Populations of Stabilized Zinc Colloids

M. Stevens1, A. K. Sevcik1, E. Braswell2, and C. M. Sayes1. 1Baylor University, Waco, 
TX; and 2USDA Animal and Plant Health Inspection Service Insect Management and 
Molecular Diagnostics Laboratory, Edinburg, TX.

Engineered nanoparticles are precisely designed during the synthesis process to 
exploit unique properties based on small size and high surface area for use in 
agricultural, biomedical, and environmental applications. Generally, the narrower 
the size distribution of a particle systems, the higher the intensity of the unique 
property. The size distribution of agglomerated nanoparticles broadens after 
internalization within an organism and can dampen efficacy, such as targeted 
delivery or magnetic resonance. For example, tailored size populations (such as 
20 nm) increase deposition and accumulation because particles can enter cells 
passively. Because zinc-based theragnostic agents are gaining popularity in 
biomedical science for drug delivery and imaging purposes, and because the safety 
of zinc colloids in organismal circulation is relatively unknown, surface-stabilized 
water-suspendable zero-valent zinc clusters were selected for this study. The 
aim was to produce spherical zinc particles stabilized with polyvinylpyrrolidone 
(PVP) that exist in three distinct and stable size populations: 35±5 nm, 300±50 
nm, and 600±100 nm in diameter. PVP was chosen because it confers a neutrally 
charged particle surface and is not known to induce cytotoxicity effects at the 
concentrations used in our formulation. Four different synthesis methods were 
performed and optimized for low dispersity indices, and the toxicological proper-
ties were examined. To evaluate the toxicological effects of the nanoparticles to 
a mammalian ingestion scenario, human intestinal epithelial (Caco-2) cells were 
exposed. Inductively coupled plasma mass spectrometry was utilized to analyze 
the uptake efficacy of the cells. The smallest particles were taken up into cells 
in largest amounts and induced the highest cytotoxicity. In addition, the smallest 
particles induced the greatest amount of oxidative stress. The medium and large 
size populations followed similar trends, thus showing that, for zinc colloids, size of 
the nanoparticle affects toxicological effects.

 4728 MMP-3–Mediated Cleavage of OPN Is Involved in Copper Oxide 
Nanoparticle–Induced Activation of Fibroblasts

Y. Zhang, Y. Mo, J. Yuan, and Q. Zhang. University of Louisville, Louisville, KY.

Copper oxide nanoparticles (Nano-CuO) are one of the most produced metal oxide 
nanomaterials, which have been widely used in various areas such as catalysts, 
wood protection, coating, etc. Previous studies have shown that exposure to 
Nano-CuO caused epithelial cell injury, pulmonary inflammation, and even lung 
fibrosis. However, the mechanisms underlying Nano-CuO-induced lung fibrosis 
are still unclear. We hypothesized that exposure of human lung epithelial cells 
and macrophages to Nano-CuO would cause increased expression and activity 
of MMP-3 as well as increased production of MMP-3-cleaved OPN, which may 
further contribute to the activation of fibroblasts, leading to lung fibrosis. At first, 
the cytotoxicity of Nano-CuO in cells was determined by MTS assay and alamarBlue 
assay. And we found that exposure to non-cytotoxic doses of Nano-CuO (0, 0.5, and 
1 µg/mL) caused a dose-dependent increase in MMP-3 expression and activity and 
OPN expression in both human lung epithelial cells BEAS-2B and PMA-differentiated 
U937 macrophages (U937*), but not in human MRC-5 fibroblasts. Nano-CuO 
also caused increased production of MMP-3-cleaved OPN fragment in BEAS-2B 
and U937* cells, which was abolished by MMP-3 siRNA transfection. In addition, 
conditioned media from Nano-CuO-exposed BEAS-2B, U937*, or the co-culture of 
BEAS-2B and U937* caused activation of unexposed MRC-5 fibroblasts, which were 
reflected by increased expression of α-SMA, COL1A1, and fibronectin. However, 
direct exposure of MRC-5 cells to Nano-CuO did not induce the activation of MRC-5 
fibroblasts. We then established a triple co-culture model and found that exposure 
of BEAS-2B and U937* cells to Nano-CuO caused activation of unexposed MRC-5 
fibroblasts. However, transfection of MMP-3 siRNA into BEAS-2B and U937* 
cells significantly inhibited the activation of MRC-5 fibroblasts, suggesting that 
MMP-3 played a key role in Nano-CuO-induced activation of MRC-5 fibroblasts. 
Taken together, our results demonstrated that exposure of lung epithelial cells 
and macrophages to Nano-CuO caused MMP-3 production and MMP-3-mediated 
cleavage of OPN, which led to the activation of fibroblasts, finally resulting in 
lung fibrosis.
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 4729 Investigating the Roles of Exosomes in Extrapulmonary Toxic 
Effects of Copper Oxide Nanoparticles

D. Lee, M. Pavlovic, J. Kim, and Y. Cho. University of Iowa, Iowa City, IA.

Exosomes have emerged as key signaling mediators of cell-cell communication in 
a wide variety of biological processes. When cells secret exosomes, various biolog-
ically active factors such as RNA, protein, lipid, and metabolite are loaded; thus, 
exosomes can serve as carriers of complex intercellular information. The effects 
of nanoparticles (NPs) exposure on the pulmonary system are well established; 
however, the underlying mechanisms of how inhaled NPs affect the other organs 
need further investigation. Although some studies on the direct effects of NPs on 
systemic distribution suggest that NPs may be translocated directly from the alveoli 
into the microvascular bed, it is unclear that how NPs and biological mediators from 
the lung reach to other organs to induce extrapulmonary toxic effects. We hypoth-
esized that the exosomes released from human lung cells as responses to NPs 
exposure play a key role in cell-cell communication for extrapulmonary toxicity of 
NPs. Here we determined the characteristics of exosomes released by lung epithe-
lial cells after exposure to NPs and examined the roles of isolated exosomes in 
NP-induced extrapulmonary toxicity. In this study, We characterized the exosomes 
released by human alveolar epithelial cells (A549) following exposure to copper 
oxide (CuO) NPs and evaluated the cytotoxicity (AlamarBlue assay and LDH assay) 
and oxidative stress (intracellular ROS) of A549 cells (for pulmonary responses) 
and human umbilical vein endothelial cells (HUVEC, for extrapulmonary effects) 
as responses to CuO NPs exposure. Exosomes were isolated from the exposure 
medium following NP exposure using ExoQuick-TC. To characterize exosomes, 
we measured the expression of exosome membrane marker proteins (e.g., 
CD63 and Flotillin) by Western blot assay, observed morphology using transmis-
sion electron microscopy, and measured the size and concentration through 
Nanoparticle Tracking Analysis (NTA). Then, we profiled miRNA signatures in the 
isolated exosomes using NanoString. In addition, cellular responses of HUVEC in 
the presence of exosomes released from NP-exposed A549 cells were assessed 
to examine the roles of exosomes in the extrapulmonary toxicity of CuO NPs. CuO 
NPs induced the dose-dependent cytotoxicity effects and intracellular reactive 
oxygen species (ROS) in A549 cells and ROS-induced cytotoxic effects were 
found in the experiment with N-acetyl cysteine as a ROS scavenger. Furthermore, 
the size and concentrations of exosomes released from NP-exposed A549 were 
different as compared to those of untreated cells. Isolated exosomes released 
from NP-exposed A549 cells induced cytotoxicity in fresh A549 cells and HUVECs. 
Differentially expressed exosomal miRNAs in NP-treated cells were associated 
with cellular toxicity, which further emphasizes the potential role of exosomes in 
NP-induced toxicity. Our results suggest that exosomes have a potential as key 
mediators for carrying cytotoxic-related factors to surrounding cells or target 
organs in NP exposure, which can induce extrapulmonary toxic effects.

 4730 The Role of MicroRNAs in the Long-Term Cellular Responses to 
Gold Nanoparticles: A Systems Toxicology Perspective

P. Falagan Lotsch1,2, and C. J. Murphy2. 1Auburn University, Auburn, AL; and 2University 
of Illinois at Urbana-Champaign, Urbana, IL.

Gold nanoparticles (AuNPs) are promising nanomaterials for biomedical 
applications that range from sensing to diagnostic imaging, to drug delivery and 
therapeutics. However, the insufficient understanding of NP interactions with 
biological systems has proven to be a barrier to the clinical translation of nanotech-
nology, impacting the development of the whole area. New and more advanced 
mechanism-based approaches, including OMICs and systems biology (toxicology), 
are emerging to provide quantitative information on how biological networks are 
perturbed by nanomaterials in living systems. MicroRNAs (miRNAs), short non-cod-
ing RNAs that mediate gene expression repression, have emerged as key regulators 
of biological pathways. Herein, we report the first study focused on the in vitro 
long-term effects (20 weeks) of a low dose of AuNPs with varying shapes and 
surface coatings in the global miRNA expression profile of primary human dermal 
fibroblasts after chronic and acute (non-chronic) exposure. Our results show that 
the exposure condition and surface chemistry of the AuNPs do have a significant 
impact on the modulation of miRNA levels. At the systems-level perspective, the 
biological response for a long-term low dose is distinctly different: the non-chronic 
exposure to AuNPs led to significant perturbation in miRNA networks enriched for 
target genes involved in cell proliferation pathways, with cells under this exposure 
condition potentially suppressing proliferative signaling pathways, possibly in an 
attempt to restore cell homeostasis disrupted after the treatment with AuNPs, while 
changes in miRNA co-expression networks enriched for target genes related to 
activation of proliferative and suppression of apoptotic pathways were observed 
in cells chronically exposed to one specific type of AuNPs. In this case, miRNA 
dysregulation might be contributing to enforce a new cell phenotype during 
stress. Collectively, our data suggest that miRNAs play critical roles in the cellular 
responses to the stress provoked by AuNP stimuli. The mechanistic understanding 
of nanoparticle-induced molecular changes and perturbation in biological pathways 
provides comprehensive response profiles of nanomaterial exposures, enabling the 
development of safe-by-design nanomaterials as well as opening new avenues for 
further nanotechnology applications.

 4731 Biosynthesis of Silver Nanoparticles Using Azadirachta indica 
and Their Antioxidant and Anticancer Effects in Cell Lines

A. Patlolla1, S. Kumari2, P. Chary3, and P. Tchounwou4. 1Jackson State University, 
Ridgeland, MS; 2Osmania University College for Women, Hyderabad, India; 3National 
Institute of Nutrition, Hyderabad, India; and 4Jackson State University, Jackson, MS.

In the present study, silver nanoparticles (Ag-NPs) were synthesized using 
Azadirachta indica extract and evaluated for their in vitro antioxidant activity 
and cytotoxicity efficacy against MCF-7 and HeLa cells. The silver nanoparti-
cles (Ag-NPs) were formed within 40 min and after preliminary confirmation by 
UV-visible spectroscopy (peak observed at 375 nm), and were characterized using 
a transmission electron microscope (TEM), and dynamic light scattering (DLS). 
The TEM images showed the spherical shape of the biosynthesized Ag-NPs with 
particle sizes in the range of 10 to 60 nm, and compositional analysis was carried 
out. The cytotoxicity and antioxidant activity of various concentrations of biosyn-
thesized silver nanoparticles, Azadirachta indica extract, and a standard ranging 
from 0.2 to 1.0 mg/mL were evaluated. The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) 
activity of the biosynthesized Ag-NPs and aqueous leaf extract increased in a 
dose-dependent manner, with average IC50 values of the biosynthesized Ag-NPs, 
aqueous leaf extract, and ascorbic acid (standard) of 0.70 ± 0.07, 1.63 ± 0.09, and 
0.25 ± 0.09 mg/mL, respectively. Furthermore, higher cytotoxicity was exhibited in 
both the MCF-7 and HeLa cell lines in a dose-dependent manner. The average IC50 
values of the biosynthesized Ag-NPs, aqueous leaf extract, and cisplatin (standard) 
were 0.90 ± 0.07, 1.85 ± 0.01, and 0.56 ± 0.08 mg/mL, respectively, with MCF-7 cell 
lines and 0.85 ± 0.01, 1.76 ± 0.08, 0.45 ± 0.10 mg/mL, respectively, with HeLa cell 
lines. Hence, this study resulted in an efficient green reductant for producing silver 
nanoparticles that possess cytotoxicity and antioxidant activity against MCF-7 and 
HeLa cells.

