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Deadline for Proposals for SOT 2010

Annual Meeting Sessions: April 30,2009

WHY SUBMIT A PROPOSAL?

1. To present new developments in toxicology.

2. To provide attendees an opportunity to learn about state-
of-the-art technology and how it applies to toxicological
research.

3. To provide attendees an opportunity to learn about the
emerging fields and how they apply to toxicology.

SESSION TYPES

Continuing Education—Emphasis on quality
presentations of generally accepted, state-of-the-art
knowledge in toxicology

Note: CE Courses will be held on Sunday.
Symposia—“Cutting-edge” science; new areas, concepts,
or data

Workshops—State-of-the-art knowledge in toxicology
Roundtables—Controversial subjects

Historical Highlights—Review of a historical

body of science that has impacted toxicology

Informational Sessions—Scientific planning or
membership development

Education-Career Development Sessions—Sessions that
provide the tools and resources to toxicologists that will
enhance their professional and scientific development

2010 Thematic Approach

The Scientific Program Committee will
continue the thematic approach for the 2010
Annual Meeting. All proposal submissions

will be reviewed for their relevance under the
following themes—Cell Signaling, Gene-
Environment Interactions, Metabolic Disease,
Mitochondrial Basis of Disease, Toxicity
Testing in the 21* Century, and Translational
Toxicology for the 2010 meeting. Please note
that while we are actively soliciting proposals
for the themes listed above, all proposal submis-
sions will be reviewed under the current criteria
for their timeliness and relevance to the field of
toxicology.

Please refer to the SOT 2009 Program, Scientific
Program Overview on the fold-out cover for a list
of 2009 sessions highlighted under the thematic

You can now submit your proposal on-line atWWW.tOXiCOlOg
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Preface

This issue of The Toxicologist is devoted to the abstracts of the presentations for the
continuing education, symposia, workshop, roundtable, platform, and poster discussion
sessions of the 48™ Annual Meeting of the Society of Toxicology, held at the Baltimore
Convention Center, March 15-19, 2009.

An alphabetical Author Index, cross referencing the corresponding abstract number(s),
begins on page 469.

The issue also contains a Key Word Index (by subject or chemical) of all the
presentations, beginning on page 487.

The abstracts are reproduced as accepted by the Scientific Program Committee of the
Society of Toxicology and appear in numerical sequence.

Copies of The Toxicologist are available at $45 each plus $5 postage and handling
(U.S. funds) from:

Society of Toxicology
1821 Michael Faraday Drive, Suite 300
Reston, VA 20190

www.toxicology.org

© 2009 Society of Toxicology

All text and graphics are © 2009 by the Society of Toxicology unless noted. Some Baltimore photos are courtesy
of the Baltimore Area Convention and Visitors Association unless otherwise noted. For promotional use only.
No advertising use is permitted.

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



1 TOPICS IN ETHICS: CONFLICT OF INTEREST - REAL
OR IMAGINED? PBDES AS A CASE STUDY.

S. Gilbert!, P Wexler’, M. Goozner’ and M. Brown Brown4 'INND, Seattle, WA,
?National Library of Medzcme, Bethesda, MD, °Center for Science in the Public
Interest, Washington, DC and *Charles River Laboratories, East Thetford, VI

Throughout their professional lives, most toxicologists will confront an array of is-
sues beyond the strictly scientific ones they have trained for. These may range across
topics such as animals in research, human subject research, investigational and re-
porting bias, and conflict of interest concerns. The interdisciplinary nature of toxi-
cology, its sometimes tangled regulatory framework, and implications for public
safety and health, make policy considerations perhaps more relevant than they are
for other sciences. Toxicologists, therefore, need to be braced for an array of ethical,
legal, and social challenges, and to learn how to sensibly address allegations of con-
flict of interest or bias while practicing their science. This course will examine,
through a case study related to polybrominated diphenyl ethers (PBDEs), the con-
sequences of alleging conflict of interest or bias. In August, 2007 the EPA dismissed
Deborah Rice from its PBDE review panel in compliance with a request from the
American Chemistry Council, and expunged her comments from the official
record. Dr. Rice had previously expressed her views about PBDE’s dangers as part
of work with the Maine government. The EPA’s rationale was “the perception of a
potential conflict of interest.” This incident highlights the challenge of a scientist
holding a scientifically credible opinion about an issue prior to review by an expert
panel (on which he/she is serving) assigned to assess the same issue. Under what cir-
cumstance does a position become a conflict of interest or bias? The practical and
ethical issues raised in staffing scientific review panels affects scientists and policy
makers. Course time will be provided for a discussion of conflict of interest and an
examination of related incidents. Students will be provided with a selected list of
Web resources related to the ethical issues under discussion.

2 FREE RADICALS FOR TOXICOLOGISTS - FROM THE
BASICS TO INFLAMMATION AND DISEASE.

L.L Mantell1 and J. T. Zelikoff*. 'St John's University College of Pharmacy, Queens,

NY and’New York University School of Medicine, Tuxedo, NY.

The production of reactive oxygen species/reactive nitrogen species (ROS/RNS)
has long been recognized to not only serve as a biomarker for oxidative stress, but
also significantly contribute to the pathogeneses of various inflammatory tissue in-
juries and diseases. The emphasis of this course will be placed on an in-depth, state
of the art review of the relationship among free radicals, immunologically-related
inflammartory responses and environmental exposures and diseases. At the conclu-
sion of this session, the participants will be able to describe the basic concepts of
free radicals as they relate to immune-mediated events, better understand the pro-
duction of reactive oxygen/nitrogen species (ROS/RNS) from both inflammatory
responses and exposure to environmental toxicants, better understand the impact of
ROS/RNS on normal physiological responses and pathological processes.

3 CHARACTERIZING MODES OF ACTION AND THEIR

RELEVANCE IN ASSESSING HUMAN HEALTH RISKS.
S.S. Olin' and S. M. Cohen?. 'ILSI Research Foundation, Washington, DC and
2University of Nebraska Medical Center, Omaha, NE.

Determining the mode(s) of action (MOA) of a toxicant is the goal of many toxi-
cology studies, and these data are often used in risk assessment. A systematic ap-
proach to characterizing the mode(s) of action of toxicants is essential in the appli-
cation of the framework for evaluating the relevance of an animal mode of action in
assessing human risk. Frameworks for characterizing MOA data for carcinogens
and analyzing its human relevance have been developed and cited in various na-
tional and international risk assessment guidelines. Recently, these concepts have
been extended to non-cancer endpoints including reproductive, developmental,
neurologic and other toxic effects. MOA evaluation is becoming a routine compo-
nent of regulatory risk assessments thus an important consideration is always
whether the MOA determined in animals can be assumed to be directly applicable
for humans. The course will demonstrate the use of an MOA human relevance
framework that asks first, is the weight of evidence sufficient to establish the MOA
in animals? Application of modified Bradford Hill criteria to identify key events, in-
cluding strength of evidence, leads to evaluation of the overall weight of evidence
and discussion of possible alternative MOAs. Evaluation of the human relevance of
the animal MOA includes assessing the weight of evidence both for qualitative and
quantitative aspects. A brief history of and significance for risk assessment of
MOA/human relevance analysis will lay the foundation providing the basic con-
cepts involved in application of the framework. These applications will utilize se-
lected case studies with both cancer and non-cancer endpoints. Case studies will ex-
amine issues such as multiple endpoints with shared or different MOAs, the

extension of the framework to dose-response analysis, and the effect of life-stage on
the analysis. Case studies used will show how the framework analysis is done to il-
lustrate the importance of a systematic evaluation of the available data, and to pro-
vide the tools to begin applying the MOA/human relevance framework.

EVALUATION OF TOXICITY TO MALE AND FEMALE
REPRODUCTIVE SYSTEMS: BIOLOGY, STUDY DESIGN
AND DATA INTERPRETATION.

4

K. Hew' and B. McIntvre ! Takeda Global Research & Development Center, Inc.,
Deerfield, IL and*Schering Plough Research Institute, Summit, NJ.

The objectives this course are to provide the basic tools for toxicologists who desire
a better understanding of how to assess toxicant-related effects on animal reproduc-
tion and the subsequent potential risk(s) to human reproduction. The anticipated
audience includes toxicologists who work in regulated product development (e.g.,
pharmaceutical, chemical, and pesticide industries), as well as scientists who may be
responsible for monitoring contracted reproductive toxicity studies so that they can
understand the subject sufficiently to work with study directors (i.e., study design
and interpretation of study results). Reproductive toxicity studies assess multiple in-
terrelated endpoints in the male and female reproductive systems. In order to prop-
erly design, conduct, and interpret these studies, a broad knowledge of male and fe-
male reproductive organ development, anatomy, physiology, and endocrinology is
required. Using this as a starting point, the overall designs of reproductive toxicity
studies for regulatory submissions, and subsequent application of these data to as-
sess potential risk in humans will be discussed. Additional presentations will pro-
vide an overview of the anatomy and physiology of the male and female reproduc-
tive systems, respectively, as well as endocrine regulation of these systems. This
course will include an overview of the study designs to evaluate toxicity to male and
female reproductive systems based on current regulatory guidelines. The course will
conclude with case studies of reproductive toxicity data, subsequent interpretation,
and how these results are being used to assess potential risks to human reproduc-
tion. In summary, upon completion of this course, the attendee will have an appre-
ciation for the key information required for the design of reproductive toxicity
studies and interpretation of reproductive toxicity data and will be able to provide
guidance for risk assessment in reproductive toxicity evaluation.

5 IMMUNOLOGY FOR TOXICOLOGISTS.
L Klmber and R. Dieters’. Umvemly of Manchester, Manchester, United Kingdom
and’IRAS Utrecht University, Utrecht, Netherlands.

The adaptive immune response that is found in mammals comprises a dedicated in-
teracting system of tissues, cells and molecules that work in concert to provide spe-
cific immune responses and host resistance to pathogenic microorganisms and
transformed cells. Specific immunity is supplemented by, and works in harmony
with, the phylogenetically more ancient innate immune system.
Immunotoxicology describes the study of adverse health effects that may result
from the interaction of xenobiotics with one or more components of the immune
system. Such health effects may take a variety of forms. These include frank im-
munotoxicity where there is a functional impairment of the immune system. The
concern here is that compromised immune function may translate into an in-
creased susceptibility to infectious and/or malignant disease. A second potential
consequence of the interaction of chemicals or proteins with the immune system is
allergy: defined as the adverse health effects that may arise from the stimulation of
a specific immune response. Allergic disease may take one of several forms, those of
greatest significance for toxicologists being skin sensitization and allergic contact
dermatitis, allergic sensitization of the respiratory tract, food allergy, and idiosyn-
cratic drug reactions. Finally, xenobiotics have also been implicated in the induc-
tion or exacerbation of autoimmune responses and autoimmune disease. This basic
grade course will provide a firm grounding in fundamental and clinical aspects of
immunology, and will describe the basic elements of immunotoxicity, allergy and
autoimmunity in view of the interaction between innate and adaptive immunity.
The objective is to deliver an accessible guide to the immune system and immuno-
toxicology for general toxicologists.

6 PRINCIPLES AND APPLICATIONS OF
TOXICOKINETICS.

M. . Bartels' and C. Timchalk®. *Dow Chemical, Midland, MI and?Batelle Pacific

Northwest Laboratories, Richland, WA.

Toxicokinetic (TK) data play an important role in chemical risk assessments.
Chemical risk assessments are increasingly incorporating consideration of the mode
of action (MOA) of the chemically-induced toxicity. Increasing reliance on MOA in
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such evaluations in turn requires increasingly detailed information regarding the ac-
tive chemical moiety (parent compound or metabolite) and relevant target tissue
dose metrics. This course will begin by providing background on the need for and
role of toxicokinetic data in risk assessments. This presentation will include a dis-
cussion of the interaction between evaluation of MOA and toxicokinetic data and
the role of such data in both interspecies and high to low dose extrapolations in risk
assessment. We will go on to describe basic principles of pharmacokinetics from
both the classical and physiologically-based approaches. The presentation will pro-
vide the conceptual and mathematical basis for developing a better understanding
of pharmacokinetics and how pharmacokinetic analyses are conducted. In addition,
to this analyses we will address elements of the design of toxicokinetic studies. This
presentation will include discussion of the interaction of key chemical characteris-
tics with study design parameters and of the sampling and analysis considerations
that shape study design. Finally, the presenters will provide examples of the integra-
tion of toxicokinetic data into current risk assessments, including the incorporation
of human biomonitoring data in the evaluation of chemical exposures and risks.

7 TRANSLATION OF SAFETY BIOMARKERS IN DRUG
DISCOVERY AND DEVELOPMENT.
KA. Crlswell N. Everds’, D. Bounous®’, K. Criswell’, Colangelo and B. R.
Michael”. Drug Safety, Pfizer Global Research & Developmem‘, Groton, CT,
Amgm Pharmaceutical, Seattle, WA, >Bristol- -Myers Squibb, Princeton, NJ and
*Michigan Technology & Research Institute, Ann Arbor, M.

There are several major areas that prove problematic in translating animal
data/biomarkers to humans. This 5-speaker session will focus on translational is-
sues identified in hematology, clinical chemistry, coagulation, protein assays and
peptide assays. It will conclude with a risk assessment presentation that summaries
the overall process in defining human relevance of safety and efficacy from preclin-
ical data. Preclinical data gathered in laboratory animals is required by regulatory
agencies to determine safety in humans prior to marketing of new drugs and ap-
plications. Species-specific differences in routine and more esoteric serum bio-
markers may make the relevance of findings in animals difficult to interpret.
Knowledge in this area is beneficial to the safe conduct of clinical trials and the in-
clusion of relevant biomarkers as effective safety and efficacy endpoints during new
product development.

Research scientists, industry scientists, laboratory personnel, and pathologists inter-
ested in biomarker development, translation, execution and applications from pre-
clinical through clinical trials may be interested. This symposium will focus on the
difference between data obtained in preclinical and clinical circumstances.
Therefore, it may be of interest to anyone in a preclinical research setting through
those engaged in clinical trials.

After the session the participants will be able to 1) identify potential relevance or
non-relevance of animal-based hematologic and clinical chemistry biomarkers to
humans, 2) Assess the reliability of using coagulation biomarkers in preclinical
species, 3) Identify methods of overcoming species-specific problems in protein and
peptides biomarkers to allow translation, and 4) understand the overall process re-
quired to determine human relevance of animal data and the impact of biomarker
utilization on speed and decision-making.

CHARACTERIZING VARIABILITY AND UNCERTAINTY
WITH PHYSIOLOGICALLY BASED
PHARMACOKINETIC MODELS.

8

H. A. Barton', R. Setzer', G. Johanson® and C.Tan’. ‘ORD National Center for
Cﬂmpumtzonal Toxicology, U. S Environmental Protection Agency, Research Triangle
Park, NC, [mtztute of Environmental Medicine, Karolinska Institute, Stockholm,
Sweden and > Center for Human Health Assessment, The Hamner Institutes for Health
Sciences, Research Triangle Park, NC.

As pharmacokinetic (PK) models are increasingly applied in risk and safety assess-
ments it is critical to improve the characterization of variability and uncertainty.
Variability describes real differences among individuals arising from external expo-
sure pathways, diet, health status, genetics, and other factors that contribute to dif-
ferences in internal exposures or tissue dosimetry. Absent perfect knowledge, there
are uncertainties arising from a range of sources including experimental error, that
can impact confidence in model predictions. Physiologically based pharamacoki-
netic (PBPK) models provide a biologically motivated description of processes in-
fluencing the absorption, distribution, metabolism, and excretion of endogenous
compounds or xenobiotics. PBPK models rely on a wide range of in vitro and in
vivo data to estimate parameter values and demonstrate the predictive capabilities
of the models. This course will describe characterization of variability and uncer-
tainty using PBPK models from a number of perspectives. The range of PBPK
model structures and their applications in risk and safety assessment will be pre-
sented. How to approach characterizing uncertainty in the presence of variability
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will be described. Data from humans can be analyzed using PBPK models to char-
acterize PK variability. Finally, linking variations in external exposure pathways
with PK variability provides methods to characterize human dosimetry for use in
risk assessments or interpretation of biomonitoring data.

9 CURRENT APPROACHES IN MIXTURE RISK
ASSESSMENT.

M. Mumtaz', A.B. Lowit’, C.]. Borgert and K. Krishnan®*. ATSDR, Atlanta,

GA, OPP U.S. EPA Washington, DC, App/zed Pharamcology and Toxicoogy Inc.,

Gainesville, FL and * Université de Montréal, Montreal, QC, Canada.

Human exposure to combinations of chemicals and drugs is an everyday reality of
life. There is tremendous interest in scientific and regulatory tools for evaluating the
joint toxic action of chemicals and drugs in mixtures. This course will instruct par-
ticipants in the methods and tools reflective of the current state of knowledge in the
area of mixture risk assessment, as well as illustrative, real-life examples of their ap-
plication to risk assessment. The first talk will introduce the various approaches to
mixture risk assessment and illustrate the use of these methods to assess risks associ-
ated with human exposure to contaminants in selected hazardous waste sites. The
second talk will describe the process of cumulative risk assessment of pesticides,
highlighting the use of pharmacokinetic, pharmacodynamic and relative potency
factors in the process. The third presentation will describe the development and ap-
plication of relative potency factor approach to evaluate safety of mixtures of drugs.
The final talk will discuss the current approaches and tools for assessing the role of
interactions in mixture risk assessment, with particular emphasis on the use of
physiologically-based pharmacokinetic (PBPK) models. Included in this course will
be data evaluation strategies, data sets from real world examples, exercise results,
and discussion of uncertainty pertaining to the application of various mixtures pro-
cedures. This course will be of interest to experimentalists, modelers, epidemiolo-
gists and risk assessors interested in the assessment of health risks associated with
human exposure to chemical and/or drug mixtures.

HOW SIMILAR IS SIMILAR AND HOW RELEVANT IS
RELEVANT? CONSIDERATIONS IN THE DESIGN OF A
PREDICTIVE DEVELOPMENT PROGRAM FOR
BIOTHERAPEUTICS.

CE 10

L Burns-Naas®, F. Geoly’, ]. Bussiere®, . Cavagnaro’ and L. Andrews'.

! Pharmacology and Y?szm/ogy, genzyme, Framzng/mm, MA, *Drug Safety Research
and Development, Pfizer, San Diego, CA, > Pathology, Pfizer, Groton, CT, *Amgen,
Thousand Oaks, CA and’ Access BIO, Boyce, VA.

Preclinical development programs that are designed to support the safe clinical use
of biopharmaceuticals have considerations that are very different from programs
designed to support the development of small molecule drugs. In particular, with
more and more targeted therapeutics being developed a traditional development
program is becoming more and more difficult. While the ICH S6 guidance contin-
ues to drive the program decisions more often than not a different approach is war-
ranted due to species specificity and paucity of relevant animal models. To design a
predictive non clinical program that will support not only first in human dosing
but also eventual approval of the therapeutic is becoming more complex. Assuring
safety in humans is the first and foremost task of a well designed program but as-
suring safety and application to specific patient populations is also essential to the
targeted therapeutic products.

Topics to be addressed in this course will include general pathology and physiology
issues between species that might contribute to species selection/interpretation,
utility of tissue cross reactivity to determine relevant species, considerations into the
development of a homologous protein (from bench to beast), development and
characterization of animal models as relevant species (including KO animals and
models of disease), and additionally what to do if nothing is “relevant”. The course
attendee will learn key concepts in the considerations for designing a predictive
program for a biotherapeutic product.

CE 11 NEW FRONTIER IN METAL TOXICOLOGY: GENETIC
SUSCEPTIBILITY, EARLY DIAGNOSIS, AND RELATED
BIOLOGICAL INDICES.

C.D. Klaassen , M. P Waalkes®, D. A. Cory- Slechta , Zheng and M
McCabe®. " Purdue University, West Laﬁzyette, IN, Umvemty of Kansas, [(ama:
City, KS, >NCI at NIEHS, RTP. NC and * University of Rochester, Rochester; NY.

Physical and chemical properties of many toxic metals are common in their ten-
dency to donate electrons, their resistance to biotransformation and their similarity
in physical sizes and electrical charges. Yet human responses to metal insults are not



uniform at all such that metal-caused diseases may manifest in a particular popula-
tion and spare in others. With a better understanding of gene-environmental inter-
action, it becomes clear that the genetic predisposition may exist in exposed indi-
viduals who have an inherited sensitivity to metal-induced disorders. Thus, the
individual susceptibility must be taken into account when developing biomarkers
for exposure and/or risk assessment. In many clinical cases, the signs and symptoms
of metal intoxication are subtle, undetectable and imperceptible. Because of these,
clinically well defined metal diseases, such as manganese-caused parkinsonism or
lead-induced learning deficit, are usually diagnosed too late for an effective thera-
peutic intervention. Thus, a reliable biomarker of a particular type of metal dis-
eases, developed either based on injuries in biochemical and physiological functions
or alterations in cellular signal pathways, bears a quintessential importance in metal
toxicity research. This advanced course is intended to address the biological indices
of metal toxicities from the angle of individual genetic susceptibility and popula-
tional adaptability for early diagnosis, by providing cutting-edge knowledge on the
concepts, theories, clinical outcome, and research methodologies in this area. The
Introduction will briefly review the unique physical, chemical and biological prop-
erties of metals which distinguish them from organic chemicals. The first lecture
will discuss the recent advancement in understanding the genetic susceptibility that
contributes to metal-induced toxicities. The second lecture will provide an overview
on metal-related biomarkers that were established from animal and human studies
and the application of these biomarkers in clinical diagnosis. The third lecture will
use manganese as an example to address the methodological approaches to develop
biomarkers and explore novel ideas to combine exposure indices with biological
outcomes. The final lecture will illustrate an innovative way to explore metal toxic-
ity by targeting at metal interaction with the cellular signal pathways. Speakers will
survey these new frontiers in metal toxicological research by providing details spe-
cific to “hot” metals, such as lead, manganese, arsenic and mercury. Speakers will
also discuss pertinent concerns and controversies, including mechanistic-based risk
assessments, related to risks to humans exposed to these metals. The course will
serve the purpose for those who desire an advanced introduction to mechanisms of
metal toxicities, an advanced knowledge on metal-gene interaction and risk assess-
ment, and an advanced technical approach in developing a useful biomarker for
metal intoxication. The course will be of interest to others engaged in wider aspects
of metal toxicology, neurotoxicology, carcinogenesis, risk assessment, and occupa-
tional health.

12 STRESS AS A CONFOUNDING FACTOR IN
TOXICOLOGY STUDIES.

K. Sprugel', D. Dorman’, N. Everds’, G. Foley’, P Snyder’ and A. Jacobs®.

"Toxicology, Amgen, Seattle, WA, *Pathology, Amgen, Seattle, WA, >North Carolina

State University, Raleigh, NC, *Schering Plough, Summit, NJ, °Veterinary

Pathobiology, Purdue University, West Lafayette, IN and “ONDIO/CDER, Food &

Drug Administration, Silver Spring, MD.

Stress can confound the interpretation of toxicity studies. The biology of stress in-
cludes complex interrelationships between neurologic and endocrine pathways.
Stressors can have effects on in-life, clinical pathology, endocrine, and immune sys-
tem parameters. Effects on any of these systems may be observed during a toxicity
study. The challenge in toxicology is to differentiate between primary test article-re-
lated changes and secondary changes related to stress. This differentiation is crucial
to the assessment of stress in the regulatory environment. Major systems impacted
by stress and the types of responses seen will be discussed. Biomarkers that are sug-
gestive of a stress response will be discussed. Case studies will be presented to illus-
trate the challenges and best practices in characterization and interpretation of
stress responses.

EAT WELL, BREATHE WELL: NUTRITIONAL
DETERMINANTS OF SUSCEPTIBILITY TO AIRBORNE
POLLUTANTS.

S 13

. G. Wagner. Michigan State University, East Lansing, MI.

Susceptibility factors for adverse responses to air pollutant exposure include the
host genome, exposure history, disease, age, and diet. In particular, the role of the
underlying nutritional status has emerged as an important but understudied deter-
minant of enhanced airway reactivity, inflammation, and immune responses that
might be elicited or exacerbated by airborne toxicants. For example deficiencies in
certain micronutrients are associated with enhanced inflammation to ozone, and
dietary supplementation with antioxidants can protect from ozone-induced deficits
in airway function. Both clinical and animal studies demonstrate that ozone-in-
duced airway reactivity is related to increased body mass index. Similar relation-
ships of nutritional factors and adverse airway responses exist for diesel exhaust,
particulate matter, and cigarette smoke. Specific cellular and airway defenses in-
clude small molecular weight antioxidants (e.g., ascorbate, glutathione), and en-

zyme systems (e.g., catalase, SOD, Phase II enzymes) which are directly or tran-
scriptionally affected by the diet. In addition, the type and amount of dietary lipids
can predispose for either pro-or anti-inflammatory pathways. Based on our growing
understanding of toxicological mechanisms that underlie the responses to many
different types of inhaled pollutant exposure, it is now possible to test specific hy-
potheses for nutrient or lipid-based dietary interventions to protect from adverse
airway inflammatory responses and their consequences in susceptible populations.
To gain a clear understanding of these issues, it is important to address the current
thinking and results from preclinical and clinical translational studies, approaches
that merge basic toxicological principles and biochemical nutritional science, and
actively study the comparison of nutrient deficiency, supplementation and energy
imbalance on toxicological outcomes from air pollutant exposure.

S 14 FOOD FOR THE LUNG: HOW NUTRITION AFFECTS
= RESPIRATORY TOXICOLOGY.

L Jaspers. University of North Carolina, Chapel Hill, NC.

Nutrition has been well recognized as an important factor influencing a number of
biological processes including immune responses and ageing, as well as diseases,
such as cancer. However, whether and how the nutritional status of an individual
could modify responsiveness to inhaled toxicants is not well understood. In the
context of the ongoing obesity epidemic as well as the continually growing market
for nutritional supplements, the importance of potential interactions between nu-
trition and effects elicited by inhaled toxicants become apparent. This overview will
discuss the significance of the relationship between nutrition and adverse health ef-
fects induced by inhaled toxicants.

S 15 CIGARETTE SMOKE AND ANTIOXIDANT THERAPIES
. IN COPD.

I. Rahman. University of Rochester, Rochester, NY. Sponsor: ]. Wagner.

Oxidative stress from cigarette smoking induces inflammation and is an important
etiological factor in the pathogenesis of chronic obstructive pulmonary disease
(COPD). Antioxidant agents such as thiol molecules (glutathione and mucolytic
drugs, such as N-acetyl-L-cysteine and N-acystelyn), dietary polyphenols (cur-
cumin-diferuloylmethane, a principal component of turmeric; resveratrol-a fla-
vanoid found in red wine; green tea-epigallocatechin-3- gallate;
catechins/quercetin), can control nuclear factor-kappaB (NF-kappaB) activation,
regulation of glutathione biosynthesis genes, chromatin remodeling, and hence air-
way inflammation. This presentation will discuss the role of oxidative stress in key
signal transduction pathways and histone modifications involved in lung inflam-
mation in response to cigarette smoke. Current results from studies using dietary
polyphenols to modulate redox signaling and hence downregulation of pro-inflam-
matory mediators will also be emphasized

PROTECTION FROM OZONE AND ENDOTOXIN-
INDUCED AIRWAY INFLAMMATION BY GAMMA-
TOCOPHEROL.

S 16

. G. Wagner. Michigan State University, East Lansing, MI.

Vitamin E (alpha-, beta-, gagmma-, and delta- tocopherols and tocotrienols), is best
known as a lipid-soluble antioxidant, but is also capable of modulating cellular
functions important in immunity and inflammation. However alpha-tocopherol,
the Vitamin E isoform for which an RDA has been established and is well-docu-
mented to limit lipid peroxidation pathways, has been ineffective against ozone-in-
duced inflammation in both human and animals. We will present data demonstrat-
ing novel antinflammatory properties of gamma-tocopherol, a vitamin E isoform
common in diets of corn, walnuts and sunflower seeds, to inhibit eicosanoid and
cytokine production in airways and to limit nitrosative stress, inflammatory cell re-
cruitment and airway hyperreactivity. Experimental results from allergic and non-
allergic animals exposed to ozone or endotoxin will be presented.

S 17 DIETARY INTERVENTION WITH SULFORAPHANE, A
. PHASE II ENZYME INDUCER TO PROTECT FROM

AIRWAY INFLAMMATION.

D. Diaz-Sanchez. U.S. Environmental Protection Agency, Chapel Hill, NC. Sponsor:
. Wagner.

Cellular oxidative stress is thought to be the principle mechanism by which oxidant
pollutants such as ozone and particulates mediate their pro-inflammatory effects.
Intervention studies with exogenous antioxidants have met with mixed results. An
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alternative strategy is the induction of endogenous antioxidants such as Phase II en-
zymes that lead to the production and metabolism of glutathione, among others.
This presentation will focus on results from in vitro, animal, and human studies
using sulforaphane, a potent inducer of Phase I enzymes that occurs naturally in
cruciferous vegetables. We have recently conducted a clinical trial using broccoli
sprouts that contain high levels of sulforaphane, to induce mucosal Phase II en-
zyme expression in the upper airway of human subjects. Results from this and on-
going human studies that investigate the effectiveness of this nutritional interven-
tion to prevent inflammatory effects of oxidative stress induced by pollutants will
be presented.

OBESITY ENHANCES AIRWAY INFLAMMATION AND
REACTIVITY TO OZONE.

s IRE:

S. Shore. Harvard University, Boston, MA. Sponsor: ]. Wagner.

Emerging data indicates that changes in pulmonary function induced by ozone are
increased in obese individuals. Data from our lab indicate that obese mice also have
augmented responses to acute ozone exposure. Mice obese because of genetic defi-
ciencies in leptin (ob/ob mice), the leptin receptor (db/db mice), carboxypeptidase
E (Cpefat mice), as well as mice with diet induced obesity, each exhibit more robust
ozone-induced increases in pulmonary resistance, airway responsiveness, and air-
way inflammation than lean mice. Data will be presented from these mouse models
describing a role for adipokines including IL-6, TNFa, and adiponectin, in the re-
lationship between obesity and responses to ozone

S 19 COMPLEMENTARY AND ALTERNATIVE MEDICINE
- (CAM)IN PROTECTING AGAINST INHALED

TOXICANTS.

D. B. Peden. University of North Carolina, Chapel Hill, NC. Sponsor: ]. Wagner.

Complementary and alternative medicine (CAM) therapies are an attractive ap-
proach to minimize airway responses to common environmental and occupational
inducers of asthma and allergy exacerbation, such as ozone and endotoxin.
Consequently, studies applying cutting-edge technologies to identify the underly-
ing mechanisms and optimal use of anti-inflammatory CAM modalities are
needed. We are currently translating in vitro and preclinical findings that used ther-
apies predominately derived from food sources into clinical studies. Using estab-
lished protocols, we are testing both the safety and efficacy of novel anti-inflamma-
tory and antioxidant CAM therapies to modify pollutant-induced exacerbation of
airway inflammation in human volunteers. Stratification of the study group by
polymorphisms in key inflammatory or antioxidant genes (i.e., TLRs, GSTs) will
enhance our understanding of both the toxicological and therapeutic outcomes. A
broad overview of how nutritional CAM agents might be used in clinical studies to
modify pollutant-induced exacerbation of asthma will be discussed.

20 MicroRNAs IN BIOLOGY AND TOXICOLOGY.
M. E. Hahn' and R. E Novak®. IBiology, Woods Hole Oceanographic Institution,
Woaods Hole, MA and” Wayne State University, Detroit, MI.

Gene expression is highly regulated at many levels and altered gene expression is an
important part of many toxicological mechanisms. Very recently, a fundamentally
new mechanism of gene regulation, involving small RNAs known as microRNAs
(miRNAs), has been discovered. MicroRNAs are single-stranded RNA molecules of
~22 nucleotides that function to regulate the synthesis of proteins by inhibiting the
translation of mRNAs and promoting their degradation, or in some cases by stimu-
lating their translation. MicroRNAs are abundant and evolutionarily conserved in
eumetazoan animals. The human genome encodes hundreds of miRNAs, and a
similar number of miRNAs occur in the genomes of other animals. Each miRNA
can target hundreds of different messenger RNAs for degradation; up to 20% of the
genes in a given genome may be regulated by miRNAs. The biological functions of
miRNAs are not fully understood. However, recent studies have demonstrated im-
portant roles for miRNAs in the regulation of transcription factor expression and in
pre-mRNA splicing. Studies in zebrafish and mammals have shown that miRNAs
have important roles during embryonic development and that disruption of
miRNA synthesis in embryos can have dramatic consequences. Altered miRNA ex-
pression is seen in a variety of cancers and in some cases is involved in the mecha-
nism of tumorigenesis. Furthermore, miRNAs are involved in several human dis-
eases and appear to regulate cellular responses to a variety of physiological and
environmental stressors, including diabetes, high blood pressure, nutrient stress,
hypoxia, and environmental chemicals. Thus, miRNAs have critical biological
functions and there is an emerging understanding of the important role of miRNAs
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in toxicology, development, metabolic disease, and carcinogenesis. MicroRNAs
have not yet been widely studied in a toxicological context; however, it seems likely
that these small RNAs may have significant roles in regulating the genomic, pro-
teomic and functional response of cells and tissues to chemicals. [Supported by a
WHOI Independent Study Award and by Walter A. and Hope Noyes Smith.]

MicroRNA REGULATION OF SIGNALING PATHWAYS
DURING DEVELOPMENT.

g 2

J. G. Patton. Vanderbilt University, Nashville, TN. Sponsor: M. Hahn.

Recent genomic analyses have suggested that higher eukaryotic genomes are perva-
sively transcribed but that most RNA transcripts are noncoding. MicroRNAs are a
family of gene regulatory small noncoding RNAs that inhibit translation when
paired with elements in the 3> UTR of target mRNAs. Target pairing is imperfect
enabling microRNAs to target multiple genes and a key remaining question is to
identify the exact targets and functions of specific microRNAs. We have been using
zebrafish as a model system to study microRNA function during early vertebrate
development. Using gain of function and loss of function experiments, we have dis-
covered multiple levels of microRNA regulation controlling the Hedgehog and
Whnt signaling cascades during muscle development and fin regeneration.
Additionally, we have discovered a regulatory role for miR-200b in controlling traf-
ficking of transmembrane proteins during osmotic stress.

22 MicroRNAs IN HUMAN CANCERS AND

- CARCINOGENESIS.
C. M. Croce. College of Medicine, The Obio State University, Columbus, OH.
Sponsor: M. Hahn.

Expression profiling has revealed that microRNAs are dysregulated in a variety of
human cancers, and microRNA profiles have proved useful in classifying tumors.
In addition, some microRNA alterations are characteristic of multiple tumor types,
suggesting an important role of microRNAs as tumor suppressors or oncogenes.
This presentation will review the role of microRNAs in human cancers, focusing on
two case studies. One involves the down-regulation of miR-15a and miR-16-1 in
chronic lymphocytic leukemia (CLL), the most common adult human leukemia.
Deletion of these microRNA genes is thought to be involved in a substantial frac-
tion of CLL cases. miR-15a and miR-16-1 act as tumor suppressors, targeting the
BCL2 oncogene. In contrast, members of the miR-17/92 cluster are overexpressed
in a variety of human tumors and stimulate cell proliferation. The important roles
of microRNAs in cancer points to their potential as therapeutic targets.

23 ABERRANT microRNA EXPRESSION IN HUMAN

- BREAST ONCOGENESIS.
A. A. Dombkowski!, R. Ranganathanl, D. Cukovic', J. Zhengl, S. Gajjalal, R.
E Novak' and E R. Miller®. ' Institute of Environmental Health Sciences, Wayne
State University, Detroit, MI and 2Karmanos Cancer Institute, Detroit, MI.

Breast cancer is believed to develop in a multistep process, with premalignant le-
sions preceding invasive carcinoma. While recent work has implicated microRNAs
in a variety of human diseases, including cancer, little is known about the role of
microRNAs in preneoplastic events that precede malignant transformation. In this
work we characterize miRNA expression associated with breast oncogenesis using a
multistep cell line model comprised of MCF10A, AT, 3B, CAlh, and CAla cell
lines, and in associated mouse xenografts. This isogenic cell line series represents a
progression from benign to premalignant cells to invasive carcinoma. Global
miRNA microarrays were used to identify miRNAs that exhibit differential expres-
sion correlating with the progression of the disease. Principal components analysis
(PCA) demonstrates that the cell lines are segregated along a trajectory of onco-
genic potential based on the miRNA expression profiles. Among the microRNAs
showing a marked increase of expression in the cell line progression are miRs 21,
200a, 200b, and 429. Several clusters of miRNAs were identified; each consisting
of highly correlated expression profiles. Bioinformatics analysis of downstream tar-
gets using miR-AT, a computational tool developed in our laboratory, reveals gene
ontologies and biological pathways associated with the target genes. Our results in-
dicate that preneoplastic changes in miRNA expression may portend events ob-
served in invasive carcinoma. These premalignant alterations offer potential oppor-
tunities for risk assessment biomarkers and targets for early intervention. This
research was supported by the Wayne State University President’s Research
Enhancement Program, and microarray, bioinformatics, and cell culture work was

facilitated by NIEHS P30 Center grant ES06639.



24 MicroRNA EXPRESSION IN HEPATIC AND NON-

- HEPATIC TISSUES OF DIOXIN-EXPOSED RODENTS.
A. B. Okey' and P. A. Harper"?. ' Pharmacology & Toxicology, University of Toronto,
Toronto, ON, Canada and” Research Institute, The Hospital for Sick Children,
Toronto, ON, Canada. Sponsor: M. Hahn.

Dioxins such as 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) are well-known to
upregulate expression of hundreds of genes via the AH receptor (AHR). Gene ex-
pression-array studies in our laboratory and several other laboratories indicate that
numerous genes also are downregulated by TCDD or by AHR status. Mechanisms
of AHR-mediated upregulation (induction) by dioxin-like chemicals have been ex-
tensively studied but mechanisms of downregulation are obscure, as are the toxico-
logic consequences of downregulation. We hypothesized that downregulation of
mRNA levels by TCDD was mediated by altered expression of microRNAs.
Surprisingly, in livers of adult or fetal rodents TCDD has little effect on microRNA
levels; thus microRNAs probably are not responsible for mRNA downregulation in
liver nor are microRNAs likely to play a significant role in hepatic toxicity. In con-
trast to adult liver, TCDD causes significant changes in levels of several microRNAs
in multiple non-hepatic tissues in fetal mice. MicroRNAs are particularly impor-
tant in embryonic and fetal development. It is plausible that the potent teratogenic
effects of TCDD may involve alteration of microRNA levels during critical devel-
opmental stages.
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Y. M. Shah and E. J. Gonzalez. National Cancer Institute, National Institutes of
Health, Bethesda, MD. Sponsor: M. Hahn.

miRNAs are a family of non-coding RNAs that inhibit mRNA transcription and/or
translation via imperfect base pairing to their target genes. Over 600 miRNAs have
been identified in mammals and provide a critical level of gene regulation impor-
tant in all aspects of cellular physiology. However, relatively little attention has been
focused to date on the transcriptional regulation of microRNAs within a cell.
Profiling analyses have shown that the nuclear receptor (NR) superfamily of lig-
anded transcription factors are major regulators of miRNA biogenesis. Several lines
of evidence point to transcriptional regulation as the main step in the control of
miRNA expression. NR regulation of miRNA transcription provides authentic cis
binding sites and promoter regions of miRNA genes and may offer a unique op-
portunity to modulate miRNA expression for potential therapeutic intervention.
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G. Gerberick' and L. Kimber®. ' Procter & Gamble Co., Cincinnati, OH and
University of Manchester, Manchester, United Kingdom.

THE ROLE OF NUCLEAR RECEPTORS IN miRNA
TRANSCRIPTION.

SUPERANTIGENS, CYTOKINE STORM, AND TOXIC
REACTIONS.

The term superantigen (SAg) was coined by Marrack and Kapler in 1990 to de-
scribe a large family of exotoxins secreted primarily by Staphylococcus aureus and
Streptococcos pyogenes that are associated with adverse health effects that can range
from relatively mild and transient symptoms to catastrophic shock and death.
These toxins have been implicated in a number of diseases including scarlet fever,
staphylococcal food poisoning and cases of both streptococcal and staphylococcal
toxic shock syndrome, as well as being suspected of playing roles in autoimmune
diseases. A unique feature of SAgs is that, unlike conventional antigens, they do not
require processing by antigen presenting cells (APC) and they can interact with a
large proportion of T cells. SAgs have been well characterized and have very specific
binding sites on the o or f§ chain of MHC class IT molecules expressed on APC, and
on the VB chain of the T cell receptor forming a tri-molecular complexes that
bridge SAgs with T cells and APCs, thereby enhancing intracellular interactions.
The polyclonal stimulation of T cells in juxtaposition with APC by SAgs leads to
extensive cytokine production by both cell types including interleukin (IL)-2, in-
terferon-y and tumor necrosis factor-f§ by T cells, and IL-1f and tumor necrosis
factor-p by APC. The collective action of these cytokines, known as cytokine
storm, is the trigger for the clinical manifestations of superantigen immunotoxicity.
Moreover, adverse health effects precipitated by cytokine storm are relevant also for
considerations of drug safety. One illustrative example of the clinical picture of the
TeGenero TGN1412 therapeutic monoclonal antibody was observed in the
London UK 2006 trial. Finally, the structure of superantigens, the mechanisms
through which they interact with the immune system, and the nature and clinical
consequences of cytokine storm will be described and reviewed.
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L Kimber. University of Manchester, Manchester, United Kingdom.

STRUCTURE AND FUNCTION OF SUPERANTIGENS.

The first presentation will provide a background on what is known about the mo-
lecular structure and function of superantigens as immunotoxicant agents that are
produced by bacteria and viruses. In recent years, much knowledge has been gained

on how these fascinating molecules interact with biological systems to cause adverse
health effects. Superantigen molecules are approximately 20 to 25 kD in molecular
weight and are bifunctional in that they utilize at least two types of receptors ex-
pressed on immune cells. Specifically, each superantigen has a unique immune fin-
gerprint based on its specificity for T-cell receptor VB2 elements and MHC Class 11

gene products.

28 CLINICAL MANIFESTATIONS OF SUPERANTIGEN
. DISEASES.

J. Parsonnet. Dartmouth-Hitchcock Medical Center, Lebanon, NH. Sponsor: E

Gerberick.

Superantigen mediated diseases range from common food poisoning to streptococ-
cal toxic shock syndrome (flesh-eating bacterial disease). Superantigens are sus-
pected in association with autoimmune diseases such as Kawasaki disease and
Rheumatoid arthritis. Each of these diseases presents with a constellation of unique
clinical signs and symptoms. Treatment of these diseases many involve antibiotics
that reduce toxin production in combination with i.v. immunoglobulin (IVIG)
therapy.

IMMUNE RESPONSES TO SUPERANTIGENS.

29
M. Kotb. University of Cincinnati, Cincinnati, OH. Sponsor: E._Gerberick.

Superantigens are unique in disease pathogenesis in that they form a trimolecular
complex with the T-cell receptor and MHC Class II molecules on antigen present-
ing cells that lead to a cytokine storm. A unique feature of superantigens is that, un-
like conventional antigens, they do not require processing by antigen-presenting
cells and they can interact with a large number of T cells. Neutralizing antibodies
are key to protecting the host from disease progression and newer research indicates
that genetic susceptibility factors may be key in the intensity of the host response.
For example, HLA alleles differ in their ability to present different SAgs and recent
structural analyses has revealed that bound peptide may also play a role in modulat-
ing SAg binding to the MHC implying a linkage with susceptibility to SAg im-
munotoxicity. Specific human HLA haplotypes conferred strong protection from
severe systemic disease caused by invasive streptococcal infection, whereas other
haplotypes actually increased the risk of severe disease.

EXPERIMENTAL MODELS FOR EVALUATING
BIOAVAILABILITY OF SUPERANTIGENS.

g 3

C. Squier. University of lowa, lowa Cizy, IA. Sponsor: E_Gerberick.

Human diseases caused by superantigens begin with their interaction with epithe-
lial cells such as those of the skin, oral, nasal or vaginal mucosa. In the study of su-
perantigen-mediated diseases, it has become important to understand mechanisti-
cally the exposure to superantigens, especially through mucosal tissues. The
histological classification of epithelial tissues can have effect on the permeability of
superantigens and is based on features such as the number of cell layers, shape of
cells and specialization of cells as well as presence and composition of the lipid-
based permeability barrier. It is known also that other toxins or disruption of ep-
ithelial barrier can have a profound impact on the permeability and eventual sys-
temic bioavailability of superantigens.

TOXICOLOGICAL CONSIDERATIONS FOR
SUPERANTIGEN-MEDIATED DISEASES.

s IEL

G. Gerberick. Procter ¢ Gamble Co., Cincinnati, OH.

Superantigens can be considered as immunotoxicants that cause disease through
their extreme activation of the immune system. However, the amount and dose
metric for superantigen-mediated diseases is not understood well. In some in-
stances, bacteremia is not a feature of the disease. For example, TSST-1 mediated
menstrual toxic shock syndrome is believed not to involve any systemic infection of
Staphylococcus aureus. Systemic penetration of the toxin through a mucosal barrier
is a presumptive prerequisite for the development of the acute illness. It is reported
that superantigens can stimulate T-cells in the picomole range.
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ZINC, INFLAMMATION, AND DIABETES:
INTRODUCTION.

g 3

L. Cai. Medicine & Radiation Oncology, University of Louisville, Louisville, KY.

Diabetes is a serious public issue due to its risk for chronic cardiovascular complica-
tions. However, mechanisms by which diabetes causes cardiovascular complications
remain incompletely understood. Zinc (Zn) is one of the most abundant metals in
the human body and therefore essential for the structure and activity of more than
300 enzymes and proteins. Zn deficiency was found to be associated with diabetes,
but the direct role of Zn in diabetic etiology and its mechanisms are under-ex-
plored. Recent studies have shown that chronic inflammation is not only related to
the onset of Type I and Type II diabetes, but also related to the development of di-
abetic complications. Zn deficiency may cause systemic inflammation that in turn
becomes the initiate factor for the onset of diabetes and the development of diabetic
complications. The current understanding of the roles of Zn homeostasis in the in-
sulin signaling, systemic inflammation, diabetes and diabetic complications will be
explored, as will the public awareness of proper intake of Zn-containing food in
daily life. A brief overview highlighting the association of Zn with inflammation,
diabetes and diabetic complications will begin this session. An important compo-
nent of this exploration will cover how Zn sensitizes insulin function and the asso-
ciation of Zn with inflammation, insulin resistance and obesity. Researchers are
aware that Metallothionein (MT) plays a critical role in Zn homeostasis, therefore,
MT gene alterations and its association with Zn status, inflammation, diabetes and
diabetic complications will be discussed. Finally, the evidence of Zn to protect is-
chemic and the diabetic heart will be presented.

PATHOPHYSIOLOGY OF CELLULAR ZINC AND
REDOX BUFFERING MECHANISMS IN DIABETES.

g 3

W. Maret. The University of Texas Medical Branch, Galveston, TX. Sponsor: L. Cai.

Interference with the homeostatic control of cellular zinc metabolism can compro-
mise many functions and cause cellular injury. Homeostatic control includes
dozens of zinc regulatory proteins, tight binding of zinc to proteins, and a relatively
limited zinc buffering capacity. Furthermore, the cellular zinc and redox buffering
capacities overlap, because cellular thiols have dual functions in redox reactions and
in zinc binding. When these thiols react with environmental toxins or reactive
species generated under conditions of oxidative stress, zinc ions increase above their
resting picomolar concentrations and elicit a cytoprotective (pro-antioxidant) re-
sponse through MTF-1- and NRF2-mediated gene expression. If the buffering and
adaptive capacities of cells are exhausted, potentially cytotoxic (pro-oxidant) zinc
ion concentrations can occur. A factor in the pathophysiological threshold for zinc
ion fluctuations is metallothionein, a redox-active zinc metalloprotein, in which
thiol reactivity and zinc binding are linked. These fundamental principles are im-
portant for cellular signaling, because zinc ions are potent effectors of proteins. For
example, zinc is involved in insulin storage and secretion in beta-cells and in the
modulation of insulin signaling in target organs. The insulin-enhancing actions of
zinc ions are due to zinc inhibition of protein tyrosine phosphatase 1B, the major
phosphatase regulating the phosphorylation state of the insulin receptor. Reactive
carbonyls formed during aberrant glucose metabolism, reactive species generated
during inflammation, nutritional deficiencies, and environmental exposures to tox-
ins all affect cellular physiology by interfering with zinc homeostatic mechanisms.

34 ZN REGULATION OF SYSTEMIC INFLAMMATION
- AND INSULIN RESISTANCE IN OBESITY.

J. Ye. Molecular Biology, Pennington Biomedical Research Center, Louisiana State

University, Baton Rouge, LA. Sponsor: L. Cai.

Inflammation is elevated in obesity, and involved in the pathogenesis of many obe-
sity-associated complications, such as type 2 diabetes and cardiovascular diseases.
Inflammation increases the risk of type 2 diabetes through impairment of insulin
action. It reduces body’s response to insulin, and leads to so called “insulin resist-
ance”. The molecular mechanism is related to inhibition of signal transduction of
the insulin receptor pathway. Through this mechanism, inflammation is able to
convert transient physiological “insulin resistance” into permanent pathological
“insulin resistance”, which is the earliest event of type 2 diabetes. In the inflamma-
tory response, the IKK/NF-kB pathway is activated, and required for expression of
inflammatory cytokines. In obesity, this signaling pathway is activated by fatty acids
and their derivatives (such as DAG or Ceramide). Activation of toll-like receptor 4
(TLR4) and protein kinase C (PKC) are the downstream events of the bioactive
fatty acids. Additionally, a hypoxia response in the adipose tissue also plays an im-
portant role in the activation of NF-kB. In the adipose tissue, macrophage infiltra-
tion is a marker of chronic inflammation and serves to promote inflammatory re-
sponse. Inhibition of NF-kB activity in macrophages is able to prevent
inflammation, and protect mice from insulin resistance. Zn has dual activities in
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the regulation of NF-kB activity. It is required for DNA-binding of NF-kB, and
also involved in activation of the negative feedback loop of the NF-kB pathway. At
a high concentration, Zn may inhibit inflammation through the negative feedback
mechanism. These possibilities suggest that administration of Zn in obese condi-
tion may reduce inflammation and provide beneficial effects in the prevention of
inflammation, insulin resistance and type 2 diabetes.

s e

METALLOTHIONEIN GENE POLYMORPHISMS AND
ZINC HOMEOSTASIS IN THE SUSCEPTIBILITY OF
DIABETES MELLITUS AND CARDIOVASCULAR
COMPLICATIONS.

R. Giacconi!, M. Malavolta!, A. Bonﬁgliz, R. Testa?, E. Lattanzio® and E.
Mocchegiani'. Tmmunology Center (Laboratory of Nutrigenomic and
Immunosenescence), Research Department, INRCA, Ancona, Iraly, ZDz'abem/ogy
Unit, INRCA, Ancona, Italy and > Scientific Direction, INRCA, Ancona, Italy.
Sponsor: L. Cai.

The contribution of zinc deficiency in diabetes pathogenesis has been reported in
epidemiological studies. Zinc dyshomeostasis, favouring oxidative stress and in-
flammatory condition may play a role in diabetic cardiovascular complications
(CVD). Metallothioneins (MT) are metal-binding proteins which regulates zinc
homeostasis and counterbalance oxidative stress induced by the diabetic condition.
Recently, several single nucleotide polymorphisms (SNPs) in MT genes have been
involved in diabetes mellitus (DM2) predisposition. An association between —209
A/G MT2A polymorphism, hyperglycaemia, and the prevalence of ischaemic car-
diomyopathy in old atherosclerotic patients with DM2 has been found. +647
Asp/Thr MT-1A polymorphism affects zinc homeostasis and is associated with
longevity in Italian cohort. Thr/Thr genotype (named C+ genotype) is less frequent
in centenarians and associated with lower intracellular zinc release (iZnR) induced
by NO donors, increased MT levels and IL-6 plasma concentrations. We have
found an association of +647 MT1A polymorphism with DM2. The study in-
cluded 694 old Italian subjects: 242 healthy controls, 217 DM2 patients without
CVD clinical evidence (DNC) and 235 diabetic patients with CVD diagnosis
(DCVD). C+ carriers displayed higher glycemia and glycosylated hemoglobin than
C- ones in DCVD group. A modulation of MT levels and iZnR in PBMCs were
observed in DCVD cohort when related to +647 Asp/Thr MT1A polymorphism.
In summary, we demonstrate an association of +647 Asp/Thr MT1A polymor-
phism with DM2 and its influence on glycemic control, iZnR and MT production,
in presence of diabetic cardiovascular complications. These results enable us to fur-
ther investigate the MT genetic background and zinc homeostasis in the prevention
and treatment of DM2 and its complications.
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L. Cai. Medicine, Pharmacology and Toxicology, University of Louisville, Louisville, KY.

PROTECTION OF METALLOTHIONEIN AND ZINC
AGAINST DIABETIC COMPLICATIONS.

Cardiomyopathy and nephropathy are leading causes of mortality in diabetic pa-
tents. Although several mechanisms responsible for these complications have been
proposed, oxidative stress has been widely considered as one of the major causes.
Thus, several laboratories are trying to develop antioxidants used to prevent dia-
betic cardiomyopathy and nephropathy. Using animal models we and others have
shown that metallothionein (MT) can provide a significant protection against dia-
betic cardiomyopathy and nephropathy. MTs are cysteine-rich metal-binding pro-
teins with several suggested biological roles including antioxidant property. Both in
vitro and in vivo studies have indicated that MT can act as an antioxidant in the
heart and kidney to prevent any damage caused by a variety of oxidative stresses in-
cluding diabetes. Since MT is ubiquitously expressed in mammalian tissues and is
highly inducible by variety of reagents such as zinc, the potential clinical applica-
tion for induction of MT as an antioxidant by zinc supplementation to prevent var-
ious diabetic complications including cardiomyopathy and nephropathy has been
explored in diabetic animal models. Available clinical data also indicated beneficial
effects of zinc supplementation against various diabetic pathogenesis. In addition,
since zinc supplementation has been therapeutically used for several diseases in clin-
ics, it is greatly potential for zinc to induce cardiac and renal MT synthesis for the
prevention of cardiovascular diseases in diabetic patients.
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I. Korichneva. Medicine, UMDN]-Robert Wood Johnson Medical School, New
Brunswick, NJ. Sponsor: L. Cai.

The discovery of a novel regulatory role of zinc ions in redox signaling pathway, and
identification and cloning of the molecular players in zinc homeostasis revealed that
intracellular zinc signals and precise control of zinc movements are crucial for

SIGNALING MECHANISMS OF MYOCARDIAL
PROTECTION BY ZINC.



proper cellular function. We were the first to demonstrate that oxidative stress trig-
gers zinc release from the protein kinase C (PKC) regulatory domain executing the
task of so-called “redox zinc switch”, the reversible zinc release from the protein
chelation sites upon oxidation of cysteines. Malfunction of this mechanism in is-
chemic hearts leads to zinc depletion of myocardial tissue that in turn may affect
the integrity of important zinc-dependent proteins. Using Langendorff perfused rat
and mouse hearts and fluorescent imaging combined with biochemical techniques
we unveiled the protective action of intracellular supplementation of zinc ions to
the hearts subjected to acute ischemia/reperfusion. We showed that the protection
was linked to preservation of PKC isoforms delta and epsilon, which were tended to
degrade rapidly to lower molecular weight fragments during oxidative stress.
Surprisingly, the hearts of diabetic rats that had received streptozocin injection 5
weeks prior examination were protected from acute redox stress in Langendorff
model reflecting probably the elements of preconditioning and elevated intracellu-
lar zinc. Zinc dyshomeostasis and serum zinc deficiency of diabetic animals
prompted us to investigate zinc transporters in cardiomyocytes. We have found that
the levels and the properties of the two transporters, members of solute-linked car-
rier (SLC30) gene family, ZnT1 and ZnT5 were changed in diabetic hearts. We
further discovered that both transporters interact with PKC isoforms and changes
in their expression affect translocation of both PKC delta and epsilon. The data
suggest that zinc homeostasis and function of zinc transporters determine stress re-
sponse and cardiac remodeling of diabetic myocardium and further propose inves-
tigation of protective role of zinc in oxidative stress and inflamation.

38 DOSE SELECTION AND DESIGN CONSIDERATIONS
IN SAFETY STUDIES FOR BIOTHERAPEUTICS.

L. Andrews and T. MacLachlan. Pharmacology and Toxicology, Genzyme,

Framingham, MA.

With many biotherapeutics being evaluated on a case-by-case basis there is often
significant consideration that goes into selection of the highest doses to be used in a
study, use of recovery groups, and the impact of immunogenicity on the outcome
and interpretation of the study. Traditional approaches that rely upon a maximum
tolerated dose for high dose selection may not be relevant or even feasible when
considering biotherapeutic products. Establishing a range of toxicology endpoints
in a study using a classical approach is often not feasibile or practical with biothera-
peutic products due to challenges that might involve formulation, concentration,
stability and volume issues. In addition, the use of recovery groups needs to be con-
sidered and the utility of the information gained from the use of additional animals
added to a study. Aspects of full recovery evaluation and the impact of immuno-
genicity on the outcome and interpretation of the study design will be discussed.
Challenges continue to exist in the appropriate study design for reproductive evalu-
ation of biologics and the utiilty of such studies to the safety package. These consid-
erations as well as challenges that may be encountered with reproductive study de-
signs will be covered, in addition to addressing some of the challenges with respect
to dose selection and study design considerations, including reproductive study de-
signs for biotherapeutics. Emphasis will be placed on choosing a high dose for toxi-
cology studies and how does that relate to clinical trial dosing strategies; the impact
of immunogenicity on the dosing strategy and the potential to dose higher; the use
and information to be gathered from recovery animals, and the selection of dose
and dosing regimen for developmental and reproductive studies for biotherapeutics.

HOW HIGH IS HIGH ENOUGH WHEN SELECTING
TOP DOSES FOR GENERAL TOXICOLOGY STUDIES?
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C. Horvath. Toxicology, Archemix Corp, Cambridge, MA. Sponsor: L. Andrews.

In the practical art of applied nonclinical toxicology most of the recent debate on
dose selection has focused on the method used for establishing the first-in-human
dose (FIHD). Several methods have been proposed for this purpose, based on cal-
culation of the no adverse effect (dose) level (NOAEL), pharmacologically active
dose (PAD) or the minimum anticipated biologically effective (dose) level
(MABEL). For many products, these methods will utilize pharmacology and/or
toxicology information gathered from the low- or mid-dose groups, rather than the
high-dose groups. Historically, high doses have been selected with the intention of
demonstrating toxicity, often resulting in identification of the maximum tolerated
dose (MTD) or dose-limiting toxicity (DLT). However, demonstration of toxicity
or adverse effects, even if attributable to intended pharmacologic properties (super-
pharmacology), can be difficult for some products, especially biologics. For such
products, there is a lack of consensus on the justification for selection of the highest
dose in toxicology studies intended to support clinical dosing. Possible approaches
might include a maximum feasible dose (MFD), multiple of human dose (MHD),
multiple of human exposure (MHE), or other empirical selections (e.g., 100 mg/kg
for monoclonal antibodies). Even if the highest dose is not identified as an MTD, it
may provide significant safety margins over the lowest and highest planned human
doses. However, even if the high dose exceeds the maximum pharmacologic effect

dose (MPED), failure to establish an MTD may be seen by some regulatory re-
viewers as a reason to delay clinical development. This presentation will attempt to
provide rationales for selecting the top dose for general toxicology studies.
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RECOVERY GROUPS: A NECESSARY EVIL?
PRECLINICAL DEVELOPMENT CONSIDERATIONS
FOR DETERMINATION OF THE NEED FOR AND
DURATION OF RECOVERY GROUPS.

. Green. Preclinical and Clinical Development Sciences, Biogenldec, Cambridge, MA.

The purpose of IND/CTX enabling toxicology studies is to identify and character-
ize potential target organs of toxicity that are related to the administration of the ex-
perimental drug under conditions that would simulate clinical use. In some cases
the target organs of toxicity are found to be related to a targeted pharmacology and
are referred to as primary or secondary ‘hyperpharmacology’ responses and in other
cases the target organs may be related to off target effects. An important initial as-
sessment of severity of the target organ change is whether or not this change is
found to be reversibly upon cessation of treatment. In some cases the assessment of
complete recovery of organ toxicity is relatively straight forward provided the study
design has incorporated recovery groups and the duration of the recovery period is
sufficiently long. In other cases, the assessment of recovery may be confounded by
limitations of the study design and conclusions regarding the reversibility of a par-
ticular lesion may be less clear. In addition, for some biologics with very long resi-
dence times in vivo following the cessation of treatment (e.g., some mAbs) recovery
times may be of very long duration in order to allow sufficient time for the com-
pletely clear the systemic circulation and allow for hyperpharmacologic effects to
reverse. This lecture will comprehensively address considerations related to the in-
corporation of recovery groups into the design of toxicology studies intended to
support the safe use of biotherapeutics in clinical development.

IMPACT OF IMMUNOGENICITY ON HIGH DOSE
SELECTION FOR CHRONIC STUDIES - SHOULD YOU
DOSE HIGHER? PROS AND CONS.

41

D. Weirda. Biopharmaceutical Immunotoxicology, Eli Lilly & Co, Indianapolis, IN.

The formation of neutralizing anti-drug antibodies in non-clinical studies with
human biopharmceuticals may effectively reduce the pharmacodynamics of the
drug as well as the duration of the toxicity studies. One strategy that has been rec-
ommended to mitigate against this risk is to dose through the formation of neutral-
izing antibodies by increasing either the frequency of dosing, or the administered
dose level of drug, sufficiently to overcome any neutralizing or clearing effects of
anti-drug antibody. A potential advantage of this strategy is that high doses of solu-
ble antigens tend to induce immunological tolerization. On the other hand, a sig-
nificant disadvantage is the possible loss of dose-response information required for
estimating the safe clinical starting dose of the therapeutic. This presentation will
provide an overview of factors and limitations that must be considered when decid-
ing whether or not to implement a dosing through strategy.

HIGH DOSE SELECTION FOR DART STUDIES.

i
. Couch. Pharmacology/Toxicology, Genzyme, Framingham, MA.

The guidelines for assessment of reproductive toxicity ICH S5A & S5B) include
recommendations for: selection of dose, dosing intervals, and duration of dosing of
medicinal products. In the case of biologics, these recommendations may not al-
ways be appropriate as biologics have widely varied pharmacokinetic and pharma-
codynamic parameters, clinical dosing regimens, and potential for immunogenicity.
Selection of dose and dosing regimen for reproductive toxicology studies should
therefore be considered on a case by case approach, including consideration of
product-specific biology rather than based strictly on ICH S5A & S5B guidelines.
Examples of preclinical development programs implementing case-based and clini-
cally relevant approaches to the design of reproductive toxicology studies for bio-
logics will be discussed.

43

S. Edwards' and C. Timchalk®. ' NHEERL, U.S. EPA, Research Triangle Park, NC
and” Biological Sciences, PNNL, Richland, WA.

As we consider the future of toxicity testing, the importance of applying biological
models to this problem is clear. Modeling efforts exist along a continuum with re-
spect to the level of organization (e.g. cell, tissue, organism) linked to the resolution

WORKSHOP INTRODUCTION: SYSTEMS BIOLOGY &
BIOLOGICAL MODELS.
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of the model. Generally, a tradeooff is made whereby higher levels of organization
are models with lower resolution. Consideration will be given to modeling efforts
across the full range of this spectrum. First, a model will be described for intracellu-
lar signaling including important information on how the choice of cell type for in
vitro studies affect the signaling seen. Next, two systems approaches will be high-
lighted which model genome-wide molecular changes (i.e. ‘omics) within and be-
tween tissues and the application to pharmaceutical target discovery and toxicity
testing. Finally, biologically-based dose-response models for risk assessment and
data requirements associated with these models will be covered followed by a
progress report on the development of detailed tissue models and integration of
such models with molecular and cellular changes. If incorporated into future toxic-
ity testing, these approaches should greatly facilitate the definition and quantitative
modeling of mode of action for important environmental stressors. The systems ap-
proaches also have the potential to greatly improve interspecies extrapolation. In
addition, the models described will facilitate the use of in vitro data for risk assess-
ment thereby increasing the number of chemicals that can be evaluated each year.
In considering these different modeling approaches, we hope to gain a better un-
derstanding of the future opportunities and challenges we face as we strive for in-
creasingly higher resolution models at greater levels of organization. [This abstract
does not reflect EPA policy.]

QUANTITATIVE SYSTEMS ANALYSIS OF
HEPATOCELLULAR RESPONSES TO INFLAMMATORY
CYTOKINES AND PHARMACOLOGICAL AGENTS.

44

D. Lauffenburger. Department of Biological Engineering, Massachusetts Institute of
Technology, Cambridge, MA. Sponsor: S. Edwards.

We are pursuing a systematic approach to quantitatively assess relationships be-
tween multiple combinations of inflammatory cytokines and pharmacological
agents in inducing hepatotoxicity in a set of in vitro systems including primary rat
hepatocytes, primary human hepatocytes, and a transformed hepatic cell line
(HepG2). Our goal is to gain insights concerning how physiologically-relevant cy-
tokines might facilitate development of lethal (apoptotic and necrotic cell death)
and/or sub-lethal (loss of differentiated function) hepatotoxicities by idiosyncratic
hepatotoxic drugs. In the work we report here, combinatorial data sets of cytokine-
and drug-induced lethal hepatotoxicity phenotypes in each cellular system were
used to identify multivariate relationships between underlying drug and cytokine
treatment variables and to compare these relationships between cellular systems.
Further studies combining cytokine treatment with non-idiosyncratic and idiosyn-
cratic drugs showed that cytokine-drug hepatotoxicity synergies exist at physiologi-
cally relevant drug concentrations and are informative in distinguishing idiosyn-
cratic hepatotoxic drugs from their non-hepatotoxic, non-idiosyncratic analogs.
Because biological function is context sensitive and the structures, dynamics, and
outputs of canonical signaling pathways vary from cell type to cell type and be-
tween normal and diseased cells, effective application of pathways maps to the
study of disease and therapy requires context-specific information on specific cells
and tissues in normal and abnormal states. Thus, we further analyzed key disparities
between the human primary hepatocytes and HepG2 cell. The most striking differ-
ences were alterations in pathways involved in innate immune responses and NF-
kB function, associated with substantive changes in consequent cytokine secretion.
We believe that our combined quantitative experiment and computational model-
ing approach could find useful application therapeutics development as well as in
environmental health applications.

INFORMATIC AND STATISTICAL INTEGRATION OF
‘OMICS DATA TO MODEL CELLULAR RESPONSE TO
STRESS.

45

K. Waters. Pacific Northwest National Lab, Richland, WA. Sponsor: R. Corley.

The advent of the genomic era has brought the promise of “systems science” meth-
ods to advance toxicological research and improve human and environmental
health. However, development of interpretive and analytic computational tools has
not kept pace with advances in the collection of data, both in terms of breadth (vast
amounts of data) and depth (proteomics, metabolomics). The single greatest chal-
lenge for the implementation of the NRC vision for Toxicity Testing in the 21st
Century is the abstraction of cell response network models from ‘omics data which
accurately reflect the circuitry needed for predictive mathematical modeling. The
use of integrated genomic, transcriptomic, proteomic, and metabolomic data is es-
sential to fully capture multiple levels of molecular hierarchy and modes of regula-
tion necessary to reconstruct the global response of a cell to perturbation. For ex-
ample, we have found that microarray data are sufficient to distinguish between
antigenic- and particle-induced inflammation, where both the cell receptor interac-
tion and toxicity mechanism are unique. However, integration of proteomic data
allows discrimination between different classes of nanomaterials, such as amor-
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phous silica, carbon nanotubes and crystalline silica, highlighting different path-
ways of cell activation. We also find that integrated data for RNA levels, protein
abundance and phosphorylation status synergistically enhance network reconstruc-
tion beyond any single data type alone. Furthermore, identification of toxicity
pathways and their distinction from adaptive/transient changes requires both tem-
poral and dose-dependent measurements from in vivo and in vitro systems to ac-
count for inherent differences in exposure. Conserved response pathways between
alveolar epithelial cells, macrophage cells and whole lung tissue provide cell-specific
response measurements necessary for cell to tissue extrapolation. The linkage of
computational and experimental approaches for cell response modeling will be il-
lustrated. This work was funded by NIEHS through R01-ES016212 and U54-
ES016015 and by the Environmental Biomarkers Initiative at PNNL.

GENE NETWORKS REFLECTING TISSUE-TISSUE
INTERACTIONS HIGHLIGHT NOVEL CAUSAL
PATTERNS OF ASSOCIATION WITH HUMAN DISEASE.

46

E. E. Schadt. Genetics, Merck, Seattle, WA. Sponsor: S. Edwards.

Network approaches to understanding complex system behaviors have largely ig-
nored tissue-to-tissue communications that are critical to living systems manifest-
ing complex behaviors like disease. To decipher the communication between tissues
at the molecular level, we examine interactions among gene expression traits in
blood, adipose, muscle, pancreas, liver, and brain tissues from human and experi-
mental mouse cross populations using integrative genomics approaches previously
applied to single tissues. Gene-gene relationships specific to interactions between
two given tissues are observed to give rise to coherent subnetworks involved in im-
portant functions like circadian rhythm and energy balance that are independent of
subnetworks detected from single tissue analyses, highlighting novel networks asso-
ciated with disease that have previously escaped notice. Further, not only do the tis-
sue-tissue networks highlight genes in one tissue that respond to changes in genes
in a second tissue, but they elucidate entire subnetworks in one tissue that influence
subnetworks in a second tissue. Our modeling approach provides direct support for
cross-tissue processes influencing a diversity of disease traits related to obesity, dia-
betes, atheroscelrosis, and Alzheimer’s, and suggests hypotheses on how biological
processes observed in one tissue as driving a given disease (e.g., obesity) may influ-
ence processes observed in a different tissue as driving a related disease (e.g., dia-
betes). Many of the specific causal relationships we detect via the tissue-tissue net-
works would be difficult or impossible to detect via single-tissue analyses. Our
analyses provide further support that complex traits like obesity, diabetes, and ath-
eroscelrosis are emergent properties of complex interactions among molecular net-
works in different tissues that are modulated by complex genetic loci and environ-
mental factors.

BIOLOGICALLY BASED DOSE-RESPONSE MODELING.
THE POTENTIAL FOR ACCURATE DESCRIPTION OF
THE LINKAGES IN THE APPLIED DOSE - TISSUE
DOSE - HEALTH EFFECT CONTINUUM.

47

R. Conolly. U.S. EPA, Research Triangle Park, NC.

In the game of chess, computers have become stronger players than the strongest
grandmasters. Computer simulations are now used to study events, such as the evo-
lution of the universe shortly after the Big Bang, that cannot be studied in the lab-
oratory. In biology, the “omics” technologies have stimulated development of com-
putational tools that probe the biological structures that gave rise to the data. All of
these developments are reflections of Moore’s Law, which states that computing
power doubles about every two years. It is difficult to see with any clarity where
computational technologies will lead us in the coming years. What is not difficult
to predict is that computation will be integral to scientific research in biology, toxi-
cology, and human health risk assessment. Biology has until recently been a largely
intuitive discipline but the future will require formulation of quantitative hypothe-
ses amenable to evaluation in the laboratory and iz silico. There is no point in argu-
ing about whether or not this should happen. The only relevant questions are ex-
actly how it will happen, and how best to manage and adapt to it. In this
presentation these questions will be pursued in the context of dose-response analy-
sis for toxic chemicals. Given knowledge of exposure, the shape of the dose response
curve is the key to predicting heath risk, which in turn determines allowable levels
of exposure and the associated economic costs of compliance. The public health
and billions of dollars are at stake, so it is well worth doing a good job! Specific is-
sues that will be addressed include (1) the state-of-the-art in dosimetry modeling,
(2) strategies for computational modeling of complex intra- and intercellular sig-
naling pathways to keep complexity at a manageable level and (3) use of computa-
tional modeling of data collected in vitro to provide estimates of risk in vivo. This
work has been reviewed by the EPA and approved for publication but does not necessar-
ily reflect the views or policies of the Agency.



48 VIRTUAL ORGAN MODELS FOR MULTI-SCALE

INTEGRATION OF DOSE-RESPONSE RELATIONSHIPS.
R.A. Corleyl, K. R. Minard!, R. E. Jacobl, C. Timchalk', A. P, Kuprat', J.P
Carson', S. Kabilan®, C. Frevert’, M. Fanucchi’ and D. R. Einstein'. ’ Pacific
Northwest National Laboratory, Richland, WA, 2University of Washington, Seartle,
WA and? University of Alabama, Birmingham, AL.

Organs consist of a spatial organization of specialized cells that together carry out
higher order functions. Spatial organization has largely been ignored in dose-re-
sponse models due to computational and data limitations. New imaging and com-
putational approaches are now enabling the development and functional validation
of comprehensive virtual organs that capture 3D tissue architecture and cellular dis-
tributions. For example, multi-dimensional models of the respiratory and cardio-
vascular system and their associated imaging and computational technologies are
improving our understanding of environment-disease interactions for human expo-
sures to gases, vapors and particulates, as well as enhancing drug delivery or surgical
interventions. Likewise, the ‘omics’ revolution significantly enhances the develop-
ment of cellular response models as discussed by others in this symposium. To truly
be effective for dose-response modeling, atlases must be constructed that map the
spatial distribution of specialized cells with their functional attributes to the 3D
organ models to provide an integrated dose-response framework. Similar ap-
proaches have recently been developed for the Allen Brain Atlas, a 3D interactive
atlas of cell distribution and gene expression in the mouse brain. However, respira-
tory and cardiovascular atlases must extend beyond gene expression in normal tis-
sue to integrate spatial and temporal changes in genes, proteins, and metabolic
function in specialized cells. This presentation will focus on the current status of
multi-scale virtual organ modeling using examples primarily from the respiratory
system-but also from the heart, vasculature, brain and liver-to provide a perspective
on where these models may impact human health research and risk assessment over
the next 10 years. Funding from NIH (HL073598, ES011617, EB008192,
HL077921 & HL084431), DOE, and Battelle IR&D.

STRATEGIES TO INTEGRATE SYSTEMS BIOLOGY
INTO IN VITRO SCREENING IN EARLY
NONCLINICAL SAFETY ASSESSMENT.

49

I. Davis’* and D. Dambach'. ' Genentech, Inc., South San Francisco, CA and 2Pﬁzer,
Product Research & Development, Chesterfield, MO.

The toxicity of pharmaceutical compounds can be due to their interactions with
unanticipated molecules in the body (off-target) or the direct consequence of over-
inhibiting or stimulating the intended molecular target in a desired or undesired lo-
cation (target-based). Such complex processes of toxicity pose significant challenges
to toxicologists who seek to either proactively minimize potential liabilities by de-
vising screening strategies or to elucidate mechanistic understanding of an identi-
fied toxicity. The precept of systems biology (SB) is the ability to obtain, integrate
and analyze complex data from multiple experimental sources using interdiscipli-
nary tools with an overall goal of examining the gestalt of a biological process, e.g.
disease or toxicity. A fundamental aspect of the application of a SB approach is the
need to verify the physiological relevance of the data generated. Although most in-
vestigative toxicology studies that employ SB techniques are initiated as the result of
a clinical or histological finding, SB approaches can be utilized and integrated to
proactively evaluate potential target toxicity and to aid in the screening of mole-
cules for favorable profiles during lead optimization. A common approach is to
generate datasets 77 vivo using SB approaches and apply those learnings to develop
in vitro models. The key to successfully implementing this approach is to anchor
the data to traditional endpoints of interest, thus enabling a benchmarked relation-
ship. The understanding of the relevance of SB data to the traditional endpoints
coupled with data integration strategies aims at deriving more robust, mechanism-
based risk assessments. Thus, it is important to implement strategies to obtain in-
formation early in the drug development process on potential safety risks, the chal-
lenges to evaluating predictivity, including in vitro/in vivo correlations, the need for
increasing assay throughput, and general approaches to correlation/validation.

APPLICATION OF SYSTEMS BIOLOGY
VISUALIZATION AND ANALYSIS TOOLS IN RISK
ASSESSMENT.

50

H. Hamadeh. Comparative Biology and Safety Sciences, Amgen, Inc., Thousand
Oaks, CA.

Data integration is the process of combining data residing at different sources and
providing the user with a unified view of these data. Taking advantage of multiple
data sets has proven to be advantageous when approaching toxicological problems.
Integration of divergent data sets collected on molecules in earlier stages of preclin-
ical development is technically and scientifically challenging. The choice of data-

bases and analysis/visualization tools is key to a successful integration strategy that
allows for successful interpretation and enhanced risk assessments. Specifically, a
case study will highlight how integration of severity scores of microscopic observa-
tions, clinical pathology, and toxicokinetic data contributed to the identification of
marker(s) for skeletal muscle lesions induced by a proprietary drug. In addition,
this report will discuss how the question or challenge that is being addressed dic-
tates the strategy of visualizing integrated data. Similar approaches should allow for
correlation of biological parameters between different data types, which could lead
to an improvement in biological interpretation.

DATA INTEGRATION STRATEGIES REVEAL
POTENTIAL LIABILITIES IN EARLY LEAD
OPTIMIZATION.

51

M. Cooper. Discovery ¢& Investigative Safety Group, Roche Palo Alto, Palo Alto, CA.

Sound informatics support and ready access to safety data are critical components
to effective lead optimization. Development of a safety knowledgebase capable of
leveraging both internal and external data for use in lead optimization will be pre-
sented. The described safety knowledgebase enables scientists to combine informa-
tion from in vitro and in vivo studies, pathway databases, and the public domain to
elucidate mechanisms of toxicity. Understanding these mechanisms allows scientists
to learn from past failures, develop appropriate screening strategies, perform en-
hanced risk assessment, and improve biomarker development. Technical challenges
and use cases will also be discussed.

ORGAN SLICES PROVIDE MECHANISTIC INSIGHT
INTO DRUG-INDUCED ORGAN INJURY AND
FACILITATE COMPARISONS OF ANIMAL AND HUMAN
TISSUE.

52

A. Vickers. Drug Safety Evaluation, Allergan, Inc., Irvine, CA.

Predicting the relevance of drug induced organ injury for humans, identified from
animal studies, is being addressed with organotypic cultures via comparisons of an-
imal and human tissue. The cellular pathways underlying the mechanisms of target
organ injury are generally comprised of biochemical networks representing a myr-
iad of cell-cell and cell-matrix interactions. The application of organotypic cultures
combined with gene expression profiling plus biochemical measurements charac-
terizes the molecular mechanisms of drug action on the activation of cell death and
survival pathways including oxidative stress, inflammation, apoptosis, and repair,
with the goal to identify key pathways that are causal to organ dysfunction and in-
jury. These advancements along with the increased application of human tissue
models to define clinical relevance of potential side-effects and use of biomarkers
redefines the scope of translational research in toxicology. The increased utilization
of such models earlier to support drug candidate selection will add value to the
safety decision process. Several examples will be presented which elucidate the
mechanisms of drug-induced organ injury, define species sensitivities and suscepti-
bility to organ injury, and aid in characterizing human response. One example,
drug induced mitochondrial injury demonstrates the interplay of cells in liver slices
by the induction of oxidative stress, increased apoptosis and inflammation. A sec-
ond example is a hemolysis model, comprised of whole blood co-cultured with a
liver slice, to evaluate time- and concentration-dependent toxicity on red blood
cells. This example reveals that an oxidative stress response occurs in red blood cells
prior to hemolysis, and that compound metabolism contributes to the outcome. A
third example reveals that drug retention in thyroid is associated with inhibition of
thyroid peroxidase function and potentially thyroid hormone synthesis. In each of
these examples rat and human response is compared.

SYSTEMS BIOLOGY APPROACHES TO OPTIMIZING A
SCREENING BATTERY.

53

. James Xu. Automated Biotechnology, Merck & Co., North Wales, PA.

Drug-induced liver injury (DILI) is the leading cause of drug safety attritions. By
applying systems biology and integrating mining, modeling, manipulation and
measurements, we have assessed a panel of in vitro assays with good predictivity to
clinical DILI including a significant number of type II or idiosyncratic hepatotoxi-
city. Using drugs as test agents and measuring a panel of cellular phenotypes that
are directly linked to key mechanisms of hepatotoxicity, we have developed an in
vitro testing strategy that is predictive of many clinical outcomes of DILIL
Mitochondrial damage, oxidative stress, and intracellular glutathione, all measured
by high content cellular imaging in primary human hepatocyte cultures, are the
three most important features contributing to the hepatotoxicity prediction. When
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applied to over 300 drugs and chemicals including many that caused rare and idio-
syncratic liver toxicity in humans, our testing strategy has a true-positive rate of 50-
60% and an exceptionally low false positive rate of 0-5%. These in vitro predictions
can augment the performance of the combined traditional preclinical animal tests
by identifying idiosyncratic human hepatotoxicants such as nimesulide,
telithromycin, nefazodone, troglitazone, tetracycline, sulindac, zileuton, labetalol,
diclofenac, chlorzoxazone, dantrolene, and many others. Our findings provide in-
sight to key DILI mechanisms, and suggest a new approach in hepatotoxicity test-
ing of pharmaceuticals.

54

C.E. Thomas, M. Renninger, A. Irizarry, D. Hall, A. Wilke and R. Jolly.
Investigative Toxicology and Pathology, Lilly Research Laboratories, Greenfield, IN.

IN VITRO MICROARRAY ANALYSIS OF
HEPATOCYTES FOR LEAD COMPOUND SELECTION.

Early identification of toxicologic concerns can improve drug candidate quality and
reduce cycle times. This presentation will focus on the use of a contextual genomics
database, DrugMatrix™, in early compound screening. In a rat primary rat hepa-
tocyte model, sparse linear programming-derived gene signatures are leveraged to
predict in vivo toxicities. Key to successful application of the technology is demon-
stration of its predictive power. We have tested in the hepatocyte model more than
100 proprietary compounds with known outcomes for hepatic pathology in short
term rat safety assessment studies. The analysis demonstrated acceptable perform-
ance metrics for prediction of in vivo outcomes. In addition, a specific example will
be presented which illustrates the use of in vitro gene signatures to dissociate phos-
pholipidosis from target organ toxicity within a series of highly structurally related
compounds. Overall, the data indicate that a robust contextual chemogenomics
database can leverage in vitro gene signatures to direct project teams towards an
SAR(s) that is most likely to yield a drug candidate with a favorable in vivo safety
profile.

@ 5

AUTOMATED DOSE-RESPONSE ANALYSIS OF THE
RELATIVE HEPATIC GENE EXPRESSION POTENCY OF
TCDF IN C57BL/6 MICE.

L.D. Burgoon1 25, Q. Dmg1 23 A.Njai">?, E. Dere"??, ]. Rowlands®, R.
A. Budinsky”, K. E. Stebbins® and T, R. Zacharewski" > ° ’Bzoc/aemz:ﬂyé“
Molecular Biology, Michigan State University, East Lansing, M[ Natzom{[ Food
Safety & Toxicology Center, Michigan State University, East Lansing, M[ > Center for
Integrative Toxicology, Michigan State Unzver:zzfy East Lansing, M1, “The Dow
Chemical Company, Midland, MI and” Toxicogenomic Informatics and Solutions,
LLC, Lansing, MI.

Toxic equivalency factors (TEFs) are assigned to dioxins and dioxin-like chemicals
based on relative potency (REP) values of all individual adaptive and toxic re-
sponses compared to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). We used
Agilent 4x44k oligonucleotide microarrays to examine the hepatic gene expression
potency of 2,3,7,8-tetrachlorodibenzofuran (TCDF), relative to TCDD. Immature
ovariectomized C57BL/6 mice were gavaged with either 0.03, 0.1, 0.3, 1, 3, 10, 30,
or 100 ug/kg TCDD, the WHO TEF adjusted doses (10 x TCDD dose) TCDE, or
sesame oil vehicle, and sacrificed at 72hrs. 2,288 TCDD and 1,347 TCDF differ-
entially expressed genes were identified. Automated dose response modeling
(ToxResponse Modeler) identified 1,078 genes with 610 genes exhibiting a TCDD
mediated sigmoidal dose-response (ED50s from 0.03 to 62.47 ug/kg), compared to
312 sigmoidal TCDF responsive genes (ED50s from 0.17 to 406.7). Of the 1,078
TCDD dose responsive genes, 705 were excluded due to the lack of a TCDF dose-
response. Of these, REPs were calculated for the 83 genes that exhibited similar
TCDD and TCDF induced sigmoidal dose-responses, slopes, and curve shapes.
The median REP was 0.10, with a max REP of 0.56 and a minimum REP of 0.01.
Further investigation is required to differentiate toxic and adaptive responses to de-
velop agglomerative gene expression REPs that represent clusters of responses
within common pathways or function. Although the median REP was 0.1, the sig-
nificantly lower number of TCDF induced genes compared to TCDD suggests that
the TEF of 0.1 is an over estimate of the potency of TCDF based on differential
gene expression in C57BL/6 mice. This work sponsored by the Dow Chemical
Company.

@ 5

M. Milburn, R. Mohney, K. Boudonck, M. Mitchell, L. Guo and J. Ryals.
Metabolon, Inc., Durham, NC. Sponsor: P. Lapinskas.

METABOLOMICS: A NOVEL TOOL FOR
UNDERSTANDING THE EARLY-STAGE MECHANISTIC
UNDERPINNINGS OF DRUG ACTION AND SAFETY.

Traditionally, drug action and safety has involved monitoring gross physiological
changes to animals dosed with drug. With increasing numbers of drug candidates
and potential targets, earlier information on potential drug safety issues is required
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before deciding which compounds to take into the clinic. Metabolomics, the global
profiling of biochemicals, provides unparallel insight into the mechanistic action of
drugs. Many of these biochemical changes are seen within hours of dosing, provid-
ing early-stage indication of drug safety issues. This presentation will demonstrate
the utility of metabolomics in drug safety research through two case studies done in
collaboration with leading pharmaceutical companies. Valproate (VPA) is a drug
widely used to treat epilepsy, but it has serious adverse effects including hepatotox-
icity, teratogenicity and antifolate activity. Rats were treated with VPA (500 mg/kg)
or saline (vehicle) once daily for 1, 5 or 28 days. Urine and kidney tissue samples
were collected from groups of 6 rats each (12 rats for vehicle group) at days 1, 5 and
28. Full data curation of kidney tissue samples yielded 547 metabolites, and urine
yielded 657 metabolites. Analysis of the metabolic changes showed Valproate stim-
ulated fatty acid omega-oxidation, likely to compensate for a defective beta-oxida-
tion. Additionally,bile acids were identified as potential markers for VPA-induced
liver toxicity. Fenofibrate (Fen) and Phenobarbital (Pb) are two known rodent car-
cinogens. To better understand their mechanism of toxicity, rats were dosed with
fen (300 mg/kg/day), or Pb (50 mg/kg/day) or vehicle. Plasma and 24-hour urine
samples from rats were collected at day 2 and day 14. A metabolomics analysis
yielded 496 biochemicals in plasma and 974 compounds in urine. Potential cell
proliferation biomarkers in plasma and urine were identified Their biochemical and
physiological roles were related with liver and kidney malfunctions such as hyper-
plasia and cell proliferation.

GENE EXPRESSION PROFILING IN PRIMARY MOUSE
HEPATOCYTES TO SCREEN COMPOUNDS FOR
CARCINOGENIC PROPERTIES.

pLIEY

J. V. Delft"?, K. Mathijs"?, J. Danyel"?, K. Brauers' and J. Kleinjans">

! Health Risk Amzlym and Toxzw/ogy, Maastricht University, Maastricht, Netherlands
and ’ Netherlands Toxicogenomes Center, Maastricht University, Maastricht,
Netherlands. Sponsor: H. van Loveren.

Sandwich-cultured mouse primary hepatocytes are an attractive model for toxi-
cogenomics-based screening of chemicals to predict their toxicity. This is, because
they are metabolically competent, the liver is frequently a target organ and mouse
models gain in usage due to the development of transgenic models. Furthermore,
mouse primary hepatocytes are favoured above rat hepatocytes, which are relatively
unstable, as well as human hepatocytes, which are limited in availability. Therefore,
we aim to develop in sandwich-cultured mouse primary hepatocytes transcrip-
tomics-based prediction tools for the toxic properties of compounds, with the ini-
tial focus on specific classes of genotoxins and carcinogens. Compared to rat hepa-
tocytes, the metabolic system of mouse hepatocytes showed to be more stable
during several days, as shown by gene expression of phase I and II enzymes and ac-
tivity of CYP450 enzymes. Time- and dose-dependent transcriptomics of
benzo[a]pyrene exposed cells indicate that time has the biggest effect on the pro-
files, and that the modulation continuously increases over time (12-48h).
Transcriptomics-based discrimination of genotoxic from non-genotoxic carcino-
gens was developed, showing that this was possible at various time points at 24h
and 48h, but not at 12h, by Nearest Shrunken Centroids Analysis. Finally, the dis-
crimination of true genotoxins from false-positive genotoxins was addressed at 24h
and 48h. Correct classification was achieved for 9 out of the 10 compounds, at
both time points. Currently, improvements are sought in the application of other
supervised clustering algorithms and a mechanistic approach.

MULTI-’OMICS CHARACTERIZATION OF THE ANTI-
PARKINSON’S DRUG TOLCAPONE AND ITS
POTENTIAL IN INDUCING IDIOSYNCRATIC LIVER
TOXICITY - COMPARED TO ENTACAPONE.

PLES

B. Ganter, T. N. Plasterer!, W. M. Hines', ]. C. Fuscoe , R.D. Beger , ] .
Chen’®, W. Tong S.A. Booth P L. Courchesne , J.M. Campbell
Graber, Y. Guo!, T Y. Li}, M D. Lynch N. M. Morel', C. Zeng F A.
Beland” and R. N. McBurney'. 'BG Medicine, Waltham, MA, >NCTR, FDA,
Jefferson, AR and? Ingenuity Systems, Redwood City, CA.

The Liver Toxicity Biomarker Study (LTBS) is a public/private consortium created
to address the unmet need of predicting clinical idiosyncratic drug-induced liver in-
jury (DILD) in the preclinical setting. The basic study design is to select multiple
pairs of drugs with similar mechanisms of action where one contributed to cases of
idiosyncratic liver injury in the clinical setting and the other has not — with both
drugs being free of signs of liver toxicity in the preclinical environment. Drug pairs
are evaluated in a 3-day and 28-day Sprague-Dawley rat model with multiple cross-
omics modalities. The first paired compound analysis has been completed and the
results will be presented — Tolcapone (DILI) versus Entacapone (clean).

The combined gene expression, proteomic, and metabolomic data analysis ap-
proach indicated induction of inflammation specific events triggered through LPS-
BP and IL-1 induced cascades. These LBP/IL-1 mediated effects result in induction




of nuclear hormone receptors for both Tolcapone and Entacapone. The complex
downstream effects induce select CYP450 genes indicative of Tolcapone being a
preferential PXR/CAR activator (induction of Cyp3A4 [Tolcapone>>Entacopone]
and OATP-2) distinct from Entacapone. In addition, Tolcapone down-regulated
the expression of critical CYP450 genes, the products of which are required for me-
tabolism and clearance of the compound. Thus, Tolcapone may exacerbate its own
toxicity by inhibiting its clearance from the system, associated with a gene expres-
sion pattern indicative of a strong inflammatory response. These described mecha-
nistic differences are consistent with idiosyncratic toxicity observed in the clinic for
Tolcapone, but not for Entacapone. Interestingly, these overlapping and distinct
drug characteristics were identified across all different omics’ profiles.