 4732 Silver Nanoparticles Induce an Inflammatory Response of 
Intestinal C2BBe1 Cells

A. Sousa, A. T. Rufino, A. Ramalho, F. Carvalho, E. Fernandes, and M. Freitas. 
Universidade do Porto, Porto, Portugal.

Silver nanoparticles (AgNP) are widely consumed nanomaterials that have been 
increasingly incorporated in food-related and hygiene products, which thereby 
could lead to their intentional or accidental ingestion. Increased oral exposure 
to AgNP may result in extensive exposure of intestinal cells, which may result in 
local adverse effects and intestinal inflammation. Hence, it becomes imperative 
to thoroughly evaluate the potential pro-inflammatory effects of AgNP, especially 
at the intestinal level. This study aimed to evaluate the possible pro-inflammatory 
effects of polyvinylpyrrolidone (PVP)-AgNP of two different sizes (5 and 50 nm) 
in intestinal epithelial C2BBe1 cells. The size-dependent effects of PVP-AgNP on 
cellular viability were firstly evaluated by flow cytometry. It was observed a trend 
in the occurrence of early and late apoptotic events for the 50 nm PVP-AgNP. 
The size-dependent pro-inflammatory effects of PVP-AgNP were also evaluated 
through a western blot analysis of inducible nitric oxide synthase and iкBα, and also 
through the quantification of reactive oxygen species (measured by DCFH-DA) and 
reactive nitrogen species (measured by the Griess reagent). The results revealed 
the activation of an inflammatory response after the exposure of C2BBe1 cells to 
the larger PVP-AgNP (50 nm), which was mainly characterized by an increase of 
expression levels of inducible nitric oxide synthase and a decrease of expression 
levels of iкBα levels. This response was followed by an increase in the levels of 
reactive nitrogen species, although there was not observed a significant increase 
in the amount of reactive oxygen species. This study indicates that PVP-AgNP 
of 50 nm may be deleterious to intestinal cells, through the activation of several 
steps of the inflammatory process. This work received financial support from 
FCT/MCTES (Fundação para a Ciência e Tecnologia and Ministério da Ciência, 
Tecnologia e Ensino Superior) for the national funds received through the project 
EXPL/MED-QUI/0815/2021. Acknowledgments: Authors acknowledge financial 
support from PT national funds (FCT/MCTES, Fundação para a Ciência e Tecnologia 
and Ministério da Ciência, Tecnologia e Ensino Superior) through the projects 
UIDB/50006/2020 and UIDP/50006/2020. AS and MF thank FCT for the PhD grant 
SFRH/BD/150656/2020 and the contract 2020.04126.CEECIND/CP1596/CT0006, 
respectively. MF also thanks to LAQV/REQUIMTE her contract LA/P/0008/2020.

 4733 Proteinase-Activated Receptor-2 Mediates the Production of 
Fibrotic Mediators by Murine Macrophages and Fibroblasts in 
Response to House Dust Mite Allergens and Carbon Nanotubes

L. Tisch1, H. Lee1, R. Bartone1, S. Antoniak2, and J. Bonner1. 1North Carolina State 
University, Raleigh, NC; and 2University of North Carolina at Chapel Hill, Chapel Hill, NC.

Proteinase-activated receptor 2 (PAR2), a 7-transmembrane G protein-coupled 
receptor, is implicated in immune regulation and the pathogenesis of various 
inflammatory diseases, including pulmonary fibrosis and asthma. PAR2 is activated 
by proteolytical cleavage of the N-terminus by serine proteases, including those 
found in house dust mite extract, such as Der p 1. Our lab has previously shown 
that airway fibrosis is suppressed in the lungs of PAR2 deficient (PAR2-/-) mice, 
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compared to wild-type (WT) mice, after co-exposure to house dust-mite (HDM) 
extract and multi-walled carbon nanotubes (MWCNT). In this study, we explored the 
effects of PAR2 on proinflammatory cytokine production and intercellular signaling 
using WT or PAR2 -/- primary bone marrow-derived macrophages (BMDM), primary 
mouse lung fibroblasts (MLF), and mouse embryonic fibroblasts (MEF) in vitro after 
exposure to HDM extract (Greer Laboratories, Inc.) and MWCNT (NC7000, Nanocyl 
Inc.). In both PAR2 -/- BMDM and PAR2 -/- MLFs, MWCNT and HDM enhanced 
the expression of pro-fibrotic proteins osteopontin (OPN) and transforming growth 
factor-beta 1 (TGF-β1) compared to WT cells. Similarly, PAR2 -/- BMDM and 
MLFs stimulated with MWCNT exhibited increased STAT3 expression. However, 
only PAR2 -/- MLFs exhibited diminished HDM-induced NF-κB protein expression 
compared to WT MLFs. PAR2 -/- cells exposed to the Th2 cytokines IL-4 and IL-13 
also showed increased STAT6, STAT3, and arginase-1 (Arg-1) protein expres-
sion compared to wild-type cells. Furthermore, conditioned media from BMDM 
stimulated with MWCNT or HDM, alone or in combination with IL-4/13 (to stimulate 
a Th2 microenvironment), suppressed expression of STAT6, STAT3, and Arg-1 in 
PAR2 -/- MLFs to levels comparable to WT MLFs. In contrast to PAR2-/- MLF and 
PAR2-/- BMDM, PAR2-/- MEF stimulated with HDM or HDM with MWCNTs displayed 
reduced OPN and Arg-1 protein expression compared to wild-type cells. Together, 
these findings indicate that in the context of pro-fibrotic stimuli such as MWCNT 
and HDM, PAR2 regulates the production of fibrotic mediators by macrophages 
and fibroblasts in a cell-type-specific manner. Funded by NIEHS grant R01ES032443.

 4734 Multiwalled Carbon Nanotubes Exacerbate the Innate Immune 
Response of Macrophages to House Dust Mite Allergens 
through the Formation of an Allergen Corona

R. D. Bartone1, J. Dominguez2, S. Holmes2, L. Tisch1, H. Lee1, A. Taylor-Just1, C. Payne2, 
and J. Bonner1. 1North Carolina State University, Raleigh, NC; and 2Duke University, 
Durham, NC.

Inhaled particulate air pollution is a major factor that exacerbates allergic 
asthmatic responses in humans. We previously reported that co-exposure of mice 
to house dust mite (HDM) allergens and multi-walled carbon nanotubes (MWCNTs) 
intensified lung inflammation in mice in vivo and amplified cytokine production by 
macrophages in vitro. Nanoparticles, including MWCNTs, avidly bind biomolecules 
to form a protein corona that can modify nanoparticle immunotoxicity. Therefore, 
we hypothesized that exacerbation of the inflammatory response of macrophages 
in vitro to HDM allergens by MWCNTs is due to the formation of an allergen corona. 
Allergen coronas were prepared in a cell-free system by co-incubating MWCNTs 
(NC7000, Nanocyl Inc.) with HDM extract (Greer Laboratories, Inc.), followed 
by sequential rinsing and centrifugation of the MWCNTs to remove free HDM 
proteins. Mixtures of MWCNTs and HDM extract or MWCNTs with HDM corona 
were used to treat the mouse alveolar macrophage cell line (AMJ2-C8). After 24 
hours, cell supernatants were assayed for secreted cytokines using a cytokine 
array or ELISAs. RNA extracted from AMJ2-C8 cells were used for detection of 
cytokine mRNAs by RT-PCR. Cytokine arrays revealed that three pro-inflammatory 
cytokines (TNF-alpha, CCL2, and CXCL2) that were synergistically increased by 
co-exposures of MWCNTs and HDM extract. Further experiments using ELISAs or 
PCR showed that MWCNTs with HDM corona significantly increased all three of 
these cytokines by AMJ2-C8 cells at the protein or mRNA level when compared to 
pristine MWCNTs. It was also noted that the response of the MWCNT-HDM corona 
showed dose-dependent responses when concentrations of HDM extract exposed 
to MWCNTs were varied. Furthermore, cytokine array analysis showed that multiple 
secreted cytokines (including, but not limited to: Amphiregulin, CCL17, CCL20, EGF, 
and ICAM-1) were highly elevated in supernatants from AMJ2-C8 cells exposed to 
MWCNT-HDM corona compared to pristine MWCNTs. Therefore, the synergistic 
enhancement of macrophage cytokine production by mixtures of MWCNTs and 
HDM extract appears to be due, at least in part, to the formation of an HDM allergen 
corona. Future studies include identifying which HDM proteins are adsorbing to the 
MWCNTs to form a corona and whether MWCNTs with HDM corona produce more 
inflammation and fibrosis in the lungs on mice in vivo. Overall, this study provides 
new insight to the mechanisms through which inhaled nanoparticles exacerbate 
allergic asthma. Funded by NIEHS grand R01ES032443.

 4735 Microplastics Are Everywhere! Important Steps in Tackling the 
Challenges in Risk Assessment of These Small Particles

I. M. Kooter1, E. van de Steeg1, B. N. Melgert2, F. van Schooten3, E. Hoppener1, 
A. E. Schwarz1, L. Parker1, A. Boersma1, S. Henke1, and J. Urbanus1. 1TNO, Utrecht, 
Netherlands; 2RUG, Groningen, Netherlands; and 3Maastricht University, Maastricht, 
Netherlands. Sponsor: A. Gutleb.

Micro- and nanoplastics (MNP) can be found virtually everywhere around us in the 
biosphere and food chain, therefore humans are continuously exposed to MNP, 
mainly via inhalation and ingestion. Recently it has been shown that they even 
enter the human body. But tackling the problem of these small particles is a great 
challenge. Presently, there is insufficient information on the exposure of humans 
to MNP and the impact they have for us to be able to make well-considered risk 
assessment. There remain many important questions to be answered before we 
are able to do this: How do they arise? Secondary MNP result from degradation of 

plastic during use or end-of-life. The extent to which this takes place depends on 
the mechanical properties of the polymer. By combining material parameters on 
the strength, stiffness, and impact strength of a given type of polymer, we have 
developed a model to calculate how many particles are formed and of what size. 
We express this in the MicroPlastics Index (MPI, see figure). Some polymers, such 
as HDPE, have a low MPI (~1-3) which means they form fewer, larger MNP (>200 
μm). On the other hand, polymers such as polystyrene have a much higher MPI (>5) 
meaning they form far more, and far smaller (~1-5 μm) MNP. What to measure? The 
scale of the problem is not yet fully known as the smallest MNP cannot accurately 
be measured due to limitations in measurement and detection techniques. By 
combining a nanoscale resolution of Scanning Electron Microscopy (SEM) with 
the spectroscopic power of cathodoluminescence (CL) we showed recently that 
six of the most common plastics - HDPE, LDPE, PP, PA, PS and PET - have unique 
spectra that could help in identifying the smallest MNP. We were able classify the 
six plastics, including difficult samples such as black coloured plastics, based on 
their CL spectra with 97% accuracy, showing that our approach is robust towards 
sample differences. We are currently exploring the boundaries of the technique 
to measure the smallest particles in complex matrices. Is there crossing of the 
physiological barrier? By using physiologically relevant human-based advanced in 
vitro models representing the lung (MucilAir™) and gut (InTESTine™) we studied 
membrane passage of various MNP and their potency to induce cytotoxic effects, 
barrier disturbances or pro-inflammatory cell activation. Regarding transepithe-
lial penetration of the MNP, permeability of 0.05 μm polystyrene spheres in the 
MucilAir™ lung cell model reached 3.6 ± 1.2% after 24 h. With 3.37 ± 0.46% after 5 h 
under static conditions and 5.5 ± 1.3% after 24 h under microfluidic conditions MNP 
permeability across intestinal tissue was highest for the largest (10 μm) polysty-
rene spheres. Confocal microscopy confirmed the translocation of MNP across the 
lung and intestinal epithelial barrier. What are the effects? Exposure to nylon fibers 
and its supernatant led to pro-inflammatory cell activation, as shown by increased 
IL-6 release in MucilAir™ and in human colon tissue after 96 or 24 h, respectively. In 
addition, it resulted in inhibited outgrowth of airway organoids, where it especially 
inhibited developing airway organoids and not established airway organoids. What 
to do about it? The precautionary principle prescribes minimizing the formation 
and spread of MNP. Moreover, with a model based on Mass Flow Analysis (MFA) 
we gained insight on the complex value chain of plastics and showed for the 
Netherlands, that packaging, car tyres and agricultural foil are the biggest contribu-
tors to MNP. We used the model to calculate the effect of different mitigations and 
showed that 57% reduction of MNP is achievable by 2050.

 4736 Assessment of Ingested Micro–nanoplastics (MNPs)-
Mediated Genotoxicity in an In Vitro Model of the Small 
Intestinal Epithelium

Z. Yang1,2, G. M. DeLoid2, J. Baw1, P. Demokritou2,3, and H. Zarbl2,3. 1Rutgers Ernest 
Mario School of Pharmacy, Piscataway, NJ; 2Rutgers, The State University of New Jersey, 
Piscataway, NJ; and 3Rutgers School of Public Health, Piscataway, NJ.