59 PROTEOME ANALYSIS OF LYMPH NODES IN A

MOUSE MODEL OF CHEMICAL-INDUCED ASTHMA.
S. Haenen"?, E. Clynen’, V. De Vooght', R H. Hoet', L. Schoofs” and J. A.
Vanoirbeek'. Ocmpananal Environmental ¢ Insurance Medicine, K.U. Leuven,
Leuven, Belgium and ’ Functional Genomics and Proteomics, K.U. Lewven, Leuven,
Belgium.

Asthma is one of the most prevalent chronic airway diseases, characterized by re-
versible airway obstruction, airway inflammation, and non-specific airway hyperre-
activity. Up to 15% of all asthma cases in adults are due to chemical exposures at
the workplace. The early identification of biomarkers of sensitization could help to
move diagnosis to an earlier stage. Using a mouse model of chemical-induced
asthma we explore the process of sensitization towards chemicals at the protein
level. On days 1 and 8, mice are treated on both ears with 0.3% toluene-2,4-diiso-
cyanate (TDI, 20ul), or the vehicle (2:3, acetone-olive oil). On day 15, mice are
oropharyngeally challenged with 0.01% TDI or vehicle. On day 16, airway hyper-
reactivity to methacholine and BAL cell count are carried out. Two-dimensional
differential gel electrophoresis (2D-DIGE) was used to analyze the differential ex-
pression of proteins in auricular lymph nodes of TDI-treated mice and vehicle-
treated mice. Sensitized mice exhibit enhanced airway reactivity to methacholine
(2.6 fold increase) compared to vehicle-treated mice, accompanied by a neutrophil
inflammation (50%). Proteome analysis of the auricular lymph nodes illustrate dif-
ferential expression of 52 proteins comparing TDI and vehicle-treated (control)
mice (p<0.01). 36 proteins are found to be significantly upregulated in sensitized
mice. 21 proteins could already be identified by peptide mass fingerprinting.
Among the identified proteins structural proteins such as vimentin and immune re-
lated proteins, such as lymphocyte specific protein-1 involved in neutrophil activa-
tion, were found. This study demonstrates the use of 2D-DIGE in the search for
(early) biomarkers of chemical-induced asthma. Further studies will have to point
out whether (some of) these proteins could act as valuable biomarkers. Therefore,
more samples (bronchoalveolar lavage fluid, serum,...) will be analysed.

APPLICATION OF FTICR NON-TARGETED
METABOLOMICS TO ASSESS THE PHARMACOLOGIC
AND TOXICOLOGIC PROPERTIES OF PPAR
ALPHA/DELTA DUAL AGONIST, GSK610742X.

@ o

S. Ritchie?, W. Casey and E. Bngham2 ISaﬁtyAﬁmment GlaxoSmithKline,
Durham, NC and?’ Phenomenome Discoveries Inc, Saskatoon, SK, Canada. Sponsor:

P Kwanyuen.

Being able to measure the metabolic and phenotypic effects of drugs is critical to
understanding their pharmacologic and toxicologic modes of action. Recent ad-
vances in global metabolic profiling represent new opportunities to characterize the
pharmacologic effects of drugs on a system-wide basis. Since no prior knowledge
about the effect of a compound is required, the data can point to metabolic path-
ways directly affected by the treatment, which can then be used to build a hypoth-
esis about the mechanism of toxicologic or pharmacologic activity. This poster
highlights the sensitivity of a global metabolomic profiling technology based on ac-
curate mass Fourier Transformation Ion Cyclotron Resonance (FTICR) mass spec-
trometry for identifying tissue-specific metabolic responses of animals treated with
PPAR alpha/delta dual agonist GSK610742X. High doses of GSK610742X have
been associated with skeletal myopathy in rodent models. The analysis of serum,
adipose tissue, skeletal muscle, whole blood and liver revealed substantial changes
in several different classes of lipids, including peroxisomally-derived vinyl-ether
lipids, and early changes in bile acids. A dramatic increase in lipid peroxides, in-
dicative of oxidative stress, was also observed. Although the liver and skeletal mus-
cle were the sites anticipated to have the largest metabolic effects, changes in serum
lipid composition was the most dramatically affected. It was also possible to track
the metabolism of the drug in vivo without the need for isotope labelling. The
structures of drug metabolites were identifiable due to the high accurate mass of the
FTMS, making it possible to determine the relative tissue-specific deposition of the

drug and its metabolites. In summary, the findings of this project provide new in-
sight into tissue-specific aspects of PPAR physiology, as well data supporting a
mechanistic understanding of PPAR-mediated skeletal myopathy.

GENOMIC ANALYSIS OF SKELETAL MUSCLE INJURY
INDUCED IN THE RAT BY CHRONIC EXPOSURE TO
CHLOROQUINE.

@m o

K. Thompson, T. Miller, R. Honchel, B. Rosenzweig, P. Pine, ]. Weaver, A.
Knapton, J. Zhang and ]. Hanig. DAPR, CDER, FDA, Silver Spring, MD.

Phospholipidosis (PL) is a common finding in preclinical studies of pharmaceuti-
cals but is of uncertain toxicological significance, which can delay drug develop-
ment and regulatory review. Studies were initiated to examine the relationship be-
tween PL and toxicity using drugs from different therapeutic classes at doses that
induce PL in rats. Chloroquine (CHQ), which is associated with clinical myopathy
during long term therapy, was administered in the feed at 5 dose levels (0.03 to
0.15%) for 4 weeks to male Sprague Dawley rats. The incidence of PL in tissues was
assessed by Nile Red fluorescence above 630 nm. CHQ induced a dose and time-
dependent induction of PL in spleen and skeletal muscle. In type I skeletal muscle,
CHQ-induced PL was seen primarily in samples that also displayed mild to moder-
ate levels of necrosis and inflammation. Type II skeletal muscle was less sensitive to
CHQ. Functional analysis of Affymetrix microarray data for soleus muscle revealed
significant upregulation of stress-induced genes and transcript levels for lysosomal
and extracellular matrix proteins, while gene transcript levels for proteins involved
in mitochondrial energy production were downregulated by CHQ treatment.
Although CHQ reduced body weight gain when administered at levels above
0.03% in the feed, the observed changes in expression in soleus muscle were of lim-
ited comparability to a gene profile associated with skeletal muscle atrophy caused
by weight loss. The transcriptional response in soleus muscle to CHQ treatment is
consistent with reports that CHQ induces an increase in lytic vesicles in skeletal
muscle, which is thought to promote its effect on phospholipid accumulation.

MICROARRAY ANALYSIS OF CALCINEURIN
INHIBITOR IMMUNOSUPPRESSANT-MEDIATED
NEPHROTOXICITY IN THE RAT.

@

Y. Cui', Auman, Q. Huang’, S. Jayadev’® and R. S. Paules'. ' NIEHS,
Dur/}zzm, NC, “UNC Eshelman School of Pharmacy, Chapel Hill, NC and
?Boehringer Ingelheim Pharmacology ., Inc., Ridgefield, CT.

The use of calcineurin inhibitor (CI) immunosuppressants has revolutionized the
clinical practice of organ transplantation. However, chronic nephrotoxicity limits
their long-term utility. In order to understand the changes in gene expression that
underlie the development of CI immunosuppressant-mediated nephrotoxicity,
male SD rats were dosed daily with cyclosporine A (CsA) (2.5 and 25 mg/kg/day
i.p.) or FK506 (0.6 and 6 mg/kg/day i.p.) for 1 to 28 days. Rats were also dosed
with rapamycin (1 and 10 mg/kg/day i.p.), an immunosuppressant that does not
elicit nephrotoxicity at therapeutic levels. Gene expression profiling was performed
on RNA isolated from kidneys and blood 24 hours after 1, 7, 14 or 28 daily doses
using the Affymetrix GeneChip Rat Genome 230 2.0 array. Our results indicate
that repeated administration (14 and 28 days) of CsA (high dose) and FK506 af-
fects similar biological processes in kidney. These processes are correlated with
changes in kidney histopathology and kidney function. A gene expression signature
quantitatively correlated with kidney damage was identified and consists of 10
genes, including Calbl, Egf and Slc12a3. Interestingly, the transcriptional change
of this signature has an earlier onset than the kidney injury biomarkers Kim1 and
Clusterin, and is Cl-specific. The down-regulation of Slc12a3 (thiazide-sensitive
sodium-chloride cotransporter) in distal convoluted tubules was also verified by im-
munohistochemistry staining. Since mutation of SLC12A3 can cause salt wasting
disease in humans, the inhibition of this gene may play an important role in the CI
immunosuppressant-mediated nephrotoxicity. Furthermore, a gene expression sig-
nature in blood was also identified, which can separate animals with tubule necro-
sis caused by CsA from the non-injured animals. This suggests that blood tran-
scription profiling may be useful as an indicator of kidney injury.

UTILIZING FUNCTIONAL GENOMICS IN YEAST TO
DISCOVER NOVEL BIOMARKERS OF BENZENE
TOXICITY IN HUMANS.

@m ¢

M. North, A. Loguinov, V. Tandon, B. Ko and C. D. Vulpe. Nutritional Sciences
and Toxicology, The University of California Berkeley, Berkeley, CA.

The carcinogenic organic compound benzene is used extensively in industrial
processes such as plastic production, and is also present in cigarette smoke and
gasoline. In addition, there are thousands of benzene-contaminated sites in the
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USA alone. With a large workforce exposed to the compound, and the ever-in-
creasing identification of benzene exposure-associated diseases, there is a mounting
effort to identify biomarkers for susceptibility. Saccharomyces cerevisiae is the best-
characterized simple eukaryotic organism, and has hundreds of tools available for
genetic study. This includes a complete set of non-essential gene deletions, geneti-
cally tagged so that individual strains can be identified in competitive growth ex-
periments. Using this deletion set, parallel systematic analysis can be completed to
identify mutant strains that are susceptible to toxicant treatments. We have used
this technique to establish the cellular processes targeted by three of the most well
studied benzene metabolites: hydroquinone, catechol, and 1,2,4-benzenetriol.
Comparing the global deletome profiles of the metabolites revealed that deletion of
certain genes renders sensitivity to all three compounds, for example the epimerase
RPEI. This particular result indicates a requirement for NADH in metabolite
detoxification; unsurprising since NADH is required for the function of oxidore-
ductases, which reduce the more toxic quinone forms of these metabolites (pro-
duced through autoxidation). Conversely, we also found that some mutations cause
sensitivity to only one or two of the metabolites, for example irz2, a negative regu-
lator of Ras. Several of the genes identified have direct human homologs with con-
served biological function, and many more have functional orthologs, supporting
the notion that the mechanisms of toxicity identified are relevant to human disease.
This study highlights S. cerevisiae as a simple but valuable model for identifying
biomarkers for genetic susceptibility to toxicant-related disease.

EFFECT OF THE MARINE VIBRIO VULNIFICUS
LIPOPOLYSACCHARIDE ON BRAIN MICROGLIA
CYTOKINE AND CHEMOKINE RELEASE.

m o

J. Frenkel', M. Aldulescu', M. L. Hall', J. L. Powell®, K. B. Glaser” and A. M.
Mayerl. IPbﬂrmacology, Midwestern University, Downers Grove, IL, 2Abbott
Laboratories, Abbott Park, IL and’ University of Maryland School of Medicine,
Baltimore, MD.

Inflammation of the brain has been associated with the release of inflammatory me-
diators such as interleukin 1 o (IL-1a), interleukin 6 (IL-6), and macrophage in-
flammatory protein 2 oo (MIP-2), as well as the anti-inflammatory mediator trans-
forming growth factor 1 (TGF-B1) by microglia (BMG). Vibrio vulnificus
(VVLPS) has been hypothesized to be involved in Vv (VVLPS) septicemia. We have
recently reported that VVLPS stimulated rat neonatal BMG to release TNF-a,
TXB2, O2-, and MMP-9 (Mayer et al. The Faseb Journal 21(5): A 404, 2007). The
purpose of this investigation was to determine the effect of VVLPS on BMG prim-
ing and release of IL-1at, IL-6, TGF-f1, MIP-2, and lactate dehydrogenase (LDH).
BMG were isolated from neonatal rats and then treated in vitro with VVLPS or
Escherichia coli (EcLPS) for 17 hours. IL-1a, IL-6, TGF-B1, and MIP-2 were de-
termined by immunoassay, and LDH by enzyme activity. Results were the follow-
ing (n=2-3 experiments), LDH: release observed at >1 ng/mL VVLPS; IL-1a., IL-6,
and MIP-2: concentration-dependent release detected at >1 ng/mL VVLPS; in con-
trast TGF-B1 release was measured at >1 ug/mL VVLPS. VVLPS appeared less po-
tent than EcLPS. We conclude that VVLPS stimulated rat BMG cytokine and
chemokine release in a concentration- and time-dependent manner. Further char-
acterization of BMG response to VVLPS at both the functional and molecular level
is ongoing in our laboratories. Supported by Midwestern University and the
University of Maryland.

RESVERATROL INHIBITS IL-2-INDUCED TOXICITY
WHILE MAINTAINING EFFECTIVE TREATMENT OF
MELANOMA BY DIFFERENTIALLY MODULATING
THE SUPPRESSIVE FUNCTIONS OF MYELOID-
DERIVED SUPPRESSOR CELLS.

@m &

H. Guan, P S. Nagarkatti and M. Nagarkatti. Pathology, Microbiology and
Immunology, University of South Carolina School of Medicine, Columbia, SC.

High-dose IL-2 therapy is an effective mode of treatment against melanomas.
However, its use is limited by accompaniment of severe life-threatening toxicity in-
cluding vascular leak syndrome (VLS). The precise mechanism/s of VLS is unclear
and there is no specific therapy to block VLS and enhance IL-2-based im-
munotherapy. In this study, we report that administration of resveratrol into IL-2-
treated melanoma tumor-bearing mice dramatically inhibited IL-2-induced VLS
and enhanced IL-2 effectiveness. Resveratrol-treated mice showed decreased levels
of metastasized tumor leading to increased survival when compared to the controls.
Resveratrol administration prevented endothelial cell apoptosis and maintained en-
dothelium integrity. Interestingly, resveratrol did not affect the emigration of lym-
phocytes across the endothelium and into tumor site. We noticed that production
of TNF-alpha in the serum dramatically decreased with resveratrol treatment.
Furthermore, we found that resveratrol could induce proliferation of myeloid-de-
rived suppressor cells (MDSC). Amount of MDSC dramatically increased in the
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spleen, lung and liver in resveratrol-treated mice. Adoptive transfer of MDSC could
prevent and block IL-2-induced VLS. We found the resveratrol-educated MDSC
played a differential role on cytolytic killing of IL-2-activated killer T cells against
endothelium and melanoma, which could be through the synchronized signaling
from aryl hydrocarbon receptor and estrogen receptor. Our results demonstrate for
the first time that resveratrol provides protection from IL-2-induced toxicity while
maintaining IL-2 effectiveness by enhancing the suppressive function of myeloid-
derived regulatory cells. (This research was supported in part by grants: NIH
Al053703, ES09098, A1058300, DA016545, HL058641 and PO1AT003961.)

CERIUM OXIDE NANOPARTICLES INDUCE MAST
CELL ACTIVATION, ALTER VASCULAR RELAXATION
AND ARE ASSOCIATED WITH PRO-INFLAMMATORY
CYTOKINE PRODUCTION.

@ 66

]. M. Brown' and C. ]. Wingard®. IDepﬂrtment of Pharmacology & Toxicology, East
Carolina University, Greenville, NC and ’Department of Physiology, East Carolina
University, Greenville, NC.

Due to their unique physical and chemical characteristics, the use of nanoparticles
has increased dramatically in recent years leading to a growing need for research ex-
amining the potential impact of nanoparticles on the environment and human
health. Cerium oxide (CeO,) represents an important nanomaterial with wide
ranging applications; however, toxicity data for CeO, is limited. Mast cells have
long been recognized for their prominent role in allergic inflammation, asthma,
and cardiovascular disease. These cells reside within tissues including the respiratory
tract where they can interface with environmental particles. The aim of this study
was to examine the activation of mast cells and the vascular response following ex-
posure to CeO,. We examined the ability of CeO, to activate human and murine
mast cells as measured by degranulation, cytokine production and quantitative
PCR arrays. Additionally, we assessed vascular reactivity and cytokine profiles in a
mouse model instilled with CeO,. Mast cells were exposed in vitro to CeO, (0-300
ug/ml) for 6-48 hrs and both IgE and non-IgE mediated mast cell activation was
examined. CeQO, exposure resulted in minimal cytotoxicity as measured by LDH
release and did not significantly affect mast cell degranulation. However, mast cell
production of IL-8 and osteopontin was dose dependently increased following ex-
posure to CeO,. Mice exposed to CeO, exhibited reduced vascular relaxation to
acetylcholine which was associated with an elevation in the cytokines IL-9 and IL-
2. These findings demonstrate that CeO, can direct mast cell production of pro-in-
flammatory mediators which could potentially contribute to impaired vascular re-
laxation and adverse health effects in vivo. This work supported in part by a grant
from Philip Morris USA/International to CJW.

GENERATION OF REACTIVE OXYGEN SPECIES IN
BEAS-2B AND INFLAMMATORY RESPONSES IN
HMVEC-LB1 AND CO-CULTURES WITH WHITE
BLOOD CELLS DURING IN VITRO EXPOSURE TO
AMBIENT PARTICULATE MATTER.

@m &

S. Qu, E.N. Liberda, L. Chen and Q. Qu. Environmental Medicine, New York
University, New York, NY.

Introduction: Particulate matter (PM) is a ubiquitous environmental pollutant that
has been associated with increased risk of cardiopulmonary mortality and morbid-
ity in urban communities. The present study measured the generation of reactive
oxygen species (ROS), releases of IL-6 and IL-18, as well as levels of SICAM-1 and
sVCAM-1 in epithelial and endothelial cells exposed to PM in vitro. Methods:
ROS formation was assessed using 2’,7’-dichlorodihydrofluorescein diacetate in
BEAS-2B cells exposed to NIST fine PM (PM2.5), TiO2, SiO2, and carbon black.
Commercially available ELISA kits were used to measure the concentrations of IL-
6, IL-18, sICAM, and sVCAM in primary human vascular endothelial cells
(HMVEC-LB1), human white blood cells (WBCs), and their co-cultures after ex-
posure to NIST PM2.5 and size fractionated PM collected from Sterling Forest,
Tuxedo, NY. Pretreatment of the cells with Deferoxamine or L-NAME was per-
formed in order to examine if the oxidative stress and the eNOS pathway are in-
volved in the PM induced cellular responses. Results and Conclusions: PM expo-
sure induced significant dose-dependent increases of ROS formation in BEAS-2B
cells, suggesting that ROS may be involved in PM associated toxicity. In addition,
IL-6 was increased significantly in HMVEC-LBI cells exposed to PM2.5 in both
time- and dose-dependent manners. However, PM2.5 exposure for up to 24 hrs
failed to induce any detectable production of IL-18, sSICAM-1, and sVCAM-1 in
HMVEC-LBI cells. Furthermore, co-cultures with WBCs significantly enhanced
PM2.5 induced IL-6 elevation in HMVEC-LBI1 cells, suggesting that WBCs may
play an important role in endothelial response to PM2.5. The present study sug-
gests that HMVEC-LB1 cells can be successfully used as an in vitro model to ex-
amine the effects of PM exposure.




HIGH PHYSIOLOGICAL LEVELS OF THE STRESS
HORMONE, CORTICOSTERONE (CORT),
EXACERBATE BRAIN INFLAMMATORY RESPONSES TO
LIPOPOLYSACCHARIDE (LPS) AND TO THE NERVE
AGENT, DFP: ROLE IN GULF WAR ILLNESS?

@m s

L2O Callagha D. B. Miller' and S. M. Lasley*. 'CDC-NIOSH, Morgantown,
WV and’ Unzvexzty of Wllinois College of Medicine, Peoria, IL.

Gulf War Illness (GW1I) is a multi-symptom disorder with features characteristic of
“sickness” behavior including, cognitive impairment, fatigue, depression, sleep dis-
ruption, GI and dermatological problems. Typically, sickness behavior is the nor-
mal manifestation of an inflammatory response to infection or injury and one that
resolves with restoration of homeostasis. In GWI, the symptoms persist, findings
suggestive of a heightened or chronic neuroimmune/neuroinflammatory reaction,
the basis for which remains unknown. Undeniably, exposure of humans to infec-
tious agents, or even acetylcholinesterase inhibitors presumed to be responsible for
GWI, has occurred without the development of chronic sickness behavior and
chronic peripheral/CNS inflammatory responses. Therefore, the question remains
as to what combination of exposures and the environment of the 1991 Gulf War
led to GWI. One answer may relate to a heightened physiological stress response as-
sociated with the short-term battlefield environment. Recent evidence suggests that
the stressful environment under which troops operated may have altered the BBB
and led to a stress/agent interaction unique to the first Gulf War. In support of this
possibility, we found that one week of exposure to high physiological levels of
CORT in the mouse results in an augmented neuroinflammatory response (induc-
tion of IL1-f, TNF-o and IL-6 mRNA) to challenge by the inflammogen, LPS; in
contrast, acute exposure to CORT blocks the neuroinflammartory response to LPS.
Moreover, we also found an enhanced expression of some proinflammatory cy-
tokines in brain (TNF-a & IL-6) following exposure to the nerve agent, DFP. One
week of prior exposure to CORT augmented these effects of DFP. Together, these
observations are suggestive of a possible unrecognized link between the stressful en-
vironment of the Gulf War theater, agent exposures unique to this war, and a re-
sulting adverse and persistent neuroinflammatory outcome.

@

. Amuzic"?, ]. Shinozuka®* and J. J. Pestka®'. 1C0mpamtzv€ Medicine and
[ntegmtzve Bzology, Michigan State University, East Zamzng, M, Food Science and
Human Nutrition, Michigan State University, East Lansing, MI and > Safety Research
Laboratory, Mitsubishi Tanabe Pharmacology Corporation, Saitama, Japan.

SOCS3 AND IGF-1 ARE POTENTIAL BIOMARKERS FOR
DEOXYNIVALENOL-INDUCED GROWTH INHIBITION
IN THE MOUSE.

Deoxynivalenol (DON) is a trichothecene mycotoxin produced by Fusarium
species, that is commonly detected in cereals worldwide. Upon oral exposure,
DON is quickly absorbed and distributed (=30 min) in rodents, with a consequent
rapid systemic cytokine upregulation. Subchronic DON consumption impairs
weight gain, thus eliciting public safety concerns. The mechanism(s) by which
DON causes reduced weight gain and its linkages to cytokine upregulation are not
well understood, creating uncertainty in public health assessment. Recently, several
cytokine-inducible suppressors of cytokine signaling (CIS1, SOCS1,2,3,4,5,6 and
7) have been described. Among these, SOCS3 induction has been associated with
reductions in weight gain and circulating insulin-like growth factor 1 (IGF-1), viaa
growth hormone (GH) pathway. We hypothesized that DON will induce SOCS3
and reduce IGF-1 in the mouse. RT-PCR revealed CIS1, SOCS1, SOCS2, and to
a greater extent SOCS3 mRNA are rapidly (2h) and dose-dependently (0.1-
12.5mg/kg bw) upregulated in muscle, spleen and liver of DON-exposed mice.
Furthermore, SOCS3 protein was increased within 5 h after DON exposure.
Consumption of DON (20ppm) for 8 wk reduced both circulating IGF1 (=30%)
and body weight (=27%); and resulted in plasma DON concentration of =~ 44
ng/ml. Taken together, DON-induced hepatic SOCS3 expression correlated with a
reduction of circulating IGF-1. Since SOCS3 and IGF-1 are likely impacted by
DON-induced cytokine upregulation, and the latter can modulate growth and
weight gain, both endpoints have potential to serve as biomarkers of effect for this
mycotoxin.

@ 7

HYPOXIA AND NEUTROPHIL ELASTASE INTERACT
TO CAUSE HEPATOCELLULAR INJURY AND
INCREASE OXIDATIVE STRESS AND
PHOSPHORYLATION OF P38 MAPK.

E Sparkenbaugh K. Traore’, K. Greenwood', aney and R. Roth'.
P/mrmaco[ogy and Toxicology, Michigan State Umverszty East Lansing, MI and
°Department of Chemistry, Elizabeth City State University, Elizabeth City, NC.

Inflammatory disease is characterized by the presence of hypoxia (HX) and acti-
vated neutrophils that secrete the serine protease, neutrophil elastase (EL). HX and
EL are implicated in liver injury in inflammation-drug interaction models of idio-

syncratic adverse drug reactions. We tested the hypothesis that HX and EL interact
to cause hepatocellular injury in primary rat hepatocytes (HPCs) and human he-
patoma, HepG2 cells. HPCs were exposed to 0-17 U/ml EL in oxygen replete (150
mmHg) or hypoxic (35 mmHg pO2) medium for 8h. Neither HX nor EL alone
was cytotoxic, yet HX/EL treatment caused cell death. HepG2 cells were exposed to
0-60 U/ml EL in 150 mmHg or 15 mmHg pO2 for 24h. Only HX/EL cotreat-
ment caused significant cell death. Additionally, EL treatment caused dose-depend-
ent activation of caspase 3/7 that was not affected by HX coexposure. The injury
caused by HX/EL was explored further in HepG2 cells. Intracellular reactive oxy-
gen species production was significantly increased within 15 min exposure to
HX/EL but required 180 min by HX alone. Phosphorylation of p38 (p-p38) was
examined by immunocytochemistry. HX and EL each increased the number of p-
p38 positive cells. No further increase was observed with cotreatment; however,
there was selective nuclear translocation of p-p38 in HX/EL-cotreated cells. These
results indicate that HX/EL treatment is cytotoxic to HPCs and HepG2 cells and
selectively increases early oxidative stress and p-p38 nuclear translocation.

(Supported by R01-ES004139 and T32-ES007255).
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A Gow', C. Guo', E. Atochina-Vasserman® and P, Scott'. P/mrmam/ogyé“
Toxicology, Rutgerx University, Piscataway, NJ and” Pulmonary & Critical Care
Medicine, University of Pennsylvania School of Medicine, Philadelphia, PA. Sponsor:
D. Laskin.

Recent evidence has shown that NOS2, the inducible isoform of nitric oxide syn-
thase, is a critical mediator of acute pulmonary inflammation. Here, we examine
the effect of NOS2 inhibition upon inflammation resulting from intratracheally
administered bleomycin. Mice were sacrificed 8 days post administration of 8 U/kg
of bleomycin sulfate (bleo) or saline (control), and lungs, bronchialveolar lavage
(BAL), and cellular infiltrates were analyzed. One week prior to bleomycin admin-
istration, a mini-Alzet pump was placed subcutaneously containing either saline
(control) or 1400W;, a potent specific inhibitor of NOS2. In bleo mice there was a
significant increase in nitrates within the BAL, indicating increased NOS2 activity.
1400W treatment abrogated this increase, showing that NOS2 is responsible for
the increase in nitrates. Bleomycin administration induced pulmonary inflamma-
tion as shown by increased protein content and macrophage numbers within the
BAL and the tissue inflammatory score. 1400W significantly reduced all of these
indicators showing the importnace of NOS2 . As a measure of inflammatory sig-
naling, we examined the ability of BAL from treated mice to induce chemotaxis in
RAW cells. Bleo treated BAL produced a significant increase in chemotaxis over
that from control. This increase was lost by treatment with 1400W. In addition, ni-
trosylated surfactant protein-D, another marker of inflammation, was increased in
bleo treated BAL. This increase was inhibited by 1400W. We examined the level of
chemokine expression by RT-PCR of BAL cells from bleo and control mice. GM-
CSF was unaffected by bleo administration while IL-8 was induced, demonstrating
the importance of neutrophil attraction in this model. Interestingly 1400W treat-
ment significantly reduced IL-8 levels to below control. In contrast, TNF-at expres-
sion was increased in 1400W inhibited bleo treated mice. These observations indi-
cate that NOS2 inhibition reduces lung injury in response to bleomycin and
appears to accelerate repair.

@ 72

K. Johnson. Nemours Biomedical Research, Alfred I. duPont Hospital for Children,
Wilmington, DE.

Assessing potential endocrine disrupting effects of human phthalate exposure re-
quires development of appropriate biomarkers. With the long-term goal of devel-
oping surrogate tissue phthalate biomarkers, the aim of this research was to identify
phthalate-induced genomic changes in rat placenta. Sprague-Dawley rats (n = 5)
were fed control diet or diet containing 1750 ppm (165 mg/kg/day) dibutyl-phtha-
late (DBP) from gestational days (GD) 1 through 21. At GD21, placental gene ex-
pression was analyzed using Illumina RatRef-12 expression bead chips. In the target
tissue (fetal testis), DBP exposure significantly increased formation of multinucle-
ated germ cells. DBP did not significantly effect litter size, pup weight, or pup
anogenital distance. 492 placental genes showed a z ratio of at least =2. Similar to
testis, DPB exposure decreased placental steroidogenic acute regulatory protein
(Star) gene expression (-1.18 fold; -2.39 z ratio), and Ingenuity-based pathway
analysis of the placental gene set revealed a significant change in functional path-
ways associated with lipid metabolism, including metabolism of eicosinoid and
cholesterol transport. However, placental progesterone levels in DBP-treated ani-
mals were similar to control. Although preliminary, these data demonstrate that ph-
thalate exposure alters gene expression within rat placenta and suggest similar func-
tional pathways are affected in both the phthalate target tissue (testis) and a
potential phthalate surrogate biomarker tissue (placenta). Future experiments will

ROLE OF NOS2 IN BLEOMYCIN-MEDIATED LUNG
INJURY.

GENOMIC PROFILE OF RAT PLACENTA AFTER
PHTHALATE EXPOSURE.
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phenotypically anchor phthalate-induced placental gene changes to fetal testis
steroidogenic effects and identify/validate a placental surrogate biomarker gene set
associated with phthalate endocrine disruption.

@ 73

X. Hong’, Q. Chen’, Y. Song J. Wang” and Q. Sun'. " The Obio State
University, Columbus, OH and > Dongfang Hospital, Fuzhou, China.

Background: Spermatic development and activity has been reported to be affected
by air pollution exposure. However, the mechanisms remain unclear. We hypothe-
sized that exposure to diesel exhaust particles (DEP) affected sperm count and
motility, and Radix Astragali (RA), a traditional Chinese medicinal herb, had pro-
tective effects on sperms in mice. Methods: Male Institute for Cancer Research,
Swiss-derived (ICR) mice at age of 5 weeks were randomized into DEP (360 ug),
DEP + RA, or control groups (vehicle, n = 6) via intratracheal exposure twice a
week for 4 weeks. RA (20mg/kg) was delivered intraperitoneally daily coupled with
DEP exposure. Epididymis, sperm count, motility and weights were analyzed. The
ability to induce acrosome reaction in sperm of mice was compared to their ability
to fertilize in vitro oocytes from counterpart females (non-exposed). The levels of
IL-1ot and IL-1f in the testis were also examined by specific ELISA and real time
PCR. Results: Epididymis weight and its ratio (epididymis weight/body weight)
were significantly increased in the DEP group than in the control group. Sperm
count, motility, and in vitro fertilization rate were significantly decreased in the
DEP group compared with the control group. Testicular IL-1at and IL-1p levels
were significantly higher in the exposed mice compared with the control mice.
There were no significant changes about epididymis, sperm count and in vitro acro-
some reaction in the RA treated mice compared with the control group. Testis
weight and ratio (testis weight/body weight) showed no significant difference
among the three groups.

Conclusion: Short-term exposure to diesel air pollution decreases sperm count and
motility, and significantly reduced the capacity of the sperms to fertilize females. A
traditional Chinese medicinal herb, Radix Astragali, has protective effects on sperm.

PLIRE

M. Yu"? and W. Bushman" 2. ' Molecular zmd Environmental Toxicology Center,
Univ of Wisconsin-Madison, Madzson, W1 and ’Department of Surgery, Division of
Urology, University of Wisconsin-Madison, Madison, WI.

Hedgehog (Hh) signaling plays an important role in prostate development and
prostate cancer. The major goal of our research is to elucidate the molecular mech-
anisms by which Hh signaling regulates prostate growth. Here, we used both in
vivo and in vitro methods to determine the paracrine and autocrine Hh effect on
epithelium growth during prostate development. An immortalized mesenchymal
cell line-UGSM-2 was transfected with activated form of Hh signaling intermedi-
ates Smo/Gli2 to simulate an activated ligand independent Hh paracrine pathway.
UGS tissues isolated from both prenatal and postnatal stages were co-cultured with
UGSM-2 cells in explant culture plates for one week. Immunostaining was per-
formed for BrdU, and Pan-cytokeratin on the paraffin sections. The results showed
that the paracrine Hh signals promote epithelial budding and proliferation at the
stage of bud initiation, while inhibit epithelial proliferation on the initiated buds.
By cre-lox mating strategy, we also achieved condtional activated and conditional
null Hh signaling in mesenchyme layer. IHC staining on prostates from both pre-
natal and postnatal stage showed consistent results with in vitro explants co-culture
experiment data. This suggests stage-specific Hh responsiveness during normal
prostate development. For autocrine Hh signaling, we first detect its existence by X-
gal staining using Ptc/LacZ and Glil/LacZ mice. Then we also generated a mouse
model that has activated or null autocrine Hh signaling by cre-lox mating system to
observe its effect on progenitor cell proliferation. Our findings will introduce a
novel paradigm into our efforts to understand normal growth regulation and offers
important insights into the role of Hh signaling in prostate cancer.

PLIRE

TRADITIONAL CHINESE MEDICINE ON MALE
GENITAL SYSTEM IN MICE EXPOSED TO DIESEL
EXHAUST PARTICLES.

HEDGEHOG SIGNALING REGULATES PROSTATE
DEVELOPMENT: INTERPLAY OF PARACRINE AND
AUTOCRINE MECHANISM.

A MIXTURE OF IPRODIONE AND VINCLOZOLIN
DELAYS THE ONSET OF PUBERTY IN THE MALE RAT

IN A CUMULATIVE MANNER.
C. R. Blystone”*?, C. S. Lambright?, J. Furr?, C.V. Rider"?, V. S. Wilson®
and L. E. Grax Reprodumye Toxicology Division, U.S. EPA, Re:mrch Triangle

Park, NC, °Environmental and Molecular Toxicology, NC State University, Raleigh,
NC and? National Toxicology Program, NIEHS, Research Triangle Park, NC.

Vinclozolin and iprodione are dicarboximide fungicides that display anti-andro-
genic effects in the male rat, which suggests co-exposure to these fungicides would
lead to cumulative effects on androgen-sensitive endpoints. In order to test for cu-
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mulative effects by iprodione and vinclozolin, we examined the effects of a mixture
of these fungicides on pubertal development in the male rat. The mixture com-
bined a dose of iprodione that does not significantly affect androgen-dependent
morphological endpoints, with vinclozolin (a 5x2 factorial design). Sprague-
Dawley rats were dosed by gavage with effective vinclozolin doses (0, 10, 30, 60,
and 100 mg/kg/d) with and without 50 mg iprodione/kg/d from postnatal day
(PND) 23 to 55-57 (n = 8/group). Onset of puberty (progression of preputial sep-
aration (PPS)) was measured starting on PND 37. Organ weights, serum hor-
mones, and ex vivo testis steroid hormone production under stimulated (+human
chorionic gonadotropin (hCG)) and unstimulated (-hCG) conditions were meas-
ured at necropsy. Vinclozolin alone delayed pubertal progression, reduced androgen
sensitive organ weights, and increased serum testosterone levels as previously re-
ported. The addition of 50 mg/kg/d iprodione enhanced the vinclozolin-induced
delay in PPS (PND 47.5 vs 49.1; 2-way ANOVA: iprodione main effect p =
0.0002) and reduction of several reproductive organ weights. Furthermore, the in-
crease in serum testosterone by vinclozolin, due to its AR antagonism, was reduced
by the addition of iprodione (a steroidogenic inhibitor) in vivo, but not ex vivo.
These results demonstrate these fungicides interact when co-administered to delay
pubertal development (i.e. PPS) in the male rat in a cumulative, antiandrogenic
manner. CRB and CVR were supported through the USEPA/INCSU Cooperative
Training Agreement. This abstract does not necessarily reflect US EPA policy.

CYCLOPHOSPHAMIDE AND ITS ACTIVE
METABOLITE PHOSPHORAMIDE MUSTARD CAUSE
OVARIAN FOLLICLE LOSS AND DNA DAMAGE IN
VIVO AND IN VITRO .

PLIRG

T. Truong, S. K. Petrillo and P. J. Devine. /NRS-Institut Armand-Frappier, Laval,
QC, Canada.

Cyclophosphamide (CPA) is an ovotoxic drug frequently used to treat multiple
types of cancers. It is activated by cytochrome P450 enzymes to form phospho-
ramide mustard (PM) i vivo. PM is the active anticancer agent, but it also causes
ovarian follicle destruction. We have shown that exposure of cultured rodent
neonatal ovaries to PM i vitro cause concentration-dependent ovarian follicle loss
and DNA damage at 24h. The goal of this study is to compare the effects of CPA in
vivo with the in vitro effects of PM on mammalian oocytes. Single exposures to
CPA or PM were carried out in vivo in adult mice and in a post-natal day 4
(PND4) ovarian culture system, respectively, to determine if oocytes suffer DNA
double-strand breaks (DSBs). PND4 ovaries from CD-1 mice were exposed after 4
days of culture to PM (0.1-3uM). Following 8 days of culture, ovaries were fixed
for follicle counts or for fluorescent immunohistochemistry using a phosphorylated
histone H2AX (y-H2AX), a marker of DNA DSBs. In culture, PM caused signifi-
cant loss of primordial (3uM) and small primary follicles (=0.1uM), relative to
control. Under the same conditions, numbers of follicles with =5 y-H2AX
foci/oocyte were increased. CD1-mice injected with a single dose of CPA (75-
250mg/kg) were sacrificed 1 or 8 days later. Compared to control, kidney and body
weights did not change, whereas spleen weight decreased significantly at day 1 and
increased at 8 days (250mg/kg), and liver weight significantly increased at 8 days
after CPA exposures (250mg/kg). Primordial follicles were significantly decreased
in CPA-exposed mice at both time points, while antral follicles were significantly
decreased only at 24h (250mg/kg). y-H2AX staining was observed in apoptotic
granulosa cells of antral follicles and certain oocytes of small follicles, but individual
foci were difficult to identify. Data indicate that DSBs can persist for at least 8 days
in oocytes in cultured ovaries, and that such damage also occurs iz vivo, suggesting
a common mechanism both iz vive and in vitro.

DIET-INDUCED OBESITY IN MALE MICE
ASSOCIATED WITH REDUCED FERTILITY AND
POTENTIATION OF ACRYLAMIDE-INDUCED GERM
CELL TOXICITY.

@ 7

U. Hoffler', R. Bai', G. Klsslm , G. Travlos® and B. L. Ghanayem ‘Lp
NIEHS/NIH, RTR NC, °BB, N[EHS/N[H RTP. NC and’ CMPB, NIEHS/NIH,
RTP NC.

Over the past 20 years obesity trends have aggressively increased within the US with
60% of the states reporting prevalence of obesity = 25%. Associated with elevated
BMI, human risks for the development of chronic diseases: type 2 diabetes, infertil-
ity, cardiovascular diseases and cancer have also risen. Recently studies have sug-
gested an association between obesity and male infertility. Current studies were de-
signed to address the hypothesis that diet-induced obesity is associated with
increased male infertility and obese male mice are more susceptible to reproductive
toxicity of environmental chemicals such as acrylamide (AA). Genetically intact
male C57BI/6] mice were fed either a control or high fat diet (60% kcal fat) from 5
to 30 weeks of age. At age 30 weeks, mice fed high fat diet exhibited significantly



higher body weight and % body fat. Fertility of obese and control mice was com-
pared by mating with untreated female mice. In late gestation females were sacri-
ficed and uterine content examined. Significant decrease in the number of plugs
and pregnancies were evident in females mated to obese vs. control males. Reduced
hyperactivated sperm and lower counts were determined in obese vs. controls. To
assess the reproductive effects of AA, 30 week obese or control mice were gavage
treated with tap water or 25 mg AA/kg/day for 5 days and mated to untreated fe-
males. AA exposure exacerbated the decrease in number of plugs and pregnancies in
females mated to obese and controls. The effect of AA was more striking in females
mated to obese males, as the % of live fetuses decreased and resorptions (%) further
increased. In conclusion, diet-induced obesity led to significant reduction in male
fertility and exacerbated AA-induced germ cell mutagenicity. This model proved to
be valuable in studying the impact of obesity on host susceptibility to environmen-
tal chemicals and may be used to study the link between obesity and chronic disor-
ders in humans.

THE ABILITY OF THE ARYL HYDROCARBON
RECEPTOR TO REGULATE OVARIAN FOLLICLE
GROWTH AND OVULATION MAY DEPEND ON
SEXUAL MATURITY IN MICE.

@ 78

L Herndndez-Ochoa, T. Leslie and J. A. Flaws. Veterinary Biosciences, University of
Hllinois, Urbana, IL.

The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor
known for mediating the toxicity of polychlorinated biphenyls and dioxins.
However, the endogenous roles of the AHR are still under investigation. We previ-
ously have shown that young Ahr-deficient mice (AHRKO) have decreased num-
bers of antral follicles and corpora lutea (CL) compared to young wild-type mice
(WT) on postnatal day (PD) 54. In addition, AHRKO cultured follicles have de-
creased follicle growth and estradiol (E2) production compared to WT cultured
follicles on PD 32. These previous data suggest that the AHR may regulate follicle
growth and ovulation in young mice. The current study evaluated the role of the
AHR in follicle growth, steroidogenic capacity and ovulation in cycling adult mice.
Opvaries were collected from WT and AHRKO adult mice (PD 90) and subjected
to morphological evaluation of antral follicle and CL numbers. Growth of antral
follicles (PD 90) was evaluated in culture by measuring follicle diameters for 168 h.
Media samples from cultured follicles were collected at 72 h and 168 h, and sub-
jected to measurements of androstenedione (ASD) and E2 levels. Interestingly, WT
and AHRKO ovaries contained similar numbers of antral follicles (WT=167+20;
AHRKO=160%25; p=0.56) and CL (WT=9+0.9; AHRKO=7.4+2.7; p=0.35).
Further, isolated antral follicles from WT and AHRKO ovaries grew to similar sizes
by 168 h of culture (WT=531£17.2 um; AHRKO=530+18.4 wm; n=3 separate
cultures; p=0.09). E2 levels produced by WT and AHRKO follicles were similar at
72 h and at 168 h. ASD levels produced by WT and AHRKO follicles were similar
at 72 h, but AHRKO follicles produced 1.5-fold higher levels of ASD compared to
WT follicles at 168 of culture (WT=1.9£0.2 ng/ml; AHRKO=2.9£0.2 ng/ml;
p=0.04). Collectively, these data suggest that the reduced follicle numbers and ovu-
lations present in young AHRKO mice are restored to normal levels in cycling adult
AHRKO mice, possibly by compensation from increased levels of theca cell-derived
hormones. Support: NIH HD047275.

MOLECULAR PATHWAYS UNDERLYING CO-
EXPOSURES TO DIFFERENT TESTICULAR
TOXICANTS ACTING ON THE SAME OR DIFFERENT
CELLULAR TARGETS.

PLIRE

S. N. Campion', M. Sandrof', Y. Sui®, E. Houseman®, Z. Wu” and K.
Bockelheide'. IPtztha/ogy and Laboratory Medicine, Brown Universiy, Providence,
RI and* Community Health, Brown University, Providence, RI.

Paracrine-interacting cell types (Sertoli cells and germ cells) within the testis control
the process of spermatogenesis. Exposure to testicular toxicants that target these dif-
ferent cell types ultimately results in germ cell apoptosis, disrupting spermatogene-
sis. Real-life exposures often involve mixtures of hazardous chemicals, therefore the
current study was performed to investigate the effects of co-exposures to testicular
toxicants. Adult male rats were exposed to 1% 2,5-hexanedione (HD), a Sertoli cell
toxicant, in the drinking water for 18 days followed by acute co-exposure to a sec-
ond testicular toxicant that targets either Sertoli cells (mono-2-ethylhexyl phtha-
late; MEHP or carbendazim; CBZ) or germ cells (x-irradiation; X-ray). Testis sam-
ples were collected 3 hrs later and total RNA was isolated and hybridized to
Affymetrix Rat Genome 230 2.0 GeneChips. Ingenuity Pathways Analysis was per-
formed to identify and compare biological pathways and functions significantly al-
tered by each co-exposure. The predominant biological pathways altered following
HD plus MEHP are drug metabolism, lipid metabolism, small molecule biochem-
istry and cellular assembly and organization, while cellular growth and prolifera-

tion, cellular movement, cellular development and cellular assembly and organiza-
tion were the significantly altered pathways following HD plus CBZ exposure. HD
plus X-ray co-exposure significantly changed genes involved in cellular movement,
cell-to-cell signaling and interaction, small molecule biochemistry, and cellular
growth and proliferation. The individual genes and biological pathways signifi-
cantly changed by HD plus CBZ co-exposure and HD plus X-ray co-exposure are
very similar. This suggests that similar molecular pathways are affected by co-expo-
sures to testicular toxicants that target either the same or different cell types.

@ 2

IN UTERO TREATMENT WITH THE HERBICIDE
LINURON PRODUCES MALE RAT REPRODUCTIVE
MALFORMATIONS SIMILAR TO THE PHTHALATE
ESTERS BUT THROUGH A DIFFERENT MECHANISM
OF ACTION.

V. S. Wilson, C.Lambright, J. Furr, K. Howdeshell and L. E. Gray. Reproductive
Toxicology Division, U.S. EPA, ORD, NHEERL, RTP, NC.

Although linuron has been reported to act as an androgen receptor (AR) antagonist,
the suite of malformations observed in male rat offspring after in utero exposure
differs from that of other AR antagonists and more closely resembles that produced
by phthalate esters (PE) such as di-butyl phthalate and diethyl hexyl phthalate.
However, only the PEs induce malformations of the gubernacular ligament. Many
of the malformations in male rat offspring produced by PEs have been attributed to
reduced fetal testosterone synthesis due to lowered steroidogenic gene expression
and decreased insl3 gene expression from the fetal Leydig cell; insl3 being critical
for proper gubernacular ligament development. The current study investigated the
dose response effects of in utero linuron treatment on fetal testis gene expression
and testosterone production. Pregnant Sprague Dawley rats were administered corn
oil vehicle or 12.5, 25, 50 or 75 mg linuron /kg/day orally from gestation day
(GD)13-18. Fetal testes were collected on GD18 for ex vivo testosterone (T) pro-
duction and gene expression. Ex vivo T, but not progesterone production, was sig-
nificantly decreased by 50 and 75 mg linuron/kg/day. Unlike the phthalate esters,
linuron treatment did not affect insl3, cyp17a, cypl 1o or StAR mRNA expression.
In a second study, control GD18 fetal testes were incubated with increasing con-
centrations of linuron (1 to 300 uM) to evaluate if linuron inhibited T production
in vitro. T production was significantly reduced at 30 uM and above whereas prog-
esterone production was not reduced at any concentration indicating that linuron
directly inhibited testosterone production in the absence of cytotoxicity. Taken to-
gether, these data demonstrate that even though the profile of malformations pro-
duced by linuron resembles, in part, that of phthalate esters, the mechanism of ac-
tion of linuron clearly differs from the phthalate esters. Disclaimer: Does not
necessarily reflect US EPA policy.

PR

R. R. Merson"?, S. D Hersey', T. W. Zalobowski', A.R. Albanese', D. G.
Franks® and M. E. Hahn?. le'alagy, Rhode Island College, Providence, RI and
ZBiology, Woods Hole Oceanographic Institution, Woods Hole, MA.

Toxic responses of vertebrates to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) de-
pend on binding and activation of the aryl hydrocarbon receptor (AHR) and subse-
quent gene dysregulation. The multiple roles and molecular targets of the AHR
make it difficult to determine the precise mechanisms by which AHR agonists dis-
rupt cell physiology. We investigated AHR protein function in spiny dogfish sharks
(Squalus acanthias), which express several AHR genes, to determine whether the
toxic response pathway and physiological roles of AHR are partitioned among the
multiple AHR paralogs. We PCR-amplified and sequenced three AHR cDNAs, in-
vestigated their orthology with vertebrate AHRs, used in vitro-synthesized AHRs
with [PHJTCDD to determine ligand binding of each AHR, and performed trans-
fection of shark AHR constructs into mammal cells followed by treatment with
3,3’,4,4,5-pentachlorobiphenyl (PCB126) or 3-methylcholanthrene (3MC) to as-
sess activation of a reporter gene regulated by dioxin response elements (DRE) and
to identify subcellular localization by fluorescence microscopy. The three shark
AHREs differ in their subcellular localization, ability to bind TCDD, and response
to typical AHR agonists. AHR1 is cytoplasmic, does not bind TCDD, and is not
activated by 3MC or PCB126. AHR?2 is cytoplasmic, binds TCDD, upon treat-
ment with PCB126 rapidly translocates to the nucleus, and can activate transcrip-
tion in the presence of PCB126 or 3MC. AHR3 is constitutively nuclear, capable
of binding TCDD, and can be activated by PCB126 or 3MC. This divergence in
the ability of multiple AHRs to bind and respond to agonists, coupled with differ-
ences in AHR protein localization, support our hypothesis that multiple roles of
AHR are partitioned among these distinct gene products. We are pursuing the use
of shark AHRs to distinguish AHR-dependent, ligand-induced toxic responses
from physiological roles involving other signaling pathways. Supported by RI-
INBRE Grant P20RR016457 (NCRR), RO1ES006272 (NIEHS).

ARYL HYDROCARBON RECEPTORS (AHR) OF
SHARKS: STRUCTURAL AND FUNCTIONAL
DIVERGENCE AMONG AHR PARALOGS.
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82 TRANSCRIPT DIVERSITY OF ARYL HYDROCARBON
. RECEPTOR 2 (AHR2) IN SHARKS.

T. W. Zalobowski and R. R. Merson. Biology, Rhode Island College, Providence, RI.
Sponsor: M. Hahn.

Aryl hydrocarbon receptors (AHR) are intracellular proteins that bind environmen-
tal chemical contaminants, including 2,3,7,8-tetrachlorodibenzo-p-dioxin and re-
lated structures. Upon activation, conformational changes promote AHR nuclear
translocation and subsequent transcriptional regulation of genes involved in cell
physiology. Squalus acanthias (spiny dogfish shark) express more than 3 distinct
AHR genes encoding well-conserved amino acid sequence in the bHLH and PAS
domains and divergent sequence in the carboxyl-terminal half of the protein. Shark
AHR2 is unique because it contains an octapeptide repeat motif (OPM) domain in
the carboxyl-terminal region, which is not present in other vertebrate AHR2 ortho-
logues. To investigate the structure and function of the OPM domain, we used RT-
PCR to amplify the entire OPM domain from multiple tissues of three sharks, and
sequenced the OPM domain of genomic DNA and BAC clones containing S. acan-
thias AHR2. We identified at least 6 AHR2 isoforms from cDNA and additional se-
quence diversity in the genome. The number of octapeptide repeats in the OPM
varies from 27 to 35 and three or more isoforms are expressed in individual sharks;
however, there is no clear tissue-specific expression pattern. AHR2a is activated by
ligand and supports expression of a dioxin response element-regulated luciferase re-
porter in transient transfection experiments. We are currently evaluating ligand ac-
tivation and transcriptional activity of the other AHR2 isoforms. While it is unclear
whether these AHR2 isoforms represent different genes, alternative splicing of a
single AHR2 gene, or another mechanism promoting genetic variability, our studies
will clarify the role for AHRs in responses to environmental chemicals at cellular
and genetic levels in cartilaginous fishes and provide additional information about
the endogenous function of the AHR signaling pathway in vertebrates. Research
supported by RI-INBRE Grant # P20 RR-016457 and ME-INBRE Grant # P20
RR-016463 from NCRR, NIH, and NIEHS Center for Membrane Toxicity
Studies Grant # P30 ES003828-20 at the Mount Desert Island Biological
Laboratory.

S

R. Pohjanvirta” Department of Food and Environment Hygiene, University of
Helsinki, Helsinki, leand Lﬂbamtory of Toxicology, National Public Health
Institute, Kuopio, Finland and’Kuopio Research Unit, Finnish Food Safety Authority
EVIRA, Kuopio, Finland. Sponsor: M. Viluksela.

Han/Wistar (Kuopio) rats are exceptionally resistant to the acute toxicity of TCDD
(LD50 >9,600 ug/kg). Their resistance has been shown to be mainly due to a splic-
ing alteration in the AH receptor (AHR) resulting in the presence of two AHR pro-
teins in these animals, a deletion (DEL) and an insertion (INS) variant (the pre-
dominant form), both of which are restructured at the transactivation domain in
the C-terminal end of the AHR. Recently, novel mouse lines were generated on the
C57BL/6 background which express globally rat wild-type (rfWT), DEL variant or
INS variant AHR (manuscript submitted). They proved to have no major pheno-
typic changes apart from increased testis size, and their AHRs were shown to be
functional both physiologically and as mediators for TCDD. The lines exhibited
clear sensitivity differences to acute toxicity of TCDD with rWT mice being highly
sensitive, DEL mice moderately resistant and INS mice highly resistant. Here, the
lines were further characterized by subjecting them to a time-course study (1, 3 and
6 days after 500 pg/kg; females) and to a dose-response study (125-1000 ug/kg; 4
days; males) with TCDD. In both studies, rWT mice displayed substantial body
weight loss (14 or >20% by 6 or 4 days for females and males, respectively). In DEL
mice, body weight decline was more moderate (4 and 10%). Strikingly, INS mice
gained weight (6 and 1%) with the rate of change being significantly higher than in
their controls on day-3. Despite the fact that INS mice express more AHR in thy-
mus than rWT mice, thymus atrophied sooner and to a larger degree in rWT than
in INS mice. The same was true of liver enlargement which reached significance al-
ready on day-1 in rWT mice but only on day-6 in INS mice. Histologically, liver
was much more severely affected in rWT than in INS mice. These mouse lines thus
represent a promising new tool for dioxin and AHR research.

84

TOXICITY OF TCDD IN NOVEL MOUSE LINES
EXPRESSING RAT AH RECEPTOR VARIANTS.

XENOBIOTICS-MEDIATED TRANSLOCATION OF
ADENOVIRUS-DRIVEN CONSTITUTIVE
ANDROSTANE RECEPTOR IN HUMAN PRIMARY
HEPATOCYTES.

H. Li', T. Chen', J. Cottrell’, L. Tompkins' and H. Wang'. ' Pharmaceutical
Saemes, Unwemt_y anary/tmd School of Pharmacy, Baltimore, MD and
°Department of Pathology, University of Maryland School of Medicine, Baltimore, MD.

The constitutive androstane receptor (CAR; NR1I3) is an important xenobiotic-
sensing transcription factor that controls the expression of numerous hepatic genes
involved in the detoxification of xenobiotics. In primary hepatocytes and intact
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liver, CAR resides in the cytoplasm under basal conditions and translocates to the
nucleus upon exposure to inducers. However, human (h) CAR spontaneously accu-
mulates in the nucleus of immortalized cell lines and exhibits constitutive activa-
tion in the absence of activators, which make the identification of CAR activators
extremely challenging. Here, we have established an adenovirus-driven fluorescent
protein-tagged hCAR expression system (Ad/EYFP-hCAR) in human primary he-
patocytes (HPH). Our results demonstrated that Ad/EYFP-hCAR infected HPH
with high efficiency, and the majority of the Ad/EYFP-hCAR (>90%) expressed in
the cytoplasm of HPH without treatment, while translocated to the nucleus in re-
sponse to chemical activators. Furthermore, 22 compounds including known
hCAR activators, deactivators, typical activators of other nuclear receptors, as well
as rodent CYP2B inducers lack of CAR activation information were evaluated in
this system. In general, xenobiotics-mediated hCAR translocation in HPH signifi-
cantly correlated with hCAR activation and target gene induction. Comparing with
cell-based reporter assay in immortalized cells and nuclear translocation of hCAR
in Car-/- mice, the established Ad/EYFP-hCAR translocation assay in HPH ex-
hibits obvious advantages such as responding to both direct and indirect activators,
and the potential for a high-throughput manner. Thus, nuclear translocation of
Ad/EYFP-hCAR in HPH represents an efficient means for in vitro prediction of
xenobiotics-mediated human CAR activation.

@ &

G. L. Stevens', C. H. Sutter”” and T. R. Sutter”>. ' Biology, University of
Memphis, Memphis, TN and W, Harry Feinstone Cem‘er for Genomics, University of
Memphis, Memphis, TN.

Ligand-mediated induction of genes regulated by the aryl hydrocarbon receptor
(AHR) reaches a maximum in confluent keratinocytes and is associated with the
differentiation process. An early event in keratinocyte differentiation is cell-cycle
withdrawal. Studies were carried out to determine if cell cycle withdrawal, inde-
pendent of differentiation, triggered the increased level of AHR-regulated genes.
Preconfluent normal human keratinocytes were pretreated with chemicals that in-
duce cell cycle withdrawal at GO/G1, followed by treatment with 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD) and CYP1A1 mRNA analysis. mRNA levels of
an early marker of differentiation, keratin 1, did not increase, indicating that cell
cycle withdrawal occurred independent of differentiation. Pretreatment with
TGFP1, rapamycin or 8-Cl-adenosine increased TCDD-mediated CYP1A1
mRNA induction 2-, 3- and 20-fold, respectively, over the control samples (TCDD
treatment only) demonstrating that cell cycle withdrawal increases AHR activation
in human keratinocytes. Lower 8-Cl-adenosine concentrations that did not result
in cell cycle withdrawal did not induce CYP1A1 mRNA, further supporting this as-
sociation. Although cell cycle withdrawal increased TCDD-mediated induction of
CYP1AL, the levels were still lower than TCDD-mediated induction in cells al-
lowed to grow to confluence, indicating that additional density/differentiation-re-
lated signals are necessary for maximal AHR activation. As the chemicals used in
this study have multiple effects (i.e. TGFp is known to modulate AHR levels in
some cell types), ongoing work includes measuring AHR levels and inducing cell
cycle withdrawal through overexpression of cyclin-dependent kinase inhibitors.
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X. Dai', C.D. Brunson', H. H. Loh®, L K. Ho*? and T. Ma®. 'Anesthesiology,
University of Mississippi Medical Center, ]ﬂc/eson, MS, P/mrmzzwlogy and
Toxicology, University of Mississippi Medical Center, Jackson, MS 3 Pharmacology,
University of Minnesota Medical School, Minneapolis, MN and * Mental Health and
Substance Abuse Research, NHRI, Zhunan, Miaoli, Taiwan.

Rational combination of antinociceptive agents with different mechanisms of ac-
tion can improve efficacy and reduce toxicity. Tramadol is an atypical opioid ago-
nist, which has been proposed to produce antinociception via both opioid and non-
opioid pathways, and gabapentin is an antinociceptive adjuvant with unknown
mechanism of action. Previously, we demonstrated that gabapentin enhances an-
tinociceptive action of and reduces tolerance to tramadol. The mechanism respon-
sible for the synergy of gabapentin and tramadol remains unclear. The p-opioid re-
ceptor(u-OR) plays a key role in the control of nociceptive pathways in the nervous
system and is a major target for antinociceptive drugs. The present study is to de-
termine whether the u-OR is implicated in the antinociceptive synergy of
gabapentin and tramadol. Experiments were conducted in adult male wild-type
and pu-OR knockout mice. Gabapentin (75 mg/kg) and tramadol (60 mg/kg),
alone or in combination, were administrated to mice by gavage and intraperitoneal
injection, respectively. The tail-flick response of mouse was tested 60 min after drug
administration. Antinociceptive responses in the tail-flick are expressed as the per-
centage of maximum possible effect (% MPE) at the time point at which the great-
est antinociceptive responses were observed. The MPE values were 6% in wild-type

CELL CYCLE WITHDRAWAL INCREASES LIGAND-
MEDIATED CYP1A1 EXPRESSION IN HUMAN
KERATINOCYTES.

ROLE OF MU-OPIOID RECEPTOR IN
ANTINOCICEPTION OF GABAPENTIN AND
TRAMADOL.




mice and 16% in u-OR knockout mice after gabapentin administration (P<0.05).
Following tramadol injection, the MPE values were 46% and 5% in wild-type and
u-OR knockout mice, respectively (P<0.05). The MPE values were 70% in wild-
type mice and 13% in u-OR knockout mice with administration of the two drugs
in combination (P<0.05). The result indicated that u-OR is a major target for tra-
madol but not for gabapentin. The u-OR is also implicated in the antinociceptive
synergy of gabapentin and tramadol.
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A. Hayashi', W. Hu?, M. R. Fielden® and M. S. Denison'. ' Environmental
Toxicology, UC Davis, Davis, CA and 2ICONIX Pharmaceuticals, Mountain View, CA.

The aryl hydrocarbon receptor (AhR) is a ligand-dependent transcription factor
that not only binds 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, dioxin) and re-
lated halogenated aromatic hydrocarbons, but also many structurally unrelated
chemicals, and it is responsible for many of the toxic and biological effects of these
compounds. Stable transfection of an AhR-responsive luciferase reporter gene into
mouse, rat and guinea pig cell lines allowed development of recombinant cell lines
for use in the detection and characterization of novel AhR ligands (agonists and an-
tagonists). However, a human CALUX cell bioassay would be useful for compara-
tive studies and would provide us a more relevant assay to examine the activation of
the human AhR by human therapeutic drugs. Accordingly, we have developed,
characterized, and validated such a recombinant human hepatoma (HepG2) cell
line (HG2L6.1c1). Luciferase induction in these cells occurred in a dose-, chemi-
cal- and time-dependent manner with an EC50 for TCDD of 1.29 nM. Optimal
temperature and time for induction of luciferase activity in HG2L6.1c1 cells were
found to be 33°C and 48 hours. This bioassay was used to screen 147 commercially
available human therapeutic chemicals and other compounds, and the results com-
pared to data using the mouse, rat, and guinea pig cell lines. The induction profiles
of the pharmaceutical drugs revealed that although HG2L6.1c1 cells were some-
what less sensitive than that of other species, they could be used to identify several
known and unknown human AhR agonists. Interestingly, some chemicals, such as
the anthracyclins (epirubicin, daunorubicin), cadmium chloride and sodium arsen-
ite, did not stimulate AhR DNA binding, but induced AhR-dependent gene ex-
pression. The availability of the human CALUX cell line provides an avenue in
which to identify and characterize novel human AhR agonists. Supported by
NIEHS grants ES04699 and ES012498.
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S. E. Jordt', B. E Bessac!, M. Sivula', C. A. von Hehn', J. Escalera' and L.
Cohn®. ' Pharmacology, Yale University School of Medicine, New Haven, CT and
Internal Medicine, Yale University School of Medicine, New Haven, CT.

Sensory neurons in the airways are finely tuned to respond to reactive chemicals
threatening airway function and integrity. Airway neurons are particularly sensitive
to oxidants such as peroxides, ozone and oxygen radicals, formed in polluted air
and during oxidative stress, and the oxidant gas chlorine that is frequently released
in industrial and domestic accidents. Oxidant activation of airway neurons induces
respiratory depression, cough, mucus secretion and pain. While normally protec-
tive, these responses can provoke severe complications in patients affected by in-
flammatory airway conditions such as rhinitis and asthma. Here, we show that both
hypochlorite, the oxidizing mediator of chlorine, and hydrogen peroxide, a reactive
oxygen species, activate Ca2+ influx and membrane currents in an oxidant-sensitive
subpopulation of chemosensory neurons. These responses are absent in neurons
from mice lacking TRPA1, an ion channel of the TRP gene family. TRPAI chan-
nels are strongly activated by hypochlorite and hydrogen peroxide in primary neu-
rons and heterologous cells. In tests of respiratory function, TRPA1-/- mice display
profound deficiencies in hypochlorite- and hydrogen peroxide-induced respiratory
depression. Thus, we identify TRPAI as a major oxidant sensor in sensory neurons,
initiating neuronal excitation and subsequent physiological responses in vitro and
in vivo.
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DEVELOPMENT AND APPLICATION OF A
RECOMBINANT HUMAN HEPG2 CELL BIOASSAY FOR
IDENTIFYING AHR LIGANDS.

TRPA1 IS A MAJOR OXIDANT SENSOR IN AIRWAY
SENSORY NEURONS.

THE ARYL HYDROCARBON RECEPTOR (AHR)
SIGNALING PATHWAY INTERACTIONS INFLUENCES
AHR-MEDIATED CHANGES IN MATRIX
METALLOPROTEINASE GENE EXPRESSION.

T Kungz, K. A. Murphy1 and L. A. White'. IBz'oc/:vemi:ﬂj/ and Microbiology,
Rutgers University, New Brunswick, NJ and *Joint Graduate Program in Toxicology,
Rutgers University, New Brunwick, NJ.

The aryl hydrocarbon receptor (AhR) is a basic helix-loop-helix transcription factor

involved in regulation of gene expression. Originally identified as the receptor for
environmental contaminants, such as 2,3,7,8-tetrachlorodibenzo-p-dioxin

(TCDD), it is now known to be activated by a variety of exogenous and endoge-
nous compounds. Despite this, the endogenous function of this pathway remains
unclear. We hypothesize that the AhR is a stress-activated pathway that functions to
modulate normal cellular homeostasis involving the cellular decision to proliferate,
undergo apoptosis, or migrate. Our laboratory has focused on this pathway’s ability
to alter cellular migration via regulation of matrix metalloproteinase (MMP) ex-
pression. MMPs are essential for tissue remodeling and cellular migration, and are
inappropriately expressed in a variety of pathologies, such as rheumatoid arthritis
and tumor metastasis. Our data show that AhR activation alters expression and ac-
tivity of MMPs in human melanoma cells and in normal human keratinocytes, and
that such changes in MMP expression are mediated through distinct mechanisms.
We suggest that cell-type variations in the AhR-response are influenced by three
factors: expression of AhR, expression of AhR repressor (AhRR), and cross-talk
with other signaling pathways. In support of this, we have found a correlation be-
tween the AhR/AhRR ratio with melanoma aggressiveness and invasiveness. Our
data also show that interactions between the AhR and Ras/Raf signaling pathway
are critical for AhR-mediated induction of MMPs in melanoma cells. Both chemi-
cal inhibition of Ras/Raf and siRNA knockdown of Braf in human A2058
melanoma cells inhibits TCDD-induced expression of MMP-1. Conversely, inhibi-
tion of AhR also decreases ERK phosphorylation. Taken together, these data impli-
cate cross-talk between the Ras/Raf and AhR signaling pathways to alter MMP-1
production in A2058 melanoma cells.

BOTH AHR AND UNLIGANDED ERa ATTENUATE
CYTOKINE-MEDIATED INDUCTION OF IL-8.

ps PR

B. DiNatale and G. H. Perdew. Department of Veterinary ¢ Biomedical Science,
The Pennsylvania State University, University Park, PA.

Recent investigations have increasingly highlighted a role for the AhR in mediation
of inflammatory responses. For example, we have recently shown that IL-1f signal-
ing combines with activated AhR/ARNT heterodimer to synergistically induce IL-
6 transcription in ER-positive ECC-1 endocervical cancer cells. Concurrently, it is
well known that various nuclear receptors undergo crosstalk, with AhR and ERa
being one example. Recently, we have found that crosstalk between unliganded
ERa and AhR modulates IL-8 induction via a possible cytoplasmic interaction in
ECC-1 cells. In the presence of the ER agonist estradiol, quantitative real time PCR
shows that IL-1f induces a 300-fold increase of IL-8 mRNA over treatment with
vehicle control. Removal of estradiol results in a 50% decrease in IL-8 transcrip-
tion, while the presence or absence of the AhR agonist 2,3,7,8-tetrachlorodibenzo-
p-dioxin (TCDD) has no effect on the IL-8 repression. Knockdown of either ERat
or AhR through siRNA transfection rescues maximal IL-8 induction levels, even in
the absence of estradiol. Interestingly, removal of either receptor also results in an
approximate 6-fold increase of basal IL-8 transcription. siRNA knockdown of
ARNT, which leads to a near complete ablation of TCDD-induced CYP1ALl in-
duction, fails to prevent repression of IL-8 induction in the absence of estradiol;
thus pointing to the involvement of AhR in a non-classical manner. Likewise,
siRNA knockdown of ERp also fails to prevent repression of IL-8. These results,
combined with research having shown protein-protein interactions between ERot
and NF«B, suggest the presence of a multi-protein complex in which the AhR and
unliganded ERat interact with transcription factors in the cytoplasm to modulate
inflammatory responses.

91 ANALYSIS OF AHR PROTEIN STABILITY IN A YEAST
- EXPRESSION MODEL.

S. Wilson, K. Schmidtand R.S. Pollenz. Biology, University of South Florida,

Tampa, FL.

The aryl hydrocarbon receptor (AHR) and the aryl hydrocarbon receptor nuclear
translocator (ARNT) are well-characterized bHLH-PAS transcription factors in-
volved in the response of organisms to certain environmental contaminants such as
2,3,6,8-tetrachlorodibenzo-p-dioxin (TCDD). Previous studies have demonstrated
that the AHR is degraded following TCDD binding. To generate a model system
useful to screen for proteins involved in TCDD-mediated AHR degradation, the
cDNAs for mouse AHR and ARNT were stably integrated in the yeast genome.
Initial studies of recombinant strains have shown that 1) both AHR and ARNT
proteins can be detected by Western blotting, 2) treatment of the recombinant yeast
strain with ligand induces a TCDD-responsive reporter gene and 3) the AHR pro-
tein is rapidly degraded in the yeast cells in a ligand-independent manner. Thus, the
yeast has a functional AHR signaling system, but the rapid loss of the AHR in the
absence of ligand has confounded the analysis TCDD-mediated degradation. To
address whether the lack of AHR stability is due to improper folding of the AHR
by the yeast chaperone proteins, the cDNA for mouse heat shock protein 90 was
ligated into an expression vector immediately downstream of a constitutive pro-
moter. The Hsp90 expression plasmid was then transformed into the recombinant
strain and the stability of the AHR was directly evaluated by Western blotting and
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immunoprecipitation. Another approach to assess protein turnover is to inhibit
specific degradation pathways with chemical inhibitors. However, the yeast cell wall
is impermeable to these compounds. To overcome this problem, the gene encoding
the Ergb cell wall protein was disrupted in the recombinant strain. This new strain
was evaluated for AHR stability following treatment with various protease in-
hibitors in order to identify the pathway involved in the ligand-independent degra-
dation of the AHR. Results suggest that folding of the AHR in yeast may comprise
the ability to assess ligand-mediated degradation in this model system. Supported
by NIEHS NIEHSES015481.

THE ARYL HYDROCARBON RECEPTOR (AHR) IS NOT
REQUIRED FOR ESTROGEN-DEPENDENT TUMOR
FORMATION BY MCF-7 BREAST CANCER CELLS.

B %2

D.C. Spinkl, B.C. Spink1 and J. A. Bennett®. ! Wadsworth Center, New York State
Department of Health, Albany, NY and” Center for Immunology and Microbial
Diseases, Albany Medical College, Albany, NY.

The AhR was initially identified and characterized as a ligand-activated transcrip-
tion factor mediating toxic effects of chlorinated dioxins and other halogenated and
non-halogenated aromatic hydrocarbons. In recent publications, evidence support-
ing involvement of the AhR in cell-cycle regulation and tumorigenesis has been
presented. To further define the roles of the AhR in cancer, we investigated the ef-
fects of AhR expression on cell proliferation, migration, invasion, and tumorigene-
sis of MCF-7 human breast cancer cells. In these studies, the properties of MCF-7
cells and two MCEF-7-derived sublines, AhR100 cells, which express minimal AhR,
and AhR2 cells, which overexpress AhR, were compared. Real-time PCR, Western
immunoblots, experiments with CYP1A1- and CYP1B1-promoter-luciferase re-
porter constructs, and ethoxyresorufin O-deethylase assays showed the lack of AhR
expression and AhR-regulated CYP1 expression in AhR100 cells, and the enhanced
AhR expression and AhR-regulated CYP1 expression in AhR2 cells. In the presence
of 1 nM estradiol, the proliferation rates of MCF-7, AhR100, and AhR2 cells were
similar. However, AhR100 cells showed elevated rates of migration and invasion in
chamber assays with 1 nM estradiol as the chemoattractant and enhanced colony
formation in soft agar compared with those of MCF-7 and AhR2 cells.
Futhermore, AhR 100 cells retained the ability to form tumors in severe combined
immunodeficient mice when supplemented with estradiol, producing mean tumor
volumes comparable to those from MCEF-7 cells. In xenograft assays with AhR2
cells, decreased tumorigenesis, as evidenced by decreased tumor volumes in estro-
gen-supplemented mice compared with those from MCF-7, was observed. These
studies indicate that invasion, migration, anchorage-independent growth, and es-
trogen-stimulated tumor formation of MCF-7 cells do not require the AhR, and
tumor formation is inhibited by its overexpression. Supported by NIH grant

CA081243.

FUNCTIONAL ROLE OF VON-HIPPEL LINDAU
TUMOR SUPPRESSOR GENE MUTATIONS IN ARNT-
MEDIATED TRANSCRIPTIONAL REGULATION OF
DRUG METABOLISM.

B %

M. C. DeSimone', C. Powell?, W. Rathmell®>' and D. Threadgillz’ L Curriculum
in Toxicology, UNC Chapel Hill, Chapel Hill, NC and’ Department of Genetics,
UNC Chapel Hill, Chapel Hill, NC.

The von-Hippel Lindau (VHL) tumor suppressor gene is commonly mutated in
sporadic renal cell carcinoma, and while it plays a critical role in regulating the cel-
lular response to hypoxia, little is known about the functional consequences of VHL
mutations in the context of susceptibility to chemical insult. Mutations in VHL can
disrupt its targeting of hypoxia-inducible factor 1 alpha (HIF1a) for degradation
during normoxia. HIF1a and the arylhydrocarbon receptor (AhR) are both condi-
tionally regulated basic helix-loop-helix transcription factors that share Per-Arnt-
Sim homology domain for dimerization with the arylhydrocarbon nuclear translo-
cator (ARNT). Consequently, we hypothesize that VHL status may determine
susceptibility to chemical insult by altering xenobiotic induction, metabolism and
ultimately detoxification. To investigate this we have generated VAl +/+, Vbl +/-, Vhi
-/- embryonic stem (ES) cells derived from C57BL/6] x BALB/c F1 blastocysts. In
order to evaluate clinically relevant mutations in the VHL gene, we used site-di-
rected mutagenesis of the human VHL gene to generate mammalian expression con-
structs, which were transfected into the VA/null ES cells. To induce AhR mediated
gene transcription, the transfected ES cells were treated with 13uM benzo(a)pyrene
over a time course of 16hrs. Gyplal and Cyplb1 expression in Vhl-/- cells was in-
duced 3- and 8-fold, respectively, while the same induction was not seen in cells ex-
pressing a human VHL gene. HIF1a regulated vascular endothelial growth factor
(Vegf) expression was not induced in either cell line. Future studies will evaluate the
transcriptional response to dioxin and hypoxia in the VAL mutant cell lines, as well

as perform molecular analysis of the HIF1a:ARNT and Ahr:ARNT pathway inter-
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actions. This data suggests that VHL or VHL interacting partners may be disrupt-
ing AhR:ARNT transcriptional regulation of drug metabolizing genes and may be
playing an important role in modulating chemical susceptibility.
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AMELIORATING EFFECT OF NOOTROPIC DRUG
AMPAKINE CX-717 ON PRENATAL NICOTINE-
INDUCED IMPAIRMENT IN SYNAPTIC AMPA
RECEPTOR FUNCTION.

T. Kariharan, K. Parameshwaran, S. C. Brian, D. Murali and V. D.
Suppiramaniam. Pharmacal Sciences, Auburn University, Auburn, AL.

Maternal smoking causes severe cognitive dysfunction in younger children. Prenatal
Nicotine exposure impairs hippocampus dependent memory forms. Most of the
excitatory neurotransmission in mammalian brain is mediated by glutamatergic
AMPA receptors (AMPAR).We showed potent modulatory effect of nootropic
drug Ampakine CX-717 on synaptosomal AMPAR activity. Therefore we hypothe-
sized that AMPAR function and expression may be impaired in prenatal nicotine
exposed rats and resulted impaired long-term potentiation and can be ameliorated
by ampakine CX-717 treatment. Pregnant rats were treated with Nicotine from the
day 3 of pregnancy until pups were born, via osmotic mini pumps implanted sub-
cutaneously throughout gestation. Prenatal exposed animals showed spatial mem-
ory impairment in Y maze task, impaired basal synaptic transmission, significantly
reduced LTP; reduced amplitude of AMPAR mediated whole cell synaptic currents
and reduced activity of synaptosomal AMPAR single channel activity.
Synaptoneurosomes isolated from prenatal nicotine treated Rat hippocampi and
control Rat hippocampi and were reconstituted in lipid bilayers and the change of
synaptic AMPAR activity by prenatal nicotine exposure and ameliorating effects of
CX-717 on synaptic AMPARs were investigated. The AMPAR channel activity was
elicited by addition of 290 nM AMPA; following which 4.0 uM of CX-717 was in-
fused. The single channel activity elicited by 290 nM of AMPA was significantly
decreased in prenatal Nicotine induced synaptosomal AMPA receptors compared
to controls. open probability, dwell mean open time decreased in prenatal Nicotine
exposed synaptosomes and were completely ameliorated by 4.0 uM of CX-717. It
is concluded that by profoundly ameliorating synaptic AMPAR function, CX-717
can strengthen the synaptic communication required for learning and memory.
Therefore, CX-717 may be a potential therapeutic option for cognitive impairment
associated with prenatal nicotine exposure that impairs AMPAR function.
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INVOLVEMENT OF TRPV1 AND ER STRESS IN LUNG
CELL DEATH IN VITRO AND ACUTE LUNG INJURY
IN VIVO.

K. C. Thomas, G.S. Yostand C. A. Reilly. Pharmacology and Toxicology,
University of Utah, Salt Lake City, UT.

The capsaicin receptor, TRPV1, is activated by both exogenous (e.g., capsaicin) and
endogenous (e.g., anandamide, H,S, LTB,) ligands. In human lung cells, plasma
membrane and endoplasmic reticulum (ER) TRPV1 differentially regulate inflam-
matory cytokine gene expression and cell death after TRPV1 activation. Calcium
efflux from the ER initiates the unfolded protein/ER stress response and cell death
via EIF20K3 activation and increased expression of pro-apoptotic DNA damage-
inducible transcript 3 (DDIT3, CHOP or GADD153). Structural modifications
to the 3-MeO-4-OH-benzylamide pharmacophore of capsaicinoids decreased
TRPV1 activation and ER stress-induced cell death in lung cells. The endogenous
TRPV1 agonist anandamide also induced ER stress and lung cell death in vitro.
Endovanilloids including anandamide damage the lung during inflammation.
Treatment of mice i.p. with LPS induced systemic inflammation and endovanilloid
synthesis and caused lung injury in mice in a TRPV1- and ER stress-dependent
manner. TRPV1 knockout mice and mice treated with TRPV1 antagonist LJO-
328 were protected from lung injury and increased expression of GADD153 and
IL-6 were not observed. Because TRPV1 contributes to lung injury during experi-
mental endotoxemia, TRPV1 may be a novel target for prevention of lung injury
during pathological systemic inflammation due to sepsis. This work was supported
by NIH grant (HL069813).
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M. M. Angrish" %2, L. D. Burgoon®?, B.D. Mets”? and T. R, Zacharewski">>.
! Genetics Program, Michigan State University, East Lansing, MI, zBiotlaemiszry and
Molecular Biology, Michigan State University, East Lansing, MI and’ Center for
Integrative Toxicology ¢ National Food Safety and Toxicology Center, Michigan State
University, East Lansing, MI.

AHR-MEDIATED REGULATION OF STEAROYL-COA
DESATURASE 1.

2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is a potent, environmentally persist-
ent contaminant that modulates gene expression through aryl-hydrocarbon recep-
tor (AhR) mediated interactions with dioxin response elements (DREs) in the reg-



ulatory regions of genes. Recently, we identified species-specific gene expression
changes associated with lipid metabolism that may be mediated through species-
specific DREs in ovariectomized Sprague Dawley rats and C57BL/6 mice gavaged
with 10 or 30 pg/kg TCDD, respectively. Rats experienced specific decreases in
body weight gain while mice exhibited steatosis and steatohepatitis at 72 and 168 h,
respectively. Gas chromatography/mass spectrometry (GC-MS) hepatic lipid profil-
ing revealed a significant increase in monounsaturated fatty acids (MUFAs) in
treated versus control mice. Of particular interest was the increase in oleate (C18:1
n-9; 1.5x at 24h & 2.0x at 72 h), the MUFA product of stearate (18:0). Stearoyl
Co-A desaturase (Scdl) converts palmitate (16:0) and stearate (18:0) to the
MUFAs palmitoleate (16:1 n-7) and oleate (18:1 n-9) respectively. Published Scd1
null mice studies implicate Scd1 in obesity, non-alcoholic fatty liver disease and the
metabolic syndrome. QRTPCR confirmed species-specific induction of Scd1 in rat
liver, but not in mouse liver. Non-conserved putative DREs in the regulatory region
of the human, mouse and rat Scd1 gene were computationally identified using a
position weight matrix. Reporter gene assays containing regions with these putative
DRE:s indicated TCDD inducible alterations in reporter gene expression in the
HepG2 hepatoma cell line. Band shift assays confirmed the formation of
AhR/ARNT-DRE complexes with selected putative DREs. Collectively, these re-
sults suggest a role for Scd1 in the species-specific induction of steatosis and steato-

hepatitis by TCDD. Funded by NIH R01 ES013927 & SBRP P42ES04911.

THE INVESTIGATION OF TISSUE-SPECIFIC
MODULATION OF AHR-DEPENDENT GENE
EXPRESSION.

B Y

T. Suzuki, S. Takamoto and K. Nohara. National Institute for Environmental
Studies, Tsukuba, Japan.

The arylhydrocarbon receptor (AhR) is a ligand-activated transcription factor and
mediates the toxicity of dioxins including 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD). Upon binding to TCDD, the AhR becomes activated and modulates tar-
get gene expression, such as CYP1AI. Although AhR-dependent gene expression
varies greatly among tissues, the precise mechanism has not been clarified. AhR re-
pressor (AhRR) and histone deacetylases (HDAC:s) are reported to play a signifi-
cant role in suppressing the transcriptional activity of AhR. In this study, we inves-
tigated the mechanism of tissue-specific modulation of AhR-dependent gene
expression by focusing on the functions of AhRR and HDACs. Female C57BL/6
mice were orally administered TCDD in a single dose of 2 ug/kg body weight, and
their livers and spleens were examined. At 24 h after TCDD administration, the
amount of TCDD in the liver was about 50-fold larger than in the spleen. On the
other hand, the level of CYPIAI induction was about 600-fold larger in the liver
than in the spleen. Thus, the level of CYP1A1 induced by the same amount of
TCDD was about 12-fold larger in the liver than in the spleen. Time-course study
showed that CYP1AI was markedly induced at 6 h in the liver and increased until
48 h. In the spleen, however, it was weakly induced at 6 h, peaked at 12 h, and de-
creased thereafter. In consistent with the weak induction of CYP1A1 in the spleen,
AhRR was markedly induced at 6 h in the spleen and did not decrease until 48 h.
The liver showed only a weak AhRR induction. Chromatin immunoprecipitation
assay showed that HDAC3 was recruited to the CYPIAL promoter in the liver
upon TCDD exposure. However, the binding was decreased immediately after 12
h. These results indicate that AhRR is strongly induced in the spleen and attributes
to the weak induction of CYP1AL1 in the spleen compared to the liver.

ACTIVATED ARYL HYDROCARBON RECEPTOR
MODULATES THE GENOMIC BINDING PROFILE OF
ESTROGEN RECEPTOR ALPHA.

B

S. Ahmed', E. Valen’, A. Sandelin and ]. Matthews'. ' Department of
Pharmacology & Toxicology, University of Toronto, Toronto, ON, Canada and > The
Bioinformatics Centre, Department of Molecular Biology ¢ Biotech Research and
Innovation Centre, University of Copenhagen, Copenhagen, Denmark.

In this study, chromatin immunoprecipitation followed by microarray technology
(ChIP-chip) was used to compare the genomic binding profiles of the aryl hydro-
carbon receptor (AHR) and estrogen receptor alpha (ERa). Chromatin was isolated
from asynchronous T-47D human breast cancer cells treated with 10 nM 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) for 1h. Protein:chromatin complexes were
isolated using specific antibodies against AHR and ERa. Immunoprecipitated
DNA was linearly amplified and hybridized to Affymetrix® human promoter 1.0R
tiling arrays that contain 25,500 promoter regions. Enriched regions were identi-
fied using CisGenome® and TileMap software set at a 1% false detection rate. Of
the 905 ERa identified regions 214 overlapped (>50 % sequence identity) with the
1191 AHR identified regions following TCDD treatment. Conventional ChIPs
confirmed the recruitment of AHR and ERa to 36 of the identified regions.
Sequential ChIPs showed that both AHR and ERa are recruited at the same time

to all of the identified regions we examined. The regions were mapped to the closet
genes and qPCR was used to determine TCDD-dependent changes in mRNA lev-
els. We identified mRNAs that were increased, decreased or unchanged following
TCDD treatment. Computational analysis of the shared regions (bound by both
AHR and ERa) revealed that there was an over-representation of AHREs and not
ERE suggesting that AHR drives the recruitment of ERa.. RNAi-mediated knock-
down of AHR confirmed its requirement for the recruitment of ERa to the shared
regions. However, knockdown of ERa. did not affect the recruitment of AHR to
the regions tested. Overall, AHR modulates the genomic binding patterns of ERal
following the addition of the AHR selective agonist TCDD. Our findings confirm
the strong functional overlap between ERar and AHR signaling pathways and that
activation of AHR influences ERat activity.

DIFFERENTIAL GENE REGULATION BY THE HUMAN
AHR IN TRANSGENIC HUMANIZED MOUSE
HEPATOCYTES.
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C. A. Flaveny, I. A. Murray, B. DiNatale and G. H. Perdew. Center for Molecular
Toxicology and Carcinogenesis, Penn State University, University Park, PA.

The human and mouse aryl hydrocarbon receptor (hAHR and mAHR) share lim-
ited (58%) transactivation domain (TAD) sequence identity and display distinct
ligand affinity with the hAHR having 10-fold lower relative affinity for prototypi-
cal ligands such as 2,3,7,8 tetrachlorodibenzo-p-dioxin (TCDD). In addition the
hAHR and mAHR also display functional differences. Previous studies have shown
that the mAHR and hAHR can differentially recruit LXXLL co-activator-motif
proteins and utilize different TAD subdomains in gene transactivation. We decided
to investigate whether the hAHR and mAHR differentially regulate gene expression
in response to TCDD. Hepatocytes were isolated from wild type C57BL6/] and he-
patocyte-specific hAHR transgenic mice (B6.Cg-Ahrtm3.1Bra Tg (Alb-cre, Ttr-
AHR)1Ghp) and treated with 10nM TCDD or vehicle for 6h. Microarray and
quantitative-PCR analysis of TCDD-treated hepatocytes revealed that a number of
classical AHR target genes such as Cyplal, Cyplbl, Ahrr and Nqol are signifi-
cantly induced by both receptors. Remarkably, of the 1752 genes induced in
mAHR and 1186 genes induced in hAHR, only 266 genes (<10%) were signifi-
cantly activated by both receptors in response to TCDD. Conversely of the 782 and
1103 genes significantly repressed in hAHR and mAHR hepatocytes respectively,
only 463 (<25%) genes were significantly repressed by both receptors in response to
TCDD treatment. Genes identified as differentially expressed are known to be in-
volved in a number of biological pathways, including cell proliferation (e.g. Bcl2,
Prkar2B, Cav2), and inflammatory response (e.g. I-10, Mif). Limited overlap in
the genes regulated by the mAHR and hAHR suggests that the hAHR may differ-
entially modulate gene expression. Furthermore this discovery suggests that com-
pared to the mAHR, the hAHR may play a contrasting role in TCDD toxicity and
thus highlights the limitations of traditional TCDD toxicity studies in rodent mod-
els and how these studies relate to human risk. (Supported by grants from NIH
ES04869 and Dow Chemical Company)

PS 100 TCDD DOWNREGULATES SOX9B mRNA EXPRESSION

IN ZEBRAFISH JAW EXPLANTS.

K. M. Xiong', R. E. Peterson” and W. Heideman" 2. ' Biomolecular Chemistry,
University of Wisconsin ar Madison, Madison, W1 and ZP/mrmmy, University of
Wisconsin at Madison, Madison, W1.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) causes craniofacial malformation in
developing zebrafish embryos that includes dysmorphology of the upper and lower
jaw. Overt TCDD toxicity that includes craniofacial malformation is mediated by
AHR2 signaling in zebrafish embryos. Reduced sox9b expression is tantamount to
TCDD-induced impairment of jaw development (Xiong KM et al 2008). Sox9b
encodes a transcription factor essential for chondrogenesis. However, it is unclear
how sox9b expression is regulated. We hypothesize that TCDD reduces sox9b
mRNA expression by AHR2-mediated inhibition of a sox9b activator or induction
of a sox9b repressor. To test this hypothesis we developed a larval zebrafish jaw ex-
plant model. The jaw was microdissected from 5 dpf larva and grown in organ cul-
ture media containing L-15, 10% FBS, penicillin and streptomycin. To determine
if explanted jaws grow in culture, jaw explants were treated with BrdU 24 h post
dissection and BrdU was detected by immunofluorescent microscopy. BrdU posi-
tive cells were identified in jaw explants confirming occurrence of cell proliferation
in the explanted jaws. To determine if the jaw explants respond similarly to TCDD
as jaws in intact larvae, 24 h post dissected jaw explants were exposed to 1 ng/ul
TCDD or vehicle (0.1% DMSO) and qRT-PCR was done to measure cypla and
sox9b mRNA abundance. Cypla mRNA expression in TCDD-treated explants

was induced to a level comparable to jaws from larva treated in vivo with TCDD.
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Importantly, reduced sox9b mRNA expression was identified in TCDD-treated
jaw explants. The reduction of sox9b mRNA in jaw explants was similar to the
magnitude of reduction in jaws from in vivo TCDD-treated larvae. Experiments
using this jaw explant system to identify cis regulatory elements in the sox9b gene
are described.

101 MECHANISMS OF INTESTINAL BCRP INDUCTION BY
. 3MC: EVIDENCE FOR AHR SIGNALING PATHWAY.

L. M. Tompkms , H. Li", T Nakanishi?, D. Ross and H. Wang Unwermy of

Maryland, School afPharmﬂcy, Baltimore, MD and” University of Maryland,

Greenebaum Cancer Center, Baltimore, MD.

The gut and small intestine are the primary sites of absorption for nutrients and
orally-administered drugs. Breast cancer resistance protein (BCRP; ABCG2), a
novel efflux transporter, is responsible for the efflux of endobiotics and xenobiotics
and determines the bioavailability of substrate drugs. Initially identified as the me-
diator of chemotherapeutic resistance in breast cancer tumors, BCRP expression
has since been detected in normal tissues of the colon, small intestine, kidney, liver,
and barrier structures such as the placenta and the blood-brain barrier. In the small
intestine, several xenobiotic receptors including AhR have been postulated as regu-
lators of xenobiotic-induced BCRP expression. However, the underlying molecular
mechanisms of this induction are largely unexplored. In the human colorectal car-
cinoma cell line LS174T, quantitative real-time PCR data demonstrated regulation
of BCRP expression by hCAR and AhR following treatment with phenobarbital
(PB) and 3-methylcholanthrene (3MC), respectively. PB showed an 11-fold induc-
tion, but 3MC caused a 27-fold induction of BCRP expression. Additional AhR
agonists demonstrated their ability to upregulate BCRP—the phytochemical,
resveratrol with 3.8-fold induction and the proton pump inhibitor, omeprazole
with 5.9-fold. Computer analysis of the BCRP promoter demonstrated the pres-
ence of several putative AhR response elements (AhRE) that may contribute to the
observed induction in small intestine. Two promoter constructs, 1.2kb with 3 puta-
tive AhREs and 3.8kb with 5 putative AhREs, were treated with 3MC and were ac-
tivated 2.5-fold and 5.9-fold, respectively. A greater response from the 3.8kb region
having more AhREs suggests the involvement of more than one element for maxi-
mal AhR-mediated induction. Site-directed mutagenesis and EMSA studies are un-
derway to confirm these findings. AhR agonists are found in natural products and
commonly-used drugs presenting the potential for unexpected drug-drug interac-
tions with BCRP substrate drugs.