Micro-nanoplastics (MNPs) generated by aging and fragmentation of plastics over 
time or by municipal incineration of plastic waste are environmental contaminants 
of increasing concern in recent years. MNP-induced disruption of organismal 
physiology and behaviors has been widely reported in aquatic organisms. More 
importantly, numerous studies have suggested that MNPs may pose a serious 
threat to human health. Ingestion is considered one of the most common routes of 
MNP exposure in humans, as MNPs can ascend the food chain by trophic transfer 
or be released from plastic food packaging and have been found in a wide variety 
of foods and drinks. The genotoxicity of MNPs, while gaining increasing attention, 
remains undetermined. This study is focused on investigating the potential 
genotoxicity of MNPs in small intestinal epithelium models. Three types of MNP 
particles, including primary carboxylated polystyrene (PS) spheres with sizes of 
25 and 1000 nm (PS25C and PS1KC), and environmentally relevant secondary 
polyethylene (PE) MNPs generated by incineration of pristine PE pellets (PEI, PM0.1) 
were employed to study the cytotoxicity and genotoxicity of ingested MNPs. MNPs 
dispersed in water at concentrations of 0.05, 0.25 and 1.0 mg/mL, were subjected 
to an in vitro 3-phase simulated gastrointestinal tract (GIT) digestion to prepare 
physiologically relevant exposures (digestas). An in vitro tri-culture small intestinal 
epithelium model, which mimics the small intestinal epithelium, was exposed to 
the MNP digestas (final concentrations of MNP in digestas: 1, 5 and 20 μg/mL) 
for up to 48 h. The blank digestas without MNPs were employed as controls. DNA 
damage was assessed by the CometChip assay, which is a high-throughput method 
for genotoxicity testing. Exposure to digestas of PS1KC at concentrations of 0.25 
and 1.0 mg/mL (final concentrations of MNP in digestas: 5 and 20 μg/mL) signifi-
cantly increased intracellular reactive oxygen species (ROS) production compared 
to controls after 6 h in a concentration-dependent manner. PS25C and PS1KC at the 
highest concentration (1.0 mg/mL) significantly increased epithelial permeability 
to 3 kDa dextran after 48 h exposure. No MNP-induced changes in barrier integrity, 
epithelial permeability to 70 kDa dextran, LDH release, cell viability, or cell apoptosis 
were observed after 24 or 48 h exposures. Exposure to digestas of carboxylated 
PS-MNPs induced DNA damage in a time- and concentration-dependent manner. 
DNA damage was significantly increased after 48h exposures to digestas of 0.25 
and 1.0 mg/mL PS25C and of 1.0 mg/mL PS1KC compared to controls. No signif-
icant DNA damage was seen in tri-culture cell models exposed to PEI-MNPs for 
either 24 or 48 h. To our knowledge, this is the first study to assess the genotoxicity 
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of primary and environmentally relevant secondary MNPs in an integrated in vitro 
ingestion platform including simulated GIT digestion and tri-culture small intesti-
nal epithelium models. These findings suggest that ingestion exposures to high 
concentrations of MNPs could have serious genotoxic consequences in the small 
intestinal epithelium. Supported by 5P30ES005022 for H.Z. and P.D.

 4738 Evaluation of Glucose Uptake Activity and Cytotoxicity 
of Diterpenes and Triterpenes Isolated from Lamiaceae 
Plant Species

N. Etsassala1, and O. Ogunrinola2. 1Cape Peninsula University of Technology, Cape 
Town, South Africa; and 2Lagos State University, Lagos, Nigeria.

The prevalence of diabetes mellitus (DM), considered as one of the most common 
metabolic disorders, has dramatically increased and resulted in higher rates of 
morbidity and mortality around the world in the past decade. It is well known 
that insulin resistance in target tissues and a deficiency in insulin secretion 
from pancreatic β-cells are the main characteristics of type 2 diabetes. The aim 
of this study was to evaluate the glucose-uptake ability of compounds isolated 
from three selected plant species namely Salvia africana-lutea, Leonotis ocymifo-
lia, and Plectranthus madagascariensis. The glucose-uptake ability of each 
compound was then evaluated in mammalian cells using 2-deoxyglucose-6-phos-
phate. The cytotoxicity of each compound was established via the MTT assay. 
Chromatographic purification of the three plant species yielded sixteen pure 
terpenoids namely 19-acetoxy-12-methoxycarnosic acid (1), 3β-acetoxy-7α-me-
thoxyrosmanol (2), 19-acetoxy-7α-methoxyrosmanol (3), 19-acetoxy-12-methoxy 
carnosol (4), clinopodiolides A (5), and B (6), oleanolic, and ursolic acids (7, 8), 
β-amyrin (9), carnosolon (10), 6β,7α-dihydroxyroyleanone (11), 7α-acetoxy-6β-hy-
droxyroyleanone (12), horminone (13), and coleon U quinone (14), Leonurun (15) 
and 20-acetoxy-9α,l3-dihydroxy-15(16)-epoxylabd-14-en-6β(19)-lactone (16). 
Compounds 1 (p = 0.0031), 8 (p = 0.0053), and 6 (p = 0.0086) showed a marked 
increase in glucose uptake, respectively. Additionally, 1, 4, and 6 exhibited cytotox-
icity toward mammalian tissue with a decrease in cell viability of ~70%, ~68%, and 
~67%, respectively. The results suggested that several compounds demonstrated a 
marked increase in glucose uptake, while two of the compounds exhibited signs of 
cytotoxicity. It may therefore be suggested that these compounds be considered as 
potential candidates for novel plant-derived alternative therapies in the treatment 
of type 2 diabetes.

 4739 Investigation of Blue Cohosh Extract Compositions and Human 
Hepatocellular Effects

G. Quiroz-Delfi, G. Mueller, A. K. Jarmusch, S. S. Ferguson, and C. K. Rider. NIEHS, 
Research Triangle Park, NC.

Botanical ingredients found in dietary supplements are widely used throughout 
the world as ‘natural’ remedies and food additives. Blue cohosh (Caulophyllum 
thalictroides) is purported to reduce the pain of menstrual cramps and induce 
labor, yet limited information is available to verify the quality of these supple-
ments (i.e., constituent composition) or understand their potential human health 
effects (e.g., interactions with other botanicals or drugs). Recent studies indicate 
that ingestion of specific alkaloids in blue cohosh preparations can produce birth 
defects and neonatal heart failure, and contain saponins, which may be responsi-
ble for uterine-stimulating effects. Previous studies in our labs have established 
patient-derived human liver cells to study botanical-induced toxicity and drug 
interaction potential. In this study, we applied NMR, LC-MS, and cell-based assays to 
better characterize the adaptive effects of blue cohosh on hepatocellular pathways 
governing metabolism and transport (e.g., pregnane X receptor (PXR), constitutive 
androstane receptor (CAR)). Study data revealed 3 out of 9 commercially available 
blue cohosh products contained constituent compositions that reflected possible 
contamination or adulteration. Furthermore, morphology, cytotoxicity, and gene 
expression assays in cultures of primary human hepatocytes revealed suppression 
of ABCB11, CYP1A2, CYP2B6, CYP3A4, and HMGCS2 consistent both with selective 
effects and cellular stress responses at higher exposure levels. These data revealed 
commercially available botanical supplements may not reflect authentic constit-
uent compositions and may have potential to suppress CYP3A4 metabolism that 
could contribute to observed in vivo effects.

 4740 Platycodin D Prevents Endothelial Dysfunction through eNOS 
Phosphorylation and NO Synthesis

J. Chae, G. Lee, S. Lee, M. Kim, J. Kim, and H. Jeong. Chungnam National University, 
Daejeon, Korea, Republic of.

Endothelial dysfunction is characterized by an inflammatory response due to 
decreased NO production and adhesion of immune cells. The inhibition of NO 
production induces the inflammatory adhesion molecules, including ICAM-1 and 
VCAM-1. Platycodin D (PCD), a saponins from the root of Platycodon grandiflorum, 
have been reported to various physiological activities such as anti-cancer, anti-oxi-
dant and anti-obesity. Despite the various physiological activities of PCD, studies on 

the molecular mechanisms for the protection of endothelial dysfunction is unclear. 
In this study, we investigated the protective effect of PCD on endothelial dysfunc-
tion via eNOS phosphorylation and NO production. PCD suppressed TNF-α-induced 
the monocyte adhesion and the expression of ICAM-1 and VCAM-1. Treated with 
PCD was increased NO production via eNOS phosphorylation in human endothelial 
cells. In addition, PCD increased intracellular Ca2+ concentration and phosphoryla-
tion of CaMKKβ, AMPK and CaMKII. Pretreatment with STO-609 (CaMKKβ inhibi-
tor), Compound C (AMPK inhibitor) and KN-62 (CaMKII inhibitor) were inhibited 
eNOS phosphorylation and NO production induced by PCD. Taken together, PCD 
promote NO synthesis and eNOS phosphorylation through the Ca2+/CaMKII and 
CaMKKβ/AMPK signaling pathways, consequently PCD attenuated TNF-induced 
the monocyte adhesion and the expression of inflammatory cytokines. These 
results suggest that PCD can exert to prevent endothelial dysfunction and improve 
cardiovascular health.

 4741 The Acute Toxicity of Water Hemlock (Cicuta douglasii) in a 
Goat Model

K. Welch, C. Stonecipher, S. Lee, and D. Cook. US Department of Agriculture, Logan, UT.

Water hemlock (Cicuta douglasii) is one of the most toxic plants in North America. 
It has been reported to cause numerous poisonings in livestock species, as well 
as humans. Humans eat water hemlock because they mistake the tuber of water 
hemlock to be wild carrots or wild parsnips. Clinical signs in humans poisoned by 
water hemlock include nausea, sweating, salivation, vomiting, severe seizures and 
death. The toxins in water hemlock are C17 polyacetylenes, with cicutoxin being the 
most studied. The proposed mechanism of action of these toxins is due to their 
action as noncompetitive gamma aminobutyric acid (GABAA) receptor antagonists 
in the central nervous system. Little information is known regarding the amount 
of tuber required for death to occur. Therefore, the objective of this study was 
to determine a lethal dose of water hemlock in a goat model. Tubers and above 
ground parts were dosed separately to goats via oral gavage of freeze-dried ground 
plant material. All goats dosed with tubers at 2.0, 0.5 and 0.25 g/kg developed 
severe seizures and were dead/euthanized by 30-120 min after dosing, with a clear 
dose-dependent response as to the severity and time of onset of the seizures. None 
of the goats dosed with tubers at 0.1 g/kg developed any clinical signs of poison-
ing. Similarly, none of the goats dosed with above ground parts of the plant at 2.0 
g/kg showed any clinical signs. When goats were dosed with above ground parts at 
10.0 g/kg, one goat developed seizures 2 hours post dosing and was euthanized. 
Two other goats showed minor signs of poisoning, while the fourth goat exhibited 
no adverse effects. The results from this study confirm anecdotal observations that 
the above ground parts of water hemlock are much less toxic than the tubers. The 
results from this study indicate that cicutoxin is the most toxic of the C17 polyacty-
lenes, as the concentration of cicutoxin is much greater in the tubers compared to 
the above ground parts of the plant. These results also suggest that the NOEL for 
tubers in goats is 0.1 g/kg. This would correspond to 1-2 small fresh tubers.

 4742 Modulation of B[a]P-Induced DNA Damage via Diallyl Trisulfide 
(Garlic Organosulfide) in Breast Epithelial (MCF-10A) Cells

D. Ferguson, S. Messeha, and S. Darling-Reed. Florida A&M University, Tallahassee, 
FL. Sponsor: S. Darling-Reed, American Society for Pharmacology and 
Experimental Therapeutics.