REPRESSION OF CARDIOMYOCYTE MARKERS BY AH
RECEPTOR LIGANDS DURING DIFFERENTIATION OF
MOUSE EMBRYONIC STEM CELLS.

102

Y. Wang, Y. Fan and A. Puga. Environmental Health, University of Cincinnati
College of Medicine, Cincinnati, OH.

The vertebrate aryl hydrocarbon receptor is a ligand-activated transcription factor
that regulates cellular responses to environmental polycyclic and halogenated com-
pounds. We have mapped the network of AHR binding targets in the mouse
genome through a multi-pronged approach involving ChIP-on-chip and global
gene expression signatures, and have integrated this information into a prior func-
tional knowledge base. Assembly of binding sequence motif analysis and extensive
prior functional knowledge from Gene Ontology, interaction networks, KEGG
pathways and literature molecular concepts reveals that the naive AHR of unstimu-
lated cells targets an extensive array of gene clusters involved in regulation of gene
expression, differentiation and pattern specification, connecting multiple morpho-
genetic and developmental programs. Activation by ligand displaces the receptor
from some of these targets towards sites in the promoters of xenobiotic metabolism
genes. We have followed up these findings by using differentiating mouse embry-
onic stem cells to characterize the consequences of TCDD or benzo[a]pyrene expo-
sure, for a period of up to 6 days from the pluripotent stage, on the expression of
several dozen markers of pluripotency, morphogenesis, development and differenti-
ation into specific cellular lineages. Using real-time RT PCR, we find that each lig-
and causes specific changes in expression of these genes, generally inducing a re-
pression of differentiation. In the specific cardiomyocyte lineage, genes such as
those coding for the alpha- and beta-myosin heavy chains or the transcription fac-
tor Nkx2.5, specifically upregulated during cardiomyocytes differentiation, are re-
pressed by treatment with either TCDD or B[a]P. We also observe the repression of
the cardiac troponin-T protein using immune flow cytometric detection. These
data show that AhR possesses unsuspected regulatory functions that may become
potential targets of environmental injury during development. (Supported by NTH
RO1ES6273, NIH R01ES10807, and NIH P30 ES06096).
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PS 103 BENZO[A]PYRENE INCREASES REACTIVE OXYGEN
SPECIES AND REGULATES THE METALLOTHIONEIN,
CYTOCHROME P450 AND ALDO-KETO REDUCTASES
MESSENGER RNA LEVELS IN HUMAN LUNG
ADENOCARCINOMA A549 CELLS.

Y. Rodriguez-Yéiez', B. Cisneros’, E. Brambila® and A A. Albores'. " Toxicology
Section, CINVES TAVIPN Mexico City, D.F, Mexzw, °Genetics Department,
CINVESTAV-IPN, Mexico City, D.E, Mexico and’Biochemistry and Molecular
Biology Department, Benemérita Universidad Auténoma de Puebla, Puebla, Pue,
Mexico.

The effects of benzo[4]pyrene (BaP), a polycyclic aromatic hydrocarbon and an en-
vironmental contaminant, on cytochrome P450 1A1 (CYP1AI), aldo-keto reduc-
tases 1C1 and 1C3 (AKRICI and AKRIC3) and metallothionein 1A and 2A
(MT1A and MT24) mRNA levels, and ROS production; were analyzed in A549
cells. Cell cultures were treated with 1, 5, 10, 20, 30 and 50 uM BaD, for 1, 3, 6, 12
and 24 h, kept at 37°C and CO, 5%. Cell viability was measured with propidium
iodide assay. ®0,” and H,0, intracellular productlon were evaluated with dihy-
droethidium (DHE) ﬂuorescence and 2’,7’-dichlorodihydrofluorescein diacetate
(H,DCFDA) assay, respectively. CYPIAI, AKRICI, AKRIC3, MTIA, and MT2A
mRNA levels were assessed by quantitative polymerase chain reaction (QPCR).
Results shown that BaP does not affect cell viability at any treatment, and ROS
production was increased in a concentration- and time- dependent manner.
CYPI1AI, AKRICI, AKRIC3, MTIA and MT2A expression were up-regulated by
BaP at different times and BaP concentrations. These results suggest that the
pleiotropic effect of BaP on CYPIAI, AKRICI, AKRIC3, MT1A and MT2A over-
expression happen through different pathways. The extent by which CYPI1A1I,
AKRICI, AKRIC3, MT1A and MT2A are regulated by BaP itself, BaP metabolites
and ROS requires further investigation. (Supported by grant CONACYT-SEMAR-
NAT, FOSEMARNAT-2004-01-293, Mexico).

PS 104  MICRORNAS IN DEVELOPMENTAL TOXICOLOGY:
. EFFECTS OF TCDD ON MICRORNA EXPRESSION IN

EMBRYOS.

M. ]. Jenny and M. E. Hahn. Biology, Woods Hole Oceanographic Institution, Woods
Hole, MA.

Many drugs and environmental chemicals are teratogenic, and fetal exposure is as-
sociated with human birth defects. However, mechanisms by which most develop-
mental toxicants disrupt embryonic development are not well understood.
MicroRNAs (miRNAs) are important regulators of a variety of cellular processes,
including embryonic development and cellular differentiation. MiRNAs are single-
stranded RNA molecules of ~22 nt that regulate protein expression by inhibiting
mRNA translation and promoting mRNA sequestration or degradation. We hy-
pothesized that exposure to xenobiotics can alter miRNA expression and contribute
to the mechanisms by which environmental chemicals disrupt embryonic develop-
ment. To test this hypothesis for one well-known teratogen, we exposed zebrafish
embryos to DMSO (0.1%) or TCDD (5 nM) for 1 hr at 30 hours post fertilization
(hpf). Three biological replicates of 200 pooled embryos were sampled at 36 and 60
hpf. TCDD caused strong induction of CYP1A at 36 hpf (62-fold) and 60 hpf
(135-fold) as determined by qPCR. MiRNA profiling was performed using
miRCURY LNA arrays (Exiqon). Samples were compared to a universal RNA ref-
erence made from equal amounts of all RNAs. Expression data were compared be-
tween sampling times and treatments. Eighty-two of the 223 miRNAs on the array
were differentially expressed between 36 and 60 hpf (DMSO-treated embryos;
fold-change: -4.01 to +5.41). Comparison of DMSO and TCDD-treated embryos
showed 8 miRNAs with differential expression (1 induced; 7 repressed) at 36 hpf,
and 14 miRNAs with differential expression (10 induced, 4 repressed) at 60 hpf.
Changes were modest, but possibly of biological significance. For example, the
down-regulation of miR-144 and miR-451 by TCDD at 60 hpf is intriguing be-
cause these miRNAs have been shown to be required for erythropoiesis and TCDD
is known to inhibit definitive erythropoiesis in zebrafish embryos. Future directions
include array profiling with a variety known teratogens and identification of
miRNA target genes involved in developmental toxicity. [Support: Mellon
Foundation and Smith Chair]

PS 105 3-METHYLCHOLANTHRENE INDUCED GENOME-
. ‘WIDE BINDING PROFILES OF ARYL HYDROCARBON

RECEPTOR AND ESTROGEN RECEPTOR ALPHA.

A. Pansoy, S. Ahmed, L. MacPherson and J. Matthews. Pharmacology &
Toxicology, University of Toronto, Toronto, ON, Canada.

In this study, ChIP-chip was used to determine the 3-methylcholanthrene (3MC)-
induced genomic footprints of aryl hydrocarbon receptor (AHR) and estrogen re-
ceptor o (ERa). T-47D human breast cancer cells were treated with 1 uM of 3MC



for 1 hour from which chromatin was isolated using specific antibodies against
AHR and ERa. Isolated DNA was linearly amplified and hybridized to
Affymetrix® human 1.0R promoter tiling arrays. Enriched regions were identified
using CisGenome and TileMap v2 software. Of the 893 ERa-bound regions 225
overlapped (>50 % sequence identity) with the 734 AHR-bound regions (31%).
Well described AHR and ERa target genes were among the identified regions.
Recruitment of AHR and ERa to 35 of the identified regions was validated using
conventional ChIP and changes in target gene expression were confirmed using
qPCR. To determine if there were any temporal differences in the recruitment pat-
terns, time course ChIP experiments were performed on cells treated with 1 uM of
3MC for 0 to 4.5 hours. Under these conditions 3MC and TCDD induced oscilla-
tory binding of AHR, ERa, aryl hydrocarbon receptor nuclear translocator
(ARNT), and nuclear receptor co-activator 3 (NCoA3) to CYP1Al and CYP1B1
enhancer regions. Peak binding occurred at 0.5 to 1 hr and rebounded again after 4
hour. These transcription factors were also recruited in a temporal manner to estro-
gen responsive enhancer regions but displayed distinct temporal recruitment pat-
terns. We compared the 3MC-AHR bound regions to ChIP-chip data obtained
from TCDD-AHR bound regions and there was surprisingly little overlap between
AHR-bound regions (30%), suggesting that AHR-ligands influence the chromatin
binding profile of AHR. However, of the top 100 identified regions, 95% were
identical between 3MC and TCDD. Overall, this study provides evidence for (1)
overlapping chromatin binding patterns of AHR and ERa, (2) region-dependent
oscillatory recruitment of AHR and ERa, (3) ligand-dependent chromatin binding
profiles for AHR.

PS 106 LOW-DOSE REPRESSION OF ARYL HYDROCARBON
RECEPTOR SIGNALING BY RESVERATROL IS
MEDIATED BY ESTROGEN RECEPTORS IN HUMAN
CANCER CELL LINES.

G. H. Perdew', B. D. Hollingshead', J. Morales', M. K. Takhar* and T. V.
Beischlagz. IDepartmmt of Veterinary and Biomedical Sciences, The Pennsylvania
State University, State College, PA and ZFacu[ty of Health Sciences, Simon Fraser
University, Burnaby, BC, Canada.

Resveratrol, a red wine phenolic, has been thought to have intrinsic cardio and
chemoprotective effects. It is found in abundance in many foodstuffs such as
grapes, berries and peanuts. At high doses (micromolar) it acts as a pharmacological
antagonist of the aryl hydrocarbon receptor, a weak agonist for estrogen receptors
and binds sirtuins. However, these levels are not attainable through regular diet and
not likely to account for the protective effects attributed to resveratrol. We have ob-
served that low, nanomolar doses of resveratrol are capable of significantly repress-
ing dioxin inducible CYP1AI transcription in human MCF-7 breast and Caco-2
colonic caner cell lines. These effects are dose-dependent and lead to a concomitant
decrease in CYP1AL1 protein and activity levels. While 100 nanomolar resveratrol
repressed dioxin inducible CYP1A1 transcription by approximately 50%, it did not
prevent nuclear translocation of the activated receptor or binding of the receptor to
the regulatory regions of the CYPIA1 gene, nor did it displace 2-azido-3-
[1251]iodo-7,8-dibromodibenzo-p-dioxin from the aryl hydrocarbon receptor.
While low doses of resveratrol failed to activate estrogen receptor target gene tran-
scription, repression of estrogen receptors’ levels with siRNA’s abrogated the repres-
sive effect of resveratrol on dioxin inducible gene transcription. Therefore, this
mechanism may account for some of the putative chemo-protective effects of di-
etary resveratrol. (Supported by grants from NIH ES04869 and the Natural
Science and Engineering Research Council [NSERC] of Canada)

PS 107 DEVELOPING TOOLS FOR RISK ASSESSMENT IN
PROTECTED SPECIES: RELATIVE POTENCIES
INFERRED FROM COMPETITIVE BINDING OF
HALOGENATED AROMATIC HYDROCARBONS TO
ARYL HYDROCARBON RECEPTORS FROM BELUGA
(DELPHINAPTERUS LEUCAS).

B. Jensen"? and M. Hahn?. ' College of Natural Sciences, Hawaii Pacific University,
Kaneohe, HI and” Biology, Woods Hole Oceanographic Institution, Woods Hole, MA.

Persistent organic pollutants such as halogenated aromatic hydrocarbons (HAHs)
are biomagnified in food webs and accumulate to high concentrations in top pred-
ators, including odontocete cetaceans (toothed whales). The most toxic HAHs are
the 2,3,7,8-substituted chlorinated dibenzo-p-dioxins and non-ortho-substituted
polychlorinated biphenyls, which exert effects through the aryl hydrocarbon recep-
tor (AHR). Understanding the impact of HAHs in wildlife is limited by the lack of
taxon-specific information about the relative potencies of toxicologically important
congeners. To assess whether Toxic Equivalency Factors (TEFs) determined in ro-
dents are predictive of HAH relative potencies in a cetacean, we used beluga and
mouse AHRs expressed in vitro from cloned cDNAs to measure the relative AHR-

binding affinities of ten HAHs from five different structural classes. The rank order
of mean IC50s for competitive binding to beluga AHR was: TCDD<TCDF<PCB-
126< PCB-169< PCB-77< PCB-81<<< PCB-156-PCB-128< PCB-105< PCB-
118. The rank order of mean IC50s for binding to the mouse AHR was
TCDD<TCDF< PCB-126< PCB-169< PCB-81< PCB-77< PCB-156<< PCB-
128-PCB-105-PCB-118. Calculated Ki values for binding of HAHs to beluga and
mouse AHRs were highly correlated (r2= 0.9614). Comparison of Ki values indi-
cated that the beluga AHR had a higher affinity than the mouse AHR for most of
the HAHs tested, consistent with the ~2-fold higher [3H]TCDD-binding affinity
determined previously. These results support the use of the WHO mammalian (ro-
dent) TEFs for non- and mono-ortho PCB congeners in beluga and, by inference,
other cetaceans. The overall higher HAH binding affinity of the beluga AHR as
compared to a high-affinity AHR from a dioxin-responsive mouse strain indicates
that beluga, and perhaps cetaceans in general, may be particularly sensitive to the
toxic effects of AHR agonists.

2, 3,7, 8-TETRACHLORODIBENZO-P-DIOXIN
INCREASES OF MATRIX METALLOPROTEINASE-9
EXPRESSION THROUGH ACTIVATION OF ETS-1 IN
HUMAN FIBROSARCOMA HT-1080 CELLS.

Ny 108

H. G. Kim, ]. Choi and H. Jeong. BK21I Project Team, Pharmacy, Chosun
University, Gwangju, Gwangju, Korea, South.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), a prototype of many halogenated
aromatic hydrocarbons, is a ubiquitous, persistent environmental contaminant and
the most powerful tumor promoter in rodent bioassays. In the present study, we in-
vestigated the effect of TCDD on the expression of matrix metalloproteinase-9
(MMP-9) in human fibrosarcoma HT-1080 cells. TCDD dose dependently in-
creased MMP-9 mRNA and stimulated MMP-9 activity using reverse transcrip-
tion-polymerase chain reaction and zymography assay, respectively. TCDD en-
hanced MMP-9 gene promoter activity; however, there was no response to TCDD
in DNA constructs with an ETS-1 site mutation. Electrophoretic mobility shift
assay revealed that TCDD induced the activation of the ETS-1 to a form capable of
binding specifically to the ETS-1 sequence of the MMP-9 gene promoter.
Furthermore, TCDD enhanced migration and invasion in human fibrosarcoma
HT-1080 cells. Taken together, these results demonstrate that TCDD can stimulate
the production of MMP-9 through activation of ETS-1 in human fibrosarcoma
HT-1080 cells, which play an important cause of tumor-promotion.

PS 109 MODULATION OF GENE EXPRESSION NETWORKS BY
. 2, 3, 7, 8-TETRACHLORODIBENZO-P-DIOXIN (TCDD)

DURING VERTEBRATE DEVELOPMENT.

C. Mattinglyl, W. A. Toscano’, N. E. Griffin' and A. ]. Planchart'. "MDIBL,
Salisbury Cove, ME and 2Universily of Minnesota, Minneapolis, MN.

The Aryl hydrocarbon receptor (AhR) mediates toxicity of 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD). TCDD is the archetype of a family of related
polychlorinated compounds found ubiquitously in the environment. Carcinogenic
and endocrine activities of TCDD are well documented, however, little is under-
stood about the developmental effects or molecular mechanisms of action of this
compound. Among other effects, developmental exposure to TCDD results in
craniofacial abnormalities and diseases similar to those associated with develop-
mental exposure to retinoic acid and estrogen, respectively. Significant data suggest
that there is cross-talk between receptors for TCDD, retinoids and estrogens. Using
zebrafish (Danio rerio) as a vertebrate model, this project explores mechanisms un-
derlying TCDD-mediated craniofacial abnormalities. Microarray technology was
used to identifying significantly differentially expressed genes in zebrafish embryos
exposed to control conditions or environmentally relevant levels of TCDD (1 nM).
These results were evaluated in combination with curated data from the publicly
available Comparative Toxicogenomics Database (CTD; http://ctd.mdibl.org) to
identify gene networks targeted developmentally by TCDD. Effects of TCDD on
specific members of a network were confirmed using quantitative RT-PCR. Results
from this project may provide novel mechanisms for understanding specific devel-

opmental effects of TCDD.

PS 110 BODY-ONLY EXPOSURE SYSTEM FOR DETERMINING
. DERMAL ABSORPTION AND TOXICITY OF
CHEMICAL VAPORS IN RATS.

A.]J. O'Neill and L. Crouse. Directorate of Toxicology, U.S. Army Center for
Health Promotion and Preventive Medicine, Aberdeen Proving Ground, MD.
Sponsor: G. Leach.

Assessment of the dermal absorption and toxicity of chemical vapors is necessary
for improving the design criteria for personal protective equipment. The design of a
practical in vivo test system was needed to evaluate percutaneous vapor exposure in
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laboratory animals without inclusion of inhalation exposure. An in vivo system is
beneficial because the metabolism/nervous/hormonal responses of the skin are in-
tact. The body-only exposure system described herein is more simplistic and less
labor intensive than previous work in this field. In the current system, rats are con-
tained during the exposure in specialized restraint modules fitted into a chamber
faceplate. The restrainers are oriented in the faceplate such that only the bodies of
the rats (shaved) are located inside the exposure chamber and exposed to the vapor-
ized test atmosphere. Pulmonary exposure by the rats to the test vapor is minimized
by the orientation of the head of the rats outside the exposure chamber, a flexible
barrier fitted around their necks, and maintenance of a slight negative pressure in-
side the chamber. The system was validated by exposing 6 rats, body-only, for 4
hours to an 8000 ppm vapor atmosphere of toluene. Blood samples were collected
from each rat at 0, 1, 4, and 24 hour timepoints. The mean blood concentrations of
toluene at the 1-, and 4-hour timepoints were 11 + 5.1 and 9.9 = 2.0 ug/ml, re-
spectively, which are similar values to data contained in a previously published
study utilizing a body-only exposure system. A nose-only inhalation exposure was
also conducted with the same generation system and general study design as the
whole-body exposure. The mean blood concentration of toluene for exposing 6
rats, nose-only, for 4 hours to a 7800 ppm vapor atmosphere of toluene at the 1-
and 4-hour timepoints were 230 = 11 and 200 * 22 ug/ml, respectively. The cur-
rent body-only exposure system appears to be an accurate and practical method for
assessment of dermal absorption and toxicity of various chemical vapors in rats.

PS 111 A METHOD DEVELOPMENT STUDY TO ASSESS THE
EFFECTIVENESS OF MEASURES TO PREVENT CROSS
CONTAMINATION DURING TOPICAL APPLICATION
OF A TEST ARTICLE TO THE G6TTINGEN MINIPIG.

O. L. Jumanca and W. Ruddock. /7R Laboratories Canada Inc., Baie d’'Urfe, QC,
Canada. Sponsor: B. Procter.

Although the rabbit is commonly used for the assessment of primary dermal irrita-
tion, pigs have generally been considered to be a better model for the more sophis-
ticated study of dermal permeability and toxicity. Many studies have shown the
close resemblance of human and minipig skin in terms of architectural struc-
ture/morphology, histology and physiological characteristics. As a model in toxicol-
ogy, the minipig has been used extensively in dermal/topical application studies.
One of the most significant issues for dermal studies is the extensive measures re-
quired to prevent cross-contamination of blood and tissue samples, taken to moni-
tor local and systemic exposure to the test article. This is more difficult with the
minipig simply because of it’s size and temperament. ITR has completed a method
development topical application study utilizing the Géttingen minipig. The study
objective was to assess the effectiveness of control processes designed to preclude
contamination of Control animals/samples with test substance. In the study, test
animals were treated by non-occluded topical application of Lidocaine 2.5% cream
(EMLA®) for 4 hours/day over 7 consecutive days. Control animals were similarly
treated with Glycerin USP. Specific standard procedures were identified in the
study protocol to highlight the areas of concern for the technical groups. This in-
cluded those working with the animals, processing blood samples to plasma and the
analytical department. Blood samples were collected at various time points during
the treatment phase, processed and analyzed. Results from the analysis of blood
samples collected during the study revealed that there were no measurable levels of
drug in the Control animals at any time point. Treated animals, however, showed
appropriate levels of drug at all time points. It can be concluded therefore, that the
measures employed on the study were effective in preventing contamination of
Control animals and samples with drug.

DETERMINATION OF THE OPERATIONAL BARRIER
PH OF PORCINE SKIN USING A DERMAL
ABSORPTION MODEL.

112

. E. Riviere and J. D. Brooks. Center for Chemical Toxicology Research and
Pharmacokinetics, North Carolina State University, Raleigh, NC.

The prediction of drug and chemical absorption across the skin is largely based on
mathematical models that assume passive Fickian diffusion as the primary mecha-
nism for transdermal delivery. This assumption implies that only non-charged neu-
tral chemicals pass through the stratum corneum that comprises the epidermal pen-
etration barrier. The purpose of the present analysis was to determine the effective
pH of the skin barrier relative to dermal penetration by using a QSPeR model on
an existing database of dermal permeability constants (log 4p) consisting of 12
marker compounds in 24 diverse chemical mixture combinations obtained in
porcine skin. Model fit was assessed as a function of penetrant’s log D _,, at different
pH. Log D _;; replaces the log octanol/water partition coefficient used in many
QSPeR models which assumes a pH of 7.4. All analyses converged on a value for ef-
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fective stratum corneum barrier pH of 6, a number within the range of measured
stratum corneum pH. These results suggest that when such QSPeR equations are
used to estimate dermal absorption, risk assessment models should employ this
acidic pH as the operational value for barrier penetration. (Supported by NIOSH
OH-07555)

PS 113 DERMAL UPTAKE OF INDUSTRIAL CHEMICALS -
. SHOULD EVAPORATION FROM SKIN BE INCLUDED

IN THE BASIS FOR SKIN NOTATION?

G. Johanson, P. Mohlin and M. Rauma. Work Environment Toxicology, Karolinska
Institute, Stockholm, Sweden.

Many skin penetrating chemicals are highly volatile and evaporation may signifi-
cantly decrease the amount available for absorption following e.g. an accidental
spill on the skin. The impact of evaporation in relation to dermal absorption was
investigated for 83 substances, whereof 73 should have a skin notation according to
the ECETOC criterion (Strategy for assigning a skin notation. ECETOC,
Bruxelles, 31/1993). Evaporation rates were calculated from molar masses, vapor
pressures, the universal gas constant, the temperature (set to 30°C=303K) and mass
transfer coefficients in air. The latter depends mainly on molar volume, molecular
weight and air speed over the exposed surface and was calculated with the Sparks
method for an air speed of 0.6 m/s. Dermal absorption rates of neat chemical were
calculated from published data on skin permeability coefficients. The time to com-
plete elimination from the skin surface, either by evaporation or absorption, was
calculated for an arbitrary initial thickness of 20 wm. The evaporation rate of the 73
chemicals varies from 1072 (vinyl chloride) to 10A-5 (hydroquinone) on a relative
scale (n-butyl acetate=1). Similarly, the time to total elimination (absorption+evap-
oration) varies from 0.2 seconds to 4 days and x of the 73 chemicals are eliminated
in less than 1 hour. The absorbed fraction (absorbed/eliminated) varies from 0.997
(pentachlorophenol) to 107-5 (tetrahydrofuran). For most substances (57 of 73),
less than 50% is absorbed. In conclusion, the extent of evaporation varies widely
between chemicals, ranging from practically negligible to the completely dominat-
ing source of elimination from the skin surface. Furthermore, the huge variability
in time to elimination, ranging from seconds to days, suggests that the assumption
of a uniform dermal exposure duration (1 hour in the ECETOC criterion) and in-
finite dose, often used in the decision basis for skin notation, may be misleading.
The study was supported by the Swedish Council for Working Life and Social
Research (FAS).

PS 114  POLYCYCLIC AROMATIC HYDROCARBONS IN BLACK

TATTOO INKS AND SINGLET OXYGEN GENERATION.

K. Lehner, J. Regensburger, T. Maisch, R. Vasold, E Santarelli, B. Koenig, E.
Engel, M. Landthaler and W. Baeumler. University of Regensburg, Regensburg,
Germany. Sponsor: D Howard.

In recent years, the number of people with tattoos increased enormously. Black tat-
too inks are based on Carbon Black, which is known to act as a significant strong
sorptive phase for polycyclic aromatic hydrocarbons (PAHs). The US Environmetal
Protection Agency US-EPA created a Priority Polluntant list for 16 PAHs, because
many of PAHs are toxic or mutangenic. In addition, many PAHs are suspected to
generate reactive oxygen species (ROS) under UV irradiation, such as singlet oxy-
gen that affects DNA integrity. Since black tattoo inks are placed in the skin at high
concentrations, the goal of our investigation was the determination of PAHs con-
centration in these tattoo inks. We developed an ultrasonic-assisted extraction
method using a mixture of benzene/acetone, heat and centrifugation. We quantita-
tively extracted PAHs from 17 commercially available black tattoo inks using the
Internal Standard method by HPLC Diode Array Technology and mass spec-
troscopy. The tattoo inks contained different amounts of PAHs according to the
US-EPA list. The total amount of PAHs was up to 226 ug per mL tattoo suspen-
sion of black inks. In addition, we found a high amount of phenol with up to 430
ug per mL black tattoo ink. Then, we determined the quantum yield of singlet oxy-
gen generation for each PAH using luminescence spectroscopy. The quantum yield
of the different PAHs ranged from 0.46 to 0.82, which is higher than for photo-
sensitizers used in photodynamic tumor therapy. Human keratinocytes were incu-
bated with PAHs that have been extracted form 1mL Black Tattoo Ink. After irra-
diation with broadband UVA, MTT-assay showed significantly decreasing cell
viability, which clearly depended on the UVA light dose and the respective black
ink extract. In conclusion, black tattoo inks contain high amounts of PAHs and
phenol. The PAHs generate singlet oxygen, which in turn affects cell viability. The
work is supported by a grant of the ‘Deutsche Forschungsgemeinschaft’ (DFG,
BA1741/3-2).



PS 115  EVALUATION OF THE SENSITIZING POTENTIAL OF
> DIPHOTERINE® IN ADULT VOLUNTEERS WITH
NORMAL SKIN.

L. Machieu', E Burgher', A. H. Hall* and H. L. Maibach®. PREVOR,
Valmondois, France, > TCMTS, Laramie, WY and? Dertmatology, UC San Francisco,
San Francisco, CA.

Diphoterine®, a decontamination solution for chemical splashes, contains an am-
photeric compound. It is non-irritating, non-cytotoxic, non-mutagenic and non-
toxic by dermal and oral routes in rodents. Its sensitizing capacity has been previ-
ously evaluated in the Guinea pig without any observed reaction. The objective was
to assess the allergenic potential of Diphoterine® in humans when applied pure
under an occlusive patch with dermatological control following the Marzulli-
Maibach method. 164 normal volunteers were divided into 3 groups. A sample of
25 uL (on a paper filter disk) was applied on the homological (induction phase)
and contralateral scapular area under an occlusive dressing. Another dressing with-
out Diphoterine® was applied in the same conditions as a blank application.
During the induction phase, the application of the product was renewed 3 times
per week for 48H each time. There were 8 or 9 applications. The induction, latency
and elicitation phases ended after 3 weeks, 2 weeks, and 1 week respectively.
Neither the homolateral area during the Induction Phase nor the contralateral area
during the revelation phase were wetted. 161 volunteers completed the study.
Clinical examinations during the induction phase allowed continuing
Diphoterine® and blank applications throughout this period and during the rele-
vation phase. During the elicitation phase, no reaction was observed. An index of
average irritation (I.I.M) was calculated at each examination. The LM.M at day 22,
for the 111 normal volunteers who had 9 successive Diphoterine® applications,
was 0.09. Diphoterine® remains non-irritating during the first 5 applications, then
becomes lightly irritating (I.LM.M = 0.25) during the 3 following applications.
Thus, among 111 normal volunteers, who received 9 successive dermal applica-
tions, Diphoterine® was not a skin irritant. To conclude, the risks of skin sensitiza-
tion from dermal contact with Diphoterine are negligible. Thus Diphoterine® may

be classified as hypoallergenic.
116 CYTOKINES IN RAT SKIN AFTER A ONE-HOUR
- EXPOSURE OF JET PROPULSION FUEL-8.

T. ]. Kannanayakal, C. M. Garrett and J. N. McDougal. Pharmacology and
Toxicology, Boonshoft School of Medicine, Wright State University, Dayton, OH.

Jet Propulsion fuel-8 (JP-8) may cause inflammation upon skin contact. To develop
therapeutic or prophylactic measures, we have to understand the trigger of inflam-
mation induced by JP-8. One of the early events in inflammation is the expression
of inflammatory cytokines. In this study, we have investigated the expression of in-
flammatory cytokines, interleukin (IL) -1 alpha, IL-1 beta, IL-6, macrophage in-
flammatory protein-2 (CXCL2) and tumor necrosis factor (TNF) alpha, at differ-
ent times after a 1-h exposure of rat skin to JP-8. A patch containing five hundred
microliters of JP-8 or an empty patch was placed on the fur-clipped back of male
Fisher rats. At 0, 1, 2, 3, 4, and 8h post exposure, we humanely killed the rats using
CO2 and excised the skin. We isolated protein, to quantify cytokines, by pulveriz-
ing and homogenizing the skin in extraction buffer with protease inhibitors. The
cytokines were estimated using a sandwich ELISA utilizing capture and detection
antibodies from R & D systems (Minneapolis, MN). IL-1 alpha decreased at 3h
and CXCL2 increased at 1h post exposure. IL-1 beta, IL-6 and TNF alpha did not
significantly change at any time point up to 8h. IL-1 alpha is thought to be pre-
formed and stored in skin. The reduction in the level of IL-1 alpha may be due to
its release in response to JP-8 exposure. Released cytokine binds to the receptor and
may be internalized for degradation. CXCL2, a chemokine involved in the attrac-
tion of polymorphonuclear granulocytes, was detected in low amounts compared to
the other cytokines. We expected to see a significant change in the signaling protein
levels based on mRNA expression studies in our lab. In this study, we show that
only two cytokines among the five studied have a change in protein levels. The de-
crease in IL-1 alpha and increase in CXCL2 levels may be some of the earliest pro-
tein events in the inflammatory cascade induced by JP-8. (Sponsored by Air Force
Office of Scientific Research)

' 117 UV EFFECTS AND CHEMICALS SKIN TOLERANCE
= ASSESSMENT USING THE IN VITRO
RECONSTRUCTED HUMAN FULL THICKNESS SKIN

MODEL REALSKIN.

M. Grandidier', D. Lelievre!, N. Li', E. Tinois-Tessonneaud” and J. Cotovio'.
! Life Sciences, COREAL Research, Aulnay sous Bois, France and *EPISKIN snc, Lyon,
France. Sponsor: E. Dufour.

In vitro Reconstructed human skin models are of growing interest for regulatory
purposes in the framework of alternatives to animal testing, and for safety or effi-
cacy studies.

The reconstructed human full thickness skin model RealSkin is an organotypic cul-
ture composed of a living dermal equivalent (human fibroblast-contracted collagen
gel) and a well-stratified and fully differentiated epidermis (human keratinocytes).
In the present study, we investigated dermis and epidermis compartments responses
after exposure to different stress agents. Thus, tissues were subjected to UVs expo-
sure as well as topical treatment with known potentially cytotoxic and non cyto-
toxic chemicals with available historical in vivo skin tolerance data.

For UV effects, skin tissues were exposed to increasing doses of UVA or UVSSR
(UVA+B) from 0 to 55 J.cm-2. For skin tolerance studies, chemical were topically
applied onto the skin. Following UV or product treatments, tissues were incubated
overnight at 37°C, 5% CO2 with fresh maintenance medium. Cell viability assess-
ment (MTT conversion test), pro-inflammatory mediator measurements and histo-
logical studies were performed. Our results showed that 1- UVA-induced damage
predominantly affected the dermal compartment whereas UVA+B exposure simul-
taneously induced damages in both dermal and epidermal compartments, 2- The
skin model with adapted protocols was able to discriminate between cytotoxic and
non cytotoxic chemicals in relation with their irritant potency, 3- damages depth
can be documented.

These preliminary results suggested that RealSkin is a promising tool for under-
standing in vitro skin tolerance effects of products and for studies involving UV ef-
fects. They may serve as a basis for further larger scale experiments.

EFFECT OF METAL WORKING FORMULATIONS ON
BIOCIDE ABSORPTION IN A PDMS MEMBRANE
COATED FIBER.

PS 118

R. E. Baynes and B. M. Barlow. Center for Chemical Toxicology Research and
Pharmacokinetics, North Carolina State University, Raleigh, NC.

Biocides and preservatives are commonly used in metal working industry applica-
tions as additives to extend the shelf life of commercially manufactured aqueous
metal working fluid (MWF) formulations. While little is known of the dermal ab-
sorption and disposition of these and other MWF formulation components, 5
major classes of these biocides have been associated with occupational contact der-
matitis (OCD) in metal machine workers exposed to these mixtures. A PDMS
membrane coated fiber (MCF) was exposed to three industrial generic aqueous cut-
ting fluid formulations; soluble oil (SO), semi-synthetic oil (SSYN), and synthetic
oil (SYN), as well as surrogate formulations of PEG-200 (PEG) and mineral oil
(MO) (to mimic synthetic and soluble oil formulations respectively) at three differ-
ent concentrations (0.05%, 0.5%, and 5%) to determine the absorption of 37
solutes, including representatives from each of the 5 classes of biocides known to
cause OCD. Log K _ . values were used to quantify dermal absorption and to deter-
mine differences between the formulation and/or concentrations. Initial trends in-
dicate that highest absorption occurs at the lowest concentration (absorption at
0.05%3> 0.5%>5.0%) across formulations. This trend is best demonstrated in solu-
ble oil (SO) formulation, and Log K, values best correlated with the 0.05% con-
centration (R* = 0.77). Changes in absorption of solutes with low log K, values
were less likely to be influenced by changes in MWF concentrations, while changes
in absorption were magnified at higher Log K, values. The biocide 4-tertiary
amylphenol showed its most pronounced absorption difference between the 3 con-
centrations in the MO formulation, followed by SO, SYN, and then PEG; the later
with little or no difference in absorption between the concentrations. These phe-
nomena suggest that there is not only a chemical but also concentration dependent
influence on absorption of individual solutes in the presence of more complex for-
mulations or mixtures. This work was supported by NIOSH grant R01-01-03669.

CUTANEOUS RADIATION INJURY: LIPOSOMAL
GLUTATHIONE TREATMENT AND MONITORING BY
OPTICAL REFLECTANCE SPECTROSCOPY.

PS 119

K. D. Thrall’, S. A. Bryanl, T. G. Levitskaia', J- M. Peterson’ and T. Guilford*.
! Pacific Northwest National Laboratory, Richland, WA and” Your Energy Systems,
LLC, Palo Alto, CA.

Exposure to ionizing radiation from radiological or nuclear weapons and terrorist
devices will likely cause life threatening radiation cutaneous injuries. To date, mech-
anistic and health effects of cutaneous radiation injury have been investigated only
to a limited extent, and no specific countermeasures are available for treatment.
Radiation has been shown to deplete the function of glutathione reductase and a
decrease in glutathione can occur systemically or locally in affected tissues. Thus it
is hypothesized that the combined administration of topical and systemic glu-
tathione will reduce the severity of cutaneous radiation injury and accelerate heal-
ing. A stable liposomal encapsulation of glutathione that can be orally and topically
administered has recently become available and has been evaluated for efficacy in
mitigating cutaneous radiation injuries using F344 rats exposed thigh only.
Visually, glutathione reduced cutaneous injury and increased healing compared to
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control (non-glutathione treated) animals. An optical spectroscopic method was
developed and used to analyze the functional characteristics of the exposed leg tis-
sue from day 1 to day 50 post-exposure. The system consists of a ultra-violet/visi-
ble/near-Infrared (UV-vis-NIR) spectrometer coupled fiber-optically with a re-
flectance/backscattering probe. A progressive time-change in the absorbance spectra
of the irradiated skin was observed. A principal component analysis of the data was
successful in monitoring progression of the skin injury with time, differentiating
between levels of exposure, as well as differentiating between glutathione treated
and non-treated animals. (Supported by LDRD Program at the Pacific Northwest
National Laboratory, operated by Battelle for the U.S. DOE under Contract DE-
AC05-76RLO 1830).

PS 120 RETINYL PALMITATE INCREASES THE MULTIPLICITY
- OF SKIN TUMORS IN CRL:SKH-1 (HR/HR) HAIRLESS
MICE EXPOSED TO SIMULATED SOLAR LIGHT.

M. D. Boudreau', G. R. Olson?, P.]J. \W«:—:bb1 B.J. Miller', P.C. Howard', M.
V. Pogribna', J. A. Nichols' and P. P. Fu'. Division of Bzoc/)emzm/ Toxzmlogy,
National Center for Toxicological Research, FDA, Jefferson, AR and* Toxicologic
Pathology Associates, NCTR, Jefferson, AR.

Vitamin A (retinol) plays an essential role in various biological processes; however,
vitamin A is sensitive to heat and light. In order to increase its stability, esters of vi-
tamin A, such as retinyl palmitate (RP), are employed in formulations for cosmetic
use. The long-term consequences of use of RP-containing cosmetic products and
the effects of concomitant exposure to sunlight remain unknown. A 1-year study
was conducted in mice to determine whether the topical application of creams con-
raining RP would enhance the photocarcinogenicity of simulated solar light (SSL).
Groups of 36 male and female SKH-1 mice were irradiated with SSL, emltted from
filtered 6.5 kW xenon arc lamps at doses of 0, 6.85, or 13.7 mJ'CIE/cm?, and re-
ceived topical applications of control cream or creams containing 0.1% or 0.5% RP
to the dorsal skin. The exposures and cream application treatments were conducted
5 days a week for a period of 40 weeks. A 12 week observation period followed the
exposure period. Mice that received no cream treatment showed significant SSL ex-
posure-dependent increases in the incidence and multiplicity of histopathology de-
termined squamous cell neoplasms. The topical application of control cream signif-
icantly enhanced the incidence and multiplicity of squamous cell neoplasms when
compared with no cream groups. In mice that received topical applications of RP-
containing creams and SSL exposures, significant dose trend increases were ob-
served in the multiplicity of squamous cell neoplasms when compared with control
cream groups that received the same level of SSL exposure. The results of the 52-
week photococarcinogenesis study demonstrate that the topical application of
creams containing 0.1% or 0.5% increase squamous cell tumor multiplicity in
SKH-1 mice exposed to SSL. Research supported by IAG 224-07-0007 between
the FDA and the National Toxicology Program.

PERCUTANEOUS ABSORPTION OF CHEMICAL
VAPORS THROUGH EXCISED PIG SKIN. A
BIOLOGICAL ENDPOINT MODEL FOR EVALUATING
PROTECTIVE CLOTHING.

121

G. Leach?, W, Reifenrath', G. Reddy” and W, McCain®. *Stratacor, Inc.,
Richmond, CA and?Directorate of Toxicology, U.S. Army CHPPM, Aberdeen
Proving Ground, MD.

To define the kinetics of in vitro percutaneous absorption of solvent vapors, satu-
rated concentrations of dioxane, isopropanol, methylethylketone, and toluene in
static (still air at 300C) and dynamic conditions (flowing air at 200C ) were ex-
posed to freshly excised, split-thickness pig skin mounted in temperature controlled
evaporation/penetration cells. Solvent concentrations in air (headspace over skin)
were measured by gas chromatography (GC). Receptor fluid exiting the penetra-
tion cells was collected in 4 ml glass vials housed in brass jackets cooled to -200C to
prevent solvent loss, especially for toluene. Solvents were extracted from the recep-
tor fluid with solid phase micro-extraction fibers (SPME) and quantified by GC.
Static vapor phase permeability constants were determined over a 4 hour exposure
period and mean values were 0.36 cm/h for toluene, 0.41 cm/h for isopropanol, 2.4
cm/h for dioxane and 3.6 cm/h for methylethylketone. Dynamic vapor phase per-
meability constants determined under analogous conditions were found to be ap-
proximately an order of magnitude lower and ranged from 0.045 to 0.083 cm/h for
the four solvents. Higher Kp’s for the static measurements may be due to a higher
hydration state of the stratum corneum and may be more appropriate for solvent
vapor trapped between protective clothing and the skin. Using the static vapor
phase Kp values and acute reference exposure levels (California REL values,
ug/m3), it is possible to calculate the necessary permeability values for protective
clothing for a given air concentration of solvent. Such a biological endpoint model
may be useful in striking a balance between protection and heat burden in the de-
sign of protective clothing.
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PS 122 ESTIMATED DERMAL PENETRATION OF
. PERMETHRIN IN HUMANS BASED ON IN VITRO AND
IN VIVO DATA.

. Ross!, ]. Driver!, W. Reifenrath? and N. Assaf’. 'Risk Sciences, LLC,
Sacramento, CA, *Stratacor, Inc., Richmond, CA and’Valent BioSciences,
Liberyville, IL.

The objective of this study was to develop an estimate of the percent dermal ab-
sorption of permethrin in man. This was accomplished by assuming the ratio of the
in vitro dermal absorption of permethrin of rat skin to the in vitro dermal absorp-
tion by human skin was the same as the ratio of in vivo dermal absorption of rats to
in vivo dermal absorption by humans. Three different concentrations of 14C-per-
methrin, ranging from 2.25 pg/cm2 to 200 ug/cm2, were used in vitro with
human and rat skin preparations, and in vivo on bare rat skin. Twenty-four hours
after application of 14C-permethrin to the human skin preparations, the radiolabel
recovered from dermis (bound skin residues) and receptor fluid was summed to de-
termine percent dermal absorption. At doses of approximately 2.25, 20 and 200
ug/cm2 of permethrin, values of 1 +/- 1%, 3 +/- 4%, and 2 +/- 2%, respectively
were obtained for percutaneous absorption (N = 9 /dose). The in vitro rat skin
preparations incubated under the same conditions were found to absorb 20 +/-
9%, 18 +/- 5%, and 24 +/- 8%, respectively (N=6 / dose). In vivo rat dermal ab-
sorption, including carcass, feces, and urine following 24 hours of exposure at the
same dosages were 22 +/- 8 %, 22 +/- 9 %, and 28 +/- 7%, at 24 hours respectively
(N=6 /dose). Five days after the 24-hour exposure, the in vivo rat dermal absorp-
tion was 38 +/- 5 %, 38 +/- 17 %, and 30 +/- 13 %, respectively (N=6 /dose), Dose
and test duration did not have a statistically significant effect on percutaneous ab-
sorption of permethrin in the rat in vivo. The ratio of dermal absorption by in
vitro rat skin to absorption by in vitro human skin ranged from 7.3 to 20. This sug-
gested in vivo human dermal absorption values for permethrin ranging from1.1 to
3.0% compared to the 24-hr in vivo rat values, or 1.9 to 5.2% compared to the 5-
day in vivo rat values. These estimates of in vivo human dermal absorption of per-
methrin are consistent with previously reported values (1 to 5%) for in vivo human
dermal absorption.

DERMAL IRRITANCY OF ALIPHATIC
HYDROCARBONS (C9-C14) USING THE IN VITRO
EPIDERM FULL THICKNESS (EFT-300) SKIN MODEL.

PS 123

R. Mallampatl, R. R. Patlolla!, R.]. Babu?, M. Klausner’, P Hayden and M.
S. Sachdeva'. 'PHARMACEUTICS, FLORIDA Ac+M UNI VERS[ TY, Tallahassee,
FL, *MatTek Corporation, 200 Homer Avenue, Ashland, MA and? Harrison school
of pharmacy, Auburn university, Auburn, AL.

Introduction: EpiDerm full thickness-300 (EFT-300) cultures contain normal
human-derived epidermal keratinocytes (NHEK) and dermal fibroblasts (NHFB)
in a highly differentiated skin-like tissue.The objective of the present work was to
systematically evaluate the EFT-300 skin equivalent for studying the dermal irri-
tancy of the aliphatic C9-C14 hydrocarbons, nonane, decane, undecane, dodecane,
tridecane and tetradecane. Methods: The EFT-300 tissues were treated with 2.5ul
of chemical and incubated at 37°C for 6,24 and 48hours. Tissue viability was as-
sessed using the MTT assay at 24 and 48hours and morphological changes follow-
ing treatment were evaluated using H&E histological cross-sections. ELISA assays
were performed to measure the release of biomarkers including interleukin (IL)-1c,
IL-6 and IL-8 into the culture medium. Results:Histological sections of EFT-300 at
24 hr did not show any structural changes to the viable tissue layers; however, the
stratum corneum of tridecane treated tissues was slightly thickened. At the 48 hr
time point, tridecane and tetradecane induced disruption of the stratum corneum.
All hydrocarbons tested (C9-C14) induced the significant increase(p < 0.05)in IL-
1o, IL-6 and IL-8 release after 24 and 48 hours in the order tetradecane> tride-
cane>dodecane>undecane>decane>nonane. These results were comparable to ear-
lier performed studies with hairless rats in vivo. Conclusions: EFT-300 skin
cultures could discriminate the skin irritation potential of various aliphatic chemi-
cals based on the release of biomarkers known to play a role in skin irritation. As the
chain length increased (C9 to C14), increasing amounts of IL-1a, IL-6, and IL-8
were released into the medium. Our results suggest that the EFT-300 could be a
good in vitro model to study the structural activity relationship of aliphatic hydro-
carbons. Acknowledgements: Supported by international foundation for ethical re-

search (IFER).
124

W. Reifenrath', ]. Ross” and N. Assap !Stratacor, Inc., Richmond, CA, °Risk
Sciences, LLC, Sacramento, CA and?Valent BioSciences, Libertyville, IL.

SKIN PENETRATION OF PERMETHRIN AFTER
TOPICAL APPLICATION TO EXCISED RAT AND
HUMAN SKIN.

The objective of this study was to determine the in vitro percutaneous absorption
of permethrin to ultimately estimate of the potential for systemic absorption of per-
methrin following topical exposure in man. Carbon-14 labeled permethrin in



ethanol solution was applied to freshly excised human skin in an in vitro test system
predictive of skin absorption in man. Twenty-four hours after application, the radi-
olabel recovered from dermis and receptor fluid was summed to determine percent
absorption. At doses of approximately 2.25, 20 and 200 ug/cm2 of permethrin,
values of 1 +/- 1%, 3 +/- 4%, and 2 +/- 2%, respectively were obtained for percuta-
neous absorption (N =9 per dose). For reference purposes, excised human skin ab-
sorption of 14C-piperonyl butoxide (PBO) at 100 ug/cm2 was determined to be 7
+/- 5% (N=9). For additional reference purposes, excised rat skin absorptions of
permethrin at 2.25, 20 and 200 pg/cm2 were found to be 20 +/- 9%, 18 +/- 5%,
and 24 +/- 8%, respectively (N=6 per dose), approximately 10 times higher then
human skin absorptions. Excised rat skin absorption of PBO was also higher (35
+/- 9%) than the value obtained for human skin by a factor of about 5. The human
skin results for permethrin are consistent with a previously published value from
our laboratory (2.7% for excised pig skin at 40 ug/cm2 permethrin) and show a rel-
atively low and constant percent absorption over the dose range. The human skin
results for PBO are lower than a previously reported value from our laboratory
(13%), but higher than published values for human in vivo (1.5-3.7%), giving
some confidence that the values for permethrin are not underestimating absorption
for man.

PS 125 SKIN PENETRATION OF PERMETHRIN AFTER

TOPICAL APPLICATION TO LIVE RATS.

T. Doherty', W. Reifenrath', J. Ross® and N. Assaf’. 'Sratacor, Inc., Richmond,
CA, Risk Sciences, LLC, Sacramento, CA and > Valent Biosciences, Liberzyville, IL.

The objective of this study was to determine the percutaneous absorption of radio-
labeled permethrin in live rats to permit a calculation of the ratio of in vivo to in
vitro values, determined in a separate study. Carbon-14 labeled permethrin in
ethanol solution was applied to the clipped skin of live rats at doses of 2.25, 20 and
200 ug/cm2. As a reference compound, carbon-14 labeled piperonyl butoxide
(PBO) was applied to live rat skin at a dose of 100 pug/cm?2 . All applications were
decontaminated at 24 hours post-application, and rats were terminated either at 24
hours (3 dose levels of permethrin, 6 rats per dose level, 18 rats total) or 5 days (3
dose levels of permethrin and a single dose level of PBO, 6 rats per dose level, 24
rats total). Twenty-four hours and five days after permethrin application, and five
days after PBO application, the radiolabel recovered from carcass, urine and feces
was summed to determine percent absorption. Recoveries across all compounds
and doses were 85-90% and percutaneous absorption values were corrected for re-
coveries. For the 24 hour time point, at doses of 2.25, 20 and 200 ug/cm2 of per-
methrin, values of 22 +/- 8 %, 22 +/- 9 %, and 28 +/- 7%, respectively were ob-
tained for percutaneous absorption (N = 6 per dose). For the 5 day time point, at
doses of 2.25, 20 and 200 ug/cm?2 of permethrin, values of 38 +/- 5 %, 38 +/- 17
%, and 30 +/- 13 %, respectively were obtained for percutaneous absorption (N =
6 per dose). For reference purposes, the five day percutaneous absorption of 14C-
piperonyl butoxide (PBO) at 100 ug/cm2 was determined to be 42 +/- 3 % (N=6).
Dose and test duration did not have a statistically significant effect on percutaneous
absorption of permethrin in the rat in vivo.

TRANS-EPITHELIAL ELECTRICAL RESISTANCE (TEER)
MEASUREMENT ON IN VITRO CUTANEOUS AND
OCULAR 3-D MODELS: A SENSITIVE PARAMETER
NEEDING STANDARDIZED CONDITIONS.

126

T. Delanne, D. Lelievre and J. Cotovio. LOREAL Research, Aulnaus Sous Bois,
France. Sponsor: E. Dufour.

The barrier function of epithelial tissues is well described with passive permeability
assays using hydrophilic or hydrophobic markers. Two major routes are mainly in-
volved in small molecules flux: trans-cellular route mainly dependent on chemicals
lipophilicity and paracellular route linked to intercellular spaces and under tights
junctions (TJs) control. Together with the proteo-lipidic complex of the cornified
layers, T7Js are important effectors of the barrier function of tissues. When TJs are
not mature or damaged in 3-D tissues, hydrophilic compounds are able to diffuse
from the upper layers to the basal one. Consequently, modifications of barrier func-
tion linked structures can influence trans-epithelial electrical resistance (TEER)
state of the tissue. Purpose: Modifications and quality of the barrier function could
be detected by using TEER measurements. In the present work, we studied tissue
integrity modifications after chemical treatments. We evaluated commercially avail-
able in vitro 3-D engineered models: two reconstructed human epidermis models
(EpiSkin large model, RHE small) and a human corneal epithelial model (RHCE)
supplied by SkinEthic Laboratories. TEER measurements were conducted before
and after surfactants treatment.

Material and Methods: TEER was measured during a time period in order to define
acceptable and standardized steps where results could be regarded as stable prior to
measurements. Results: Comparisons between two electrolyte media were done in

order to optimize measurements. After topical treatment with SLS and Triton X-
100, results showed a sharp TEER decrease since the lowest concentrations tested
reaching low resistance values at the highest surfactant concentrations.
Complementary cellular viability assays showed clear effects at highest doses.
Conclusion: TEER method could be a useful parameter for quality control assess-
ments and comparisons between 3-D models. In addition it could be used as a suit-
able easy to use tool, to describe barrier function, complementary to other studies.

PS 127  CYP450 CHARACTERIZATION OF THE
> RECONSTRUCTED HUMAN EPIDERMIS EPISKIN™

INVOLVED IN XENOBIOTIC METABOLISM.

J. Eilstein!, P Meunier', M. Manso?, J. Pachot?, V. Luu-The®, E Labrie®, J.
Meunier', J. Leclaire' and D. Duché'. ' Life Sciences Research-Safety Research
Department, L'Oréal Advance Research, Aulnay-sous-Bois, France, ?Oroxcell,
Romainville, France and Oncology and Molecular Endocrinology Research Center,
Laval University Hospital Research Center (CRCHUL) and Laval University,
Qu ©bec, QC, Canada. Sponsor: E. Dufour.

The main role of human skin is its barrier function to environment and exogenous
chemicals. However, it is not merely an inert organ but it is responsible for a wide
range of metabolic activities and detoxification reactions. Previous studies have
shown that the reconstructed human epidermis Episkin™, an in vitro skin model,
expressed mRNAs of several isoforms of phase I metabolizing-enzymes, such as cy-
tochromes P450 (CYP). However, the presence of mRNA material does not neces-
sarily mean that it is translated into proteins or that the corresponding enzymes are
active. A western blot methodology applied to Episkin™ microsomes, allowed us
to determine CYP1A1l, CYP1B1, CYP2C18, CYP2D6, CYP2E1, CYP2J2,
CYP3A4, CYP3A5 and CYP3A7, which are the main CYP involved in the xenobi-
otic metabolism expressed in skin and in this particular model. In addition, in order
to confirm the epidermal CYP functionality, the catalytic activities of
CYP1A1/1B1, 2B6/2C18/2E1 and 3A isoforms were measured by using fluoro-
genic substrates. Results showed that CYP1A1, CYP1B1, CYP2D6, CYP2EL,
CYP3A4, CYP3A5 and CYP3A7 enzymes were present in Episkin™.
CYP1A1/1B1 and CYP3A isoforms were the main activities determined in the epi-
dermis. CYP2B6/2C18/2E1 activities were also detected but at a too weak level to
be quantified. No real correlation was observed between the CYP mRNA expres-
sion, translation into protein and activity levels. This demonstrates that catalytic ac-
tivity studies are necessary steps to prove the real metabolic capabilities of any tis-
sue. In conclusion, these findings confirm that Episkin™ is a metabolically active
skin model for studying in vitro xenobiotic phase I metabolism and toxicity and se-
lecting inducers or inhibitors for these enzymes.

PS 128  QUANTIFICATION OF PHASES 1 AND 2
. METABOLIZING ENZYMES IN EPISKIN™ AND

NORMAL HUMAN EPIDERMIS.

D. Duche', V. Luu-The?, C. Ferraris', J. Leclaire' and E Labrie®. ILiﬁ’ Sciences -
Stzfegy Research Department, L'Oreal Advanced Research, Aulnay sous Bois, France
and “Oncology and Molecular Endocrinology Research Center, Laval University
Hospital Research Center (CRCHUL) and Laval University, Quebec, QC, Canada.
Sponsor: E. Dufour.

Episkin™ is a human skin model obtained from the in vitro differentiation of epi-
dermal keratinocytes. To assess whether enzymes involved in detoxification of
chemicals are expressed in Episkin™, we quantified, using the RT-PCR technique,
their mRNA expression level in the model and biopsies of normal human epidermis
and compared to each other. The data show that the expression profiles of phases 1
and 2 metabolizing enzymes in Episkin™ and epidermis are very similar, with low
expression levels of CYP450s and very high expression levels of phase 2 enzymes. As
example, glutathione-s-transferase P1 (GSTP1) is found at 5 to 13 millions
copies/ug total RNA, catechol-O-methyl transferase (COMT) and steroid sulfo-
transferase (SULT2B1b) at 0.5 to 1 million and 0.6 to 2 millions copies/ug total
RNA, respectively. N-acetyl transferase (NATS) is expressed at a lower level
(~50000 to 200000 copies/ug total RNA) and monoamine oxydase (MAO) at ap-
proximately 100000 copies/pg total RNA. In contrast with total skin where alcohol
dehydrogenase (ADH1B) is expressed at very high levels, this enzyme is almost ab-
sent in Episkin™ and epidermis. Other phase 1 enzymes are also expressed at low
levels. The highest expression levels are found for CYP1B1, CYP2E1 and CYP4B1
at approximately 100000 copies/ug total RNA. Similar to human skin, CYP450s
(CYP2J2, 4F12, 4F8, 7B1, 26B and 39A1) metabolizing endogenous compounds
are also present. The highly similar expression profiles of metabolizing enzymes be-
tween the reconstructed skin and a normal human epidermis, strongly suggest that
Episkin™ js a good model for studying detoxification in human skin.
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129 AN INITIAL EVALUATION OF THE CELLSYSTEMS EST-
1000 RECONSTRUCTED HUMAN SKIN MODEL FOR
DISTINGUISHING R34 AND R35 CORROSIVES IN
VITRO .

H. Bytheway"?, D. Fuchs’, H. Fuchs’, R. Guest"?, J. Hoffman®, N. Warren">
and A. Whittingham" 2. ' Harlan Laboratories, Indianapolis, IN, °SafePharm
Laboratories, Derby, United Kingdom and > CellSystems Biotechnologie Vertrieb
GmbH, St Katharinen, Germany. Sponsor: S. Corney.

Skin corrosion refers to the production of irreversible damage to the skin following
application of a test substance for up to 4 hours (Globally Harmonised System of
Classification and Labelling of Chemicals (GHS)). Assessment of the potential of
chemicals to induce skin corrosion is important in establishing procedures for their
safe handling, packing and transportation. Validation studies have shown that tests
employing reconstructed human skin models are able to reliably distinguish be-
tween known skin corrosives and non-corrosives. The reconstructed human epider-
mis model EST-1000 can be used in the assessment of skin corrosivity potential as
indicated in the OECD Guideline for the testing of chemicals No 431. The pur-
pose of this study was to assess whether the EST-1000 model can be used to cor-
rectly identify R 35 (UN packing group I) and R 34 (UN packing group II & III)
chemicals by performing corrosivity testing in accordance with INVITTOX
Protocol No 118. Two R 35 corrosive chemicals (1,2 diaminopropane and acrylic
acid), two R 34 corrosive chemicals (2-tert.butylphenol and octanoic acid) and two
non-corrosive chemicals (phenethyl bromide and 4-(methylthio)-benzaldehyde)
were applied to EST-1000 tissues for periods of 3 minutes, 1 hour or 4 hours and
tissue viability was determined by measurement of mitochondrial dehydrogenase
activity using the MTT assay. The results of the study demonstrated that using the
EST-1000 model in accordance with the INVITTOX protocol, it was possible to
correctly identify the corrosive and non corrosive chemicals. Both R 35 corrosive
chemicals were correctly identified and one of the R 34 corrosive chemicals was also
correctly identified. The other R 34 chemical (2-tert.butylphenol) was overpre-
dicted as a R 35 corrosive chemical. It is concluded that the EST-1000 model is a
suitable candidate for distinguishing R 35 (UN packing group I) and R 34 (UN
packing group II & III) chemicals.

CHARACTERIZATION OF OXIDATIVE DEAMINASE
ACTIVITY IN THE RECONSTRUCTED HUMAN
EPIDERMIS EPISKIN™

130

E. Arbey, J. Eilstein, E Canivet, J. Meunier, J. Leclaire and D. Duché. Life
Sciences Research-Safety Research Department, L'Oréal Advance Research, Aulnay-

sous-Bois, France. Sponsor: E. Dufour.

The skin is not just a passive physical barrier but is also a biological structure in-
volved in a wide range of metabolic activities. The reconstructed human epidermis
Episkin™ is a tool developed for studying, in vitro, skin toxicity of chemicals and
their metabolism as alternative methods to animal experimentation. This implies
that the model is metabolically active. Adenosine deaminase (ADA ) and adenylate
deaminase (AMPDA ) are enzymes involved in the irreversible oxidative deamina-
tion of adenosine and adenosine derivatives to inosine and inosine derivatives, re-
spectively. These enzymes, which are present in normal human epidermis, have a
critical role in the adenosine homeostasis and may be in the proliferation and mat-
uration of certain types of mammalian cells. In this work, we reported the charac-
terization of oxidative deaminase activity in Episkin™ using adenosine derivatives
as enzyme substrates (2°,3’-O-isopropylidene adenosine...). Substrates disappear-
ance and the corresponding inosine derivatives appearance were detected by UV-
HPLC and demonstrate that ADA and /or AMPDA are present and efficient in
Episkin™.

IDENTIFICATION OF MOLECULAR THERAPEUTIC
TARGETS IN PORCINE SKIN EXPOSED TO BROMINE
USING TOXICOGENOMICS.

131

. Rogers', J. Price', ]. McDougal’, M. Shaw', R. Kiser', E Reid" and J.
Graham®. ' Battelle, Columbus, OH, Z‘Wl;g/)[ State University, Dayton, OH and
JUSAMRICD, APG, MD.

Bromine is a toxic industrial chemical that is irritating and corrosive, resulting in
significant skin damage. Little is known about therapeutic treatments of bromine
burns to reduce burn severity and healing time. Treatment selection and develop-
ment requires the understanding of the underlying molecular mechanisms. This
study utilized toxicogenomic analysis to evaluate transcriptional changes and iden-
tify potential molecular therapeutic targets in porcine skin exposed to liquid
bromine. Ventral abdominal sites on each of four weanling swine were exposed to
600 uL undiluted bromine for 45 sec or 8 min. At 24 hr and 7 days post-exposure,
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skin samples were excised, and total RNA was isolated, processed and hybridized to
Affymetrix GeneChip® Porcine Genome Arrays (containing 20,201 genes).
Analysis revealed 30% of the transcripts changed at 24 hours were the same regard-
less of whether the bromine treatment was 45 seconds or 8 minutes, and 62% of
the transcripts changed at seven days were the same regardless of the exposure. Both
the 45 sec and 8 min exposures shared about 13% to 14% of transcripts at 7 days.
Ingenuity Pathways Analysis (IPA) revealed 6 of the top 10 biological functions
were commonly shared, while 11 genes were common shared among 24 signaling
pathways. In addition, the functions of dermatological diseases and conditions, in-
flammatory disease, and immune response were significantly changed in which IPA
identified drugs in Phase II or Phase III clinical trials, or FDA-approved for use
against specific gene targets. The genes encoding CASP3, CD40, IL-6, and VEGFA
were commonly shared among these three functional categories. These results indi-
cate that the transcriptional changes in bromine-burned skin are primarily affected
temporally rather than exposure duration, and the transcriptional responses can be
differentiated using transcriptomics analysis. This work was supported by the U.S.
Army MRMC under Contract W81XWH-05-D-0001, Task Order 0010.

PS 132  INTRACUTANEOUS ADMINISTRATION AS A

METHOD FOR EVALUATION OF PHOTOTOXICITY.

D. B. Learn, C.P. Sambuco, P _D. Forbes and A. M. Hoberman. Charles River
Laboratories, Horsham, PA.

To elicit phototoxicity, the material of interest must be in the target tissue at the ap-
propriate concentration and be exposed to the appropriate activating wavelengths
of light. In certain cases, clinical phototoxicity can be difficult to replicate in animal
models, presumably because of differences in exposure patterns, light sources, me-
tabolism, administration or unidentified variables. Direct administration to the
skin by intracutaneous administration ensures that the putative phototoxin is pres-
ent in the target tissue (skin) during irradiation, bypassing tissue accumulation, me-
tabolism or reasons that may not be known without extensive investigation. In this
study, the PT of two known clinical phototoxins, doxycycline (DOX) and chlor-
promazine (CTZ), were evaluated in albino hairless mice. The fluorescent source
emitted principally ultraviolet A (UVA). A single UVA dose of 20 - 23 J/cm® was
used for all exposures. When DOX at the maximum tolerated dose was adminis-
tered for five consecutive days by intraperitoneal injection followed by single UVA
exposure, no cutaneous phototoxicity was elicited. To assess direct administration
of DOX or CPZ to the skin, each phototoxin was administered by the IC route and
the mice irradiated as soon as possible after administration to ensure their presence
in the skin during exposure. Under these conditions, skin reactions consistent with
phototoxicity (erythema, edema) were elicited in the exposure site. The same dose
(total of both sites approximated the maximum tolerated dose) administered to
each mouse without exposure served as control for any non-specific skin reactions.
These results demonstrate that the intracutaneous delivery route is useful in assess-
ing potential phototoxicity of clinically relevant materials that cannot be easily eval-
uated by other dosing routes.

THE USE OF HUMAN DATA WHEN CONDUCTING
DERMAL SENSITIZATION QUANTITATIVE RISK
ASSESSMENTS FOR FRAGRANCE INGREDIENTS; HOW
‘WELL DOES THE LLNA PREDICT HUMAN NOELS?

A. Api, J. Lalko and V. T. Politano. Research Institute for Fragrance Materials, Inc.,
Woodcliff Lake, NJ.

Historical human data either from human repeated insult patch tests or human
maximization tests are available for fragrance ingredients used in consumer prod-
ucts. When conducting a Quantitative Risk Assessment for the induction of dermal
sensitization to a fragrance material, these data add an important aspect to the over-
all weight of evidence approach used to determine potency. A human sensitization
test is not used to determine hazard; it is a test to confirm the lack of dermal sensi-
tization at an exposure level previously identified as a NOEL in an animal model or
derived as a likely NOEL from quantitative structure-activity relationships. The
EC3 value calculated in the LLNA was demonstrated to closely correlate with the
NOEL from human sensitization tests designed to confirm lack of induction. A de-
tailed analysis of the dermal sensitization data for approximately 50 fragrance in-
gredients that have exhibited dermal sensitization has been conducted. The data
show that for a majority of the materials reviewed, there is a very good correlation
between the LLNA EC3 value and the NOEL in confirmatory human dermal sen-
sitization tests. For a minority of materials the correlation is less predictive. When
the correlation is not good, sometimes the data reveal that the LLNA EC3 value is
much lower than the maximum tested NOEL in humans. For other materials the



data show that the EC3 value overestimates the NOEL in confirmatory human
tests. These data illustrate the importance of conducting a confirmatory human
sensitization test. The reason for this lack of correlation is not currently fully un-
derstood. It may be due to the amount of material that is absorbed and/or differ-
ences in the metabolic capabilities of mouse and human skin. As such dermal me-
tabolism and penetration studies are needed to help further our understanding of
dermal contact sensitization in addition to providing the needed perspective to help
explain why some EC3 values do not correlate with human NOELs.

HUMAN CADAVER SKIN: A VALID SURROGATE
MODEL FOR THE DEVELOPMENT OF TOPICAL AND
TRANSDERMAL DRUGS.

134

T.]. Franz, P. A. Lehman and S. A. Raney. Cetero Research, Fargo, ND.

Extensive use has been made of the human cadaver skin model in optimizing vehi-
cles for topically applied products during the preclinical phase of the drug develop-
ment process. However, its potential use in other phases of drug development has
been limited as there is currently no formal regulatory acceptance of it as a valid
surrogate model. Since validation of the model will require demonstration of good
in-vitro/in-vivo correlation, an in-vitro comparison of five generic (test) glucocorti-
coid products with the corresponding innovator (reference) products was made in
the model and the data compared to the in-vivo data which were the basis for FDA
approval. Split-thickness human skin was divided into multiple sections, mounted
in Franz Cells, and products applied at a dose of 6 uL/cm2. Absorption was meas-
ured by sampling the receptor solution periodically over a 48-hour period and as-
saying for drug content by LC-MS. Both rate of absorption and total absorption
were calculated. Four of the five generic products were found to be equivalent to
the corresponding innovator product in the cadaver skin model, in agreement with
the clinical data which was determined by vasoconstrictor assay (VC). Test to refer-
ence ratios varied from 0.96-1.14 in-vitro and 0.92-1.11 in-vivo. However, one
generic product was not equivalent to innovator (T/R = 0.63) and the reason for
the discrepancy was found to be due to insensitivity of the VC assay, not to a failure
of the model. New data continue to validate the human cadaver skin model as a
powerful, sensitive, and relevant tool by which to accurately quantitate a chemical’s
rate of percutaneous absorption. The model has application within multiple areas
of human pharmacology and toxicology, but especially the drug development
process in which it can serve as a valid surrogate for evaluation of the systemic avail-
ability of topical drugs, particularly when safety questions arise due to formulation
changes during Phases 2 or 3, or in lieu of human PK studies when line extensions
are developed.

135 STRATATEST™ TISSUE, A NOVEL IN VITRO

. ALTERNATIVE FOR CYTOTOXICITY TESTING.
C. Rasmussen, A. Comer, J. Pirnstill, S. Pirnstill, N. Simon, K. Gratz and L.
Allen-Hoffmann. Stratatech Corporation, Madison, WI.

There is a substantial and growing need for accurate, reproducible iz vitro test sys-
tems that are capable of replacing animal models in the evaluation and classification
of chemical agents. The available human epidermal cell lines poorly duplicate the 7
vivo response of human skin to chemical agents. Tissue engineering strategies pro-
vide for models that more closely recapitulate the native environment. Stratatech
Corporation has developed and standardized Stratatest™ tissue, a novel in vitro
human skin model, for consumer product and drug discovery testing. This model is
generated using NIKS® keratinocytes, a consistent source of non-tumorigenic,
pathogen-free human keratinocyte progenitors. Stratatest™ tissue, which contains
both epidermal and dermal components, is a fully-stratified, multi-layered tissue.
Stratatest™ tissue exhibits the biological characteristics of human skin.
Histological analysis revealed appropriate tissue architecture formation. Indirect
immunofluorescent detection confirmed the expression pattern of proteins essential
for the integrity, structure, and function of stratified squamous epithelial tissue. By
measuring skin electrical impedance, we determined that Stratatest™ tissue pos-
sesses robust barrier function, a critically important parameter of skin function.
The utility of this model for toxicity testing was evaluated by measuring the re-
sponse of Stratatest™ tissues to the known irritant SDS. Tissues exposed to a range
of concentrations were assayed for cytotoxic effects. Cell viability was determined
by using MTT reduction and the extent of IL-1a. secretion was detected by ELISA.
Both cell viability and IL-1ot secretion revealed a clear dose-dependent response.
Evaluation of four independent Stratatest™ tissue batches indicated a high degree
of reproducibility. These results not only demonstrate the similarity of Stratatest™
tissue to intact skin, both in structure and function, but support use of this repro-
ducible and reliable model for toxicological screening applications.

PS 136  FROM TOPICAL ANTIDOTE AGAINST SKIN
. IRRITANTS TO A NOVEL COUNTER-IRRITATING AND
ANTI-INFLAMMATORY PEPTIDE.

U. Wormser, A. Erlanger-Rosengarten, E. Proscura, E. Shapira and B. Brodsky.
Pharmacology, The Hebrew University, Jerusalem, Israel.

The primary purpose of the present study was to investigate the mechanism of the
counter-irritating activity of topical iodine against skin lesions induced by chemical
and thermal stimuli. The hypothesis that iodine exerts its activity by inducing an
endogenous anti-inflammatory factor was confirmed by exposing guinea pig skin to
heat stimulus followed by topical iodine treatment and skin extraction. Injection of
the extract into naive guinea pigs reduced heat-induced irritation by 62%. The pro-
tective factor, identified as a new nonapeptide (histone H2A 36-44, H-Lys-Gly-
Asn-Tyr-Ala-Glu-Arg-lleu-Ala-OH), caused reduction of 40% in irritation score in
heat-exposed guinea pigs. The murine analog (H-Lys-Gly-His-Tyr-Ala-Glu-Arg-
Val-Gly-OH, termed IIIM1) reduced sulfur mustard (SM)-induced ear swelling at
a dose-dependent bell shape manner reaching peak activity of 1mg/kg. Cultured
keratinocytes transfected with the peptide were more resistant towards SM than the
control cells. The peptide suppressed oxidative burst in activated neutrophils in a
concentration-depended manner. In addition, the peptide reduced glucose oxidase-
induced skin edema in mice at a dose-dependent bell shape manner. Apart from
thermal and chemical-induced skin irritation this novel peptide might be of poten-
tial use in chronic dermal disorders such as psoriasis and pemphigus as well as non-
dermal inflammatory diseases like multiple sclerosis, arthritis and colitis.
Keywords: skin burns, sulfur mustard, peptide, inflammation

137 A STUDY OF PHOTOTOXICITY EVALUATION BY ORAL
: ADMINISTRATION TO BALB/C MICE.

S. Utsunomiya, Y. Takahashi, Y. Tanaka, K. Kumano, Y. Yamashita, T. Ichii, Y.

Otsubo, T. Nakamura, H. Izumi, T. Sukamoto and R. Nagata. Shin Nippon

Biomedical Laboratories (SNBL), Ltd., Kagoshima, Japan.

[Purpose] The phototoxicity of known phototoxic substances was evaluated in
Balb/c mice by oral administration, in accordance with Wagai’s method (1989)
since there is a dearth of information about phototoxicity studies via oral adminis-
tration. [Method] Nalidixic acid (NA) and 8-methoxypsoralen (8-MOP) were used
as positive phototoxic substances. Male Balb/c mice (BALB/cAnNCitlCrlj, Charles
River Japan Inc.), aged 6 weeks were used in the study. On the day before adminis-
tration, the backs of the animals were shaved, and they were fasted from 4 hours be-
fore administration. The dosing preparations (400, 200, 100, and 50 mg/kg NA,
and 40, 20, 10, and 5 mg/kg 8-MOP) were administered at 10 mL/kg. Thirty min-
utes after administration, the animals were irradiated with long-wave ultraviolet
rays of approximately 20 J/cm® (approximately 2.8 mW/cm?, approximately 120
minutes), using an Ultraviolet Irradiation Apparatus (Dermaray, M-DMR-50, Eisai
Co., Ltd.). The thickness of both ears was measured with a dial thickness gauge
(Peacock G-2, Ozaki Mfg. Co., Ltd.), and the ears and back skin were observed be-
fore administration and at 0.5, 24, and 48 hours after irradiation. Skin reaction
(erythema and edema) at the ear and back skin were observed in accordance with
the Draize method criteria. [Result] In the 100 mg/kg NA group and above, ery-
thema scored as 1 to 3 was observed at irradiated sites in all animals from 0.5 hours
after irradiation, and edema scored as 1 was observed at 24 or 48 hours after irradi-
ation. In the 10 mg/kg 8-MOP group and above, erythema scored as 1 or 2 was ob-
served at irradiated sites in all animals from 0.5 hours after irradiation, and edema
scored as 1 or 2 was observed at 24 or 48 hours after irradiation. Ear thickness in-
creased markedly at 400 and 200 mg/kg NA, and at 40, 20, and 10 mg/kg 8-MOP
after irradiation. In this study, positive reactions were clearly observed, and ear
thickness tended to reflect skin reaction.

PS 138  TOPICAL APPLICATION OF ANTI-INFLAMMATORY
= COMPOUNDS IN AN EXVIVO HUMAN SKIN

INFLAMMATION MODEL.

D. C. Bunton, E.J. Moss and K. Macdonald. Weipers Centre, Biopta, Glasgow,
United Kingdom. Sponsor: S. Kirk.

Atopic dermatitis (AD), a common chronic skin disease characterized by abnormal
cytokine production and frequent skin infections, affects 10-20% of children and
2-3% of adults. AD has been reported to be associated with the activation of T cells
that preferentially secrete Th2-like cytokines including IL-4, IL-5, IL-6, IL-10 and
IL-13; this can be mimicked by exposure of the skin to lipopolysaccharide (LPS).
This study aimed to demonstrate that the effectiveness of topically applied anti-in-
flammatory drugs used in the treatment of AD can be measured in explant human
skin cultures stimulated with LPS. Full thickness skin biopsies (3mm diameter)
from ethically donated tissue were inserted into 2mm holes cut into Transwell fil-
ters (pore size 0.40um). The filter was placed in a well of a 24-well culture plate
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with 1ml of culture medium (RPMI) containing 1% heat-inactivated human
serum and 1% penicillin/streptomycin, with the epidermis facing upwards at the
liquid-air interface and the dermls suspended in the culture medium. In order to
stimulate inflammation, 10°M LPS was added directly to the culture medium,
whereas dexamethasone cream LAW (Riemser, 0.05%) or triamcinolone acetonide
cream (Ratiopharm, 0.1%) were applied topically to the epidermis. Culture plates
were incubated at approx. 37°C, in an atmosphere of 5% CO, in air, for 24h.

LPS induced an increase in the concentrations of IL-6, IL-8 and IL-10 in the cul-
ture supernatant of 298%, 177% and 248% respectively. Topical application of
dexamethasone and triamcinolone acetonide caused a reduction in the LPS stimu-
lated release of IL-6 (32% and 82% respectively), IL-8 (114% and 121% respec-
tively) and IL-10 (70% and 147% respectively) to almost control levels (100% re-
duction) detected in unstimulated skin biopsies. Triamcinolone acetonide was more
effective at reducing the levels of inflammatory cytokines than dexamethasone. In
summary, Biopta’s full-thickness human skin culture system appears to be a suitable
model for assessing the effectiveness of potential new topical treatments for AD,
using IL-6, IL-8 and IL-10 as markers of inflammation.

"y 139  EFFECT OF BREVENAL ANTAGONISM IS CELL LINE
. DEPENDENT.

R N. Murrell" 4, A.]. Bourdelais?, D.G. Baden®?and J. E. Glbson4 L

! Environmental amz' Molecular Toxzm/ogy, NCSU, Raleigh, NC, ?Center for Marine
Sflence, UNCW, Wlimington, NC, >Chemistry, UNCW, Wllmington, NC and
Pharmacology and Toxicology, ECU, Greenville, NC.

The dinoflagellate responsible for Florida red tides, Karenia brevis, produces at least
a dozen toxins called brevetoxins and curiously also produces an antagonist, breve-
nal. Brevenal is a non-toxic short-chain trans-syn polyether molecule that competes
with brevetoxin for its active site on voltage-gated sodium channels. Previous stud-
ies in our laboratory have indicated that 0.1 ug/ml and 1.0 pg/ml brevenal in com-
bination with brevetoxin 2 at 10-4M to 10-7M is capable of preventing inhibition
of CHO-K1 BH4 cell proliferation by brevetoxin. For the current study Jurkat E6-
1 Cells were treated with brevetoxin 2 at 10-5.25M (IC50 established in a previous
experiment) in combination with 0.1 ug/ml, 0.5 ug/ml, and 1.0 ug/ml brevenal
and A549 bronchial epithelial cells were treated with Brevetoxin 2 at 10-12M to
10-5M in combination with 0.1 ug/ml, 0.5 ug/ml, and 1.0 ug/ml brevenal for 48
hours. Cell counts taken at 48 hours indicate that brevenal does not antagonize
brevetoxin’s effect on cell proliferation in the T cell lymphoma line Jurkat EG6-1.
However, A549 bronchial epithelial cells showed a significant increase in prolifera-
tion for all doses of brevenal tested. The antagonistic effects of brevenal are depend-
ent on the type of cell tested and it is possible that this difference may be exploited
when determining the pharmaceutical efficacy of brevenal. Research supported by
Marine Biotechnology in North Carolina.

DEVELOPMENT OF A SPECIFIC ASSAY FOR THE
DETERMINATION OF AROMATASE ENZYME
ACTIVITY.

140

H. Tinwell', J. Rascle’ and R. Bars'. ' Research Toxicology, Bayercropscience, Sophia
Antipolis, France and Expemmenml Toxicology, Bayer CropScience, Sophia Antipolis,
France.

Concern over endocrine disruption is gaining momentum as reflected by the EPAs
Endocrine Screening Program as well as the possible inclusion of cut-off criteria for
compounds with endocrine disrupting properties in the revised 91/414 guidelines
for pesticides. One of the tests requested by the EPA is an in vitro assessment of aro-
matase activity; however there are drawbacks to this approach as only inhibition of
the enzyme can be detected and there is no metabolic component to the assay. To
address these shortcomings, we have developed an assay which can detect both in-
creases and decreases in aromatase enzyme activity and can be used to assess tissue
samples following in vivo exposure. The aromatase reaction proceeds by co-incu-
bating protein isolated from rat tissue (eg ovaries) with testosterone. The subse-
quent conversion of the testosterone to estradiol is assessed by determining estradiol
production using a highly specific and sensitive radio immunoassay. Using this ap-
proach, we have shown linear increases in estradiol production as a function of pro-
tein concentration, testosterone concentration and incubation time. Using opti-
mized test conditions, clear reductions in estradiol production, indicating an
inhibition of the aromatase activity, have been obtained when incubating ovarian
samples with the specific aromatase inhibitors Anastrozole & formestane. Under
the same conditions of test, Aminoglutethimide inhibited aromatase activity to a
lesser extent and Chrysin appeared to have no inhibitory ability. Marked increases
in ovarian aromatase activity have been recorded when comparing ovary samples
from non-pregnant rats with samples from rats in late pregnancy. Our aromatase
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enzyme data are supported by corresponding gene and protein expression data and
are consistent with literature reports. In conclusion, we have developed a specific
assay to detect both aromatase enzyme inhibition and activation. This assay can be
applied to both in vitro and in vivo assessments as well as to tissues other than the
ovaries.

ESTROGEN RECEPTOR ALPHA OVEREXPRESSING
MICE MAY BE A USEFUL TOOL FOR STUDYING THE
EFFECTS OF ESTROGENIC COMPOUNDS ON THE
REPRODUCTIVE SYSTEM.

J. Peretz, T. Paulose, R. K. Gupta and ]. A. Flaws. Veterinary Biosciences,
University of Illinois UC, Urbana, IL.

Estrogen is required during growth and development of the nervous, skeletal, im-
mune, and reproductive systems. Estrogen receptor alpha (ESR1) acts as a physio-
logical mediator of estrogenic action within these systems. To observe the effects of
estrogenic compounds on the ESRI pathway, we have generated and validated a
transgenic mouse model that overexpresses ESR1 in several tissues, including the
ovaries. Previous studies have shown that ovaries from ESR1 overexpressors (ESR1
OE) are morphologically normal. However, previous studies did not assess whether
ovaries from ESR1 were functionally normal. Since estrogen is important for ovar-
ian follicle growth and estradiol synthesis, this study tested the hypothesis that
ovarian follicles from ESR1 OE grow faster and synthesize altered levels of estradiol
compared to control mice. Antral follicles were isolated from ESR1 OE and control
mice on postnatal day (PND) 30 and cultured in supplemented 0~minimum es-
sential media for 168 hours. Individual follicle diameters were measured every 24
hours. After culture, media was collected to perform competitive enzyme-linked
immunosorbent assays for estradiol levels. The data indicate follicle growth was
similar in ESR1 OE and controls (controls at 168h = 461.25 = 30.65 um ; ESR1
OE at 168h = 465.94 = 30.39 wm ; n = 4). In addition, estradiol levels were similar
in ESR1 OE and controls (controls at 168h = 2103.75 pg/mL * 411.49 ; ESR1 OE
at 168h = 1905.45 pg/mL = 391.5; n = 4). Estradiol levels were also normalized to
follicle size and no significant difference was found between ESR1 OE and con-
trols. Collectively, these data indicate that ESR1 overexpression has no effect on
mouse follicle growth or estradiol production in vitro. Therefore, ESR1 OE mice
could prove to be an important tool for determining whether and how other estro-
genic and xenobiotic compounds act through ESR1 and affect the reproductive sys-

tem. Support: NIHR21ES12061, RO1ES012893.

ACTIVATION OF THE ARYL HYDROCARBON
RECEPTOR (AHR) DURING PREGNANCY IMPAIRS
MAMMARY EPITHELIAL CELL DIFFERENTIATION
THROUGH DIRECT AND INDIRECT ACTIONS.

B.]. Lew, B.N. Winans and B. Lawrence. Environmental Medicine, University of
Rochester, Rochester, NY.

Recently our laboratory made a novel discovery that exposure to the AhR agonist
2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) during pregnancy causes severe de-
fects in mammary differentiation, with decreased ductal branching, poor formation
of alveolar structures, suppressed expression of milk proteins, and failure to nutri-
tionally support offspring. The development of the mammary gland during preg-
nancy is a complex process, driven by numerous molecules produced systemically
and locally. AhR activation by TCDD may impair mammary development through
a direct effect on mammary epithelial cells (MECs), or by altering paracrine or sys-
temic factors that drive pregnancy-associated differentiation. Using AhR-deficient
(AhRKO) mice, we show that pregnant females have normal development of the
mammary gland in the presence or absence of TCDD. Therefore, the effects of
TCDD on mammary development are AhR mediated, and the presence of AhR is
not crucial for the development of the mammary gland. To experimentally deter-
mine whether exposure to TCDD alters mammary gland development during preg-
nancy by a direct or indirect effect on MECs, we transplanted MECs from pre-pu-
bertal AhRRKO mice into wild-type (WT) mice and vice-versa. We analyzed
glandular differentiation based on morphological development on the day of partu-
rition. The glands were phenotyped for AhR protein expression to validate trans-
plantation. When WT recipient animals were exposed to TCDD, MECs from
AhRKO donors had a similar morphological impairment as observed in the WT
host gland. When AhRKO recipient animals were exposed to TCDD, the MECs
from WT donors did not develop as well as the AhRKO host gland. TCDD appears
to impair mammary parenchymal tissue development in both a direct and indirect
manner. This novel finding helps to explain the mechanisms by which AhR-medi-
ated impairment of mammary development occurs during pregnancy.



PS 143  ARSENIC INHIBITION OF T47D CELL GROWTH IS
- ASSOCIATED WITH PROMOTER HYPOMETHYLATION
OF RASSF1A AND CCND2 GENES.

Y. Zang and ]. D. Yager. Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD.

Recent evidence has shown that arsenic acts as an environmental endocrine dis-
rupter and has anti-proliferative effects in breast cancer cells. We previously reported
that sodium arsenite (As) inhibited DNA synthesis stimulated by 100 pM estrogen
(E2) in human breast cancer derived T47D cells, whose growth is E2-dependent.
Under a longer treatment (6 days), As (0.1 — 5 uM) also inhibited E2 stimulated
T47D cell growth. Tumor suppressor gene RAS association domain family 1A
(RASSF1A) controls mitosis/centrosome at early cancer stages. Cyclin D2
(CCND?2) is an important gene involved in cell cycle regulation. Both genes are si-
lenced in most human breast cells due to promoter hypermethylation. Using methy-
lation-specific PCR (MSP), we found that promoters of these two genes are heavily
methylated in actively growing T47D cells, but not in non-tumorgenic human
breast MCF 10F cells. Since arsenic has been reported to interfere with DNA
methyltransferase and cell cycle regulation, we investigated if As changed the methy-
lation status of these two tumor suppressor genes. Compared to cells treated with E2
(100 pM) alone, cells treated with E2 (100 pM) and As (0.1 uM) together exhibited
lower methylation levels of the promoter regions of both RASSF1A and CCND2.

AMPLIFICATION OF GLUCOCORTICOID-INDUCED
CYTOTOXICITY OF NB2 LYMPHOMA CELLS BY
RESVERATROL: EVIDENCE FOR A NOVEL MODE OF
ACTION FOR POTENTIAL ENDOCRINE DISRUPTORS.

144

R. ]. Witorsch. Physiology and Biophysics, Virginia Commonwealth University,
Richmond, VA.

Nb2 rat lymphoma cells exhibit glucocorticoid receptor mediated apoptosis upon
exposure to such compounds as dexamethasone, cortisol, or corticosterone.
Accordingly, we have employed these cells as a “G-screen” assay system for the iden-
tification of xenobiotics with glucocorticoid or anti-glucocorticoid activity.
Previous screening of 49 diverse chemicals implicated in endocrine disruption (e.g.,
heavy metals, organochlorines, flavonoids, phthalates, alkylphenols, diphenyl deriv-
atives) exhibited no such activity over a 100,0000-fold concentration range (0.1
nM to 10 uM) (Witorsch et al., The Toxicologist Supplement to Toxicological
Sciences: 90: 399, 2006). In this study we report that addition of resveratrol (10
uM), a plant-derived stilbene with little or no cytolytic activity, amplifies the dose-
dependent cytolytic effect of either dexamethasone (1.56 to 25 nM) or corticos-
terone (6.25 to 100 nM) two to four-fold. The enhanced cytolysis produced by ad-
dition of resveratrol to dexamethasone (6.25 or 25 nM) or corticosterone (100 nM)
is inhibited by the further addition of the glucocorticoid receptor antagonist, RU
486 (500 nM). Whereas amplification of dexamethasone-induced cytolysis is ob-
served with 10 uM resveratrol, no such effect was observed with lower concentra-
tions (1 nM to 1 uM) of the stilbene. Studies are currently underway to identify
other xenobiotics that might modify glucocorticoid-induced apoptosis of Nb2
cells. Since endocrine disruption is usually associated with hormonal or anti-hor-
monal activity of xenobiotics, this serendipitous observation with resveratrol sug-
gests an alternative and novel mode of action for potential endocrine disruptors,
modulation of endogenous hormone interaction with the target cell. (Supported by
a grant from the Thomas F and Kate Miller Jeffress Trust).

PS 145 EVALUATION OF PITUITARY AND ADRENAL
. HORMONE RELEASE FOLLOWING EXPOSURE TO
ATRAZINE AND ITS METABOLITE DEISOPROPYL-

ATRAZINE (DIA), USING TISSUE PERIFUSION.

M. G. Hotchkiss, R. L. Cooper and S. C. Laws. Reproductive Toxicology Division,
NHEERL, ORD, U.S. EPA, RTE NC.

Atrazine (ATR) is one of the most widely used herbicides in the United States, with
current total annual use of approximately 76 million pounds of active ingredient.
Previous work in our laboratory has shown that ATR and its metabolite deiso-
propyl-atrazine (DIA) induce a dose-dependent increase in plasma ACTH, and
serum corticosterone (CORT) and progesterone (P4), at 15 and 30 min after a sin-
gle oral administration i vive. Although the neuroendocrine mechanism for this
increase in hypothalamic-pituitary-adrenal axis activation is currently unknown,
ATR and DIA have been reported to directly alter steroidogenesis iz vitro. To test
whether ATR and DIA have a direct effect on the pituitary or adrenal glands, we ex-
amined hormone release from pituitary and adrenal tissue exposed to 50uM ATR
or DIA, using a perifusion procedure. Tissues from adult male Wistar rats were ex-
posed to two, twenty-minute challenges over a three hour period. A positive control

challenge was included for pituitary (10nM CRF) and adrenal (1InM ACTH) tis-
sues, as well as final challenge with KCI (60mM, pituitary), or ACTH (10nM, ad-
renal) to test for viability of the tissue at the completion of the perifusion. ATR and
DIA had no apparent effect on release of ACTH or CORT. Interestingly, under
these conditions, the parent compound (ATR) had no effect in either tissue, while
treatment of adrenal tissue with its metabolite DIA produced a greater than two-
fold increase from basal P4 release (3-7 pg/mg/min) during the 90 min following
the onset of the first challenge. The DIA-induced increase in P4 release from the
adrenal demonstrates a direct effect of the chemical on steroidogenesis in this tissue.
These results suggest that increased adrenal hormone release observed in the male
Wistar rat following 77 vivo exposure to these chlorotriazines is, in part, the result of
a direct effect on the gland. 7his abstract does not necessarily reflect EPA policy.