Invasive and in situ breast cancer incidences are positively correlated with 
higher urbanization in women. Benzo[a]pyrene (B[a]P) is the most characterized 
polycyclic aromatic hydrocarbon, and well-known endocrine disrupter formed 
during incomplete combustion of organic materials. Reactive metabolites of B[a]
P produce mutagenesis via DNA adducts and strand breaks leading to cancer. 
Long-term cumulative airborne B[a]P exposure is significantly associated with the 
risk of breast cancer. Our lab and others have previously reported that diallyl trisul-
fide (DATS), a garlic organosulfide compound (OSC), affects chemoprevention/
chemotherapy, apoptosis, and cell cycle arrest in DNA damaged normal breast 
epithelial cells, breast cancer cells, as well as other cancers. The objective of this 
study is to determine the effectiveness of DATS in preventing B[a]P induced initia-
tion of cancer. In this study, we evaluated the ability of DATS, in blocking B[a]P 
induced ROS formation and DNA damage in breast epithelial (MCF-10A) cells. In 
order to assess the toxic effect of B[a]P and/or DATS on MCF-10A cells over time, 
we measured: the number of live cells using the WST-1 cell viability assay; cell 
proliferation via the Bromodeoxyuridine (BrdU) cell proliferation assay; aqueous 
peroxides (AQP) via the reactive oxygen species (ROS) formation assay; and more 
specifically confirmed ROS through assessment of oxidative DNA damage using 
the 8-hydroxyguanosine (8-OHdG) DNA damage quantitation assay. Cell viability 
of MCF-10A cells exposed to B[a]P and/or DATS was measured over 24-72 hours. 
Our results indicate in a dose-and time-dependent manner, B[a]P (10 nM - 4 μM) 
significantly increased while DATS alone (12.5 - 200 μM) significantly decreased 
MCF-10A cell viability when compared to the control. To assess cell proliferation, 
BrdU, a pyrimidine analog incorporated in place of thymidine into newly synthe-
sized DNA of proliferating cells, was measured over a 12-24 hour period. 1 μM B[a]
P significantly increased cell proliferation, while DATS alone (40, 60, and 80 μM) 
had minor but significant increase on MCF-10A cell proliferation when compared 
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to the control. Additionally, the co-treatment (CoTx) of DATS (40 - 80 μM) and 1 
μM B[a]P significantly inhibited cell proliferation when compared to the 1 μM B[a]
P. Our results also showed that 1 μM B[a]P significantly induces AQP production, 
indicative of oxidative stress, while DATS alone (40, 60, and 80 μM) had no effect 
, and DATS (40, 60, and 80 μM)/1 μM B[a]P CoTx significantly inhibited MCF-10A 
AQP production when compared to control thereby attenuating oxidative stress 
within 12-24 hours as indicated by the ROS detection assay. To further assess 
ROS, 8-OHdG, a product of oxidative damage to 2-deoxyguanosine, was measured 
using 8-OHdG DNA damage quantification direct kit. The formation of 8-OHdG is 
important as it can cause GC:TA mispairing mutations thus causing single strand 
breaks potentially leading tumor development and progression. The results from 
our study indicate 1 μM B[a]P significantly increases 8-OHdG when compared by 
the control thereby significantly increasing oxidative DNA damage, while the 40 - 80 
μM DATS and 1 μM B[a]P CoTx significantly decreased 8-OHdG when compared to 
1 μM B[a]P. Overall, our results show that B[a]P induces oxidative stress thereby 
leading to GC:TA mispairing mutations while B[a]P/DATS CoTx attenuates ROS 
formation and the development of GC:TA mispairing mutations in MCF-10A cells. In 
this study, MCF-10A cells were proven to be useful as mammalian in vitro models in 
the evaluation of B[a]P toxicity and the chemopreventive effect of DATS on breast 
carcinogenesis initiation caused by ubiquitous toxicants such as B[a]P.

 4743 Simira cordifolia Protects against Metal-Induced Toxicity in 
Caenorhabditis elegans

M. Duran-Izquierdo1, L. Sierra-Marquez1, M. Arellano-Ortega1, M. Taboada-Alquerque1, 
E. Stashenko2, and J. Olivero-Verbel1. 1Universidad de Cartagena, Cartagena, Colombia; 
and 2Universidad Industrial de Santander, Bucaramanga, Colombia.

Simira cordifolia is a vascular plant used by communities in Northern Colombia 
as a source of pigments and wood, lacking information on its pharmacology and 
toxicity. The aim of this research was to study the hydroalcoholic extract of this 
species as a protector against metal-induced toxicity in Caenorhabditis elegans. 
Preliminary phytochemical screening of the hydroalcoholic extract of S. cordifolia 
(HAE-SC) was determined using HPLC-ESI-QTOF. Synchronized wild-type N2 C. 
elegans larvae were exposed to different concentrations of HAE-SC (50-5000 μg/
mL) dissolved in DMSO (1% in K-medium), evaluating lethality, growth, lifespan, 
resistance to heat stress, and its protective effect against mercury (Hg)-, lead (Pb)- 
and cadmium (Cd)-induced lethality. Results from HPLC-ESI-QTOF revealed the 
main metabolites present in the extract were iridoids, β-carboline-alkaloids and 
polyphenols. Bioassays showed that HAE-SC toxicity was low, with significant 
lethality (9.4%) occurring only at 5000 µg/mL. Growth inhibition reached 17.2%, and 
reproduction declined 27.2% at 1000 µg/mL. HAE-SC (50-500 μg/mL) enhanced the 
survival rate of the nematode under thermal stress up to 79.8%, and improved the 
mean lifespan of worms by over 33% compared to control. The extract (1000 µg/
mL) was able to reduce the death of C. elegans in the presence of heavy metals 
up to 65.9, 96.8 and 87% for Pb, Hg, and Cd, respectively. The results suggest that 
S. cordifolia possesses potential protective effects in C. elegans against toxicity 
caused by heavy metals and heat. MinCiencias (SGR BPIN 2020000100093, 
RC-FP44842-212-2018 and Doctoral formation 647/2014); UniCartagena (Support to 
Research Groups and Doctoral Programs, 2018-2022).

 4744 Delta-9-THC Modulates the Immune Response by Suppressing 
Myeloid Cell Proliferation and Differentiation through the 
Regulation of miRNA

T. H. Carter, P. Nagarkatti, and M. Nagarkatti. University of South Carolina School of 
Medicine, Columbia, SC.

Delta-9-tetrahydrocannabinol (THC), one of the main psychoactive compounds 
found in marijuana, Cannabis sativa, has been shown to act as a potent anti-inflam-
matory agent. While the role of THC in attenuating T cell functions has been well 
characterized, its effect on myeloid cells is not well-studied. In the current study, 
we investigated the effects of THC on bone marrow cell proliferation and differ-
entiation. Inasmuch as, macrophage colony-stimulating factor (M-CSF)-induced 
myeloid cell proliferation and differentiation is a major factor in diseases such as 
atherosclerosis, arthritis, and neuroinflammation, we studied the effects of THC on 
M-CSF-induced proliferation and differentiation of bone marrow (BM) progenitor 
cells, monocytes, and macrophages. The addition of M-CSF to bone marrow cell 
cultures resulted in the differentiation of large numbers of CD45+CD11b+F4/80+ 
macrophages and these cells were further increased in the presence of lipopoly-
saccharide (LPS). Importantly, we found that the addition of THC resulted in a 
significant dose-dependent decrease in the differentiation of these macrophages. 
Interestingly, the BM cultures treated with M-CSF showed an increase in Ly6G+ 
granulocytic cells in the presence of THC. Further, RNASeq analysis of these 
cultures following treatment with THC showed significant difference in the gene 
expression profiles when compared to vehicle treated controls. Specifically, on day 
2 following THC treatment, there was a significant upregulation in mRNA transcripts 
involved in the retinoic acid synthesis pathway and heat shock proteins while on 
day 5, the THC group showed a granulocytic phenotype while the vehicle-treated 
group displayed a mature macrophage genotype. miRNASeq analysis on day 5 
demonstrated dysregulated miRNA in the THC group, with many novel upregulated 

miRNAs targeting mRNA transcripts that were downregulated as seen from RNASeq 
data. IPA analysis listed miR-150-3p, miR-486-5p and miR-2137 targeting mRNA 
transcripts involved in myeloid cell differentiation and proliferation. Together, 
these data demonstrate that THC suppresses myeloid cell differentiation and 
proliferation through the regulation of miRNA expression. Supported by NIH grants 
R01ES030144, P01AT003961, P20GM103641, and R01AI123947, R01AI160896.

 4745 The Protective Role of Annona muricata Preconditioning on 
Paraquat-Induced Damage in Caenorhabditis elegans

A. Pantoja Espinosa, L. Villalba Montero, and B. J. Arroyo-Salgado. Universidad de 
Cartagena, Cartagena, Colombia. Sponsor: M. Godin.

Poisoning by Paraquat, a widely used herbicide and well-known oxidative stress 
inducer due to cytotoxicity and reactive oxygen species (ROS), is a major medical 
problem. The very high case fatality of Paraquat is due to inherent toxicity and lack 
of effective treatments. Annona muricata, also known as soursop, graviola and 
guanabana, is a fruit tree member of the Annonaceae family with a long history 
of traditional medical use. A. muricata contains chemicals such as acetogenins, 
alkaloids, flavonoids, vitamins, phenolic and lipophilic compounds responsible for 
the biological activity, including anticancer, anticonvulsant, anti-arthritic, antipara-
sitic, antimalarial, antiulcer, antidiarrhea, antioxidant, antihypertensive, hepatopro-
tective and antidiabetic. However, there are few studies that evaluate the biologi-
cal properties of A. muricata previously described in vivo models. Caenorhabditis 
elegans is a free-living nematode with 40% of its genes with a human ortholog. It is 
used to evaluate possible toxic effects in vivo of contaminants and other substances 
with the possibility of being extrapolated to higher eukaryotes. The objective of 
this work was to evaluate the effect of aqueous extracts of A. muricata on protec-
tion against oxidative stress and lipid accumulation in Caenorhabditis elegans 
induced by Paraquat and sucrose, respectively, in addition to other endpoints 
such as reproduction and growth. For this, the wild strains of C. elegans (N2) and 
transgenic strains Sod-1, Sod-3, Gpx-4, Gst-4 were used, which were exposed for 
72 hours to different concentrations of aqueous extracts of A. muricata and later 
they were exposed to Paraquat, to evaluate the protection against oxidative stress; 
or sucrose, to value the antiobesogenic activity. For this last test, quick red O 
staining (q-oro) was used to color the lipid deposits inside the nematodes’ cells. 
The results indicate that the aqueous extracts of A. muricata do not significantly 
alter the growth and reproduction of C. elegans, however, they manage to reduce 
the expression of oxidative stress regulator genes in concentrations higher than 
100 mg/L. In addition, a slight decrease in red coloration of nematodes exposed to 
concentrations higher than 100 mg/L of A. muricata extracts, indicates a possible 
antiobesogenic activity. Future studies would clarify the metabolites involved in the 
antiobesogenic and antioxidant activities of A. muricata to promote treatments of 
natural origin.

 4746 Beneficial Use of Three Bixa orellana Seed Extracts on 
Caenorhabditis elegans

A. Pantoja Espinosa, M. Garcia Espiñeira, and B. J. Arroyo-Salgado. Universidad de 
Cartagena, Cartagena, Colombia.

Obesity induces the accumulation of ectopic lipids and desensitizes insulin signal-
ing in skeletal muscle and adipose tissue, resulting in systemic insulin resistance 
and the occurrence of type 2 diabetes mellitus (DM2). The exact mechanisms are 
still unknown, but the evidence involves the generation of reactive oxygen species 
(ROS), oxidative stress and pro-inflammatory state. The use of functional foods 
such as dietary supplements, bioactive components, nutraceuticals and botanicals 
have become an alternative approach to prevent and alleviate the complications 
of hyperglycemia in patients with DM2, to mitigate inflammation and maintain an 
oxidant-antioxidant balance. This study used the biological model Caenorhabditis 
elegans to evaluate the anti-obesogenic effect of Bixa orellana seeds. Clean, dried 
and crushed Bixa orellana seeds were used to obtain three extracts: aqueous, 
ethanolic and chloroform. The wild strain of C. elegans, Bristol N2, was used in 
life expectancy and lipid accumulation bioassays using fast red oil O (qORO) to 
stain lipid deposits, after long-term treatment with glyphosate. In addition, GFP 
transgenic strains containing the HSP-3, HSP70, SOD-1, SOD-4, GPX-4 and GPX-6 
genes were used to measure recovery from oxidative stress caused by glypho-
sate. The following groups of compounds were identified, according to the type 
of extract: aqueous extract revealed the presence of steroids, anthraquinones, 
flavonoids and tannins; the ethanolic extract showed steroids, saponins, flavonoids, 
alkaloids and tannins and the chloroform extract had flavonoids, alkaloids, 
saponins and cardiotonic glycosides. As preliminary results, Bixa orellana seed 
extract improved the nematode response to oxidative stress by acting as an antiox-
idant. Life expectancy was not affected, while lipid accumulation decreased. This 
study explores the potential effect of these three extracts on metabolic syndromes 
such as obesity and diabetes.
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 4747 Vasodilator Effect of Safranal in Rat Aorta via Ion Channels 
Signalling Pathways: Ex Vivo Investigation

K. M. Alharthy. Prince Sattam Bin Abdulaziz University, Al-Kharj, Saudi Arabia.

Safranal, the main component of Crocus sativus essential oil, is thought to be the 
main cause of saffron unique odour. This study aimed to investigate the possible 
vasodilator effect of Safranal. Ex-vivo experiments were conducted using isolated 
rat aorta immerged in physiological buffer solution by providing carbogen gas and 
37C temperature in isolated organ bath chamber. Safranal inhibited both the phenyl-
ephrine (PE, 1 μM) and high K+-induced contractions at comparable concentrations 
with EC50 values of 0.403 mg/mL (0.205-0.792) and 0.406 mg/mL (0.291-0.567), 
respectively. Whereas higher potency was observed in its inhibitory effect against 
low K+ where the EC50 was recorded as 0.115 mg/mL (0.101-0.130). Verapamil, a 
pure calcium channel blocker showed higher potency against both low and high K+ 
compared to its inhibitory effect against PE with resultant EC50 values of 0.089 uM 
(0.066-0.122), 0.099 uM (0.079-0.125) and 0.785 uM (0.662-0.930). Thus, Safranal 
produced vasodilator effects possibly mediated via modulation of ion signalling 
pathways, predominantly by K+ ion activation followed by voltage-gated Ca++ ion 
inhibition whereas alpha-1 receptor-mediated antagonism is also involved.

 4748 Cytotoxicity of Medicinal Plant Extracts Used in San Basilio de 
Palenque, a Biodiversity-Rich Region in Northern Colombia

K. Caballero-Gallardo, J. Olivero-Verbel, N. Alvarez-Ortega, J. Fortich-Vega, and 
N. Peñates-Pereira. Universidad de Cartagena, Cartagena, Colombia.

Connoisseurs of plants from the community of San Basilio de Palenque, Bolivar 
(Colombia), have used them to treat many diseases. However, few studies have 
investigated the toxicity elicited by these plants in biological models. This study 
aimed to evaluate the cytotoxicity of medicinal plants used for inflammation-re-
lated illnesses. The study started conducting semi-structured interviews, and 
open talks with six plant connoisseurs who gave detailed information on 100 plant 
species used in traditional medicine. From this number, ten were selected for their 
widely use as traditional medicine in several diseases. Plant collection was carried 
out under a local authority permit and their taxonomic identification was conducted 
at the Colombian National Herbarium. Plants (roots, stems, barks, or leaves) were 
dried, powdered, and macerated in ethanol:water (7:3). The extracts were freeze-
dried and dissolved in DMSO to conduct the bioassays. A human hepatocellular 
carcinoma cell line, HepG2, was cultured and treated with each extract (0-500 µg/
mL) for 24 and 48 h. Cell viability was examined using the MTT assay. Recorded IC50 
values ranged between 17.2 and >500 μg/mL, with the stem extract of Picramnia 
latifolia exhibiting the highest cytotoxicity, 128.9 and 17.2 μg/mL, for 24 and 48 h, 
respectively. Extracts from Croton sp., Jatropha gossypiifolia L., Malachra alceitoflia 
Jacq., and Vebesina turbacensis Kunth were able to moderately inhibit cell growth 
with IC50 values ranging from 250 to 500 µg/mL. Extracts from Piper peltatum L, 
Ricinus communis L., Desmodium incanum (Sw.) DC., and Dolichandra unguis-cati 
(L.) L.G. Lohmann presented low cytotoxicity (IC50 >500 µg/mL). In summary, some 
plant extracts used by connoisseurs of plants demonstrated promising cytotoxic 
activity against cancer cells, and this should motivate future bio-guided fraction-
ation and isolation of active compounds. Minciencias (Grants 466-2021; 727-2015).

 4749 Prediction of Clinically Relevant Botanical Drug Clearance 
Interactions for Boswellia serrata Extract Using Sandwich-
Cultured Human Hepatocytes

A. Roe1, D. Vyas2, A. Sharp2, C. Moseley2, T. Kralj2, M. Majeed3, L. Mundkur3, 
K. Nagabhushanam4, and K. Brouwer2. 1Procter & Gamble, Cincinnati, OH; 2BioIVT, 
Durham, NC; 3Sami-Sabinsa Group, Bengaluru, India; and 4Sabinsa Corporation, East 
Windsor, NJ.

Boswellia serrata extract (BSE) is traditionally used in dietary supplements for its 
anti-inflammatory properties. There have been reports in the scientific literature that 
BSE has the potential to inhibit CYP450 enzymes, including CYP3A4/5 and CYP2C9. 
Our laboratory has shown that sandwich-cultured human hepatocytes (SCHH) are 
an excellent model for predicting clinically relevant botanical-drug interactions 
(BDI) since they integrate metabolism and transport functionality. Previously, we 
have shown using SCHH that BDI potential with BSE appears low for most drugs, 
with caution perhaps warranted only when combined with narrow therapeutic 
drugs such as warfarin. However, our previous work did not include an assessment 
of CYP450 induction potential by BSE. We present herein an intrinsic clearance 
approach using SCHH to evaluate an overall net effect (inhibition and induction) 
of BDI potential with BSE. Transporter Certified™ SCHH (BioIVT) were incubated 
for 72 hr with seven concentrations of a proprietary BSE (Boswellin®Super, 
Sabinsa Corp) ranging from 0.04 to 30 μg/mL, 0.1% DMSO (vehicle control), 25 
μM Flumazenil (negative control), 50 μM Omeprazole (CYP1A2 positive control), 
1000 μM Phenobarbital (CYP2B6 positive control), 20 μM Rifampicin (CYP3A4 
positive control) and 20 μg/mL St. John’s wort (botanical and CYP3A4 positive 
control). Enzyme induction potential was assessed by monitoring both activity and 
mRNA for CYP1A2, CYP2B6, and CYP3A4. No induction in either enzyme activity or 
mRNA was observed for CYP1A2 or CYP2B6 at any tested concentration of BSE. 

CYP3A induction was observed with BSE at 30 μg/mL based on CYP3A activity and 
CYP3A4 induction was observed with BSE at 10 μg/mL based on CYP3A4 mRNA. 
The calculated EC50 (μg/mL) was 13.1621.86 and Emax (fold over control) was 
26.0 ±1.98. Next, the metabolic intrinsic clearance of CYP2C9 and CYP3A4/5 was 
assessed in SCHH following 72 h treatment with 10 μg/mL BSE, 0.1% DMSO, 10 μM 
Rifampicin, or 20 μg/mL St. John’s wort. After 72 hr treatment as described, cells 
were then treated with clinically relevant probe drugs; 25 μM Diclofenac (CYP2C9) 
and 10 μM Midazolam (CYP3A4/5) and disappearance determined at 1, 2, and 4 hr 
post-treatment. Diclofenac clearance was increased 1.27-fold by treatment with 
BSE indicating a slight induction potential of CYP2C9. Midazolam clearance was 
decreased by 0.62-fold by treatment with BSE indicating a slight inhibition potential 
of CYP3A4/5. These findings would indicate that this BSE would have minimal 
BDI potential for CYP2C9 and CYP3A4/5 substrates. We believe that this clinically 
relevant in vitro approach is an appropriate strategy to screen botanical-based 
complex mixtures for drug interaction potential as it takes intoaccount the additive 
or synergistic effects between phytochemical constituents.

 4750 In Vitro Antiproliferative Activity of the Hydroethanolic Extract 
from Aristolochia odoratissima L

K. Caballero-Gallardo, J. Olivero-Verbel, N. Alvarez-Ortega, J. Fortich-Vega, and 
N. Peñates-Pereira. Universidad de Cartagena, Cartagena, Colombia.

Aristolochia odoratissima L is traditionally used by native connoisseurs of San 
Basilio de Palenque (Colombia) for the empiric treatment of inflammation-related 
diseases, and as an antidote against the poison of venomous animals. Although 
this species is used in a variety of health problems, information on its biological 
activity is limited to few studies. The purpose of this study was to determine the 
cytotoxic effect of the ethanolic extract of A. odoratissima against a normal and 
a cancer cell line. Plant collection was carried out under a local authority permit 
and their taxonomic identification was conducted at the Colombian National 
Herbarium. Stem pieces were dried, powdered, and macerated in ethanol:water 
(7:3). The extract was freeze-dried and dissolved in DMSO to conduct MTT assays. 
Human Hepatoma (HepG2) and primary normal human epidermal keratinocytes, 
neonatal (HEKn) were cultured and treated with the extract (0-500 µg/mL) for 24 
and 48 h. Selectivity index (SI) was determined from IC50 ratio of normal to cancer 
cells. The HepG2 cells exposed to the extract presented IC50 values of 129 and 
59.8 µg/mL, after 24 h and 48 h of treatment, respectively; whereas it was less 
cytotoxic in HEKn cells (IC50=209 µg/mL for 24 h; IC50=138 µg/mL for 48 h). The SI 
values estimated for 24 and 48 h were 1.6 and 2.3, respectively. In short, A. odorat-
issima may be useful as a source of anticancer molecules. Minciencias (Grant 
466-2021; 727-2015).

 4751 Exploring the Agricultural Characteristics of Bacillus Species 
on Hemp

C. D. Ahuchaogu, B. Khatabi, and S. Dhekney. University of Maryland Eastern Shore, 
Princess Anne, MD.

Plants and microbes are often inhabited by endosymbiotic microorganisms called 
endophytes. Endophytes are important in battling disease-causing organisms and 
work in synergy with other organisms, therefore, making plants more tolerant and 
resistant to pathogens. They represent one of the most prolific sources of second-
ary metabolites with a wide range of agricultural characteristics which directly affect 
plant growth and development by contributing to biological processes such as 
nitrogen fixation, phosphorus solubilization, and other processes. Bacillus species 
are endophytes of higher plant species including hemp. Hemp is an important crop 
that is affected by several pathogens and requires efficient disease management 
techniques. Alternative to the standard practice of pesticide application, benefi-
cial microbes are being evaluated to develop a safe crop management practice. 
This study aims to identify Bacillus species that contribute to nitrogen fixation and 
siderophore production. The nitrogen fixing medium was prepared and adjusted 
to pH 7, then autoclaved at 121°C for 15 minutes. Once cooled, three filter paper 
discs, 0.8 cm in diameter containing 10 μL of Bacillus stock were placed at equal 
distances from the center of the plate but not at the edge. The plates were kept at 
room temperature and monitored for 24, 48, and 72 hours as well as a week from 
inoculation. For siderophore production, a complex siderophore activity medium 
was prepared and autoclaved at 121°C for 15 minutes. The Bacillus species were 
applied in the same manner as the nitrogen fixation experiment. However, all the 
plates were wrapped with foil to prevent penetration of light and the growth of 
Bacillus was monitored for 24, 48, and 72 hours as well as a week from inocula-
tion. Both experiments were performed in triplicate. Bacillus amyloliquefaciens and 
Bacillus specie (in: Bacteria) showed in vitro siderophore production. However, the 
experiment on nitrogen fixation is ongoing. By showing the agricultural characteris-
tics of Bacillus specie, this study provides a step toward the production of biocon-
trol for hemp specie, reducing the usage of toxic pesticides.
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 4752 Discovery of a Putative Urolithin A–Producing Operon in 
Gut Bacteria

R. Pidgeon, and B. Castagner. McGill University, Montréal, QC, Canada.

Urolithin A is a polyphenol derived from the multi-step metabolism of dietary 
ellagitannins by the human gut microbiota. In the host, urolithin A has been shown 
to reduce oxidative stress, promote mitophagy, and improve arsenic-induced 
gut barrier dysfunction. Most adults harbor a microbiota capable of urolithin A 
production; however, the bacteria and enzymes that metabolize its dietary precur-
sor (urolithin C) are unknown. We discovered a putative urolithin C metabolism 
operon found in three Enterocloster species. Using liquid chromatography-mass 
spectrometry, we identified E. asparagiformis, E. bolteae, and E. citroniae as urolithin 
A producers in a panel of six validated Enterocloster species. RNA-sequencing of 
producers revealed a three-gene cluster that was highly upregulated in urolithin 
C-treated bacteria. The three-gene cluster was not present in the genomes of 
non-producers. Each gene of the three-gene cluster was expressed to a similar level 
and was transcribed on the same mRNA, indicating that these genes are part of an 
operon. Growth experiments showed that urolithin C, but not urolithin A, delayed 
growth in Enterocloster species, suggesting that metabolism is a detoxification 
mechanism. Future experiments using CRISPR-based recombineering approaches 
will be used to probe the physiological role of urolithin A production in gut bacteria.

 4753 Computational Analysis of Lianhua Qingwen as an Adjuvant 
Treatment in Patients with COVID-19

Y. Wang, A. E. Tan, O. Chew, A. Hsueh, and D. E. Johnson. University of California 
Berkeley, Berkeley, CA.

There have been various medications proposed to treat COVID-19 patients, one of 
which is Lianhua Qingwen (LHQW), a traditional Chinese herbal medicine. In this 
study, computational tools were used to examine the relevance between gene/
protein targets of LHQW and that of COVID-19, in order to analyze the potential 
mechanism of action of LHQW. Four compounds in LHQW, including quercetin, 
luteolin, wogonin, and kaempferol, showed the highest relevance to the gene 
targets of COVID-19. With gene correlation studies, several potential gene targets of 
LHQW were identified, including IL-6, IL-4, and TNF in the pathway of inflammatory 
cytokines. Additionally, protein target screening of quercetin and luteolin identified 
Thyroid hormone receptor alpha (THRA) as a strong candidate, which is associated 
with the immune response. As COVID-19 patients tend to have high expression of 
inflammatory cytokines, potential anti-inflammatory effects of LHQW are essential 
for the treatment of COVID-19 symptoms. Furthermore, through molecular docking, 
LHQW phytochemicals were shown to interact with cell proteins ACE2, ADAM17, 
TLR4, and Galectin-3, which potentially ameliorate COVID-19 symptoms. LHQW was 
also shown to directly inhibit COVID-19 NSP5 and S proteins, which suggests its 
treatment as COVID-specific. Through this research, it was concluded that Lianhua 
Qingwen is effective in treating COVID-19 symptoms, through a synergistic effect of 
enhancing anti-inflammation and targeting COVID-specific proteins.