PS 146  EFFECTS OF 2, 3, 7, 8-TETRACHLORODIBENZO-P-
. DIOXIN ON INSULIN SECRETION STIMULATED BY

GLUCOSE IN MICE.

K. Hisakal, Y. Wataru!, N. Noriko?, K. Naoto™*, K. Takashi® and T. Chiharu®
! Laboratory of Environmental Health Sciences, Center for Disease Biology and

[nte‘gmm/e Medicine, Graduate School of Medicine, The University of Tokyo, Tokyo,
Japan, ’Research Center for Enwmnmental Risk, National Institute for
Environmental Studies, Tsukuba, Japan, Depﬂrtment of Metabolic Diseases,
Gnm’uate School of Medicine, The University of Tokyo, Tokyo, Japan and

 Translational Systems Biology and Medicine Initiative, Graduate School of Medicine,
The University of Tokyo, Tokyo, Japan.

Epidemiological and laboratory studies suggested that exposure to 2,3,7,8-tetra-
chlorodibenzo-p-dioxin (TCDD) affects glucose homeostasis and increased a risk
of the onset of type-2 diabetes mellitus. In order to evaluate effects of TCDD on in-
sulin secretion from Langerhans islets, we designed in vivo, ex vivo and in vitro ex-
periments. In vivo Experiment: Male C57BL/6] and AhR-null mice were injected
TCDD (10 ug/kg/ b.w.) i.p. fasted for 12 hours and administered glucose 24 hours
post-administration. TCDD exposure significantly decreased plasma insulin con-
centration at 60 and 120 min after glucose challenge in C57BL/6] mice but not in
AhR-null mice. In contrast, the plasma glucose concentration was not changed by
TCDD exposure in the both strains. Ex vivo Experiment: We isolated Langerhans
islets 24 h after TCDD administration, and determined glucose-stimulated insulin
secretion from the islets. The insulin release was found to be significantly decreased
by TCDD exposure at 60 min after glucose treatment. In vitro Experiment:
Langerhans islets harvested from intact C57BL/6] mice were exposed to 0.1-100
nM TCDD for 24 h, followed by the determination of glucose-stimulated insulin
secretion from the islets. Insulin secretion from the islets did not change by any
doses of TCDD. In conclusion, insulin release in response to glucose stimulation
was impaired by TCDD exposure and this effect was mediated by AhR signaling
pathway. However, it is thought that TCDD did not directly affect the Langerhans
islets. (This work was supported in part by Global COE Program ‘Medical System
Innovation on Multidisciplinary Integration’ from MEXT, Japan.)

PS 147 DISRUPTION OF STEROIDOGENESIS BY DI-(2-
a ETHYLHEXYL) PHTHALATE AND ITS METABOLITES

IN MA-10 CELLS.

C. D. Piché¢!, R. Leask' and B. Robaire®. ' Chemical Engineering, McGill
University, Montreal, QC, Canada and’ Pharmacology and Therapeutics, McGill
University, Montreal, QC, Canada.

To improve the flexibility of plastics and aid in processing, small molecules called
plasticizers are often added to the polymer blends. These molecules readily leach
out of plastics and therefore have become ubiquitous in the environment. It has
been estimated that humans are exposed to plasticizers on the order of 10 mg/day.
This is a concern as correlations between testicular dysgenesis syndrome and expo-
sure to plasticizers have been found. The cause of reproductive tract abnormalities
is believed to be reduced testosterone production by Leydig cells. In this study we
use the MA-10 mouse Leydig tumor cell line, which produces progesterone as a
marker for testosterone, to test the effects of the common plasticizer di-2-ethylhexyl
phthalate (DEHP) and four of its known metabolites; mono(2-ethylhexl) phthalate
(MEHP), 2-ethylhexanol, 2-ethylhexanal and 2-ethylhexanoic acid. Cell viability
(MTT assay, Sigma-Aldrich, Inc.) and progesterone production (ELISA, Fitzgerald
Industries Int.) were evaluated after 24hrs of exposure to varying concentrations.
The dose dependent effects of DEHP, MEHP and 2- ethylhexanal showed signifi-
cantly reduced cell viability at high concentrations (= 1x10™ M). The alcohol and
acid had litte effect on cell viability. DEHP, 2- ethylhexanal and 2- ethylhexanmc
acid reduced progesterone production at concentrations as low as 1x10” M. 2-eth-
ylhexanal showed the greatest suppression of progesterone (>60%), at concentra-
tions that had little effect on cell viability. Understanding the response of Leydig
cells to the degradation products of common plasticizers will ultimately allow the
development of new plasticizers that avoid these bioactive metabolites.
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Supported by NSERC, FQRNT and EUL.

PS 148 CYCLIC ETHANOL METABOLISM IN
- HYPOPHYSECTOMIZED RATS CONTINUOUSLY
INFUSED ALCOHOL-CONTAINING DIETS.
T M. Badgcr , M. Ferguson and M. ]. Ronis" % 'Arkansas Chzldren: Nutrition

Center, Umver:lty of Arkansas Medical Sciences, Little Rock, AR, Pharmacology &
Toxicology, University of Arkansas for Medical Sciences, Little Rock, AR and
2 Physiology & Biophysics, University of Arkansas for Medical Sciences, Little Rock, AR.

Chronic ethanol (EtOH) intake induces hepatic alcohol dehydrogenase (ADH) ex-
pression via disruption of insulin signaling in liver (JBC 2006; 281:1126-34). Total
enteral nutrition (TEN) is a method of slow and continuous (~23/day) feeding pa-
tients through an intragastric tube. Rats fed EtOH-containing diets by TEN con-
tinuously for 4 weeks do not attain a constant or steady-state of blood ethanol con-
centrations (BECs), but rather EtOH fluctuates between 0 and >400 mg/dl due to
cyclic EtOH metabolism and excretion of EtOH. French et al. previously proposed
that these EtOH pulses were due to altered thyroid function at high blood EtOH
concentrations and consequent effects on basal metabolic rate (Am. J. Physiol.
20005 279:G118-G125). We tested this hypothesis in hypophysectomized (HX) or
sham-operated (SO) rats, because the absence of thyroid stimulating hormone
(TSH) disrupts thyroid function and we could study EtOH pharmacokinetics in
the TEN model in a low thyroid hormone state. We found that while body weight
gains were lower (P<0.05) in HX rats, pulsatile BECs did not differ in HX and SO
rats. We conclude that metabolism of EtOH in the TEN model is not influenced
by thyroid function. Thus, in absence of data to the contrary, we have proposed
that pulsatile BECs are produced by cyclic EEOH metabolism caused by time-de-
pendent EtOH pharmacokinetics which initiates inhibition of hepatic insulin sig-
naling that leads to reduced SREBP-1 and disinhibition of Class] ADH transcrip-
tion (JBC 2006; 281:1126-34) Supported in part by NIAAA008645.

PS 149 POTENTIAL ROLE OF THE ADRENAL AXIS ON THE

REPRODUCTIVE EFFECTS OF ATRAZINE.

M. ]. Fraites, A. Buckalew and R. Cooper. ORD, NHEERL, Reproductive
Toxicology, U.S. EPA, RTR NC.

We and others reported that atrazine (ATR) disrupts the regulation of the ovulatory
luteinizing hormone (LH) surge and the hormonal control of other reproductive
functions in the rat. In addition, administration of ATR or the intermediate
metabolite deisopropylatrazine (DIA) stimulate adrenocorticotropin (ACTH), cor-
ticosterone (CORT), and progesterone (P4). In contrast, the diaminochlorotriazine
(DACT) metabolite minimally affects the hypothalamic-pituitary-adrenal (HPA)
axis. As adrenal activation may adversely affect LH secretion, these findings suggest
that an atrazine-induced activation of the HPA axis may be an important part of
the mode of action (MOA) through which the chlorotriazines alter reproductive
function. Therefore, we hypothesized that only those metabolites that activate the
HPA axis will affect LH release. Long-Evans rats with 4-day estrous cycles were re-
strained for 5 minutes or dosed by oral gavage at 0900h over one estrous cycle with
0.1% methyl cellulose vehicle, 75 mg/kg ATR, 10 or 60.2 mg/kg DIA, and 8.4 or
50.6 mg/kg DACT (14/10 light cycle, on 0500h). Dosing began on the day of vagi-
nal estrus. On the next vaginal proestrus, groups of rats were decapitated at 1600,
1800, and 2000h. Serum LH, prolactin (PRL), and P4 were measured by radioim-
munoassay. Restraint, ATR, and both doses of DIA decreased the amplitude of the
proestrous LH surge. In contrast, only the highest dose of DACT affected the
surge. PRL was unchanged by any treatment. Unlike ATR, both doses of DIA de-
creased P4. Higher plasma levels achieved by direct dosing with DIA may have con-
tributed to this. These results confirm that treatments which activate the HPA axis
also alter LH release. These data suggest that activation of this axis contributes to
the ATR- and DIA-induced disruption of LH secretion. Other MOAs must also be
explored due the ability of DACT to alter LH without significant adrenal activa-
tion. Additional studies are planned using specific inhibitors of the HPA axis re-
sponse to determine the role of this axis in the reproductive toxicity of ATR. This
abstract does not necessarily reflect EPA policy.

PS 150 TRANSCRIPTIONAL ACTIVATION OF ANDROGEN-
a REGULATED GENES BY ARYL HYDROCARBON
RECEPTOR AGONIST IN ANDROGEN-RESPONSIVE

CELL LINES.

Y. Gotoh', N. Sanada® and R. Kizu'. ' Faculty of P/Jﬂrmﬂa’utzm/ Sciences, Doshisha
Women's Col[ege of Liberal Arts, Kyotanabe, Kyoto, Japan and’Graduate School of
Natural Sience and Technology, Kanazawa University, Kanazawa, Ishikawa, Japan.
Sponsor: T. Urushidani.

While aryl hydrocarbon receptor (AhR) agonists including dioxins and polycyclic
aromatic hydrocarbons have attracted attention in term of endocrine disrupting ef-
fects, little is known about effects of AhR agonists on androgen receptor (AR) sig-
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nal transduction pathways. AR is a ligand-activated transcription factor like AhR.
Upon ligand binding, AR is translocated from cytosol to nuclear and thereby binds
to androgen response element (ARE) to regulate gene transcription. In this study,
we examined the effects of AhR agonists on transcriptional activation of prostate
specific antigen (PSA) gene, a typical androgen-regulated gene, in LNCaP human
prostate cancer cells expressing both AhR and AR. 3-Methylchlanthrene (3-MC),
an AhR agonist, induced PSA mRNA expression and ARE-driven luciferase activi-
ties and the transactivation by 3-MC was attenuated by knocking-down of AhR or
AR with the use of small interfering RNA. Moreover, 3-MC caused translocation of
unliganded-AR from cytosol to nuclear. A co-immunoprecipitaion assay indicated
that liganded-AhR formed a complex with unliganded-AR in 3-MC-treated cells. A
chromatin immunoprecipitaion assay targeted to AREs in proximal promoter (-250
to -39 bp) and distal enhancer (-4170 to -3978 bp) regions of the PSA gene showed
that AR bound to AREs on both proximal promoter and distal enhancer regions in
3-MC-treated cells. All these results suggest that liganded-AhR translocated unli-
ganded-AR from cytosol to nuclear by forming a complex with unliganded-AR and
that unliganded-AR subsequently bound to AREs in the transcriptional regulatory
region of the androgen-regulated gene to transactivate gene expression.

PS 151 MICE LACKING MRP1 HAVE REDUCED TESTICULAR
= STEROID HORMONE LEVELS AND ALTERATIONS IN
TESTOSTERONE SYNTHESIS.

. Sivils', I. Gonzalez' and L. J. Bain’. Depﬂrtment of Biological Sciences,
University of Téxas El Paso, E Paso, TX and*Department of Biological Sciences,
Clemson University, Pendleton, SC.

The multidrug resistance-associated protein 1 (mrpl/abccl) is a member of the
ABCC efflux transporter family that eliminates a variety of endogenous and exoge-
nous compounds from cells, including glucuronide, glutathione, and sulfate conju-
gates, protecting the organism from toxicity. Mrp1 is expressed at high levels in the
testes, and can transport the steroid hormone conjugates 17f-estradiol glu-
curonide, dehydroepiandrosterone sulfate, and estrone 3-sulfate. The following
work investigated whether mrp1 plays a role in protecting the testes and developing
spermatozoa from aberrant hormone levels. Steroid hormone levels were deter-
mined in testis and serum of both wild-type mice and mice lacking the mrp1 gene
(termed FVB/mrp1-/- mice). Testicular progesterone levels were not changed, but
androstenedione, estradiol, and testosterone levels were significantly reduced by
4.5, 2.4-, and 1.7- fold, respectively, in the mice lacking mrp1. Serum testosterone
was also reduced by 4.4-fold, but serum progesterone and androstenedione levels
were unchanged. Investigating the mechanisms responsible for the reduction in
steroid hormones showed no changes in the expression or activity of sulfotrans-
ferases or glucuronosyltransferases, enzymes that inactivate steroids, nor in the ex-
pression of other mrp transporters. However, there were changes in the activity of
enzymes that synthesize testosterone from progesterone. Using progesterone as a
substrate, testicular CYP17 activity was increased by 1.4- to 2.0-fold, while the per-
centage of androstenedione glucuronide formed was decreased by 2.6-fold in mice
lacking mrp1. These results reveal that mice lacking mrp1 have reduced steroid lev-
els in the testes. This reduction in steroid production may be a way to protect the
testes and spermatozoa from excessive estrogen and maintain steroid homeostasis.

PS 152  USE OF TANDEM IN VITRO AND EX VIVO ASSAYS TO
> ASSESS CHEMICALS FOR THYROID HORMONE
SYNTHESIS INHIBITION.

M. W. Hornung' and E. Burgess’. INHEERL MED, U.S. Environmental
Protection Agency, Duluth, MN and”Student Contractor Services, Duluth, MN.

Disruption of thyroid hormone (TH) function may occur via multiple pathways
including altered TH receptor binding, altered TH metabolism and elimination,
and altered TH synthesis. To assess chemicals for their ability to affect TH synthe-
sis, an in vitro enzyme inhibition assay and an ex vivo thyroid gland explant culture
assay are being used. Thyroid peroxidase (TPO), the enzyme that catalyzes the iod-
ination and coupling of tyrosines to produce TH, can be readily measured in vitro.
This assay was used to determine the inhibitory potency of two model chemicals,
methimazole and propylthiouracil (PTU), and a series of other chemicals of un-
known thyroid disrupting activity. In the TPO inhibition assay, methimazole was
the most potent of the two model inhibitors with an IC50 of 1.3 uM,whereas the
IC50 for PTU was 11 uM. The other chemicals tested included a series of seven
alkylphenols, two phthalates, three triazines, a thiazolone, triazole, thiazole, pyra-
zole, and imidazole, among others. None of the alkylphenols inhibited TPO when
tested at concentrations up to 3.6 mM. Two chemicals that inhibited TPO activity
in vitro were further tested in a Xenopus laevis thyroid gland explant culture assay in
which inhibition of T4 release was the measured endpoint. Dimethyl-hydrox-
ymethylpyrazole inhibited T4 release but only at concentrations that were overtly
toxic to the thyroid gland as measured by the MTT cytotoxicity assay. 2-
Mercaptobenzothiazole inhibited T4 release from thyroid glands at non-cytotoxic



concentrations and was more potent than methimazole for inhibition of T4 release.
The action of this chemical on thyroid hormone function will be evaluated further
in vivo in an X. /aevisbased amphibian metamorphosis assay. This suite of assays
provides a framework for determination of the potential for chemicals to affect thy-
roid hormone status. This abstract does not necessarily reflect EPA policy.
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ANTI-PROLIFERATIVE AND ANTI-STEROIDOGENIC
EFFECTS OF POMEGRANATE COMPOUNDS IN
HUMAN LNCAP PROSTATE AND H295R
ADRENOCORTICAL CANCER CELLS.

J. Gasmi and T. Sanderson. INRS-IAE Montreal, QC, Canada.

Prostate cancer is the second leading cause of cancer related deaths among men in
many Western countries. It is a hormone-dependent cancer and its proliferation is
stimulated by endogenous steroid hormones. Aromatase (CYP19) and 5a-reduc-
tase (SRD5A) are the key enzymes that synthesize these hormones. Aromatase con-
verts androgens to estrogens and 5o-reductase converts testosterone to DHT.
Natural compounds present in the pomegranate delay prostate cancer progression.
They may act as inhibitors of steroidogenesis. Pomegranate compounds (punicic-,
quinic-, gallic, trans vaccenic-, and cis-vaccenic acid, pelargonidin-, cyanidin-, mal-
vidin- and delphinidin chloride, epicatechin gallate, epicatechin, kaempherol, and
epigallocatechin) were tested in vitro in a hormone-dependent prostate cancer
(LNCaP cells) and steroidogenesis (human adrenocortical H295R cells) model.
Cells (between 1x10e5 and 2x10e5 cells/well) in 24-well culture plates were ex-
posed to various concentrations of pomegranate compounds for 5 days with a fresh
re-exposure after 48h. For cytotoxic effects, H295R were exposed once to pome-
granate compounds for 24h. Cytotoxicity and antiproliferative effects were meas-
ured with MTT reduction assay. Catalytic activity of CYP19 was determined in
H295R cells by tritiated water-release assay. Enzymatic activity of Sa-reductase was
determined in LNCaP cells by LC-MS by measuring conversion of testosterone to
DHT. Punicic acid had an antiproliferative effect in LNCaP cells reducing cell
growth by 78, 89 and 89% at 10, 30 and 100uM respectively. Kaempherol reduced
proliferation by 18, 30, 44 and 65% at 3, 10, 30 and 100uM respectively.
Epigallocatechine reduced cell viability for 33 and 87% at 30 and 100uM respec-
tively. Punicic acid was not cytotoxic in H295R cells, and at 30uM, decreased aro-
matase activity by 77% compared to control. CYP19 was not expressed in LNCaP
cells. Preliminary results show that pomegranate compounds have an antiprolifera-
tive effects in LNCaP cells and punicic acid acts as an aromatase inhibitor in

H295R cells.
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K. L. Sims', C.X. Zhangz, O. P Flint* and R. Denton'. IDi:covery Toxicology,
Bristol-Myers Squibb Co., Wallingford, CT and ZDismvery Toxicology, Bristol-Myers
Squibb Co., Hopewell, NJ.

Ghrelin stimulates growth hormone (GH) secretion in a variety of tissues including
the mammary gland where the hormone serves to maintain a proliferative, rather
than a differentiated phenotype. Following repeat dosing of a CRF antagonist for 2
weeks, mammary gland hyperplasia was observed accompanied by a significant in-
crease in mammary expression of mRNA for both ghrelin (GHRL) and its cognate
receptor, growth hormone secretagogue receptor (GHSR) in gland tissue. In prolif-
erating (hyperplastic) mammary tissue from pseudo-pregnant castrated male rats,
abundant expression of GHRL is observed, well above that observed in control an-
imals. We evaluated whether CRF antagonists could alter proliferation of human
breast adenocarcinoma cells (MCF-7), and whether GHRL and GHSR expression
was changed. Increased proliferation of MCF-7 cells was observed following expo-
sure to certain CRF antagonists. Using TagMan™ real time PCR, we observed that
GHSR was upregulated (1.7 x control) with 17 hours of treatment, while GHRL
expression was unchanged. By 20 to 24 hours, GHSR was downregulated (-1.4 x
control) while the GHRL mRNA was upregulated (1.5 x control). These data are
consistent with our hypothesis that GHRL expression increases in the mammary
gland during proliferation stimulated by either pseudopregnancy or specific CRF
antagonist treatment. The data further suggests a mechanism whereby GHSR ex-
pression is upregulated until GHRL binds to the receptor, which quickly triggers
GHSR downregulation to reduce the overall stimulatory GH effects.

CRF ANTAGONIST EFFECTS ON THE EXPRESSION OF
GHRELIN, ITS RECEPTOR (GHSR) AND A POSSIBLE
IMPACT OF THE GROWTH HORMONE AXIS.

PS 155 HYDROXYLATED PCBs INHIBIT AROMATASE
a ACTIVITY IN HUMAN PLACENTAL MICROSOMES.

E. Antunes Fernandes, S. Nijmeijer, M. van den Berg and M. van Duursen.
Institute for Risk Assessment Sciences, Utrecht University, Utrecht, Netherlands.

PCBs have been widely used in industrial and commercial applications and largely
prohibited since the 1980’s, PCBs are still abundant pollutants in humans and
wildlife and can be biotransformed into two classes of metabolites, hydroxylated

(OH) and methylsulfone (MeSO2) PCBs. Previous studies have shown that these
metabolites act as endocrine disruptors by affecting steroidogenesis. In the present
study, human placental microsomes were used to assess the effect of four common
OH-PCBs on aromatase activity. Aromatase is a key enzyme in the steroidogenesis
pathway, mediating conversion of androgens into estrogens. We tested four
metabolites of the environmental common PCB 180. All four OH-PCBs showed
similar inhibition of placental aromatase activity. More specifically, 4 OH-CB172,
3’0OH-CB180, 3’0OH-PCB182 and 5’OH-CB183 had an estimated IC50 of 10.2
uM, 13.3 uM, 41.6 uM and 31.5 uM, respectively. Moreover, the LOAEL of these
OH-PCBs was similar and in the low uM range. The human placenta is largely re-
sponsible for exposure of the foetus to estrogens and androgens and has a high ex-
pression of aromatase. Moreover, this tissue is essential in the blood flow exchange
between mother and foetus and therefore an important route of exposure of the un-
born to PCBs and their metabolites. OH-PCBs are known to be more efficiently
transferred to the foetus than the parent compounds. Measured levels of individual
OH-PCBs in cord plasma have found to be 0.5 nM. Based on the results of our
present study no effect on placental aromatase of these PCB metabolites should be
expected. However, many more OH- and MeSO2-PCBs have been found in hu-
mans and wildlife and structure activity relationships (SAR) for aromatase inhibi-
tion are yet unknown. In view of this mixture exposure, the SAR for placental aro-
matase inhibition should be determined to identify possible risk. Further studies are
now in progress in our laboratory to assess the specificity in relation to the position

of the OH or MeSO2 groups.

ANTIDIABETIC AND ANTIOXIDANT ACTIONS OF
TAURINE AND STRUCTURALLY-RELATED SULFUR
COMPOUNDS IN STREPTOZOTOCIN-INDUCED
DIABETES IN RATS.

PS 156

K. G. Pandya and C. A. Lau-Cam. Pharmaceutical Sciences, St. John's University,
College of Pharmacy, Jamaica, NY. Sponsor: B. Billack.

This work has assessed the ability of taurine (TAU) and the structurally-related
compounds aminomethanesulfonic acid (AMSA), homotaurine (HMTAU) and
pantoyltaurine (PTAU) to attenuate hyperglycemia, hyperlipidemia and oxidative
stress associated with diabetes in a small animal model. For this purpose, groups of
6 male Sprague-Dawley rats were divided into three groups: control group, diabetic
group, and diabetic group treated with a sulfur compound. Diabetes was induced
using a single, 60 mg/kg, intraperitoneal (i.p.) dose of streptozotocin (STZ). A sul-
fur compound was administered as two 1.2 mM/kg i.p. doses, 75 min and 45 min
before STZ. Control animals received only physiological saline. At 24 hr post-STZ,
blood samples were collected by decapitation into tubes containing disodium
EDTA, and processed for their plasma fraction. Plasma glucose (GLU), cholesterol
(CHOL), triglycerides (TG), malondialdehyde (MDA), reduced glutathione
(GSH) and nitric oxide (NO) were measured using standard methods. Diabetes el-
evated GLU (>400%), CHOL (135%), TG (184%), MDA (75%) and NO (-5.6-
fold) and decreased GSH (79%). Regardless of their carbon-chain length and the
presence or lack of N-substitution, all the test compounds demonstrated a signifi-
cant attenuating action on all plasma alterations examined here, with the magni-
tude of the effects varying within a narrow range of values, especially in terms of
their effect on indices of oxidative stress. The present results suggest the need for a
future study that will evaluate the effects of the present sulfur compounds when ad-
ministered to diabetic animals on a chronic basis.

DEVELOPMENT OF A HIGHLY SENSITIVE
ANALYTICAL METHOD TO DETECT ESTROGEN
METABOLITES IN BIOLOGICAL SAMPLES.

157

D. Scholten, P Scherpenisse, A. A. Bergwerff, M. B. van Duursen and M. van
den Berg. Institute for Risk Assessment Sciences, Utrecht, Utrecht, Netherlands.

Endocrine disruption and development of hormone-dependent cancers in humans
may be associated with dietary exposure to low concentrations of estrone (E1),
estradiol (E2) and their estrogenic and carcinogenic metabolites, e.g. 4-hydrox-
yestradiol (4OHE2). For experimental, epidemiological and dietary exposure stud-
ies, it is essential for these metabolites to be analyzed with detection limits in the
picogram to nanogram range. So far, sensitive analytical techniques have been de-
veloped mostly for E1 and E2. Analysis of their hydroxylated metabolites is usually
much less sensitive due to loss during the cleanup process, insufficient derivatisa-
tion and lesser sensitivity on GC-MS or LC-MS. We developed an analytical
method using HPLC-MS/MS, able to determine low levels (<25pg/ml) of hydrox-
ylated estrogen metabolites. The method includes desulfatation of conjugated es-
trogens in the biological matrix, solid phase extraction and derivatisation with ei-
ther dansyl-chloride (DNS-CI) or pyridine-3-sulfonyl chloride (PS-CL) to enhance
ionization, detection and quantification by HPLC-MS/MS. The DNS-CI method
worked efficiently for E1 and E2, while the PS-Cl method enhanced detection for
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2 and 4-hydroxylated metabolites of E1 and E2. Using human urine as initial bio-
logical matrix the following LODs were found: 10-30 pg/ml for EI, E2,
1600HE1, 20HE1, 20HE2, 4OHE2, corresponding to an instrumental sensitiv-
ity of 1.6-3.1 pg on column for the DNS-Cl estrogens and a 1-1.7 pg on column
sensitivity for the PS-Cl hydroxylated estrogens. Absolute recovery ranged from 50
to 76%. In view of the sensitivity of present method, estrogen metabolism can now
be studied in a wide variety of biological matrices using small sample sizes, e.g. 1
ml. Applications can include serum, urine, culture medium from in vitro experi-
ments and dairy products. Presently we focus on estrogen metabolism in in vitro
systems and identification of estrogen metabolites in dairy products.

PS 158 IODIDE DEFICIENCY, THYROID HORMONES, AND

NEURODEVELOPMENT.

M. E. Gllbert , 1 Hedge, K. Grant® D Lyke, I. Gitata®', W. Anderson’, J.
Fisher’, R.T. Zoeller® and K. M. Crofton Neurotoxzmlogy, U S. EPA, Re:mrr/a
Triangle Pk, NC, *Zoology, NC State University, Raleigh, NC, *Zoology, U
Massachusetts, Amberst, MA and *U Georgia, Anthens, GA.

Iodide is an essential nutrient for thyroid hormone synthesis. Severe iodide insuffi-
ciency during early development is associated with cognitive deficits.
Environmental contaminants can perturb the thyroid axis and this perturbation
may be more acute under conditions of marginal iodine deficiency. The present
study examined the relationship between graded levels of iodide deficiency in preg-
nant rats on hormonal status and behavioral indices of brain function in exposed
offspring. This data is being generated to inform an exposure-dose-response model
for developmental disruption of thyroid hormones. Female Long Evans rats (n=60,
~ 60 days of age) were placed on diets with varying degrees of iodine deficiency for
7 wks prior to breeding. Iodine was added to a casein-based diet (25 ug/kg back-
ground levels) resulting in the following experimental groups: total 25 ug/kg (se-
verely deficient), 75, 175, 275 (normal control diet) and 1025 ug/kg (excess). Pups
were sacrificed on postnatal day (PN) 4, 14 and 21 and blood, lung, liver, heart,
thyroid glands, and brain were harvested. Dams were sacrificed at weaning for hor-
mone analysis. Behavioral assessments were performed on male and female off-
spring (4-5 months of age) using a sensory gating paradigm based on auditory star-
tle, spatial learning using a Morris water maze, and associative learning using a trace
fear conditioning paradigm. Thyroxine was reduced (-45%) and TSH increased (2-
3-fold) in dams and pups on PN21 in the 25 ug/kg iodine group. No changes in T3
were evident. Thyroid weights were significantly increased in pups on PN21 with
nonsignificant increases also evident in dams. Preliminary analyses reveal no evi-
dence of impairment in any of the behavioral tasks in either gender. These data
demonstrate dose-dependent effects of iodine deficiency on thyroid hormones dur-
ing development, however no impairments in behavioral indices of cognitive func-
tion were detected. (Does not necessarily reflect EPA policy)

159 IODIDE DEFICIENCY: METABOLIC AND HORMONAL
- STUDIES FOR PBPK MODELING.

K. Crofton!, ]. Fisher?, R. Zoeller’, B. Blount?, J. Hedge, W. Anderson' and
M. Gilbert'. "U.S. EPA, Research Trzangle Park, NC 2Univ Georgia, Athens, GA,
3 Univ Massachusetts, Ambert, MA and * CDC, Atlanta, GA.

Iodine is an essential nutrient and is critical for synthesis of thyroid hormones.
Severe iodine deficiency is known to cause adverse health outcomes and remains a
benchmark for understanding the effects of hypothyroidism. However, the implica-
tions of modest iodine deficiency on function of the thyroid axis remain unknown.
The current study examined the relationship between graded levels of iodine defi-
ciency in rats on thyroid hormones, thyroid iodine content, and urinary iodide ex-
cretion. Long Evans rats (n=25, female, 60 days of age) were placed on casein diets
containing varying iodine concentrations for 8 weeks. Different iodine diets were
created by adding 0, 50, 150, 250 and 1000 ug/kg to the base diet creating 5 iodine
levels ranging from deficient (25 ug/kg) to normal (275 ug/kg) to excess iodine
(1025 ugl/kg). Food and water intake were monitored daily. Urine was captured in
metabolism cages over a 6 h period on 2 consecutive days each week. At 8 weeks an-
imals were sacrificed and blood and thyroid glands collected for thyroid hormones
and iodine content, respectively. Neither food nor water intake varied as a function
of treatment group over the course of the study. Animals in the lowest and the two
highest iodine groups were of similar weights at the end of the study, while the in-
termediate treatment groups were ~6% lighter in weight. Serum total thyroxine
(T4) was dose-dependently reduced with significant declines (-35 and 60%) at the
two lowest iodine groups. No change in serum T3 was detected. At the end of the
study, dose-dependent increases in thyroid weight (5.3, 6.6, 7.4, 8.1 and 11.5 ug)
and declines in thyroidal (6.06, 5.58, 5.08, 3.02, 2.33 ng/gm) and urinary (606,
165, 84, 28.5, 20.1 ng/ml) iodide content were observed as a function of iodine in
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the diet. These data document a viable model of iodine deficiency to inform the de-
velopment of physiologically based pharmacokinetic models. (Does not necessarily

reflect CDC or EPA policy)

T 160 REPRODUCTIVE TOXICITY AND
: PHARMACOKINETICS OF DI-N-BUTYL PHTHALATE
(DBP) FOLLOWING DIETARY EXPOSURE OF
PREGNANT RATS.
M. E Struve"?, K. W. Gaido®, J. B. Hensley’, K. P Lehmann, S. M. Ross’,

A. Sochaski?, G A. Willson® andD C. Dorman ! College of VeterznﬂryMedzcme,
North Carolina State University, Raleigh, NC, * The Hamner Institutes of Health
Sciences, Research Triangle Park, NC and’EPL, Inc., Research Triangle Park, NC.

Most rodent studies examining the developmental toxicity of DBP have relied on
bolus gavage dosing. It has not been determined whether bolus dosing provides
equivalent results to dietary dosing, which more accurately reflects human expo-
sures. This study characterized the developmental toxicity of dietary DBP and com-
pared these results to previous results obtained using gavage dosing. Pregnant CD
rats were given 0, 100, or 500 mg DBP/kg/day in diet from gestational day (GD)
12 through 19. DBP exposure ended the morning of GD 19 and rats were killed 4
or 24 h thereafter. Similar to our previous bolus gavage studies, DBP dietary expo-
sure resulted in significant dose-dependent reductions in testicular mRNA concen-
tration of scavenger receptor class B, member 1; steroidogenic acute regulatory pro-
tein; cytochrome P450, family 11, subfamily a, polypeptide 1; and cytochrome
P450 family 17, subfamily a, polypeptide 1. These effects were most pronounced 4
h after the end of exposure. Testicular testosterone was reduced 24 h post-exposure
in both DBP dose groups and 4 h after termination of the 500 mg DBP/kg/day ex-
posure. Maternal exposure to 500 mg DBP/kg/day induced a significant reduction
in male offspring anogenital distance (AGD), and the presence of Leydig cell aggre-
gates, increased cord diameters, and multinucleated gonocytes. Monobutyl phtha-
late, the developmentally toxic metabolite of DBP, and its glucuronide conjugate
were found in maternal and fetal plasma, amniotic fluid, and maternal urine at lev-
els previously reported following bolus gavage. Our results indicate that approxi-
mately equal doses from diet or gavage of DBP to pregnant rats result in qualita-
tively and quantitatively similar responses in male offspring. This study confirms
that previous work using gavage is highly relevant for the risk assessment of DBP
following human dietary exposure.

PS 161 APPLICATION OF AN INTELLIGENT TESTING
. STRATEGY TO THE U.S. EPA ENDOCRINE

DISRUPTOR SCREENING PROGRAM.

K. M. Sullivan' and C. Willett®. P/:v}/szcmm Committee for Responsible Medicine,
Washington, DC and *People for the Ethical Treatment of Animals, Norfolk, VA,

The US EPA plans to initiate its Endocrine Disruptor Screening Program in early
2009. The EPA has designed its program in two tiers, consisting of in vivo and in
vitro screens and tests; the results of Tier 1 screens would trigger further Tier 2 test-
ing. However, the proposed screening battery has been criticized for the cost and
time investments required, and its low specificity. We present the costs, in animal
numbers and dollars, of the full Tier 1 battery as proposed by EPA, as well as a sug-
gested revised intelligent testing strategy. This strategy would save animals and re-
sources and result in more efficient screening and characterization of the endocrine-
disrupting potential of chemicals. The revised preliminary tier includes physical
and chemical data, existing toxicological data, and in vitro and (Q)SAR methods
that are either validated or nearly validated. The results of this alternative Tier 1 can
be used in a weight-of-evidence approach to 1) identify priority chemicals and 2)
design an intelligent, chemical-specific strategy for further screening or testing.
Such a strategy would greatly reduce the use of animal testing for both Tier 1 and 2,
while maintaining a high level of sensitivity, for identification and classification of
endocrine disrupting chemicals.

PS 162  SHORT-TERM EXPOSURE TO TRIFLURALIN DISRUPTS
- THYROID HORMONE HOMEOSTASIS IN RATS.

J. M. Hcdgc K. B. Paul® and K. M. Crofton'. 'U.S. EPA, Research Triangle Park,
NC and’ UNC, Chapel Hill, NC.

Trifluralin is a selective, preemergence 2,6-dinitroaniline herbicide used to control
many annual grasses and broadleaf weeds. Human exposure is likely to occur via
consumption of vegetables and fruit and possibly fish from trifluralin run off in
water. It has previously been reported that trifluralin causes thyroid follicular cell
tumors in rats from chronic feeding studies. Recently trifluralin was shown to re-
duce thyroxine (T4) by upregulating select hepatic UGT isozymes following a 2




week exposure. In order to generate baseline data for use in future mixtures studies
we examined whether moderate to low doses of trifluralin would cause any pertur-
bation of thyroid homeostasis in a short-term (4 day) exposure model. Female
Long-Evans rats (26 days old, n=66) were dosed via oral gavage with trifluralin in
corn oil vehicle (Iml/kg) at 0, 0.3, 1,3,10, 30, 50 or 300mg/kg/day for 4 consecu-
tive days. Serum and livers were collected 24 hours after the last dose. Body weight
gain was not affected by treatment. Liver to body weight ratio was significantly in-
creased with 300mg/kg/day trifluralin (24%). T4 was significantly reduced by 25%
only at the 300mg/kg/day dose. This work confirms that short-term exposure to
trifluralin disrupts thyroid hormone homeostasis in rats. (This abstract does not
necessarily reflect EPA policy)

PS 163  TRICLOSAN DISRUPTS THYROXINE: MECHANISMS

AND LIFE-STAGE SUSCEPTIBILITY.

K. B. Paul', J. M. Hedge?, M. ]. DeVito® and K. M. Crofton®.  Curriculum in
Toxicology, University of North Carolina, Chapel Hill, NC, Neurotoxzm/ogy
Division, NHEERL, ORD, U.S. EPA, RTE NC and’ Experimental Toxicology
Division, NHEERL, ORD, U.S. EPA, RTP, NC.

Triclosan (5-chloro-2-(2,4-dichlorophenoxy)phenol) decreases serum thyroxine
(T4) in the weanling rat. Scientific uncertainties include: by what mode of action
(MOA) does triclosan decrease T4, and does triclosan induce hypothyroxinemia in
dams and neonates? To test the hypothesized MOA that triclosan decreases T4 via
activation of the pregnane X and constitutive androstane receptors, and subsequent
up-regulation of hepatic catabolism of hormones, weanling female Long-Evans rats
received triclosan po (0-1000 mg/kg/day) for 4 days. Pentoxyresorufin-O-deethy-
lase (PROD) and uridine diphosphate glucuronyltransferase (UGT) enzyme activi-
ties were measured in liver microsomes. qRT-PCR was used to measure mRNA ex-
pression of cytochrome P450s lal, 2b2, and 3a, UGTs lal, 1a6, and 2b5,
sulfotransferases 1cl and 1b1, and hepatic transporters OATP1al and 1a4, MRP2,
and MDRI1b. PROD activity increased ~800 percent and T4-glucuronidation in-
creased 2-fold at 1000 mg/kg/day. CYP2b2, CYP3a, UGT1al, and SULTlcl
mRNA expression levels were induced 2-fold, 4-fold, 2.2-fold, and 2.6-fold at 300
mg/kg/day, respectively. No changes were observed in mRNA levels for any trans-
porters. These data support the hypothesized MOA for that triclosan-induced hy-
pothyroxinemia. To determine if this MOA applies to dams and neonates, pregnant
Long Evans rats received triclosan po (0-300 mg/kg/day) in corn oil from gesta-
tional day (GD) 6 to postnatal day (PND) 21. Serum and liver were obtained from
pups on PND4, 14, and 21, and dams on PND22. Maternal weight-gain (GD19-
PND13) decreased ~10% with 300 mg/kg/d treatment. Serum T4 was reduced in
dams by ~30 percent at 300 mg/kg/day, with no T4 effects observed for PND4,
PND14, or PND21 pups. This work suggests susceptibility differences between
weanlings directly exposed and neonates exposed via dams. This abstract does not
necessarily reflect the policy of the US EPA.

COMPARATIVE DEVELOPMENTAL THYROID
STUDIES WITH 6-PROPYL-2-THIOURACIL (PTU)
USING TWO RAT STRAINS (WISTAR VERSUS
SPRAGUE-DAWLEY) — RESULTS OF TREATMENT-
RELATED EFFECTS IN THYROID HORMONES AND
THYROID MORPHOLOGY.

S. Schnelder , R. Buessen W. Kaufmann', V. Strauss’, B.van Ravenzwaay s
C. Hastings” and E Hess™. Experzmmml Taxzcology & Ecology, BASF AG,
Ludwigshafen, Germany and’BASF Corporation, Research Triangle Park, NC.

Two comparative developmental thyroid studies with PTU [Study Design accord-
ing to EPA Guidance Document (October 2005)] were conducted using different
strains of rats (Wistar versus Sprague-Dawley) to determine relative sensitivity.
Also, confirmation was needed to determine if Wistar controls had potential resid-
ual effects resembling “thyroid gland dysplasia” [term used for condition of follicu-
lar cell hypertrophy, decreased T4, & increased TSH in control Wistar rats as re-
ported for RCC breeding colony in mid-1990’s to 2000] [“Thyroid Gland
Dysplasia in WistarHan Rats” Researcher—The RCC Magazine. No.21. April
2005]. Results are presented following treatment of time-mated female rats
[Ctl:WI(Han)] and [Ctl:CD(SD)] with PTU at identical low and high oral gavage
dose levels [namely, 0.1 and 2.5 mg/kg bw/day] daily on GD 6 through PND 10,
as compared to respective sham-treated control groups. Results indicate that PTU-
treated rats of both strains, demonstrate clear dose response relationships for
Thyroid Hormones [decreased T4 (lesser effect for T3) and increased TSH for
dams (GD 20) (PND 21) and fetuses (GD 20) and pups (PND 4 & 21)]. At these
timepoints, correlative changes were observed for increased Relative Thyroid

Weight in treated dams (GD 20) (PND 21), and for Thyroid Morphology (in-

creased incidence/severity of follicular cell hypertrophy / hyperplasia) in treated
Dams / Fetuses / Pups, as compared to controls. Importantly, results indicate no ap-
parent significant differences between the Wistar and S-D strains when tested in
this study design. The results indicate both strains may be used to test for potential
effects on thyroid hormone and light microscopy in fetuses/pups to ascertain
NOAELs/LOAELs following exposure to dams during pregnancy and lactation.
We confirm a lack of “dysplasia” in Wistar controls.

PS 165 EVALUATION OF SUBCHRONIC TOXICITY AND
ESTROGENIC ACTIVITY OF BLACK COHOSH IN
FEMALE WEANLING WISTAR HAN RATS EXPOSED BY
GAVAGE.

M. D. Stout, S. A. Elmore', L. M. Fomby®, B M. Foster', D.R. Germolec',
G.E. Kissling', D. E. Malarkey', G.S. Travlos', M. K. Vallant' and R. S.
Chhabra'. INTP/N[EHS Research Triangle Park, 'NC and ?Battelle, Columbus, OH.

Black cohosh is a popular herbal supplement taken by women for the treatment of
menstrual cramps and menopausal symptoms. The recommended daily dose is 40
mg/day (-0.5-0.6 mg/kg/day). An often reported mechanism of action alludes to
estrogen-mediated effects; however, results found in the literature are mixed. No
significant estrogenic effects were observed in an uterotrophic assay conducted by
the NTP. In order to address the lack of adequate toxicity data and to further ex-
amine the potential estrogenicity of black cohosh, the NTP conducted a 90-day
study in 3 week-old female Wistar Han rats administered an ethanolic extract by
gavage (in 0.5% aqueous methyl cellulose) of 0, 15, 125, 250, 500 or 1000 mg/kg.
In addition to routine toxicity endpoints, reproductive organ weights, time to vagi-
nal patency and analysis of estrous cyclicity were included. There was no apparent
in-life toxicity following exposure. Increased platelet counts of up to 35% were ob-
served at the two highest dosages. Increased liver weights were observed at 500
mg/kg (absolute) and 1,000 mg/kg (absolute and relative) and decreased albumin
and total protein were observed at 1,000 mg/kg; however, these findings could not
be correlated with histopathologic lesions. Vaginal patency was delayed by 3 days at
1,000 mg/kg, suggesting the possibility of anti-estrogenic activity, a finding in con-
trast to some previous reports; a decrease in pituitary gland weight may be related
to this change. At 500 and 1,000 mg/kg, decreased thymus weights and cell death
of thymic lymphocytes were observed. The cell death may have occurred primarily
in a specific population of T-lymphocytes; however, further studies are needed to
test this hypothesis. In conclusion, possible anti-androgenic activity was observed at
the high dose, and the thymus appeared to be the only major target organ, follow-
ing administration of up to 1000 mg/kg black cohosh to weanling female Wistar
Han rats.

PS 166 IN UTERO EXPOSURE TO CHLOROQUINE REDUCES
a TESTOSTERONE AND STEROIDOGENIC GENE

EXPRESSION IN FETAL RAT TESTES.

R.A. Clewell * and M. E. Andersen®. ' University of North Carolina, Chapel Hill,
NC and?The Hamner Institutes for Health Sciences, Research Triangle Park, NC.

Chloroquine (CQ) is a commonly prescribed drug in the treatment and prevention
of malaria, as well as several connective tissue disorders at doses in the range of 5 -
25 mg/kg/d. CQ is considered safe for use in pregnant women based on lack of ev-
idence of increased miscarriage or overt birth defects in offspring of exposed moth-
ers. Yet despite widespread use, few reproductive toxicity studies are available for
this drug, particularly at human relevant doses. CQ disrupts steroid homeostasis in
the adult rat. Since CQ is efficiently transferred to the fetus, the potential to inter-
fere with steroidogenesis at a time when testosterone is critical for male sexual de-
velopment exists. To investigate the effect on sexual development, pregnant
Sprague-Dawley rats were given an oral gavage of water or CQ (10, 50, or 100
mg/kg/d) on gestation days (GD) 16-18. Maternal blood and male fetuses were
collected on GD 19 and examined for early markers of endocrine disruption.
Maternal serum estradiol levels were reduced at 10 mg/kg/d and increased at 100
mg/kg/d when compared to controls, while progesterone increased in a dose-de-
pendent manner at doses =50 mg/kg/d, suggesting compensation by the maternal
hypothalamus-pituitary-gonad axis. Anogenital distance was not affected by CQ on
GD 19, but reduced coiling of the testicular artery at the high dose indicates de-
layed testes development. Fetal testes testosterone was decreased in all treatment
groups in a dose-dependent manner. Microarray analysis of testes revealed signifi-
cant down-regulation of several genes associated with fatty acid, cholesterol and
steroid regulation at 100 mg/kg/d, including Nppc, Srebpl and Tin7sf2.
Reproducible, but statistically insignificant, dose-related decreases were also seen in

the expression of steroidogenic genes Swr, Cypl7al, P450scc and 3Hsdf1 which
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are modulated by other known anti-androgens. This study provides strong evidence
that CQ is likely to disrupt testosterone-dependent development in the rat fetus at
human relevant doses.

KETAMINE-INDUCED NEURODEGENERATION IN
THE NEWBORN RHESUS MONKEY.

X. Zou, T. A. Patterson’, R. L. D1V1ne, N. Sadovova®, . P Hamg

Paule', W. Slikker' and C Wang Dwz:zon 0fNeur0t0xzmlygy, Natzonal Center
for Toxicological Research, Jefferson, AR, Toxzcolagzc Pathology Associates, National
Center for Toxicological Research, Jefferson, AR and’ Division of Applied
Pharmacology Research, Center for Drug Fvaluation and Research, U.S. Food & Drug
Administration, Silver Spring, MD.

Ketamine is a widely-used pediatric anesthetic, but the types of toxic insult that
lead to ketamine-induced neuronal death are not adequately understood. One of
the main goals of this study was to determine whether there is a duration of keta-
mine-induced anesthesia below which no significant ketamine-induced neurode-
generation can be detected. Newborn rhesus monkeys (postnatal day 5 or 6) were
administered ketamine intravenously for 3, 9 or 24 hours to maintain a steady anes-
thetic plane, followed by a 6-hour withdrawal period. The 24-hour duration was se-
lected as a relatively long duration, while the 3-hour duration more closely approx-
imates typical pediatric general anesthesia. Animals were subsequently perfused and
brain tissue processed for analyses using silver and Fluoro-Jade C stains and caspase-
3 immunostain. The results indicated that no significant neurotoxic effects oc-
curred if the anesthesia duration was 3 hours. However, 9 and 24-hour ketamine
infusions significantly increased the number of silver-impregnated grains and the
number of caspase-3 and Fluoro-Jade C-positive neuronal profiles in layers II and
III of the frontal cortex compared with controls. The extent of neurodegeneration
seen with 24-hour exposure is indeed greater than that seen after a 9-hour exposure.
Although a few caspase-3 and Fluoro-Jade C-positive neuronal profiles were ob-
served in some additional brain areas including the hippocampus, thalamus, stria-
tum and amygdala, no significant differences were detected between ketamine-
treated and control monkeys in these areas. These data suggest that the newborn
monkey is sensitive to anesthetic-induced neurodegeneration and that exposure of
9 hours or longer can induce neurodegeneration during this early stage of develop-

ment. Supported by FDA/NCTR E-7189, CDER/FDA and NICHD.

PS 168 DIFFERENTIAL SPATIOTEMPORAL REGULATION OF
BASIC HELIX-LOOP-HELIX (BHLH) AND
HOMEODOMAIN (HD) TRANSCRIPTION FACTORS
DURING GESTATIONAL LEAD EXPOSURE (GLE)
SELECTIVELY INCREASES THE NUMBER OF LATE-

BORN RETINAL NEURONS.

A. Giddabasappa, S. Mukherjee, W. Xiao, S. Chaney and D. A. Fox. University
of Houston, Houston, TX.

GLE increases and prolongs the proliferation of retinal progenitor cells (RPCs) re-
sulting in an increased number of late-born retinal neurons (rods and bipolar cells),
but not Miiller glial cells [SOT 2008]. Our present goals were to determine the spa-
tiotemporal mRNA and protein expression profile of transcription factors
(TFs)that produced this novel retinal phenotype. C57BL/6 female mice were ex-
posed to water or 55 ppm lead throughout gestation (E) and until postnatal day 10
(PN10): period equivalent to human gestation. Affymetrix arrays and real-time
PCR (RT-qPCR) determined retinal gene expression at E18.5 and PN2-10.
Western blots and immunocytochemical confocal (IHC) studies used PN2-10 reti-
nas. Peak [BPb] at PNO-10 was ~20 pg/dL. Microarray and RT-qPCR analysis re-
vealed that Mash1 and Chx10 were upregulated in GLE retinas from PN6-10 and
PN2-6, respectively. However, Hesl, NeuroD1, Otx2, Notchl, STAT3, CNTE
gp130, SOCs3 and Spl mRNA expression were not different from controls.
Immunoblots revealed that GLE upregulated Mash1 expression from PN2-10; up-
regulated Hesl1 expression from PN2-4 and downregulated its expression on PN6;
upregulated Notch1-ICD/-ECD at PN4 and downregulated their expression at
PNG; and did not change STAT3/pSTAT3 expression. In PN5 GLE retinas, IHC
revealed that Mash1, Hes1 and Chx10 were upregulated in postmitotic and differ-
entiating neurons. The GLE-induced upregulation of the Hes1 (bHLH TF)-
Notchl pathway is consistent with increased and prolonged RPC proliferation. The
GLE-induced upregulation of Mash1 (proneural bHLH TF)and Chx10 (bipolar
cell promoting HD TF) in post-mitotic RPCs in concert with the downregulation
of Notchl-Hesl and no change in STAT3/pSTAT?3 is consistent with the selec-
tively increased rods and bipolar cells. Thus, low-level GLE targeted specific bHLH
and HD TFs during a critical stage of late retinal development, which produced a
unique retinal phenotype. Supported by NIH Grants ES012482, EY07751 and
EY07024.
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PS 169  ASSESSMENT OF SYNAPSE FORMATION IN RAT
. PRIMARY NEURAL CELL CULTURE USING HIGH
CONTENT MICROSCOPY.

. A. Harrill, T. M. Freudenrich, B. Robinette and W. R. Mundy. Cellular and
Molecular Toxicology Branch, Neurotoxicology Division, U.S. EPA, RTR, NC.

Cell-based assays can model neurodevelopmental processes including neurite
growth and synaptogenesis, and may be useful for screening and evaluation of large
numbers of chemicals for developmental neurotoxicity. This work describes the use
of high content screening (HCS) to detect chemical effects on synaptogenesis 7
vitro. HCS was performed with a Cellomics ArrayScan VTi™, an automated epi-
fluorescence microscope and image analysis system, using cells in a microtiter plate
format. Cerebellar granule cells (CGCs) from PND7 LE rats were seeded at
1.33x10° cells/cm” on laminin coated 96-well plates and grown for 2, 3, 5,7, 9 or
14 days in vitro (DIV). Cells were then fixed and fluorescently labeled with anti-
bodies against BIII-tubulin and syanpsin I to visualize neuronal cells bodies and
qualitatively assess the development of pre-synaptic terminals. Synapsin staining
was diffuse up to DIV3. Synapsin puncta appeared at DIV5 and were observed up
to DIV14. DIV7 CGCs were then used to optlmlze a protocol for neurite and
syanpsin I quantification using an ArrayScan VTi™. The number of synapsin
puncta and total area of synapsin staining associated with neuronal cell bodies and
neurites were used as endpoints to measure synaptogenesis. CGCs were then
treated with 3 or 10 uM of the PKC inhibitor Bis1, the MEK inhibitor U0126, the
Src kinase inhibitor SU6656 or vehicle control (0.1% DMSO) at 2 h post-seeding
and evaluated on DIV7 with the ArrayScan protocol (n=4-6 wells/group). 3 uM
SUG656 increased the density of synaptic puncta associated with neurites and cell
bodies on DIV7. 3 uM Bisl and 10 uM U0126 decreased the number and total
area of synapsin puncta associated with cell bodies and neurites. 10 uM Bis1 pro-
duced large reductions in synapsin staining and decreases in total neurite length
(16% of control), indicative of overt cellular toxicity. These data demonstrate this
method can be used as a screening tool to detect chemical effects on synaptogenesis
in primary cultures. This abstract does not necessarily reflect USEPA policy.

0 170  LEAD EXPOSURE AND EXTERNALIZING BEHAVIOR
. IN KINDERGARTEN CHILDREN.
.Lid", L. McCauley J. Pinto- Martin!, X. Shen C. Yan? and H. Needleman’®.

"University of Penmylwzma, Philadelphia, PA, Shang/mz Jiaotong University,
Shanghai, China and > University of Pittsburgh, Pittsburgh, PA.

Objectives: Studies on the effect of lead exposure on children’s externalizing behav-
ior (e.g. aggression, hyperactivity) are mixed. The purpose of this study was to pro-
vide further data on whether lead exposure is associated with increased externalizing
behavior in kindergarten children, and assess whether the effect is independent of
psychosocial factors in a non-clinical community sample of Chinese children.
Method: Participants consisted of 650 5-6 years old kindergarten children in Jintan
City, China. The Chinese version of the Child Behavior Checklist (CBCL) was
used to measure behavioral outcomes. Blood lead level (BLL) was measured by a
reference laboratory of the Centers for Disease Control and Prevention (CDC) in
the Shanghai Lead Prevention Center. A self-administered parental questionnaire
was used to collect information on potential confounds, including parental socio-
economic status, education, occupation, and marriage status. Results: Geometric
mean BPb among subjects was 7.0 ug/dL (range, 2.3 -24.6 pg/dL). 544 (89.8%)
children had BLL in the range of 0 to 9.9 ug/dL, while 62 (10.2%) of children had
BLLs = 10 ug/dL. Externalizing behavior was increased significantly in those with
BLL greater than 10 ug/dL (p<.05). The group difference remained after control-
ling for potential demographic and psychosocial factors. Conclusions: This popula-
tion-based study suggests that increased lead levels are associated with increased ex-
ternalizing behavior and it has potential public health implications for prevention
of lead exposure in children.

PS 171 CHANGE OF GENE EXPRESSION PROFILES IN
a ZEBRAFISH EMBRYOS AS AN ENDPOINT IN
NEUROTOXICITY SCREENING.

C. Fan"?, S. Padilla' and R. Ramabhadran'. 'U.S. EPA, Research Triangle Park,
NC and*Curriculum in Toxicology, University of North Carolina, Chapel Hill, NC.

Chemicals that adversely affect the developing nervous system may have long-term
consequences on human health. Little information exists on a large number of en-
vironmental chemicals to guide risk assessments for developmental neurotoxicity
(DNT). As traditional DNT testing using rodents are costly, time consuming and
labor intensive, alternative species such as zebrafish are being adapted for high-
throughput toxicity screening. Hence, it is necessary to identify and characterize ze-
brafish biomarkers for assessing the DNT potential of chemicals. First, we de-
scribed the developmental expression profile of 9 nervous system genes expressed in



untreated zebrafish embryos and larvae from 1 dpf to 6 days post-fertilization (dpf)
determined using RT-qPCR. The data indicated that synapsin II and myelin basic
protein (mbp) showed the largest increase in transcript levels. HuC, gap43, neuro-
genin 1 (ngn1), tla tubulin, and gfap showed gene expression profile with an early
increase followed by down-regulation. The transcripts of nestin and sonic hedgehog
decreased during zebrafish development. We next investigated the changes in gene
expression profile in zebrafish embryos exposed to two known developmental neu-
rotoxicants (ethanol or valproate).from 0 to 5 dpf. Both toxicants affected gene ex-
pression at 3 and 6 dpf with some differences between the two chemicals. There
were, however, some similarities with both valproate or ethanol exposure producing
changes in mbp, nestin, and ngn1 expression when assessed at 3 dpf, and in mbp,
gfap and ngn1 expression when assessed 24 hours after exposure had ceased (i.e., 6
dpf). Collectively, these data indicate that transcript levels of genes are responsive to
developmental neurotoxicant exposure. It is possible to utilize the change of gene
expression profiling as an endpoint to evaluate the developmental neurotoxicity.
(This abstract does not necessarily reflect USEPA policy)

EXPOSURE TO PYRETHROID INSECTICIDES ALTERS
EXPRESSION OF GENES IMPORTANT FOR
DOPAMINERGIC NEURONAL DEVELOPMENT.
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A. DeMicco!, K. R. Cooper, . R. Richardson” and L. A. White'. Bzac/]emzstry
and Microbiology, Rutgers University, New Brunswick, NJ and ° Environmental and
Occupational Health Sciences Institute, UMDN], Picataway, NJ.

Pyrethroids are widely used residential and agricultural insecticides, and recent
studies indicate that the developing embryo may be especially susceptible to
pyrethroids exposure. Data from the Richardson laboratory show that developmen-
tal exposure of mice to deltamethrin (a type II pyrethroid) results in increased
dopamine transporter (DAT) expression and increased expression of Nurrl and
Pitx3, transcription factors involved in dopaminergic system development. These
mice also displayed increased locomotor activity. We have chosen to use the ze-
brafish to explore the hypothesis that developmental pyrethroid exposure alters
dopaminergic neuronal development. To investigate the toxicity of pyrethroids in
this model system, zebrafish embryos (3hpf) were exposed to pyrethroids and ob-
served individually every 24h until 144 hpf. High doses of pyrethroids caused mor-
tality (LC50 of 55ug/L for deltamethrin), pericardial edema, body axis curvature,
and spasms. Lower doses caused hyperactivity, similar to the effects seen in mice. To
evaluate changes in gene expression, quantitative RT-PCR was used to determine
expression of DAT, Pitx3, Nurrl, and tyrosine hydroxylase (a marker of dopamin-
ergic neurons). Deltamethrin (1ug/L) caused an increase in expression of DAT (3.4
fold), TH (3.2 fold) and the transcription factors Nurrl (3.3 fold) and Pitx3 (3.6
fold) without causing overt toxicity. Furthermore, these changes persisted in 2 week
old larvae that had been exposed to deltamethrin during early embryogenesis.
These data validate the zebrafish as a model for studying pyrethroid neurotoxicity,
and demonstrate that short-term exposure to deltamethrin during early develop-
ment results in alteration of gene expression that persists for at least 2 weeks.
Supported in part by NIEHS grants P30ES005022 and RO1ES015991.

PS 173  NEUROTOXICITY OF TBT IN F1 RATS AS EVALUATED
a BY AN OPEN FIELD TEST AND PREPULSE

INHIBITION TEST.

M. Tsunoda , H. Asakawa , K. Takaya , M. Hosokawa', C. Sugaya , Y. Inoue,
Y. Kudo', T. Satoh', H. Katagiri’, H Akita®, M. Saji>, M. Wakasa’, T.

NCgIShl , T, Tashlro and Y. Aizawa'. ! Preventive Medicine and Public Hm/th
Kitasato University School of Medicine, Sagamihara, Kanagawa, Japan, °Kitasato
Umwr.rny School of Allied Health Sciences, Sagamihara, Kanagawa, Japan and

3 Aoyama Gakuin University School of Science and Engineering, Sagamibara,
Kanagawa, Japan.

Neurotoxicity is one of the major effects of tributyltin (TBT). The effects on the
next generation of F1 rats exposed to TBT via the placenta and their dams’ milk
may be stronger than those on adults. Pregnant Wister rats were exposed to TBT at
0 and 125 ppm in their food. Half of the female F1 rats in both groups were ex-
posed to TBT at 125 ppm in their food from 9 to 15 weeks age. Female F1 rats
were divided into: the control-control (CC), TBT-control (TC), control-TBT
(CT), TBT-TBT (TT) groups (n = 10/group). After the administration, an open
field test and prepulse inhibition (PPI) test were performed at 15 weeks of age. The
mean body weight of the TC and T'T groups was significantly lower than that of the
CC group at 9 and 15 weeks of age. In the open field test, a marked decrease in the
total locomotion distance was observed in the TT group, and the mean value was
significantly lower than that of the CC group. For the locomotion distance between
15-20 min, the mean values in the CT, TC and TT groups were significantly lower
than that in the CC group. The mean locomotor distance between 25-30 min in
the TT group was significantly lower than that in the CC and TC groups. The

mean values of instances of wall rearing in the TC, CT and TT groups were signif-
icantly lower than that in the CC group. The mean value of face washing in the TT
group was significantly lower than that in the TC group. There were no significant
differences in indexes of the PPI test. Exposure to TBT via the placenta and their
dams’ milk inhibited the development of F1 rats, which continued after weaning.
Inhibition of the rats activity induced by exposure to TBT via the placenta and
their dams’ milk and/or via food was suggested. The effects were most evident in

the TT group.

PS 174 DEVELOPMENTAL NEUROTOXICITY OF
- ACRYLAMIDE IN WISTAR RATS.
M. V. Patel', S. M. Paneliya’, M. M. Ghag' and P B. Deshmukh Moxicology,

Jai Research Foundﬂtzon, Valavada-396108, Gujarat, India and” Toxicology and
Pharmacology Services, Jai Research Foundation, Valavada-396108, Gujarat, India.

There are innumerable hazardous contaminants in our environment. Some of these
agents are known to be neurotoxic in animals and humans. Foetuses and neonates
are known to be a high-risk groups. The present study was carried out in order to
see the enhanced developmental neurotoxic effects in pregnant female rats using
acrylamide. Pregnant Wistar rats (9-11 weeks old), weighing 190-205 gms) were
dosed with acrylamide at 0,8, 12 and 16/18 mg /kg b. wt. form day 6 of gestation
to day 21 of lactation. No maternal death or distinctive toxic signs were noted dur-
ing gestation however, two dams from high dose group were found dead during lac-
tation. The maternal body weight and feed consumption were significantly de-
creased in mid and high dose groups during gestation and lactation. The mean
body weight and feed consumption of pups were significantly decreased at all the
treatment groups. Survival index of the pups was decreased at high dose group on
postnatal day 4, 21 and 28. During neurobehavioral observation of pups, circling
behavioural (PND 11), abnormal gait (PND 21) and impaired mobility (PND 21)
were observed in male and female pups from high dose group. The pups from the
high dose groups were falls immediately during wire manoeuvre observation. The
mean ambulatory activity on postnatal day 13 and 17 was decreased in the male
and female pups from the mid and high dose groups. On PND 23 abnormal air
righting reflex of the male and female pups were observed at mid and high dose
groups and mean foot splay (mm) of male and female pups were significantly de-
creased at high dose group. It can be concluded that acrylamide did not showed se-
lective developmental neurobehavioral toxicity. It was evident that the test sub-
stance was found to possess maternal toxicity but failed to reveal potential
developmental toxicity.

QUANTITATIVE ASSESSMENT OF [18F]-ANNEXIN V
UPTAKE BY MICROPET IMAGING AS A BIOMARKER
OF KETAMINE-INDUCED NEURONAL DEATH.

PS 175

X. Zhang, G. D. Newport, T. A. Patterson, M. G. Paule, W. Slikker and C.
Wang. Neurotoxicology, NCTR/FDA, Jefferson, AR.

Ketamine is a dissociative anesthetic that is primarily used for the induction and
maintenance of general anesthesia. Recent reports indicate that ketamine anesthesia
for 6-12 h triggers neuronal apoptosis in postnatal day (PND) 7 rats. In all apop-
totic neurons, phosphatidylserine (PS) is rapidly redistributed from the inner to
outer surface of the plasma membrane and can be selectively recognized and bound
by annexin V. Because the high-resolution positron emission tomography scanner
(microPET) provides in vivo molecular imaging at sufficient resolution to resolve
neuronal activities in the rat brain, it has been proposed as a minimally invasive
method for detecting apoptosis in the brain using the tracer [18F]-labeled annexin
V. In this study, the effect of ketamine on the uptake and retention of [18F]-an-
nexin V in the rat brain was investigated using microPET imaging. On PND 7, rat
pups in the experimental group were exposed to 6 injections of ketamine (20 mg/kg
at 2 h intervals) and control rat pups received 6 injections of saline. On PND 35,
[18F]-annexin V (1 mci) was injected into the tail vein of treated and control rats
and static microPET images were obtained over 2 h following the injection.
Radiolabeled tracer accumulation in the region of interest (ROI) in the frontal cor-
tex and hippocampus were converted into Standard Uptake Values (SUVs). After
the injection, radiotracer was quickly distributed into the brains of both ketamine-
and saline-treated rats. Compared with the control group, the uptake of [18F]-an-
nexin V was significantly increased in the ROI of ketamine-treated rats.
Additionally, the duration for wash-out of the tracer was prolonged in the keta-
mine-treated animals. This preliminary study demonstrates that microPET imaging
is capable of distinguishing differences in retention of [18F]-annexin in different
brain regions and suggests that this approach may provide a minimally invasive bio-

marker of neuronal apoptosis. Supported by NICHHD, NTP/NIEHS and FDA
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EARLY EXPOSURE TO OXYTOCIN ALTERS ZEBRA
FINCH VOCAL DEVELOPMENT.

B. Riffle and K. Soderstrom. Pharmacology and Toxicology, ECU, Greenville, NC.

Autism spectrum disorder is associated with deficits in both social and language
skills, and evidence suggests a role for oxytocin signaling in the etiology of autism.
Peripheral administration of oxytocin (widely used during parturition)has been
shown to distribute to the central nervous system, particularly in newborns
(McEwen 2004). Oxytocin signaling has been established to be important in the
modulation of social behaviors. The extent to which oxytocin signaling is involved
in vocal development has not been established, possibly due to a lack of appropriate
animal models. Since song birds learn a form of vocal communication, they repre-
sent a promising model for evaluating effects of oxytocin-related peptides on vocal
development. As an avian species, zebra finches utilize mesotocin rather than oxy-
tocin signaling (these nonapeptides differ by a single amino acid). To establish the
suitability of zebra finches as an animal model to study developmental effects of
oxytocin-related peptides, we have begun to characterize the receptor likely in-
volved. Immunohistochemical experiments using an antibody raised from the
mesotocin receptor specific previously cloned in our laboratory suggests that dis-
tinct mesotocin receptor expression occurs within the vocal motor brain regions
and that mesotocin receptor expression varies as a function of age during vocal de-
velopment. To determine if early exposure to oxytocin could alter normal vocal de-
velopment, birds were treated with ecither oxytocin (300 mcg/kg, 1000 mcg/kg, or
3000 mcg/kg) or vehicle for five days (days 5-9). The birds were then raised by the
same adult tutor. Songs were recorded at adulthood and ten song files were ran-
domly selected for analysis. There was no statistical difference on note stereotypy
by oxytocin treated animals due to dosage and thus the animals were pooled into
one group. The songs produced by the oxytocin treated animals were less well-
stereotyped than those of the vehicle treated animals (p = 0.015, two sample t-test).
These preliminary results suggest that early post-natal oxytocin exposure may alter
zebra finch vocal development.

177

W. K. Boyes, L. L. Degn, P.Evansky, T. E. Samsam, P J. Bushnell, K. L.
McDaniel, V. C. Moser, R. G. Ellis-Hutchings and J. M. Rogers. NHEERL,
EPA, Research Triangle Park, NC.

Children of women who were exposed to organic solvents during pregnancy have
shown altered physical development, behavior (Pearson et al, 1994; Arnold et al,
1994) and visual function (Till et al, 2001; 2003; 2005). We evaluated the off-
spring of pregnant Long-Evans rats who were exposed to toluene vapor at concen-
trations of 0, 10, 100 or 1000 ppm from days 8-19 of gestation. There were no ef-
fects of toluene on maternal body weight during pregnancy or preweaning growth
of offspring at any concentration, but postweaning offspring weights were signifi-
cantly lower through 18 weeks in the 1000 ppm group. One set of offspring was
tested at 5 and 8 weeks of age using a functional observational battery (FOB) and
motor activity (n=9-10/dose, 1 male/litter). There were no treatment effects on
horizontally or vertically directed activity. Of all the FOB endpoints, only slight ef-
fects on reactivity and the click response were detected; while significant, these
changes were neither dose-responsive nor convincing. The rats were then trained to
perform a visual signal detection task to assess learning and sustained attention. No
effects of toluene exposure were observed in a lever press task, visual discrimination
task or the signal detection task. Beginning at approximately 75 days of age, elec-
troretinograms (ERG), and pattern-elicited visual evoked potentials (VEP) were
recorded from a second cohort of offspring (n=10/dose, 1 male offspring/litter). No
statistically significant effects of toluene exposure were observed in any ERG or
VEP parameter, or in contrast thresholds extrapolated from VEP contrast-ampli-
tude functions. These experiments have not confirmed that gestational exposure to
toluene alters the visual function or behavior of offspring.

GESTATIONAL EXPOSURE TO TOLUENE DID NOT
ALTER THE BEHAVIOR OR VISUAL FUNCTION OF
OFFSPRING RATS.

This abstract does not reflect EPA policy.

PS 178 PROTECTION FROM KETAMINE-INDUCED DNA
. DAMAGE IN RAT FOREBRAIN CULTURE BY L-

CARNITINE.

N. V. Sadovova' ; X. Zow?, X. Zhang ]. D Hanig’, M. G. Paule, W. Slikker?
and C. Wang Toxlwlogzt Parhology Associates, Jefferson, AR, Neumtaxzm/ogy,
National Center for Toxicological Research/U.S. Food ¢ Drug Administration,
Jefferson, AR and? Center for Drug Evaluation and Research/U.S. Food & Drug
Administration, Silver Spring, MD.

Ketamine, a noncompetitive NMDA receptor antagonist, is used as a general pedi-
atric anesthetic, and may cause neurodegeneration if administration occurs during
critical periods of development. L-carnitine plays an integral role in reducing brain
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injury associated with mitochondrial neurodegenerative disorders. The purpose of
this study was to investigate whether co-administration of L-carnitine could protect
against or attenuate ketamine-induced cell death using newborn rat forebrain cul-
tures. Neural cells collected from the newborn rat forebrain were incubated for 24
h with 1, 10 or 20 uM ketamine, normal culture medium (control), or ketamine
(10 uM) plus 100, 500 or 1000 uM L-carnitine. A modification of guanine (8-ox-
oguanine) presumably induced by the reaction of endogenous and exogenous reac-
tive oxygen species with nucleic acids was used as a biomarker for oxidative DNA
damage. 8-oxo-dg ELISA and antibody to human 8-oxoguanine DNA glycosylase
(hOGG1) which catalyzes the removal of the 8-0x0G through cleavage of the DNA
phosphodiester bond, were used to explore the potential regulatory DNA repair
system. The 8-oxo-dg ELISA and immunostaining data indicate that ketamine (10
or 20 uM) produced elevated levels of 8-oxoguanine, and a reduction in mitochon-
drial metabolism of MTT. Preliminary data also show increased DNA migration as
indicated by an alkaline single cell gel electrophoresis (Comet assay). No significant
effect was observed in the release of lactate dehydrogenase. Ketamine-induced
DNA damage in forebrain culture was effectively blocked by L-carnitine (500 or
1000 uM), suggesting its potential protective effects via prevention of apoptosis
and chromosome damage, and changing cellular transcriptional responses.
Supported by NCTR/NTP IAG # 244-07-0007 (E-2155).

PS 179  VALPROATE-INDUCED ABNORMAL DEVELOPMENT
= NEUROTOXICITY IS AFFECTED BY MATERNAL
CONDITIONS, INCLUDING SHIPPING STRESS.
M. Kuwagata”?, T. Ogawa™?, S. Shioda” and T. Nagata'. ' Laboratory of

Pathology, Tnxzm/ogy, Hatano Re:mc/) Institute, Food and Drug Safety Center,
Kanagawa, ]apan, °Department of Anatomy I, Showa University School of Medicine,
Tokyo, Japan and’ Anti-aging Medicine Funded Research Labs, Showa University
School of Medicine, Tokyo, Japan.

Prenatal stress is known to affect the development of the brain, and to exaggerate
the developmental toxicity of chemicals. Many studies on developmental neurotox-
icity (DNT) use pregnant rodents mated at the supplier, which consequently suffer
from the stress of shipping and environmental changes. We have demonstrated dif-
ferences in developmental neurotoxicity induced by valproate (VPA) between preg-
nant rats mated at our own animal facility (in-house group) and rats purchased
pregnant (supplier group). Rats were treated with VPA (800mg/kg) orally on gesta-
tion day (GD) 9 or 11 (VPAE9 or VPAE11), and the fetal brain was examined at
E16 using immunohistochemistry for serotonin, tyrosine hydroxylase (TH), and
TuJ1 (a neuronal marker). Cortical dysgenesis (abnormal cortical plate) was in-
duced in both VPAE9 and VPAE11 groups. Abnormal traveling of the neural fasci-
culus at the isthmus, resulting in disturbance of the migration of TH-positive and
serotonin neurons was observed in the hindbrain of only the VPAEI1 group.
Comparing the incidence of these abnormalities between the in-house and supplier
groups, the incidence of the cortical dysgenesis was increased slightly, and that of
the abnormal pons was clearly increased in the supplier group. Thus, observation of
E16 brain clearly demonstrated that a difference in mating location (own animal fa-
cility or supplier) affects the reproducibility of VPA-induced DNT. (This research
was supported by a grant for Long-range Research Initiative from the Japan
Chemical Industry Association.)

PS 180 DISTRIBUTION OF C-FOS-LIKE
IMMUNOREACTIVITIES IN THE NEONATAL RAT
BRAIN SHORTLY AFTER MATERNAL DEPRIVATION IN
THE BRDU-INDUCED HYPERACTIVITY MODEL.

T. Ogawa"?, M. Kuwagata® T Nagata® and S. Shioda. 'Anti-aging Medicien,
Showa unwem{y, Tokyo, ]apﬂn, 2 Anatomy, Showa university, Tokyo, Japan and
? Pathology, Hadano Research Institute, FDSC, Kanagawa, Japan.

c-Fos has been used as a marker of neuronal activity, and immunohistochemistry of
this protein is one of the most useful methods to investigate active brain areas in ex-
perimental animals. We applied c-Fos immunohistochemistry to develop a method
to detect abnormal brain function during the neonatal period in a chemical-in-
duced developmental disorder model. To investigate neonatal brain function, we
induced maternal deprivation, which was enough to stimulate them and induced c-
Fos immunoreactivities in the brain areas related to the olfactory system, and stress
response. To produce a chemical-induced hyperactivity rat model, we treated preg-
nant rats with 50 mg/kg of 5-bromo-2-deoxyuridine ( BrdU) from gestation day 9
to 15. Neonatal rats at 11 days of age were perfused with a fixative following one-
hour maternal deprivation (neonatal rats were placed in a new empty cage for one
hour). The number of c-Fos immunoreactive cells was counted in several brain
areas and compared between the control and BrdU groups. The number of c-Fos
immunoreactive cells in the BrdU group was decreased in the piriform cortex, the
locus coeruleus and dorsal part of the septum, which plays an important role in
neonatal learning and memory. We further analyzed Pearson product-moment cor-



relation coefficient between two brain areas for the number of c-Fos immunoreac-
tive cells. In the control group, the number of c-Fos immunoreactive cells in the
locus coeruleus correlated with brain areas such as the bed nucleus of the stria ter-
minalis, piriform cortex, and the somatosensory cortex, however, these correlations
disappeared in the BrdU group. Thus, c-Fos immunohistochemical observation
provides a method to detect developmental neurotoxicity during the neonatal pe-
riod.(Supported by a grant for Long-range Research Initiative from the Japan
Chemical Industry Association)
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TIME COURSE OF CHOLINESTERASE INHIBITION
FOLLOWING DEVELOPMENTAL CHLORPYRIFOS
EXPOSURE USING DIFFERENT ADMINISTRATION
PARADIGMS.

R. L. Carr and C. A. Nail. Center for Environmental Health Sciences, Mississippi
State University, Mississippi State, MS.

Chlorpyrifos (CPS) is widely used in agricultural settings and residue analysis has
suggested that children in agricultural communities are at risk of exposure. This has
resulted in a large amount of literature investigating the potential for CPS-induced
developmental neurotoxic effects. Three of the most common routes of administra-
tion of CPS are orally in oil, subcutaneously in oil, and subcutaneously in DMSO.
For comparison between these methods, rat pups were exposed daily from days 10-
16 to CPS (5 mg/kg) either orally dissolved in corn oil (PO-Oil), subcutaneously
dissolved in oil (SC-Oil), or subcutaneously dissolved in DMSO (SC-DMSO) at a
rate of 1.0 ml/kg. A representative vehicle/route group was present for each treat-
ment. A time course of acetylcholinesterase inhibition on the last day of exposure
was conducted to determine the peak time of inhibition following each route.
Samples were taken at 2, 4, 6, 8, 10,and 12 hours. In the forebrain, the time to peak
inhibition was 4 hours following all routes and the level of inhibition was greatest
in the SC-DMSO (-70%) followed by PO-Oil (-50%) and then SC-Oil (-42%).
In the cerebellum, the time to peak inhibition was 6 hours following PO-Oil
(~45%) and SC-Oil (-37%) but was 2 hours with SC-DMSO (-68%). Recovery in
the forebrain was observed with all routes but in the cerebellum, recovery occurred
in the oil routes but was not evident in the SC-DMSO route. These data suggest
that using DMSO as a vehicle for CPS not only induces greater AChE inhibition
but results in regional differences in the pattern of AChE inhibition and recovery.

PS 182 HIGH-THROUGHPUT BEHAVIORAL
. QUANTIFICATION OF DI(2-ETHYLHEXYL)
PHTHALATE (DEHP) EXPOSED RATS.

T. ]. Zarcone"?, D. M. Carbonari', A. M. Katz', A. W. Duncan' and B. Weiss'.
! Environmental Me‘dzczm‘, University of Rochester Medical Center, Rochester, NY and
2 Pediatrics, University of Rochester Medical Center, Rochester, NY.

Differences in performance between male and female rats are used to assess sub-
stances thought to affect sexual development of the brain. Most current methods
for measuring sexually-differentiated behavior in rats have been limited to human
observation requiring both subjective interpretation and limited quantification.
Human observation is labor- intensive, restricting these techniques from being used
as high-throughput screens for agents such as endocrine-active substances. This
poster presents apparatus and methods for quantifying sexually- differentiated be-
havior as well as the effects of 125 or 250 mg/kg of di (2-ethylhexyl) phthalate
(DEHP) given perinatally. Specifically, male and female pups were exposed, via the
dam, from gestational day 14 to post natal day (PND) 3 and then measured for ac-
tivity and play behavior. Ninety-six rats were processed in a between-group design
with negative- (corn oil) and positive- (50 mg/kg vinclozolin (Vz)) control groups.
Sex differences in activity did not appear until PND 54 in control and 125 mg/kg
DEHP groups. The sex differences were not statistically significant for the 250
mg/kg DEHP and Vz groups. Quantitative assessment of play behavior showed
negative-control male rats engaging in more rough-in-tumble play than females at
all ages. DEHP and Vz did not impact male play behavior, but did increase female
play behavior at all ages. This poster shows (1) that play behavior can be automated
and computerized, producing quantified data which allows for high-throughput
screening of chronic low dose exposures; and (2) that perinatal phthalate exposure
can induce sexually-differentiated behavioral effects. (Preparation supported in part
by NIEHS grants ES013247 and ES015509 and Center grant ES01247.)
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DEVELOPMENTAL EXPOSURE TO DELTAMETHRIN
RESULTS IN REGIONAL ALTERATIONS IN SODIUM
CHANNEL SUBUNIT AND BRAIN-DERIVED
NEUROTROPHIC FACTOR mRNA EXPRESSION.

J. P Magby and ]. Richardson. RWJMS, Piscataway, NJ.

Developing animals are known to be more sensitive to the neurotoxic effects of the
pyrethroid insecticide deltamethrin. Deltamethrin is thought to exert toxicity by
delaying the closure of voltage gated sodium channels and leading to a persistent

depolarization. In vitro studies have found that exposure to toxins that increase
sodium flux into cultured neurons causes down-regulation of sodium channel sub-
units, which in turn affects the firing properties of the cells and synaptic activity.
However, it is not clear if such an effect occurs in vivo. Here, we sought to deter-
mine whether developmental exposure to deltamethrin causes changes in sodium
channel subunit expression. Pregnant mice were exposed throughout gestation and
lactation to either 0 or 3 mg/kg deltamethrin every three days. The offspring were
tested as adults for behavioral deficits and male offspring sacrificed at 10-11
months of age for determination of isoform-specific sodium channel (NaV) and
BDNF mRNA expression by QPCR. Following developmental exposure to
deltamethrin, NaV 1.3 expression was decreased by about 27% and NaV 3 by
about 26% in the frontal cortex, with no significant effects on other o or f iso-
forms. In the striatum we observed an approximate 24% decrease in NaV 1.1, NaV
1.2, and NaV B1 along with 15 % reduction in NaV B3. Since reduction in sodium
channel expression could potentially lead to alterations in synaptic activity, we de-
termined the mRNA expression of brain-derived neurotrophic factor (BDNF),
which is known to be regulated by neuronal activity. We saw a slight but non-sig-
nificant reduction of BDNF mRNA in the frontal cortex. However, BDNF mRNA
was reduced by about 66% in the striatum. Taken together, these data suggest that
developmental deltamethrin exposure results in long-term alterations of isoform-
specific sodium channel subunit expression which may result in region-specific al-
terations in neuronal activity and contribute to the behavioral deficits observed in
mice developmentally exposed to deltamethrin.

Supported in part by ROIES015991.

PS 184  COMPARISON OF CONVENTIONAL AND
= INNOVATIVE TECHNOLOGIES FOR (REGULATORY)
DEVELOPMENTAL NEUROTOXICITY TESTING: A

MODEL STUDY IN RATS WITH MEHG.

D. M. De Groot', N Cappaert", C De Esch', M. De Groot', A. Heerschap,
N. ]etten , E Kuper , H. Muleer R Stlerum A. Veluen, B. Voet E. De
Vries’, A. Van Waarde®, W. Wadman A. Wolterbeek! and M. Radon;lcI '"TNO
Quality of Life, Zeist, Net/aer/ﬂnd: Gmnzngen University Medical Center /| PET
Center, Groningen, Net/?erlandx ’Radboud University Medical Center Nijmegen,
Nijmegen, Netherlands and *Universiteir van Amsterdam, SILS-CNS, Amsterdam,
Netherlands. Sponsor: V. Feron.

An extended (neuro)developmental study (OECD 415; EPA OPPTS 870 6300,
6800) was carried out in rats with the model developmental neurotoxicant
methylmercury (MeHg; 0, 0,1, 0.4, 0.7, 1.0, 1.5, 2.0 mg/kg body weight; GD6-
LD10). The study was designed to gather information on the relationship between
conventional technologies and indicators for developmental (neuro)toxicity
(mainly landmarks, behaviour and an extensive neuropathology survey, versus new
(innovative) technologies, i.e. stereology, toxicogenomics, in vivo PET-imaging, ex
vivo in vitro field potentials in hippocampal brain slices. In addition, a comparison
was made between a classical NOAEL and a Bench mark approach. The innovative
technologies were assessed on the control group and in the 0 and 1.5 mg MeHg/kg
groups. The results showed that, whereas conventional endpoints showed hardly —
if any- effects of prenatal exposure to MeHg, the new technologies (stereology, tox-
icogenomics, [18F]FDG micro PET and in vitro hippocampal synaptic excitabil-
ity) all demonstrated that persistent deficits exist in the brain of the offspring dur-
ing adulthood resulting from maternal exposure to MeHg. Moreover, the statistical
power of the benchmark approach appeared stronger than that of the NOAEL ap-
proach since, unlike with the NOAEL approach, a dose response relationship was
demonstrated for most parameters. Together, the results demonstrate that modern
technologies and statistical approaches may have a higher throughput and are
likely to show much stronger discriminative power when it comes to demonstra-
tions of adverse effects of developmental (neuro)toxicants. The relevance of these
findings will be discussed in the context of regulatory testing of developmental
(neuro)toxicity.

CA1 SYNAPTIC EXCITABILITY MEASURED IN VITRO
IN HIPPOCAMPAL BRAIN SLICES IS CHANGED IN
ADULT RAT OFESPRING AFTER MATERNAL
EXPOSURE TO MEHG.

PS 185

D. M. De Groot y N. Cappaert’, L. Van der Horst', M. Otto , W. Wadman®
and H. Muijser'. ' TNO Quality of Life, Zeist, Netherlands and > Universiteit van
Amsterdam, SILS-CNS, Amsterdam, Netherlands. Sponsor: V. Feron.

In utero exposure to methylmercury (MeHg) induces developmental deficits in off-
spring, such as loss of memory function [1]. A key brain region involved in learning
and memory is the hippocampus. It is known that acute in vitro exposure of hip-
pocampal brain slices to MeHg may affect the amplitude of electrically induced
field potentials [2]. We investigated ex vivo the excitability of the in vitro hip-
pocampus of juvenile (33 days) or adult rats (68 days) born from mothers which
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were exposed to MeHg during pregnancy and lactation (GD6-LD10; 1.5 mg
MeHg /kg BW /day by gavage). Control mothers received the vehicle (corn oil). In
hippocampal brain slices, the Schaffer collaterals were stimulated with bipolar,
biphasic current pulses. Evoked field potentials were recorded in CAl stratum ra-
diatum and in stratum pyramidale. Short and long term plasticity were studied
using paired pulse and repetitive stimuli, constructing input-output and interval
curves. The results showed that 1) older rats had smaller amplitude field potentials
in exposed as well as in control animals, 2) the release probability in MeHg exposed
animals might be reduced in the first pulse at low intensity stimulation (10% of
Imax) with small interpulse interval, and 3) unlike in the 28 day old MeHg oft-
spring in which no changes were observed, in the 68 days MeHg group, increased
population spike was observed at higher intensity (80% of Imax) and small inter-
pulse intervals (<70 ms). These data suggest that there is more Ca2+ remaining in
the presynaptic element of the 68 day MeHg group and point at life-lasting mech-
anistic changes in neural target tissues in the offspring after early maternal exposure
as shown also by the toxicogenomics data [3].

[1] Akiyoshi Kakita et al., (2000) Brain Res., 877/ 2: 322-330

[2] Yuan Y. K. and Atchison W. D. (1993) Toxicol. Appl.Pharm. 120: 203-215

[3] Radonjic M et al., (2008) Toxicol.Letters 180S: 125

ASSESSMENT OF THE NEUROTOXICITY OF
ACRYLAMIDE AND TRIMETHYLTIN CHLORIDE IN
THE HARLAN HAN WISTAR RAT.

K. Weber"?, N. Dhinsa"? and E. Wood" 2. ! Harlan Laboratories, Indianapolis,
IN and’RCC Ltd, Itingen, Switzerland. Sponsor: S. Corney.

Acrylamide and Trimethyltin are known to induce peripheral and central nervous
system damage. This study was designed to identify the neurotoxic properties of
Acrylamide and Trimethyltin Chloride following repeated dose gavage administra-
tion for up to twenty-eight consecutive days in the Han Wistar rat. Open-field
arena assessments, motor activity assessments and grip strength tests were per-
formed weekly, together with bodyweights and dietary intake. Clinical observations
and visual inspection of water bottles was also undertaken. At study termination,
animals were subjected to in situ perfusion fixation. The brain was weighed and the
brain, dorsal root ganglia, dorsal and ventral root fibres, eyes, optic nerve, sciatic
nerve, tibial nerve, skeletal muscle and spinal cord for all perfused animals were
processed and examined. Altered gait, lethargy, hunched posture, body tremors and
respiratory pattern changes were detected following Acrylamide administration.
Reduced transfer arousal and increases in urination and defecation were detected.
Increased vocalisation was noted for females. Reduced forelimb grip strength and
motor activity were detected, together with reduced bodyweight gains, dietary in-
take and food efficiencies. Changes in brain weights were detected and histopatho-
logical examination revealed effects in the spinal cord, ventral and root ganglia, and
sciatic and tibial nerves. Altered gait, increased activity, pilo-erection, lethargy, body
tremors, hunched posture and respiratory pattern changes were evident for animals
treated with Trimethyltin Chloride. Lower transfer arousal and increased incidences
of urination and defecation were also evident, together with increases in vocalisa-
tion. Increases in motor activity and reduced grip strength were noted.
Histopathological examinations revealed changes in the spinal cord, dorsal root
ganglia, dorsal and ventral roots and skeletal muscle. This study confirmed that the
procedures employed are effective in identifying the neurotoxic effects of
Acrylamide and Trimethyltin Chloride in the Harlan Han Wistar rat.

PS 187 DEVELOPMENTAL NEUROTOXICITY: PRACTICAL
a EXPERIENCE FROM THE CONDUCT OF A
VALIDATION STUDY.

. Corney’ ", C.3enn”", E.Sommer” ", R. Gerspach” " an . Krinke™ .
S. Corney"?, C. Senn"?, E.S 2 R. Gerspach"? and G. Krinke"?
! Harlan Laboratories, Indianapolis, IN and ?RCC Ltd, Itingen, Switzerland.

A validation study was carried out to establish a “best practice” in our laboratory
environment. Since a single positive control agent could not demonstrate the sensi-
tivity and specificity of the battery of methods and functional tests, Methylazoxy
methanol acetate (MAM) was selected, which de Groot et al. (2005) used in a
model study for the morphologic approach of DNT testing. MAM was given to
dams during days 13 to 15 of pregnancy at dose levels of 1.25, 5.0 and 7.5 mg/kg
body weight/day. The pups were examined on day 11, 22 and 63 post partum.
Brain weights were reduced at 7.5 mg/kg, independent from the fixation method.
Prolonged fixation of the brains in formalin had an influence on brain weight. For
instance, at 63 days, the fresh brain weight or the weight immediately after the per-
fusion fixation was 13 to 16% less than the weight after prolonged immersion.
Therefore, the nature of brain fixation is critical for historical control data. For
macroscopic morphometry the brains were photographed from the dorsal aspect
with a millimeter scale, enabling the assessment of the length of forebrain and cere-
bellum. There was a dose-dependent reduction in the length of forebrain and a ten-
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dency for an increased length of cerebellum. At the microscopic level, the decrease
in brain size was not observed, demonstrating the importance of accurate homology
of brain sections and performance of linear morphometry for the detection of sub-
tle differences. As some guidelines (US EPA) require examination of the peripheral
nervous system in “plastic” sections, epoxy resin sections were produced, containing
in continuity in a single section the dorsal and ventral nerve roots and the dorsal
root ganglia. The peripheral sciatic nerve and its branches could be examined effec-
tively in transverse epoxy resin sections, but for longitudinal sections paraffin em-
bedding, presenting large nerve portions, was superior. Overall this study con-
firmed the feasibility of the methodology applied in our laboratory.