 4754 Sulforaphane Inhibits Leishmania Growth and Amastigote 
Formation by Modifying Autophagy in Human Macrophages

K. Brantley, D. J. Blake, E. Anderson, A. Juanico, and N. Valdez. Fort Lewis College, 
Durango, CO.

Visceral Leishmaniasis (VL) affects millions of people in rural, tropical environments 
and with a 95% fatality rate VL is one of the top ten neglected tropical diseases. VL 
is caused by two protozoan parasites, Leishmania donovani (LD) and Leishmania 
infantatum (LI), which causes hepatosplenomegaly and when left untreated leads 
to death. The transmission of the Leishmania parasite occurs via the bite of an 
infected vector; the Phlebotomine sandfly. Leishmania parasites have a biphasic life 
cycle including an extracellular promastigote found in the sandfly and an intracellu-
lar amastigote that replicates within human macrophages. Although there has been 
progress in treatment over the past decade, the most common anti-leishmanial 
drug, liposomal amphotericin B (AMB), has poor selective toxicity, requires intrave-
nous infusion and cold storage and is limited in countries where VL is endemic. 
Moreover, with no effective vaccine against Leishmania, there is an urgent need 
to identify more cost effective, less cytotoxic compounds for VL patients. Our 
research focuses on the use of naturally occurring compounds to inhibit growth of 
the extracellular promastigote and intracellular amastigote as a novel, alternative 
therapy against VL. Sulforaphane (SFN), which is a compound found in broccoli and 
other cruciferous vegetables, inhibits promastigote growth of LI and LD with IC50 
concentrations of 16 and 23 µM, respectively. We hypothesize that reactive oxygen 
species (ROS) generated by SFN may lead to mitochondrial membrane changes 
that promote promastigote cell death. Within macrophages, autophagy is inhibited 
early on during Leishmania infections to promote parasite survival. Conversely, 
the nuclear factor erythroid 2-related factor 2 (NRF2) pathway is activated early 
during infections and increases the expression of heme oxygenase (OH-1) to limit 
host inflammation. We found that 10 µM SFN leads to significantly less toxicity 
than AMB in human macrophages and significantly reduces amastigote formation. 
Our data indicate that SFN alters the expression and localization of the selective 

autophagy receptor (P62/SQSTM1) possibly to decrease parasite survival within 
autophagosomes. Our data indicate that SFN may be a promising lead compound 
to further investigate novel intracellular mechanisms of actions against amastigote 
proliferation in VL patients.

 4755 Chemical Substances and Mixtures: A Threat to Public Health

E. Jardan, I. Pinzaru, and C. Stinca. National Agency for Public Health, Chisinau, 
Moldova, Republic of.

The world production of chemicals has increased from 1 million tons in 1930 to 
several hundred million tons today, which poses a potential risk to public health, 
especially in the case of their irrational use. According to estimates by the World 
Health Organization, worldwide more than 25% of non-communicable diseases, 
including the acute poisonings, are determined by the action of chemical 
substances. The statistics data indicates that 2 million lives and 53 million disabil-
ity-adjusted life-years were lost in 2019 due to exposures to chemicals. Also, the 
number of cases of acute unintentional poisoning ranges between 3.5-5 million 
cases, among these, 3 million cases are severe, leading to 20,000 deaths annually. 
The aim of this paper is the hygienic estimation of the risks for the public health 
associated with chemical substances in the Republic of Moldova. Data was used 
from a statistical report on state surveillance and control of public health in the 
district, as well as the data from a register of persons with acute non-professional 
exogenous poisonings of chemical etiology. Over the last few years, the Republic of 
Moldova is facing unfavorable conditions regarding the quality of the environment, 
which is becoming more and more precarious due to the excessive involvement 
of the human factor. Excessive chemical substances, thus conditions risks for 
human health, are most frequently generating acute chemical poisonings. A total 
of 13,082 chemical poisonings were registered during 2016-2021, including 243 
deaths (1.8%). Among the children, 4,807 (36.7% of the total chemical poisonings) 
cases were registered, of which 22 children died (9% of total deaths). Drug poison-
ing remains the most common type of chemical poisoning both nationally and 
worldwide. Thus, 4,963 persons were poisoned following the irrational administra-
tion of drugs in different dosages and forms. Alcohol abuse is the second leading 
cause of chemical poisonings. Excessive alcohol consumption affected 3,137 
persons. The poisonings generated by the carbon monoxide and other gases and 
vapors, as well as other kinds of smoke and harmful substances, constituted 1,888 
affected. In the same way, during the analyzed period, 655 poisonings were caused 
by pesticides, 58 cases of poisonings by nitrates, 760 poisonings caused by liquid 
chemicals into the human body (acidic, basic solutions, solvents), etc. Another 
concern of the public health and the community is acute poisoning with paint 
vapors, which do not exclude the impact of lead in their genesis, being present in 
the content of many types of paints. Thus, 86 cases of poisoning with paint vapors 
were registered, 15 cases being registered among children. Any carelessness in 
the use of chemicals can lead to serious consequences for human health and even 
death. Therefore, it is important to raise public awareness of the importance of 
chemical safety, proper handling of chemicals to reduce and prevent their impact, 
including the prevention of poisoning among the population caused by free access, 
improper storage, repackaging of products in containers that can be confused with 
water, food, non-compliance with instructions on the label, and ignoring the use of 
personal protective equipment.

 4756 BET Inhibitor’s Reversible Effect on Megakaryocytes and 
Platelets and Associated Transcriptional Change through 
GATA-1 Regulation in the Rat: Translation from Preclinical 
Assessment to Clinical Development

C. Zhang, F. Wang, J. Price, A. Love, K. Xu, S. Coker, R. Westhouse, and 
K. Augustine-Rauch. Bristol-Myers Squibb Company, Princeton, NJ.

Bromodomain and extraterminal (BET) proteins have important impact on cellular 
proliferation and differentiation through epigenetic process to regulate gene 
transcription, and therefore BET inhibitors (BETi) represent promising treatment 
options for patients with cancer, including cancers associated with deregulated 
stem cell renewal and oncogenes such as MYC. However, in both clinical trials 
and rat 4-day in vivo studies, thrombocytopenia was observed with BETi treatment, 
although the adverse effect was reversible. In previous studies, the pathway of BETi 
affected genes that are regulated by GATA1 and associated with erythropoiesis 
and thrombopoiesis was investigated. The blood samples from the patients treated 
with BMS-986158 (clinical trial-NCT02419417) and bone marrow collected from 
rats treated with BMS-986158 for 4 days showed dysregulation of NFE2 and PF4 
transcriptional expression. The current study is to further explore the mechanism 
and clinical pharmacology of BMS-986158 induced thrombocytopenia in the 
rat, which could bridge potential translational relationships between pre-clinical 
changes in the rat and clinical changes in patients treated with BETi’s. Rat bone 
marrow cells were collected after 4-day treatment of BMS-986158 for megakaryo-
cyte (MK) evaluation using Colony-Forming Unit assay for CFU-MK colonies and 
flow cytometry of MKs (CD61+ cells). Rat blood samples were also collected in 
the same study to evaluate the gene profile regulated by GATA1 and associated 
with thrombopoiesis. The results demonstrated that there was dose-dependent 
reduction of megakaryocytes in the bone marrow and platelets in the blood 
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(hematology analysis) after the treatment of BMS-986158, where the drug effect 
recovered by day 15. The rat bone marrow CFU-MK colonies, which are progen-
itor of megakaryocytes, presented concentration-dependent increases, indicat-
ing a possible compensatory drug response, and contributing to the recovery of 
thrombocytopenia 10 days after the treatment. Transcriptional profile from the 
rat blood repeated the previous findings in the human blood that BETi affects 
GATA1-regulated genes associated with thrombopoiesis, such as PF4 and NFE2. 
The alignment of gene expression changes in human and rat blood with BETi, and 
early detection of these genes in the blood between 1h and 24h after the treatment 
make NFE2 and PF4 ideal biomarkers in the clinic to proactively monitor thrombo-
cytopenia and adjust treatment doses. This is the first in vivo study demonstrat-
ing the mechanism of BET inhibition resulting in GATA1-associated repression of 
hematopoietic progenitors that is correlated to clinical pharmacokinetics and is 
translatable from preclinical evaluation to clinical experience.

 4757 The Senescence-Associated Secretory Phenotype (SASP) from 
Colorectal Cancer Cells Induce Neurotoxicity: A Novel Finding 
on CD38-NAD+ Pathways

W. Wu, F. V. Schooten, and G. Hageman. Maastricht University, Maastricht, Netherlands.

About 70% of colorectal cancer survivors who undergo chemotherapy often have 
complaints, such as fatigue, depression and cognitive decline. Even though the 
underlying mechanisms remain elusive, these complaints are highly related to 
neurotoxicity and disruption of the normal neuronal functions. Anti-neoplastic 
therapy can induce (cancer) cell senescence, with concomitant senescence-associ-
ated secretory phenotype (SASP) known to secrete several inflammatory cytokines, 
proteases and chemokines. These cytokines can by-pass the blood-brain-barrier 
and induce inflammation by activating CD38. CD38 uses NAD+ as its substrate and 
has been identified as the major regulator of cellular NAD+ levels. NAD+ decline was 
also reported to be related to ageing and neurodegenerative diseases. This study 
investigated if the mentioned pathway can lead to neurotoxicity, which may provide 
a biological explanation towards neuropathy and fatigue syndrome observed in 
cancer survivors. Colorectal cancer lines HCT116 and HT29 were exposed with 
three senescence inductors hydrogen peroxide, 5-fluorouracil and doxorubicin for 
24h and continued culturing with growth media for 7 days. The cellular senescent 
phenotype was validated by increased beta-galactosidase activity, and significantly 
increased mRNA levels of p16, p21, IL-6, TNF-a, IL-1β and MMP9. Conditioned 
medium (CM) from the senescent HT29 and HCT116 cells was used to treat 
human micro-glial cells (HMC3 cell line) and neuronal cells (SHY5Y cell line) in a 
mono and a co-culture. Neuronal cells were also exposed to CM from microglial 
cells (CM-HMC3) treated for 2 h and 24h with CM with/ without CD38 inhibitor 
78c. ATP production, mRNA levels on kynurenine pathway, inflammation markers, 
NAD+ status, and mitochondrial stress test by seahorse assay were preformed 
after exposure with CM in both differentiation and undifferentiating SHY5Y cells. 
Significantly higher IL-6, TNF-a, IL-1β, TGF-α levels, M1 phenotype marker CD40 
mRNA levels, and increased CD38 activity was found in microglial cells treated 
with CM for 24h. Exposure of the human neuronal cells to CM-HMC3 for 2h and 
24h, respectively, significantly decreased cell viability, NAD+ and ATP production in 
both differentiation and undifferentiating SHY5Y cells. In a co-culture system, when 
exposed with CM from colorectal cancer lines for 24h, a significantly decreased cell 
viability and ATP production was found in SHY5Y cells; when co-exposed to CM 
with 50 nM CD38 inhibitor 78c for 24h, the cell viability and ATP production was 
restored in SHY5Y cells. Our data suggest that SASP released by senescent HT29 
and HT116 cells can induce decreased energy production and disruption of cellular 
NAD+ homeostasis in SHY5Y cells mediated by increased CD38 activity.