BIOLOGICALLY-BASED MODELING TO ASSESS EARLY
EMBRYONIC EXPOSURE TO XENOBIOTICS SUITED
FOR NEUROBEHAVIORAL TERATOLOGY STUDIES.

PS 188

M. R. Goldsmith, R.Tornero-Velez and C. C. Dary. NERL/HEASD/EDRB, U.S.
Environmental Protection Agency, Durbam, NC.

Quantitative means of assessing early embryonic exposure (EEE) to xenobiotics
(XB) via maternal transfer early in the 1st trimester (GD15-50) remain relatively
scant in the literature. This developmental stage is marked by unique physiology
(i.e. cellular growth rates, nutrient mechanisms, vasculature, neuroendocrine mod-
ulation, metabolism and plasma/cell structures) not found in other life stages, sug-
gesting a need to incorporate and translate these vital temporal details into a stage-
specific biologically-based pharmacokinetic model (BBPK) for estimating
embryonic dose-metrics early in organogenesis. We believe that neurobehavioral
teratogens or NBT-exclusive “window of susceptibility” for XB coincide with EEE.
To address both exposure and dosimetry at this life-stage we describe/develop an
early gestational BBPK model that includes embryonic stage-relevant: (1) physio-
logical growth functions for primordial organs, (2) diffusion-limited maternal
transfer kinetics, (3) tissue-specific partition functions, and (4) a-fetoprotein bind-
ing QSAR. We use this model to probe exposure-dose scenarios of suspect etiologi-
cal agents of adverse neurobehavioral phenotypes, such as pervasive developmental
disorders (PDDs). Several NBTs, such as thalidomide, misoprostol, valproic acid,
benzodiazepine and methyl mercury, have been implicated in PDD etiology.
Coupled to maternal XB load derived from real or simulated exposure to these
compounds, this model is used in identifying determinants of unique gestational
dose-metrics (i.e., physicochemical/ ADME properties and embryonic plasma bind-
ing) of NBTs. Similar models may be important tools in the exploration of other
agents, environmental and therapeutic, in the XB-associated risk of PDD etiology
in presumably genetically susceptible populations to identify research needs, both
mechanistic and epidemiological, that will partially disentangle the complex under-
pinnings of neurobehavioral teratogenicity.

PS 189  EFFECTS OF PRENATAL HALOPERIDOL EXPOSURE

ON THE DEVELOPING RAT.

R. L. Williams', R. R. Holson® and K. E Soliman®. ‘CDC/ATSDR, Atlanta, GA,
ZP_vyc/m/ogy, New Mexico Tech, Albuguerque, NM and 3C0l/ege of Pharmacy and
Pharmaceutical Sciences, Florida A&M University, Tallahassee, FL.

Antipsychotics are drugs that were developed primarily to treat psychiatric illnesses
including schizophrenia. Haloperidol is an antipsychotic which is frequently used
during pregnancy either as an antiemetic, or antipsychotic. This experiment was de-
signed to investigate the behavioral and neurochemical effects of prenatal haloperi-
dol exposure on the developing rat offspring. Animals were kept in a control envi-
ronment of 21 + 1 degrees C with lights on at 07:00 hr and off at 19:00 hr. Animals
were injected with a sodium saline solution, or 5 mg/kg s.c. haloperidol from gesta-
tional day 6-20. After parturition, pups were culled to eight, consisting of 4 males
and 4 females. At postnatal day (PD) 20 offspring were weaned and separated by
sex. Offspring were tested for balance and motor activity using a negative geotaxis
apparatus at PD 6, 7, 8, and 9. At PD 12, 15, 18, 21 and 24, groups of offspring
were monitored with a developmental activity test. Other groups were tested for au-
ditory startle at PD 21 and 61. On PD 15, groups of offspring were given a dose of
sodium pentobarbital (25 mg/kg i.p.) and sleep time was measured. At PD 30, 60
and 120 offspring were tested for sleep time using a 25 mg/kg or 45 mg/kg dose of
sodium pentobarbital. At PD 100, groups of offspring were tested for their learning
ability in the complex maze for 5 consecutive daily 15 minute sessions. Water was
available in the maze at arm 4 and 5 as a reward for learning the maze. At PD 30,
groups of offspring were sacrificed and whole brains removed quickly, weighed and
dissected into the caudate nucleus. The caudate nuclei were stored at -70 degrees C
until neurochemical analysis. It was of interest to note that there were no statisti-
cally significant changes observed in the behavioral parameters, except that male
offspring showed a decrease in auditory startle response. Also, the dopamine sub-
type D1 receptor density was not statistically significantly different from the D2 re-
ceptor sites in the caudate nucleus.



PS 190 MOLECULAR AND CELLULAR CHARACTERIZATION
OF METHYMERCURY AND SELENIUM
SYNAPTOTOXICITY IN THE DEVELOPING
HIPPOCAMPUS OF RATS AND MICE.

J. Hradsky’, U. Kreher’, K. Braun® and R. Nass'. Pharmacology and Toxicology,
Indiana University School of Medicine, Indianapolis, IN and *Zoology/Developmental
Neurobiology, Otto von Guericke University, Magdeburg, Germany.

Methymercury (MeHg) exposure from occupational, environmental, and contami-
nated foods is a significant threat to public health. MeHg readily passes the brain
barrier causing severe psychological and neurological problems. The developing
nervous system is particularly vulnerable to the toxin, and although MeHg poison-
ings have been studied for decades, the molecular components and pathways in-
volved in the cellular pathology are largely unknown. Several studies have demon-
strated that selenium can be also neurotoxic, yet protect against the MeHg-induced
pathology. The molecular mechanisms involved in the selenium induced neurotox-
icity and protection are ill-defined. An aim of this study is to evaluate the neuro-
toxic effects of MeHg and selenium on developing neurons, and to identify cy-
toskeletal and synaptic proteins that may contribute to the neuropathology.
Hippocampal primary cell cultures from rats and mice at 14 days were exposed to
either MeHg or sodium selenide (NaSe) (0-50 uM), or in combination, for 24
hours and the number of dead cells determined using propidiumiodide as a marker
for cell death. Immunocytochemical quantification of dendritic and synaptic pro-
teins, including MAP2 and synaptophysin, was evaluated. A concentration-de-
pendent increase in mortality was observed with single toxin exposures in either
species, and results in dendritic fragmentation, loss of cellular integrity, and dra-
matic changes in a number of cytoskeletal and synaptic proteins. In contrast, co-ex-
posure with the toxins resulted in maintenance of dendritic and synaptic integrity,
that includes diffuse synaptic protein staining. Toxin-induced changes in the den-
dritic spines (size, volume, contact to presynaptic structures), as well as synaptic
protein expression and localization are also described. This study is supported by
XN3641A/0507

LIFETIME STUDIES OF DEVELOPMENTALLY PB-
EXPOSED MICE AND ALZHEIMER’S DISEASE
BIOMARKERS IN THE BRAIN AND BLOOD:
ALTERATIONS IN AMYLOID PRECURSOR PROTEIN,
SPECIFICITY PROTEIN 1 (SP1) AND AMYLOID-BETA.

R.S. Dosunmu and N. H. Zawia. Bi
University of Rhode Island, Kingston, RI.

dical and Pharmaceutical Sciences,

Alzheimer’s disease (AD) is a progressive neurodegenerative disease that will affect
50 million Americans by 2020. Disease pathology is hallmarked by senile plaques
composed of Amyloid-beta (AP) peptide aggregates and neurofibrillary tangles
composed of hyperphosphorylated tau. Although AD is a disease of old age, it is
not known when it begins or the underlying etiology. Thus, it is vital to pinpoint
when in the lifespan the levels of AP peptide as well as its precursor Amyloid
Precursor Protein (APP) depart from normal expression in the brain. Our lab has
previously shown that the neurotoxicant, lead (Pb), causes a latent increase cortical
brain APP expression by transcriptional up-regulation, thereby initiating an in-
crease in AP. The objective of this study is to quantify APP and Sp1 (the regulator
of APP expression) protein levels by Western blot analysis and Ap by ELISA assay,
in control and lead-exposed animals throughout the lifespan, in both the plasma
and the brain. This will allow us to see if alterations in the brain are reflected in the
blood and thus present these proteins as potential biomarkers to screen human
populations.

PS 192 GENETIC VARIATION IN BEHAVIORAL AND BRAIN

TRANSCRIPTIONAL EFFECTS OF MEHG EXPOSURE.

C. M. Foster', J.S. Spence', M. Beckmann', W. Curd', V. M. Phillip', S.
Duvvuru', G. N. Barnes?, M. Aschner” and E. J. Chesler'. Biosciences Division,
Ouk Ridge National Labs, Oak Ridge, TN and *Pediatrics, Vanderbilr University
Medical Center, Nashville, TN.

Methylmercury (MeHg) is a potent neurotoxin that affects the developing nervous
system. It accumulates in the brain, most notably the cerebellum and hippocampus,
causing irreversible damage. The neurotoxic effects and the mechanisms by which
MeHg acts remain to be elucidated, especially in cases of long-term exposure. A
study was conducted to evaluate genetic variation in MeHg effects on brain and be-
havior. Mice of both sexes from the BXD mouse progenitor lines (C57BIl/6 and
DBA/2) and several BXD lines were exposed to MeHg perinatally. Pregnant mice

were injected subcutaneously with 3mg MeHg/kg body weight or saline during ges-
tation. Neonate offspring were injected during the first week of birth on postnatal
days 3 and 5. Mice were assessed in open field, light-dark box and the Rota-rod ap-
paratus at 4-5 weeks of age. Strain specific effects of MeHg on behavior were ob-
served. Cerebella from separate mice, treated with the same MeHg exposure regi-
men, were dissected at 4-5 weeks of age and used for gene expression analysis using
the Illumina Mouse Sentrix 6 array. Significant 2-way (treatment x strain) and 3-
way (treatment x sex x strain) effects were detected. Analysis of significantly over-
represented pathways and functional Gene Ontology categories reveals genetic vari-
ation in MeHg effects on neural development, Wnt signaling (Wnt, DVI and
Axin), the MAP kinase pathway, and developmental GABAergic systems (GABA-C
tho). The lipid metabolism category was also over represented, particularly due to
steroid metabolizing genes. MeHg alters the expression of Glutathione-S-trans-
ferase, but these effects were not found to be strain specific in this subset of the
BXD population. The implication for this project is that in addition to effects of
MeHg on oxidative stress related genes; there are specific neurodevelopment effects
that are the result of an interaction of a genetic predisposition and an environmen-
tal exposure.

PS 193 LOW-DOSE METHYLMERCURY (MEHG) EXPOSURE
= ACTIVATES CASPASE-3 IN POSTNATAL RAT
HIPPOCAMPUS.

K. B. Sokolowski" 2, A. Falluel-Morel?, X. Zhou? and E. DiCicco-Bloom” .
!Joint Graduate Program in Toxicology, Rusgers, Highland Park, NJ and
Neuroscience and Cell Biology, Robert Wood Johnson Medical School, Piscataway, NJ.

MeHg, an environmentally persistent toxicant, induces a spectrum of harmful ef-
fects on neurodevelopment. Our recent studies (Falluel-Morel et al. 2007) have
shown that a single sc injection of 5ug/gbw MeHg in 7 day old (P7) rats acutely ac-
tivates caspase-3, an apoptotic protease, leading to cell cycle arrest and cell death in
hippocampus. Furthermore, reduced cell number and organ size were detected at
P21 in addition to behavioral effects at P35. Caspase-3 activation, a marker for
apoptosis, may involve either the extrinsic pathway that depends on caspase-8 or
the intrinsic pathway (involving caspase-9), which we found to underlie hippocam-
pal neurotoxicity (Sokolowski et al. 2008). Based on the pathway definition, we
used low doses of MeHg in our model of hippocampus toxicity, to define the effects
of environmentally relevant exposures. Of all the molecular markers we studied, in-
cluding [3H]-thymidine incorporation, BrdU, total DNA content and absolute cell
number, activated caspase-3 immunoassay was the most sensitive. Thus, capase-3, a
significant endpoint protein, was detected using the most sensitive assay, immuno-
histochemistry, in the low-dose exposures. After 24hr treatment with MeHg (10,
0.6, 0.2, 0.1ug/g) or vehicle in the P7 rat, whole brains were prepared for frozen
sectioning and caspase-3 staining. We found two-fold more activated caspase-3-
positive cells in brains exposed to 0.2ug/g MeHg than in controls. The next higher
dose, 0.6ug/g MeHg, elicited a five-fold increase in caspase-3-positive cells while
the highest dose, 10ug/g MeHg, increased positive cells eight times greater than
control. By using the most sensitive marker for apoptosis, caspase-3 staining, we
now detect significant MeHg neurotoxicity at a 25-fold lower dose than previously
defined. Future studies will characterize acute effects on hippocampal neurogenesis
and later consequences on organ cell composition and cognitive functions. NIEHS:

ES07148, ES05022, ES11256; USEPA R829391; FRM SPE2006

PS 194  GLIAL INFLAMMATORY RESPONSES AND AGE-
. DEPENDENT SUSCEPTIBILITY TO MANGANESE-
INDUCED NEUROTOXICITY.

. Moreno"?, K. Streifel’, K. Sullivan?, M. LegareI and R. Tjalkens" %, 'ERHS,
Colorado State University, Fort Collins, CO and~ Cell and Molecular Biology
Program, Colorado State University, Fort Collins, CO.

Chronic exposure to manganese (Mn) produces a neurodegenerative condition of
the basal ganglia characterized by gliosis and increased expression of inducible nitric
oxide synthase (NOS2). Induction of NOS2 causes overproduction of nitric oxide
(NO) and injury to surrounding neurons, resulting in neurochemical and motor
deficits resembling those in parkinson’s disease. Inflammatory activation of astro-
cytes is believed to be an early event in Mn neurotoxicity but glial responses to Mn
in developing animals remains poorly understood. In this study we investigated the
effect of juvenile exposure to Mn in mice on the activation of glia and production
of NO, postulating that developmental Mn exposure would lead to selective sensi-
tivity to gliosis and increased expression of NOS2 and NO production in adult
mice exposed again later in life. Mice were exposed to saline, 10 or 30 mg/Kg Mn
by daily gavage as juveniles, adults, and juveniles + adults. Immunohistochemical
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analysis revealed increases in expression of IBA-1, a marker for microgliosis, pro-
ceeding elevated expression of GFAP, a marker for astrogliosis, in the striatum,
globus pallidus, and substantia nigra pars reticulata of treated juvenile mice com-
pared to controls. Co-immunofluorescence studies in Mn-treated adult mice pre-
exposed as juveniles demonstrated increased expression of NOS2 in both astrocytes
and microglia, as well as an increased neuronal staining in the striatal-pallidal path-
way for 3-nitro-tyrosine (3-NTyr) protein adducts, a marker for NO/ONOO- for-
mation. These data indicate that sub-acute exposure to Mn during development
leads to inflammatory activation of microglia prior to astrogliosis, with subsequent
expression of NOS2. Significantly, juvenile exposure to Mn resulted in greater lev-
els of neuronal 3-NTyr protein adducts in mice re-exposed as adults than those that
did not receive Mn as juveniles, suggesting that exposure to Mn early in life may
predispose to neuronal injury upon subsequent challenge to the metal.

MANGANESE IMPAIRS THE ABILITY OF ASTROCYTES
TO PROMOTE NEURITE OUTGROWTH IN RAT
HIPPOCAMPAL PRIMARY NEURONS.

195

L. G. Costa"?, D. Pizzurro', K. Dao', M. Guizzetti' and G. Giordano'.
IDepzzrtmmt of Enwmnmenm/ and Occupational Health Sciences, University of
Washington, Seattle, WA and’ Department of Human Anatomy, Pharmacology and
Forensic Science, University of Parma Medical School, Parma, Italy.

Manganese (Mn) is an essential metal, necessary for the normal functioning of a va-
riety of physiological processes. In humans, Mn neurotoxicity is characterized by a
variety of psychiatric, cognitive and motor disturbances, the latter resembling
parkinsionan symptoms. Among brain cells, astrocytes, which provide a major sup-
port for neurons, accumulate this metal at higher extent. Using a co-culturing sys-
tem, we investigated the ability of Mn to alter the ability of astrocytes to promote
neuronal outgrowth in primary hippocampal neurons. When astrocytes were pre-
incubated with different concentrations of Mn (50, 100, 200, 500 uM) followed
by treatment wash-out, before being co-cultured with neurons for 48 hours, their
ability to promote neurite outgrowth was impaired in a concentration-dependent
manner. Only the highest Mn concentration was toxic to astrocytes. At the concen-
tration of 200 uM, Mn significantly decreased axon length (to 59.2+13.5% of con-
trol), neurite lenght (to 64.0%2.2% of control) and the number of neurites per cell
(to 76.4£1.1% of control). These effects were prevented by pre-incubating astro-
cytes with the antioxidants melatonin (200 uM) and N-t-butyl-alpha-phenylni-
trone (100 uM). Increasing astrocytic glutathione (GSH) levels with GSH ethyl-
ester (2.5 mM), or decreasing it with the GSH synthase inhibitor buthionine
sulfoximine (25 uM) significantly decreased and increased, respectively, the ability
of Mn to inhibit neurite outgrowth promoted by astrocytes . Mn also caused a de-
crease of fibronectin, an extracellular matrix protein, which plays a relevant role in
neuronal differentiation promoted by astrocytes. These findings suggest that Mn
impairs the ability of astrocytes to promote neuronal differentiation by a mecha-
nism that may involve oxidative stress and impaired fibronectin expression. (Supp.

in part by grant WB1XWH-05-1-0239 from the US DOD)

PS 196  PERINATAL LEAD EXPOSURE ALTERS POSTNATAL
= CHOLINERGIC AND AMINERGIC SYSTEM IN RAT
BRAIN: REVERSAL EFFECT OF CALCIUM CO-

ADMINISTRATION.

R.R. Gompolu, D. B. Chinthirla® and C. S. Chellu®. IZaology, S. VUmvemty
Tirupati, India, *Zoology, S.PW, UG and PG College, Tirupati, India and’ Natural
Sciences and Mathematics, Savannah State University, Savannah, GA.

Lead (Pb) is known to exert its neurotoxic effects by competing with calcium for
calcium receptors coupled with second messenger functions. Our earlier physiolog-
ical and pharmacological studies indicated the role of transmitter systems in Pb in-
duced behavioral perturbations. In the present study, we have examined the alter-
ations in synaptosomal acetylcholine (ACh), epinephrine, dopamine,
acetylcholinesterase (AChE), and mitochondrial monoamine oxidase (MAO) by
spectrophotometric assays in the cerebellum and hippocampus of perinatally Pb-ex-
posed rats. Rats (Wistar) were gestationally exposed to 0.2% Pb (Pb acetate in
drinking water of mother) from day 6 and the pups were exposed lactationally till
weaning (postnatal day 21). The data obtained on different postnatal days (PNDs)
21, 28, 35 and 60 indicated that Pb significantly decreased synaptosomal AChE
and mitochondrial MAO activities, and increased ACh, dopamine and epinephrine
levels in both cerebellum and hippocampus. These alterations were greater at
PND35. The changes in the cholinergic system (ACh and AChE) were more pro-
nounced in hippocampus (ACh,37%; AChE,44%). The cerebellum exhibited sim-
ilar changes in the aminergic system (MAO,41%; epinephrine,31%;
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dopamine,34%). The Pb-induced changes in cholinergic and aminergic systems
correspond to the cognitive and behavioral involvement of these transmitters and
brain regions. Calcium co-administration to Pb-exposed rats significantly reversed
the Pb-induced alterations in these transmitters and enzymes. The reversal effect
was greater at PND35. These data suggest protective effect of calcium in Pb-ex-
posed animals. This study was supported by UGC grants No.F-33-364/2007, and
UGC MRP-2503/2008.

PS 197  THE TRAJECTORY OF BRAIN MONOAMINES ACROSS
TIME FOLLOWING MATERNAL LEAD (PB) EXPOSURE
AND /OR PRENATAL STRESS IS ALTERED BY
BEHAVIORAL HISTORY.

D A. Cory-Slechta', M. B. Virgolini®, A. Rossi-George” and M. Thiruchelvam®.
! Environmental Medicine, University of Rochester Medical School, Rochester, NY and
2, EOHSI, Piscataway, NJ.

We previously found marked differences in the corticosterone response to stress
challenges as a function of behavioral history (BH) in male and female offspring of
rat dams treated with lead (Pb) +/- prenatal stress (PS). For example, delayed habit-
uation and even sensitization of corticosterone levels were observed in females with
no BH, as compared to habituation of stress-induced corticosterone increases in
BH counterparts. This study examined whether BH also modified the neurochem-
ical consequences of maternal Pb +/- PS. Offspring of dams exposed to 0, 50 or 150
ppm Pb drinking water from 2 mos prior to breeding through lactation +/- PS (pre-
natal restraint stress) either underwent behavioral testing on a fixed interval (FI)
schedule of food reward, or were minimally handled and underwent no behavioral
testing (NFI). Monoamines in midbrain, striatum and frontal cortex were com-
pared in FI and NFI groups at the end of behavioral testing (6 mos of age), as well
as to values derived from their mutual 2 mos old littermates. Comparisons of 6 mos
FI vs. NFI values confirmed that BH differentially changed monoamines in all
brain regions examined in both males and females. Changes in monoamine trajec-
tories between 2 and 6 mos occurred even in FI and NFI control groups, confirm-
ing their normal dynamic nature. Pb +/- PS, however, interacted with BH, further
modifying neurochemical changes across time, targeting striatal DA, frontal cortex
and nucleus accumbens NE, and 5-HT in all regions in females, and striatal and
nucleus accumbens DA in males. These findings underscore the significance of BH
in defining the ultimate outcomes of Pb +/- PS and caution against generalizing
neurochemical findings from non-behavioral to behavioral conditions.
Understanding the impact of BH on monoamine systems may permit a better un-
derstanding of Pb +/- stress mechanisms, and guide the development of more pre-
cise behavioral therapeutic strategies to reverse such effects. ES012712

ADVANTAGES OF MONKEY NEUROBEHAVIORAL
ASSESSMENT USING THE FUNCTIONAL
OBSERVATIONAL BATTERY (FOB) - COMPARATIVE
STUDY WITH DOGS AND RATS.

Ny 198

Y. Deguchi, T. Yoshikawa, K. Yunomae, Y. Numata, R. Anraku, A. Tamai, T.
Sukamoto, K. Fukuzaki and R. Nagata. Drug Safety Research Laboratories, Shin
Nippon Biomedical Laboratories (SNBL), Ltd, Kagoshima, Japan.

[Background and Purpose] The FOB is widely used to identify potential neurotox-
icity of various chemicals, mainly in rats; however, there have been few FOB stud-
ies in dogs and non-human primates. The purpose of this study was to compare
neurobehavioral changes between rats, dogs and monkeys. [Methods] Six male
cynomolgus monkeys, four male beagle dogs and six male SD rats were used. The
FOB methods consisted of home-cage observation, handling-observation, open-
field observation (except for monkeys) and manipulative measurements of activ-
ity/excitability, neuromuscular, sensorimotor and autonomic nervous functions.
Neurobehavioral functions were determined by the FOB methods after dosing with
chlorpromazine, haloperidol, diazepam or caffeine. [Results] Chlorpromazine in-
duced signs of central nervous system (CNS) depression, including sedation, de-
creased sensory reactivity and hypothermia in all species, and a cataleptic state in
monkeys and rats. Haloperidol induced similar signs of CNS depression, but did
not induce sedation in rats or hypothermia in dogs or rats. Diazepam appeared to
have an anxiolytic effect at a low dosage in monkeys and dogs, but did not induce
excessive sedation. However, in rats, diazepam induced only sedation. Caffeine in-
duced hyperactivity in monkeys and dogs, but produced a biphasic response of hy-
peractivity (low-dosage) and hypoactivity (high-dosage) in rats. The lowest doses ef-
fective in producing observable neurobehavioral changes were seen in monkeys,
followed by dogs, and then rats, and the observed effects in monkeys most closely
resembled the known clinical effects of these drugs in humans at clinical dosages.



[Conclusion] These results suggest that among these species, monkeys show the
highest degree of sensitivity in neurotoxicity evaluations and are a more suitable
species than dogs and rats for preclinical studies to predict adverse effects of new

CNS compounds.

MONITORING NEURITE MORPHOLOGY AND
SYNAPSE FORMATION IN PRIMARY NEURONS FOR
NEUROTOXICITY ASSESSMENTS AND DRUG
SCREENING.

199

S.J. Hong and R. N. Ghosh. Thermo Fisher Scientific, Rockford, IL. Sponsor: A.
Barchowsky.

Synapse formation during nervous system development and degeneration in the
pathogenesis of human neurological diseases is a highly regulated process. Subtle
changes in the environment of the complex neuronal network may cause either
breakdown or creation of synaptic connections. Drug discovery screening for neu-
rological diseases and compound neurotoxicity evaluation would benefit from ro-
bust, automated, quantitative in vitro assays that monitor neuronal function. We
hypothesized that (1) toxic insults to the nervous system will cause neuronal
synapses to deteriorate in the early phase of neurotoxicity, eventually leading to
neurite degeneration and neuronal cell death if the damage is severe; and (2) an in
vitro functional assay for synapse formation and neuronal morphology could be
used to monitor and identify such neurotoxic events. We thus developed an auto-
mated, functional, high-content imaging assay to track and quantify the dynamic
changes in neurite morphology and synapses. This assay identifies primary neu-
ronal cells by a neuron-specific marker and detects synapses on the spines of neu-
rites with pre- and post-synaptic markers. The multiplexed targets are simultane-
ously detected with four fluorescent colors, and the fluorescent images of the
labeled neurons and synapses are acquired by an automated imaging instrument.
The phenotypic features of neuronal morphology and the synapse are automatically
identified and quantified by specialized image-analysis software. Such features are
potential indicators for neuronal development, differentiation and neurotoxicity,
and we could quantify changes in these features under different experimental con-
ditions. By monitoring changes in these features, we could also quantitatively eval-
uate compounds involved in developmental neurotoxicity. In summary, this assay
facilitates automation and streamlining of a laborious process in drug discovery
screening and compound neurotoxicity assessments; it enables quantitative com-
parisons between compounds in neuronal morphology and function, particularly in
neurite and synapse associated events.

200  DIESEL EXHAUST EXPOSURE ALTERS MICROVASCULAR
= BLOOD FLOW AND WALL SHEAR RATE.

K. Sites, A. Goodwill, J. Frisbee and T. Nurkiewicz. Center for Interdisciplinary

Research in Cardiovascular Sciences, West Virginia University, Morgantown, WV,

Pulmonary exposure to particulate matter (PM) is a known cause of systemic car-
diovascular dysfunction; however, the mechanism(s) of damage are not fully under-
stood. While this laboratory has characterized microvascular dysfunction after ex-
posure to PM, the specific hemodynamic adjustments that follow PM exposure are
unknown. The purpose of this study was to determine the effects of pulmonary ex-
posure to diesel exhaust particles (DEP) on peripheral microvascular function and
hemodynamics. Rats were intratracheally instilled with SRM 1650b (NIST, 100
ug/rat). The spinotrapezius muscle was prepared for intravital microscopy 24 hr
after exposure. Arteriolar reactivity was assessed by iontophoretic application of en-
dothelial-dependent (acetylcholine, ACh, 0.025 M) and endothelial-independent
(sodium nitroprusside, SNP, 0.05 M) vasodilators. To assess the contribution of ni-
tric oxide (NO) in this process, ACh applications were repeated in the presence of
the NO synthase inhibitor, NS-monomethyl-L-arginine (L-NMMA, 10" M). In
all experiments, red cell velocity was measured to characterize the local hemody-
namic consequences of DEP exposure. Plasma was sampled from each rat for mul-
tiplex analyses. Compared to controls, DEP exposure increased arteriolar flow (26
+5vs 18 * 3 nl/s) and decreased wall shear rate (3939 + 415 vs 4840 = 295 s™').

Compared to controls, arteriolar responsiveness to ACh was enhanced by DEP ex-
posure (80 = 4 vs 93 = 3 um respectively). Furthermore, this response remained
largely intact during L-NMMA superfusion in the DEP group (90 = 10% vs 56 =
13% in controls). DEP exposure did not affect arteriolar responsiveness to SNP.
Several inflammatory mediators were altered in the plasma of DEP exposed rats.
These results suggest that arteriolar volume flow and wall shear rate are adversely af-
fected by DEP exposure. Such alterations in microvascular hemodynamics may be
indicative of upstream PM-dependent effects and appear to be linked to circulating
inflammatory mediators. Support: NIH RO1-ES015022 and HEI#4730 (TRN)
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. EFFECTS OF DIESEL EXHAUST IN APOE-/- MICE.
C.G. \Woods1 2 M. ]. Campen®, E. K. Rushton', L. A. Gephart ]_1 and G.
D. Mmsavag ! ExxonMobil Biomedical Sciences, Annandale, NJ, > The Hamner
Institutes for Hm/t/; szmm‘, RTP. NC, °Lovelace Respiratory Research Institute,
Albuguerque, NM and " CONCAWE, Brussels, Belgium.

Particulate air pollution has been associated with increased cardiovascular mortality.
The mechanisms underlying potential cardiovascular events are not well known,
though oxidative stress may play a key role. In this study, the combustion emissions
of two diesel fuel grades were evaluated, one containing 368 ppm sulfur (S500) and
another containing 7 ppm (§15). ApoE -/- mice were exposed to filtered air, filtered
diesel exhaust (S15) or unfiltered dlesel exhaust (S15 or S500) with an average
PM, 5 concentration of 300 ug/m’ for 6 hr/day for 1, 7 or 30 days. Microarray
analysis in aorta showed that unfiltered S500 exhaust modulated more biological
pathways than unfiltered S15 exhaust. At 1 day of exposure to S500 exhaust, genes
involved in hypoxia signaling in the cardiovascular system were down-regulated, in-
cluding endothelial cell nitric oxide synthase. By 7 days, S500 exhaust caused a de-
crease in apoptosis and inflammatory signaling mediated by NFkB and IL-8, along
with PPAR signaling. Thirty day exposure reduced cardiac $-adrenergic signaling
and expression of genes involved in free radical scavenging, though protein levels of
antioxidant enzymes, Nqol, Hmox1 were unaffected. Control and exposed ani-
mals exhibited only a moderate level of oil red o staining (indicative of lipid
plaques) in aorta. Oxidative stress markers (TBARS, SOD activity) in lung and
liver showed no significant changes. Interestingly, a decrease in total serum choles-
terol resulted from 1 day exposure to S15 exhaust or 30 days of S500 exhaust. Our
findings suggest that unfiltered diesel exhaust can affect gene networks related to
endothelial dysfunction, oxidative stress, inflammation signaling and fatty acid me-
tabolism. While these networks have been associated with the progression of ather-
osclerosis, the relevance of these gene expression changes are unclear, given the ab-
sence of marked pathological differences between control and exposed mice.

DIESEL EXHAUST EXPOSURE AUGMENTS
CONSTRICTOR SENSITIVITY TO ET-1 THAT IS ET,
RECEPTOR MEDIATED.
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T Cherngl, M. 1. Campcnz, B. R. Walker' and N. L. Kanagy'. 'Cel/ Biology and
Physiology, University of New Mexico, Albuguerque, NM and ~Toxicology, Lovelace
Respiratory Research Institute, Albuquerque, NM.

Epidemiological evidence shows that acute increases in air pollutants positively cor-
relate with an increased incidence of acute and chronic cardiovascular disease.
Previously we reported that acute exposure to diesel engine emissions (DE) en-
hances endothelin-1 (ET-1) induced vasoconstriction via a nitric oxide synthase
(NOS)-dependent pathway. We hypothesized this augmentation might be caused
by alterations in ET}; receptor (ETR) signaling. Intraseptal coronary arteries (inner
diameter = 180 = 11 wm) were obtained from rats exposed by inhalation for 5 hrs
to DE (300 ug PM/m3) or air. Constrictor responses to ET-1 were recorded in
pressurized coronary arteries using a videomicroscopy system. In endothelium-in-
tact arteries, an ET R antagonist inhibited ET-1 constriction only in DE arteries,
such that constriction in the presence of BQ-788 was not different between groups;
similarly, we observed that constriction is not different between groups when the
endothelium is inactivated. After specific blockade of the ET,R, ET;R-mediated
constriction in DE arteries was almost abolished with endothelial removal (max:
175 vs. 6x4% denuded) but was increased in arteries from air rats (max: 22 vs.
18+5% denuded). This suggests that in DE arteries, the endothelial ET;R mediates
constriction, but in air arteries these receptors oppose constriction. In denuded ar-
teries, the smooth muscle ET;R mediates a modest constriction in air arteries that
was diminished by DE exposure. Therefore, acute exposure to DE activates an
ET,R-mediated response that is quiescent in sham coronary arteries to augment
ET-1 constriction. This ET;R-mediated constriction is endothelium and NOS de-
pendent, possibly caused by NOS-derived superoxide. Augmented coronary vasore-
activity to ET-1 following DE coupled with DE-induced production of the peptide
may contribute to the increased incidence of coronary events during acute increases
in air pollution levels.

DIESEL EXHAUST PARTICULATE EXPOSURE AFFECTS
ENDOTHELIN-1, ENOS, INOS EXPRESSION IN MOUSE
LYMPH NODE ENDOTHELIAL CELLS.
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C. Weldy, D. R Cox, H. W. Wilkerson and T. ]. Kavanagh. Environmental and
Occupational Health Sciences, University of Washington, Seattle, WA.

Increased exposure to traffic related air pollution has been associated with a greater
incidence of cardiovascular related morbidity and mortality in humans. Diesel ex-
haust (DE) and diesel exhaust particulate (DEP) exposure has been demonstrated
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to influence blood pressure (BP) and vascular reactivity. The mechanisms by which
DEP affect vascular reactivity and BP are mostly unknown. In addition, it is not
known if inhaled DEP target and remain in the lung or if these particles can pass
through the lung epithelia into the systemic circulation. If DEP enter into the sys-
temic circulation during in vivo exposure, endothelial cells lining the vasculature
will come into direct contact with DEP. We investigated the effects of DEP on an
immortalized mouse lymph node endothelial cell line (SVEC4-10). PM2.5 from a
Cummins diesel engine operating under load were collected on a Teflon filter.
SVEC4-10 cells were exposed to DEP in vitro. Cell viability, glutathione (GSH)
depletion and mRNA expression levels for 6 genes (Ednl, ECE1, Ednra, Ednrb,
eNOS, iNOS) were measured by qPCR with DEP concentrations up to 200ug/ml
culture media. DEP induced no more than a 20% loss of cell viability (24hr expo-
sure, 200 ug/ml). However, exposure to DEP for 3 hrs decreased Ednl mRNA ex-
pression > 2 fold. Edn1 is the precursor gene of endothelin-1 (ET-1), a potent vaso-
constrictor. Additionally there was a > 2-fold increase in eNOS mRNA and a
substantial induction of iNOS. These responses were found in DEP exposures at
concentrations as low as 10 ug/ml. Although these effects are not characteristic of
endothelial responses expected in vivo (vasoconstriction), these results do suggest
that DEP can influence the expression of vasoactive mediators. This work was sup-
ported by NIEHS grants 1P50ES015915, P30ES07033 and T32ES07032.

PS 204  EXPOSURE TO COMBINED VEHICULAR EMISSIONS
- ALTERS VASCULAR REACTIVITY IN APOE-/- MICE.

A. K. Madrid', LG, Buntz’, L. Chen', . D. McDonald’, ]. L. Mauderly” and
M Campen ! Environmental Medicine, New York Universizy, Tuxedo, NY and
Division of Toxicology, Lovelace Respiratory Research Institute, Albuquerque, NM.

Traffic-related air pollution is consistently associated with cardiovascular morbidity
and mortality. Recent human and animal studies suggest that exposure to vehicular
exhaust (VE) in air pollution affects vascular function, specifically enhancing arte-
rial vasoconstriction. The goal of this study was to examine the effects of short-term
exposure to VE on vascular reactivity and on mediators of vascular tone. Two
groups of ApoE-/- mice were exposed to 300ug PM/m3 of VE (a combination of
diesel and gasoline engine emissions) by whole body inhalation for 6 h, then sacri-
ficed either immediately or 18-h post-exposure. Control ApoE-/- mice were ex-
posed similarly to filtered air (FA). The aorta was extracted from each animal and
3mm segments were mounted on a tension myograph system to measure contrac-
tile response. Data revealed no significant differences in the contractile response to
phenylephrine (PE) in either exposure group. However, when comparing acute FA,
VE exposed mice elicited an increase contractile response to the thromboxane
mimetic, U46619, and a decrease in relaxation after administration of acytelcholine
(ACh). These findings suggest that short-term exposure to VE is associated with
acute endothelial response and vasoconstriction and is consistent with similar find-
ings from coronary and mesenteric vessels. Identification of the target pathways
controlling vascular tone that are susceptible to emissions requires further study.

COMPARING THE TOXICITY OF FRESH AND AGED
BIODIESEL AND DIESEL EXHAUST USING SEPARATE
PARTICLE AND GASEOUS EXPOSURE SYSTEMS.
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K. de Brulme, K. G. Sexton', S. Ebersviller', Y. Lin', L Jaspers"?* and H. E.
Jeffries'. "Envr Sciences & Eng, University of North Carolina, Chapel Hill, NC and
2CEMALB, Chapel Hill, NC.

Biodiesel (BD) is rapidly becoming a popular alternative fuel for petroleum based
diesel (PD). However, little is currently known about its toxicological effects. Our
previous PD exhaust (PDE) studies have shown that atmospheric aging of the mix-
ture modifies its chemical composition, ultimately affecting its toxicological poten-
tial. The goal of this current project is to determine the relative toxicities of fresh
and photochemically aged exhaust of 100% BD in an urban-like atmosphere. The
second goal is to repeat the experiments using PDE instead of BD for a direct com-
parison. Each exhaust sample was injected into a 120 m3 outdoor smog chamber
and aged utilizing natural sunlight and humidity. All emissions were injected di-
rectly from a 1991 F350 Ford pickup truck into the chamber for equal time of ex-
haust emissions. Two separate exposure systems, Electrostatic Aerosol in Vitro
Exposure System (EAVES) and Gas In Vitro Exposure System (GIVES) were used
simultaneously to expose human respiratory epithelial cells across an air-liquid in-
terface to particulate and gas-phase components, respectively. We have compared
the toxicity of unreacted “fresh” emissions and photochemically-aged emissions.
Following exposures, cells were analyzed for lactate dehydrogenase (LDH) and in-
flammatory cytokine production (IL-8) using RT-PCR. Fresh and aged emissions
from both fuels increased IL-8 and LDH levels as compared to the clean air control.
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However, each BD exposure indicated a lesser toxic response than its corresponding
PDE exposure. In addition, our results suggest that aging significantly enhances the
toxicological responses of fresh BD and PDE emissions in the particle phase, and
decreases in the gas phase (when particles are present). This suggests that the
gaseous components are partitioning onto the particles during the aging process.
Taken together, these results further support the importance of fuel type and at-
mospheric aging when examining the toxicity of vehicle emissions.

EFFECTS OF CONCENTRATED AMBIENT PARTICLES
ON HEART RATE VARIABILITY IN SPONTANEOUSLY
HYPERTENSIVE RATS IN DETROIT, MICHIGAN.
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A.S. Kamal', 1. G. Wagner, B Mukher]ee , M. Morishita', ]. R. Harkema?,
G.J. Keeler' andA C. Rohr’. Umverszty oszc/azgan, Ann Arbor, MI,
*Michigan State University, East Lansing, MI and ’Electric Power Research Institute,
Palo Alto, CA

Recent studies report a reduction in heart rate variability (HRV) in rodents in rela-
tion to concentrated ambient particles (CAPs); however, the mechanism by which
these particles alter HRV is not well understood. The goal of this study was to de-
termine if specific particle constituents were related to changes in HRV. AirCARE
1, a mobile laboratory with an EPA/Harvard fine particle (PM2.5) concentrator
was situated near the Ambassador Bridge in Detroit, MI, a non-attainment area for
PM2.5. Spontancously hypertensive rats instrumented for ECG telemetry were ex-
posed to CAPs 8 h/day for 13 consecutive days in August 2005 and February 2006,
and heart rate (HR), and indices of HRV (SDNN and rMSSD), were calculated for
30-min intervals during exposures. A Semi-continuous Elemental Automated
Sampler collected trace metal samples every 30 minutes. In addition, CO, NOx,
SO2, O3 and elemental carbon were monitored continuously. Mean exposure con-
centrations were 518 ug/m3 and 350 in August and February, respectively. Using
mixed modeling analysis, SDNN in CAPs-exposed rats was determined to be sig-
nificantly different from filtered-air control rats in both seasons. Episodic decreases
in SDNN in CAPs-exposed rats were observed, with the most notable depression
associated with a spike in chromium, barium and samarium 90 minutes prior to a
significant reduction in SDNN. 30-min interval concentrations of anthropogenic
trace metals, elemental carbon and gases did show a significant reduction in SDNN
with the CAPs-exposed rats. Several significant increases in SDNN were also ob-
served but were not well associated with a specific CAPs species or with a pollution
episode. These results demonstrate that CAPs-induced changes in cardiac function
may be related to specific components of PM2.5 from various emission sources in
Detroit.

DIESEL EXHAUST PARTICLES INCREASE
PERMEABILITY, INDUCE REACTIVE OXYGEN SPECIES
AND ARE CYTOTOXIC TO IN VITRO CAPILLARY
ENDOTHELIAL TUBES.

M. Chao], .Kosloslgyz, L. P Po' ; D. R. Gerecke', K. K. Svoboda®, R.
Laumbach* and M. K Gordon'. lermzzm/ogy and Toxicology, Rutger: University,
szmtawa)/, NJ, *Molecular and Cell Biology, Bristol-Myers-Squibb, New Brunswick,
N] 3 Biomedical Sciences, Baylor College of Dentistry, Dallas, TX and
?Environmental and Occupational Medicine, UMDN], Robert Wood Johnson
Medical School, Piscataway, NJ.
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Epidemiological studies demonstrate that acute exposures to diesel exhaust particles
(DEP) correlates with an increase in reported myocardial infarctions (MI) within
48 hr. Other studies find that inhaled DEP gain access to the bloodstream. How
DEP penetrate into the capillary lumen to induce an MI is unknown. We have
been examining how DEP might enter capillaries, and what the downstream conse-
quences are, by using human umbilical vein endothelial cells (HUVECs) assembled
into in vitro capillary tubes. We have shown that increasing concentrations of DEP
(1-100 pug/ml), sonicated to sizes = 2.5 um (PM2.5), increase tube cell death, as de-
termined by LDH and TUNEL assays. DEP can be found in the lumen of tubes,
and endothelial cell-cell adherens junctional components become redistributed in
response to DEP. This would result in making the tubes leaky. Even low DEP doses
(5-10 ug/ml) show local vascular endothelial (VE) cadherin relocalization away
from the plasma membrane after a 24 hr exposure, as assessed by confocal mi-
croscopy. Westerns of culture medium demonstrated increased secretion of VEGEF-
A with increasing doses of DEP, which would also favor vascular permeability. In re-
sponse to DEP endothelial capillary tubes produce reactive oxygen species (ROS),
as determined by a Promega ROS detection kit. Western blotting indicates that
heme oxygenase (HO-1) and thioredoxin reductase are upregulated in a dose de-
pendent manner. In summary, our in vitro capillary endothelial tube data suggest



that DEP make capillaries leaky by disrupting endothelial adherens junctions and
inducing secretion of VEGF-A. The production of potentially damaging ROS is
also induced by DEP. Supported by NIEHS P30ES005022.

ACTIVATION OF GSK-3p PLAYS A CRITICAL ROLE IN
DIABETES-RELATED CHANGES IN CARDIAC ENERGY
METABOLISM, LIPID ACCUMULATION,
INFLAMMATION, AND REMODELING:
METALLOTHIONEIN PREVENTION VIA AKT2
PRESERVATION.
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Y. Wang. Medicine, University of Louisville, Louisville, KY.

Glycogen synthase kinase-33 (GSK-3f) was found to play a pivotal role in a few
cardiac disorders. We have shown that cardiac-specific metallothionein (MT)-over-
expressing transgenic (MT-TG) mice were highly resistant to diabetic cardiomy-
opathy. Therefore, we investigated whether MT’s cardiac protection against dia-
betes is mediated by inactivation of GSK-3B. Diabetes was induced by
streptozotocin with single dose injection in both MT-TG and wild-type (WT)
mice. Cardiac changes including energy utilization, lipid accumulation, inflamma-
tory response and fibrotic remodeling have been examined at 2 weeks, 2 and 5
months after diabetes with Western blotting, RT-PCR, and immunohistochemical
assays. Results showed that GSK-3[ was significantly activated in the hearts of WT
diabetic mice, but not MT-TG diabetic mice. Correspondingly, cardiac glycogen
synthase (GS) phosphorylation, hexokinase (HK) II and PPARa expression, which
mediate glucose and lipid metabolism, were also significantly changed along with
cardiac lipid accumulation, inflammation (TNF-a, PAI-1 and ICAM-1), and fi-
brosis only in the WT diabetic mice. To further confirm the pivotal role of GSK-3
in the above pathogenic changes, pharmacological inhibition of GSK-3f activity in
the WT diabetic mice was found to completely prevent these effects. To define how
MT inactivates GSK-33, Akt2 levels were found to be significantly reduced in the
hearts of WT diabetic mice, but not MT-TG diabetic mice. Knockdown of Akt2
expression by siRNA resulted in a significant activation of GSK-3f, along with in-
activation of GS, decrease of HK II and increase of PPARa expression. These re-
sults suggest that activation of GSK-3f plays a critical role in changing cardiac en-
ergy utilization, increasing cardiac lipid accumulation, inflammation, and
remodeling. Inactivation of GSK-3f by MT is mediated by preventing diabetes-at-
tenuated Akt2 expression and plays a critical role in its cardiac protection against
diabetes (Supported, in part, by research grants from ADA, JDRE).

ARYL HYDROCARBON RECEPTOR HETEROZYGOUS
MICE EXHIBIT ENHANCED SENSITIVITY TO
VASOCONSTRICTORS.
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M. K. Walker', N. Zhang', L. Agbor' and W. Wang?. ' Pharmacy, University of
New Mexico, Albuquerque, NM and ZChemistr}/, University of New Mexico,
Albuguerque, NM.

Aryl hydrocarbon receptor (AHR) null mice are hypertensive at modest altitude
and hypotensive at sea level. We tested the hypothesis that blood pressure would be
normal in AHR heterozygous mice at modest altitude, but these mice would ex-
hibit altered vascular responses to vasoconstrictors. We measured mean arterial
blood pressure (MAP) in C57Bl/6 AHR wildtype (WT) and heterozygous (Het)
mice by in dwelling catheters using radiotelemetry and then treated the mice with
inhibitors of angiotensin II formation (captopril), endothelin-1 signaling
(PD155080), or both. In addition, we assessed vasoconstrictor responses to
phenylephrine (PE) + endothelial nitric oxide synthase (eNOS) inhibitor, LNNA,
in isolated aortic rings. AHR Het mice were normotensive, compared to WT mice
(MAP: 105+1.3 mm Hg, WT; 106+2.1 mm Hg, Het; n=8/genotype). While cap-
topril significantly reduced MAP in both genotypes, the decrease in AHR Het mice
was significantly greater (A BP: -10.6+1.3 mm Hg, WT; -15.4+1.1 mm Hg, Het;
n=8/genoptype; p<0.05). In contrast, PD155080 did not decrease MAP in WT
mice, but did decrease it in AHR Het mice (A BP: -1.8+0.9 mm Hg, WT; -5.7+1.2
mm Hg, Het; n=8/genoptype; p<0.05). The two drugs together were additive in re-
ducing MAP in both genotypes. In addition, aorta from AHR Het mice constricted
to a significantly greater degree to PE than from WT mice (% KCL constriction:
29+6, WT; 40+5, Het). Since PE constriction is offset by eNOS production of the
vasodilator, nitric oxide (NO), blocking eNOS activity reveals the degree of NO
production. PE-induced constriction was not significantly different between AHR
WT and Het mice following preincubation with LNNA(% KClI constriction:
114+8, WT; 12914, Het). Taken together these data suggest that AHR Het mice
exhibit an enhanced response to vasoconstrictors, including angiotensin I, en-
dothelin-1, and PE, and this enhancement may be mediated, in part, by a reduction

in NO production. Supported by HL078914.

DOXORUBICIN INDUCED PLATELET CYTOTOXICITY
AND APOPTOSIS, POTENTIAL CONTRIBUTING
FACTOR TO DOXORUBICIN ASSOCIATED
THROMBOCYTOPENIA.

210

E. Kim, K. Lim, ]. Noh, K. Kim and J. Chung. College of Pharmacy, Seoul
National University, Seoul, Korea, South.

Doxorubicin (DOX) is a widely used anti-cancer drug for solid tumors and hema-
tological malignancy, yet its active use is impeded by serious adverse effects includ-
ing thrombocytopenia. While bone marrow toxicity of DOX has been suggested to
be the sole mechanism underlying the reduced platelet counts, direct effects of
DOX on platelets have never been examined. Here we investigated the toxicity of
DOX on platelets and its underlying mechanism in an effort to elucidate the con-
tribution of platelet cytotoxicity in DOX-induced thrombocytopenia. In freshly
isolated human platelets, DOX induced platelet cytotoxicity in a time and concen-
tration dependent manner. DOX-mediated ROS generation, reduced glutathione
and subsequent protein thiol depletion were shown to mediate the DOX-induced
platelet cytotoxicity. Conspicuously, DOX-treated platelets displayed apoptotic fea-
tures like caspase-3 activation, reduced mitochondrial transmembrane potential
and phosphatidylserine exposure as shown by flow cytometric analysis. More im-
portantly, DOX-mediated platelet cytotoxicity was significantly enhanced by shear
stress, important complicating factor in cancer patients and these results could be
further confirmed in vivo animal model where intravenous infusion of DOX dam-
aged platelet integrities significantly. In summary, we demonstrated that DOX can
directly induce platelet cytotoxicity through ROS generation, GSH decrease and
protein thiol depletion. Protein thiol depletion was the key step linking DOX-me-
diated ROS generation with platelet cytotoxicity and apoptosis. With this study, we
believe that important evidence was given into the role of DOX-induced platelet
cytotoxicity in the development of thrombocytopenia in DOX treated patients.

ARSENIC REQUIRES SPHINGOSINE-1-PHOSPHATE
TYPE 1 RECEPTORS TO STIMULATE VASCULAR
REMODELING.
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L. R. Klei', A.C. Straub', D. B. Stolz” and A. Barchowsky'. ’Environmental and
Occupational Health, Universtity of Pittsburgh, Pittsburgh, PA and 2Cell Biology and
Physiology, University of Pittsburgh, Pittsburgh, PA.

Environmental arsenic exposure from drinking water is a major public health con-
cern associated with increased risk and incidence of cardiovascular diseases and can-
cers. Even with low environmental exposures, arsenic affects a number of vascular
beds causing liver diseases (sinusoidal capillarization and portal hypertension), is-
chemic heart disease, peripheral vascular disease (arteriosclerosis obliterans), and
tumor angiogenesis. We previously established that activating Rac1-GTPase and
NADPH oxidases is essential for arsenic-stimulated pathogenic vascular cell signal-
ing. However, the mechanism for initiating this arsenic signaling is unknown. Here
we show that arsenic stimulated the sphingosine-1-phosphate type 1 receptor
(SIP)) to initiate Racl-mediated signaling for angiogenic gene expression and tube
formation in human microvascular endothelial cells (HMVEC). In addition, we
demonstrated that S1P1 is highly expressed on liver sinusoidal endothelial cells
(LSEC) and is required for arsenic-stimulated LSEC defenestration. Arsenic-stimu-
lated signaling in HMVEC and LSEC was inhibited by Pertussis toxin or a selective
inhibitor of Racl. Arsenic- and S1P-stimulated LSEC defenestration and HMVEC
tube formation were blocked by VPC 23019, a S1P, antagonist. S1P| knockdown
with siRNA inhibited arsenic-stimulated HMVEC angiogenic gene induction and
tube formation. In contrast, S1P, knockdown did not affect arsenic induction of
HMOX1 or IL8. Since excess or inappropriate signaling through S1P, contributes
to oxidant-mediated vascular disease and increased tumor angiogenesis, these find-
ings may provide mechanistic insight into an initial step in the vascular pathogene-

sis of arsenic. Supported by NIEHS RO1ES013781.

MITOCHONDRIAL REACTIVE OXYGEN SPECIES
CAUSE ZIDOVUDINE-INDUCED CARDIAC
MITOCHONDRIAL TOXICITY IN VIVO .

212

W. Lewis, J. Kohler, I. Cucoranu, E. Fields, S. He, A. Hoying, R. Russ, A.
Abuin, D. Tran, D. Johnson and S. Hosseini. Pathology, Emory School of
Medicine, Atlanta, GA.

Transgenic mice (TG) were used to explore mechanisms of mitochondrial oxidative
stress from zidovudine (AZT) used to treat HIV/AIDS. TGs either depleted or
over-expressed mitochondrial superoxide dismutase (SOD2-OX and SOD2+/-
KOs, respectively) or expressed mitochondrially-targeted catalase (mCAT). TGs
and wild type (WT) littermates were treated (oral AZT; 0.22 mg/day; 35d). As a bi-
ological read out, cardiac mitochondrial oxidative events and dysfunction were de-
fined in “2 by 2” protocols. Left ventricle (LV)mass and LV end diastolic dimension
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were determined echocardiographically. Mitochondrial H202, aconitase activity,
histology and ultrastructure were analyzed. AZT-treated WTs exhibited oxidative
stress and cardiac dysfunction. Mitochondrial H202 increased and aconitase was
inactivated in SOD2+/- KOs, and cardiac dysfunction worsened with AZT.
Conversely, native cardiac function was preserved in SOD2-OX hearts and in
mCAT hearts. In SOD2-OX and mCAT TGs, mitochondrial H202, aconitase, LV
mass and cavity volume resembled that of vehicle-treated WTs. Both SOD2-OX
and mCAT prevent or attenuate oxidative stress and AZT-induced cardiac dysfunc-
tion. AZT worsens SOD2+/- KO cardiac dysfunction and increases mitochondrial
H202. Since dysfunctional changes are attenuated by decreasing H202 and wors-
ened by increasing H202, oxidative stress from H2O2 is crucial pathogenetically
in AZT-induced mitochondrial toxicity.

THE PHARMACOKINETIC/PHARMACODYNAMIC
RELATIONSHIP: IS THE KINETIC PROFILE AFFECTED
BY CARDIOVASCULAR EFFECTS?
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B. M. Roche!, S. Hongz, T. Vinci', S. Graves’, C. Hassler' and J. D. ]ohnsonz.
"Safety Pharmacology, Battelle, Columbus, OH and’ Chemistry Technical Center,
Battelle, Columbus, OH. Sponsor: M. Hejtmancik.

To achieve toxic effects in a toxicology study or obtain cardiovascular changes in a
safety pharmacology study, selection of doses that will also allow for determining a
maximum safe starting dose in man is critical. The selected high doses for non-clin-
ical studies often results in nonlinear kinetics. Current thinking is that the profiles
characteristic of non-linear kinetics (e.g., plateau before decay) are indicative of sat-
uration. An alternative theory is the physiologic response, particularly the cardio-
vascular (CV) response, may result in a kinetic profile similar to those attributed to
nonlinear kinetics. We investigated the effects of decreasing BP and HR on the ki-
netics of diltiazem (D) in a rat hemodynamic model and cisapride (C) in a guinea
pig CV model. These studies were conducted remotely using the Empis/Culex to
dose/collect blood samples while measuring HR and BP simultaneously using
telemetry. A blood collection catheter was placed in the carotid artery (femoral vein
in rats) and a dosing catheter in the jugular vein. Rats were iv dosed with 3 doses of
D (2.5, 5, and 10 mg/kg) with washout between doses. Guinea pigs were given a
single iv dose of C (3 mg/kg). D at 10 mg/kg decreased HR and BP significantly in
all animals. Nonlinear (atypical) PK profiles were found in these animals and asso-
ciated with the significant decreases in HR and BP. C decreased HR in 4 guinea
pigs however, transient decreases in BP were recorded in only 2 guinea pigs. PK
profiles for those 2 guinea pigs resulted in atypical profiles during early time points
when changes in the CV endpoints were maximal. However, the animal that
demonstrated less CV effects showed typical decay in C concentrations over time.
There was a strong association between atypical PK profiles and duration/extent of
decreases in HR and BP after dosing with D and C. The simultaneous collection of
cardiovascular and kinetic information demonstrated that alterations in BP and HR
may also explain the changes in the kinetic profile.
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- TRANSIENTS IN HUMAN CARDIOMYOCYTES.
D. L. Misner, J. Q. Ly, A. Orogo, H. Uppal, D. Button, S. Platz and K. Kolaja.
Nonclinical Safety, Roche Palo Alto, Palo Alto, CA.

The early identification of potential cardiovascular effects, as well as detection of
drug-induced arrhythmias including torsades de pointes is critical to the evaluation
of potential new chemical entities. Determination of effects on additional channels
may provide further insight into mechanistic understanding of a compound’s ac-
tion on cardiac function. Once established for a compound and/or compound
class, such an assay may provide a relatively fast and easy way to de-risk cardiovas-
cular liability. The ability to test compounds on human cardiac function, and
specifically effects on calcium channels/handling, has been limited by the availabil-
ity of human cardiomyocytes. Human cardiomyocytes are now available commer-
cially in sufficient number to study effects of compounds on cardiac channel func-
tion and calcium signaling, in the most relevant species. We sought to establish
conditions to study cardiac function and calcium handling in primary human car-
diomyocytes by imaging intracellular calcium using calcium sensitive fluorescent
dyes and then to determine the sensitivity of the assay to known cardiotoxicants
that affect the calcium signaling pathway. We first established conditions to image
calcium levels in cardiomyocytes using Fura-2AM dye and then evoked repro-
ducible responses using high potassium extracellular solution. Our results indicated
that the calcium influx induced by high potassium was blocked in a concentration-
dependent manner by calcium channel antagonists nifedipine and verapamil, indi-
cating that activation of voltage-gated calcium channels mediated the signal, at least
in part. Finally, we tested doxorubicin, a well-known cardiotoxicant, and effects on
calcium signaling. Doxorubicin also inhibited calcium responses concentration-de-
pendently. These preliminary results suggest that human cardiomyocytes may be
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useful tool to evaluate compounds effects on calcium signaling, either directly or
through downstream effects on cell health/viability. Additional compounds will be
evaluated to establish broad utility of the assay.

DOBUTAMINE CARDIAC “STRESS” TEST IN THE RAT:
STRAIN COMPARISON AND POTENTIAL UTILITY IN
CARDIOVASCULAR TOXICITY STUDIES.
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J. Callawayl, M. S. Hazari?, N. Haykal—CoatesZ, D. W. Winsett>, D. L. Costa’
and A. K. Farraj’. 'School of Medicine, University of North Carolina, Chapel Hill,
NC and zExperimenm/ Toxicology Division, Environmental Protection Agency,
Research Triangle Park, NC.

Electrocardiogram (ECG) exercise testing is used in patients with risk of heart dis-
case. The test stresses the patient while monitoring them for ECG abnormalities,
possibly indicating underlying cardiovascular (CV) disease. Dobutamine, a B1-
adrenergic agonist that increases heart rate (HR) and contractility, can be adminis-
tered intravenously (i.v.) and used in place of exercise. We examined the utility of a
dobutamine stress test in rats to assess differences in strains and use as a measure of
cardiac toxicity. Wistar-Kyoto (WKY), spontaneously hypertensive (SH) and spon-
taneously hypertensive heart failure (SHHF) rats were surgically implanted with ra-
diotelemeters and a chronic i.v. catheter in the left jugular vein. After recovery, con-
scious rats were monitored with ECG and placed in a whole-body plethysmograph
(WBP) to monitor ventilatory parameters. The i.v. catheter was exteriorized from
the WBP and attached to an infusion pump, delivering increasing doses of dobuta-
mine (10, 20, 40 and 80 ug/kg/min) to the conscious animal. WKY rats experi-
enced a dose-dependent increase in HR [average maximum of 511 bpm at highest
dose] and cardiac arrhythmias (7 total on average), both of which were potentiated
in SHHF rats (532 bpm and 23 arrhythmias). There were no significant differences
between WKY and SH results or in any ventilatory parameters. A group of animals
from each strain was also tested under urethane anesthesia (1.5g/kg ip). Each strain
had reduced HR response to increasing doses of dobutamine and minimal arrhyth-
mia. In conclusion, the dobutamine stress test shows that SHHF rats are prone to
elevated HR and arrhythmic events when compared to the healthier strains. As a
methodology, this test can be a valuable tool to assess the impacts of air toxicants on
the CV system of animals with pre-existing disease. (This abstract does not reflect

EPA policy.)

INCIDENCE AND SPECIFICITY OF DRUG-INDUCED
TRAFFICKING INHIBITION OF CARDIAC ION
CHANNELS.
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B. A. Wible, Y. A. Kuryshev, P.]J. Hawryluk and A. M. Brown. ChanTest
Corporation, Cleveland, OH.

The hERG potassium channel is the most common target for drug-induced QT
prolongation resulting in torsades de pointes (TdP). HERG or IKr current can be
compromised in two ways: via drug-induced direct block of the channel and/or
drug-induced trafficking inhibition resulting in fewer channels at the cell surface.
To determine the incidence of trafficking inhibition, the Prestwick Chemical
Library (1120 structurally diverse compounds) was screened in HERG-Lite®, the
only high-throughput assay able to predict hERG trafficking inhibitors and block-
ers. A total of 12.4% (138/1120) of the compounds in the library showed signifi-
cant trafficking inhibition in HERG-Lite®. Of these, 49 were pure trafficking in-
hibitors as no block was detected in automated patch clamp (APC; PatchXpress®,
MDS-AT). The remaining 89 were dual risk compounds in that they showed both
trafficking inhibition in HERG-Lite and direct block in APC. Of the 285 com-
pounds identified by APC as hERG blockers, 31% were also trafficking inhibitors.
The specificity of drug-induced trafficking inhibition was assessed by monitoring
the cell surface expression of six other cardiac ion channels: Navl.5, KvLQT1-
minK, Kir2.1, Kir2.2, Kv1.5, and Kv4.3 in an assay modeled after HERG-Lite®.
The well-known hERG trafficking inhibitors—geldanamycin, arsenic trioxide,
pentamidine, and cardiac glycosides—all showed distinct patterns of effects on the
other cardiac ion channels, including increases in surface expression in some cases,
suggesting considerable specificity in drug-induced trafficking inhibition.
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- FUNCTION BUT NOT EXPRESSION IN EA.HY926 CELLS.
L. D’Angelo and D. Morel. Pharmacology and Toxicology, University of the Sciences,
Philadelphia, PA.

Vascular endothelium is both a target for angiotoxins, many of whom serve to in-
crease cellular oxidative stress, and a source of protection against vascular damage. A
key player in the maintenance of endothelial function and vascular homeostasis is




nitric oxide (NO) production mediated by endothelial nitric oxide synthase
(eNOS). To examine the interaction between oxidative stress and endothelial func-
tion, the NO production capacity by human EA.hy926 cells, a cell model for vas-
cular endothelium was studied. Nitric oxide (NO)-specific difluorofluorescein
dyes, DAF-FM and DAF-FM-DA (® Calbiobiochem) were used to measure extra-
cellular and intracellular NO production and total and active (phosphorylated)
eNOS expression measured by western blotting under basal and oxidative stress in-
duced conditions. Oxidative stress was verified by increased dichlorofluorescein flu-
orescence. EA hy926 cells exhibited comparable total eNOS and somewhat greater
phosphorylated eNOS expression (normalized to $-actin) relative to human umbil-
ical vein endothelial cells; basal cell-mediated NO production, however, was negli-
gible. Induction of cellular oxidative stress by glutathione depletion and/or hydro-
gen peroxide, increased intracellular NO, but not extracellular NO, approximately
2-fold. This induction of cellular oxidative stress had no effect on total or phospho-
rylated eNOS expression, or the ratio of phosphorylated to total eNOS. In con-
trast, pretreatment with vitamin C or with 5-50mM menadione increased cellular
oxidative stress but reduced intracellular NO production; vitamin C pretreatment
produced no change in total eNOS, phosphorylated eNOS or the ratio of phos-
phorylated to total eNOS. These data suggest that while EA.hy926 cells contain ad-
equate total and active eNOS expression, demonstrable NO production in quies-
cent cultures requires induction of cellular oxidative stress. This oxidative
stress-induced NO production may be specific for certain reactive oxygen species
such as hydrogen peroxide, and is not mediated by changes in total or active eNOS
expression.

HYPOXIA-INDUCIBLE FACTOR 1@ IS CRITICALLY
INVOLVED IN METALLOTHIONEIN PROTECTION
AGAINST DIABETIC CARDIOMYOPATHY.
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W. Xue, L. Cai, Y. Kang and W. Feng. University of Louisville, Louisville, KY.

Background: Previous studies have shown that metallothionein (MT) is effective in
the prevention of diabetic cardiomyopathy, and hypoxia-inducible factor 1ot (HIF-
1) is known to be a master transcription factor regulating a variety of key genes in-
volving in angiogenesis and glycolysis in the heart. Given that the expression of a
variety of agiogenic factors, such as vascular endothelial growth factor (VEGF) and
glycolysis enzymes, such as hexokinase II (HK-II), are regulated by transcription
factor HIF-1, it is interesting to investigate the role of MT in the regulation of
HIF-1 activation. Objective: The purpose of this study was to examine whether or
not MT affects HIF-1at activity in the heart of diabetic mice and in the cardiac cells
cultured in a media that mimics diabetic conditions leading to the regulation of an-
giogenic factors and glycolytic enzymes. Methods: Diabetes was induced by strep-
tozotocin (150 mg/kg) in a cardiac-specific MT or HIF-1a over-expressing trans-
genic mouse models. The primary mouse neonatal cardiomyocytes and embryonic
rat cardiac fibroblast H9¢2 cells were cultured. mRNA and protein levels of VEGE
HK-II and activity of HIF-1 were analyzed by RT-PCR, Western blotting and HIF-
1 dependent luciferase activity assays. Results: Diabetes decreased cardiac VEGF
and HK-II protein level in mice; both cardiac-specific MT and HIF-1at over-ex-
pression could relieve this suppression. Further analysis showed that MT over-ex-
pression increased HIF-1o protein level in diabetic heart. Stably over-expressing
MT in H9c2 cells increased HIF-1o. mRNA level, indicating the transcriptional
modulation of HIF-1o by MT. The addition of MT into the cultures of H9¢2 cells
transfected with HIF-1-specific reporter gene relieved high glucose suppression of
hypoxia-induced luciferase activity. Conclusion: MT rescues HIF-1at transcrip-
tional activity leading to normalization of VEGF and HK-II in cardiomyocytes
under diabetic conditions.

ENHANCED CONSTITUTIVE ENDOTHELIUM-
DEPENDENT VASODILATION IN ARYL
HYDROCARBON RECEPTOR NULL MICE.
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N. Zhang, M. T. Walsh and M. K. Walker. Pharmacy, University of New Mexico,
Albugquerque, NM.

Aryl hydrocarbon receptor (AHR) mice were reported hypertensive at modest high
altitude and hypotensive at sea level. After being acclimated to altitude for genera-
tions, the AHR null mice start losing their high blood pressure phenotype. Since
the constitutive nitric oxide (NO) production in vascular endothelium plays a cru-
cial role in maintaining normal blood pressure, we tested the hypothesis that AHR
null mice has enhanced constitutive endothelium-dependent vasodilation mediated
by elevated endothelial nitric oxide synthase (eNOS) expression. We assessed vascu-
lar responses to vasoconstrictor phenylephrine (PE) + endothelial nitric oxide syn-
thase inhibitor, N-nitro-L-arginine (LNNA) in aortic rings isolated from C57Bl/6
wildtype and AHR null mice. We also measured aortic eNOS protein expression by
western blot and 24 hr nitrate/nitrite (NOx) excretion by Griess assay in mouse
urine. In addition, we measured eNOS mRNA expression in cultured human aor-

tic endothelial cells treated with AHR siRNA. Compared to PE treatment, AHR
null mice aortic rings showed a greater change in response to PE treatment after
preincubation with LNNA (A% of maximal KCI constriction: 85+6, WT; 1235,
AHR null; p<0.05), which revealed an enhanced constitutive NO production in
AHR null mice. In addition, aortic eNOS protein expression in AHR null mice was
significantly increased by 3-fold compared to wildtype mice. The 24 hr urine NOx
excretion was also significantly increased (26766 pmol, WT; 966£237 pmol,
AHR null; p<0.05). In human aortic endothelial cells culture, eNOS mRNA was
increased 2-fold with AHR siRNA treatment (p<0.05). These data suggest that
AHR null mice exhibit an enhanced constitutive endothelium-dependent vasodila-
tion mediated by elevated eNOS expression. In order to estimate the role of this va-
sodilatory effect on blood pressure regulation, we will assess the blood pressure of

wildtype and AHR null mice with LNNA treatment. Supported by HL078914.

MOLECULAR RESPONSE TO IMPLANTATION OF
BARE METAL OR PACLITAXEL-ELUTING STENTS IN
EXPLANTED INTACT HUMAN ARTERIES.
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S. Amisten"?, A. Albrekt’, B. Ganter® and D. Erlinge'.  Cardiology, Lund
University, Lund, Sweden, 2SCIBLU Microarray Resource Center, Lund Universizy,
Lund, Sweden and’ Ingenuity Systems, Redwood City, CA.

Drug-eluting cardiovascular stents were developed to address the problem of arte-
rial restenosis associated with bare metal stents. Recently, some concerns have
emerged regarding the safety of drug-eluting stents, particularly delayed arterial
healing and increased risk of stent thrombosis in carriers of drug-eluting stents. To
identify the molecular response to stent implantation, gene expression profiling was
performed on human thoracic arteries fitted with bare metal or paclitaxel-eluting
stents using a unique in vitro stent model and the expression profiles were analyzed
using IPA pathways analysis tools. Implantation of paclitaxel-eluting stents affected
pathways associated with the regulation of platelet activation, suggesting a net pro-
thrombotic effect (down-regulation of prostaglandin 12-synthase, up-regulation of
substance P and matrix metallopeptidase 1) and reduced migration and prolifera-
tion of endothelial cells (down-regulation of vascular endothelial growth factor A,
hepatocyte growth factor and placental growth factor). This study demonstrates for
the first time the identification of molecular targets likely to be associated with the
delayed healing and increased risk of stent thrombosis observed in carriers of pacli-
taxel-eluting stents. Implantation of bare metal stents also resulted in an unex-
pected up-regulation of genes encoding for enzymes of the cholesterol biosynthesis
pathway. This might be important considering that oxidized cholesterol is an im-
portant component in the development of atherosclerotic lesions. Interestingly,
HMG-CoA reductase, the rate-limiting enzyme for cholesterol synthesis targeted
by statin drugs, was significantly up-regulated by bare metal stents. We propose
that our model may be used as a complement to animal models and cell culture in
evaluating the effects of novel drug-eluting stent candidates in human arteries in
order to further the understanding of the molecular responses to drug-eluting stent
implantation.

PREDICTION OF DRUG-INDUCED TORSADES DE
POINTES IN CYNOMOLGUS MONKEY PAPILLARY
MUSCLE MODEL.
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J. Matsuo, K. Yunomae, A.Suzuki, M. Ban, Y. Arimura, M. Haruyama, Y.
Deguchi, T. Nakamura, T. Sukamoto, K. Fukuzaki and R. Nagata. Shin Nippon
Biomedical Laboratories(SNBL), Ltd., Kagoshima, Japan.

Delayed repolarization is caused by many drugs (cardiac and non-cardiac) and is
linked to torsades de pointes (TdP). The purpose of this study was to evaluate the
suitability of cynomolgus monkey versus guinea pig papillary muscle models to pre-
dict the potential for TdP. [Methods] Action potential was recorded in male
cynomolgus monkey and guinea pig papillary muscle by the microelectrode tech-
nique. The effects of 3 drugs with torsadogenic potential, namely E-4031 (0.1, 0.3
and 1 wmol/L), dlsotalol (3, 30 and 300 umol/L), and erythromycin (30, 100 and
300 umol/L), were evaluated. The effects of moxifloxacin (3, 10 and 30 umol/L), a
recommended positive control for QT interval prolongation in thorough QT/QT,
clinical trials, were also assessed. [Results] At a stimulation rate of 1.0 Hz, all drugs
induced prolongation of action potential duration at 90% repolarization (APD,)
in a concentration-dependent manner in both cynomolgus monkey and guinea pig
papillary muscle. At 0.2 Hz, clear reverse use-dependent effects of drugs on APD,,
and triangulation (difference in action potential duration between 90% and 30%
repolarization; APD, ,,) were observed in cynomolgus monkey papillary muscle
compared with that of guinea pig. At 0.2 Hz, E-4031, dl-sotalol, and erythromycin
(but not moxifloxacin) induced early afterdepolarization (EAD) and triggered ac-
tivity (TA) in cynomolgus monkey papillary muscle. No drug induced either EAD
or TA in guinea pig papillary muscles. [Conclusion] These results indicate that the
in vitro cynomolgus monkey papillary muscle model can detect the potential for
TdP, and that is more sensitive than the guinea pig model.
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ELECTROPHYSIOLOGICAL PROFILING OF CARDIAC
PROGENITORS FROM ADULT HUMAN
MYOCARDIUM.

222

L. Polonchuk', J. Lyz, ].]inz, M. Sweeneyz, H. Uppalz, K. Kolaja®, A.
Breidenbach' and D. Misner’. ' Non-Clinical Safety, FHoffnann - La Roche Ltd,
Basel, Switzerland and? Non-Clinical Safety, Roche Palo Alto LLC, Palo Alto, CA.

Background: Development of in vitro toxicity assays based on the human stem cell-
derived cardiomyocytes would provide an opportunity to assess the specific cardiac
safety end-points early in the drug development process. Objective:
Electrophysiological properties of cardiac progenitors from adult human my-
ocardium were investigated with special focus on establishment of cell-based high
throughput cardiac toxicity screens. Methods: Characterization of ionic currents in
clonal cardiac progenitors (CPs) derived from adult human heart was performed
using automated patch clamp system PatchXpress 7000A. The cells were main-
tained in M-199 medium containing 10% FBS and subcultured every 48 hours on
collagen/laminin extracellular matrix. Results: Outward potassium current mainly
consisting of slow and rapid delayed rectifier (IKr, IKs) and Ca2+-activated clotri-
mazole-sensitive (IKCa) components were recorded. Inward cardiac sodium current
suppressed by flecainide was present in all cells after 4 weeks in culture. Nifedipine-
sensitive L-type Ca2+ current (ICa,L) was detected in ~10% of CPs. The inward
rectifier potassium current (IK1) and a pacemaker current (If) could also be
recorded. These results demonstrate the presence of functional cardiac currents in
cardiac progenitors derived from adult human myocardium. For the first time assay
protocols and procedures were established to measure the main cardiac currents in
CPs and characterize their electrophysiological properties in a high throughput
electrophysiology platform. Conclusion: Cardiac progenitors from adult human
myocardium appear to be a promising model for the early in vitro cardiac safety as-
sessment. Further validation of the model with tool compounds toward regulatory
acceptance should evaluate predictivity of the model for clinical effects.
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NEAR INFRARED (NIR) IMAGING OF LYMPHATIC
FUNCTION IN CONTROL SUBJECTS AND IN
PERSONS WITH LYMPHEDEMA.

M. V. Marshall, J. Rasmussen, I. Tan, K. E. Adams, C. E. Fife, L. Smith, E. A.
Maus and E. M. Sevick-Muraca. Institute of Molecular Medicine, University of TX
Health Sci. Ctr. Houston, Houston, TX.

Although the lymphatics are thought to play a crucial role in cancer metastases, di-
abetes, asthma, and obesity, there is little understanding of lymph function even in
health. Acquired lymphedema can be caused by the filarial parasite or by trauma
due to radiation therapy, infiltrating cancer, surgery, or infection, and congenital
lymphedema involves structural changes in the architecture of lymphatic transport.
A method to image lymphatic function was developed using indocyanine green
(ICG) as a contrast agent and detection of its fluorescence following excitation by
NIR light. After obtaining IRB approval and informed consent, 24 normal volun-
teers and 20 persons with stage I or II unilateral lymphedema of one limb were en-
rolled in a clinical study to evaluate lymphatic function. Intradermal injections of
ICG (0.025 mg/injection) were made in arms or legs of all subjects, with up to 0.4
mg injected; imaging began after all injections were made. Dynamic imaging in
arms of control subjects revealed a mean velocity of 0.62cm/sec, 0.82 cm/sec in
asymptomatic arms, and 0.69 cm/sec in symptomatic arms. Velocity was similar be-
tween right and left legs and approximately 50% greater than arm velocity. Reversal
of lymph flow was sometimes observed in the affected and unaffected limbs of per-
sons with lymphedema. In conclusion, we observed four distinct structural patterns
of lymphatic disorders in persons with lymphedema: absence of lymph flow or dis-
tinct lymph channels, lymphatic hyperplasia, lymphatic tortuosity, and reversal of
lymph flow. Structural changes are likely responsible for functional effects. This
procedure demonstrates the utility of using optical imaging with NIR light and a
fluorescent dye to characterize lymphatic function. Similar results have been seen in
animal models. We intend to expand these results by identification of genetic dif-
ferences in genes associated with lymphatic structure or transport. Supported in
part by ACS grant RSG-06-213-01-LR and NIH grant RO1 CA112679.
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GERANYLGERANYLACETONE (GGA) PROTECTS THE
HEART FROM DOXORUBICIN CARDIAC TOXICITY
WHILE REDUCING TUMOR VOLUME OF BREAST
CANCER.

P Sysa, Y. Xu, D. Bedja, S.Pin, V. Ramen, E. Gabrielson, A.Tsao, A.
Moens, D. Kass, ]J. Coulter and K. L. Gabrielson. Johns Hopkins University,
Baltimore, MD.

Background: Doxorubicin is widely used for the treatment of both solid tumors
and hematological malignancies; however, its use is limited by cardiotoxic adverse
effects. Geranylgeranylacetone (GGA), an anti-ulcer agent, used in Japan since
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1984, with no known adverse effects, has been shown to inhibit ovarian cancer pro-
gression in vivo in mice. In oxidative stress animal models, GGA also reduces cell
death. We hypothesized that GGA would prevent doxorubicin cardiac toxicity, lim-
ited cardiac cell death and oxidative stress, yet improve doxorubicin’s chemothera-
peutic effect. Nude mice implanted with human breast cancer cells (MDA-231)
were studied after single or combination chronic treatments. Results: GGA reduced
doxorubicin toxicity by significantly maintaining heart fractional shortening after
chemotherapy and significantly decreasing the TUNEL positive cells in the heart.
This was accompanied by a reduction in cardiac superoxide formation, partially
mediated through the source nitric oxide synthase. In xenografts implanted nude
mice, GGA+DOX treatment also significantly reduced tumor mass versus DOX
treatment alone. Metastases were reduced in the combined GGA-DOX treatment
as observed by histopathology and by fluorescence optical imaging of tomato red in
tumor cells. In vitro, GGA inhibited lysophosphatidic Acid (LPA)-induced ma-
trigel invasion by MDA-231 cells suggesting rho pathway inhibition. Conclusion:
GGA is a prospective drug for use as a part of anti-cancer treatment scheme.

COMPARISON OF ECG TELEMETRY DATA IN FREELY-
MOVING DOGS, USING NON-INVASIVE AND
INVASIVE METHODS.
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. Briffaux, E. Chalencon, C.Bory, P Lege, S. Baudetand S. Milano. MDS

Pharmacology Services, St Germain sur [’Arbresle, France.

Electrocardiography (ECG) investigations are routinely performed during preclini-
cal toxicology studies in non-rodent species. The pertinence and reliability of these
data may be compromised, however, by the need to restrain the animal during the
recording of surface ECG traces and by their limited duration (a few minutes).
Telemetry may be employed to improve both the quality and duration of ECG in-
vestigations, but the surgical methods used to implant the sensors are often incom-
patible with the objectives of a regulatory toxicology study. Surface ECG recording
and data transmission through Bluetooth technology may be used to address these
difficulties, allowing long-term ECG signal acquisition from freely-moving and so-
cialised animals. Our objective was to compare surface ECG data recorded with a
Jacket External Telemetry device (JET, DSI, USA) with those obtained using gold-
standard invasive telemetry. Six dogs were surgically equipped with a telemetry im-
plant (TLM11M2-D70-PCT, DSI) to collect the lead II-ECG; these data were an-
alyzed by Notocord-HEM. The same dogs were also equipped with the JET setup
with cutaneous patch electrodes connected to record a 6-lead (I, IL, III, aVR, aVL,
aVF) ECG; these data were analyzed by Ponemah-P3 Plus. ECG data were col-
lected simultancously from both devices for 24 hours before and after oral adminis-
tration of 30 mg/kg of sparfloxacin. The duration of the RR, PR and QT intervals
and of the QRS complex were measured with each device at specific time-points.
There was an excellent correlation of the data generated by the two devices (r >
0.95) both before and after sparfloxacin treatment. It was concluded, therefore, that
non-invasive surface ECG recording may be reliably achieved in the free-moving
dog during the course of a regulatory toxicology study using the JET device. This
technology may prove to be a powerful tool for the detection of ECG-modifying
properties of new drugs in regulatory toxicology studies (e.g. QT prolongation).

METALLOTHIONEIN PROTECTS CARDIAC CELLS
AGAINST ANGIOTENSIN II-INDUCED APOPTOSIS
THROUGH SUPPRESSION OF P53 EXPRESSION AND
ACTIVATION IN VITROAND IN VIVO .
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Q. Liu, G. Zhou, Y. Tan and L. Cai. G, University of Louisville, Louisville, KY.
Sponsor: L. Cai.

Our previous study has shown the antioxidant protein metallothionein (MT) sig-
nificantly prevented Ang II-induced NADPH oxidase activation, nitrosative stress,
and apoptosis in the heart, which led to a significant prevention of cardiac remod-
eling and dysfunction. Since we found that tumor suppressor protein p53 played an
important role in Ang Il-induced cardiac apoptotic cell death, the present study
was to define whether MT protection against Ang II-induced cardiac cell death was
mediated by suppression of p53 expression and activation. Cardiac HIC2 cells
were pretreated with and without 25-50 uM zinc (Zn) to induce MT synthesis and
then exposed to 100 nM Ang II for 7 hr or 24 hr. Exposure of cells to Ang II for 7
hr and 24 hr induced a significant increase apoptotic cell death which detected by
DNA fragment ELISA assay, and caspase-3 and caspase-8 cleavage, along with sig-
nificantly increased total and phosphorylated p53 expressions. Pretreatment with
Zn induced MT synthesis, detected by Western blotting assay, and also significantly
inhibited Ang II-induced total and phosphorylated p53 expression and apoptotic
cell death. To eliminate the inhibitory effect of Zn directly on Ang II-induced p53
expression and apoptosis, pre-exposure of cardiac cells to low dose of cadmium that
significantly induced MT synthesis also showed a protection against Ang II-in-
duced p53 expression and apoptosis, suggesting the protective role of MT, instead



of Zn, against Ang II effect on p53 and cell death. To validate the in vitro finding
into an in vivo model, Ang II was infused into transgenic mice with cardiac-specific
overexpression of MT (MT-TG) and their wild-type (WT) mice. Ang II induced
significant up-regulation of total and phosphorylated p53 expression along with in-
duction of apoptotic cell death in the hearts of WT mice, but not in those of MT-
TG mice. These results suggest that MT protect the heart against Ang II-induced
apoptotic cell death via suppression of p53 expression and activation (Supported in

part by ADA and AHA grants).

EGCG, A MAJOR GREEN TEA POLYPHENOL,
PROTECTS ENDOTHELIAL CELLS AGAINST PCB-
INDUCED CELL DAMAGE VIA INCREASED NRF2
SIGNALING.
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S. Han, Z. Majkova, Y. Zheng, Y. Choi, S. Eum, M. Toborek and B. Hennig.
University of Kentucky, Lexington, KY.

Polychlorinated biphenyls (PCBs) are widespread and persistent environmental
contaminants that have been shown to induce oxidative stress and inflammation in
endothelial cells. Epigallocatechin gallate (EGCG) is believed to improve health
and protect against vascular diseases such as atherosclerosis. Recently, EGCG has
been demonstrated to induce NF-E2-related factor (Nrf2), a transcription factor
that regulates expression of many antioxidant and phase II detoxifying enzymes.
Thus, we hypothesized that EGCG may enhance the defensive mechanism of vas-
cular endothelial cells against exposure to environmental contaminants such as
PCB126 via upregulation of Nrf2. To test this hypothesis, we studied inflammatory
parameters, including adhesion molecules. Primary vascular endothelial cells were
pretreated with EGCG, followed by exposure to PCB126. Both EGCG and
PCB126 significantly increased Ntf2 protein expression in a dose-dependent man-
ner. In contrast, Nrf2-regulated phase II detoxifying enzymes, such as
NAD(P)H:quinone oxidoreductasel (NQO1), were significantly increased by
EGCG treatment but not after exposure to PCB126. Both PCB126 and EGCG ac-
tivated extracellular signal-regulated protein kinasel/2 (ERK1/2), and the pharma-
cologic inhibition of this kinase reduced Nrf2 protein expression. Caveolin-1 si-
lencing abolished both the PCB- and EGCG-stimulated Nrf2 and NQOI1 protein
expression. In addition, treatment with EGCG decreased the level of platelet/en-
dothelial cell adhesion molecule-1 in the cells independent of PCB126 exposure.
These findings suggest that EGCG induces Nrf2 expression mainly via an ERK1/2
signaling pathway, with subsequent upregulation of its target protein NQOI.
Furthermore, functional caveolae appear to be necessary for Nrf2-mediated regula-
tion of EGCG-associated cell protection. This may explain in part the protective
properties of EGCG against PCB-induced cellular toxicity. (Supported by grants
from NIEHS, NIH (P42ES07380), and the UK AES)

INTRANASAL BENZO[A]PYRENE ALTERS DIEL
RHYTHM OF BLOOD PRESSURE IN RATS.
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N. J. Gentner and L. P Weber. University of Saskatchewan, Saskatoon, SK, Canada.

Polycyclic aromatic hydrocarbons (PAHs), including benzo[a]pyrene (BaP), are en-
vironmental contaminants formed during organic material combustion (e.g. burn-
ing fossil fuels and cigarette smoke). BaP toxicity may be mediated by activation of
the aryl hydrocarbon receptor and/or formation of reactive metabolites, both of
which lead to increased oxidative stress. Since air pollution and cigarette smoking
are known to increase cardiovascular disease in humans, it is hypothesized that in-
creased oxidative stress from BaP exposure will increase blood pressure in rats. Rats
implanted with femoral radiotelemetry blood pressure catheters were exposed daily
to BaP (0.01 mg/kg, intranasal) or vehicle (tricaprylin) for 7 days. Since vascular
oxidative stress can reduce nitric oxide, causing endothelial dysfunction and in-
creased peripheral resistance, plasma nitrate/nitrite levels were also measured. The
slope of the rise in blood pressure (dP/dt) with each pulse was extracted from the
pressure waveforms as a measure of vascular stiffness. BaP exposure significantly in-
creased diastolic and systolic pressure (p<0.0005 and p=0.015 for BaP factor in 3-
way ANOVA, respectively) compared to control. BaP exposure also significantly
decreased pulse pressure and increased heart rate. Paradoxically, no significant dif-
ference in dP/dt was detected between treatment groups, while plasma nitrate/ni-
trite levels in the BaP-exposed rats increased to approximately 125% of the control
group. Systolic, but particularly diastolic pressure failed to decrease in BaP-exposed
rats primarily during the afternoon (period of inactivity/sleep for rats). This failure
of blood pressure to dip during sleep is associated with increased risk of serious car-
diovascular events in humans. The elevated diastolic pressure observed in this study
is not consistent with the elevated nitric oxide production. Furthermore, increased
nitric oxide levels should have caused a decrease in dP/dt. Therefore, factors other
than endothelial function appear to be altered to produce the elevated peripheral re-
sistance observed in this study, particularly during sleep, in BaP-exposed rats.

CHANGES OF DYNAMIC BEAT-TO-BEAT QT-TQ
INTERVAL RELATIONSHIP IN CONSCIOUS DOG
MODEL OF SHORT AND LONG QT SYNDROMES.
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A. Kijtawornrat”?, Y. Panyasing"?, C. Del Rio', T. Mongkolmaneepol', L.
Snedden’, J. Schmidt' and R. L. Hamlin®"'. ! Q7ést Labs, LLC, Columbus, OH
and” The Obio State University, Columbus, OH. Sponsor: M. Hejtmancik.

Repolarization restitution refers to the relationship of QT duration to the preceding
TQ duration, and has been hypothesized to predict the arrhythmia due to reentry.
Changes of ventricular repolarization time can affect restitution and possibly lead
to unstable reentry and arrhythmia. This study was designed to evaluate restitution
parameters [the 5th percentile of TQ interval (TQmin), QT/TQ ratio, the percent-
age of beats with QT/TQ ratio >1] in the conscious, sling-trained canine model of
short QT syndrome in comparison with the long QT syndrome. The RR, QT, and
TQ intervals were examined in sling—trained, conscious dogs infused with escalat-
ing concentrations of pinacidil, nicorandil, sotalol, and quinidine. The QT short-
ening drugs (pinacidil and nicorandil) significantly decreased QT, QT<c(B,EV), and
TQmin intervals in a dose-dependent manner. The QT/TQ ratio and the percent-
age of beat with a QT/TQ ratio > 1 were increased significantly (p<0.01) after giv-
ing pinacidil and nicorandil. In contrast, QT lengthening drugs (sotalol and quini-
dine) significantly prolonged QT, and QTc¢(B,EV) intervals in a dose-dependent
manner. The percentage of beats with a QT/TQ ratio > 1 was significantly reduced
(p<0.05) and the lower TQ interval boundary (TQmin) was significantly increased
(p<0.05) after infusion of QT lengthening compounds. In conclusion, ECG resti-
tution changes can be use as biomarkers to predict arrhythmia vulnerability in a
conscious sling-trained dog model of short and long QT syndromes.

A DISSECTING AORTIC ANEURYSM MODEL
INDUCED BY N-(2-AMINOETHYL) ETHANOLAMINE
IN RAT.
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Y. Xu, Y. Yang, J. Ruiz and R Boor. Pathology, Universtiy of Texas Medical Branch,
Galveston, TX.

Dissecting aortic aneurysm (DAA) is a tear in the wall of the aorta that causes blood
to flow between the layers of the media of the aorta and forces the layers apart.
Aortic dissection is a medical emergency and can quickly lead to death, even with
optimal treatment. Our aim is to study the toxicity of the industrial chemical N-(2-
aminoethyl) ethanolamine (AEEA) in the development of DAA. In an in vivo
study, pregnant Sprague-Dawley rat dams were treated with AEEA by intraperi-
toneal (IP) injection on gestation days 14-21, a period of rapid aortic development.
Seven groups were treated (1 mg/kg to 100 mg/kg AEEA). The control group re-
ceived normal saline. The aortas from newborn pups were harvested and examined
for dissecting aneurysm. Pregnant rats died with the two highest doses of AEEA (75
mg/kg, 100 mg/kg) after 5-6 IP injections. No lesions were found in pups (0/12) at
1 mg/kg and in pups in the control group (0/23). The DAAs were detected in other
groups: 8/27 pups at 10 mg/kg, 14/29 pups at 25 mg/kg, and 6/9 pups at 50
mg/kg. In a preliminary in vitro study, the primary cultured vascular smooth mus-
cle cells (SMC) of aortas from fetuses of Sprague-Dawley rats were exposed to
AEFA. The cytotoxicity of AEEA was determined over a 24-hour incubation period
with a range of concentrations from 5 to 200 mM AEEA, using the standard MTT
measure of cellular viability. An approximately 50-60% decrease in viability was
noted at 25 mM AEEA or above. Our data indicate that AEEA given IP results in
the development of DAA.