 4758 Delayed Liver Regeneration and Enhanced Neutrophil 
Recruitment after Severe Acetaminophen Overdose in 
Female Mice

S. Smith, D. Umbaugh, B. Baum, A. Ramachandran, and H. Jaeschke. University of 
Kansas Medical Center, Kansas City, KS.

Acetaminophen (APAP) overdose is the leading cause of acute liver failure in 
the United States. While hepatocytes are the primary cell type affected by APAP 
toxicity, it is now evident that resident and infiltrating immune cells are involved in 
the recovery phase after a moderate APAP overdose. Previous work has indicated 
that female mice have lower susceptibility to a moderate APAP overdose (300mg/
kg) compared to male mice, but their response to a severe APAP overdose (600mg/
kg) and the role of infiltrating immune cells at this dose has not been investigated. 
Our objective was to determine if there is a significant difference in liver injury, 
recovery, and immune cell recruitment in female mice administered either 300 
mg/kg (A300) or 600 mg/kg APAP (A600) during the APAP hepatotoxicity time 
course. We found that liver injury was significantly exacerbated with a substantial 
delay in recovery of liver glutathione in A600 compared to A300. Correspondingly, 
while there was no detectable mitochondrial JNK in the female A300 mice, there 
was sustained mitochondrial JNK in the A600 mice at 12h post APAP. Similar to 
previous reports in male mice, A600 female mice had delayed liver regeneration 
and a sustained induction of p21 indicative of cell cycle arrest. Interestingly, there 
was a delay in Ccr2+ macrophage recruitment to the liver at A600, which are critical 

for successful liver recovery after a moderate overdose. Hepatic neutrophil infiltra-
tion was much greater and sustained at A600, highlighting a potentially altered role 
for neutrophils at the higher dose. This was possibly due to the greater expression 
of the chemokine, Cxcl14 at A600, which has been implicated in neutrophil recruit-
ment. Collectively, we find that though female mice may have lower susceptibility to 
liver injury after a moderate APAP overdose, the response after a severe overdose 
is similar to that of male mice. Interestingly, significant differences in the innate 
immune response are evident at severe overdose especially with regards to neutro-
phil infiltration, suggesting a potentially altered role for these immune cells after a 
severe APAP overdose. Future work targeting Cxcl14 and neutrophils at the A600 
dose will be completed to examine how they impact liver injury and recovery during 
APAP hepatotoxicity.

 4759 Identification of Chemicals That Inhibit Pregnane  
X Receptor Activity

C. Lynch, S. Sakamuru, J. Niebler, R. Margolis, R. Huang, and M. Xia. NIH/NCATS, 
Rockville, MD.

The pregnane X receptor (PXR) is a xenobiotic receptor with a well-established 
role in regulating drug metabolism and clearance. Recent research has shown that 
PXR is involved in other cellular processes, including cell proliferation, apoptosis, 
and energy homeostasis. It is important to identify compounds that may modulate 
PXR activity to prevent drug-drug interactions, distinguish chemicals which 
could potentially generate toxicity, and identify compounds for further develop-
ment towards therapeutic use. The National Center for Advancing Translational 
Sciences (NCATS) Pharmacologically Active Chemical Toolbox (NPACT) library, 
which consists of 4,916 unique pharmacologically active synthetic and naturally 
derived small molecules, was screened in this study to identify PXR antagonists. 
One hundred and forty compounds were identified as potential PXR antagonists 
through a primary screen and confirmation study. Based on efficacy, potency, and 
novelty, 20 compounds, including gamma-secretase modulator 2 (GSM2) and 
fusidic acid, were selected to further study their effect on the cytrochrome P450 
(CYP) 3A4 mRNA expression and their PXR antagonistic ability using metabolically 
competent HepaRG cells. A pharmacological shift study was then performed to 
confirm the activity of the 20 selected compounds against PXR. Further investi-
gation may provide useful information regarding possible drug-drug interactions 
involving these compounds, as well as the detection of potential therapeutic effects 
or toxic consequences.

 4760 Developing an Inhibition Screening Protocol for Equilibrative 
Nucleoside Transporters

M. Alaaldin, P. Lindberg, L. Martinez Guerrero, R. Hau, N. Cherrington, and S. H. Wright. 
University of Arizona, Tucson, AZ.

Equilibrative nucleoside transporters (ENTs) are responsible for the transport of 
nucleosides, and nucleoside analogs across membranes. Because ENT proteins 
are important determinants of sensitivity to, and toxicity from, nucleoside and 
other related drugs, inhibitors of ENT1(SLC29A1) have the potential to cause 
adverse drug reactions (ADRs). The objective of this project was to produce a high 
content database of inhibitory data against ENT1 with the goal of characterizing 
the compounds that interact as ENT1 inhibitors. This data will help develop and 
validate machine learning models that can enable accurate predictions of drug 
and toxin interactions with human ENT1. HeLa S3 cells with ENT2 knockdown 
previously generated in our laboratory (only ENT1 functional) were used for this 
inhibitory protocol; 50,000 cells per well were seeded and allowed to grow to conflu-
ency prior to conducting uptake experiments. Inhibitory screening was completed 
by adding 50µL of the known transport substrate [3H] uridine with or without 20 
µM of the suspected inhibitor in Waymouth’s buffer (WB) containing no more than 
2% dimethyl sulfoxide (DMSO). 5mM uridine was used as block and 100nM of 
S-(4-Nitrobenzyl)-6-thioinosine (NBMPR) was utilized as a known inhibitor of ENT1 
to characterize transporter function during screening. After a 2 min incubation, 
buffer was aspirated, and cells rinsed with cold WB to stop transport. Transport 
was expressed as fmol/cm 2 /min of [3H] uridine. Inhibition was expressed as a 
percentage compared to tracer (radiolabeled uridine without inhibitor). Of the 160 
compounds tested, 26% inhibited total uptake by 25% or more, and 3% inhibited 
total uptake 50% or more. This experimental design possesses the capability to 
produce large datasets of inhibitory data against ENT1 that can be used to generate 
highly accurate models of ENT1 function.
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 4761 Dopamine Receptor D2 (DRD2) TaqI A Gene Polymorphism and 
Acute Risperidone-Induced Changes in Body Weight, Plasma 
Glucose, and Lipid Profile

H. S. Olasore1, and A. B. Awesu2. 1University of Lagos, Lagos, Nigeria; and 2Federal 
Neuropsychiatric Hospital, Lagos, Nigeria.

The transient blockade of the dopamine receptor D2 (DRD2) may explain the 
low incidence of extrapyramidal side effects (EPS) seen with atypical antipsy-
chotics such as risperidone. There are indications that the interaction of this 
class of antipsychotics with the DRD2 is related to their metabolic side effects. 
We therefore examined the relationship between TaqI A polymorphism of the 
DRD2 gene and risperidone-induced metabolic changes. We recruited 153 newly 
diagnosed patients with psychotic disorders (71 males and 82 females) from the 
Federal Neuropsychiatric Hospital, Yaba, Lagos, Nigeria. Body weight, fasting blood 
glucose (FBG), triglycerides (TG), total cholesterol (TChol), low density lipoprotein 
cholesterol (LDLChol) and high-density lipoprotein cholesterol (LDLChol) were all 
determined at baseline and at the end of 6 weeks of administration of risperidone 
(2 mg twice daily). DNA was also extracted from peripheral blood and genotyping 
was carried out using the polymerase chain reaction restriction fragment length 
polymorphism (PCR-RFLP). The relationship between the mean changes in the 
metabolic indices and the DRD2 TaqIA genotype were statistically determined. The 
frequencies of the A1A1, A1A2 and A2A2 were 0.229, 0.412 and 0.360 respectively. 
The population however was not in Hardy-Weinberg equilibrium (χ2 = 4.023, p<0.01). 
The mean weight change and the mean changes in FBG, TG, TChol, LDLChol were 
significantly (p<0.05) higher among participants with A1A1 genotype followed by 
the heterozygous (A1A2) participants and lowest among those homozygous for 
the A2 allele. However, there was no significant difference in the mean change in 
HDLChol across all genotype groups. The DRD2 TaqIA1 allele is associated with 
higher risperidone-induced weight gain and metabolic changes among Nigerians.

 4762 Determination of Efficacy, Cytotoxicity, and Mutagenicity 
of Bexarotene Analogs for Potential Cancer and 
Alzheimer’s Treatments

V. L. Grifford, M. Applegate, P. W. Jurutka, C. E. Wagner, and P. A. Marshall. Arizona 
State University, Glendale, AZ.

Bexarotene is a rexinoid that was approved by the FDA in 1999 as a treatment for 
Cutaneous T-Cell Lymphoma (CTCL). It is typically designated for those patients 
who have not responded favorably to other therapies. Bexarotene has also shown 
to be effective in treating Alzheimer’s, lung cancer and breast cancer in off-label 
use but, unfortunately, it has also been shown to have numerous adverse effects. 
For our purposes, we were most concerned about the increase of lipids and other 
fats in the bloodstream. This causes the patient’s cholesterol levels to increase, 
sometimes to dangerously high levels. Because Bexarotene selectively binds with 
and activates all three Retinoid X Receptors (RXRα, RXRβ, RXRγ), it is believed that 
different analogs of Bexarotene can induce RXR with varying levels of efficacy. 
The purpose of this research was to test different Bexarotene analogs for efficacy, 
cytotoxicity, and mutagenicity. Each analog was prepared in a 1/100 dilution of 
Dimethylsulfoxide (DMSO). A sample of healthy Saccharomyces cerevisiae was then 
added, and the new compound was centrifuged. The supernatant was removed, 
and the remaining pellet was resuspended in a solution of YPD and potassium 
phosphate buffer. This new compound was then added to DMSO (negative control), 
ethidium bromide (positive control) and each analog. After incubating for 24 hours, 
various doses were plated on three different types of selective media to act as a 
readout for cytotoxicity and mutagenicity. The plates were allowed to incubate for 
another 72 hours and then the numbers of colonies present on each plate were 
counted. Efficacy was measured by utilizing a yeast 2-hybrid (Y2H) assay while 
cytotoxicity and mutagenicity were analyzed by a D7 yeast-based assay. Of the 26 
analogs tested to date, 19 were found not to be toxic or mutagenic. Further analysis 
occurred in silico to compare the cytotoxicity and mutagenicity results to those 
generated via the EPA Comptox Chemicals Dashboard. The predicted cytotoxicity 
and mutagenicity results did not correlate with our results. Additional studies will 
be needed to further narrow down the promising analogs and determine which has 
the least effect on patient cholesterol levels.

 4763 Consequences of PBDE Exposure in Preterm Breast Milk: A Link 
to Abnormal miR-22-3p and miR-30b-5p Levels

R. N. Khan1, F. Assad2, C. Manzano De Mejia2, E. M. Gurzenda2, B. Botros2, X. Lin2, 
J. Zelikoff1, and N. Hanna2. 1NYU Grossman School of Medicine, New York, NY; and 
2NYU-Long Island School of Medicine, New York, NY.

Preterm birth is a complex condition with potential links to environmental 
exposures such as polybrominated diphenyl ethers (PBDEs). PBDEs are persistent 
flame retardants that maintain high serum levels in North American women despite 
an EPA ban in 2004. Maternal exposure to PBDE-47 has been linked to endocrine 
disruption, impaired maternal-fetal tolerance, and incidence of preterm birth. 
Maternal serum levels of PBDE-47 are also correlated with infant exposure during 
pregnancy as PBDE-47 crosses the placenta. Prolonged exposure to PBDE-47 is 

possible through breastfeeding as the high lipophilicity of PBDE-47 enables seques-
tration in the fat portion of breast milk. As both PBDE-47 exposure and preterm 
status are associated with neurodevelopmental delay, the combined effect of both 
conditions creates a concerning threat to vulnerable preterm infant health. This 
presents a threefold insult to preterm infant neurodevelopment through preterm 
status, in utero exposure, and postnatal PBDE-47 exposure through breast milk. 
Additionally, infant neurodevelopment may be further compromised by PBDE-47 
effects on the mammary gland which may alter the breast milk profile. Breast 
milk naturally contains a dynamic population of extracellular vesicles (EVs) that 
transport miRNA to the developing infant. Breast milk EV cargo are highly stable 
with high bioavailability to the infant upon ingestion. While studies have shown 
that PBDE-47 may alter the levels of placental miRNA few have assessed effects 
on breast milk EV-bound miRNA. The present study compared breast milk of 
mothers who delivered preterm (<37 weeks gestation) and full term (at 40 weeks 
gestation) milk for PBDE-47 concentration and quantity of protective miRNA. Breast 
milk PBDE-47 concentrations were quantified using an indirect ELISA. This novel 
immunoassay employs a competitive binding reaction between magnetic beads 
conjugated to an anti-PBDE-47 antibody against an enzyme labelled PBDE-47 
conjugate. Results showed a significantly higher level of PBDE-47 in breast milk of 
mothers who delivered preterm versus those who delivered full-term. To evaluate 
changes to the EV profile, EVs were isolated from preterm and term breast milk 
samples via differential ultracentrifugation and characterized by Zetaview nanopar-
ticle tracking analysis. EVs were between 90-250 nm in diameter. Total EV-RNA was 
isolated and quantified via droplet digital PCR using the Taqman Advanced miRNA 
assay. Preterm milk was deficient in neuroprotective miR-22-3p and anti-inflamma-
tory miR-30b-5p. These results indicate a potential triple insult to infant neurodevel-
opment from preterm status, direct PBDE-47 exposure during breast feeding, and 
reductions in protective breast milk miRNA. This study may have clinical implica-
tions such as use of the ELISA to facilitate faster, cheaper, more efficient screen-
ing for PBDE-47 in vulnerable populations. Increased awareness of the risks could 
further inform the decision to breastfeed or supplement with donor milk. Additional 
studies are also warranted to address the social determinants of health in relation 
to early-life PBDE-47 exposure.

 4764 Identification and Quantitation of Microplastics Exposure in 
Human Placenta

M. Garcia1, E. Castillo1, E. Barrozo2, M. Suter2, G. Herbert1, S. Lucas1, D. Scieszka1, 
E. El Hayek1, J. Gonzalez-Estrella3, A. Konya3, K. Aagaard2, and M. Campen1. 1University 
of New Mexico, Albuquerque, NM; 2Baylor College of Medicine and Texas Children’s 
Hospital, Houston, TX; and 3Oklahoma State University, Stillwater, OK.

Global plastic use has exponentially increased over the past century, and microplas-
tic (MP) pollution and ingestion are emerging environmental issues with uncertain 
impacts on human health. There is a significant knowledge gap in the quantitation 
of systemic uptake and distribution of ingested or inhaled microplastics (MPs), 
which limits our appreciation for potential health effects. MPs ultimately enter 
the ecosystem and become inhaled or ingested by both animals and humans, 
potentially leading to toxicity and adverse health outcomes. This study focuses 
on the impacts of MPs and establishes how they accumulate within the placenta 
during gestation. We obtained frozen, uniformly collected and banked placenta 
samples from PeriBank, Baylor College of Medicine and Texas Children’s Hospital’s 
perinatal biorepository from 81 subjects. Samples were analyzed for MP accumu-
lation using complementary techniques to identify, isolate, and quantify MPs to 
aid in the early identification of MP-associated placental health outcomes associ-
ated. Placenta samples were weighed, and tissue digestion was performed with 3x 
the tissue volume using 10% KOH, incubated at 40oC for 72 hours with agitation, 
and ultracentrifuged for 4 hours at 30,000g. MP accumulation was determined by 
weight of the resulting pellet formed, normalized to compositional distributions 
determined by micro-FTIR spectroscopy. Further analysis included using confocal 
microscopy, which revealed significant translocation of MPs and fibers into the 
placenta. We also utilized micro-FTIR to establish the number of particles detected 
and the identification of particle types in the placenta samples. Results showed an 
average of 2.33 (±0.58) fibers, 16 (±1.73) fragments, and 80.33 (±3.21) particles 
per sample, and a mass concentration range of 0.1-4 mg/g of placenta. We identi-
fied the highest concentrations to be rayon, polystyrene, and polyethylene (olefin). 
Complete quantitation of plastics concentration in placental tissues is further 
enabled by dissolution in nonpolar solvents and gas chromatographic assessment. 
This study shows further evidence that MPs are ubiquitous in human placental 
samples and provides important information related to size, shape, and composi-
tion of contaminant materials. Future research will explore the influence of MPs on 
gestational health.
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 4765 Clinical Test Results Present a Solid Foundation for the FDA 
GRASE Determination of Bemotrizinol: A New US FDA OTC 
Sunscreen Active Ingredient

C. D. D’Ruiz1, J. R. Plautz2, J. Vollhardt3, J. Boston4, R. Schuetz3, and J. Klock3. 1DSM 
Personal Care, Parsippany, NJ; 2CHRYSALIS Services AG, Basel, Switzerland; 3DSM 
Nutritional Products AG, Kaiseraugst, Switzerland; and 4Spaulding Clinical Research, 
West Bend, WI.

Protection against sunburn, skin damage and the carcinogenic effects of ultravi-
olet light are the primary health benefits associated with UV filters used in topical 
sunscreen drug products. Since 1999 US consumers have been desperately 
waiting for new UV-filters and more modern sunscreens. Currently, a generally 
recognized as safe and effective (GRASE) determination is being sought by 
DSM for the inclusion of a new sunscreen active ingredient called Bemotrizinol 
(BEMT) 6% on FDA’s OTC Sunscreen Monograph. BEMT represents the first new 
sunscreen active ingredient to be evaluated under FDA’s revised GRASE and new 
Maximum Usage Trial (MUsT) testing guidelines for OTC substances. As part 
of these testing requirements, a clinical Phase 1 pilot and Phase 3 pivotal MUsT 
Pharmacokinetic (PK) study and clinical dermal safety testing are required. Results 
from the completed pilot maximal usage PK study showed that BEMT concentra-
tions rarely exceeded FDA’s indicated threshold (0.5 ng/mL) in plasma and that 
there was no evidence for BEMT accumulation or steady-state concentrations 
above threshold. More recent studies evaluating 6% BEMT dermal safety in market 
image sunscreen formulations and in a dispersion of petrolatum as the only vehicle 
showed no evidence of dermal or cumulative irritation, sensitization, photoxicity 
or photo allergenicity. Furthermore, the analysis of the results from the first recent 
open-label, randomized, 3-arm MUsT pivotal study assessing the systemic absorp-
tion and pharmacokinetics of BEMT from 3 market image sunscreen formulations 
under maximal-use conditions indicate that BEMT rarely exceeded the validated 
plasma quantification threshold of 0.1 ng/mL, which could be further lowered 
compared to the pilot study, and consequently no evidence of BEMT accumulation 
or steady-state BEMT concentrations above FDA’s target threshold of 0.5 ng/mL 
plasma. These findings confirmed the pilot PK study findings and indicate that 
maximal topical applications of 6% BEMT do not contribute to meaningful systemic 
exposure from a wider set of market image sunscreen dosage forms and in larger 
study populations. From a regulatory perspective, the results of the MUsT bioavail-
ability and safety studies will inform an FDA determination that 6% BEMT is GRASE 
for sunscreen use. Equally important, the approach taken to conduct these studies 
demonstrate for the first time the implementation of FDA’s recent sunscreen safety 
guidances and illustrate the successful pathway required to obtain an FDA GRASE 
determination for both new and existing sunscreen active ingredients under the 
OTC sunscreen monograph.

 4766 Thinking Zinc: An Intervention to Address Environmental Metal 
Exposure on the Navajo Nation

E. J. Dashner-Titus1, T. Daniels1, D. MacKenzie1, E. Erdei1, C. Shuey2, S. Henio-Adeky2, 
J. Naize2, L. James1, and L. G. Hudson1. 1University of New Mexico, Albuquerque, NM; 
and 2Southwest Research and Information Center, Albuquerque, NM.

More than 500 abandoned uranium mines (AUMs) are located on the Navajo Nation 
and previous studies find an increased risk for chronic diseases related to AUM 
waste exposure. Experimental models demonstrate that metals such as uranium 
and arsenic disrupt certain zinc finger motifs and affect protein function: supple-
mental zinc confers protection against the metal effects. Based on this evidence, 
a community and academic partnership developed an intervention trial called 
Thinking Zinc. Thinking Zinc tests the hypothesis that dietary zinc supplementa-
tion at the recommended daily allowance will modulate biomarkers of oxidative 
stress, inflammation and immune dysregulation, and decrease DNA damage in a 
metal-exposed population. Extensive community engagement and collaboration 
informed study name, study design and ensured that Thinking Zinc is congruent 
with Navajo cultural values. The study is a single-arm cohort design with longitu-
dinal collection of biospecimens. Urinary metal analysis finds Thinking Zinc study 
participants with elevated levels of uranium approximately 4- fold greater than 
those detected in the general US population. Of 15 metals tested, 4 had at least 
10% of the participants above the National Health and Nutrition Examination Survey 
(NHANES) 95th percentile. Interestingly, the median values of multiple metals were 
lower in the Thinking Zinc group compared to the Navajo Birth Cohort Study. Urinary 
metals differences were observed between the two study locations, Red Water 
Pond Road and Blue Gap/Tachee. Many metals show substantial fluctuations over 
time, with greater differences detected in urinary versus serum metals. Median total 
urinary arsenic concentrations in Thinking Zinc participants are similar to values 
in NHANES, although there are distinct differences in arsenic forms suggesting 
changes in metabolic outcomes for arsenic in the Navajo population. Zinc did not 
appreciably affect urinary levels of measured metals with the exception of uranium. 
Zinc supplementation modestly decreased serum copper and increased serum 
selenium with both pre- and post- zinc levels within the reference ranges. Analysis 
of biomarkers pre- and post-zinc supplementation reveals a decrease in oxidative 
damage to lipids and DNA. Expression of some cytokines was modified after zinc 
supplementation. These preliminary findings suggest there may be benefits of zinc 
in a population exposed to AUM waste.

 4767 A Predictive Model of Vaccine Reactogenicity Using Data from 
an In Vitro Human Innate Immunity Assay System

R. H. Pullen, III1, E. Sassano2, P. Agrawal2, M. Chehtane2, B. Schanen2, D. R. Drake2, 
E. Luna2, and R. J. Brennan1. 1Sanofi Genzyme, Cambridge, MA; and 2Sanofi Pasteur 
VaxDesign, Orlando, FL.

Vaccines are paramount to global health as a preventative measure in the 
ever-evolving fight against infectious disease. Vaccines prime the adaptive immune 
system to elicit prompt, specific cell- and humoral-mediated responses. Successful 
vaccine development is contingent on thorough evaluation of both efficacy and 
safety, particularly in avoiding excessive, immediate immune activation effects 
after administration (reactogenicity). Highly reactogenic vaccines have induced 
potent inflammatory responses and severe adverse reactions, including multi-organ 
failure and death. Accurate prediction of vaccine reactogenicity and mitigation of 
severe adverse reactions is therefore highly desirable and a critical goal in vaccine 
safety. Combining pre-clinical in vitro experiments with modeling and simula-
tion to assess the reactogenicity of clinical candidates and dosing regimens will 
accelerate the vaccine development process and provide additional confidence in 
clinical safety. Using the MIMIC® PTE module, peripheral blood mononuclear cells 
from 40 healthy donors were treated with 10 different vaccines of varying reacto-
genicity and the supernatants analyzed via flow cytometry and a multi-cytokine 
assay. In parallel, an extensive adverse event dataset for the vaccines of interest 
was assembled from publicly available clinical trial data. A novel generalizable 
scoring framework accounting for the frequency and severity of local and systemic 
adverse events was applied to the clinical data. Then a machine learning approach 
was employed to translate in vitro assay measurements to vaccine reactogenicity 
observed in human clinical trials. Evaluation of model performance demonstrated 
the need to include vaccines representing extremes in the frequency of clinical 
adverse events and in vitro cytokine responses for optimal model robustness. 
The current framework was able to accurately recapitulate clinical reactogenicity 
scores for the original 10 considered treatments and a forward-validation study 
with a vaccine not used in model development. Interrogation of the translational 
model components suggested the relative levels of IL1B, IL6, IL10, and CCL4 play 
a significant role in the risk of developing adverse events. To our knowledge, this is 
the first regression-based translational model that predicts the relative likelihood of 
local and systemic adverse event risk for vaccines at the clinical stage with in vitro 
data. These results derived from the coupling of the MIMIC® PTE system and a 
translational model demonstrate the potential utility and application of non-animal 
alternate methods in vaccine safety.

 4767a Evaluating Policy and Health Equity in Carbon Monoxide 
Poison Prevention

T. Dodd-Butera1, H. Li1, M. L. Beaman2, and M. DerMovsesian1. 1Azusa Pacific University, 
Azusa, CA; and 2California State University, San Bernardino, CA.

Despite national and regional efforts for poison prevention, carbon monoxide 
(CO) poisoning remains a significant public health issue. Evidence exists of CO 
exposures in vulnerable populations during power outages post-disasters. 
Immediate impact of education and policy is important due to increasing disaster 
occurrences. Thus, assessing circumstances of exposures and susceptibility is 
valuable for evaluating effectiveness, efficiency, and equity (the “3Es”). A logic 
model provides an illustration of an underlying conceptual framework and the 
logical connection within and between systems. Based on the assumption that 
poisoning is an essential consideration for emergency preparedness, a logic model 
was utilized to evaluate prevention policies and detection of CO exposure. The logic 
model also considered negative outcomes for acute exposures to the vulnerable 
maternal-fetal dyad. Inputs to the logic model include stakeholders and resources 
impacted by policies to include: promoting CO detectors; and inclusion of poison-
ing in the United Nations Office of Disaster Risk Reduction (UNDRR, 2015) Sendai 
Framework, across the lifespan. Short and long-term outcomes of prevention policy 
include increased awareness of the risks and circumstances for CO exposures; 
increased utilization of CO detectors; and subsequent decreased utilization of 
post-disaster emergency services and resources. Policies including CO poisoning 
address all four of the Sendai priorities: Understanding disaster risk; strengthening 
disaster risk governance to manage disaster risk; investing in disaster risk reduction 
for resilience and enhancing disaster preparedness for effective response and 
recovery. Use of logic models for evaluation of public health policy for preventing 
carbon monoxide poisoning can be effective in establishing causation and system 
connectedness. In addition, such models strengthen policy and educational content 
for public health messaging. The conceptual and visual frame of reference provided 
by a logic model also clarifies disaster risk reduction policies in poisonings and 
addresses the 3Es of policy analysis.
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Single cell Sequencing     3631
Single Crystal Structure     3275
Single Nuclei RNA   

Sequencing     4257
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Sustainability     3099
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