A NINETY-DAY SUBCHRONIC INHALATION
TOXICITY STUDY OF GOLD NANOPARTICLES IN
SPRAGUE-DAWLEY RATS.
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LYd, J. Sungll, J.Ji%, L Park?, J. Yoon®, K. Jeon®, B. Choi', M. Song;, J.
Lee!, K. Song', J. Han’, Y. Chung’, J. ]eong(’, B. Han® and H. Chang’.

! Biosafety Evaluation Headquarter, KEMTI, Incheon, Korea, South, Samsung
Electronics, Suwon, Korea, South, >HCT, Co., Icheon, Korea, South, *Preventive
Medicine, Chung-Ang University, Seoul, Korea, South, >OSHRI, KOSHA, Daejeon,
Korea, South, °NITR, Korea Food and Drug Administration, Seoul, Korea, South
and” Pathology, Kosin Universtiy, Busan, Korea, South.

Gold nanoparticles (NPs) have been used extensively for therapeutic purpose or
food supplement. Especially inhalation toxicity of gold NPs could be urgent infor-
mation to ensure workers and consumers’health. Gold NPs (4-5 nm) were gener-
ated and distribution of NPs measured. Rats were divided into 4 groups with 10
rats in each group: control group, low (2.36 x 10 particle/cc, 1.90 x 10° nm?/cc),
middle (2.36 x 10° particle/cc, 1.68 x 10’ nm%/cc) and high-dose group (1.85 x
10° particle/cc, 3.64 x 10° nm*/cc). The animals were exposed to gold NPs 6 h/day,
5 day/week, for 90-day duration. Mortality and clinical observations were con-
ducted daily and body weight and food consumption were recorded weekly. Lung
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function tests were performed weekly. At the end of the study, all rats were sub-
jected to full necropsy and absolute and relative organ weights were recorded. Blood
samples were collected for hematology and clinical chemistry. Male rats did not
show significant changes in body weight during the 90-day experiment, but female
rats in the low-dose group showed significant body weight changes when compared
with the control group from day 42 of exposure. There were no significant changes
in food consumption, lung function test or hematology values in male or female
rats during the study. There were no specific symptoms observed in opthalmologi-
cal examination or urinalysis for male or female rats. There were no dose-dependant
changes in blood biochemical values or absolute and relative organ weights for male
and female rats. Hitopathological pathological exmaination showed some inflam-
matory changes in the high dose group. Therefore, the current results indicate in-
halation exposure of gold NPs at the concentrations described in this report have no
significant influence on health.
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I. Gosens, D. L. Leseman, J.]. Boere, Y. Wallbrink, L. de la Fonteyne, E R.
Cassee and W. H. de Jong. National Institute for Public Health and the
Environment (RIVM), Bilthoven, Netherlands.

Introduction: Due to physical characteristics such as size and surface to volume ra-
tios, the interaction of nanoparticles versus micro sized particles of the same mate-
rial with biological systems might be markedly different. Pure gold was chosen as a
model particle to study effects on systemic and lung inflammatory markers. In ad-
dition, gold particles, especially in the nano size range are produced for medical ap-
plication, but not much is known about potential toxic effects. A recent biodistrib-
ution study has demonstrated a more widespread distribution for 10 nm sized
particles compared to 250 nm after i.v injection in rats. The present study was fo-
cused on the toxicity of gold particles. Methods: A single dose of 50 ug of spherical
gold particles in aqueous suspension of 10 nm and 250 nm (SPI supplies), diluted
10% by adding phosphate buffered saline were administered to male WU Wistar-
derived rats by intratracheal instillation. A single dose of 50 ug and 250 ug DQ12
quartz was used as a positive control. Dynamic light scattering (NanoSight) was
used to determine the particle size distribution in the suspensions prior to applica-
tion. Broncho alveolar lavage fluid and blood was collected to assess the effect on
cell differentials, oxidative stress and inflammation after 19 and 72 hrs. Results:
The 10 nm gold particles formed aggregates and had a mean particle size distribu-
tion of 175 nm, while 250 nm gold particles had a size distribution of 220 nm. A
significant increase in monocytes and IL-6 levels is observed in the lung 72 hrs after
250 nm gold application, but this was not evident for 10 nm gold particles. After
19 hrs, an oxidative stress response is seen in the lung using 250 nm, but not with
10 nm particles. No sign of systemic inflammation by gold particles is seen.
Conclusion: A difference was found for the 10 nm gold particles compared to 250
nm after intratracheal instillation. The 250 nm particles elicit a mild inflammatory
response in the lung, whereas the 10 nm particles did not.
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COMPARISON OF THE PULMONARY TOXICITY OF
MICRO AND NANO SIZED GOLD PARTICLES IN RATS.

EVALUATION OF THE EFFECT OF PARTICLE SIZE ON
THE TOXICITY AND TOXICOKINETICS OF
FULLERENE C60 IN RATS AND MICE FOLLOWING
NOSE-ONLY INHALATION EXPOSURE.

N. I Walker, G. L. Baker?, J. A Dill2, D.R. Germolec!, K. L. White® and J.

H. Roycroft'. 'National Toxzcology Program, National Institute of Environmental

Hm/t/) Sciences, RTR NC, *Battelle Toxicology Northwest, Richland, WA and
?Virginia Commonwealth University, Richmond, VA.

Fullerene C60 is a 1nm diameter molecule that can aggregate into larger crystals up
to several mm in size. C60 was selected for study to evaluate the hypothesis that de-
crease in particle size leads to an increase in potency of toxicity of nanoscale materi-
als. In this study we evaluated the effect of inhalation exposure to two different sized
particles of C60. Wistar-Han rats and B6C3F1 mice were exposed by nose—only in-
halation to two sizes of C60 (0.05 um or 1um) 3 hours per day 5 days per week for
90 days. Exposure concentrations were 0, 0.5, 2.5 mg/m3 for 0.05 um C60, and 0,
5,15 and 30 mg/m3 for the 1um C60. A complete necropsy and histopathological
evaluation were conducted on all animals. Tissue distribution of C60 as well as lung
clearance was also determined. In addition effects of exposure on organ weights,
clinical chemistry, hematology, micronucleus formation, and effects on the repro-
ductive tissues and immune system/function were also evaluated. There were no bi-
ologically significant exposure-related changes in these parameters in rats or mice
exposed to either 0.05 wm or Ium C60. Pathological effects were generally re-
stricted to increased lung pigmentation (attributable to lung deposition of C60)
and histiocyte infiltration (compensatory response to clear C60 from the lung). In
both rats and mice, there was a shift in inflammatory cell populations in lung lavage
fluid. These findings indicate that inhalation exposure to C60 particles caused neg-
ligible toxicity and that a decrease in particle size to the nanoscale did not exacer-
bate toxicity. These data are consistent with the observed lack of toxicity of C60
after both shorter-term exposures and in studies using intratracheal instillation.
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234  DISTRIBUTION OF [*C]C,, IN PREGNANT AND

. LACTATING RATS.
R. Snyder, T. Fennell, G. Taylor, A. H. Lewin, J. Burgess and S. Sumner. R77
International, RTD NC.

The potential for workplace and environmental exposure to carbon nanoparticles
such as Buckminsterfullerene (Cy) has generated a need to understand basic prop-
erties of C in blologlcal systems. This study was conducted to determine the dis-
tribution of [**C C]Cy, in the pregnant rat and fetus, and in the lactating rat and off-
spring. Four dams were dosed via tail vein injection on gestational day (gd) 15 with
0.28 mg/kg body weight [“CIC, (- 3 uCi per rat) prepared in 5%
polyvinylpyrrolidone in saline (PVP), and four dams were dosed with PVP alone.
Urine (0-24hr) and tissues (24 hr) were collected from the dams Eight lactatmg
rats were dosed on postnatal day (pnd) 8 with 0.36 mg/kg [*C]C , prepared in
PVP, and sacrificed at 24 hr or 48 hr after exposure. In the pregnant dams, radioac-
tivity was distributed to the placenta (approximately 2% of the dose), to the fetus
(1.0%), and to the female reproductive tract (3.0%). Radioactivity was distributed
to the milk (< 1%) and mammary tissue (<1%) in the lactating rats, and to the GI
tract (<1%) and liver of the pup (< 1%). For the pregnant dam, radioactivity was
distributed to the urine (<2%), feces (2%), blood (0.9% per mL) and plasma (1.7%
per mL), brain (< 1%), lung (<1%), heart (<1%), liver (-43%), spleen (4%). In
comparison to the pregnant dam, lactating rats had a similar radioactivity distribu-
tion to the blood and plasma at 24 hr after exposure (with a 50% decrease by 48
hr), a higher distribution to the lung, and a decreased distribution to the liver.
Metabolomics analysis of urine indicated that dams exposed to C; had a decrease
in metabolites derived from the Krebs cycle and an increase in metabolites derived
from the urea cycle or glycolysis; with alterations in the levels of some sulfur-con-
taining amino acids and purine/pyrimidine metabolites. This study indicated that
C,, can cross the placenta and can be transmitted from mother to offspring via
milk. This research was funded by RTT International.

ASSESSMENT OF THE DISTRIBUTION OF
INTRAVENOUSLY-INJECTED SILVER NANOPARTICLES
IN PREGNANT MICE AND DEVELOPING EMBRYOS.
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C.A. Austin”®, T.H. Umbrelt, K. M. Brown', D S. Barber?, B. ] Dalr, S.
Francke- Carroll A. Feswick?, M. A. Saint-Louis’ and D L. Goering® Bzolagzm/
Sciences Depﬂrtment George memgton Umver.vzty, Washington, DC, CDRH U.sS.
Food & Drug Administration, Silver Sprzng, MD, >CFSAN, U.S. Food & Drug
Administration, College Park, MD, *Center for Envzronmenml and Human
Toxicology, University of Florida, Gamewzlle, FL, Bzology Department Villanova
University, Philadelphia, PA and ’Symcme Research Corporation, Arlington, VA.

The translocation of nanoparticles across the placenta and accumulation in devel-
oping embryos 77 vivo has not been widely studied. The objective of this study was
to evaluate the distribution of silver (Ag) nanoparticles in pregnant mice and
translocation to developing embryos. Ag nanoparticles (fabricated in-house, 7-9
nm in diameter as measured by dynamic light scattering) in citrate buffer were in-
jected i.v. into pregnant CD-1 mice on gestation days (GD) 7, 8, and 9 (total: -9
ug Ag/mouse). Controls received citrate buffer only. Mice were euthanized on
GD10 and brain, heart, kidneys, liver, lungs, lymph nodes, ovaries, spleen, and thy-
mus were collected from each dam. From each litter, the myometrium and en-
dometrium of the uterus, chorio-allantoic placentas, visceral yolk sacs, and embryos
were collected. Tissue Ag levels were quantitated using inductively coupled plasma
mass spectrometry (ICP-MS). In treated dams, Ag (in ng Ag/mg tissue) was de-
tected at statistically significant (p<0.001) concentrations (compared with controls)
in the liver (2.94), spleen (1.33), lungs (0.676), and visceral yolk sacs (1.95).
Average accumulation in the liver was 64% of total detected Ag; average accumula-
tion in the spleen, lungs, and visceral yolk sacs was 4, 2, and 1.6% of total detected
Ag, respectively. Thus, Ag nanoparticles injected into pregnant mice distributed to
maternal liver, spleen, and lungs, with the highest accumulation in liver. Ag
nanoparticles distributed to the visceral yolk sacs, but did not accumulate in uterine
tissue, chorio-allantoic placentas, or developing embryos to statistically significant
levels.

ASSESSMENT OF THE TOXICITY OF MULTI-SIZED
SILVER AND GOLD NANOPARTICLES IN ZEBRAFISH
EMBRYOS.
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O. Bar-llan, R. M. Albrecht, V. E. Fako and D. Y. Furgeson. Division of
Pharmaceutical Sciences, School of Pharmacy, University of Wisconsin-Madison,
Madison, WI.

Nanoscale engineering represents a current dynamic area of interdisciplinary re-
search incorporating nanoparticles into a diverse product matrix. Due to the dis-
parate physicochemical properties and functions correlated with nanoparticles,



there is an acute need for assessing nanotoxicity. Nanoparticle size, surface func-
tionalization, and chemical composition are but three critical nanotoxic metrics.
Zebrafish (Danio rerio) embryo exposures with non-functionalized, colloidal silver
(cAg) and gold nanoparticles (cAu) in an array of sizes (3, 10, 50, and 100 nm) pro-
duced a range of toxic effects. Using a semi-quantitative scoring system, cAg3, 10,
50, and 100 elicited nearly 100% embryonic mortality 120 h post-fertilization
(hpf); cAu3, 10, 50, and 100 exposures resulted in less than 3% mortality 120 hpf.
While cAu induced minimal sublethal toxic effects, cAg exposures generated vari-
ous embryonic and morphological malformations including stunted growth,
opaque and non-depleted yolks, circulatory malformations, and jaw defects
amongst others at 120 hpf. Both cAg and cAu were taken up by the embryos and
results from vector control experiments suggest cAg sublethal toxicity and mortality
were a result of the nanoparticles themselves or Ag” ions formed either during i
vivo nanoparticle destabilization or as a residual synthetic contaminant. Although
cAg toxicity was size-dependent at specific concentrations and time points, the
most striking result is that parallel sizes of cAg and cAu induced significantly diver-
gent toxic profiles, with the former being toxic and the latter inert at all sizes tested.
Thus, we propose that nanoparticle chemistry is as, if not more, important than
specific nanosizes at inducing toxicity iz vive. Ultimately, nanotoxicity assessments
using the zebrafish embryo model should identify nanomaterial physicochemical
characteristics that yield minimal or no toxicity for improved rational designs of
nanomaterials.

PS 237  EXAMINATION OF POTENTIAL DERMAL IRRITATION
= FOR DIFFERENT SIZES OF METAL NANOPARTICLES.

D. R. Mattie, R.]. Godfrey, T. A. Bausman, M. J. Wagner, L. N. Talton, P.
Gunasekar, K. Prabhakaran, N. M. Schaeublin and S. M. Hussain. 711
HPW/RHPB, Air Force Research Labs, Wright Patterson, OH.

Nanoparticles can have properties different than larger sizes of the same material.
Knowledge about potential health effects is limited. Exposure of skin to nanoparti-
cles is possibly and could result in dermal irritation. In an effort to test nanoparti-
cles in vivo while minimizing the number of rabbits used, nine nanoparticles were
placed on the backs of 4 rabbits to determine if they cause skin irritation. The study
followed the Environmental Protection Agency Health Effects Test Guidelines,
Office of Prevention, Pesticides and Toxic Substances 870.2500, Acute Dermal
Irritation, as the basic procedure. We determined the ideal number of sites when
placing Hilltop Chambers on the skin is 8 sites per rabbit. Three other sites are used
as a control with no chamber at all. Four rabbits were used to expose 9 nanoparti-
cles, three times for each nanoparticle. A randomized rotation was employed to
blind those reading the sites. Each of the 4 rabbits had at least one negative control
site with a Hilltop Chamber only and seven sites with nanoparticles (six for one
rabbit with two negative controls). Each nanoparticle site on each rabbit was a dif-
ferent nanoparticle so that each nanoparticle was still placed on 3 different rabbits.
Nanoparticles used were suspended in 0.5 ml of saline: Aluminum (50, 80 nm);
Silver with proprietary organic coating (10 and 80 nm); Silver without coating (10,
25, 80 nm); Tungsten (60 nm); and Aluminum Oxide (30 nm). After the 72 hour
observation, skin was collected for histopathology. The results demonstrated that
none of the nanoparticles tested produced skin irritation.

LACK OF DERMAL PENETRATION FOLLOWING
TOPICAL APPLICATION OF COATED AND UNCOATED
NANO- AND MICRON-SIZED TITANIUM DIOXIDE TO
INTACT AND DERMABRADED SKIN IN MICE.
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N. V. Gopee', C. Cozart', P Siitonen', C.S. Smith®, N.]. Walker* and B C.
Howard'. ' National Center for Toxicological Research, Jefferson, AR and ?National
Institute for Environmental Health Sciences, RTR NC.

Dermal transport and possible toxicity of nanoscale metal oxides used in cosmetic
and personal care products are relatively unexplored and is the focus of this study.
We previously reported that ~10% and 6% of intradermally injected PEG-coated
quantum dots (QDs) bioaccumulate in the liver and lymph nodes. The topical ap-
plication of QDs to dermabraded skin resulted in accumulation of ~1% and -0.1
% of the applied dose in the liver and lymph nodes, respectively. We also demon-
strated that following intradermal injection, the biodistribution of three different
types of TiO,, uncoated nano, coated nano and micron, depended upon the size
and coating properties. In that study an increase in titanium (Ti) in liver accounted
for ~10% of injected dose of all three TiO,, in lymph nodes the Ti accounted for
~1% of injected dose seen with coated nano and micron TiO,, and Ti accumulated
in kidneys exclusively with micron TiO, (-16% of dose). In the present study,
emulsions containing 5% of either nanoscale (25 nm primary particle size) un-
coated anatase TiO,, micronscale anatase TiO, and nanoscale (14 x 79 nm rods)
polystearate/alumina-coated TiO, were topically applied to intact dorsal or inguinal
and axillary regions or to dermabraded skin of hairless mice. Lymph nodes, liver,

spleen, kidneys and blood were collected at 6 and 24 hours post application and Ti
levels were quantified by ICP-MS. No significant elevations in Ti levels were ob-
served in all the organs analyzed for the three different TiO, formulations when ap-
plied to intact and dermabraded skin. The results suggest that both intact and com-
promised skin of hairless mice may be an effective barrier in preventing dermal
penetration and subsequent organ bioaccumulation of topically applied nano-and
micron-sized TiO, of different surface coatings.

These studies were supported by an IAG between the National Toxicology Program
and FDA (IAG# 244-07-0007).

239 PULMONARY RESPONSES TO DIESEL FUEL CATALYST
- CERIUM OXIDE NANOPARTICLES.

J. Y. Ma!, H. Zhao!, M. Bargerl, M. Rao!, T. Meighanl, V. Castranova' and J.

Ma®. 'HELD, NIOSH, Morgantown, WV and *School of Pharmacy, West Virginia

University, Morgantown, WV.

Cerium oxide has been used as a fuel-borne catalyst to lower the mass of diesel ex-
haust particles (DEP), but is emitted as nanoparticles in the diesel exhaust. While
the health effects of DEP have been investigated for decades, the potential pul-
monary toxicity of cerium oxide nanoparticles has not been characterized. The ob-
jectives of this study were to investigate the effects of cerium oxide on the pul-
monary immune/inflammatory responses. Rats (Sprague Dawley) were exposed to
cerium oxide (0.5 to 20 mg/kg) by intratracheal instillation. Alveolar macrophages
(AM) were isolated via bronchoalveolar lavage (BAL) the next day. Cerium oxide
exposure was found to induce significant neutrophil infiltration and elevate lactate
dehydrogenase activity and albumin content in the BAL fluid, suggesting that these
particles induced inflammation, cytotoxicity and epithelial damage. The results also
show a direct interaction of cerium oxide with AM, resulting in elevated AM
phagocytic activity as monitored using confocal microscopy, increased reactive oxy-
gen species production in response to zymosan challenge as indicated by enhanced
chemiluminscence generation, and increased production of the pro-inflammatory
cytokines IL-12 and TNF-a.. However, cerium oxide significantly reduced nitric
oxide production by AM in response to ex vivo LPS challenge, demonstrating that
these particles may modify AM host defense capability. Analysis of mRNA levels of
several genes using real time RT-PCR indicate that cerium oxide significantly in-
creased suppressor of cytokine signaling and osteopontin (OPN) in BAL cells,
while OPN was also increased in the lung tissue. When OPN was analyzed at 28
days post exposure, there was a further increase of mRNA in lung tissue. These re-
sults show that cerium oxide-mediated lung toxicity includes pulmonary inflamma-
tion and lung injury, and a persistent induction of OPN in lung tissue, which has
been associated with lung fibrosis.

240 BIODISTRIBUTION OF QUANTUM DOTS AFTER
. PULMONARY EXPOSURE IN RATS.

. R. Roberts, D. Schwegler-Berry, R. Chapman, ]. M. Antonini, ]. Scabilloni,
V. Castranova and R. R. Mercer. HELD/PPRB, NIOSH, Morgantown, WV,

The potential use of quantum dots (QD) as a medical diagnostic tool, as well as in
other biomedical applications, has led to concern regarding their toxicity, potential
systemic distribution, and biopersistence. In addition, little is known about work-
place exposure to QD, such as research, manufacturing, or medical settings. We
have shown that pulmonary exposure to functionalized QD caused a dose-depend-
ent increase in lung injury and inflammation which persisted up to 28 days. The
goal of the present study was to assess the biodistribution of QD in rats after pul-
monary exposure. QD were composed of a cadmium-selenium (CdSe) core (-5nm)
with a zinc sulfide (ZnS) shell functionalized with carboxyl (COOH-QD) or amine
(NH,-QD) terminal groups Male Sprague-Dawley rats were intratracheally-in-
stilled (IT) with saline, COOH-QD, or NH,-QD (12.5 ug/rat). On days 0, 1, 3,
7, 14, and 28 post-IT, the left lung, lung-associated lymph nodes (LALN), heart,
kidneys, spleen, liver, brain, and blood were collected for metal analysis of Cd con-
tent by neutron activation. Right lungs from rats in each group were either sub-
jected to bronchoalveolar lavage (BAL) to retrieve BAL fluid and cells for analysis of
damage, or were preserved and sectioned for histopathology, confocal imaging, and
autometallographic silver enhancement of Cd. No Cd was detected in the liver,
spleen, heart, brain, or blood at any time point. At days 7 and 14, when lung injury
and inflammation were at their greatest, approximately 3-5 % of the total Cd in-
stilled was detected in the LALN of rats treated with COOH-QD, and approxi-
mately 10-20% was located in the kidney in these rats. By day 14, Cd was also
found to be present in the kidneys of rats treated with NH,-QD. Both forms of
QD caused significant lung injury and inflammation, with particles present in alve-
olar macrophages, on epithelial surfaces, and in the interstitium, which persisted in
the lungs up to 28 days post-exposure. QD are not readily cleared from the lungs
after I'T and translocation to other organs appears to be related to damage to the
air-blood barrier.
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INVESTIGATION OF NANOPARTICLES-INDUCED
TOXICITY USING CAENORHABDITIS ELEGANS
FUNCTIONAL GENOMICS.

241

J. Choi and J. Roh. Environmental Engineering, University of Seoul, Seoul, Korea,
South. Sponsor: D. Ryu.

In the present study, toxicity of nanoparticles (i.e. silver nanoparticle, fullerene, car-
bon nanotube) was investigated in Caenorhabditis elegans using functional ge-
nomic tools. Whole genome microarrays were used to screen for global changes in
C. elegans transcription profiles following nanoparticle exposure and with subse-
quent quantitative analysis conducted on selected genes. The integration of gene
expression with organism and population level endpoints was investigated using C.
elegans functional genomics tool, to test the physiological relevance of nanoparti-
cle-induced gene expression. Silver nanoparticle exerted considerable toxicity in C.
elegans, observed most clearly as a dramatic decrease in reproduction potential after
silver nanoparticle exposure. Significant decreases in reproduction parameter con-
comitantly occurred in silver nanoparticle exposed C.elegans. Overall results of
functional genomic using mutant analysis suggested that the sod-3 and daf-12
genes may be related to silver nanoparticle -induced reproductive failure in C. ele-
gans and that oxidative stress may be an important mechanism in nanoparticle -in-
duced toxicity. This study also suggested that the interpretation of microarray and
subsequent quantitative gene expression data was greatly strengthened by linking
them with organism and population level experiments and functional genomics
using mutant strains appears to be an ideal tool for biomarker discovery in toxico-
logical research as it can reveal the physiological meaning or function of observed
altered gene expressions. Acknowledgment: This work was accomplished through
the supports of the Ministry of Environment as “The Eco-technopia 21 project”

INVESTIGATION OF THE ROLE OF AIRWAY
INFLAMMATION BY NANOPARTICLES IN
RESPIRATORY ALLERGY INDUCED BY TMA.

242

H. Muijser', Y. Staal', J. van Triel', J. Arts” and E Kuper'. ' Quality of Lifz, TNO,
Zeist, Netherlands and > AkzoNobel T E, Arnhem, Netherlands. Sponsor: B.

Blaauboer.

Nanoparticles are increasingly used in a wide range of applications, and may have a
higher toxic potential than similar particles of larger sizes. Nanoparticles can induce
inflammatory reactions in the lung and may thus interfere with existing allergic in-
flammation. Our study aimed to assess whether inhalation exposure to nanoparti-
cles aggravated a respiratory allergic response in Brown Norway (BN) rats. The rats
were topically sensitized to trimellitic anhydride (TMA) and were challenged by in-
halation to TMA 14 days later. Next, animals were exposed by inhalation to carbon
nanoparticles (about 30nm), aggregated carbon nanoparticles, fine carbon
nanoparticles (about 300nm), multi-walled carbon nanotubes (MWCNT) or clean
air 5 hours/day, 2 days/week during 3 weeks, and thereafter challenged with TMA
again. The allergic rats exhibited an altered breathing pattern (apnoeas), and a
slightly increased breathing frequency during challenge, allergic laryngitis and in-
creased granulomatous inflammation in the lungs. Exposure to nanoparticle aggre-
gates and fine particles induced accumulation of black particles in the larynx, lungs
and mediastinal lymph nodes. Exposure to nanotubules induced black granula,
tubules and tubular aggregates in the lungs only. Exposure to carbon nanoparticles
or carbon particles did not aggravate the TMA-induced allergy. Therefore, it was
concluded that nanoparticles or nanoparticle aggregates did not alter the allergic re-
sponse against TMA in BN rats, despite the presence of distinct particle accumula-
tion in case of the nanoparticle aggregates.

243 PBPK MODELING OF MICRO AND NANO SIZED

. FLUORESCENT POLYSTYRENE SPHERES.
X. Chang', K. Sarlo®, N.]. Walker!, K. Blackburn®, E. Clark?, J. Chaneyz, J.
Grothaus® and C. ]. Portier'. "NIEHS, Reseach Triangle Park, NC and *Miami
Valley Laboratories, Procter & Gamble, Cincinnati, OH.

To understand the kinetics of nanoparticles in comparison to that of chemically-
identical larger particles, we developed a physiologically-based pharmacokinetic
(PBPK) model for micro and nano sized fluorescent polystyrene spheres using dis-
tribution data in rats. Four differently sized spheres (1000, 100, 40, 20nm) were
dosed to rats as a single intravenous (IV) injection or pharyngeal aspiration into the
airways, and the subsequent tissue distribution was assessed. Using these data, a full
tissue compartment model was constructed consisting of blood, lymphatic system
and twelve tissue blocks, each described using diffusion-limited kinetics. The model
was initially fit to the IV data on 1000nm spheres and applied to predict kinetics of
the 3 nanosized spheres with same exposure route. The model successfully simu-
lated the kinetics of 1000nm spheres. It also predicted tissue kinetics well from
micro to nano in several major organs such as liver, lung, and heart. The model pre-
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diction suggested that compared to microspheres, the 40 and 20 nm spheres had a
reduced distribution to the spleen and bone marrow and an increased distribution
to the brain. However, it is unclear whether the slight increase in distribution to the
brain for the small particles is real because the particle concentration in brain sam-
ples was near or below the limit of detection (<0.04% of total spheres). By re-opti-
mizing certain parameters, we also fit the model to IV data on each of the 3 nano-
sized spheres respectively. The resulting model fit well for 100nm spheres, but was
inadequate for 40 and 20nm spheres, for which further modifications of model
structure may be needed. A comparison of model parameters optimized specifically
for each sized particle indicated that the smaller particles tend to stay longer in
blood circulation. Regardless of particle size, the estimated partition coefficients are
always high for spleen and liver, but low for brain, suggesting a common kinetic
mechanism of these particles in major organs.

ALTERED GENE EXPRESSION PROFILES IN MURINE
BRAINS FOLLOWING EXPOSURE TO INHALED
NICKEL NANOPARTICLES.
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D Gillespie, G.Kang, T. Gordon and L. Chen. New York University School of
Medicine, Tuxedo, NY.

The respiratory tract is the primary target for inhaled nanoparticles (NPs).
However, there is evidence that once deposition occurs, these particles can escape
clearance mechanisms and target secondary organs like the brain. The aim of this
study was to examine the transcriptional response of three regions (olfactory bulb,
midbrain, and cerebellum) in the mouse brain following exposures to inhaled
nickel nanoparticles (Ni NPs). Utilizing a whole-body exposure system, C57 male
mice inhaled either 100 ug/m3 of spark generated Ni NPs or filtered air for 5h/d,
5d/w, for up to 5m. The three regions were collected 1w, 3m, and 5m, post expo-
sure (24h) for gene expression analyses (n=4/group). Since studies suggest that NPs
damage tissue through oxidative stress and inflammatory mediated pathways, PCR
profiling systems for both pathways were used to evaluate the change in expression
of 168 genes in each region as compared to controls. A change of 3-fold or higher
was considered important. After 1w of exposure, the expression of approximately
50 oxidative stress and inflammation related genes were altered in all regions.
Following 3 and 5m of exposure, more changes in gene expression were observed in
the olfactory bulb (85 and 72, respectively) followed by the cerebellum (35 and 45,
respectively) and the midbrain (21 and 28, respectively). To confirm these results,
individual real time RT-PCR was performed on selected genes: Mcp-1, Tnfa, 1I-1b,
Ho-1, and Gpx-1. Brain deposition of inhaled Ni NPs was determined for all re-
gions, using graphite furnace atomic absorption spectroscopy. A significant differ-
ence was only observed for the olfactory bulb (n=8, P<0.05). These results suggest
that all three regions are affected by exposures of inhaled Ni NPs via oxidative
stress- inflammatory mediated pathways; but, the olfactory bulb may be a more
sensitive target to adverse effects. Additional studies are needed to link the changes
in gene expression to mechanisms of toxicity.

245 POTENTIAL CARDIOVASCULAR EFFECTS OF

- FULLERENE C60 INHALATION EXPOSURE.
P P Simeonova', A. Erdelyl, A. Liston', M. L Luster', ]. Roycroft’, D.
Germolec” and N. ]. Walker’. ' NIOSH, CDC, Morgantown, WV and > NIEHS,
Research Triangle Park, NC.

Fullerenes are forms of carbon nanomaterials used in a wide variety of commercial
applications and have the potential for significant human exposure. Based on ambi-
ent ultrafine particle research, it is predicted that small particles may have systemic
toxicity related to cardiovascular outcomes. This study evaluates the cardiovascular
effects of subchronic inhalation exposure of B6C3F1 mice to C60 particles (diam-
eter 1 and 0.05 wm). The initial screening for cardiovascular toxicity was conducted
applying a custom-designed TagMan array for genes known to play an important
role in the mechanisms of atherosclerosis such as inflammation, oxidative stress,
and coagulation. We observed changes on expression of several genes related to
stress response, including c-fos, and heat shock protein (hsps) 25, 70, and 90 in the
aortas of the exposed mice independent of the size of the particles. These findings
were confirmed by a real-time RT-PCR. Hsps are incremental in triggering many
autoimmune/chronic inflammatory diseases. In this regard, it has been suggested a
multifaceted role for hsps in atherosclerosis. For example, it has been reported that
the expression of hsps is upregulated very early at lesion-prone sites in the aortas of
young apoE-/- mice. Thus, fullerene exposure of wild type mice, not prone to de-
velop atherosclerosis, resulted in a cardiovascular stress response which may provide
a predisposition to atherogenesis. Disclaimer: The findings and conclusions in this
abstract are those of the authors and do not necessarily represent the views of the
National Institute for Occupational Safety and Health.



246  GOLD NANOPARTICLE (AUNP) SURFACE CHARGE
. INFLUENCES TOXICITY.

L Truong"?, S.Harper"?, J. Miller”?, J. Hutchison®? and R. Tanguax
Enwronmenml & Molecular Toxicology, Oregon State University, Corvallis, OR,
2The Oregon Nanoscience and Microtechnologies Institute and the Safer

Nanomaterm[f and Nanomanufacturing Initiative, Pacific Northwest, OR and
3Department of Chemistry, University of Oregon, Eugene, OR.

Nanoparticles can vary in size, chemical composition, surface chemistry and surface
area. Small changes in these features impart different properties to a nanoparticle,
including how they interact with and potentially influence biology. Early life stages
are often sensitive to chemical insult, which make embryonic zebrafish as an ideal
platform to investigate the biological activity and toxic potential of gold nanoparti-
cles (AuNP). In initial studies, developmental responses to waterborne exposure to
AuNPs were determined using a wide range of concentrations (0.016 to 250 ug/mL
(ppm)). Cationic, N,N,N trimethylammoniumethanethiol (TMAT), and anionic,
2-mercaptoethanesulfonate (MES), AuNPs produced with a 1.5nm core size in-
duced developmental toxicity in embryonic zebrafish. TMAT was more overtly de-
velopmentally toxic, while MES induced more sublethal effects at this developmen-
tal stage. The most susceptible early developmental stage to nanomaterial exposure
was determined to be 24 hours post fertilization (hpf) and 48 hpf for TMAT and
MES, respectively. Narrowing the window of exposure allowed for genomic evalua-
tions to be conducted in order to determine gene expression responses to each
AuNP exposure. Nimblegen zebrafish arrays with 37,157 genes were used with
RNA isolated from embryonic zebrafish exposed to the lowest observable adverse
effect (LOAEL) for TMAT (50ppm) and MES (10 ppm) at 24 and 48 hpf. The
combination of these studies illustrates the value of the embryonic zebrafish model
to determine structure activity relationship, and that the surface charge of AuNP
influences biological responses. Supported by NIEHS P3000210, EPA RD-
833320, T32 ES07060, and Air Force Research Laboratory under agreement #
FA8650-05-1-5041.
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D. B. Warheit, C. M. Sayes, M. Golt and K. L. Reed. DuPont Haskell Lab,
Newark, DE.

Sepiolite is a magnesium silicate nanoclay mineral. A pulmonary bioassay toxicity
study was conducted in male rats with sepiolite, PBS, quartz particles and ultrafine
titanium dioxide particles. Following intratracheal instillation exposures at doses of
1 and 5 mg/kg, the groups were evaluated by bronchoalveolar lavage (BAL) at 24
hours, 1 week, 5 weeks, and 3 months postexposure. Results showed that quartz
particles produced sustained, lung inflammation. Exposures to uf TiO2 particles,
sepiolite or PBS produced transient lung inflammation. However, unlike the other
particle-types, sepiolite clay exposures produced macrophage-agglomerates or giant
cells, recovered in BAL fluids at 1 wk, 5 wk and 3 month postexposure time peri-
ods. The biological significance of these findings is unknown. Following the bron-
choalveolar lavage procedure, the lungs of randomly selected rats were then infused
with formaldehyde fixative. Lung tissues from PBS control, high-dose Min-U-Sil
quartz, negative control ultrafine TiO2, low and high dose sepiolite-exposed rats at
3 months postexposure were then processed for lung tissue histopathological analy-
ses. Sagittal lung sections were prepared for histology and evaluated by light mi-
croscopy. Histopathology results revealed that quartz particles produced foamy
alveolar macrophage accumulation and patchy evidence of alveolar tissue thicken-
ing, indicating incipient phases of lung fibrosis. Exposures to the ultrafine TiO2
particles resulted in accumulation of phagocytic alveolar macrophages but no tissue
thickening. Exposures to sepiolite particles produced evidence of multinucleated
giant cells in airspaces and patchy evidence of minimal septal tissue thickening, sug-
gesting the development of lung fibrosis. The severity and frequency of tissue thick-
ening with sepiolite particle exposures appeared to be dose related. Follow-up, ded-
icated lung tissue histopathology studies currently are in progress to determine the
reproducibility of this effect and the role of giant cells (if any) in producing mini-
mal lung fibrosis following pulmonary sepiolite exposures.
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T Yoshlkawa 2, H. Nabeshl 2, Y. Nakazato" %, K. Matsuyama , A. Arimori"

. M. Isobe!"? T Imazawa s Y Abe?, H. Kamada N. Iroh"?, S Tsunoda®?
and Y. Tsutsumi® > >. ! Graduate School of Pharmaceutical Sciences, Osaka Universizy,
Suita, Om/m Japan, *National Institute of Biomedical Innovation, Ibaraki, Osaka,
Japan and > The Center for Advanced Medical Engineering and Informatics, Osaka
University, Suita, Osaka, Japan. Sponsor: T. Yoshikawa.

PULMONARY BIOASSAY STUDIES WITH SEPIOLITE
NANOCLAY SAMPLES IN RATS.

INFLUENCE OF PHYSICOCHEMICAL PROPERTIES OF
NANO-SILICA PARTICLES ON IN VIVO TOXICITY.

Nanometer-size amorphous silica particles (nano-silica), which are used as func-
tional additives in cosmetics and foods, have quickly become essential nanomateri-
als in our lives. With few exceptions however, there are insufficient data available on

risk assessment of nano-silica. We therefore analyzed the influence of the physico-
chemical properties of nano-silica on acute toxicity. We have previously shown that
injection of smaller nano-silica particles into mice induced acute toxicity as particle
size decreased. In the present study, we used fluorescent-labeled nano-silicas whose
surface was either unmodified or modified with -NH2 and -COOH (70-nm diam-
eter, designated SP-plain, SP-NH2, and SP-COOH, respectively), to evaluate the
influence of nano-silica surface properties on in vivo toxicity and distribution.
Methods) Acute toxicity tests were performed according to the following proce-
dures. BALB/c mice were injected with 2 mg of SP-plain, SP-NH2, or SP-COOH.
Survival of SP-injected mice was monitored, and histopathology tests were per-
formed twenty-four hours after SP-injection. For image analysis, hairless mice
(Hos: HR-1) were injected intravenously with nano-silicas. At indicated time
points, optical imaging was performed using a Xenogen IVIS 200 imaging system.
Results and Discussions) A single intravenous injection of SP-plain induced acute
lethal toxicity in mice. In contrast, injection of SP-NH2 and SP-COOH into mice
caused little toxicity. In vivo optical imaging of the mice revealed that SP-plain had
spread throughout the liver, whereas SP-NH2 and SP-COOH accumulated around
the gallbladder. These results suggest that surface properties of nano-silicas were a
critical factor for its liver accumulation and expression of toxicity.

249 SYSTEMICALLY-INTRODUCED NANOSCALE CERIA
. BIODISTRIBUTION AND TOXICITY.
R.A. Yokel"? R.L. Florence, ]. Unrme, M.T. Tsen%, U. M. Graham', R.
Sultana!, D. A Butterfield*’, . Wu® and E. A Grulke®. ! Pharmaceutical
Sciences, University af[(enmtky, Lexmgton, KY, bezcology, UKY, LEX, KY, Plant
and Soil Sciences, U KY, LEX KY, *Anatomical Sciences & Neurobiology, U of
Lom:w/le, Louisville, KY, Center for Applied Energy Research, U KY, LEX, KY,
C/aemzm’y U KY, LEX, KY, " Center of Membrane Sciences, U KY, LEX, KY and
8Chemical & Materials Engineering, U KY, LEX, KY.

Objective: Characterize biodistribution and toxicity of nanoscale ceria that had en-
tered blood. Rationale: Ceria was chosen as a model insoluble, stable, metal oxide
tracer with extensive engineered nanomaterial (ENM) applications. Materials: A
5% crystalline aqueous ceria dispersion, mean size ~ 30 nm (PSD); primary size - 3
to 5 nm (HR-TEM); surface area ~-13 m2/g. Procedures: The effect of saline and
10% sucrose on ceria agglomeration was assessed. Ceria was given to un-anes-
thetized rats i.v. (0, 50, 250 or 750 mg/kg) terminated 1 or 20 hr later to assess its
biodistribution, by ICP-AES/ICP-MS cerium analysis, and potential to produce
neurotoxicity, assessed by 4-hydroxy-2-nonenal (HNE), 3-nitrotyrosine (3-NT),
and protein carbonyls in frontal cortex (FC), hippocampus (HC) and cerebellum
(CB). Five min prior to termination anesthetized rats were given i.v. Evans blue
(EB)-albumin and Na fluorescein (Na2F) as blood-brain barrier integrity markers.
Results: Saline and 10% sucrose caused ceria agglomeration in vitro. Fresh blood
incubated with ceria for 1 hr showed primary and agglomerated ceria by HR-
TEM/STEM. Ceria t%2 in the rat was << 1 hr. Brain EB and Na2F increased. Tissue
[Ce] was ceria dose-dependent (spleen > liver > brain > blood serum) and ac-
counted for - 50% of the dose. 4-HNE increased in the HC; 3-NT changed little
in FC, HC or CB; and protein carbonyls decreased in the CB. Conclusions: Ceria
was cleared by peripheral tissues. Much less entered the brain. The results provide a
foundation to study the impact of physico-chemical properties of ENMs on pe-
ripheral organ distribution, brain entry and resultant toxicity. Supported by the

Office of the VP for Research, U KY and US EPA STAR Grant RD-833772.

FATE OF ULTRAFINE (UFT1IO2) OR FINE TITANIUM
DIOXIDE (FTI02) FOLLOWING INTRATRACHEAL
INSTILLATION IN RATS.
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T. M. Sager and V. Castranova®. 'School of Public Health, Harvard University, Siler
City, NC and’HELD, PPRB, NIOSH, Morgantown, WV.

Nanotechnology is expanding due to the unique properties of nanoparticles.
Studies report that pulmonary exposure to nano-sized particles may produce greater
pulmonary effects than their larger fine—sized particle counterparts. However, dif-
ferences in fate and clearance of inhaled nano-sized and fine-sized particles are un-
clear. This study explores differences in lung burden as well as translocation to the
interstitium and the bronchial-associated lymphatic tissue (BALT) between rats ex-
posed to UFTiO2 vs. FTiO2. Rats were exposed to an equal surface area dose of
UFTiO2 or FTiO2 (0.52 mg/rat or 10.7 mg/rat, respectively). Metal analysis indi-
cates that the amount of UFTiO2 remaining in the lung decreased by 51% from 7
to 42 days post-exposure, while the lung burden of FTiO2 decreased by only 12%
. The amount of TiO2 present in the tracheo-bronchial (TBL) and thymic lymph
nodes (TLN) was also assessed. Lymph node burden for UFTiO2 from 7 to 42 days
post-exposure increased by 246%, while a 134% increase was observed for FTiO2.
Although relative migration of UFTiO2 to the lymph nodes exceeded that for
FTiO2, this difference could not account fully for the much lower lung clearance of
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FTiO2 relative to UFTiO2, suggesting particle overload in rats exposed to FTiO2.
Lung burden of TiO2 was measured in both lavaged and unlavaged lungs at 7 and
42 days post-exposure. The amount of TiO2 present in the lavagable fraction rep-
resents particles phagocytosed by lavagable alveolar macrophages or present as free
particles in the airspaces. The non-lavagable UFTiO2 or FTiO2 fraction in the
lung increased from 7 to 42 days post-exposure. With UFTiO2, the majority of the
particles were non-lavagable, suggesting migration to the interstitium. In contrast,
the majority of FTiO2 was found in lavagable alveolar macrophages. In summary,
the results indicate that UFTiO2 migrates more rapidly to the interstitium than
FTiO2 which is phagocytosed more avidly by alveolar macrophages.
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J. Blatt Nichols', I. Wirgin', R. Chambers® and T. Gordon'. ' Environmental
Medicine, NYU School of Medicine, Tuxedo, NY and” Howard Marine Sciences
Laboratory, Northeast Fisheries Science Center, National Oceanic and Atmospheric
Administration Fisheries Service, Highlands, NJ.

Toxicities of aqueous suspensions of nanoparticles were tested in early life stages of
an environmentally relevant fish species, Microgadus tomcod (Atlantic tomcod).
Embryos were exposed to graded concentrations of nanoparticles which included:
fullerenes, functionalized single-walled carbon nanotubes (SWNT) and metal ox-
ides of silver, copper, iron, nickel and Zn (Ag, Cu, Fe, Ni and Zn). Also tested were
manufactured nanoparticles consisting of a fullerene shell with erbium or yttrium
metal catalysts derived from various stages in their production process including
soot, sludge and the finished material. Particles were dispersed in 5 ppt artificial sea
water or DMSO and sonicated for one hour. Exposure began at 14 days post fertil-
ization and continued until death or hatching. Survivorship and hatching success
were evaluated. Fullerene exposure resulted in 100% mortality at 500 g/l while
SWNTs did not induce significant changes in mortality or hatching. Mortality in-
creased with graded doses of Cu, Fe and Zn while no changes in mortality or hatch-
ing were detected with Ag or Ni at concentrations up to 10 ug/ml. The finished
manufactured nanoparticles caused dose responsive toxicities that were 100% lethal
at 50 ug/ml. Soot and sludge particles with both erbium and yttrium resulted in
dose dependent increases in mortality but erbium-containing particles were more
toxic and caused 100% mortality at 10 and 50 ug/ml for soot and sludge, respec-
tively. These results indicate that nanoparticles containing some metals (Cu, Fe,
Zn) are toxic to fish embryos. Particles containing erbium and yttrium were more
harmful than those containing only carbon. Fullerenes induced mortality in these
embryos but SWNTs did not. Future studies will determine if these effects are
modified by exposures in natural water samples of different salinities, are conserved
in a second fish species, Fundulus heteroclitus, as well as attempt to elucidate mech-
anisms of toxicity.
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K S. Saili"?, S. L. Harper"?, K. P Vercruysse’ and R. L. Tanguay"*
Departmmt of Envzronmenml & Molecular Toxicology, Enwronmenm/ Health
Sciences Center, Oregon State University, Corwz/lzx, OR, *Oregon Nanoscience &
Microtechnologies Institute, Corvallis, OR and’ Department of Chemistry, Tennessee
State University, Nashville, TN.

The role of inflammation in rheumatoid arthritis (RA) is well known.
Inflammation has also been implicated in the pathogenesis of other chronic diseases
including cancer. The widespread role of inflammation in disease underscores an
urgency to identify new and improved anti-inflammatory treatments.
Chrysotherapy, injection of gold (Au) salts, has been used for decades as a standard
RA treatment despite an unclear mode of action. We tested the hypothesis that
nanomaterials formed upon injection of Au ions are the primary agents responsible
for reducing inflammation in patients undergoing chrysotherapy. The anti-inflam-
matory potential of Au and silver (Ag) nanomaterials produced in organic media
was measured using a larval zebrafish inflammation model. An inflammatory re-
sponse can be induced in zebrafish by amputating the caudal fin. We tracked in-
flammatory cells by exposing transgenic zebrafish with fluorescent neutrophils to
nanomaterials in solution with neutral red, a macrophage stain. We pre-exposed 3
days post fertilization (dpf) larvae to Au or Ag nanomaterials for 18 hours, then
amputated their caudal fins at 4 dpf followed by immediate immersion in NOAEC
nanomaterial solutions. The total area of neutrophils at the site of injury 8 hours
post amputation was measured. Nine of 14 nanomaterials reduced total neutrophil
area at the amputation site. Of these, 4 Ag and 1 Au nanomaterial caused a greater
than 40% reduction in neutrophils. We are currently quantifying macrophage re-
sponses and investigating potential mechanisms by which neutrophils are reduced.
Elucidation of the in vivo mode of action of Au and Ag nanomaterials is anticipated
to contribute to the development of novel anti-inflammatory therapies. Supported
by NIEHS P3000210, EPA RD-833320, T32 ES07060, Air Force Research
Laboratory under agreement #FA8650-05-1-5041, and the W.M. Keck
Foundation.

TOXICITIES OF NANOPARTICLES IN AN
ENVIRONMENTALLY RELEVANT FISH MODEL.

GOLD AND SILVER NANOMATERIALS REDUCE THE
INFLAMMATORY RESPONSE TO INJURY.
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253  EVALUATION OF SIZE-DEPENDENT BIOLOGICAL
. BEHAVIOR OF NANO-SILICAS.
H. Nabeshi"?, T. Yoshikawa"?, K. Matsuyama Y. Nakazato , A. Arimori"
, M. Isobe"?, T. Imazawa’, Y Abe?, H. Kamada2 ’, N. Iroh', S Tsunoda™?
and Y. Tsutsuml1 23 ! Graduate school of P/Jﬂrmaceunm/ Sczmce:, Osaka university,
Suita, Osa/ea, Japan, *National Institute of Biomedical Innovation, Ibaraki, Osaka,
Japan and > The Center for Advanced Medical Engineering and Informatics, Osaka
University, Suita, Osaka, Japan. Sponsor: H. Nabeshi.

(Objective) Nanomaterials have recently been successfully employed in various in-
dustrial applications in medicine and cosmetics. Because nanometer-size amor-
phous silica particles have already been used as functional additives in cosmetics
and foods, there is an urgent need for their risk assessment. We have here per-
formed comparative toxicity studies of various sizes of silica particles (SP; SP70: 70
nm, SP100: 100 nm, SP300: 300 nm, SP1000: 1000 nm). (Method) We per-
formed acute toxicity studies using intravenous injections of single doses (100
mg/kg) of SPs of various sizes, to evaluate their harmful effects in BALB/C mice.
Six h after SP injection, serum was collected and subjected to analysis for markers
of toxicity. Cytotoxicity of SP-treated HaCaT cells uated by [3H]-thymidine incor-
poration over 24 h. Furthermore, intracellular localization of SPs was analyzed by
TEM. To analyze genotoxicity, we performed the alkaline comet assay and the
Ames test. (Results and Disuccustion) Acute toxicity testing showed evidence of
marked liver toxicity only in SP70- and SP100-injected mice; furthermore, SP70-
injected mice died within 12 h after injection. In vitro, SP exhibited dose- and size-
dependent cytotoxicity against HaCaT. TEM analysis revealed the entrance of
SP70 into the nucleus. Therefore, evidence for genotoxicity of SP was investigated.
When HaCaT were treated with 30 ug/ml SP for 3 h, DNA fragmentation was ob-
served in all SP-treated groups. In the Ames test, SP treatment resulted in more
than double the spontaneous mutation rate. In particular, SP70 exerted the
strongest mutagenic effect. These results indicate that acute toxicity, cytotoxicity
and genotoxicity tend to increase as particle size decreases.

254  CLEARANCE OF THE VASCULAR INFUSED CERIUM
OXIDE BY RETICULOENDOTHELIAL CELLS IN RAT.

M. T. Tseng', X. Lu', R. Florence, R Sultana’, P Wu/, D. A. Butterfield”©
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KY;, Lexington, KY, "Chemical & Materials Engineering, U KY, Lexington, KY and

8 Pharmaceutical Sciences, U KY, Lexington, KY.

Objective: Biodistribution and biotransformation of the internalized nanoparticles
(NP) is regulated by the strategically placed reticuloendothelial cells. The objective
of this study is to determine the threshold level and time course of phagocytic cells
responses in liver, lung, spleen and kidney after iv infusion of cerium oxide NP.
Methods: Commercial cerium oxide from Sigma (primary particle size =30 nm)
suspended in water was infused (50, 250, 750 mg/kg) in adult male Fischer 344 rat.
They were terminated at 1 or 20 hr later. Tissue ceria level was determined by ICP-
AES/ICP-MS and ROS related markers were assayed. Organs rich in RES as well as
hippocampus and cerebellum were collected for histological and ultrastructural
analysis. The latter included the use of HRTEM, STEM, and EDX for elemental
detection of ceria. Results: A dose and time dependent retention of ceria was ob-
served in peripheral organs, but, not in the brain. HRTEM reveal occasional ceria
NP in capillaries and the associated astrocytes in the brain. By contrast, agglomer-
ated ceria NP was abundant in the phagocytic cells of the RES. Cytotoxicity was
occasionally observed in cells engulfed large NP aggregates, however, general cy-
toarchitecture was maintained. Conclusion: Vascular infusion of cerium oxide NP
appeared to be relatively non-toxic in rat. RES cells provide the initial retention of
ceria NP in a dose and time dependent fashion. However, the long-term conse-
quences of the detained NP remain to be determined. Supported in part by the
Office of the Vice President for Research, University of Kentucky and US EPA
STAR Grant RD-833772.

THE EFFECTS OF SUB-CHRONIC EXPOSURE TO
INHALED NICKEL NANOPARTICLES ON THE
CARDIOVASCULAR SYSTEM.
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G. Kang, D Gillespie, A. Gunnison, T. Gordon and L. Chen. Environmental
Medicine, New York University School of Medicine, Tuxedo, NY.

As applications of nanotechnology continue to expand rapidly, there is an urgent
need to evaluate the potential health effects of engineered nanoparticles (NPs) in
occupational and environmental settings. Since there is a well-established associa-
tion between inhaled ambient ultrafine particles and increased risk of cardiopul-



monary disease, it has been suggested that inhaled NPs may also induce similar ef-
fects on the cardiovascular system. This study was designed to determine if long-
term exposure to inhaled nickel (Ni) NPs induced adverse effects on the cardiovas-
cular system, resulting in exacerbation of atherosclerosis in a sensitive mouse model.
Male ApoE knockout mice were exposed cither to filtered air or Ni NPs at 100
ug/m3, 10% of the current occupational guideline, for 5h/d, 5d/wk for either 1
week or 5 months. Various indicators of oxidative stress and inflammation were
measured in the lung and cardiovascular tissue, and plaque formation on the aorta
was determined after 5m of exposure. The analyses of bronchoalveolar lavage fluid
(BALF) revealed significant oxidative stress and pulmonary inflammation at both
time points. This data was consistent with up-regulations of heme-oxygenase-1
(Ho-1), interleukin-6 (Il-6) and monocyte chemotactic protein-1 (Mcp-1) genes in
the lung tissues. Those three genes were also up-regulated in the heart tissue after 5-
m of exposure, suggesting systemic effects induced by inhaled Ni NPs.
Furthermore, Mcp-1 was over-expressed in the aorta tissue, along with Cd68 and
vascular cell adhesion molecule-1 (Vcam-1), after the 5-m exposure. This phenom-
enon coincides with increased plaque formation in the aortic arch, providing a mo-
lecular basis for the exacerbated atherosclerosis. These results suggest that inhaled
Ni NPs, at occupationally relevant concentrations, can induce significant chronic
effects on the cardiovascular system, including exacerbation of atherosclerosis.
Further studies are needed to investigate potential mechanisms in which inhaled
NPs could affect the cardiovascular system.

SILVER NANOPARTICLE AND FULLERENE STUDIES
WITH ADULT AND EMBRYONIC OYSTERS,
CRASSOSTREA VIRGINICA.
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A. Ringwood', M. McCarthy', D. Carroll J. Berry” and N. Levi-Polyachenko’.
! Biology, UNC-Charlotte, Charlotte, NC, *Wike Forest University, Center for
Nanotechnology and Molecular Materials, Winston-Salem, NC and > Wake Forest
University Health Sciences, Winston-Salem, NC.

The fate and effects of nanoparticles on aquatic organisms are important environ-
mental concerns that must be addressed as the production and uses of nanoparticles
continue to increase. The purpose of these ongoing studies is to characterize the
toxicity of various nanoparticle preparations (silver nanoparticles and fullerenes) on
oysters, Crassostrea virginica, a common estuarine species. As filter-feeders, oysters
a very valuable model species for characterizing nanoparticle bioavailability and in-
teractions with basic cellular processes. Laboratory exposure studies were conducted
with adult and embryonic oysters as well as with isolated hepatopancreatic cells.
The potential for hepatotoxicity was evaluated using a lysosomal destabilization
assay, and lipid peroxidation assays were used to assess oxidative damage. For the
embryo assays, newly-fertilized oyster embryos were exposed to the nanoparticles
and then the percent normal development after 48 hours was assessed. We used
these studies to address important issues, such as relative sensitivity of embryos
compared to adults, tissue distribution, and cellular accumulation and effects.
Generally, embryos tend to be slightly more sensitive than adults, and isolated he-
patopancreas cells were similar in toxicity to the whole oyster studies. Fluorescent
confocal microscopy and atomic absorption spectrometry were used to verify the
accumulation of the nanoparticles inside hepatopancreas cells and embryos.
Significant accumulation of fullerenes inside lysosomes was observed supporting
the model that endosomal pathways are a likely mechanism of accumulation. For
the Ag nanoparticles, significant relationships were observed between tissue Ag lev-
els and toxicity. These kinds of basic studies are essential for addressing the poten-
tial impacts of nanoengineered particles on fundamental cellular processes as well as
aquatic organisms.

INTEGRATION OF GENOMIC AND PROTEOMIC
BIOSIGNATURES IMPROVES THE DISCRIMINATION OF
RESPONSE TO NANOPARTICLES IN A MOUSE MODEL.
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B. Webb- Robertson , K. Waters , S. Varnum', J. Teeguarden ] Jacobs', R.
Zangar, E. Kisin?, A. Murray A. Shvedova and J. Pounds'. PﬂfzﬁfNort/Jwest
National Labomtory, Richland, WA and’National Institute of Orcupatzomzl Health
and Safery, Morgantown, WV,

Health risks associated with contact and consumption of nanomaterials is largely
unknown and a topic of considerable interest to both manufacturers and con-
sumers. We compared the pulmonary response to repeated exposure to single-
walled carbon nanotubes, crocidolite asbestos, and ultrafine carbon black in a
mouse model. Biological signatures of exposure were derived using both genome
and proteome profiles though high-content analytical platforms, including mi-
croarray, global mass spectrometry-based proteomics, and multiplexed protein
ELISA microarray. The goal of this study was to derive biomarkers of response from
these data streams and to evaluate the screening potential of integrated biosigna-
tures for hazard assessment. We developed a biosignature integration approach that

fuses the multiple data sources at a molecular level. Probability models were derived
for individual datasets by using partial least squares discriminant analysis and trans-
formed into likelihood values associated with the probability that a particular sam-
ple was exposed to one of the defined particles or the control group. The screening
potential of each biosignature was then assessed using the probability model to give
insight into particle classes that biomarkers may be derived from each data source.
Finally, Bayesian statistics were applied to the likelihood probability models to fuse
all data streams into a single model. We find that the probability models associated
with individual data types can only successfully separate less than 90% of the sam-
ples with cross-validation. However, the integrated probability model can nearly
perfectly classify all samples. Using this approach, we identified a panel of biosigna-
tures for each particle class with statistical power to predict response to particulates.
Supported by Environmental Biomarkers Initiative and ES016015

POLYETHYLENE GLYCOL (PEG) NANOGEL
AGGREGATE DRUG DELIVERY SYSTEM FOR
TARGETED SYSTEMIC DELIVERY.
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M. V. Deshmukh', H. Kutscher!, D. Laskin?, S. Stein' and P. Sinko'.
! Department of Pharmaceutics, Rutgers University, Piscataway, NJ and’ Department
of Toxicology, Rutgers University, Piscataway, NJ.

The aim of this work is to develop a novel aggregated nanogel particulate (ANP)
drug delivery system that targets the lung, liver or spleen using stable aggregates of
a PEG nanogel. PEG nanogel particles were successfully formed by irreversibly
cross-linking 8 Arm-PEG thiol polymer and a cross-linker (HBVYS) in PB (pH 7.4).
The effect of stirring time, cross-linker concentration, surfactant and sonication on
particle size was systematically investigated. Additional experiments to grow the
nanogels to micron-sized ANP were performed. Stability studies of ANPs were
done at 370C in rat plasma, PBS (pH 7.4) and PB (pH 7.4). Dynamic light scat-
tering (DLS) and transmission electron microscope (TEM) were used for analyzing
the size of ANPs. Among the parameters, sonication and the presence of surfactant
(Tween 80, 0.1%v/v) were found to be critical for forming hydrogel nanoparticles.
DLS and TEM results showed that after stirring the reaction mixture for a long
time, the nanogel particles form aggregates due to hydrophobic interactions. Both
small (20 nm) and large (=1 wm) particles were observed in the reaction mixture.
Stability studies indicated ANPs were stable in rat plasma, PBS and PB. Male
Sprague-Dawley rats were intravenously administered with either HiLyte Fluor™
750 dye alone (DYE) or ANDPs covalently labeled with HiLyte750 (DYE-ANDs).
Biodistribution of ANPs was determined using a Xenogen IVIS 100 Imaging
System. DYE was quickly eliminated from the body, whereas DYE-ANPs accumu-
lated in the lung within 30 minutes and the majority of the DYE-ANPs remained
in the lung for 24 hours. In conclusion, these results show that it is feasible to pro-
duce nanosized PEG hydrogel particles and that these nanoparticulates can form
stable micron-sized aggregates. The micron-sized ANDPs are retained in the body for
more than 24 hours and are predominately found in the lung.

Support: NIH/NIAMSD CounterACT Program (Award: U54AR055073)

TISSUE-SPECIFIC ANTIOXIDANT RESPONSES OF
OYSTERS, CRASSOSTREA VIRGINICA, TO SILVER
NANOPARTICLE EXPOSURES.
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M. McCarthy', D. Carroll® Z] Berry” and A. Ringwood'. ' Biology, UNC-
Charlotte, Charlotte, NC and? Witke Forest University, Center for Nanotechnology
and Molecular Materials, Winston-Salem, NC.

As nanoparticle technologies continue to grow, there is an increased potential of in-
troduction of nanoparticles to aquatic environments. It is therefore important to
characterize the potential risks to ecological receptors. Oxidative damage and im-
pacts on antioxidant responses may impact the physiology and fitness of organisms
directly, and may also increase their susceptibility to other stressors. Silver (Ag)
nanoparticles are used extensively in clothing and other applications as an anti-mi-
crobial compound. The purpose of this ongoing work is to characterize the antiox-
idant-related responses of oysters (Crassostrea virginica) to Ag nanoparticle expo-
sures. For these studies, gill and hepatopancreas tissues were removed from oysters
following exposures to a range of Ag nanoparticle concentrations to evaluate tissue-
specific antioxidant responses (e.g. glutathione and catalase concentrations). Gill
and hepatopancreas tissues were also assessed for expression of metallothionein
genes (MT I and II) using QT-PCR. Metallothioneins may play a dual role in ame-
liorating the adverse effects of metal nanoparticles by scavenging excess metal ions,
and by functioning as an antioxidant by removing oxyradicals. Lipid peroxidation
assays were also conducted to assess for evidence of tissue damage associated with
oxyradial production. While the results indicated little direct tissue damage follow-
ing short term exposures to Ag nanoparticles, tissue-specific alterations of antioxi-
dant responses were observed.
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NICKEL (NI) NANOPARTICLE (NP) INHALATION
INDUCE SERUM NEUROANTIBODIES IN C57 MICE:
TIME RESPONSE TO 5 MONTH EXPOSURE.
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H. A. El-Fawal', P, Glllespl G. Kang and L. Chen’. IA/bﬂn)/ Ca/lege of Pharmacy
and Health Sczence:, Albany, N Y and’NYU School of Medicine, Tuxedo, NY.

Potential adverse health effects of nanotechnologies are of concern. Unlike other
particles, NPs may gain access to the CNS causing toxic insult. Detection of anti-
bodies to nervous system (NS) proteins in response to Ni-NPs following a 6 wk ex-
posure was reported in mice. In the present study, 3 month old male C57 mice were
exposed to 100 ug/m’ of spark generated Ni NPs (GFG-100 Palas, Germany) or
filtered air in a whole-body exposure system for 5h/d, 5d/wk for 1, 6, 15, 17, 20
and 23 wks. In addition, mice subjected to hypoxia (n=3) were a positive control.
Particle size was measured by a differential mobility analyzer-condensation nucleus
counter system and exposure concentrations determined gravimetrically. Facial vein
bleeding was used for serum isolation. Antibodies, IgG, against neural proteins
[neurofilaments (NF), glial fibrillary acidic protein (GFAP) and myelin basic pro-
tein (MBP)]were detected in sera using ELISA. Levels of IgG against neural pro-
teins in controls (n=4-6/time point) were only marginally above the blocking-
buffer blank. In Ni-NP exposed mice titers of IgG against NF proteins showed
significant increases as early a 1 wk of exposure and were comparable to levels de-
tected in hypoxic mice. IgG against GFAP were significantly elevated at 15 wks and
for MBP at 15 and 17 wks. For anti-MBP these were comparable to hypoxic mice.
Beginning at 17 wks, IgG against NF and MBP began to decline reaching control
levels at 23 wks. This may reflect saturation of circulating IgG in the presence of el-
evated antigen. Declines in GFAP titers may reflect the occurrence of astrogliosis,
rather than gliotoxicity after wk 15 and warrants investigation. The detection of
neuroantibodies confirms earlier findings and suggests that Ni-NP exposure in-
duces neurotoxicity. Ni is known to induce oxidative stress and mitochondrial dys-
function in other tissues. These mechanisms are also involved in neurodegenera-
tion. In contrast to Ni salts, where neurotoxicity has not been reported, NPs may
pose a risk to the NS.

261 EXPOSURE ASSESSMENT AND HEALTH STATUS OF

: THE WORKERS HANDLING TITANIUM DIOXIDE.
G. Ichlhara . W. L2 ; T. Kobayash1 3 X Dmg Y. Fu]ltanl , Y. Liv?, U. Sai',
N. Hata', Q. Wang’ and S. Ichihara>". ' Occupational and Envzmnmentﬂl
Health, Nagoya University Graduate Sc/aoo/ of Medicine, Nagoyzz Japan, Shanghai
Institute of Planned Parenthood Research, Shanghai, China, > Tokyo Institute of
Technology, Yoko/mma Japan, *National Institute for Environmental Studies,
Tiukuba, Japan and’ Human Functional Genomics, Mie University Life Science
Research Center, Tsu, Japan.

Titanium dioxide is widely used as pigment, sunscreen or photocatalyst. The pres-
ent study investigated possible respiratory and cardiovascular effects of titanium
dioxide on workers handling them. Ambient exposure level in a factory handling ti-
tanium dioxide was assessed using condensation particle counter (CPC). Personal
samplers were also used to weigh different sized titanium oxide particles. The work-
ers were interviewed with questionnaire and examined by physicians. Chest X-ray,
spirometer, echocardiogram and echocardlography were also conducted. The num-
ber of particle evaluated by CPC was 4.5 to 5 x 10* per cm?, which was comparable
to the number of particles evaluated by CPC in the office. The size-differentiating
personal samplers showed that the weight density of the particles larger than 1 mi-
crometer in the packing area was about 500 times greater than in the office.
Granular shadows in the lung was found in one worker and aortic valve stenosis was
found in another worker, but their association with exposure to titanium dioxide
was not obvious. No lung fibrosis was detected by the chest X-ray. No abnormality
in respiratory function was found by the spirometer testing. The particle number
evaluated by CPC did not correspond with macroscopic dustiness which is thought
to be associated with aggregated particles, as shown by size-differentiating impact
separators. The present study did not show any respiratory or cardiovascular abnor-
mality associated with titanium dioxide exposure for one to seven years.

262 INFLAMMATORY EFFECTS OF AEROSOL EXPOSURE
- OF DIFFERENT TITANIUM DIOXIDE TYPES.

K. Savolainen, L. Pylkkinen, E. Rossi, J. Koivisto, M. Vippola, H. Wolff, S.

Matikainen and H. Alenius. Finnish Institute of Occupational Health, Helsinki,

Finland.

Titanium dioxide is widely used in the field of nanotechnology. The present study
investigated inflammatory changes in the lungs induced by airway exposure to dif-
ferent TiO2 nanoparticles using mouse and cell models. BALB/c mice were ex-
posed (for 2 hours, for 1 week, or for 1 month) by inhalation to the several differ-
ent forms of TiO2. The commercial TiO2 materials studied were; coarse rutile,
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nano-sized rutile, nano-sized anatase and silicon coated nano-sized rutile. In addi-
tion, inhalation exposure was carried out with nano-sized TiO2 generated in a gas-
to-particle conversion machine. Aerosol properties were characterized for size distri-
bution, number concentration, mass concentration, surface area, and for shape and
composition of agglomerates. Titanium concentration of the lung tissue was ana-
lyzed by Inductively Coupled Plasma Mass Spectrometry (ICP-MS). Inflammatory
cell infiltration was characterized from bronchoalveolar lavage (BAL) fluid.
Expression of cytokines and chemokines in the BAL cells and lung tissue was as-
sessed by real-time PCR. In addition, effects of in vitro exposure of human
macrophages to different TiO2 nanoparticles were assessed by ELISA. Exposure to
TiO2 nanoparticles coated with amorphous silica elicited clear-cut pulmonary neu-
trophilia but no airway inflammation was observed after exposure to any other
TiO2 materials tested. TiO2 particles accumulated exclusively to alveolar
macrophages. Pulmonary neutrophilia was accompanied by the increased expres-
sion of TNF-alpha and CXCL1 (neutrophil attracting chemokine) in the lung tis-
sue. In line with this, in vitro exposure of human macrophages to silica coated
TiO2 elicited significant induction of TNF-alpha and neutrophil attracting
chemokines, CXCL1 and CXCLS. Present results emphasize that it is vitally im-
portant to take into account that alterations of nanoparticles, e.g. by surface coat-
ing, may drastically change their toxicological potential.

MANGANESE-30 AND ALUMINUM-80
NANOPARTICLES ALTER EXPRESSION OF OXIDATIVE
STRESS-RELATED GENES IN MOUSE BRAIN.
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M. Rahman , . Wang®, T. A Patterson', G. D. Newport', ]. ]. Schlager’,

M. Hussain® and S. E Ali'. ' Division ofNeumtaxzmlogy, NC TR Jefferson, AR
2DDD]’/OND/CDER/FDA Silver Spring, MD and > AFRL/Wright-Pasterson AFB,
Dayton, OH.

Nanoparticles (NPs) are small scale engineered materials (< 100 nm) with unique
physical and chemical properties, however, their potential to produce toxicity has
not been fully evaluated. Recently, we have reported that manganese, silver and
copper nanoparticles induce expression changes in dopaminergic system-related
genes in PC-12 cells. We have also shown that these NPs are capable of producing
free radicals and oxidative stress. In this study we evaluated the effects of man-
ganese-30 (Mn-30) and alumunium-80 (Al-80) nanoparticles in mice. Adult-male
mice were injected (ip) with a 500 mg/kg single dose of Mn-30 or Al-80 and sacri-
ficed 24 hours after the injection. Brains were quickly removed and dissected into
caudate nucleus, frontal cortex and hippocampus, and real time RT-PCR analysis
was performed using Mouse Oxidative Stress and Antioxidant Defense Arrays. In
caudate, Al-80 up-regulated the expression of Aass, Als2, Apc, Aqr, Cat, Duox1,
Ercc6 and Txnip; whereas Mn-30 up-regulated only the expression of Txnip. In
frontal cortex, the expression of Nqol and Txnip was up-regulated and the expres-
sion of Txnrd3 was down-regulated after Mn-30 treatment. Al-80 down-regulated
the expression of Gpx1, Prdx6-rs1, Cisb, Cyba, Gpx2, Sod2, Noxol, Zmynd17
and Nox1, and up-regulated the expression of Fmo2 in frontal cortex. In hip-
pocampus, Mn-30 induced expression changes of 12 genes, in which Aass, Ncf2,
Nxn, Txnip, Ucp3 and Gusb were up-regulated; and Atr, Gabl, Slc38al, Slc41a3,
Tmod1 and Gapdh were down-regulated. These data suggest that Mn-30 and Al-80
nanoparticles may produce dopaminergic neurotoxicity by generating free radicals
and altering the expression of genes associated with oxidative stress and apoptosis.

THE NAPHTHOL SELECTIVE ESTROGEN RECEPTOR
MODULATOR (SERM), LY2066948 1S PRIMARILY
OXIDIZED TO AN O-QUINONE ANALOGOUS TO THE
NAPHTHOL EQUINE ESTROGEN, EQUILENIN.
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T. B. Gherezghiher, J. Sohn, R.P. Chandrasena, Z. Qin, G.]. Thatcher and J.
L. Bolton. Medicinal Chemistry and Pharmacognosy, University of lllinois at
Chicago, Chicago, IL.

LY2066948 is a novel selective estrogen receptor modulator (SERM) which is in
development by Eli Lilly for the potential treatment of uterine fibroids and my-
omas. LY2066948, in simile with the equine estrogen equilenin, contains a naph-
thol group expected to undergo oxidative metabolism to a naphthalene-3,4-diol.
The 3,4-diol metabolite of equilenin, 4OH-EN, is a carcinogen that autoxidizes to
a genotoxic and redox-cycling o-quinone. LY2066948 was synthesized and assayed
for antiestrogenic activity and was confirmed to be a more potent antiestrogen than
4-hydroxytamoxifen, as measured by induction of alkaline phosphatase activity in
Ishikawa endometrial cancer cells and ERE-luciferase expression in MCF-7 breast
cancer cells. The naphthalene-3,4-diol metabolite of LY2066948 was indeed iden-
tified as an oxidative product in the model reaction with tyrosinase (phenol
monooxygenase); interestingly, in the presence of ascorbate to prevent autoxida-
tion, the 3,4-diol was formed quantitatively. Incubation of LY2066948 with tyrosi-



nase in the presence of GSH gave the expected GSH conjugates formed from trap-
ping of the o-quinone, which were characterized by LC-MS-MS. In incubations
with dexamethasone-induced rat liver microsomes, GSH conjugates were also ob-
served, although in lesser amounts. In accordance, incubation with CYP450 3A4
supersomes gave only a very minor amount of naphthalene-3,4-diol metabolite. In
simile with equilenin, LY2066948 is oxidized to a naphthalene-3,4-diol metabolite,
that readily autoxidizes to an o-quinone that is a potentially cytotoxic electrophile,
and redox-cycling genotoxin. Further studies are warranted to study this metabolite
and validate its formation in vivo.

AN APPROACH BASED ON LC/ESI-MS TO DETECT
DIOL METABOLITES AS BIOMARKERS OF EXPOSURE
TO STYRENE AND 1, 3-BUTADIENE.
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S.Shen"?>?, E Zhang’, S. Zeng' and ]. Zheng™”. ' Department of Pharmaceutical
Analysis and Drug Metabolism, College of Pharmaceutical Sciences, Zhejiang
University, Hangzhou, Zhejiang, China, °Center of Deuelopmenml Threapeutics,
Children’s Hospital Research Institute, Seattle, WA and?’ Department of Pediatrics,
University of Washington, Seattle, WA.

Styrene and 1,3-butadiene are important intermediates extensively used in the plas-
tics industry. They are mainly metabolized through cytochromes P450-mediated
oxidation to the corresponding epoxides, which are subsequently converted to diols
by epoxide hydrolase or through spontaneous hydration. The resulting styrene gly-
col and 3-butene-1,2-diol have been suggested as biomarkers of exposure to styrene
and 1,3-butadiene, respectively. Unfortunately, poor ionization of the diols within
electrospray mass spectrometers becomes the obstacle to the detection of the two
diols by LC/ESI-MS. We developed an LC/ESI-MS approach to analyze styrene
glycol and 3-butene-1,2-diol by means of derivatization with 2-bromopyridine-5-
boronic acid (BPBA), which not only dramatically increases the sensitivity of diol
detection but also facilitates the identification of the diols. The analytical approach
developed is simple, quick, and convincing without need of complicated chemical
derivatization. In order to evaluate the feasibility of BPBA as a derivatizing reagent
of diols, we investigated the impact of diol configuration on the affinity of a selec-
tion of diols to BPBA using the established LC/ESI-MS approach. We found that
cis-diols showed higher affinity to BPBA than trans-diols and that the reactivity of
vicinal diols to BPBA decreased with the increase in their molecular rigidity. In con-
clusion, BPBA may be used as a general derivatizing reagent for the detection of vic-
inal diols by LC/MS.

266 QUINONE METHIDE: REACTIVE METABOLITE OF

- DAURICINE.

. Zheng"?, Y. Wang®, D. Zhong’, Q. L’ andX Chen’®. ' Department of
Pediatrics, Unzvemt_y of Washingron, Seattle, WA, 2 Center for Dez/e‘/opmmtﬂ/
Therapeutics, Seattle Children’s Hospital Research Institute, Seattle, WA and” S/ﬂang/ﬂaz
Institute of Materia Medica, Chinese Academy of Sciences, Shanghai, China.

Dauricine (DRC), a bisbenzylisoquinoline alkaloid, has received great attention
due to its wide range of pharmacological activities. Recently, we found DRC pro-
duced selective lung injury % vivo. In addition, the pulmonary toxicity was reversed
by pretreatment with ketocanozole, a CYP3A inhibitor. This indicates that DRC-
induced toxicity requires cytochrome-P450-mediated metabolic activation. With
the structure of para-methylene phenol in DRC, we speculated that the alkaloid
may be metabolized to a quinone methide intermediate. To clarify our speculation,
we incubated DRC with mouse liver microsome in the presence of glutathione
(GSH) as a trapping agent. A total of ten GSH conjugates were detected by LC-
MS/MS using neutral loss, full scanning, and MS/MS scanning technique. One
GSH conjugate with [M+1]" 930 m/z was found to be the major one among the
ten GSH conjugates detected. We chemically synthesized the GSH conjugate
which is designated as 10-glutathionyl DRC confirmed by LC-MS/MS and NMR.
The formation of the GSH conjugates was found to require NADPH, and the ab-
sence of NADPH in these microsome incubations failed to produce any GSH con-
jugates after exposure to DRC. To identify those cytochromes P450 responsible for
the bioactivation of DRC, we incubated DRC with a selection of individual recom-
binant human cytochrome P450 enzymes. Among the P450 enzymes tested,
CYP3A4 is the only one found to catalyze the formation of the quinone methide
metabolites. In addition, we incubated human liver microsome with DRC mixed
with individual cytochrome P450 inhibitors. As expected, CYP3A4 inhibitor keto-
conazole dramatically suppressed the formation of the quinone methide metabo-
lites. We have fully identified a quinone methide metabolite derived from DRC.
This facilitates the understanding of the biochemical mechanism of pulmonary tox-
icity by DRC.

DIFFERENTIAL LOCALIZATION OF FLAVIN-
CONTAINING MONOOXYGENASE ISOFORMS 1, 3,
AND 4 IN RAT LIVER AND KIDNEY.
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R. M. Novick', A. M. Mltzey M. S. Brownfield” and A. A. Elfarra" %

' Molecular ﬂnd Em/zmnmental Toxicology, University of Wisconsin - Madison,
Madison, WI and’ Comparative Biosciences, University of Wisconsin - Madison,
Madison, WI.

Flavin-containing monooxygenases (FMOs) play a significant role in metabolism
of drugs and endogenous or foreign compounds. In this study, the regional distri-
bution of FMO isoforms 1, 3, and 4 were investigated in rat liver and kidney using
immunohistochemistry (IHC). Rabbit polyclonal antibodies to rat FMO1 and
FMO4, developed using antipeptide technology, and anti-human FMO3 antibody
were used; specificities of the antibodies were verified using western blotting, im-
munoprecipitation, and IHC. The results show distinct localization patterns of
FMOLI, 3, and 4 in rat liver and kidney. In liver, the highest immunoreactivity for
FMO1 and FMO3 was detected in the perivenous region and decreased in inten-
sity toward the periportal region. In contrast, FMO4 immunoreactivity was de-
tected with the opposite lobular distribution. In the kidney, the highest immunore-
activity for FMO1, 3, and 4 was detected in the distal tubules. FMO1 and FMO4
immunoreactivity was also detected in the proximal tubules with strong staining in
the brush borders, whereas little FMO3 immunoreactivity was detected in the
proximal tubules. Immunoreactivity for FMO3 and FMO4 was detected in the col-
lecting tubules in the renal medulla and the glomerulus but lictle FMO1 im-
munoreactivity was detected in these regions. This data provides a compelling vi-
sual demonstration of the isoform-specific localization patterns of FMO 1, 3 and 4
in the rat liver and kidney. In addition to rat tissues, the FMO4 antibody reacted
with mouse and human tissues, providing the first evidence for expression of
FMO4 at the protein level in these tissues.

IN VITRO CHARACTERIZATION OF HEPATIC
EUGENOL AND METHYLEUGENOL BIOACTIVATION
VERSUS DETOXIFICATION PATHWAYS.
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C. Meredith, E. Massey and E. Minet. Group R&D, British American Tobacco,
Southampton, United Kingdom.

Eugenol (CAS no. 97-53-0) is found in cosmetics, essential oils and herbal products
and has been added to cigarettes as a constituent of cloves. The US NTP program
reported “no evidence” of eugenol-induced carcinogenicity in rats, but “equivocal”
evidence for tumor induction in female mice. Using 77 vitro tests for genotoxicity,
eugenol has been demonstrated to be positive on occasions. In contrast, a variety of
studies in animal models indicate that the structurally-related compound,
methyleugenol (CAS no. 93-15-2), is consistently carcinogenic. To further under-
stand the underlying mechanism of allylbenzene activation and detoxification, we
have compared the oxidative and conjugative metabolism of eugenol and
methyleugenol zn vitro. Pooled human liver microsomes and S9 fractions were in-
cubated with C'*-eugenol and C'*-methyleugenol (20 uM final, 1.5 uCi C'"* per
compound) in the presence of phase I and phase II enzyme co-factors. Soluble
metabolites were quantified by radio-HPLC and identifed by co-elution with stan-
dards. Protein-bound metabolites were quantified following extraction of the insol-
uble fraction. CYP450-dependent formation of 1-hydroxy genotoxic precursors ac-
counted for 19% and 5% of total eugenol and 30% and 37% of total
methyleugenol in microsomes and S9 fractions respectively. Upon addition of glu-
curonide, eugenol was almost entirely conjugated and only traces of 1-hydroxy
eugenol were observed (1% in the presence of S9). Glucuronidase treatment of
these samples further confirmed that 1-hydroxy eugenol is a trace metabolite. In
contrast, methyleugenol is not glucuronidated and formation of the 1-hydroxy
metabolite remained at 37% of the initial dose. Our data indicate that
methyleugenol metabolism leads to the accumulation of the 1-hydroxy genotoxic
precursor, while eugenol metabolism to the 1-hydroxy compound is prevented by
direct glucuronidation. The result supports the existing evidence for the genotoxic-
ity of methyleugenol and the absence of genotoxicity for eugenol.

COVALENT BINDING AND GLUTATHIONE
DEPLETION: COMPARISON OF NON-CYTOTOXIC
DIETHYL MALEATE WITH THE CLARA CELL
TOXICANT, NAPHTHALENE.
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D. M. Krawiec, D. Morin and A. Buckpitt. VMB, UC Davis, Davis, CA.

Naphthalene (NA) is a polycyclic aromatic hydrocarbon (PAH) known to elicit a
cytotoxic response in nonciliated bronchiolar epithelial (Clara) cells of the murine
lung. Doses of 150 mg/kg i.p. or 2 ppm via inhalation will result in the depletion
of glutathione (GSH) and the covalent binding of NA reactive metabolites to
macromolecular protein targets but the precise mechanisms by which NA injures
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Clara cells remain unclear. Diethyl maleate (DEM) is a non-cytotoxic compound
known to deplete GSH in a dose-dependent manner. A dose of 1000 mg/kg i.p. de-
pletes GSH in the airway epithelium from a starting concentration of 24.4
nmoles/mg protein to 3.32 + 1.92 (N=4) within 15 minutes, and GSH levels re-
main significantly depressed (p-value < 0.05) for at least 2 hours after dosing. The
extent of depletion seen following this dose is similar to the extent of depletion seen
from a 250 mg/kg i.p. dose of NA. The similarities in GSH depletion caused by
DEM and NA combined with the fact that NA is toxic but DEM is not, suggested
that comparative studies might reveal additional fundamental insights into the
mechanism of NA toxicity. The studies reported here were designed to be compar-
ative—using an ex vivo system to isolate the lung—with NA or DEM instilled via
the trachea to interact with Clara cells. Doses of DEM and NA showing similar
GSH depletion (100uM and 250uM, respectively) in this ex vivo lung preparation
show similar levels of covalent binding: 0.44 + 0.08 nmoles/mg protein (n=6) for
DEM and 0.64 = 0.13 (n=6) for NA, despite the disparity in toxicity. Additional
work comparing the epithelial protein targets should reveal whether these are key
differences in the non-toxic DEM and the cytotoxic naphthalene. Supported by
NIEHS 04311 and 04699.

COMPARISON OF METABOLISM OF INHALED
GLUCOCORTICOIDS BY CYTOCHROME P450 3A
ENZYMES AND IDENTIFICATION OF POTENTIALLY
TOXIC METABOLITES.
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C.R. Orton"? T. Murai’, R. M. Ward® and G. S. Yost'. ' Pharmacology and
Toxicology, University of Utah, Salt Lake City, UT, °Pedjatric Pharmacology
Program, University of Utah, Salt Lake City, UT and’ Drug Metabolism and
Pharmacokinetics Research Laboratories, Daiichi-Sankyo Co., LTD., Tokyo, Japan.

Asthma is a chronic inflammatory disease of the airways estimated to affect 20.5
million Americans (6.2 million children under 18 years). Inhaled glucocorticoids
are the bastion of asthma treatment while it is estimated approximately 30% of all
asthmatics have some degree of steroid resistance. Glucocorticoids are metabolized
by members of the cytochrome P450 (P450) 3A family of enzymes primarily in the
liver and lung. The major goal of this research is to determine how metabolism of
glucocorticoids by P450 3A enzymes could have an effect on their efficacy in asth-
matic patients. We compared the metabolism of five therapeutically relevant gluco-
corticoids using in vitro incubations of each with either P450 3A4, 3A5, or 3A7.
Predicted P450 metabolites were identified for each drug using selected ion moni-
toring (SIM) HPLC-MS/MS. All previously reported metabolites, as well as several
unreported were identified. These included potentially reactive intermediates that
include alkane dehydrogenation products and epoxides that could be toxicologically
significant. These intermediates were verified with glutathione (GSH) trapping.
Additionally, comparing metabolism of the five drugs across the different isoforms
showed significant differences between the rates at which metabolites are formed by
each P450 3A isoform. These differences in metabolism could become important
factors in determining the most effective glucocorticoid asthma treatment.

COMPARISON OF BIOCHEMICAL ANALYSIS TO GENE
EXPRESSION AND LASER SCANNING CYTOMETRY
FOR THE ASSESSMENT OF RAT HEPATIC
CYTOCHROME P450 (CYP) ENZYME INDUCTION.
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L. M. Fasulo, S.]. Schomaker, A. M. Ryan, ]J. M. Kreeger, C. Okerberg, A. C.
Shen, A. B. Jakowski, J. M. Wolfgang, P.J. Small, C. A. Tabor, B. Luand M. P
Lawton. Drug Safety Research ¢ Development, Pfizer Inc., Groton, CT.

The purpose of this study was to compare 2 ex vivo methods, gene expression (GE)
and laser scanning cytometry (LSC), against traditional biochemical (BC) methods
to evaluate hepatic CYP induction in male rats exposed to xenobiotics. Sprague-
Dawley rats were dosed with either 5-pregnen-38-ol-20-one-160.-carbonitrile
(PCN, 50mg/kg, 5 days), isoniazid (ISO, 100mg/kg, 4 days), 3-naphthoflavone (-
NE 100mg/kg, 4 days), phenobarbital (PB, 100mg/kg, 5 days), dexamethasone
(DEX, 50mg/kg, 5 days), or 1-aminobenzotriazole (AMB, 100mg/kg, 2 days). All
compounds are known CYP inducers except for AMB which is an inhibitor of cy-
tochrome P450. Corresponding control groups received equivalent volumes of the
appropriate vehicle. Upon completion of the dosing phase, animals were sacrificed,
livers were removed and sectioned, and either processed for histological examina-
tion and LSC or frozen for BC and GE analysis. The isozymes evaluated in all three
procedures were CYP1A1, 2B, and 3A. CYP1A2 was evaluated by GE and BC only.
Since CYP2E protein is regulated by post-translational modification, it was evalu-
ated by LSC and BC only. GE data matched 100% of the isozymes detected by BC
for B-NF (1A1, 1A2, 3A, 2B) but only 50% for PB (3A, 2B), PCN (1A1, 3A), ISO
(1A1, 2B) and DEX (3A, 2B). LSC data matched 100% of the isozymes detected
by BC for ISO (1A1, 3A, 2E, 2B), 75% for PCN (1Al, 3A, 2B) and B-NF (1A1,
3A, 2B), 50% for PB (3A, 2B) and only 25% for DEX (3A). Both GE and LSC
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data showed 100% false positive results for the inhibitor, AMB. These data suggest
that measuring functional protein via traditional biochemical methods, provides a
more complete and detailed assessment of rat hepatic CYP induction than measur-
ing cither mRNA levels via GE or protein levels via LSC methods. While gene ex-
pression and laser scanning cytometry have utility for CYP assessment in vivo, bio-
chemical methods remain the gold standard.
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MECHANISM-BASED INACTIVATION OF
CYTOCHROME P450 3A4 BY RETRONECINE-TYPE
PYRROLIZIDINE ALKALOIDS.

. Dai"? and J. Zheng. ' Center for Developmental Therapeutics, Seattle Children’s
Hospital Research Institute, Seattle, WA and’ Department of Pediatrics, University of
Washington, Seattle, WA.

Retrorsine and monocrotaline are two representative retronecine-type pyrrolizidine
alkaloids known to be hepatic and pulmonary toxins, respectively. It has been doc-
umented that their toxicities are attributed to metabolic activation by cytochromes
P450 to form dehydrogenerated reactive intermediates which, in turn, produce tox-
icities possibly by covalent binding to macromolecules. The objective of this study
is to determine whether retrorsine and monocrotaline irreversibly inactivate P450s
as mechanism-based inactivators. We examined the inhibitory effects of retrorsine
and monocrotaline on human P450s 1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, and
3A4. Retrorsine showed time-dependent inhibition on P450 3A4 in the presence of
NADPH, but no such inhibition was observed on the other P450 isoenzymes
tested. Unlike retrorsine, monocrotaline failed to inhibit P450 3A4. Further studies
showed that the activity loss of P450 3A4 by retrorsine metabolism was in a con-
centration-dependent way, which was not recovered after equilibrium dialysis. The
presence of dextromethorphan, a P450 3A4 substrate, protected the enzyme from
the inactivation by retrorsine. Exogenous nucleophile glutathione (GSH) and reac-
tive oxygen species scavengers catalase and superoxide dismutase could not protect
P450 3A4 from the inactivation. Both retrorsine and monocrotaline were found to
be metabolized to the corresponding electrophilic intermediates trapped by GSH.
In conclusion, retrorsine is a mechanism-based inactivator of P450 3A4, but
monocrotaline failed to show such inhibition, even it is metabolically activated.
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Y. W. Kim, D.Kim, Y.]. Chung, 1. Y. Cho and Y. Y. Sheen. Pharmacy, Ewha
Womans University, Seoul, seoul, Korea, South. Sponsor: ]. Chung.

We have investigated the pharmacokinetics and metabolism of 3-((5-(6-
methylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H-imidazol-2-yl) methyl)benzamide
(IN-1130); a novel ALKS5 inhibitor, which suppresses renal and hepatic fibrosis,
and also exerts anti-metastatic effects on breast cancer-bearing MMTV-cNeu mice
model. We have identified the cytochrome P450s (CYPs) responsible for metabo-
lism of IN-1130 in liver microsomes of rat, mouse, dog, monkey and human, and
in human CYP supersomesTM, using specific CYP inhibitors. The order of disap-
pearence of IN-1130 in various liver microsomal systems studied was as follows:
monkey, mouse, rat, human, and dog. Five distinct metabolites (M1-M5) were
identified in all the above microsomes and their production was substantially in-
hibited by CYP inhibitors such as SKF-525A and ketoconazole. Among nine
human CYP supersomesTM examined, CYP3A4, CYP2C8, CYP2D6*1, and
CYP2C19 were involved in the metabolism of IN-1130, and the production of
metabolites were significantly inhibited by specific CYP inhibitors. IN-1130 disap-
peared fastest in CYP2C8 supersomes. CYP3A4 produced four metabolites of IN-
1130 (M1-M4), whereas supersomes expressing human FMO cDNAs, such as
FMO1, FMO3, and FMOS5, produced no metabolites. Hence, we conclude that
metabolism of IN-1130 is mediated by CYP3A4, CYP2C8, CYP2D6*1, and
CYP2C19.
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IDENTIFICATION OF HUMAN CYTOCHROME P450
ENZYMES INVOLVED IN THE METABOLISM OF IN-
1130, A NOVEL ALKS5 INHIBITOR.

COMPARISON OF SEMIEMPIRICAL AM1, PM3, AND
SAM1, AND A DENSITY FUNCTIONAL THEORY
METHOD TO PREDICT ACTIVATION ENERGIES OF
CYTOCHROME P450-MEDIATED HYDROXYLATION
OF ALIPHATIC SUBSTRATES.

A N. Mayenol, J. L. Robinson"?, R. Yang1 and B. Reisfeld" 2. ! Environmental &
Radiological Health Sciences, Colorado State University, Fort Collins, CO and
2Chemical & Biological Engineering, Colorado State University, Fort Collins, CO.

Predicting the biotransformation of xenobiotics can be useful in estimating the tox-
icity and efficacy of drugs and other chemicals. Here, we present results extending
the rapid methodology of Korzekwa ez al. (J. Am. Chem. Soc., 112, 7042-7046,

1990) in estimating the activation energy of hydrogen-abstraction by cytochrome



P450 (CYP) enzymes, where the p-nitrosophenoxy radical is used as a simple surro-
gate for the CYP active oxygen species. The activation enthalpy is estimated with a
linear regression model using the reaction enthalpy and ionization energy (of the
substrate radical) as predictor variables, calculated by semiempirical (SE) quantum
chemical methods. While Korzekwa ez al. used the SE method AM1, we apply
PM3 and SAM1, and compare the results of the three methods. For 20 diverse sub-
strates, the AM1-, PM3-, and SAM1-derived regression models showed & values of
0.93, 0.93, and 0.96, respectively. The range of estimated activation enthalpies was
similar for AM1 and PM3, but shifted toward lower values for SAM1, with sub-
strates of different chemical classes sometimes ordered differently by the different
methods. AM1, PM3, and SAM1 reaction enthalpies were substantially different
from those determined by density functional theory (DFT), suggesting inaccuracies
in the SE-calculated heats of formation. AM1, PM3, and SAM1 transition struc-
tures were compared and differences in geometry were found for certain substrates.
Because AM1, PM3, and SAM1 calculations can differ from those of DFT for rad-
ical reactions, predictive models developed using semiempirically-derived predic-
tors may be subject to further improvement. (This study was supported, in part, by

NIEHS grant K25 ES012909.)
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FUNCTIONAL CHARACTERIZATION OF
CYTOCHROME P450 3A37 FROM TURKEY LIVER
‘WITH AFLATOXIN B1 OXIDIZING ACTIVITY.

S. Rawal and R. A. Coulombe. 7oxicology Graduate Program, Utah State University,
Logan, UT.

In humans, hepatic cytochromes P450 (CYP) 1A2 and 3A4 bioactivate aflatoxin
B1 (AFB1) to exo-AFB1-8,9-epoxide (AFBO) which is a requisite step in the toxic
and carcinogenic action of this mycotoxin. We previously demonstrated that the ex-
treme sensitivity of turkeys to AFB1 is associated with efficient hepatic epoxidation
by CYP3A4 and CYP1A2 homologues. Heterologously expressed turkey CYP1AS
metabolizes AFB1 to AFBO and the detoxified metabolite aflatoxin M1 (AFM1) as
human CYP1A2. Turkey CYP3A37 cloned from liver RNA was 76% identical to
human CYP3A4, and the E. coli expressed protein CYP3A37 possessed metabolic
similarities to human CYP3A4. Like CYP3A4, CYP3A37 efficiently metabolized
AFB1 to exo-AFBO and the detoxified metabolite aflatoxin Q1 (AFQI).
Formation of exo-AFBO was inhibited by the specific CYP3A4 inhibitor 170.-
ethynylestradiol (IC50 = 40.18 uM), while prototype inhibitors to other mam-
malian isoforms (1A2, 2D, 2E and 3A1) either slightly inhibited this activity, or not
at all. Like its human homologue, CYP3A37 also had nifedipine oxidase activity.
Polyclonal anti-CYP3A37 antibody directed against specific active-site peptides in-
hibited both AFBO formation and nifedpine oxidase activity. The comparative ki-
netic constants for exo-AFBO formation of expressed CYP3A37 and CYP1AS5 (Km
and Vmax: 16.79 = 5.1 uM and 1.17 = 0.082 nmol min-1 nmol-1 P450; 65 +
12uM and 0.61 * 0.037 nmol min-1 nmol-1 P450, respectively), lead us to believe
that CYP3A37 may predominate over CYP1A5 in AFB1 bioactivation in turkey
liver. Supported by National Research Initiative Grants no. 2002-35204-12294
and 2006-04819 from the USDA.
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PHOSPHORYLATION OF SERINE-10 IN HISTONE H3
IS A CRITICAL MARK ESSENTIAL FOR INDUCTION
OF THE CYP1A1 GENE BY THE ACTIVATED AH
RECEPTOR.

C. Ma, M. Schnekenburger, Y. Xia and A. Puga. Environmental Health, Kettering
lab, Cincinnati, OH.

Metabolic bioactivation of polycyclic and halogenated aromatic hydrocarbons, such
as benzo[a]pyrene and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD), is catalyzed
by a cytochrome P450 monooxygenase encoded by the substrate-inducible Cyplal
gene. Cyplal induction requires trans-activation by the heterodimeric transcrip-
tional complex formed by the liganded Ah receptor (AHR) and its partner, ARNT.
Previously, we have shown that Ah receptor ligands also activate signal transduction
pathways, although the molecular mechanisms by which these pathways may con-
tribute to AHR activation and the ensuing toxicity have yet to be defined. TCDD
induces in Hepa-1 mouse hepatoma cells the immediate activation of extracellular
signal-regulated kinases (ERKs) and Jun N-terminal kinases (JNKs), two members
of the mitogen-activated protein kinase (MAPKs) family involved in modulation of
transcription factor activity and regulation of gene expression. Here we find that
Cyplal induction by the AHR/ARNT is associated with modification of specific
chromatin marks, including hyperacetylation of histone H3K14 and H4K16,
trimethylation of histone H3K4, and phosphorylation of H3510. Chromatin im-
munoprecipitation studies show that the phosphorylation of Ser-10 in histone H3
is linked to the recruitment of AHR to the Cyplal promoter. Specific pharmaco-
logical inhibitors of the ERK (extracellular signal regulated kinase) and the JNK
(Jun N-terminal kinase), but not as much of the p38 MAP kinase, block the AHR-
dependent phosphorylation of this serine residue and the transcriptional induction
of the Cyplal gene. These results show that by modification of histone marks,
MAP kinases play a central role in the regulation of Cyplal expression that does

not involve phosphorylation events directed to the AHR itself, underscoring the re-
quirement for a concerted series of chromatin remodeling events to complete the
initial steps of gene trans-activation by the Ah receptor(Supported by NIH
RO1ES6273, NIH R01ES10807, and NIH P30 ES06096).
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CYPIA, 1B, AND 1C GENE EXPRESSION AND EROD
ACTIVITY IN RAINBOW TROUT GILL FILAMENTS -
INDUCTION IN LABORATORY AND IN FIELD.

M. Jénsson, J. Olsson and I. Brandt. Environmental Toxicology, Uppsala University,
Uppsala, Sweden. Sponsor: M. Hahn.

The fish gill is highly exposed to waterborne chemicals and is potentially useful in
environmental monitoring. EROD activity is a biomarker for exposure to AhR ag-
onists. The EROD reaction is catalyzed by CYP1A and other CYP1 enzymes. In
fish four CYP1 subfamilies are present - CYP1A, 1B, 1C, and 1D, and rainbow
trout (Onchorhyncus mykiss) have two known CYP1 genes, CYP1A1 and 1A3.
The aims of this study were to identify other CYP1 subfamily genes in rainbow
trout, to establish methods for quantitative expression analysis (QPCR) of these
genes and to study CYP1 gene induction along with EROD induction in gill fila-
ments. Three CYP1B- and 1C-like gene products were cloned from rainbow trout.
QPCR primers were designed and tested for these sequences (putatively CYP1B1,
1C1, and 1C2), the CYP1As, B-actin and EFla. Finally CYP1 expression was
quantified in gill filaments of rainbow trout exposed (24 h) to waterborne
3,3’,4,4,5-polychlorinated biphenyl (PCB126; 10 nM) or acetone (20 ppm; car-
rier), or kept in cages (2 days) at 3 sites in the Uppsala region (immediately down-
stream from the Uppsala STP outlet, at a marina, and in a reference lake). The
cloned nucleotide sequences showed a close similarity to CYP1B1, 1C1 and 1C2 in
other fish. All CYP1 genes studied (including the cloned ones) were induced by
PCB126. Generally CYP1AL1, 1A3, and 1C1 showed a higher level of expression in
the caged fish than in unexposed fish, whereas CYP1B1 and 1C2 were not induced
in field. Fish caged at the STP showed a higher level of CYP1A1 and 1A3 than fish
from the reference lake. EROD induction was observed in PCB126-exposed fish as
well as in all caged fish. Conclusions: The predicted protein sequences of the cloned
genes indicate that they belong to the CYP1B and 1C subfamilies. The fact that
they were induced by PCB126 suggests AhR regulation. The generally low levels in
unexposed fish may imply that rainbow trout CYP1s have a low constitutive ex-
pression. This study was founded by the MistraPharma Program, The Swedish
Research Council Formas, and Carl Trygger’s Foundation.
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J. Choi, J. Kim, Y. Seo, S. Shin, M. Kang, Y. Jahng and T. Jeong. Pharmacy,
Yeungnam University, Gyeongsan, Gyeongbuk, Korea, South.

ALTERATION OF THE PHARMACOKINETICS OF
RUTAECARPINE AND ITS METABOLITE BY
PHENOBARBITAL IN RATS.

To investigate the possible interaction between rutaecarpine and phenobarbital in
rats, phenobarbital in saline at 80 mg/kg was given ip to male SD rats for 3 consec-
utive days. Saline was given to control animals. One day after phenobarbital pre-
treatment, rutaecarpine at 16 mg/kg was administered through penile vein. Blood
was collected and analyzed by using HPLC. The pharmacokinetic parameters were
determined with the non-compartmental model. Pre-treatment with phenobarbital
significantly altered the pharmacokinetic profiles of rutaccarpine and its metabo-
lite, 10-hydroxyrutaecarpine. The AUC of rutaecarpine was reduced to approxi-
mately 50% of control and the plasma half-life of rutaecarpine was significantly
shortened when compared with control. In addition, the Cmax of 10-hydroxyru-
taecarpine was increased approximately 160% of control. The AUC and the plasma
half-life of 10-hydroxyrutaecarpine were decreased to 76.9% of control and to 82.7
min from 175.9 min, respectively. The results suggested that phenobarbital might
accelerate the metabolism of rutaecarpine, thereby changing the pharmacokinetic
parameters of rutaecarpine in male SD rats. (Supported by a grant from the Korea
Research Foundation)
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CYP 450 DEPENDENT BIOACTIVATION OF
XENOBIOTICS INTO TOXIC METABOLITES: AN IN
VITRO APPROACH.

P. Grossi, L. Vignati, A. Moscone, D. Pezzetta and M. Brughera. Preclinical
Development, Accelera - Nerviano Medical Sciences srl, Nerviano, Milano, Iraly.

Many of the adverse drug reactions observed in the clinic can be caused by the acti-
vation of drugs into reactive intermediates or metabolites by cytochrome P450
(CYP). In the last few years, several in vitro tools have being developed to facilitate
metabolism-mediated toxicity studies. In order to reduce late attrition due to P450
metabolism-dependent toxicity and to improve safety of drug candidates, we devel-
oped two in vitro cell-based assays by combining an activating system (human
CYPs) with target cells (HepG2 cells): in the first method we incubated micro-
somes containing cDNA-expressed CYPs together with HepG2 cells; in the second
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approach HepG2 cells were transiently transfected with CYP3A4 or CYP2EL. Both
assay systems were used to study CYPs substrates known for their potential to form
metabolites that exhibit higher toxicity than the parent compounds. Results
demonstrated that both assay systems are capable to metabolize the test compounds
leading to increased toxicity, compared to their respective control systems. The co-
incubation with CYPs inhibitor confirmed that the formation of reactive metabo-
lites was CYPs dependent. These in vitro tools to screen for metabolic activation, or
de-activation are considered useful, rapid and relatively inexpensive for the predic-
tion of CYPs metabolism-mediated toxicity.
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R. E. Savage, X. Miao, P Song, T. Hall, Y. Wang, C. Zhong, R. Yang, H. Wu,
J. Lapierre, D. Kizer, M. A. Ashwell, T. C. Chan and R. Goldstein. Preclinical
Development, ArQule, Inc., Woburn, MA.

ARQ 501 is a fully synthetic version of the natural product 3-lapachone and has
shown promising anticancer activity in clinical trials. The studies presented here
were designed to characterize phase I and phase II metabolism of ARQ 501 in hu-
mans. LC/MS/MS analysis was employed to profile metabolites in vitro from
human blood, microsome, and hepatocyte samples as well as in vivo from plasma
samples obtained from treated patients. Where feasible, metabolites were con-
firmed with synthetic standards. Human metabolite profiles obtained from patient
plasma revealed that hepatic phase II metabolism was the dominant pathway with
both sulfation and glucuronidation products being present. However, in vitro me-
tabolism of ARQ 501 by human hepatocytes occurred solely via glucuronidation.
Additionally, a novel in vivo glucosylsulfate metabolite of ARQ 501 which was not
present in vitro was identified. Studies exploring extrahepatic metabolism as a po-
tential cause for these differences are ongoing. Results from in vitro experiments of
ARQ 501 in human blood demonstrated evidence for metabolism of ARQ 501 by
red blood cells (RBC).
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IN VITRO AND IN VIVO METABOLISM OF ARQ 501 (B-
LAPACHONE) IN HUMANS.

CHARACTERIZATION OF A NOVEL CYTOCHROME
P450, CYP2S1 USING A PROTEIN EXPRESSED FROM A
SYNTHETIC GENE.

D H. Bui"? and O. Hankinson"”. IPm:hology of Laboratory Medicine, University of
California, Los Angeles, Los Angeles, CA and ~Molecular Toxicology IDP University of
California, Los Angeles, Los Angeles, CA.

CYP 281 was recently identified in the human and mouse and shown to be in-
ducible by dioxin, polycyclic aromatic hydrocarbons (PAHs), and hypoxia.
Induction by dioxin and PAHs is mediated by the Aryl Hydrocarbon Receptor
(AHR). In the human, CYP2S1 is highly expressed in epithelial cells of tissues that
are exposed to the environment, such as the skin, and the respiratory and intestinal
tracts. However, the biological function of CYP2S1 has yet been determined. We
are investigating its possible role in xenobiotic and carcinogen metabolism using an
in vitro approach. Obtaining a large quantity of active enzyme for in vitro substrate
screening has been challenging. We encountered difficulties in obtaining heterolo-
gous expression of CYP2S1 in mammalian cells and bacteria. For example, the bac-
terially expressed material contained large amounts of inactive CYP2S1 (more than
70% of CYP2S1 was present as P420, an inactive form of P450) that compromised
activity and substrate characterization. Recently, a synthetic gene approach has been
introduced to improve heterologous gene expression. Using this strategy we suc-
cessfully overexpressed CYP2S1 in an E. coli. Synthetic CYP2S1 gene expression
was 4- to 5- fold higher than that of the native gene and it yielded more than 90%
active CYP2S1 (accessed by the presence of P450). In addition, synthetic gene ex-
pression has enabled us to purify the CYP2S1 with high yield, (12 nmoles per mil-
ligram), which is sufficient for crystallization for structural studies. Furthermore,
using the purified synthetic CYP2S1 protein, we have demonstrated its ability to
metabolize a wide variety of substrates, including several carcinogenic PAHs.
However, the biological role of CYP2S1 in metabolizing these substrates will need
to be confirmed in vivo.
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MICE LACKING THE GENE FOR CYTOCHROME P450
(CYP)1A2 DISPLAY INCREASED LEVELS OF F2-
ISOPROSTANES, OXIDATIVE DNA ADDUCTS, AND
AUGMENTED SUSCEPTIBILITY TO HYPEROXIC LUNG
INJURY.

B. Moorthy', L. Wang', X. L. Couroucli', G.Zhou” and W. Jiang'. ' Pediatrics,
Baylor College of Medicine, Houston, TX and 2 Insitute of Biotechnology, Texas AGM
University System, Houston, TX.

Supplemental oxygen therapy is frequently administered to infants having pul-
monary insufficiency. However, hyperoxia contributes to bronchopulmonary dys-
plasia (BPD) in infants. In this study, we tested the hypothesis that mice lacking the

58 SOT 2009 AnNuAL MEETING

gene for CYP1A2 would display increased susceptibility to hyperoxic injury in vivo,
a phenomenon that would be accompanied by augmented levels of F2-isoprostanes
and oxidative DNA adducts in livers and lungs of these animals. Twelve week-old
male wild type (WT) (C57BL/6]) mice or mice lacking the gene for CYP1A2 were
exposed to hyperoxia (greater than 95% O2) or room air for 24-72 h. The CYP1A2
(-/-) mice were more susceptible to lung damage than similarly exposed WT ani-
mals. Seventy-two hours of hyperoxia caused significant (1.5-2 fold) increases in
F2-isoprostanes in liver and lung of WT animals, compared to room air controls, as
determined by GC/MS. In the CYP1A2 (-/-) mice exposed to hyperoxia, the F2-
isoprostane levels in lung and liver were enhanced 5-fold compared to room air
controls. Oxidative DNA adducts, as determined by 32P-postlabeling, were aug-
mented in the lungs of WT and CYP1A2 (-/-) mice exposed to 72 h of hyperoxia,
compared to room air controls, with CYP1A2 (-/-) mice showing a greater degree of
enhancement. The major DNA adducts were derived from cyclopurine dinu-
cleotides (e.g., AcA, GcA) or from F2-isoprostanes. Our results indicate that he-
patic CYP1A2 enzyme plays a protective role in hyperoxic lung injury. The positive
correlation between lipid peroxidation product levels (e.g., F2-isoprostanes), oxida-
tive DNA adducts, and extent of lung injury suggests that both lipid peroxidation
and oxidative DNA damage contribute to lung injury, and that CYP1A2 enzyme
protects against injury by detoxifying lipid hydroperoxides. Further studies could
lead to the development of novel strategies for the prevention/treatment of BPD in

infants. (Supported by HL087174.)

283 ETHANOL METABOLISM AND RELATED

: CYTOTOXICITY IN AR42] CELLS.
K. K. Bhopale, G. Ansari and B. S. Kaphalia. Pathology, The University of Texas
Medical Branch, Galveston, TX.

Alcoholic chronic pancreatitis (ACP) is one of the major public health problems
that causes significant morbidity and mortality. Due to the lack of a suitable model,
the underlying mechanism of ACP is poorly understood. Using alcohol dehydroge-
nase (ADH)-deficient rat pancreatic tumor (AR42J) cells and human hepatocellu-
lar carcinoma (HepG2 cells), we have reported earlier that cytotoxicity of ethanol is
associated with the formation of nonoxidative metabolites of ethanol, fatty acid
ethyl esters (FAEEs). To determine the role of ethanol metabolism in ethanol-in-
duced acinar cell injury, we incubated ethanol (800 mg%) with AR42] cells pre-
treated with inhibitor of all the ADH isozymes or class I and II ADH [1,10 phe-
nonthroline or 4-methylpyrazole (4-MP), respectively], cytochrome P450 2E1
(sodium azide) or catalase (1,2-dichloroethylene), and evaluated the formation of
total FAEEs and resultant cytoxicity after incubation at 37C for 6 hr. Significant in-
creases in the formation of FAEEs were observed in the cells incubated with 1,10-
phenonthroline (-2-fold) and 4-MP (-1.4-fold) vs. control. A significant cell death
by ethanol was observed in the cells pre-incubated with 1,10-phenonthroline vs. 4-
MP Inhibition of ADH isozymes by 1,10-phenonthroline probably impairs ADH-
catalyzed ethanol oxidation and facilitates the formation of FAEEs as an alternative
mechanism for ethanol disposition. Our results suggest that impaired ADH (as re-
ported in chronic alcohol abuse) could be a key factor for the ethanol metabolism
via nonoxidative pathway(s) and resultant cytotoxicity. Further studies to deter-
mine the underlying mechanism(s) of ethanol-induced pancreatic acinar cell injury
are in progress.

DIFFERENTIAL EXPRESSION OF FIVE CYP1 MRNAS IN
RESPONSE TO PCB126 IN FUNDULUS
HETEROCLITUS.
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J. Zanette"?, M. ]. Jenny’, B. R. Woodin®, J. V. Goldstone®, L. A. Watka™?,
A. C. Bainy' and J. ]. Stegeman’. 'Biochemistry, Universidade Federal de Santa
Catarina, Florianopolis, SC, Brazil, °Biology, Woods Hole Oceanographic
Institution, Woods Hole, MA and > University of Massachusests Dartmouth, North
Dartmouth, MA.

The identification and characterization of new cytochrome P450 (CYP)genes, par-
ticularly in family 1, provides insight into the evolution of detoxification/bioactiva-
tion mechanisms of organic contaminants (e.g., PCBs and PAHs). Degenerate
primers were designed to amplify new CYP1s (1B1, 1C2 and 1D1) from Fundulus
heteroclitus, a frequently used model organism in environmental studies. Full-
length sequences were obtained by RACE PCR and assignment to specific CYP1
subfamilies was confirmed by phylogenetic analysis. E heteroclitus were injected
with PCB126 (31 nmol/g fish) or DMSO (control). Expression levels of CYPIA,
1B1, 1C1, 1C2 and 1D1 were analyzed by real-time RT-PCR in eight organs (liver,
gill, testis, gut, brain, eye, kidney, heart). CYP1A was the most abundant transcript
in liver and gut, and CYP1D1 was most abundant in heart, kidney, eye, brain, gill
and testis. The higher levels of CYP1D1 in most of the organs suggest there may be



physiological roles for this gene in fish. Higher levels of CYP1B1 mRNA were ob-
served in heart, eye and brain, and the highest levels of the CYP1Cs were observed
in testis. PCB126 induced expression of CYP1A and 1B1 in all organs, while 1C1
was induced in all organs except testis. Although the CYP1Cs had similar transcript
profiles in the different organs of control fish, CYP1C2 was less responsive to
PCB126 compared to CYPICI. Interestingly, CYP1D1 was not induced by
PCB126 in any of the organs. The most significant changes in Cyp1 expression in
response to PCB126 was CYP1C1 (-1000-fold) in liver, followed by induction of
CYP1A (-500-fold) in testis. CYP1B1 in liver and gut, CYP1Al in brain and
CYPICI in gill were also strongly induced (~100-fold). The differential response of
CYP1s in response to PCB126 could improve sensitivity in the use of CYP1s as
biomarkers of aquatic contamination employing F  heteroclitus.(NIH

5P42ES007381 and 1R01ES015912)

CELL CYCLE PROGRESS AND APOPTOSIS ARE
INTERRELATED IN CELLS TREATED WITH TOXIC
CHEMICALS.
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R. N. Ghosh and S. J. Hong. Thermo Fisher Scientific, Rockford, IL. Sponsor: A.
Barchowsky.

Normal cells progress through the cell cycle free of anomalous events affecting cell
growth and proliferation. In contrast, when cells suffer a toxic insult or stress, the
cell cycle is often stalled while the stressed cell recovers from the damage. However,
if the damage is too severe to rescue the stressed cells, cell death can occur. Because
cell proliferation and apoptosis processes are closely linked, we propose that the si-
multaneous monitoring of these events in cells will provide insight on specific
mechanisms involving cell cycle arrest and cell death progression. We developed a
quantitative cell-based imaging assay that simultaneously monitors multiple indica-
tors of both cell cycle (cell number, BrdU incorporation, DNA content) and cell
death (cell loss, nuclear morphology, p53 induction, and caspase 3 activation). To
test our hypothesis, we quantitatively measured these different cell cycle and apop-
tosis features in a range of cancer cells treated with Actinomycin D. We found that
Actinomycin D causes cell cycle arrest as an early event and then induces apoptosis
through caspase 3 activation. Because the multiplexed assay enables identification
of drugs that either induce cell cycle arrest or induce cell death, we also tested our
hypothesis on other compounds that may result in either outcome. We found that
okadaic acid, arsenite, camptothecin and etoposide inhibit cell cycle and activate
cell death mechanism through p53 and caspase 3. In conclusion, we simultaneously
quantified cell cycle and apoptosis features under different conditions and drug
treatments and found that the cell cycle arrest and apoptosis progress occurs as in-
terrelated events in response to various cytotoxic insults.

CHARACTERIZATION OF THE CYTOTOXIC
PATHWAYS ACTIVATED BY AMIODARONE AND ITS
MAJOR METABOLITE DESETHYLAMIODARONE.
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J. E. Black, . E Brien, W.]. Racz and T. E. Massey. Pharmacology & Toxicology,
Queen’s University, Kingston, ON, Canada.

Amiodarone (AM) is a potent antidysrhythmic agent associated with several adverse
effects, one of which is potentially life-threatening pulmonary fibrosis. The mecha-
nisms involved in amiodarone-induced pulmonary toxicity (AIPT) have yet to be
fully elucidated. Desethylamiodarone (DEA) is a primary metabolite of AM and
may contribute to the pathogenesis of AIPT. The objective of this study was to
characterize the cytotoxic pathways activated by AM and DEA using the HPLIA
human peripheral lung epithelial cell line as a model of target cells in AIPT.
Determination of apoptotic cell death was achieved by annexin-V-FITC staining
with flow cytometric analysis and detection of activated caspase-3 was measured by
immunoblotting. Necrotic cell death was determined by propidium iodide staining,
followed by flow cytometric analysis. Treatment with 20 uM AM for 24 h increased
the percentage of necrotic cells from 10.8% (control) to 81.4%, but decreased the
percentage of apoptotic cells from 9.1% (control) to 1.9% (p<0.05). In contrast,
treatment with 3.5 uM DEA for 24 h increased the percentage of cells exhibiting
necrosis from 10.8% (control) to 20.5%, and increased the percentage of apoptotic
cells from 9.1% (control) to 21.5% (p<0.05). Treatment with DEA, but not AM,
increased intracellular levels of activated caspase-3. In addition, DEA induced cell
death at an earlier timepoint and at lower concentrations than AM, confirming that
DEA is a more potent cytotoxicant than AM. Hence, despite a difference of only
one ethyl group in chemical structure, AM activates primarily necrotic pathways,
whereas DEA activates both necrotic and apoptotic pathways. In view of these re-
sults, therapeutic treatments targeting AIPT will have to address cell death path-
ways initiated by both AM and DEA. (Funded by CIHR Grant No. MOP-13257).

PROFILING ENVIRONMENTAL CHEMICALS IN
APOPTOSIS PATHWAY USING A HIGH-THROUGHPUT
FORMAT.
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M. Cho , R Huang K. Leister', K. L. Wict?, C.S. Smith?, J. Inglese', R.R.
Tice* > C. P. Austin' and M. Xia'. ' NIH Chemical Genomics Center, Bethesda, MD
and *National Toxicology Program (NTP), National Institute of Environmental
Health Sciences, Research Triangle Park, NC.

Caspases, a family of cysteine proteases, play a critical role in apoptosis, a form of
programmed cell death involved in embryonic development, homeostasis, and the
pathology of many diseases. There are two characterized apoptotic pathways, ex-
trinsic and intrinsic; the target of a toxic insult determines the pathway activated.
Caspase 9 is an initiator of the intrinsic pathway, while caspase 8 is an initiator of
the extrinsic pathway. Both these caspases activate downstream caspases 3 and 7,
which then cleave other protein substrates within the cell, resulting in apoptosis. To
evaluate the potential for environmental chemicals to activate apoptosis, we
screened an NTP library of 1408 compounds in assays measuring the activity of
caspases 3/7, 8, and 9. The assays were optimized and validated in Jurkat cells in a
1536-well plate format using quantitative high-throughput screening (qHTS)(1).
Screening results confirmed the activity of several compounds known to induce cas-
pase 8 or 9. For example, staurosporine stimulated caspase 9, while Trail and
human Fas ligand activated caspase 8, all in a concentration-dependent manner. We
also identified several other compounds that stimulate these caspases. Some com-
pounds activated caspase 3/7 through the caspase 8 pathway, others through cas-
pase 9, and others through both caspases 8 and 9. The data generated from this
screening provide important information for further understanding the ability of
environmental chemicals to stimulate the apoptosis pathway. Inglese et al. 2006.

Proc Natl Acad Sci USA 103:11473.

FASL AND TRAIL GENE-DEFICIENT MICE SHOW
ALTERED SPERMATOGENESIS AND DIFFERENTIAL
SENSITIVITY TO MEHP-INDUCED GERM CELL
APOPTOSIS.
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Y. Lin', P Yao® and T H. Richburg"?. ! College of Pharmacy, University of Texas at
Austin, Austin, TX 2 Cell and Molecular Biology, The University of Texas ar Austin,
Austin, TX and? Center for Molecular and Cellular Toxicology, The University of
Texas at Austin, Austin, TX.

FasL and TRAIL are ligands of the TNF protein superfamily and are expressed in
the testis by Sertoli cells and implicated in the control of germ cell apoptosis.
However, neither the physiological function, nor the functional involvement of
these ligands in toxicant-induced germ cell apoptosis is clearly established. Here we
report the testicular phenotype of FasL and TRAIL gene-deficient mice (FasL-/-,
TRAIL-/-, respectively). Evaluation of young peri-pubertal (28-day-old) FasL-/-
and TRAIL-/- mice show increased germ cell apoptotic rates (20.58% and 21.54%)
as compared to the C57BL/6] wild-type strain (5.16%). The testis of FasL-/- mice
show a higher level of TRAIL protein expression by western blot analysis, while
TRAIL-/- mice show an increase in FasL expression, suggesting that these proteins
may compensate for each other. Histological analysis of testis cross sections reveals
abnormal germ cell development in young FasL-/- mice. The testis of youn
TRAIL-/- mice show an overt meiotic arrest of spermatocytes. In adult, 44-day-old
FasL-/- and TRAIL-/- mice, a decrease in mature spermatid formation occurs (re-
duced to 51% and 39%). Surprisingly, exposure of young FasL-/- mice to the
Sertoli cell toxicant mono-(2-ethylhexyl) phthalate (MEHP) caused a decrease in
the basal germ cell apoptotic rate, whereas a slight increase was observed in TRAIL-
/- mice. Interestingly, the expression of c-FLID, a protein modulator of death recep-
tor activation, was rapidly and strongly induced after MEHP exposure in young
FasL-/- mice, while its expression was only gradually increased in the testis of
TRAIL-/- mice. Taken together, these data point to disparate functional roles for
FasL and TRAIL in spermatogenesis and in triggering germ cell apoptosis after
MEHP injury. It is hypothesized that c-FLIP serves as the mechanism that distin-
guishes the biological pathways influenced by FasL and TRAIL.

289 A MAVERICK ROLE FOR HAIRLESS ON THE

. REGULATION OF APOPTOSIS.
C. O’Driscoll', D. L. Gorsche” and ]. P Bressler” %  Division of Toxicological
Sciences, Department of Enwmnmenml Health Sciences, Bloomberg School of Public
Health, Baltimore, MD and” Hugo Moser Research Institute at Kennedy Krieger,
Baltimore, MD.

Although hairless (hr) is widely expressed throughout the body its effects have only
been well characterized in the skin and hair follicle. It has been observed that hr KO
mice exhibit accelerated brain aging, but the mechanism behind this increased vul-
nerability has not been elucidated. This study explores the role of hr both in vitro in
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P19 cells and in vivo in the brains of wildtype (hr+/hr+), heterozygous (hr+/hr-)
and KO mice (hr-/hr-). Exposure of the P19s to cadmium, mercury and apoptosis
inducers (staurosporine and thapsigargin) increased the expression of hr.
Transfection of the P19s with a plasmid which over expresses hr significantly in-
creased the proportion of cells which survive these chemical insults. Cytochrome C
was also retained within the mitochondria and the expression of BCL2 was in-
creased when compared to control transfected cells. In situ hybridization revealed
widespread endogenous expression of hr in the brains of 7 day old wildtype mice.
The highest levels were in the cerebellum and hippocampus but lower levels were
also detected in the cortex and optic nerve. Subcutaneous injections of ethanol (5
mg/kg) were administered to 7 day old mice to induce apoptotic neurodegenera-
tion. Postmortem examination of the brain tissue revealed increased apoptosis in
both the heterozygous and KO mice compared to the wildtype mice, this increased
apoptosis was confirmed by western blotting, caspase activity assay and immunocy-
tochemistry. These findings indicate that hr plays a greater regulatory role in cell
cycle and apoptosis than was previously recognized.

BCL-XL ATTENUATES BAX-INDUCED INHIBITION IN
MITOCHONDRIAL RESPIRATION AND CALCIUM
RELEASE OF PRIMARY CULTURE ASTROCYTES.

290

D. ,Dorta , A. V. Teles’, R. P Ureshino’, G.S. Lopes’, Y. Hsu’and S. S.
Smaili’. Chemz:try, Faculty of Philosophy, Sciences and Letters of Ribeirio Preto -

University of Sio Paulo, Ribein £o Preto, S Brazil, P/Jarmam[ﬂgy, Federal
University of Sio Paulo, SV £0 Paulo, SV £o0 Paulo, Brazil and’Biochemistry and
Molecular Biology, Medical University of South Carolina - USC, Charleston, SC.

Apoptosis is a natural cell elimination process involved in a number of physiologi-
cal and pathological events. This process can be regulated by members of the Bcl-2
family. Bax, a pro-apoptotic member of this family, accelerates cell death, while the
pro-survival member, Bcl-xL, can antagonize the pro-apoptotic function of Bax to
promote cell survival. In the present study, we have evaluated the effect of Bel-xL
on Bax-induced alterations in mitochondrial respiration and calcium release. We
found that in primary cultured astrocytes, recombinant Bcl-xL is able to antagonize
Bax-induced decrease in mitochondrial respiration when stimuled with an ATP re-
generative system. We also confirm its ability to inhibit Bax-induced calcium re-
lease previous shown by our group. The present result argue in favor of an interac-
tion between the two proteins and indicate that this interaction may contribute to
the anti-apoptotic property of Bcl-xL.

EFFECTS OF THE COFFEE DITERPENE KAHWEOL ON
THE INDUCTION OF APOPTOSIS IN HUMAN LUNG
ADENOCARCINOMA A549 CELLS.

291

H. Kim and H. Jeong. BK21I Project Team, Pharmacy, Chosun University, Gwangju,
Gwangju, Korea, South.

The coffee-specific diterpenes kahweol have been reported to be protective against
various type of cancer. Animal data support such a chemopreventive effect of coffee.
However, the precise underlying protective mechanisms are poorly understood. In
this study, we investigated the effects of kahweol on cell cycle progression and in-
duction of apoptosis in human lung adenocarcinoma A549 cells. Our results show
that treatment with kahweol results in a significant inhibition of cell proliferation
in a dose-dependent manner and causes apoptotic death in human lung adenocar-
cinoma A549 cells. We found that kahweol inhibits considerably the expression of
Bcl-2 whilst increasing that of Bax; it also stimulates the cleavage of caspase-3 and
PARP (poly ADP-ribose polymerase). In addition, kahweol-induced apoptosis was
confirmed by TUNEL assay. Furthermore, kahweol inhibited dose-dependent sig-
nal transducer and activator of transcription 3 (STAT3) phosphoryation. These
findings suggest that kahweol induced apoptosis via down-regulation of STAT?3 sig-
naling pathway.

292 BDO2 INDUCED APOPTOSIS IN PROSTATE CANCER

- CELLS IS MEDIATED BY THE ANDROGEN RECEPTOR.
S. Koppula', M. Tan®, W. Gray"? andA Hurst" 2. ' Environmental Toxicology,
Southern Universizy, Bzzton Rouge, LA, Chemz:try, Sout/]em University A & M,
Baton Rouge, LA and’ Biology, Southern University A & M, Baton Rouge, LA

Both animal and human population studies suggest a correlation between repro-
ductive carcinogenicity and 1,3 Butadiene (BD) exposure. However, the direct ef-
fects of BD on reproductive tissue in cell culture models have not been fully inves-
tigated. The current study examines the effect of Butadiene-diepoxide BDO2, the
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metabolite of BD on prostate cell culture. The aim of the study was to investigate
the mechanism of BDO2-induced cytotoxicity and assertain the involvement of the
androgen receptor (AR) in this process. Our objective was achieved by determining
the cytotoxicity of BDO2 in AR+ LNCaP and AR- DU-145 prostate cancer cells
using tryphan blue dye exclusion and cell viability MTT assay. We determined
whether the AR was playing a role in mediating cytotoxicity by transfecting DU-
145 cells with pPCMV-hAR expression plasmid. PSA secretion and its RNA expres-
sion,the pre-apoptotic (Bax) and anti-apoptotic (Bcl2) protein levels were examined
in the absence and prescence of functional AR. We observed a dose-dependent
modulation in Bcl2/Bax ratio in AR+ LNCaP and AR- DU-145 cells. Tryphan blue
exculsion experiment showed a slight increase in cell death in both LNCaP and
DU-145 cells treated with BDO2. The MTT assay indicated that BDO2 induced
20-30% cell death at concentration greater than 100nM in both cell lines. On the
other hand, PSA mRNA expression levels in DU-145 cells transfected with AR
showed a 2-fold increase in prescence of BDO2 as compared to LNCaP cells.
However, PSA secretion was not restored in DU-145 cells transfected with AR. The
results of our study suggest that cell death induced by BDO?2 in prostate is medi-
ated by the AR, which is resposible for cellular and molecular processes associated
with cell death by apoptosis in prostate cell models.

293  HEAT SHOCK-INDUCED CELL DFATH.
I. M. Mahajan and S. B. Bratton. Division of Pharmacology and Toxicology, The
University of Texas at Austin, Austin, TX.

Heat shock therapy is currently undergoing clinical trials, alone or in combination
with other therapies for the treatment of various cancers, including gastric and
metastatic colon cancers. Unfortunately, though intense heat shock induces apop-
tosis, the underlying mechanisms remain controversial and unclear. We have re-
cently shown that heat shock does not require any of the known initiator caspases
or their activating complexes in order to induce apoptosis (Milleron and Bratton, J.
Biol. Chem. 281, 16991-17000). Herein, we demonstrate that heat shock-induced
cell death does require mitochondrial outer membrane permeabilization (MOMP),
as cells deficient in the BH3-only proteins, Bid and Bim, or the proapoptotic Bcl-2
family members, Bax and Bak, were resistant to cell death. Remarkably, heat shock
also activated c-Jun N-terminal kinases (JNKs) and induced MOMP through a
novel tumor necrosis factor (TNF) receptor-associated factor 2 (TRAF2)-depend-
ent, but TNF receptor 1 (TNFR1)-independent mechanism. Thus, we speculate
that JNKs may sensitize cancer cells to heat shock-induced MOMP by activating
Bid and Bim. Studies are currently underway to further delineate the upstream
pathways responsible for JNK activation following heat shock (The American
Cancer Society, RSG-05-029-01-CCG; NIH, CA129521).

294 MECHANISMS OF LEAD-INDUCED APOPTOSIS IN
. HUMAN LEUKEMIA (HL-60) CELLS.

C.G. Yedjou and P.B. Tchounwou®. ' Biology, Jackson State University, Jackson,

MS and Bzo/agy, Jackson State University, Jackson, MS.

Lead is a multi-targeted toxicant that affects many organ systems including; the gas-
trointestinal tract, hematopoietic system, cardiovascular system, central and periph-
eral nervous systems, immune system, and reproductive system. There are many
published studies that have documented the adverse effects of lead in children and
the adult population. Previous in vitro studies in our laboratory have shown that
lead nitrate induces cytotoxicity to HL-60 cells in a dose-dependent manner.
However, the molecular mechanisms of toxicity and carcinogeneis are still largely
unknown. In this research, we hypothesized that oxidative stress plays a key role in
lead nitrate-induced toxicity and cell death in human Leukemia (HL-60) cells. To
test this hypothesis, we performed lipid hydroperoxide assay for assessing the levels
of the degradation products of polyunsatured fatty acid (PUFA) hydroperoxide in
lead nitrate-treated HL-60 cells and the flow cytometric analysis of phos-
phatidylserine externalization to detect the percentage of death cell. Data generated
from lipid hydroperoxide assay resulted in a significant increase (p < 0.05) in the
production of hydroperoxides (degradation products of lipid peroxidation) with in-
creasing doses of lead nitrate in treated cells. Upon 24 h of exposure, the hydroper-
oxide concentrations in the sample [uM] (mean +SE, n = 3) compared to untreated
control were 6.7 £2,7.1 1,147 +2,15.7 £6,16.2 + 4,and 15.2 = 1 in 0, 10,
20, 30, 40, and 50 pug/mL of lead nitrate, respectively. The results of flow cytomet-
ric assessment (Annexin V) also showed a strong dose-response relationship be-
tween lead nitrate exposure and early stage apoptosis in HL-60 cells. In summary,
these studies show that lead nitrate represents an apoptosis-inducing agent in
human Leukemia (HL-60) cells and its apoptotic mechanism is mediated through
oxidative stress and phosphatidylserine externalization.



METALLIC NICKEL PARTICLES INDUCE CELL
APOPTOSIS THROUGH A CASPASE-8/AIF-MEDIATED
CYTOCHROME C-INDEPENDENT PATHWAY.
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J. Zhao, L. Bowman, X. Zhang, X. Shi, V. Castranova and M. Ding. PPRB,
NIOSH CDC, Morgantown, WV.

Numerous studies have described the pathogenic and carcinogenic effects of nickel
compounds, but little has been published on the biologic effects of metallic nickel.
The present study investigates metallic nickel particle-induced apoptosis and the
signal pathways involved in this process in JB6 cells. Using MTT the assay, we
found that metallic nickel nanoparticles (80 nm) exhibited higher cytotoxicity than
fine particles (3 uM). Both metallic nickel nano- and fine particles induced JB6 cell
apoptosis in a dose-dependent manner. Western-blot analysis showed an upregula-
tion of proapoptotic factors, including Fas, FADD, caspase-8, DR3 and BID, fol-
lowing exposure to metallic nickel particles. Metallic nickel particles showed only a
very slight activation of caspase-3, -6 and -9. IP western blot analysis demonstrated
the formation of the Fas-related death-inducing signaling complex (DISC) during
the apoptotic process. Furthermore, during this process, lamin A, B-actin and
PARP were cleaved. Moreover, we found that apoptosis-inducing factor (AIF) was
upregulated and released from mitochondria into cytoplasm in nickel- treated cells.
However, no cytochrome ¢ release from mitochondria into the cytoplasm was
found in nickel-treated cells. In addition, activation of anti-apoptotic factors, in-
cluding phospho-Akt and Bcl-2, was detected. In conclusion, we report for the first
time that metallic nickel nanoparticles caused higher cytotoxicity and apoptotic in-
duction than fine particles in JB6 cells. Apoptotic cell death induced by metallic
nickel particles in JB6 cells is through a caspase-8/AIF-mediated cytochrome c-in-
dependent pathway. Activation of Bcl-2 and Akt may play an importment role in
preventing cytochrome c release from mitochondria into the cytoplasm and may
also be important in the carcinogenicity of metallic nickel particles. The data ob-
tained from this study will be of benefit for elucidating the pathogenic and carcino-
genic potential of metallic nickel particles.

Key words: metals; in vitro study; cytotoxicity; pathogenicity; carcinogenicity
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A. O. Chiu', N. H. Chiu', R. Hill}, P.W. Lee” and J. D. Robertson®. 'NCEADC
& ODW, U.S. EPA, Washington, DC, *Microbiology & Immunology, Dalhousie
University, Halifax, NS, Canada and > Pharmacology, Toxicology, and Therapeutics,
University of Kansas Medical Center, Kansas City, KS. Sponsor: D. Singh.

P53-DEPENDENT AND P53-INDEPENDENT
APOPTOSIS IN CHROMIUM CARCINOGENESIS.

In multicellular organism, cells with genomic damages have arrests-of-cell-cycles
(senescence) and apoptosis and become cancerous. This carcinogenic experiment
has been demonstrated in animals. Using hexavalent chromium as an example, we
show in vitro how the metal can affect at the p53-dependent, p53-independent-
apoptosis and senescence. Cr (V1) is converted to Cr (V) and Cr (IV) intracellu-
larly. Both of these can cause changes in the genome such as DNA double-strand-
breaks. We have demonstrated in vivo with Drosophila wing-spot screening that Cr
(IV) induces both somatic recombination and somatic mutation without apoptosis
while Cr (V) induces apoptosis and the somatic mutation event. Cancer occurs
with increased Cr-induced genetic plasticity not accompanied by cell death or
oncogenic-senescence. With Raji and a colon cancer cell-line we show how
chromium can affect p53-dependent and p53-independent-apoptosis. Apoptosis
can occur via a direct activation of caspase-2 at the time of exposure from the dis-
ruption of the phosphodiester bond. It can also occur with additional changes of
p53/ HAUSP/BAX and SMAC. Cr also caused oncogenic-senescence through
p21/Arf/Rb subsequent to the exposure. The multistage/multipathway of cancer
progression at the organismic level as first defined by Leslie Foulds is now demon-
strated experimentally at the subcellular level with chromium exposure. This is con-
sistent to virus-induced (e.g., Maloney murine-leukemia-virus) cancer with short-
ened latency from losses of the functions of p53/p21/H2AX (independently, or in
combination) in targeted knockout mice. This multistage/ multipathway carcino-
genic mechanism now can be related to the genetic modifications of p53, p21, or
H2Ax at the cellular level both in subcellular level and mathematically. Disclaimer:
The opinions and conclusions in this abstract are only those of the authors and do
not reflect the institutions they represent.
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MT ATTENUATES CARDIAC CELL DEATH VIA
SUPPRESSION OF ER STRESS IS ONE OF THE
MECHANISMS AGAINST DIABETIC
CARDIOMYOPATHY.

J. Xu, Q. Liu, Y. Tan, G. Wang and L. Cai. Department of Medicine, University
of Louisville, Louisville, KY.

Our previous studies showed that cardiac MT overexpressing mice(MT-TG) are
highly resistant to diabetic cardiomyopathy. Since apoptosis plays a critical role in
the development of diabetic cardiomyopathy, and ER stress is one of the intrinsic

apoptosis pathways, the present study was to test whether ER stress exists in the di-
abetic hearts, and whether MT prevents diabetic cardiomyopathy by blocking ER
stress-induced cell death. Diabetes was induced by streptozotocin (one dose of 150
mg/kg)in both MT-TG and wild-type(WT) mice. Cardiac cell death was detected
by in situ TUNEL staining and Western blotting of the activated form of caspase-3.
Representative makers of ER stress were detected by Western blotting assay. We
found that cardiac apoptosis in the WT, but not MT-TG, diabetic mice was signif-
icantly increased 2 weeks, and slightly increased 2 and 5 months after diabetes
onset. In parallel with apoptotic cell death, Western blotting revealed that the hall-
marks of ER stress, including GRP78 and GRP94, ATF6, and phosporylated
elF2a all significantly increased in the hearts of WT, but not MT-TG, diabetic
mice 2 weeks, and slightly increased 2 months after the onset of diabetes. To further
define the direct link of ER stress to apoptotic cell death and also confirm the direct
cardiac protection of MT against ER stress-induced apoptotic effect, ER stress ani-
mal model was generated by was induced by direct administration of ER stress in-
ducer(tunicamycin at 1 mg/kg and 1.5 mg/kg). Treatment with tunicamycin for 12
hr significantly increased cardiac cell death, detected by TUNEL staining and
Western blotting of activated caspase-3, in the hearts of WT mice, but not MT-TG
mice. These results suggest that ER stress exists in the diabetic heart and is involved
in the induction of cardiac cell death. MT prevented both diabetes- and ER stress-
induced cardiac cell death, implying that MT protection of diabetic ER stress-in-
duced cardiac cell death is at least one of the mechanisms against diabetic car-

diomyopathy (Supported,in parts, by ADA grants).

ANGIOTENSIN II-INDUCED CARDIAC APOPTOSIS IS
MEDIATED BY P53-DEPENDENT AND -
INDEPENDENT PATHWAYS.
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G. Zhou"?, X. Li* and L. Cai"*. ' Medicine and Radiation Oncology, University of
Louisville, Louisville, KY and*Chinese-American Research Institute for Diabetic
Complications, Wenzhou Medical College, Wenzhou, China.

Our previous studies showed that angiotensin II (Ang II)-induced cell death plays a
critical role in the development of diabetic cardiomyopathy. Tumor suppressor gene
p53 was implicated in the pathogenesis of Ang II-induced cardiac cell death.
However, the direct causative role of p53 in Ang Il-induced cardiac apoptosis and
its signaling pathways remain unclear. Therefore, cardiac H9C2 cells were exposed
to Ang II at 100 nM for 7 hr and 24 hr, which significantly induced cardiac apop-
totic cell death, along with significant increases in the total and phosphorylated p53
expressions. Interestingly, Ang II induced a time-dependent translocation of p53
from cytosol to mitochondria and nucleus. Furthermore, both mitochondrial per-
meability, detected by fluorescent staining and flow cytometry, and mitochondrial
cytochrome c release, detected by Western blotting, significantly increased at 7 hr.
P53 expression and activation were inhibited by pretreatment with p53 inhibitor
pifithrin-a (PFT-a). However, pretreatment of the cells with PFT-a only inhibited
apoptosis at 24 hr, but not at 7 hr after Ang II treatment. Pretreatment of cells with
PFT-a also inhibited Ang II-induced caspase-8 activation.In vivo, FVB mice were
given subcutaneously injection of Ang II at the dose of 1 mg/kg body weight with
and without PFT-a at 2.2 mg/kg body weight twice at 30 min before and 1 hour
after Ang II treatment. Expressions of both total and phosphorylated p53 were in-
creased in Ang Il-treated mice, but not in Ang II/PFT-a-treated mice. Ang Il-in-
duced capase-3 activation in the hearts was prevented in Ang II/PFT-a-treated WT
mice only at 24 hr, not at 7 hr after Ang II administration. These results suggest
that Ang II-induced cardiac apoptosis is mediated by both p53-dependent and -in-
dependent pathways. The activation of mitochondrial cytochrome ¢ release medi-
ated apoptotic signaling pathway plays a critical role in Ang II-induced p53-de-
pendent pathway (Supported, in parts, by ADA and AHA grants).

INHIBITION OF APOPTOSIS IN PRIMARY RAT
HEPATOCYTES BY 2, 3, 7, -TETRACHLORODIBENZO-
P-DIOXIN.
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M. Chopral, G. Meiss® and D. Schrenk'. ?Food Chemistry and Toxicology,
University of Kaiserslautern, Kaiserslautern, Germany and ~Institute of Biochemistry,
Justus-Liebig-University, Giessen, Germany.

2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is a highly toxic pollutant ubiqui-
tously present in the environment. Most of the toxic effects of TCDD are believed
to be mediated by high-affinity binding to the aryl hydrocarbon receptor (AhR)
and subsequent effects on gene transcription. TCDD was classified as a class 1
human carcinogen. It causes cancer in multiple tissues in different animal species.
In initiation-promotion studies TCDD was shown to be a potent liver tumor-pro-
motor. Among other hypotheses it has been suggested that TCDD acts as a tumor-
promotor by preventing initiated cells from undergoing apoptosis. In rat hepato-
cytes in primary culture TCDD (1 nM) inhibits UV-C light induced apoptosis.
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This effect is seen with internucleosomal DNA-fragmentation as well as with chro-
matin condensation and fragmentation and appears to be mediated by the AhR.
Apoptosis induced by UV-C light in these cells is caspase-dependent and is accom-
panied by alterations in apoptosis-related gene expression such as up-regulation of
pro-apoptotic bel-2 family genes like bak and bax, and a marked down-regulation
of the expression of the anti-apoptotic bcl-2. TCDD treatment of irradiated hepa-
tocytes does not alter these changes. Up-stream apoptotic events, namely caspase-
activation and cleavage of poly (ADP-ribose) polymerase (PARP) and inhibitor of
caspase-activated DNase (ICAD) are not inhibited by TCDD treatment; neither
does TCDD affect CAD and ICAD gene expression. Furthermore, we performed
an in vitro CAD activity assay. TCDD did neither act on CAD-catalyzed internu-
cleosomal cleavage of DNA in TCDD-treated cells nor did it affect the degradation
of isolated DNA. Since TCDD does act only on down-stream nuclear events of
apoptosis we believe nucleases to be putative targets of this pollutant. We hypothe-
size that TCDD inhibits late-stage apoptotic events maintaining chromosomal in-
tegrity probably in order to sustain metabolic capacity and hepatic elimination of
substrates despite of an initiation of apoptosis.

SATRATOXIN G -INDUCED APOPTOSIS IN MOUSE
OLFACTORY SENSORY NEURONS IS NOT MEDIATED
BY DOUBLE-STRANDED RNA-ACTIVATED PROTEIN
KINASE R (PKR).
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. Shinozuka"?, Z. Islam', C. C. Hegg', Harkema, J. Kim' and J. J. Pestka'.
Mzthzgan Smte University, East Lansing, MI and 2Mitsubishi Tanabe Pharmam/ogy

Corporation, Saitama, Japan.

Satratoxin G (SG) is a macrocyclic trichothecene mycotoxin produced by
Stachybotrys chartarum. Acute intranasal exposure of mice to SG specifically in-
duces apoptosis in olfactory sensory neurons (OSNs) of the nose. We have previ-
ously reported mRNA expression of double-stranded RNA-activated protein ki-
nase (PKR), is increased in SG-treated mouse ethmoid turbinates and the neural
crest-derived rat pheochromocytoma cell line, PC-12. PKR inhibition blocked SG-
induced apoptotic gene expression and apoptosis in PC-12 cells suggesting a role
for this widely expressed serine/theonine kinase. We tested the hypothesis that PKR
mediates SG-induced OSN apoptosis in vivo and in vitro. To test the in vivo role of
PKR, wild-type (WT) and homozygous PKR knockout (KO) C57Bl6 mice were
intranasally exposed to SG (250 ug/kg bw) and then ethmoid turbinates examined
24 h later for expression of apoptosis-related genes (Fas, FasL, p53, BAX, PKR, cas-
pase-3 and caspase-activated DNAase) and histopathological effects. SG induced
robust apoptotic gene expression in WT mice and these responses were not sup-
pressed in PKR-KO mice. OSN cell death and TUNEL positivity were also simi-
larly observed in SG-treated WT and PKR-KO mice. In addition, when C57BI6
mice were pretreated with vehicle or the PKR inhibitor C16 (75 pg/mouse/d for 5
d), marked apoptotic gene expression was observed in both vehicle- and inhibitor-
treated animals. We also examined the role of PKR in SG-induced cell death in the
OP6 cell line, derived from the E10 mouse olfactory placode and differentiated to
OSN-like cells. SG (25 ng/ml) was found to induce cytotoxicity in OP6 cells as re-
vealed by a cell death detection ELISA at 6 h and by the MTT assay at 24 h.
However, pretreatment with the PKR inhibitors C16 and 2-AP failed to block SG-
induced cytotoxicity. Taken together, these data suggest that, unlike PC-12 cells,
SG-induced apoptosis in OSNs was not PKR-dependent.

THE CYTOLETHAL EFFECTS OF JS-K, AN ANTI-
TUMOR NITRIC OXIDE RELEASING PRODRUG, IN
HUMAN PHARYNGEAL CARCINOMA FADU CELLS.
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. Liu', X Wang W.Qu', R. Dong L. K. Keefer®, J. E. Saavedra and M. P
Whaalkes'. 'ICS, LCC, NCI atNIEHS Research Triangle Park, NC, ?LE NIEHS,

Research Triangle Park, NC, >CS, LCC, NCI at Frederick, Frederick, MD and
“SAIC, NCI at Frederick, Frederick, MD.

Pharyngeal cancer is very common in certain regions of East Asia and Africa, and
effective chemotherapy is presently unavailable. JS-K is a nitric oxide (NO) releas-
ing prodrug, which has been shown to be effective against several cancer cells and
cancer xenografts. This study was conducted to further examine the effect of JS-K
on the human FaDu pharyngeal carcinoma cell line. Cells were treated with JS-K or
JS-K plus other anticancer agents for 48 hours. Cell viability was then determined
by the MTS assay. JS-K-induced alterations in gene expression were determined at
the transcriptional level by real time RT-PCR, and at the protein level by confocal
imaging. JS-K was cytolethal to FaDu cells in a concentration-dependent manner,
with an LC, ) of approximately 10 uM. JS-K at 3 uM additively enhanced the cyto-

lethal effects of other anticancer agents including cisplatin (10 uM), fluorouracil
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(100 uM), or arsenic (10 uM) towards FaDu cells. Gene expression analysis sug-
gests that JS-K was able to suppress the expression of efflux transporters ABCCI
and ABCC2 transcripts and decreased the immunostaining for ABCC2 protein. JS-
K also increased the expression of 7VFRand enhanced immunostaining of caspase-
3, suggesting the activation of TNF-o-mediated cell death pathways in FaDu cells.
JS-K appeared to impact the expression of genes involved in metastasis, including a
decreased expression of vascular endothelial growth factor (VEGF and increased
expression of tissue inhibitor of metalloproteinase-1 (7/MP1I). Taken together,
these data indicate JS-K is effective in killing FaDu cells when used alone and in
combination with other anticancer drugs. The combined effects appear to be due,
at least in part, to reduced expression of efflux transporters and activation of TNF-
o mediated cell death pathways.

[ 302  CARDIOLIPIN OXIDATION, HYDROLYSIS AND
ACCUMULATION OF MONOLYSOCARDIOLIPINS AND
OXIDIZED FREE FATTY ACIDS DURING APOPTOSIS:
ROLE OF CYTOCHROME C.
V. A. Tyurln , M.Y. Jung"?, Y. Y. Tyurm , T. Prieto’, Q Zhao A A
Kapralov N A. Belikova"?, 1. Nantes® and V E. Kagan 3, Envzmnmenm/

and Occupatzonal Health, Umvermj/ of Pittsburgh, Pittsburgh, PA 2Centro
Interdisciplinar de Investigacio Bzoqmmzm -CIIB, Universidade de Mogi das Cruzes-
UMC, Mogi das Cruzes-SPE Brazil and? Center for Free Radical and Antioxidant
Health, University of Pittsburgh, Pittsburgh, PA.

Oxidized phospholipids are important signaling participants of the mitochondrial
stage of apoptosis. Accumulation of oxygenated molecular species of cardiolipin,
CL and its hydrolysis products — monolyso-CL and free fatty acids — has been de-
tected during early apoptosis in different cell lines. Apoptosis-associated selective
oxidation of CL is due to the formation of complex between CL and cyt ¢ with a
peroxidase activity triggered by oxidized equivalents generated by disrupted elec-
tron transport of mitochondria. Using ESI-MSn analysis we demonstrated that hy-
droperoxy-, hydroxy- and hydroperoxy-/hydroxy- derivatives were the most domi-
nant oxidation products of CL. Now, we discovered that cyt c itself is able to
hydrolyze oxidized CL with the formation of two major products — non-oxidized
monolyso-CL and oxidized free fatty acids; the identity and structure of the prod-
ucts were confirmed by 2D-HPTLC followed by fluorescence HPLC and LC-ESI-
MS analysis. Non-enzymatic oxidation of CL by Fe/H202, Fe/Ascorbate or by a
lipid-soluble azo-initiator, AMVN, did not result in accumulation of CL hydrolysis
products. CL hydrolysis products were not detected after incubation of non-oxidiz-
able TOCL with cyt ¢/H202. Further, incubation of isolated mouse mitochondria
with an organic hydroperoxide, tBOOH, also caused accumulation of monolyso-
CL and oxidized free fatty acids. Finally, apoptosis induced by actinomycin D in cyt
c+/+ (but not in cyt c-/-) mouse embryonic cells resulted in CL oxidation and ac-
cumulation of CL hydrolysis products. Thus, cyt ¢ displays a CL-specific phospho-
lipase A activity directed towards hydrolysis of oxidatively modified polyunsatu-
rated acyls in sn-2 position. Support: U19A1068021, HL70755, PA Dept of
Health SAP 4100027294

MULTIPLEXED ASSAY PANEL OF CYTOTOXICITY IN
HK-2 CELLS FOR DETECTION OF RENAL PROXIMAL
TUBULE INJURY POTENTIAL OF COMPOUNDS.

303

Y. Wu, D Connors®, L. Barber’, S. ]ayachandra , Ul Hanumegowd and S.
Adams'. ' Discovery Toxicology, Bristol Myers Squibb, Wallingford, CT and’Lead
Discovery, Bristol Myers Squibb, Wallingford, CT

Proximal tubules of the kidneys are common targets of nephrotoxic compounds.
Screens to predict nephrotoxic potential of compounds with insights to mecha-
nisms of toxicity facilitate lead optimization, guide structure-activity relationships,
minimize risks of clinical nephrotoxicity and therefore are valuable in the process of
drug discovery. In vitro cytotoxicity assays routinely measure mitochondrial func-
tion; although a good marker of effect, it seldom provides insight into mechanism.
We developed an in vitro assay multiplexed to measure several endpoints of cyto-
toxicity using HK-2 cells in 96-well format. Assays for lactate dehydrogenase leak-
age as a marker of necrosis, cellular caspase 3/7 activation as a marker of apoptosis,
resazurin dye reduction as a marker of mitochondrial function and Hoechst 33342
staining for double-strand DNA were multiplexed to maximize the ability to detect
cell injury. Assays were performed after 5- or 24 hour incubations to further en-
hance the sensitivity of detection of toxicity. Individual assays were optimized for
cell density, assay linearity and assay performance under multiplexed conditions.
Inducers of apoptosis (staurosporine) and necrosis (perhexiline) were used to vali-
date the mechanistic aspects of cell death (apoptosis, necrosis). Nephrotoxic com-



pounds (5-fluorouracil, gentamicin, cisplatin, acetaminophen, p-aminophenol,
potassium dichromate, ibuprofen, doxorubicin, cyclosporine A, citrinin,
puromycin) with known direct or indirect association to injury to proximal tubules
were used to determine the potential of this method to detect proximal tubule tox-
icity. Overall, this cost-effective multiplexed platform is more sensitive than a single
endpoint assay, provides mechanistic cues of toxicity and is amenable for higher
throughput screening. Limitations of the assay in predicting in vivo toxicity, such as
those seen in nonspecific cytotoxicity and the importance of in vivo disposition are

also highlighted.

304 MULTI-PARAMETER CYTOMETRY TO DETECT
. DRUG-INDUCED MITOCHONDRIAL TOXICITY.
N. Li, H. Hamadeh, ]. Lawrence, C. Qualls and P._Narayanan. /nvestigative

Toxicology, Amgen, Seattle, WA.

Mitochondrial dysfunction has been increasingly implicated as a mechanism for
drug-induced toxicity. Screening for mitochondrial dysfunction prior to lead opti-
mization is being conducted by several pharmaceutical companies in lieu of cyto-
toxicity assays. In this study, we selected 30 drugs/compounds that were known to
induce various organ-toxicities related to mitochondrial dysfunction in both hu-
mans and animals. Compounds were categorized into four major groups: mito-
chondrial respiratory chain inhibitors, oxidative stress inducers, mitochondrial
polymerase inhibitors, and various kinase inhibitors. In addition, 10 drugs/com-
pounds that did not induce mitochondrial toxicity were chosen as negative con-
trols. A high-throughput multiparameter flow cytometry-based platform using
human promyelocytic leukemia cell line (HL-60 cells) was set up to monitor mito-
chondrial membrane potential (MMP) change (using potentiometric dye JC-1), in-
tracellular reduced glutathione (GSH) level (using monobromobimane), and cell
viability (using calcein-AM) simultaneously. Results obtained (IC50 values for each
parameter per compound) demonstrated that disruption of MMP is the earliest in-
dicator for the onset of mitochondrial damage. Over 60% of compounds screened
triggered MMP change within 6 hours, progressing to 90% at 24 hours accompa-
nied by depletion of intracellular GSH and decreased viability at 24 hours. Our re-
sults also demonstrated that a comparison of drug-induced changes in glucose as
opposed to galactose/glutamine-enriched medium and vice versa is essential to sep-
arate mitochondrial dysfunction from frank cytotoxicity. In conclusion, a compre-
hensive analysis of MMP/GSH/viability could increase the probability of predict-
ing mitochondrial toxicity in a cell-based screening system. Cytometry-based
screening-assays with human cell lines have excellent correlations (- 90%) with in
vivo human toxicity.

NADPH CYTOCHROME P450 REDUCTASE MEDIATES
REDOX CYCLING BY 2- AND 4-HYDROXYESTRADIOL
CATECHOL METABOLITES.
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UMDN]J-Robert Wood _Johnson Medical School, Piscataway, NJ.

Estrogen exposure is a major risk factor for the development of breast-cancer.
Estrogens are known to modulate cellular proliferation by binding to nuclear recep-
tors, a process that alters transcription of estrogen-responsive genes. Previous stud-
ies demonstrated that the exogenous estrogen equilenin, a component of hormone
replacement therapy, and diethylstilbestrol are converted to catechol metabolites;
subsequent oxidation reactions generate redox-active ortho-quinones. One-electron
reduction of the quinones by NADPH-dependent oxidoreductases to semi-
quinones and their subsequent reaction with molecular oxygen generates reactive
oxygen intermediates (ROI). In the present studies we compared redox cycling of
two endogenous catechol estrogens, 2- and 4-hydroxyestradiol, with estradiol and
2-methoxyestradiol. Using Supersomes that overexpress human cytochrome P450
reductase we found that the estrogens (1-300 uM) readily generated ROI as meas-
ured by the formation of hydrogen peroxide and hydroxyl radicals. Redox cycling
was found to be NADPH- and cytochrome P450 reductase-dependent and inhib-
ited by diphenyleneiodonium, confirming that the reaction was mediated by cy-
tochrome-P450 reductase flavoenzyme. The Km’s of the catechol estrogens were
both approximately 1 uM, indicating similar binding efficiency with the enzyme.
However, the Vmax’s varied from 0.5-5 nmoles min-1 mg-1 protein in the rank
order 4-hydroxyestradiol > 2-hydroxyestradiol >> estradiol and 2-methoxyestradiol.
The finding that the Km’s were similar yet the Vmax’s different, suggests that 4-hy-
droxyestradiol is a more efficient generator of ROI than 2-hydroxyestradiol. Taken
together, these data indicate that NADPH-cytochrome P450 reductase mediates
redox cycling by catechol estrogens, implying that NADPH-cytochrome P450 re-

ductase has a role in endogenous estradiol redox cycling and potentially, in the eti-
ology of breast cancer. Supported in part by NIH grants ES05022, AR055073,
CA100994 and CA093798.

EXAMINATION OF GENETIC DAMAGE IN
GLUTATHIONE (GSH)-DEPLETED CELL CULTURES
USING THE MICRONUCLEUS TEST, SINGLE CELL
GEL ELECTROPHORESIS ASSAY (COMET), AND 8-
HYDROXY-DEOXYGUANOSINE (8-OH-DG) LEVELS IN
NUCLEAR DNA.

306
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David Geter, Fagen Zhang, Melissa Schisler, Amanda Wood, Lynn Kan, Yo-Chan
Jeong, Michael Bartels, Gollapudi, Bhaskar. Toxicology and Environmental
Research & Consulting, The Dow Chemical Company, Midland, Michigan,
48674. Depletion of GSH in cells exposed to certain xenobiotics has been impli-
cated in oxidative stress leading to damage of cellular macromolecules such as pro-
teins, lipids, and DNA. Diethyl maleate (DEM), is known to conjugate with GSH
and rapidly lower cellular GSH levels. The objective of these studies was to investi-
gate the influence of DEM-induced GSH depletion on various genotoxicity end
points in mouse lymphoma L5178Y (TK+/-) cell cultures. Cells were exposed to
DEM for four hours at concentrations of 0, 6.7, 13.5, 26.9, 53.8, 107.6, and 215.3
ug/ml. Genotoxicity was evaluated by examining the induction of 1) micronuclei
(20 h post-treatment), 2) DNA strand breaks (immediately following treatment),
3) 8-OH-dG levels in nuclear DNA (immediately following treatment), and corre-
lating these end points to cellular GSH levels. A significant increase in micronuclei
was observed at exposure concentrations starting at 53.8 ug/ml. However, induc-
tion of DNA strand breaks as measured by the alkaline comet assay was only evi-
dent at concentrations of 107.6 ug/ml and higher. Quantifiable levels of 8-OH-dG
(= 2 adducts per 1 x 10° NT) were not detectable at any exposure concentration
under the experimental conditions despite the fact that GSH levels were signifi-
cantly reduced at all test concentrations in a dose-dependant manner. Taken to-
gether, these results demonstrate an association between DEM-induced genotoxic-
ity and GSH depletion in cell cultures. Although the mode of action for the
observed genotoxicity is not discernible from these studies, it is postulated that ox-
idative stress resulting from GSH depletion is partly responsible for the effect.

IDENTIFICATION OF AN FAD-INDEPENDENT REDOX
CYCLING ACTIVITY FOR 9, 10-
PHENANTHRENEQUINONE IN MOUSE LUNG
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EPITHELIAL CELLS.
S. Yangl, P Gray®, V. Mishin®, Y. Wang D. E. Heck®, D. L. Laskin® and J.
D. Laskin'. ' Environmental é‘Ocmpatzomzl Medicine, UMDNJ-Robert Wood

Johnson Medical School, Piscaraway, NJ, ?Science, U.S. Coast Guard Academy, New
London, CT; 3 Pharmacology & Toxicology, Rugers University, Piscataway, NJ and
Environmental Health, New York Medical College, Valhalla, NY.

9,10-Phenanthraquinone (PQ) is a component of airborne particulate matter and
can cause protein oxidation and cytotoxicity via a one or two-electron reduction.
One electron reduction of PQ results in a semiquinone radical; oxidation of the
radical leads to the formation of reactive oxygen species including superoxide
anion, hydrogen peroxide and hydroxyl radicals. In the lung, this can cause alveolar
inflammation, epithelial cell damage and pulmonary fibrosis. Using mouse MLE-
15 lung epithelial cells, we discovered a strong NADPH-dependent redox cycling
activity in cytosolic cellular fractions. Purification and sequencing identified this
material as sepiapterin reductase (SPR), an enzyme catalyzing the final step in the
biosynthetic pathway of tetrahydrobiopterin. Human SPR was cloned and its enzy-
matic activities characterized. In addition to reducing sepiapterin, the enzyme read-
ily mediated PQ redox cycling as measured by hydrogen peroxide formation in the
Amplex Red assay. Dicoumarol was found to be a noncompetitive inhibitor (IC50
=200 nM) of sepiapterin reduction without inhibiting redox cycling. Similar selec-
tive inhibition of SPR was found with N-acetylserotonin (2.5 uM), indomethacin
(8.1 uM), ethacrynic acid (22.9 uM), and rutin (24.0 uM) while PQ was a non-
competitive inhibitor of SPR activity. Sepiapterin reduction and redox cycling ac-
tivity were not inhibited by diphenyleneiodonium, a finding consistent with the
fact that SPR does not contain flavin cofactors. Taken together, our data identify a
novel enzyme in lung epithelial cells that mediates chemical redox cycling. Redox
cycling via SPR may be an important mechanism by which contaminants in air-
borne particulate matter redox cycle and initiate toxicity. Supported by CA100994,
CA132624, CA093798, ES004738, ES005022, GM034310 and AR055073.
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SELECTIVE CHEMICAL REDOX CYCLING BY NADPH-
CYTOCHROME P450 REDUCTASE AND SEPIAPTERIN
REDUCTASE.
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Y. Wang', S. Yang', V. Mishin?, ]. P Gray®, D. E. Heck®, D. L. Laskin® and J.
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and * New York Medical College, Valhalla, NY.

Redox cycling is a process by which redox active chemicals undergo a one electron
enzymatic reduction to free radical intermediates. Under acrobic conditions, oxida-
tion of the radical back to the parent compounds generate superoxide anion, hy-
drogen peroxide and, in the presence of redox active metals, highly toxic hydroxyl
radicals. In the present studies, we compared chemical redox cycling by NADPH-
cytochrome P450 reductase (EC 1.6.2.4, CPR), a microsomal NADPH-dependent
oxidoreductase, and sepiapterin reductase (EC 1.1.1.153, SPR), a nonflavin-con-
taining cytoplasmic oxidoreductase important in the biosynthesis of tetrahydro-
biopterin. Using Amplex Red to quantify hydrogen peroxide production during
redox cycling, 9,10-phenanthrenequinone was found to be the most potent redox
cycler for CPR, followed by menadione, nitrofurantoin, paraquat, mitomycin ¢ and
diquat. The Vmax ranged from 4.4 to 10.4 umol hydrogen peroxide/mg pro-
tein/min, while the Km varied from 1.2 uM to 434 uM. In contrast, SPR only cat-
alyzed redox cycling of 9,10-phenanthrenequinone and menadione (Vmax = 2.0
umol hydrogen peroxide/mg protein/min vs. 5.0 nmol hydrogen peroxide/mg pro-
tein/min, respectively), with little or no activity for nitrofurantoin, mitomycin c,
paraquat and diquat. Redox cycling of 9,10-phenanthrenequinone mediated by
CPR was inhibited by diphenyleneiodonium, a flavoprotein inhibitor, while no in-
hibition was found in SPR catalyzed redox cycling of this compound. These find-
ings are consistent with the fact that only CPR is a flavoenzyme. Taken together,
our results demonstrate distinct substrate specificities for the one electron reduction
of redox active chemicals by CPR and SPR. Depending on enzyme tissue distribu-
tion for SPR and CPR, this may be an important mechanism mediating selective
toxicity of redox active chemicals. Supported by CA100994, CA132624,
CA093798, ES004738, ES005022, GM034310 and AR055073.
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Glutathione (GSH) is an important intracellular antioxidant. However, it can also
undergo non-enzymatic autooxidation and form reactive oxygen intermediates
(ROY) including superoxide anion, hydrogen peroxide and hydroxyl radicals. These
processes can generate a variety of GSH degradation products including GSH- and
Cys-Gly sulfenic acid, which may be cytotoxic to cells. In the present studies we
characterized the formation of hydroxyl radicals during non-enzymatic autooxida-
tion of GSH. Hydroxyl radicals were detected by quantifying formation of 2-OH
terephthalate in reaction mixes using HPLC with fluorescence detection. We found
that autooxidation of GSH was time- and concentration-dependent in the range of
0.1-1.2 mM. Hydroxyl radical formation was dependent on FeCl,, but not FeCl,,
and blocked by dimethylsulfoxide (DMSO), a well established hydroxyl radical
scavenger. We also found that the generation of hydroxyl radicals generated during
iron supported Haber-Weiss reactions (FeCl,/FeCl; complexed with EDTA) were
significantly suppressed by GSH at physmloglcal concentrations. Under these con-
ditions, reduced GSH can be considered an antioxidant with signficant hydroxyl
radical scavenging activity. Taken together, our data demonstrate that GSH autoox-
idation in the presense of transition metals can be a source of highly toxic hydroxyl
radicals. Moreover, the dual pro- and antioxidant effects of reduced GSH may have
significant physiological importance. Supported by CA100994, CA132624,
CA093798, ES004738, ES005022, GM034310 and AR055073.
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Sulfur mustards have been used as warfare agents since WW1I and still pose a signif-
icant threat against civilian and military personnel alike. Sulfur mustard exposure
can cause significant blistering of the skin as well as respiratory injury and fibrosis.

CHARACTERIZATION OF HYDROXYL RADICAL
FORMATION DURING AUTOOXIDATION OF
GLUTATHIONE.

A ROLE FOR OXIDATIVE STRESS IN SULFUR
MUSTARD ANALOG CEES-INDUCED LUNG CELL
INJURY AND ANTIOXIDANT RESCUE.
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Currently, no antidote exists for SM exposure but recent studies, using the SM ana-
log 2-chloroethyl ethyl sulfide (CEES), have focus on the ability of antioxidants to
prevent toxicity. Though antioxidants can prevent CEES-induced toxicity, it is
largely unknown why these compounds are effective against these types of alkylat-
ing agents. Using human bronchial epithelial (16HBE) cells and primary small air-
way epithelial (SAE) cells we show that CEES causes a significant increase in mito-
chondrial ROS peaking 12h after exposure. We have also identified a catalytic
antioxidant metalloporphyrin that can rescue airway cells from CEES-induced tox-
icity when added 1h after CEES exposure. In addition, the catalytic antioxidant can
prevent increases in ROS, DNA oxidation, and decreases in intracellular GSH.
These findings suggest a role for oxidative stress in CEES toxicity and provide a ra-
tionale to investigate antioxidants as rescue agents.

METABOLISM OF 4-HYDROXYNONENAL IN POST-
MITOCHONDRIAL FRACTIONS OF MOUSE LUNG
AND LIVER.
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4-Hydroxynonenal (4-HNE), an end product of lipid peroxidation, is generated in
cells in response to oxidative stress. This highly reactive aldehyde readily forms
adducts with proteins, lipids and DNA which can be detected in many tissues in-
cluding the lung and liver in response to chemical toxicants. In the present studies
we characterized 4-HNE metabolism in S9 post-mitochondrial fractions from liver
and lung; metabolites were analyzed using HPLC with UV detection. The rate of
metabolism was determined by the disappearance of 4-HNE (100 uM) over time
in S9 reaction mixes. In both liver and lung, 4-HNE was readily metabolized over
time. Both NADH and NADPH enhanced metabolism; in liver S9 fractions the
rate of metabolism was 74.8 nmol/min/mg protein with 1 mM NADH and 29.9
nmol/min/mg protein with I mM NADPH. Metabolism was significantly reduced
in lung S9 fractions (12.5 nmol/min/mg protein in the presence of NADH). A
time-dependent increase in the production of three metabolites was detected in
liver, but not lung S9 fractions. In both liver and lung samples, 4-HNE-protein
adducts were detected using western blotting in conjunction with 4-HNE-adduct
antibodies. In both tissues, over 20 distinct proteins were modified by 4-HNE. At
least four modified proteins with molecular weights ranging from 30-150 kDa were
unique to liver S9 fractions suggesting that the action of 4-HNE is distinct in the
two tissues. Taken together, our data demonstrates that both liver and lung can me-
tabolize 4-HNE. Differences in metabolism of 4-HNE in the two tissues suggest
distinct mechanisms of cytotoxicity. Supported by CA100994, CA132624,
CA093798, ES004738, ES005022, GM034310 and AR055073.

CYTOCHROME P4501A1 INDUCED BY 2, 3, 7, 8-
TETRACHLORODIBENZO-P-DIOXIN MEDIATES THE
PRODUCTION OF REACTIVE OXYGEN SPECIES IN
ENDOTHELIAL CELLS.
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P._G. Kopfand M. K. Walker. Pharmacy, University of New Mexico,
Albuguerque, NM.

We have shown that subchronic 2,3,7,8,-tetrachlorodibenzo-p-dioxin (TCDD) ex-
posure of adult mice results in hypertension, cardiac hypertrophy, and reduced ni-
tric oxide (NO)-mediated vasodilation. Moreover, increased superoxide production
was observed in cardiovascular organs of TCDD exposed mice and this increase
contributed to the reduced NO-mediated vasodilation. Further, others have shown
that cytochrome P4501A1 (CYP1A1) contributes to TCDD-induced toxicity.
Based on these results, we tested the hypothesis that TCDD exposure increases re-
active oxygen species (ROS) production in endothelial cells by the induction of
CYP1A1. A dose-response to 24 hour TCDD exposure (10 pM-10 nM) was per-
formed in confluent primary human aortic endothelial cells (HAECs). ROS pro-
duction was measured using the oxidant-sensitive fluorescent probes dihydroethid-
ium (DHE) and 2’,7’-dichlorofluorescin diacetate (DCFH-DA), measures of
superoxide, and hydrogen peroxide and hydroxyl radical, respectively. These same
measures were performed with HAECs transfected with siRNA targeting the aryl
hydrocarbon receptor (AhR), CYP1A1, and CYP1B1 to determine the role of each
in ROS production in TCDD-exposed HAECs. TCDD exposure resulted in a
dose-dependent increase in CYP1Al and CYP1B1 mRNA expression and enzy-
matic activity. Moreover, a 1 nM TCDD exposure resulted in a maximal increase in
DHE (Cont = 1.0£0.3; TCDD = 5.1£1.0; p = 0.002) and DCFH-DA (Cont =
1.0£0.2; TCDD = 4.10.5; p = 0.002) fluorescence. siRNA targeting of AhR and
CYP1A1 decreased TCDD-induced DHE (siAhR: Cont = 1.0+0.1; TCDD =
1.320.2; p=0.093) (siCYP1A1: Cont = 1.0+0.1; TCDD = 1.1£0.1; p = 0.454) and




DCFH-DA (siAhR: Cont = 1.0+0.2; TCDD = 1.3%0.3; p = 0.370) (siCYP1AI:
Cont = 1.0£0.1; TCDD = 1.3%0.2; p = 0.114) fluorescence, while siRNA targeting
of CYP1B1 did not. These data suggest that TCDD exposure of HAEC:s results in
increased ROS production, AhR mediates this increase, and CYP1Al may be a
source of this ROS. Supported by HL078914.

PS 313 DETECTION OF CIGARETTE SMOKE-INDUCED
= REACTIVE OXYGEN SPECIES (ROS) USING A CM-
H2DCFDA FLUORSCENCE INDICATOR.

T. Carr', T. Tai', S. Faux’ and M. Gaca1 'Group R&D, British American Tobacco,
Southampton, United Kingdom and’ Toxicology group, Advanced Technologies
(Cambridge) Ltd, Cambridge, United Kingdom. Sponsor: C. Meredith.

Reactive oxygen species (ROS), thought to be generated by cigarette smoke, may
potentiate the total physiological oxidative stress load and may be a factor in devel-
opment of various smoking related diseases. To establish the role of ROS generation
induced by cigarette smoke total particulate matter (TPM), we investigated the flu-
orescence probe, 5-(and-6)-chloromethyl-2’,7'dichlorodihydrofluorescein diacetate
(CM-H2DCFDA), a fluorphore which reacts with ROS, in in vitro cultures of lung
epithelial cells. Monolayers of human lung epithelial cells (NCI-H292) were ini-
tially primed with CM-H2DCFDA for 1 hour at 37°C followed by treatment with
oxidative stress positive controls; potassium bromate, tert-butyl hydroperoxide or
hydrogen peroxide. The levels of oxidative stress caused by incubation with the pos-
itive controls, potassium bromate (0.1-28mM), tert-butyl hydroperoxide (0.1-
2000uM) or hydrogen peroxide (0.78-200uM), for 1 hour at 37°C were compared
to incubation with TPM (1.56- 200ug/ml). Relative fluorescence was measured
using a microplate fluorescence spectrophotometer at excitation and emission
wavelengths of 485nm and 530nm respectively. The concentrations of agents that
induced formations of ROS at levels significantly higher than the media control
were; potassium bromate - 14mM, tert-butyl hydroperoxide - 7.8uM, with satura-
tion at 15.6uM, hydrogen peroxide - 0.78uM, with saturation at 1.56mM. TPM
treatment induced ROS at a concentration of 6.25ug/ml, which increased in a dose
dependent manner, with saturation at 50ug/ml. The increase in ROS production,
compared to control, was 42% for potassium bromate (14mM), 26% for Tert-butyl
hydroperoxide (7.8uM), 27% for hydrogen peroxide (0.78uM) and 25% for TPM
(6.25ug/ml). This study demonstrates CM-H2DCFDA fluorescence indicator is a
simple and reproducible method to determine intracellular ROS generation. In
conclusion, we suggest this may be a useful in vitro model to investigate ROS gen-
eration and oxidative stress in response to cigarette smoke.

AN IMAGING APPROACH TO THE STUDY OF
HYDROGEN PEROXIDE GENERATION BY
MITOCHONDRIAL DYSFUNCTION IN LIVING CELLS.
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W. Cheng', H. Tong E. Miller®, C. Chang R. Zucker®, T. Hofer’ and J.
Samet. Depﬂrtment Enwmnmenm/ Science and Engineering, University of North
Carolina, Chapel Hz/l NC, Human Studies Division, NHEERL, U.S. EPA,
Chapel Hill, NC, ®Department of Chemistry, University of California, Berkeley, CA,
Reprodumve Toxicology Division, NHEERL, U.S. EPA, Research Triangle Park, NC
and’ German Research Center for Environmental Health, Gauting, Germany.
Sponsor: M. Madden.

Zinc is an essential micronutrient with numerous catalytic and structural cellular
functions. Zinc is also a common environmental metallic contaminant that has
been implicated in a variety of oxidant-dependent toxicological responses. In order
to characterize the role of ROS in Zn2+-induced toxicity, we have used an imaging
approach that employs the H202-specific fluorophore PG-1 and the mitochondr-
ial potential sensor JC-1 in living cells. Treatment of A431 skin carcinoma cells
with Zn2+ pre-loaded with PG-1 resulted a significant increase in H202 produc-
tion that could not be inhibited by the addition of extracellular catalase. Moreover,
oxidoreductase, GTPase or receptor or cytosolic kinase inhibitors failed to block
Zn2+-induced H202 generation. In contrast, the a mitochondrial inhibitor CCCP
blunted H202 production in Zn2+-treated A431 cells. Mitochondria was further
implicated as the source of Zn2+-induced H202 formation by the observation that
exposure to Zn2+ caused a loss of mitochondrial membrane potential over a time
course that preceded the increase in PG-1 fluorescence detected in A431 cells.
Lastly, we demonstrate that Zn2+ exposure resulted in rapid swelling of mitochon-
dria isolated from mouse hearts. Taken together, these findings show a disregulation
of mitochondrial integrity that leads to H202 formation in A431 cells exposed to
Zn2+. Similar findings were also observed in primary cultures of human airway ep-
ithelial cells. These demonstrate the utility of an imaging approach to the study of
the role of oxidant stress in toxicological responses. This abstract of a proposed pres-
entation does not necessarily reflect EPA policy.

GENOME-WIDE IDENTIFICATION OF OZONE
TOXICITY MODULATING PROTEIN IN BUDDING
YEAST.
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M. Papaccioli', J. Rooney?, T. Begley” and T. Gordon'. ' Nelson Institute of
Environmental Medicine, New York University, Tuxedo, NY and”Gen*NY?sis Center
Jor Excellence in Cancer Genomics, University at Albany, Rensselaer, NY.

S.cerevisiae was used to test the hypothesis that there will be phenotypic differences
in growth and survival amongst yeast deletion strains when exposed to ozone.
Approximately 5,500 strains of yeast, each containing a single gene deletion, were
spotted on agar plates and exposed for 5 hours to two different concentrations of
ozone; S5ppm and 2.5ppm. Directly after the exposure, the plates were incubated at
300C for 48 hours and digitally scanned at 24 and 48 hours post exposure. The
growth of each deletion was assayed based on the density of each exposed spot and
compared to wild type spots. At 24 hours post exposure, some strains displayed
clear growth inhibition and at 48 hours post exposure, some strains showed lack of
survival indicating toxicity. Upon analysis, the sensitive strains had gene deletions
involved in various pathways and sensitivity was used to identify ozone toxicity
modulating proteins. Two particular gene products, Yap1 and Skn7 were classified
as modulating the toxicity of ozone, and these proteins are transcription factors or
activators involved in oxidative stress. Another gene product of interest, Pdr17, is a
protein involved with lipid synthesis. Also, gene products involved with membrane
transport and membrane permeability were identified as being important for mod-
ulating the toxicity of ozone. A plausible explanation for the identification of these
gene products is that ozone interacts with lipids on the membrane via lipid peroxi-
dation and promotes oxidative stress. In total, we identified over 300 ozone toxicity
modulating proteins. Validation assays are being performed with serial dilutions of
yeast exposed to varying concentrations of ozone, and mutant complementation
experiments will be preformed on a targeted set. Importantly, this is the first high
throughput screen to identify proteins that modulate the toxicity of ozone and our
results will be projected into human cell systems using homology based approaches.

316  STATUS OF GLUTATHIONE IN MOUSE EMBRYONIC
- STEM CELLS AFTER OXIDANT EXPOSURE.

E Skufca, L. Godsman, S. Worley, E. Lively, C. Gardiner and G. DeKrey.

School of Biological Sciences, University of Northern Colorado, Greeley, CO.

Embryonic stem (ES) cells are pluripotent, self-renewing cells derived from blasto-
cyst stage embryos. ES cells are being used as an alternative model for developmen-
tal toxicology, they are important for cloning, and they may be used in the future
for human therapies. Experiments were conducted to elucidate the status of glu-
tathione present in the oxidized (GSSG) and reduced (GSH) forms in mouse ES
(mES) cells after treatment with tertiary-butyl hydroperoxide (tBH) to cause oxida-
tive stress. Glutathione was measured at picomolar levels by fluorimetric HPLC
after derivatization of extracted mES cells with dansyl chloride. GSH content de-
creased significantly from 1.92 + 0.22 (mean * SEM) fmol per cell to 1.10 = 0.16
fmol per cell (p < 0.02) following 15 minutes exposure to 1.06 mM tBH in culture
medium. GSSG increased significantly from 0.25 = 0.04 fmol per cell to 0.91 =
0.13 fmol per cell (p < 0.0001) following the same exposure and time. By 60 min-
utes, both GSH and GSSG had returned to control levels. The loss of GSH was ac-
counted for by increases in GSSG. By contrast, mES cells exposed to 10.6 mM (BH
for 15 minutes were unable to recover GSH levels after 60 minutes. Previous stud-
ies in this laboratory have shown that mouse blastocyst stage preimplantation em-
bryos were unable to recover from 15 minutes exposure to tBH at 0.026 mM.
These data suggest that mES cells are less sensitive to reactive oxygen species than
are preimplantation embryos.

5-CARBOXAMIDO-5-FORMAMIDO-2-
IMINOHYDANTOIN (2-IH), A NEW OXIDATION
PRODUCT IN DNA.
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L. M. Ball', W.Ye', R Sangaiah', D. Degen', A Gold', K. ]ayara] , KLM.
Koshlap G. Boysen J. Wllhams K. B. Tomer®, V. Moceanu’, N. Dicheva’,
C. E. Parker® and R. G. Schaaper®. ! Environmensal Sciences and Engineering,
University of North Carolina at Chapel Hill, Chapel Hill, NC, *School of Pharmacy,
The University of North Carolina at ChapelHill, Chapel Hill, NC, *Michael ].
Hooker Proteomics Center, The University of North Carolina at ChapelHill, Chapel
Hill, NC and * NIEHS, Research Triangle Park, NC.

Oxidation of DNA bases by reactive oxygen species results in adverse outcomes in-
cluding cancer, ageing and other degenerative processes. The products of single-
electron oxidants (such as 8-oxoguanine) have been extensively characterized, how-
ever the outcome of two-electron oxidation is less well documented. We show here
that oxidation of short strands of DNA by peracids and other model two-electron
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oxidants converts guanine bases into 5-carboxamido-5-formamido-2-iminohydan-
toin (2-Th). The product has been characterized by mass spectrometry (ESI-MS,
ESI-MS/MS and MALDI-MS) and "™ and " nuclear magnetic resonance spec-
troscopy both in the intact oligonucleotide sequence and as the deoxynucleoside
obtained by enzyme digestion of the DNA. Labeling studies with base and de-
oxynucleoside showed that the reaction proceeds by initial epoxidation of the
C4-C5 bond of Gua followed by a 1,2-shift of C6 of Gua to give a dehydrodeoxy-
iminodihydantoin and subsequent hydrolytic opening of the imidazolone ring to
give 2-Th. One of two added oxygen atoms is derived from the oxidant, the other
from water; molecular oxygen is not directly required. This lesion is stable through
DNA digestion and chromatographic purification, suggesting that it will be de-
tectable if formed in vivo, for instance by peracids formed from lipid peroxidation.
No 8-oxoguanine derivative was seen in these oxidations. The 2-Ih lesion thus ap-
pears to be a pathway-specific lesion and holds promise as a potential biomarker.

HEMOGLOBIN/HAPTOGLOBIN AGGREGATES
PRODUCED BY PEROXIDASE ACTIVITY ARE TAKEN-
UP AND INJURE MACROPHAGES.
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A. Kapralov"?, W. Fengl‘z, I. L. Vlasova"?, A. Maeda"?, J. A. Carcillo®, H.
Bayir"? and V. E. Kagan"?. ' Center for Free Radical and Antioxidant Health,
University of Pittsburgh, Pittsburgh, PA, *Departments of EOH, University of
Pittsburgh, Pittsburgh, PA and’ Departments of Critical Care Medicine, University of
Pittsburgh, Pittsburgh, PA.

As a hemoprotein, Hb can, in the presence of oxidizing equivalents such as H202,
act as a peroxidase with very high oxidizing potential. In red blood cells, this dan-
gerous activity is strictly regulated by reducing environment and lack of oxidizing
equivalents. The ferric form of Hb is short-lived and the hemoprotein is effectively
converted into ferro-Hb by metHb reductase. For stroma-free Hb this regulation
is lost and a potential for Hb to become a peroxidase is very high. This potential
may be markedly increased by inflammatory cells generating oxygen radicals, su-
peroxide. The latter can be converted into H202 — a fuel for Hb capable of feed-
ing its peroxidase activity. It has been proposed that extra-cellular Hb is controlled
by its binding with haptoglobins (Hpt) (types 1-1 or 2-2) resulting in apparent
weakening of the peroxidase activity. We demonstrate that: 1) Hb peroxidase ac-
tivity is not significantly decreased by binding with Hpt; 2) Hb/Hpt peroxidase
complexes undergo self-inflicted cross-linking provided H202 is available; 3) in-
flammatory cells generate superoxide->H202 at levels sufficient to maintain the
peroxidase activity of Hb/Hpt complexes; 4) Hb/Hpt aggregates are taken-up by
macrophages at rates comparable or exceeding those for non-covalently-cross
linked complexes; 5) the engulfed Hb/Hpt aggregates stimulate oxidative stress
and injury to macrophages; 6) plasma of patients with severe sepsis contains
Hb/Hpt aggregates. We speculate that there is a real possibility that severe pro-in-
flammatory conditions (eg, sepsis) with relatively high concentrations of circulat-
ing H202 may be associated with peroxidase-mediated covalent cross-linking of
Hb/Hpt complexes, their up-take by professional phagocytes and impairments of
immune functions of macrophages. Supported by NIH HL70755,HD057587-
01A2,DAMD 17-01-2-637,AHA-0535365N,NS061817-01

319 COMPARISON OF THE ACUTE OXIDATIVE DAMAGE
- OF TRANSITION METALS ON TWO CELL LINES.

V. C. Bukowski, R.S. Chapman and S. S. Leonard. PPRB, NIOSH,

Morgantown, WV,

Previous research has shown chromium (Cr), cadmium (Cd) and nickel (Ni) to be
carcinogenic. Cr is used in pigment production, electroplating, and stainless steel
welding. Cd is used in steel electroplating, plastic pigmentation, and battery pro-
duction. Ni is used in steel and alloy production, electroplating, and jewelry. Cr,
Cd, and Ni all produce acute and chronic effects in various organs in the body.
These effects are determined by the route of exposure and chemical composition of
the metal. Our research goal was to assess the acute oxidative damage of three metal
compounds; sodium dichromate (Na,Cr,0.), cadmium chloride (CdCl,) and
nickel chloride (NiCl,) on RAW 264.7 mouse monocyte macrophage cells and
HepG2/C3A human hepatocellular carcinoma cells. Electron spin resonance was
used to analyze free radicals produced by Na,Cr,O,, CdCl,, and NiCl, under vari-
ous conditions. A Fenton-like system was used with hydrogen peroxide (H,0,) as
well as exposure to RAW 264.7 cells and HepG2/C3A cells. The results showed
that in a Fenton-like system only Na,Cr,O, was able to produce measurable free
radicals. This was also true when the RAW 264.7 cells were treated with the metal
compounds. However, HepG2/C3A cells produced free radicals after Na,Cr,O,
and CdCl, exposures. In addition, H,0, and oxygen consumption were measured
in the two cell lines after being treated with the metals. There was no significant in-
crease in oxygen consumption for either cell line. A significant increase in H,O, for
both cells lines was observed when treated with Na,Cr,O.. There was little to no
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increase in H,O, when the cells were treated with the other metals (CdCl, and
NiCl,). A comet assay was used to determine the DNA damage. The results showed
significant DNA damage in the cells for all three metals. These results imply that
Na,Cr,0,, CdCl, and NiCl, produce cellular oxidative damage through the use of

three different mechanisms.
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G. Wang, S.S. Pierangeli, E. Papalardo de Martinez, G. Ansari and M. Khan.
Pathology, UTMB, Galveston, TX.

Environmental factors, including chemical exposure, are known to contribute to
the development of systemic lupus erythematosus (SLE) and other autoimmune
diseases (ADs). Previous studies in our laboratory using an autoimmune-prone
MRL+/+ mice exposed to trichloroethene suggested an association between oxida-
tive/nitrosative stress and autoimmune response. However, relevance and involve-
ment of oxidative/nitrosative stress in disease prognosis and pathogenesis in hu-
mans are not understood. To investigate the status of oxidative/nitrosative stress in
ADs, sera from 72 SLE patients with various SLE scores (SLE disease activity index;
SLEDAI) and 40 age-and gender-matched healthy controls were evaluated for ox-
idative/nitrosative stress markers. Serum analysis showed significantly higher levels
of both anti-malondialdehyde (MDA)- and anti-4-hydroxynonenal (HNE)-protein
adduct antibodies in SLE patients. Interestingly, our data showed not only in-
creased number of subjects positive for anti-MDA- or anti-HNE-protein adduct
antibodies, but also greater increases in both these antibodies in SLE patients with
greater SLEDALI (>6), which were significantly higher than the group with lower
SLEDAI ( 6). Data also showed a good correlation between anti-MDA or anti-
HNE antibodies and SLEDAI (r = 0.734 and 0.647, for anti-MDA and anti-HNE
antibodies, respectively). Serum Cu/Zn superoxide dismutase levels were reduced
in SLE patients, suggesting a compromised antioxidant balance. Furthermore, sera
from SLE patients had higher levels of both iNOS and nitrotyrosine, suggesting in-
creased nitrosative stress. These findings support an association between oxida-
tive/nitrosative stress and SLE, and suggest that oxidative/nitrosative stress markers
may be useful in evaluating the prognosis of SLE as well as in elucidating the mech-
anisms of disease pathogenesis, especially in relation to exposure to environmental
agents that are known to cause oxidative stress.
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INVOLVEMENT OF OXIDATIVE AND NITROSATIVE
STRESS IN SYSTEMIC LUPUS ERYTHEMATOSUS.

THE ROLES OF OXIDATIVE STRESS AND
PHAGOCYTIC ACTIVATION IN THE SUBACUTE
TOXICITY OF THE WATER CHLORINATION BY
PRODUCTS, DI- AND TRI-CHLOROACETATE.

E. Hassoun, J. Cearfoss and J. Spildener. Pharmacology, The University of Toledo,
Toledo, OH.

Dichloroacetate (DCA) and tricholoroacetate (TCA) are byproducts produced dur-
ing the process of water chlorination and were found to be hepatotoxic and hepato-
carcinogenic in rodents. The roles of oxidative stress and phagocytic activation in
the toxicity of the compounds have been studied in B6C3F1 male mice. Groups of
mice were administered daily doses of 7.7, 77, 154, and 410 mg/kg of each of DCA
and TCA, by gavage, for 4 weeks. Mice were sacrificed at the end of the treatment
period and hepatic tissues were collected and studied for the production of super-
oxide anion (SA) and lipid peroxidation (LP). Peritoneal lavage cells were also col-
lected and studied for SA production, myeloperoxidase (MPO) activity and tumor
necrosis factor alpha (TNF-alpha) production. While DCA treatment resulted in
dose-dependent increases in SA production in the hepatic tissues, TCA treatment
was associated with significant SA suppression in those tissues, as compared with
the controls. Also DCA resulted in Dose-dependent increases in hepatic LP, how-
ever, TCA treatment was associated with significant increases in hepatic LP, only
with doses above 77 mg/kg/day. Treatment with DCA and TCA also resulted in sig-
nificant modulations in MPO activity, SA production and TNF alpha levels in the
peritoneal lavage cells. These results indicate the involvement of oxidative stress and
phagocytic activation in the long term toxicity of the compounds. (Supported by
NIH/NIEHS # 1R15ES013706-01A1).
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. Moser?, W. P. Ashman"?, P.S. Grasso' and G. R. Famini'. ' Chemical Security
Anﬂlzysz's Center, Department of Homeland Security, Aberdeen Proving Ground, MD
and * Battelle Memorial Institute, Columbus, OH.

The Chemical Security Analysis Center (CSAC) was established within the
Department of Homeland Security to develop and implement a capability for pro-
viding chemical threat awareness and assessment as applied to issues related to
homeland security and to serve as the central repository of chemical threat charac-
terization data. In support of this mandate, the CSAC develops knowledge man-

THE CHEMICAL SECURITY ANALYSIS CENTER:
KNOWLEDGE MANAGEMENT AND CHEMICAL
THREAT AWARENESS.



agement capabilities related to chemical threats that include toxic industrial chemi-
cals, chemical warfare agents, pesticides, pharmaceuticals, and other threats as they
are identified. The objective of the CSAC knowledge management project is to pro-
vide verifiable chemical threat information with a capability for an efficient chemi-
cal data search, review, analysis and output. This effort involves identification and
collection of chemical data sources, incorporation of the data into computer elec-
tron format as needed, evaluation and ranking of the data contained in the sources,
and the development of a computer assisted workbench graphical user interface for
searching, reviewing, analyzing and outputting data. Interagency collaboration is
required to identify data sets, information sources, and subject matter experts. The
CSAC utilizes this extensive data repository to develop comprehensive science and
technology based assessments of specific chemical hazards and threats, to compile
scientific information related to single topics in a series of source books, and to pro-
vide expert analytical support through a centralized 24/7 reachback capability to re-
spond to chemical threat-related inquiries from federal agencies.
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D. A. Sens. Pathology, University of North Dakota, Grand Forks, ND.

The University system of North Dakota has made a concerted effort to introduce
research into the undergraduate curriculum. A major part of this effort has been to
provide undergraduate research in the area of environmental science and human
health. The Short Term Educational Experiences for Research (STEER) program of
the National Institutes of Health Sciences has provided this opportunity to under-
graduate at the University of North Dakota (UND), one of the State’s two research
intensive universities. The STEER program was further enhanced at UND by an
administrative commitment for 10 to 15 additional undergraduate summer re-
search opportunities. Undergraduate research was stimulated at the State’s four year
primarily undergraduate universities (PUI) through support from the INBRE pro-
gram sponsored by the National Center for Research Resources of the NIH. At least
one laboratory at each PUI is active in environmental based research and overall 8
of 11 laboratories have an environmental component to their undergraduate-based
research. Currently, over 50 undergraduates are actively engaged in undergraduate
research during the academic year or summer months. Current efforts are centered
on adding undergraduate research to the Community-based Tribal Colleges within
the borders of North Dakota.
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STEERING UNDERGRADUATE ENVIRONMENTAL
SCIENCE RESEARCH IN NORTH DAKOTA.

TOXICOLOGY IN THE TEXTBOOKS USED IN THE
LOWER LEVELS OF FINNISH COMPREHENSIVE
SCHOOLS.

R. O. Juvonen and M. A. Rimpildinen. Pharmacology and Toxicology, University of
Kuopio, Kuopio, Finland. Sponsor: M. Viluksela.

Toxicology is a multidisciplinary science that examines the adverse effects of chem-
icals in biological systems. Its major task is to protect human beings against these
adverse effects. In that respect, it is important that basic aspects of toxicology are
taught at home and during the first school years. The aim of this study was to find
out how many and what kind of items of toxicology are found in the textbooks
used at lower levels of Finnish comprehensive schools. For that purpose 25 toxicol-
ogy related items, pictures and texts were analyzed in 18 textbooks devoted to envi-
ronmental and natural sciences in the topics of biology, geography, physics, chem-
istry and health education. The total number of toxicological related subjects was
found to be 1422. Their number increased from 32/book in the first grade to
167/book in the sixth grade. Chemicals were the largest group of toxicology related
subjects (46 %), followed by poisonous organisms (27 %), intoxicants (17 %), en-
vironmental pollutants and hazardous waste( 8 %) and warning labels of chemicals
(4 %). Pictures and textual subjects were found in equal amounts in the textbooks
used in first and second grade but the amount of the text increased to being more
than 80 % by the sixth grade. It is concluded that toxicology related subjects have
been incorporated in all of the textbooks used by the lower level of Finnish com-
prehensive schools. However, the amount of toxicology related material should be
enlarged and expanded to include different groups of chemicals, pharmaceuticals,
intoxicants and hazardous environmental agents.
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B. D. Goldstein. Univ Pittsburgh Graduate School of Public Health, Pittsburgh, PA.

Ideally, toxicology and epidemiology are cooperative disciplines in evaluating the
cause of human disease by chemical and physical agents. Unfortunately, toxicologi-
cal sciences, including insights into disease mechanisms, are being assigned a lesser
role in establishing causation by various regulatory bodies and by state and federal
courts. The diminishing role for toxicology in part comes from advocates of the
Precautionary Principle (PP) who insist that only an epidemiological association

JOHN SNOW, THE FATHER OF EPIDEMIOLOGY, WAS
A TOXICOLOGIST: THE NEED FOR SYSTEMS
APPROACHES TO CHEMICAL CAUSATION.

need be the basis for regulatory action. As many PP advocates contend that John
Snow, known as the father of epidemiology for his work on cholera, epitomizes the
PP, it is pertinent to evaluate the scientific background and methodology used by
Snow. In fact, Snow was a superb toxicologist. His pulmonary studies in laboratory
animals led to innovative approaches to the then new field of anesthesiology, in-
cluding studies relating chloroform levels in air and inhalation rate to chloroform
blood concentrations and anesthetic effect. He developed devices to improve in-
halation and was one of the first to consider structure-activity relationships in CNS
toxicity. His understanding of the respiratory system led him to discount the pre-
vailing view that cholera was caused by inhalation. He also reasoned from the ab-
sence of blood abnormalities in early cholera patients that this gastrointestinal dis-
ease could not have been transmitted from lung to GI tract through the blood. His
groundbreaking study of a specific London cholera epidemic was not a chance ob-
servation but rather was the result of a fully conceived hypothesis which the epi-
demic allowed him to test. Rather than being consistent with a call to act without
basic scientific understanding, Snow’s approach to the challenge of cholera causa-
tion epitomizes the importance of toxicological science working collaboratively
with epidemiology and exposure assessment to understand and effectively prevent
human disease caused by external agents.
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B.Jortner', M. T. Butt® and R. H. Garman®. ' Laboratory for Neurotoxicity Studies,
Virginia Tech, Blacksburg, VA, 2 Tox Path Specialists, LLC, Walkersville, MD and
% Consultants in Veterinary Pathology, Inc., Murrysville, PA.

DEVILS LIE IN THE DETAILS: PRACTICES AND
PROBLEMS IN NEUROPATHOLOGY - SIGNIFICANCE
FOR NEUROTOXICOLOGY.

The pathologic examination of the nervous system is an important component of
experimental and regulatory neurotoxicology and in studies of neurodegenerative
disease. Given the significance of the scientific and public health assessments, the
ease with which histologic artifacts can be introduced into the process, and the pos-
sibility that the latter may be interpreted as representing toxicant-induced changes
it is imporant to highlight these issues. Recent publications so interpreting such ar-
tifacts underscore the need for a review of this subject within the toxicology com-
munity. Mark Butt will provide an overview of the proper practice of neuropathol-
ogy as it relates to study design, tissue fixation and specimen preparation. Robert
Garman will describe the artifacts found in histologic preparations of the central
nervous system, including their genesis, morphology and potential interpretative
problems while Bernard Joynter will review similar aspects of artifacts of the pe-
ripheral nervous system. This session will be of interest to pathologists, toxicolo-
gists, and neuroscientists involved in neurotoxicologic investigations.
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THE USE OF ENGINEERED NANOMATERIALS IN
FOOD AND FOOD-RELATED PRODUCTS: IS THIS A
CONCERN FOR HUMAN AND ENVIRONMENTAL
SAFETY?

B. Magnuson. Cantox Health Sciences International, Mississauga, ON, Canada.

The advent of nanotechnology has brought with it questions related to human and
environmental safety. The application of nanotechnology to food packaging and as
food or color additives has generated questions on the safety of nanomaterials in bi-
ological systems. Thus, it is important that we consider concerns expressed in the
literature, press, and general toxicology community for unforeseen human and en-
vironmental health effects that may potentially be associated with the use of engi-
neered nanomaterials in food and food-related products. In order to understand
these potential concerns we need to consider both general and specific questions.
Does the current regulatory framework adapt well to engineered nanomaterials in
food as it is designed to do for other new materials manufactured for use in foods?
Are there knowledge gaps and/or research needs for regulators that when filled may
better prepare us to assess human health and environmental risks of food-related
engineered nanomaterials? Can toxicology data generated on nanomaterials via der-
mal or pulmonary exposure be of use in informing us in the assessment of risks
from oral exposure to nanomaterials in food packaging or food additives? Does na-
noencapsulation of a dietary or nutritional supplement as a means to alter bioavail-
ability also increase its potential for toxicity? In exploring these issues, we will also
take the opportunity to identify planned and ongoing research efforts in the area of
food-related nanomaterials safety to facilitate discussion.
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B. Mahadevan' and M. Soni®. 'Mechanistic and Predictive Toxicology, Schering-
Plough Research Institute, Summit, NJ and 2Soni & Associates Inc., Vero Beach, FL.

Bhopal was the site of one of the worst industrial disasters in history. During the
night of December 2, 1984, nearly 30 metric tons of methyl isocyanate from the
Union Carbide India Limited (UCIL), pesticide factory in Bhopal, India, leaked

A QUARTER OF A CENTURY (1984-2009) SINCE THE
BHOPAL DISASTER: LESSONS LEARNED.
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into the surrounding environment. On that fateful night over 2,000 individuals
died immediately and more than 200,000 were directly affected. What followed
this incident was the devastating impact of the chemical on the eyes, lungs and gas-
tro-intestinal systems. Gynecological and obstetric complications soon became ap-
parent, as did neurological disorders, immunological changes, emotional and men-
tal stress. Twenty-five years later, the impact of the gas leak is evidenced by
continuing medical and environmental issues. Besides safety challenges, the sheer
scope of the Bhopal incident made it an extremely complex problem of public com-
munication. The post-Bhopal era also witnessed a worldwide regulation on chemi-
cals and toxicity and a demand by communities to the right to information. The
story of the Bhopal gas disaster demonstrates the complexity of the interaction of
science, public reaction and government in forming the regulatory policy. The his-
toric, scientific and global impact of the disaster wlll be explored to enable us to de-
velop better public and environmental health and safety policies, to provide the
current status of health effects from the disaster, and a review of the lessons learned
from the disaster.

329 PEER REVIEW OF TOXICOLOGY, EXPOSURE, AND
RISK DATA: ENSURING THE BEST SCIENCE.

P Wexler', N. Carmichael?, S Chou?®, M. Dourson T. ]unghans , M. S.

Wolfe®, R. Menzer, P Preuss and M. van Raaij’. Taxzwlogy and Environmental

Hm/t/) Information Program, National Library of Medicine, Bethesda, MD,

European Centre of Ecotoxicology and Toxicology of Chemicals, Brmxek Belgium,

3 Agency for Toxic Substances and Disease Regz:try, Atlanta, GA, " Toxicology
Excellence for szk Assessment, Cincinatti, OH, ° Technical Resources International,
Bethesda, MD, *Office of Lzﬂson, Policy, and Review, sztzomzl Toxicology Program,
Research Triangle Park, NC, ”Retired, Gulf Breeze, FL, SNCEA, ORD, U.S.
Environmental Protection Agency, Washington, DC and’ Center for Substances and
Integrated Risk Assessment, National Institute of Public Health and the Environment
(RIVM), Bilthoven, Netherlands.

Toxicology data bases are increasingly important tools in the regulatory and risk as-
sessment process. While most toxicologists are well-versed in the intricacies of peer
review in relation to journal publications and grants, there is considerably less un-
derstanding of how this process works in the evaluation of chemical toxicities and
risk values as reflected in certain databases and monographic series. Therefore it is
important to present examples of the scientific peer review process within the con-
text of online databases and publications focusing on the toxicity and risk assess-
ment of chemicals. Issues such as panel selection, impartiality and conflicts of in-
terest, funding, transparency in the conduct of meetings, procedure for reaching
consensus, opposing views, and public involvement will be discussed for a number
of high profile tools widely consulted in the toxicology community. Our panel of
experts will reference many of these databases used including the National Library
of Medicine’s Hazardous Substances Data Bank, Toxicology Excellence for Risk
Assessment International Toxicity Estimates for Risk, the International Agency for
Research in Cancer’s IARC Monographs and the European Centre of
Ecotoxicology and Toxicology of Chemicals. Evaluating chemical toxicity when
confronted with either a paucity of data or a bewildering array of sometimes con-
flicting data can be a particular challenge. High quality peer-reviewed databases can
play a critical role in supporting the Globally Harmonized System (GHS) of
Classification and Labeling of Chemicals and be relevant to ethical concerns such as
the reduction of animal testing, by offering consolidated and vetted information.
With an increasing insistence that the regulatory framework be supported by the
best science, this session will delve into ways of reaching consensus and credible de-
cisions on chemical toxicity and human health. It should appeal to a broad cross-
section of toxicologists.

330 NEUROTOXIC EFFECTS OF TIN COMPOUNDS:FROM
- ION CHANNEL TO BEHAVIOUR.

K. Kriiger', H. Straub', N. Binding® and U. Musshoff'. ' Institute of Physiology I,

MV onster, Germany and Institute of Occupational Medicine, M onster, Germany.

Sponsor: K. Golka.

The central nervous system is a target of some organotin compounds as neurotoxic
symptoms, neurobehavioral alterations, impaired learning and performance can be
the result of organotin exposure. The aim of the present study was to contribute to
the understanding of the mechanisms involved in these neurotoxic symptoms.
Therefore, we investigated the effects of monomethyltin trichloride (MMT), di-
methyltin dichloride (DMT) and trimethyltin chloride (TMT) on (1) neuronal ion
channels expressed from rat brain in Xenopus oocytes, (2) the excitatory Schaffer
collateral-CA1 synapse in hippocampal slices of young and adult rats, (3) the one-
trial shock motivated passive avoidance response (PAR) of young rats in a step-
through apparatus at postnatal days 32-36 injected previously with the compounds
once at postnatal day 7 or repetitively every second day from P7 - P30. (1) In con-
centrations of 100 wmol/l all three substances significantly reduced NMDA-medi-
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ated ion currents by 29%-35%, whereas AMPA-mediated currents were slightly in-
hibited by 20% only by TMT. (2) The three organotin compounds reduced the
amplitudes of the evoked synaptic potentials and the LTP in correlation to the
number of methyl groups attached; TMT, the most potent blocker, inhibited the
induction of LTP completely at a concentration of 10 wmol/l. (3) However, neither
single nor chronic injections of any of the tested concentrations of MMT, DMT
(0.75, 6, 15 umol/l) or TMT (0.75, 3, 6 umol/l) produced a significant impair-
ment of retention in the PAR. The results show that the organotin compounds, es-
pecially DMT and TMT, disturb the function of glutamatergic receptors and, con-
sequently, affect the hippocampal Schaffer collateral-CAl-synapse in a receptor
specific manner. Although the organotin compounds clearly affect excitatory
synaptic processes, the learning behaviour was not affected in the tested animals in
the concentrations used.

NEURONAL Ca CHANNEL SUBTYPES
DIFFERENTIALLY MODIFY SENSITIVITY TO
METHYLMERCURY-INDUCED CELL DEATH.
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K. E. Kremarik, B. Pace-Graczyk, R. K. Hajela and W. D. Atchison. Department
PHM/Toxicology Michigan State University, East Lansing, MI.

Voltage gated Ca channels (VGCC) are a sensitive target of methylmercury
(MeHg). MeHg blocks current carried through VGCC but VGCC also contribute
to the MeHg-induced elevation of intracellular [Ca*], suggesting that MeHg facil-
itates VGCC Ca”* influx. This conundrum has been difficult to explain. The objec-
tive of this study was to determine if expression of a single phenotype of VGCC in
a non-neuronal cell would increase its susceptibility to cytotoxicity induced by
MeHg, and to what extent is the subtype of VGCC important? HEK293 cells were
transiently transfected with cDNAs for human P/Q- (a1A), N- (a1B), or L-type
(01C) VGCC subunits. Following expression of the recombinant protein, cells
were exposed in culture to MeHg (1,2 or 5uM) for 1 or 3 hrs. Cytotoxicity was de-
termined 24 hrs later using a commercial “live/dead” assay. MeHg caused a concen-
tration-dependent increase in cytotoxicity following expression of any of the three
VGCC al subunits. Further, cytotoxicity following 3- hrs exposure was greater
than that following 1-hr. However, the three VGCC subtypes differentially affected
the relative sensitivity of the cells to MeHg. Cells containing at1A were most sensi-
tive and exhibited 15 - 30% cell death after 1, or 3 hrs exposure to 5 uM MeHg, re-
spectively. In contrast, a1C -containing cells were relatively insensitive, showing
between 5-13% cytotoxicity after 1 and 3 hrs exposure respectively. a1B-contain-
ing cells were intermediate in their sensitivity. The ability of a VGCC antagonist to
protect cells against MeHg-induced cytotoxicity was tested using 1uM nimodipine.
MeHg induced cytotoxicity was significantly reduced after 3-hrs exposure to 1uM
MeHg. Nimodipine did not reduce cytotoxicity following only 1-hr exposure to
MeHg. In conclusion, VGCC clearly contribute to the cytotoxicity produced by
MeHg even in a nonneuronal cell, however there is differential sensitivity depend-
ing upon the VGCC subtype. Furthermore L-type VGCC are less sensitive in this
regard. Supported by NIEHS grant RO1ES03299 and an ASPET SURF Fellowship
to B.P-G.

REGULATION OF ATP7A IN COPPER HOMEOSTASIS
AS AFFECTED BY IRON STATUS IN THE BLOOD-
CEREBROSPINAL FLUID BARRIER.
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A. Monnot, M. Behl, Y. Zhang and W. Zheng. Purdue University, West
Lafayette, IN.

Copper (Cu) is an essential trace element vital for brain function; excess or defi-
ciency of Cu can result in neurological malfunction. Cu ions are transported across
cellular membranes by ATP7A, a membrane ATPase translocating Cu with concur-
ring ATP hydrolysis. The homeostasis of Cu in the cerebrospinal fluid (CSF) is be-
lieved to be regulated by the blood-CSF barrier (BCB) in the choroid plexus (CP).
While it is known that ATP7A regulates Cu transport in the gastrointestinal track,
the mechanisms underlying Cu transport in the BCB and the impact of Fe on these
processes were largely unknown. This study was designed to test the hypothesis that
(1) ATP7A plays an important role in transporting Cu ions through the BCB and
(2) Fe status may alter the expression and/or localization of ATP7A in this tissue.
The 64Cu efflux study was conducted in an immortalized choroidal epithelial
7310 cells. Incubation of the cells with p-chloromercuribenzoate (p-CMB), a po-
tent inhibitor of ATP7A, significantly increased the cellular level of 64Cu (p<0.05)
in comparison to controls, suggesting ATP7A expels Cu to the extracellular
medium. Z310 cells were further treated with (i) various concentrations of Cu, (ii)
10 uM deferoxamine to induce Fe deficiency (Fe-D), and (iii) 20 uM hemin to
overload Fe (Fe-O). Cu treatment did not affect either mRNA or protein levels of
ATP7A; however, Fe-D, but not Fe-O, significantly increased the expression of
ATP7A mRNA. Intracellular trafficking of ATP7A in the CP was investigated with
confocal immunofluorescence. The freshly isolated CP tissues were treated with 10



uM Fe in an artificial CSE Interestingly, the ATP7A proteins in the control tissue
were primarily located toward the apical membrane facing the CSF; Fe treatment
caused the relocation of ATP7A from the apical membrane to the cytoplasm. Taken
together, these data suggest that ATP7A in the BCB plays an important role in Cu
transport between the blood and CSF and that Fe status significantly alters the
function of ATP7A and thereby affects Cu transport at the BCB. (Supported by
NIH/NIEHS ES08146).

DIVALENT CATION-MEDIATED CELL DEATH
INDUCED BY METHYLMERCURY IN A MOTOR
NEURON CELL LINE (NSC34).
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M. Fain® !, A. Negmniz‘ 'R K Hajela1 and W. D. Atchison">. IDepartmmt
PHM] Toxicology Michigan State University East Lansing, MI, “RISE, Univ Puerto
Rico-Cayey, Cayey, PR and 5Col/ege‘ of Vet Med, Michigan State University East
Lansing, MI.

In Amyotrophic Lateral Sclerosis-ALS, and especially its prevalent form, Sporadic-
ALS (SALS), interaction between genetic factors and environmental exposures has
strongly been implied, but never tested directly. Metals including lead and mercuri-
als such as methylmercury (MeHg) have been regularly suggested to contribute to
ALS, but again, this has not been tested directly. Glutamate-mediated excitotoxicity
contributes to motor neuron degeneration in ALS. This may be due to im?aired as-
trocytic glutamate uptake, or enhanced Ca** and Zn*" influx through Ca**-perme-
able kainate/AMPA receptors. We tested the sensitivity of a motor neuron cell line
(NSC34) to increases in divalent cations (Me?*) and Ca**-mediated cytotoxicity in-
duced by acute exposure to MeHg. Changes in intracellular [Me**] were monitored
using Ca-sensitive fluorophore fura-2, and were compared to those occurring in a
well-described neuronal cell model, the NGF-differentiated PC12 cell. Bath expo-
sure to SuM MeHg caused two patterns of response in NSC34 cells: both a single
phase, and a biphasic increase in fura-2 fluorescence. In comparison to a non-motor
neuron (PC12 cells), the response to MeHg in NSC34 cells was more variable, and
occurred at higher concentrations. TPEN (20uM), a divalent cation chelator, de-
creased the MeHg-induced response suggesting that a Me™* such as Zn may also in-
crease. Cytotoxicity was determined in NSC34 cells 24 hrs after exposure to MeHg
for 1 hr using a “live/dead” assay. MeHg (0.1-10uM) caused a concentration-de-
pendent increase in cytotoxicity. The Ca™"; chelator BAPTA significantly reduced
the % of cells which died in response to MeHg at 5 and 10uM. Thus in a motor
neuron cell line, acute exposure to MeHg causes an increase in both [Caz*]i and an
endogenous Me?*. Chelation of the [Caz*]i reduced the incidence of MeHg-in-
duced cytotoxicity in this cell line. Supported by NIEHS grant RO1ES03299,
5T35RR017491-07, 5R25GM059429-10 to the UPR-Cayey and the MSU
McNair-SROP Program.

BRAIN GLUCOSE UTILIZATION FOLLOWING
CHRONIC MANGANESE EXPOSURE IN MALE
SPRAGUE-DAWLEY RATS.
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T. Smith?, N. Tantawys, T. Peterson® and V. A. Fi(sanakisl. IBiolagy, King College,
Bristol, TN, *Physics, King College, Birstol, TN and >VUIIS, Vanderbilt University,
Nashville, TN.

Manganese (Mn) is toxic at high concentrations, and prolonged exposure may re-
sult in manganism, a neurological disorder similar to Parkinson’s disease. Data sug-
gest Mn accumulates in mitochondria, which may result in toxicity. Unfortunately,
few studies have characterized neuronal changes resulting from low-level, chronic
exposure. Using non-invasive WPET (micro positron emission tomography), we
quantified brain glucose uptake, an indirect measure of cellular respiration, in male
Sprague-Dawley rats.

Rats were injected (iv) with isotonic saline (CN) or MnCI2 (3 mg/kg/week; TX),
and routinely imaged using fluorodeoxyglucose (FDG), a radioactive uPET tracer.
Each rat also underwent uCT (micro computer tomography) to aid in identifica-
tion of brain nuclei in WPET images. Raw data was reconstructed using ordered
subsets expectation maximization 2D (OSEM2D), and dose-corrected for each
scan. WPET and uCT images were registered the Ruben Rat Brain atlas for analysis
of various regions of interest (ROI; striatum, cortex, thalamus, cerebellum, hip-
pocampus and whole brain). ROI were evaluated for standard uptake value (SUV)
of FDG.

By week 2, treated rats (n = 7) had decreased body mass (p < 0.001) compared to
controls (n = 6). Both striatum (p = 0.0074) and hippocampus (p = 0.0072) were
also smaller (by mass) in TX compared to CN. Whole brains from TX animals
scanned during weeks 4-7 demonstrated a small trend towards increased FDG up-
take (11%; p = 0.58), which increased to 17% (p = 0.40) by weeks 8-11. ROI val-
ues normalized to whole brain values, to identify areas responsible for this trend,
showed increased striatal FDG uptake in weeks 4-7 (4.6%; p = 0.14) that was sta-
tistically significant by weeks 8-11 (11.5%, p = 0.00015).

These data are consistent with other work suggesting preferential striatal Mn accu-
mulation, with some distribution throughout the entire brain. More importantly,
our data suggest that low-level chronic Mn exposure may lead to increased cellular
metabolism, perhaps through mitochondrial uncoupling.

EFFECT OF PERINATAL AND CONTINUOUS LEAD
EXPOSURE ON HISTONE MODIFICATIONS IN THE
HIPPOCAMPUS OF YOUNG ADULT RATS.
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Y. Zhou, ]. L. McGlothan, T. Verina and T. R. Guilarte. EHS, Johns Hopkins
University, Baltimore, MD.

Lead (Pb2+) is a ubiquitous neurotoxicant that affects the intellectual capacity of
children. Recent evidence suggests that epigenetics play an important role in cogni-
tive function. Modifications in the N-terminal tail of histones change the structure
of chromatin and regulate gene transcription. In this study, we investigated whether
different Pb2+ exposure paradigms altered histone modification in the hippocam-
pus of young adult rats. Adult female rats were fed a 0 or 1500 ppm lead acetate
diet prior to and during gestation and lactation and pups were removed from the
Pb2+ exposure at postnatal day 21 (PN21) or PN50. Rats were euthanized at
PN50, the hippocampus dissected and histones extracted to assess histone modifi-
cations. We measured acetylation of H3 (lys9 and lys14), acetylation of H4 (lys5),
and monomethylation of H3 (lys4) by western blot. Phosphorylation of H3 (ser10)
was not detectable by western blot, therefore, it was measured by immunohisto-
chemistry. Blood Pb2+ levels at PN21 were 29.4 + 3.9 ug/dL (n=12). For animals
that were removed from the exposure at weaning, blood Pb2+ levels at PN50 were
1.2 £ 0.1 ug/dL (n=12) while animals with continuous exposure had 13.7 = 0.6
ug/dL at PN50 (n=13). Control rats had blood Pb2+ levels of 0.6 = 0.1 ug/dL
(n=40). Western blots of hippocampal histone extracts showed no significant effect
of Pb2+ in any of the histone modifications tested. However, counting of cells that
stained for phosphorylation of histone H3 (ser10) in the dentate gyrus of PN50
rats exposed to Pb2+ perinatally was different (p=0.056) from controls. No signifi-
cant effect was measured with rats continuously exposed to Pb2+. These prelimi-
nary findings suggest a selective effect of perinatal Pb2+ exposure on H3 Ser10-
phosphorylation in the dentate gyrus. This histone modification is associated with
initiation of transcription of the immediate early gene c-fos and depends on
NMDA receptor signaling (Chandramohan et al., J. Neurochem. 101: 815, 2007).
[Supported by ES06189 to TRG]

MANGANESE STABILIZES CELLULAR PRION
PROTEINS AND ALTER THE RATE OF PROTEINASE-K
DEPENDENT LIMITED PROTEOLYSIS.
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A. Kanthasamy', C. Choi', V. Anantharam', E. Nicholson®, J. A. Richt® and A.
Kanthasamy'. ' Department of Biomedical Science, lowa Center for Advanced
Neurotoxicology, lowa State University, Ames, IA and’ National Animal Disease
Center, Ames, 1A.

Prion diseases are fatal neurodegenerative diseases in both animals and humans.
The key event in the pathogenesis of prion diseases is the conversion of normal cel-
lular prion proteins (PrP°) to the proteinase K (PK) resistant, abnormal form
(PrP*); however, the cellular mechanisms underlying the conversion remain enig-
matic. Binding of divalent cations such as copper to the octapeptide repeat regions
of PrP has been shown to be important for the stability of the protein. Nevertheless,
the roles of other divalent cations in the normal processing of cellular PrP® are not
well understood. In the present study, we examined the effect of manganese (Mn)
on PrPc expression and degradation in neuronal cells expressing mouse prion pro-
teins with a genetically altered novel epitope (mAb 3F4). Exposure of Mn (100uM)
over the course of 24 hr increased PrP levels in both cytosolic and membrane-rich
fractions in a time-dependent manner. Interestingly, Mn treatment neither in-
creased PrP mRNA transcripts as measured by qRT-PCR nor altered the mRNA
stability as determined in actinomycin D treated cells, indicating that the effect of
Mn may be at the level of post-translation and/or degradation levels of PrP. In
order to determine whether the accumulation of PrP is due to impairment of the
proteasomal degradation pathway by Mn, proteasomal activity and ubiquitination
were measured. The results showed no significant alteration of the proteasomal
degradation pathway. Notably, pulse-chase analysis showed that the PrP® turnover
rate is significantly decreased with manganese treatment. Furthermore, limited di-
gestion with PK also revealed that manganese treatment decreased the digestion
rate of the PrP. These data together clearly suggest that the divalent metal man-
ganese can alter the normal processing of PrP, resulting in the accumulation of PrP
with altered susceptibility to PK (supported by DoD/MHRP grant W81XWH-05-
10239 and NIH grant ES10586).
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ACUTE EXPOSURE TO LEAD (PB) RESULTS IN AN
INCREASED ACCUMULATION OF f-AMYLOID IN THE
CHOROID PLEXUS.

337

M. Behl, Y. S. Zhang and W. Zheng. Health Sciences, Purdue University, West
Lafayette, IN.

B-Amyloid (A) proteins are known to participate in the etiology of Alzheimer’s
disease (AD) and are cleared by the choroid plexus (CP), a barrier between the
blood and cerebrospinal fluid that plays a critical role in transport of materials be-
tween these two body fluids. Cumulative evidence from human and animal studies
shows that Pb accumulates in the CP in an age-dependent fashion. The aim of this
study was to investigate whether and how Pb exposure disrupted AP transport in
the CP. Rats received a single ip injection of 50 mg/kg Pb acetate or Na acetate and
24 h later, were anesthetized and infused with FAM labeled Ap (200 pmol) for 15
mins in the lateral ventricle. The CP was then examined by confocal microscopy for
live AP uptake. Data showed a visible increase in intracellular AP in the Pb-exposed
group compared to controls. In vitro studies were conducted by pre-incubating
choroidal epithelial Z310 cells with 10 uM Pb for 24 h, followed by 1-h incubation
with A (2 uM). ELISA analysis demonstrated a 25% increase (p<0.05) in intra-
cellular AP in the Pb treated cells. To explore a mechanism for this finding, we as-
sessed whether the expression and function of LRP1, an AP efflux transporter, was
altered by Pb exposure. Confocal microscopy revealed that LRP1 was re-distributed
from the cytosol in control animals towards the apical surface of the CP in Pb ex-
posed ones (50 mg/kg ip, 24 h). Quantitative Real time RT-PCR and Western blot
analyses revealed a significant decrease in LRP1 mRNA and protein levels (p<0.05)
following Pb exposure in rats. When Z310 cells were exposed to Pb(10 uM, 24 h),
a similar reduction of LRP1 mRNA and proteins (p<0.05) was also observed. These
results suggest that Pb accumulation in the CP leads to increased levels of intracel-
lular A; this effect seems to be associated, at least in part, with the altered clearance
of AP via its efflux transporter LRP1. Our finding supports the possibility that Pb
exposure eventually exacerbates AD by potentially interfering with Af clearance at

the CP. (Support in part by ES08146 and ES013118)

LEAD EXPOSURE DECREASES COPPER CLEARANCE
FROM THE CEREBROSPINAL FLUID (CSF) BY THE
BLOOD-CSF BARRIER.
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Y. Zhang, M. Behl, Q. Fan and W. Zheng. Purdue University, West lafayette, IN.

Copper (Cu) is essential to a variety of normal body metabolic processes; yet ele-
vated Cu levels can cause systemic or neurological diseases. Our previous study in-
dicates that exposure to lead (Pb) results in a great accumulation of Pb in the
choroid plexus (CP), a tissue where the blood-CSF barrier (BCB)is located. The
current study was designed to test the hypothesis that acute Pb exposure disrupted
Cu transport at the BCB resulting in an increased Cu levels in the CSE Rats re-
ceived an injection of 50 mg Pb/kg daily for 5 days. At the end of exposure, rats
were subjected to an in situ ventriculo-cisternal perfusion of [64Cu] in artificial
CSF along with a space marker [14Clsucrose. At steady state, [64Cu] in the CSF
outflow in Pb-treated animals (58.2+4%) was significantly increased by 13% as
compared to controls (51.6%2%) (p<0.05); Pb treatment, however, did not affect
the outflow of [14Clsucrose, suggesting a decreased Cu clearance by the CP in Pb
exposed rats. Choroidal epithelial Z310 cells were used to further verify this effect.
Cells were incubated with a combination of 2 uM Cu and 0.5 uCi/mL [64Cu] for
1 h followed by treatment with 10 uM Pb for 24h. A 65% increase in intracellular
Cu levels was observed in Pb-treated cells. To study the mechanism, Z310 cells were
grown on Transwell membranes simulating an in vitro BCB model. [64Cu] along
with [14C]sucrose was added to the donor chamber and the radioactivity was de-
termined in the acceptor chamber. Pb treatment did not affect the Cu transport
from the basolateral (blood) side to apical (CSF) side. Interestingly, a decreased
transport of Cu from the apical to the basolateral side with an elevated intracellular
Cu accumulation was observed in Pb-exposed cells (p<0.05). The same treatment
did not affect [14Clsucrose transport, suggesting that Pb treatment did not cause
non-specific leakage across the barrier. Taken together, it appears likely that Pb ex-
posure decreases Cu clearance from the CSF by altering Cu transport across the

BCB. (Support by ES08146)

NEUROTOXIC EFFECTS OF ARSENIC COMPOUNDS:
FROM ION CHANNELS TO BEHAVIOUR.

339

H. Straub’, K. Kriiger', N. Binding® and U. Musshoff'. ' Instizute of Physiology I,
MV onster, Germany and 2 Institute of Occupational Medicine, MV °nster, Germany.
Sponsor: K. Golka.

Arsenic compounds have been shown to disturb cognitive functions in relation to
learning and memory in animals and humans.
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The aim of the present study was to contribute to the understanding of the toxico-
logical mechanisms underlying these findings. Therefore, we investigated the effects
of arsenite (iA-III) and its metabolites monomethylarsonic acid (MMA-V), di-
methylarsinic acid (DMA-V), monomethylarsonous acid (MMA-III) and dimethy-
larsinous acid (DMA-III) on (1) glutamate receptors from rat brains expressed in
Xenopus oocytes, (2) the CAl synapse in hippocampal slices of young and adult
rats, and (3) the one-trial shock motivated passive avoidance response (PAR) of
young rats in a step-through apparatus at postnatal days 32-36 injected previously
with the compounds once at postnatal day 7 or chronically every second day from
P7 - P30.

(1) While MMA-V and MMA-III (10 umol/l) enhanced NMDA-mediated ion
currents, DMA-V and DMA-III reduced them and iA-IIT had no effects. AMPA-
induced ion currents were reduced by MMA-III and DMA-V, while MMA-V and
iA-IIT had no effects.

(2) The induction of LTP was reduced by iA-III in adult and young rats. Compared
to the absent effects of MMA-V and DMA-V on the synaptic transmission, the
trivalent compounds MMA-IIT and DMA-III strongly reduced the amplitudes of
evoked excitatory postsynaptic potentials and of high frequency stimulated LTP at
a concentration of 10 umol/l.

(3) Surprisingly, the passive avoidance learning of young rats was not affected by a
single injection of 6 umol/kg of any of the substances tested and not even by a sin-
gle injection of 28 wmol/kg MMA-IIT or DMA-III. Chronic injections of 28
umol/l iA-IIT or DMA-III also showed no effect, whereas chronic injections of 14
umol/l MMA-III significantly impaired the PAR.

The results show that some organic arsenic compounds, especially the trivalent
metabolites, disturb the function of glutamatergic receptors and synaptic transmis-
sion, but in the concentrations used only MMA-IIT has significant effects on learn-
ing behavior.

EFFECTS OF CALCIUM DISODIUM EDTA ON
MANGANESE TOXICITY IN MITOCHONDRIA AND
NERVOUS SYSTEM OF CRASSOSTREA VIRGINICA.
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S. Crawford, E. Lagares, C. Saddler, D. Samuel, E. Catapane and M. A.
Carroll. Biology, Medgar Evers College, Brooklyn, NY.

Excessive levels of Manganese (Mn) produces Manganism, which is similar to
Parkinsons. Mn may impair dopamine production, disrupt dopamine receptors or
increase mitochondrial oxidative stress. p-Aminosalicylic acid (PAS) alleviates
symptoms of Manganism, but its mechanism of action is unknown. Crassostrea vir-
ginica, has a Mn-sensitive dopaminergic system innervating the gill. We showed
PAS, an anti-inflammatory drug with chelator activities, prevented loss of
dopamine in Mn treated C. virginica and PAS protected against adverse affect of
Mn on mitochondrial O, consumption. The actions of PAS is thought due to its
chelating actions. We compared the efficacy of PAS with another metal chelator,
calcium disodium EDTA (EDTA). Animals were exposed to Mn with and without
EDTA for 3 days. Biogenic amines were measured by HPLC with fluorescence de-
tection. Cerebral ganglia, visceral ganglia and gill were dissected, weighed, homog-
enized, centrifuged, filtered and injected into a HPLC system with a Phenomenex
Gemini 5u C18 column and a Jasco FP 2020 Spectrofluorometer with a50 mM ac-
etate buffer mobile phase. EDTA treatments protected against effects of Mn. In
other experiments gill mitochondria were treated with EDTA or another chelator,
diaminocyclohexanetetraacetic acid (DACH)in the presence of Mn using a YSI
Micro-Biological O, Monitor with micro-batch chambers. Mn caused dose de-
pendent decreases in mitochondrial respiration. Pretreating mitochondria with
EDTA blocked the toxic effects. Adding EDTA to Mn treated mitochondria re-
versed the toxic effects. DACH was not effective in blocking or reversing actions of
Mn and had its own inhibitory effects on mitochondrial respiration. The study
shows the chelator EDTA was an effective blocker against the toxic effects of Mn. It
also provides evidence that ameliorating effects of PAS on Manganism is related to
its chelating actions. These findings provide insights into actions of Mn and PAS in
treatments of Manganism.

EFFECTS OF P-AMINOSALICYIC ACID ON THE
NEUROTOXICITY OF MANGANESE ON THE
DOPAMINERGIC INNERVATION OF GILL OF THE
BIVALVE MOLLUSC, CRASSOSTREA VIRGINICA.
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M. Nelson, T. Huggins, R. Licorish, M. A. Carroll and E. ]. Catapane. Biology,
Medgar Evers College, Brooklyn, NY.

Lateral cilia of gill of Crassostrea virginica are controlled by a dopaminergic-seroton-
ergic innervation. Dopamine is an excitatory neurotransmitter within ganglia, but
an inhibitory transmitter at gill, causing cilio-inhibition. High levels of manganese
(Mn) are neurotoxic to people, causing Manganism, a Parkinsons-like disease.
Clinical interventions for Manganism have not been very successful. Recently, p-




aminosalicylic acid (PAS) was reported an effective treatment of severe Manganism
in humans. PAS is an anti-inflammatory drug with chelating properties. Its mecha-
nism of action is unknown. Previously, we showed short-term treatments of C. vir-
ginica with Mn disrupts the dopaminergic innervation of gill. Here we examined
acute effects of PAS, EDTA and acetylsalicylic acid (ASA) on effects of Mn on gill
innervation, and if effects of a 3 day treatment with Mn could be decreased by
cotreating with PAS. Beating of lateral cilia were measured by stroboscopic mi-
croscopy of gill preparations with the ipsilateral visceral ganglia (VG) attached. For
the acute experiments the cerebrovisceral connective innervating the VG was stim-
ulated using suction electrodes, before and after additions of PAS, EDTA and ASA
to gill. For 3 day experiments animals were treated by removing their right shells
and placing them in containers of aerated artificial sea water containing Mn, PAS,
or PAS plus Mn and tested by superfusion of VG with dopamine. Applying PAS
and EDTA to gill blocked the neurotoxic effects of Mn, while ASA did not. Short
term treatments with Mn produced a dose dependant impairment of the dopamin-
ergic, cilio-inhibitory system which was decreased by cotreating animals with PAS.
The study shows PAS protects the animal against neurotoxic effects of Mn and the
mechanism of action of PAS in alleviating Manganism may be more related to its
chelating abilities than its anti-inflammatory actions.

PERIPHERAL AND CENTRAL INFLAMMATORY
RESPONSE TO LPS CHALLENGE IS POTENTIATED BY
EXPOSURE TO MANGANESE IN THE ABSENCE OF
ENHANCED BRAIN AND LIVER ACCUMULATION.
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N. M. Filipov"?, R.B. Pringle! and L. Bennett’. {CEHS, Basic Sciences,
Mississippi State University, Mississippi State, MS, °Pathobiology and Population
Medicine, Mississippi State University, Mississippi State, MS and? Physiology anad
Pharmacology, University of Georgia, Athens, GA.

Excessive manganese (Mn) exposure can cause manganism, a neurological disorder
that resembles Parkinson’s Disease (PD). Several studies suggest that Mn affects
glial cells resulting in excessive inflammation and that peripheral immune activa-
tion and ensuing inflammation may play a role in neurodegenerative diseases. In an
eatlier study, our objective was to determine the potential interaction between Mn
and a prototypical inflammogen, lipopolysaccharide (LPS) in vivo. We observed
that C57BL/6 mice exposed to Mn (3.5 mg/kg; i.p.) for 12 days (d) and then chal-
lenged with LPS (1.5 mg/kg; i.p.) on d 12 had greater inflammatory response in
both the brain and the periphery relative to mice exposed to Mn or LPS alone.
Importantly, these mice also had the greatest locomotor deficits. In the present
study, the experimental paradigm was repeated with a subset of mice being chal-
lenged with LPS 3 days after the last Mn dose (d 15). In addition, level of inflam-
mation and Mn accumulation was evaluated in the globus pallidus (GP), a known
target for Mn. Our results indicate that (i) Mn accumulation in the GP and several
other brain areas is not affected by LPS, (ii) mice exposed to Mn have heightened
central and peripheral inflammatory responses even when the LPS challenge is 3 d
after the last Mn dose, and (iii) locomotor deficits following LPS are augmented by
the prior Mn exposure. Thus, so long as peripheral inflammation occurs at times of
increased Mn body burden, it may potentiate the neurotoxic effects of this metal.

(Supported by NIEHS ES11654)

MUSCARINIC M3-MEDIATE INTRACELLULAR
CALCIUM CHANGES IS PH SENSITIVE AND
DEPENDANT.

343

H. Wang', A. Martin’, Y. Huang' and R. S. Aronstam'. ' Biological Sciences,
Missouri University of Science and Technology, Rolla, MO and *cDNA Resource
Center, Missouri University of Science and Technology, Rolla, MO.

The level of intracellular calcium is critical in many cell functions, apoptosis, and
metal-induced neurotoxicity. Muscarinic M3 receptor is known to play a role in
regulating intracellular calcium. Enhanced intracellular calcium through this
process is primarily via ER-calcium release (early phase) and via transmembrane
(TM) calcium flux (later phase). Cellular pH status constitutes an important cellu-
lar microenvironment modulating cell functions. We believe that cellular pH may
serve as an important factor which can modulate M3-calcium flux and therefore
cell function or toxicity. Chinese hamster ovary (CHO) cells with transfected-M3
receptor are cultured at various pHs (pH 8.3, 7.4, 6.8, 5.3). These cells were then
challenges by a low (6*10-7 M) or high (10-5M) levels of Carbamylcholine chlo-
ride (CCh), a specific ligand to muscarinic M3 receptor. At pH 8.3, most of the
CHO cells died. Under lower CCH challenge at pH 6.8, the initial peak of intra-
cellular calcium (ER-calcium release) dropped 17% and a 62% reduction in later
TM flux-induced intracellular calcium (plateau level) when compared to those lev-
els at pH 7.4. The intracellular calcium was almost totally suppressed at pH 5.3.
Thus, low pH seemed to suppress intracellular calcium, affecting TM calcium flux

more than ER calcium release. Under challenge by higher level of CCh, high initial

ER calcium releases (1000-1300 nM) were observed at all pH conditions (7.4, 6.8,
5.3). However, at very low pH (5.3), this intracellular calcium concentration failed
to maintain and dropped off rapidly. Thus, strong M3 stimulation can overcome
the suppression effect by lower pH (6.8) for ER-calcium release. However, reversal
on the suppression of intracellular calcium via TM calcium flux by strong M3 re-
ceptor stimulation at very low pH (5.3) is less effective. Thus modulations on mus-
carinic M3 receptor and cellular pH may alter the level of intracellular

calcium.(Suppotted by the MST cDNA Resource Center. www.cdna.org)

CHRONIC MANGANESE EXPOSURE INDUCES
MICROGLIAL DYSTROPHIC CHANGES, INOS
EXPRESSION AND IRON ACCUMULATION IN THE
NON-HUMAN PRIMATE SUBSTANTIA NIGRA.

344

T. Verina', J. S. Schneider” and T. R. Guilarte'. 'EHS, Johns Hopkins University,
Baltimore, MD and” Pathology, Anatomy and Cell Biology, Thomas Jefferson
University, Philadelphia, PA.

Manganese (Mn) exposure at high doses produces cognitive, psychiatric and motor
dysfunctions with symptoms reminiscent of Parkinson’s disease. Several basal gan-
glia nuclei, including the substantia nigra pars reticulata (SNr), have been impli-
cated in the pathogenesis of manganism. Increasing evidence suggests that mi-
croglial activation is involved in development of neurodegenerative disorders. Thus,
we investigated whether Mn-induced neurotoxicity is associated with microglial
changes in the SNr and pars compacta (SNc). We examined microglia in the mid-
brain of Cynomolgus macaques exposed to different weekly doses of Mn (3.3-5.0,
5.0-6.7, 8.3-10 mg Mn/kg; ip). In controls, we observed sparse LN3-positive cells
with fine ramified processes characteristic of resting microglia. On the other hand,
in Mn-treated animals, microglial cells were increased in number and frequently
fused into rod-like cell aggregates. Reactive microglial cells exhibited dystrophic
changes including beading, bulbous spheroids and hypertrophic cytoplasm.
Microglia activation was more prominent in the SNr than in the SNc. We also ob-
served microglia engulfing pyknotic bodies potentially representing either phagocy-
tized cellular remnants and/or apoptotic cells. In the SNr of animals that received
the highest weekly doses of Min, we observed that dystrophic cellular compartments
of activated microglial cells were usually co-labeled with increased INOS expression
and ferric iron. Therefore, it appears that in the SNr of Mn-exposed animals, mi-
croglia become activated, increase iNOS levels and presumably nitric oxide produc-
tion potentially leading to iron release from ferritin. These events can produce neu-
rotoxic effects as well result in microglial injury reducing their capacity to support
normal neuronal functions. Similar microglial dystrophic changes have been de-
scribed in the aging brain and in human neurodegenerative diseases. [Supported by

ES010975 to TRG]

PS 345  VANADIUM CAN SYNERGISTICALLY INCREASE
MANGANESE-INDUCED NEUROTOXICITY IN
DOPAMINERGIC NEURONAL CELLS VIA A CASPASE
MEDIATED PATHWAY.

H. Afesech Ngwa, A. Kanthasamy, V. Anantharam and A. G. Kanthasamy. fowa
State University, Ames, IA.

Chronic exposure to manganese (Mn) is known to cause Parkinson’s disease (PD)
like symptoms. Consequently, there is a growing concern that chronic exposure to
welding fumes may be associated with increased incidences of PD. Welding fumes
contain many different metals, including Mn and vanadium which is typically pres-
ent as vanadium pentoxide (V205). Unfortunately, the possible neurotoxic effects
of V205 are not well characterized. In this study, we examined the effect of V205
on a dopaminergic cell culture model (N27 cells) and characterized the oxidative
signaling events. Our results revealed that exposure to 3-300uM V205 for up to 12
hr resulted in a time- and dose-dependent increase in cell death with the EC50
value determined to be 37uM. Exposure to 40uM V205 resulted in a significant
increase in reactive oxygen species generation, followed by cytochrome ¢ release
from the mitochondria, and activation of mitochondrial-dependent proapoptotic
events such as sequential activation of initiator caspase-9, and executioner caspase-
3. We also found that V205 exposure induced proteolytic cleavage of native pro-
tein kinase CO (PKC)) to yield catalytically active and regulatory fragments with
increased PKC9 kinase activity. Pretreatment with caspase inhibitors blocked
V205-induced proteolytic cleavage of PKC9, demonstrating the role of caspase-3
in kinase proteolysis. Pharmacological attenuation of caspase-3 and PKC9 activity
prior to V205 treatment significantly suppressed increases in DNA fragmentation.
The use of siRNA-mediated knockout of PKC$ effectively blocked V205-induced
apoptosis, further confirming the role of PKCS in the neurotoxicity of V205. We
also found that non-toxic doses of Mn potentiated V2O5-induced neurotoxicity.
Together, our results demonstrate V2O5 alone and synergistically with Mn exert
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neurotoxic effects in a dopaminergic cell model of PD via caspase-3 dependent pro-
teolytic activation of PKC9, suggesting a possible role of vanadium neurotoxicity in

environmentally linked PD (supported by NIH grant ES10586).

346  METHYLMERCURY-INDUCED DEATH IN C. ELEGANS
- AND ITS’ ISOLATED EMBRYONIC NEURONS.

J. Tew', A. Rivera®', R. K. Hajela' and W. D. Acchison'. ' Department

PHM/ Taxzcology Mzchzgan State University East Lansing, MI and ?RISE, Univ

Puerto Rico-Cayey, Cayey, PR.

The nematode Caenorhabditis elegans (C. elegans) is a valuable model organism that
has been used extensively in neurobiology to study neuronal development, and cell
death. C. elegans may provide new insights in studying early developmental and
chronic effects, or cell-specific effects of neurotoxicants. Effects of methylmercury
(MeHg) on lethality and growth in C. elegans were examined. MeHg (5-300 uM)
was applied to the liquid culture medium, and exposure was continuous for 6-48
hrs. Cultures were synchronized so that toxicity could be examined in the larval
(L1-L2) stages. In some experiments, aged worms (L4) were also examined. There
was both a concentration- and time-dependent increase in whole organism toxicity
with MeHg. After 6 hrs, an approximate LC, in the L1-L2 worms was 220 uM;
this was reduced to ~ 100 uM after 12, 24, and 48 hr (approximately 1 generation
time) exposures. Significant differences in body length, an effective measure of
growth, were seen after 6-hr of exposure to MeHg > 100 uM, and at 48 hrs with ex-
posure to MeHg > 5 uM. No difference was seen in lethality between L1-2 and L3-
4 populations. Viability on whole worm populations, even when age-synchronized,
depends on factors other than direct neurotoxicity. Thus, we then assayed viability
using acutely dissociated embryonic neurons in culture. The C. elegans Nw1229
line constitutively expresses GFP tagged to the DPY20 gene in all neurons. After 2-
4 days, when the GFP expression is robust, cells received 1hr MeHg treatment in
the culture medium. Following replating, GFP-tagged cells were assayed for viabil-
ity using ethidium homodimer. Sensitivity to MeHg-induced cell death was
markedly increased in the GFP-labeled neurons, with a significant increase in mor-
tality seen at 1.2 uM. Thus isolation of pan-GFP-expressing neuronal cells permits
examination of MeHg-induced neurotoxicity in C. elegans at concentrations ap-
proximately equal to those of mammalian neurons. Supported by NIH grant
RO1ES03299, a grant from MSU OVPRGS, the RISE Program at UPR-C and
MSU McNair-SROP.

PS 347  ESTROGEN ANTAGONIZES THE PRO-
INFLAMMATORY EFFECTS OF MANGANESE ON
EXPRESSION OF NITRIC OXIDE SYNTHASE 2 (NOS2)
IN ASTROCYTES.

S. McGrath, ]. Moreno and R. Tjalkens. ERHS, Colorado State University, Fort
Collins, CO.

Degenerative movement disorders affecting the basal ganglia, including Parkinson’s
and Huntington’s diseases, are debilitating diseases that affect more men than
women. It is well documented that animal models show the same sex-dependent
neurodegeneration and most evidence indicates that estradiol (E2) is the key neu-
ronal protectant influencing gender susceptibility. However, the mechanism by
which E2 is protective is poorly understood. Manganism, a degenerative movement
disorder caused by excessive accumulation of manganese (Mn) in basal ganglia,
presents with clinical features similar to Parkinson’s disease, but the relative gender
susceptibility to Mn is not well understood. Additionally, epidemiological evidence
suggests that children exposed to moderately high levels of Mn in drinking water
suffer from cognitive deficits (Woolf, Wright et al. 2002) but the gender-specific
risk is similarly unknown. Because astrogliosis and expression of inducible nitric
oxide synthase (NOS2) is a known neuropathological feature of Mn neurotoxicity,
we postulated that E2 might antagonize Mn-dependent induction of NOS2 in as-
trocytes at the level of gene transcription. Astrocytes exposed to 30 uM MnCl2 and
the inflammatory cytokines TNFo. (10 pg/ml) + IFNy (1 ng/ml) had a significant
increase of NOS2 mRNA and protein expression compared to control. Upon 24hr
pre-incubation with 10 uM 17-beta-estradiol, Mn- and cytokine-induced NOS2
mRNA and protein expression was significantly decreased. Additionally, live-cell
fluorescence imaging indicated that E2 effectively prevented activation of NF-kB in
Mn- and cytokine-treated transgenic astrocytes expressing an NF-kB-GFP reporter
construct. Previous studies from our laboratory indicated that NF-xB is a critical
transcription factor mediating expression of NOS2 in response to Mn in astrocytes.
The capacity of E2 to block inflammatory activation of astrocytes and to decrease
expression of NOS2 suggests a potential mechanism for neuroprotection that may
also influence gender susceptibility.
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DIFFERENTIAL GENDER AND STRAIN
SUSCEPTIBILITY TO THE MOTOR EFFECTS
INDUCED BY CHRONIC LOW-LEVELS OF ARSENIC
EXPOSURE IN C57BL/6] AND CD-1 MICE.
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J. H. Limén- Pacheco, U. Bardullas', M. Giordano', L. Carrizales®, S.
Mendoza-Trejo' and V. M. Rodriguez'. ' Neurobiologia Conductual y cognitiva,
Instituto de Neurobiologia, UNAM, Quen ©taro, Mexico and’ Facultad de
Medicina, Universidad Auténoma de San Luis Potosi, San Luis PotosV'=, Mexico.

Although other authors have discussed the differential susceptibility to tumor for-
mation among different mouse strains after As exposure, there is no information re-
lated to differential behavioral and gender susceptibility. Thus, it is important to
study the differential effects of As exposure according to gender and mouse strain in
order to define a better animal model to evaluate the neurotoxic effects of chronic
low-level arsenic exposure. In the present study male and female C57BI/6] and
CD-1 mice were exposed to environmentally relevant doses of 0.05, 0.5, 5.0 or 50
mg As/l of drinking water during four months. Spontaneous locomotor activity was
assessed every month. C57Bl/6] male mice exposed to 0.5 mg As presented hyper-
activity, while the group exposed to 50.0 mg As showed hypoactivity after four
months of exposure. In contrast, C57Bl/6] female mice exposed to 0.05, 0.5 and
5.0 mg As presented hyperactivity after one, two, three and four months of As ex-
posure. CD-1 male mice exposed to 5 and 50 mg As presented hyperactivity after
two, three, and four months of As exposure; while the group exposed to 0.05 mg
As/l showed hyperactivity after four months of exposure. No differences in sponta-
neous locomotor activity were observed in female CD-1 mice at any time point.
These results show important differences in spontaneous locomotor activity associ-
ated to gender and mouse strains. Female C57Bl/6] mice are more susceptible than
male mice; while male CD-1 mice are more susceptible to chronic low-level expo-
sure to As than female mice. This work was supported by grants CONACYT
60662, PAPIIT 214608-19, CONACYT 46-161-M, U. P. Bardullas (228586) and
J.H. Limén-Pacheco (43533) received a fellowship from CONACYT.
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MAGNETIC RESONANCE IMAGING (MRI) AND 'H-
MAGNETIC RESONANCE SPECTROSCOPY (MRS) IN
THE MANGANESE-EXPOSED NON-HUMAN
PRIMATE BRAIN.

L. McGlothan , P.B. Barker, J. S. Schneider’, T.Syversen® and T.R.
Gu1larte Depﬂrtment Em) Hith Sci, Johns Hopkins University School of Public
Healt/;v Baltimore, MD, *Department Radiology, Johns Hopkins Hospital, Baltimore,
MD, ’Department Pzzthol Anatomy & Cell Biol, Thomas Jefferson University
Philadelphia, PA and” Department Neurosci, Norwegian Univ Sciences & Tech,
Trondheim, Norway.

This study is part of a multidisciplinary effort investigating the behavioral, 77 vive

neuroimaging and neuropathological effects of chronic Mn exposure in non-
human primates. It comprises one of the largest cohorts studied using MRI and
MRS. Male research naive Cynomulgus macaques received baseline MRI and MRS
studies prior to Mn administration and at two different time points during the ad-
ministration of weekly doses of Mn. For the MRI studies, a Pallidal Index
Equivalent [PIE; (signal from a brain region/frontal white matter signal)] was meas-
ured in several brain regions including the cerebellar white matter, globus pallidus,
caudate, putamen, thalamus and substantia nigra. The pituitary gland and muscle
surrounding the skull were also measured. A comparison of the PIE indicated in-
creases in the globus pallidus, substantia nigra and putamen as well as the pituitary
gland relative to baseline indicative of increased Mn accumulation. Unexpectedly, a
significant decrease in PIE was measured in the thalamus as a result of Mn expo-
sure. However, if a PIE is calculated using muscle, rather than frontal white matter
as the denominator, all brain regions demonstrate increased PIE during Mn expo-
sure relative to baseline. This observation confirms our previous findings (Guilarte
et al., Tox Sci 94: 351, 2006) that the commonly used Pallidal Index, where the
frontal white matter signal is used as the reference region (denominator), is not an
accurate measure of regional brain Mn accumulation. Preliminary analysis of the
MRS data in post-frontal white matter suggests a transient increase in the
choline/creatine ratio (Cho/Cr). Elevated Cho/Cr ratio is indicative of inflamma-
tion or demyelination. The latter suggests white matter involvement in Mn neuro-

toxicity. [Supported by ES010975 to TRG]

350

B. Weig, H. E. Lowndes and K. R. Reuhl. Pharmacology and Toxicology, Ruzgers
University, Piscataway, NJ.

RESPONSE OF NEURAL STEM CELLS TO
TRIMETHYLTIN INJURY IN THE MURINE
HIPPOCAMPUS.

Stem cells in the developing mammalian brain migrate from the ventricular zone to
form secondary sites of neurogenesis that persist in the adult: the subventricular

zone (SVZ), and the hippocampal subgranular zone (SGZ). SVZ cells occupy the



anterolateral wall of the lateral ventricles and continuously produce neuroblasts that
migrate to the olfactory bulb to create new olfactory neurons. SGZ stem cells mi-
grate into the granule cell layer to form new granule cells in the hippocampus den-
tate gyrus. The response of SVZ and SGZ stem cells to hippocampal injury was
studied in two-month old male C3H mice treated with the selective limbic system
neurotoxicant trimethyltin (TMT). The fluorescent carbocyanine dye spDil was
injected unilaterally into the lateral ventricle of mice to label migrating SVZ cells.
Bromodeoxyuridine (BrdU; 80 mg/kg; ip.) was administered to only label prolifer-
ating cells prior to injury. The mice were then dosed with TMT (2.7 mg/kg; ip) and
brain sections taken 7 or 28 days later. Very few spDil+ cells were found in the hip-
pocampus of uninjured animals, though there tended to be an increased number of
cells at 28 days (p=0.0523). TMT injury had no effect on the number of BrdU+ or
spDil+ cells in the hippocampus at 7 days. However, 28 days after TMT injury
there was nearly a 4-fold greater number of spDil+ cells in the hippocampus. The
spDil+ cells were localized throughout the dentate gyrus, including the subgranular
zone. TMT injury also appeared to prevent the loss BrdU+ cells in the hippocam-
pus that occurred in uninjured animals 28 days after labeling. Very few spDil+ cells
(<15%) had co-labeled with BrdU. Phenotypic markers for astrocytes (GFAP) or
neurons (NeuN) rarely co-localized with spDil+ cells indicating a limited potential
for terminal differentiation, suggesting the majority (>85%) may remain in an un-
differentiated state. This study suggests that SVZ cells are stimulated to migrate
into the TMT-injured hippocampus dentate gyrus and that injury may promote the
survival of new cells. (Supported by ES011256, ES05022, and ES07148).

351 MOLECULAR AND GENETIC ANALYSIS IN A NOVEL
. MODEL OF METHYLMERCURY NEUROTOXICITY.
N. VanDuyn', R. Settivari', L. Chen®, A.Braun” and R. Nass'. P/Jarmﬂcology

and Toxicology, Indiana University School of Medicine, Indianapolis, IN,
Zoa/ogy/Deve/opmmtal Neurobiology, Otto von Guericke University, Magdeburg,
Germany and? Genetics, Cell Biology, and Development, University of Minnesota,
Minneapolis, MN.

Methylmercury (MeHg) exposure from occupational, environmental and food
sources is a significant threat to public health. The toxin easily passes the blood
brain barrier and can cause severe psychological and neurological problems.
Although MeHg poisonings have been studied for decades, the molecular determi-
nants involved in the cellular pathology are largely unknown. We have developed a
novel model of methymercury toxicity in the genetically tractable nematode C. ele-
gans. We show that MeHg exposure confers animal death at low concentrations,
and that the sensitivity is partially dependent on growth medium. Consistent with
vertebrate studies, growth in the presence of selenium dramatically rescues the
MeHg-induced death, and this effect is dependent on a live bacteria food source.
Developmental defects are also observed as older larvae exposed to non-lethal doses
of MeHg show a significantly decrease in brood size. Exposure of younger larvae to
similar concentrations of MeHg results in over a 2-fold delay in development.
Whole genome microarray and real-time PCR results show a very strong induction
of specific heat shock proteins and glutathione transferases following exposure to
MeHg. In particular, gst-38 is significantly upregulated at both the mRNA and
protein levels following MeHg exposure, and this upregulation can be surpressed by
coexposure with selenium. Gene expression studies also indicate a significant in-
duction of genes involved in electron transport, cell growth and protein folding.
Overall these studies suggest that C. elegans is a powerful model system to explore
the molecular basis of MeHg toxicity. We will also describe our current work in
mammalian neuron cultures that builds on our in vivo studies, as well as our pre-
liminary results from a novel genome-wide screen to identify mediators and sup-
pressors of the MeHg neurotoxicity.

EVALUATION OF TELLURIUM TOXICITY IN RAT
HIPPOCAMPAL ASTROCYTES.

352

S. Roy and D. Hardej. Pharmaceutical Sciences, St. John’s University, Jamaica, NY.

Tellurium (Te), a trace element, is present in the earth’s crust, seawater, soil and also
in body fluids such as blood and urine. Plants can also accumulate Te from the soil.
This element is widely used in the electronics industry, photography, in the vulcan-
ization of rubber and in pesticides. Occupational and environmental exposure is
common, and yet little is reported about cytotoxic effects of tellurium compounds.
Several studies have reported that both organic and inorganic tellurium compounds
exhibit toxicity in rats by causing peripheral neuropathy resulting from demyelina-
tion. This effect is attributed to inhibition of squalene epoxidase, an enzyme neces-
sary for cholesterol biosynthesis. Teratogenic and hematologic disorders have also
been reported. Limited studies have addressed its potential adverse effects to the
central nervous system. The purpose of this study was to evaluate toxic effects of
diphenyl ditelluride and tellurium tetrachloride in rat hippocampal astrocytes.
Cells were grown to 90% confluency and treated for 24 hrs. with the following con-
centrations of each compound: 250, 125, 62.5,31.25, 15.625,7.8125, 3.90, 1.95,

0.98, 0.49, 0.24 uM. Cell viability was measured by MTT Assay. Significant de-
creases in cell viability were seen at all concentrations tested for both compounds.
Viability studies were confirmed with light and scanning electron microscopy.
Cellular distortion involving loss of processes and plasmalemmal alterations includ-
ing cytoplasmic blebbing were observed in concentrations of 125, 62.5, 31.25,
15.625 uM. In order to investigate whether cell injury was accompanied by lipid
peroxidation, a thiobarbituric acid reactive substance (TBARS) assay was per-
formed using concentrations of 125, 62.5, 31.25, 15.625 uM for both compounds.
Lipid peroxidation was not observed in astrocytes treated with either of the com-
pounds and cellular injury does not appear to involve peroxidative processes.

REDUCED ATMOSPHERIC MANGANESE IN
MONTREAL FOLLOWING REMOVAL OF
METHYLCYCLOPENTADIENYL MANGANESE
TRICARBONYL (MMT).
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. Zayed', A.Joly', J. Lambert’, C. Gagnon’, K. Szyncel', G. Kennedy® and D.
Mergler5 ' Department of envzronmemﬂl and occupational health, University of
Montreal, Montreal, QC, Canada, *Department 0fSomzl and Preventive Medicine,
University of Montreal, Mam‘rml QC, Canada, *Montreal Urban Community,
Montreal, QC, Canada, “De, epartment of Engineering Physics, Pol)/tecmc School,
Montreal, QC, Canada and’ CINBIOSE, University of Quebec in Montreal,
Montreal, QC, Canada.

Methylcyclopentadienyl Manganese Tricarbonyl (MMT) was used as an antiknock
agent and as an octane booster in Canadian unleaded gasoline. Its combustion leads
to Mn emissions. Considering that MMT is no longer used in the Canadian gaso-
line since 2003, the objective of this research was to examine the variations in at-
mospheric Mn in Montreal (Canada) from 2001 to 2007, covering the period prior
to and following MMT use. Three sampling stations were selected because their
proximity to roads with widely differing and well-known traffic. Filters from 2001
to 2007 were obtained. The first sample of each month was selected and Mn analy-
sis was performed by neutron activation analysis. TSP (total suspended particulates)
was calculated by weighing the filters before and after dust collection. Results show
a significant decrease of Mn over time at each station, while TSP decreased signifi-
cantly in two stations, with one showing a trend. Comparing atmospheric Mn dur-
ing and after the period of use of MMT 2001 — 2003 vs 2005 — 2007 showed a sig-
nificant decrease at all stations. For TSP, only one station showed borderline
significant difference between these two periods. The difference between the two
periods shows 41% and 17% of decrease for Min and TSP, respectively. These data
suggest that the combustion of MMT led to an increase of airborne Mn of approx-
imately 24%. These results should help in decision-making processes leading to the
acceptance or rejection of the use of MMT in gasoline in other countries.

EFFECTS OF CHELATING AGENTS ON MANGANESE
AND CADMIUM ACCUMULATIONS IN GILL OF
CRASSOSTREA VIRGINICA.

354

S. Murray, M. Yates, Y. Perdomo, M. A. Carroll and E. ]. Catapane. Biology,
Medgar Evers College, Brooklyn, NY.

Manganese (Mn) is needed for normal physiological functions, but high amounts
are toxic and cause Manganism, which is similar to Parkinsons disease. Both condi-
tions disrupt dopamine neurons. Cadmium (Cd) has no known biological func-
tions. In humans it adversely affects kidney, liver and lung by inducing apoptotosis
or carcinogenesis. Routes of exposure include cigarette smoke and ingestion of Cd
contaminated food. Cd pollution is widespread in aquatic environments and ma-
rine animals accumulate cadmium in their tissues. p-Aminosalicylic acid (PAS) is
being used to alleviate symptoms of Manganism in humans. PAS is an anti-inflam-
matory drug with chelating ability. The ability of PAS to ameliorate symptoms of
Manganism is postulated to be due to its chelating actions. We showed PAS was ef-
fective in reducing Mn accumulations, but not Cd accumulations in oyster gill.
Sodium EDTA (EDTAna) was moderately effective in reducing Cd accumulations.
In clinical setting, calcium EDTA (EDTAca) is the preferred form for metal chela-
tion therapy. This study sought to compare the efficacy of various chelating agents
on Mn and Cd accumulations. We incubated gills of Crassostrea virginica for 10
hours with Mn or Cd, followed by 3 day treatments with the metal chelators, di-
aminocyclohexanetetraacetic acid (DACH), EDTAna or EDTAca. Mn and Cd lev-
els were measured using electrothermal vaporization with deuterium lamp back-
ground correction in an Atomic Absorption spectrophotometer with a THGA
graphite furnace. All 3 chelating agents reduced Mn accumulations. DACH was
most effective, followed by EDTAca and EDTAna. Low concentrations of
EDTAna did not reduce Cd accumulations; however, higher concentrations of
EDTAna were moderately effective. The EDTAca was significantly more effective
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in reducing Cd accumulations, especially at low concentrations. The study shows
the chelating agents are effective in reducing Mn and Cd accumulations and sup-
ports the hypothesis the mechanism of action of PAS in treatment of Manganism is
related to its chelating abilities.

NEUROTOXIC EFFECTS OF ARSENITE IN
ASTROGLIAL AND NEURONAL MODELS:
MECHANISMS INVOLVED IN DIFFERENTIAL
SUSCEPTIBILITY.

355

Y. Castro Coronel"?, J. Robledo , L. Ramirez-Martinez', A. Ortega, L. Del
Razo” and E. Lopez—Bay hen'. ' Department . Genética y Biol. Mol., Cinvestav-IPN,
Mexico DE Mexico and “Seccién Externa de Toxicologia, Cinvestav-IPN, Mexico DE
Mexico.

Chronic exposure to inorganic arsenic produces toxic damage in CNS, disrupting
neurological functions. Glutamate (Glu), being the main excitatory neurotransmit-
ter is critically involved in these events. Glu levels are tightly regulated through
Na+-dependent Glu transporters in order to avoid its well-characterized excitotoxic
effects. In order to gain insight into the molecular mechanisms of arsenite toxicity,
we analyzed the effects of arsenite exposure in Glu transport. To this end, arsenite
was applied in epidemiologically relevant doses (< 5 uw M) to conﬂuent neuronal
and glial cultured cells, and Glu transport was evaluated through a [’H]-D-aspar-
tate uptake assay. The human neuroblastoma SH-SY5Y and the rat glioma C6 cell
lines as well as a Bergmann glia primary culture were used. Arsenite exposure re-
duced the uptake activity in glial cultures whereas in the neuronal cell line an in-
crease in uptake was found. It has been reported that oxidative stress can severely af-
fect Glu transporters; therefore we evaluated lipid peroxidation in glial cells;
however no correlation was found since arsenite did not induce lipoperoxidation in
these cells, although we did observe an increase in glutation levels. Proliferation and
activation of p53 were also evaluated under arsenite exposure. An increase in p53
protein levels and its DNA binding activity was found both in neuronal and glial
cells in a dose-dependent manner. Interestingly, arsenite exposure significantly de-
creased the proliferation rates in C6 and SH-SY5Y cells. These results strongly sug-
gest that Glu accumulation and p53-dependent transcriptional regulation partici-
pate in the molecular mechanisms of arsenite neurotoxicity. Supported by

CONACyT 50414

RELATIONSHIP BETWEEN BLOOD MANGANESE-
IRON RATIO AND EARLY ONSET NEUROBEHAVIORAL
ALTERATIONS.

356

D. M. Cowan W. Zheng’, Y. Xou®, X. Shi®, J. Chen®, E S. Rosenthal” and
Q. Fan’. IChemstk Bau/der, CO, SC/?OH/ 0me/t/9 Sciences, Purdue University,
West Lafayette, IN, Departmmt of Occupational Medicine, Zunyi Medical College,
Zunyi, Guizhou, China and Guizhou Institute of Occupational Safety and Health,
Zunyi, Guizhou, China.

A biomarker for early onset neurobehavioral alterations in manganism remains un-
known. The purpose of this study was to use a neurobehavioral test battery to iden-
tify subtle changes in Mn-induced motor and memory dysfunction and to relate
the quantifiable neurological dysfunction to an established Mn exposure index such
as blood Mn-Fe ratio (MIR). A total of 323 subjects were recruited to control
(n=106), low (122), and high (95) exposure groups. The test battery consisted of
standard procedures including the nine-hole and groove-type steadiness tester,
Benton test, and Purdue pegboard. No health problems or clinically diagnosed
neurological dysfunctions were observed except for increased blood pressure in
Mn-exposed smelters. Benton test did not reveal any abnormal memory deficits
among Mn-exposed smelters, nor did the groove and nine-hole tests detect any ab-
normality in dynamic and static steadiness in tested subjects. Purdue pegboard test
showed a remarkable age-related decline in fine movement coordination among all
study participants regardless of the Mn exposure condition. Mn exposure signifi-
cantly exacerbated this age-related decline. Statistical modeling revealed that the
plasma and erythrocyte MIR (pMIR and eMIR, respectively) were associated with
Purdue pegboard scores. Among all subjects whose MIR were above the cut-off
value (COV), pMIR was significantly correlated with pegboard scores (r=-0.261,
p=0.002), whereas for those whose age were above 40 years the eMIR, but not
pMIR, was associated with the declined pegboard performance (r=-0.219,
p=0.069). When both factors were taken into account (age >40 and MIR > the
COV), only pMIR was inversely associated with pegboard scores. Combining their
usefulness in Mn exposure assessment, we recommend that the blood Mn-Fe ratio
may serve as a reasonable biomarker not only for judgment of Mn exposure but
also for health risk assessment.
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DECREASED DMT1, TF AND HEPCIDIN GENE
EXPRESSIONS IN LEUCOCYTE OF MANGANESE
EXPOSED WORKERS.
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Manganese (Mn) is widely used in several industries including the manufacture of
steel. Increased uptake of Mn leads to manganism, mainly resulting in progressive
neurological disorders, similar to Parkinson’s disease. Previous literature suggests
that there are a set of common genes involved in the absorption, transportation and
metabolism of Mn and iron (Fe) and Mn exposure alters Fe metabolism. This study
was designed to test the hypothesis that workers exposed to Mn had an altered ex-
pression of genes involved in Fe metabolism in the leucocyte. A Mn exposed group
(n=62), working in a Mn-Fe alloy factory was compared to non-Mn-exposed (con-
trol) workers (n=39) from a pig iron plant in Zunyi City, China. The working en-
vironment of both groups were similar except for a difference in airborne Mn con-
centrations. The geometric mean of Mn concentrations in the air of the
Mn-exposed and control workers was 0.003 mg/m3 and 0.18 mg/m3, respectively.
A real-time RT PCR was used to determine mRNA levels of divalent metal trans-
porter 1(DMT1), transferrin (TF), transferrin receptor (TfR) and hepcidin in the
leucocyte. Mn concentrations in the plasma and in the erythrocytes were analyzed
by AAS. Results revealed a significant decrease in the expression of DMT1, TF and
hepcidin genes in Mn-exposed workers by 77.9%, 80.7% and 90.1%, respectively,
as compared to controls. There was no significant difference observed in TfR levels.
By adjusting for age, sex and cumulative exposure, the expressions of DMT1, TF
and hepcidin genes were inversely correlated with the Mn concentrations in the
erythrocytes; their Spearman r are -0.22, -0.18, - 0.24, respectively (all p values
were <0.01). In summary, Mn exposure decreases the expressions of DMT1, TF
and hepcidin in the leucocytes. Further studies are warranted to elucidate the
mechanism of Mn action.( DOD W81XWH-05-1-0239, NIH/NIEHS ES-
08164,and China NSF 30760209 ).
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Glutamine (Gln) plays an important role in the CNS as an energy metabolite and
as a precursor of neurotransmitters: excitatory glutamate (Glu) and inhibitory -
aminobutyric acid (GABA). Previous studies have shown that astrocytic Gln trans-
port is impaired following manganese (Mn) exposure. The present studies were per-
formed to investigate the hypothesis that Gln transporter expression dysregulation
by Mn plays a role in neurotoxicity. mRNA expression and protein level of Gln
transporters belonging to the systems: N (SNAT3, SNAT5), ASC (ASCT2), A
(SNAT2) and L (LAT2) was studied in rat neonatal primary astrocyte cultures ex-
posed to Mn. Significant (p<0.01) inhibition of SNAT3 mRNA expression was ob-
served after incubation of cells with 1000 uM Mn for 4h and with 500, 1000 uM
Mn for 8h and 24h. Expression of the mRNA coding for SNAT?2 and LAT?2 was in-
hibited at 100, 500 and 1000 uM Mn after 8h and 24h treatment. Mn exposure
didn’t affect expression of mRNA coding for SNATS and ASCT?2 transporters. 500
uM and 1000 uM Mn caused decreased SNAT3 protein level after 1h and 4h and
degradation after 8h and 24h of treatment. Incubation of astrocytes with Mn re-
sulted also in decreased protein level of SNAT2 (after 4h, 8h and 24h treatment
with 1000 uM Mn and after 8h and 24h treatment with 500 uM Mn) as well as
LAT?2 (after 8h and 24h exposure for 500 uM and 1000 uM Mn). Treatment of the
cells with Mn didn’t change neither SNATS nor ASCT2 protein levels. Taken to-
gether, these studies demonstrate that Mn causes disability of astrocytic Gln trans-
port by decrease in Gln transporters genes expression. These alternations can di-
minish the availability of precursor for synthesis of Glu and GABA in neurons,
leading to decrease in these neurotransmitters neuronal pools, a phenomenon
known to be associated with Mn toxicity. This work was supported by Public
Health Service of National Institute of Health Grant ES007331.
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Methylmercury (MeHg) is a significant environmental contaminant that will con-
tinue to pose great risk to human health. A number of studies suggest that oxidative
stress mediates MeHg-induced neuronal damage. NF-E2-related factor 2 (Nrf2)

MANGANESE MODIFICATION OF GLUTAMINE
TRANSPORT IN PRIMARY ASTROCYTES.

METHYLMERCURY-INDUCED OXIDATIVE STRESS IN
CULTURED ASTROCYTES LEADS TO NRF2
ACTIVATION AND NUCLEAR TRANSLOCATION.




was identified as a major regulator of cytoprotective genes in oxidative damage.
Under normal conditions, Nrf2 in the cytoplasm is bound to Keap1. In the pres-
ence of oxidative stress, the Keap1-Nrf2 complex dissociates and Nrf2 translocates
into the nucleus. Upon activation, Nrf2 upregulates the expression of genes associ-
ated with antioxidant responses. In our study, we investigated the protective effects
of Nrf2 in response to MeHg exposure in astrocytes. Primary astrocytes were pre-
pared from cerebral cortices of one-day-old Sprague-Dawley rats. MeHg toxicity in
astrocytes was assessed by lactate dehydrogenase (LDH) leakage into the culture
medium. Cytotoxicity was determined by measuring the conversion of a tetra-
zolium salt (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide,
MTT) to a formazan product. Apoptosis was assessed by measuring caspase-3 ac-
tivities. Cells were treated with MeHg at 1 or 10uM for 1, 8, or 16h, then whole-
cell, or nuclear and cytoplasmic Nrf2 expression levels were assessed by western blot
analysis; nuclear translocation of Nrf2 was examined by immunocytochemistry
staining with laser confocal microscopy. Our results showed that MeHg led to a sig-
nificant increase LDH release, MTT reduction and activation of caspase-3 (p<0.05
by ANOVA). These effects were significantly attenuated by the antioxidants ebselen
or trolox (p<0.05). MeHg treatment (8 and 16 hrs) significantly (p<0.01) amplified
Nirf2 levels by 3-5 fold and Nrf2 translocated to the nucleus. These results indicate
that MeHg exerts its neurotoxicity through oxidative stress and activation of the
Nrf2-ARE pathway in astrocytes is likely associated with protection against oxida-
tive damage caused by MeHg.

ANTIOXIDANTS INFLUENCE METHYLMERCURY-
INDUCED OXIDATIVE REACTION IN PRIMARY
CULTURED ASTROCYTES.
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Methylmercury (MeHg) is a well-documented neurotoxin in animals and humans.
It is well established that MeHg preferentially accumulates in astrocytes, affecting
their ability to induce and/or exacerbate neuronal dysfunction. The present study
was designed to test that MeHg activates stress related proteins and that its effects
can be attenuated by antioxidants. Astrocyte oxidative damage and inflammatory
reaction were detected by measuring protein expression using antibodies to DJ-1,
Caspase-3, TRPM2 and PPAR. DJ-1 is as an antioxidant protein or a redox sensor
in oxidative stress. TRPM2 is a membrane protein that can be activated by oxida-
tive stress and confers susceptibility to cell death. PPARs are nuclear hormone re-
ceptors that can be triggered by various compounds including prostaglandins in re-
sponse to inflammatory reaction. Western blotting analysis and immunofluorescent
assays were employed. The potentiometric dye tetramethylrhodamine ethyl ester
(TMRE) was used to probe mitochondrial membrane potential (Ay}m). Results
showed a significant (p<0.05) reduction of DJ-1 expression and caspase-3 activa-
tion in cultured astrocytes exposure to MeHg at 10 uM. Pre-treatment of ebselen or
trolox partially reversed the MeHg effects, maintaining DJ-1 expression and cas-
pase-3 activation at levels indistinguishable from controls. A significant (p<0.05)
increase in TRPM2 immunofluorescence was also observed upon exposure to
MeHg, consistent with activation of oxidative reaction. The presence of PGJ2, an
anti-inflammatory reagent, significantly (P<0.05) reduced the activation of
TRPM2. MeHg significantly (p<0.05) increased PPARY expression, suggesting in-
creased inflammatory response. The administration of PGJ2 maintained the ex-
pression of PPARy indistinguishable from controls. TMRE imaging demonstrated
that MeHg resulted in collapse of Aym (p<0.05 vs. control), ebselen or trolox par-
tially reversed this effect of MeHg. These results indicate that induction of oxidative
damage, inflammatory reaction and associated mitochondrial dysfunction repre-
sent important mechanisms of MeHg neurotoxicity.
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Methylmercury (MeHg) is a toxicant having detrim