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HERBALS AND DIETARY SUPPLEMENTS IN ATHLETIC
PERFORMANCE ENHANCEMENT: FACT VS. FICTION.

7 1

"

T. S. Tracy. University of Minnesota, Minneapolis, MIN. Sponsor: A. Fuciarelli.

Herbal products and dietary supplements have been used for years in an attempt to
enhance athletic performances. However, this usage has not always been based on
scientific data. Recent tragic cases, such as those involving ephedra supplements,
have highlighted the need for an unbiased assessment of available data and addi-
tional research into their actions and effects. This presentation will discuss the vari-
ous products used for athletic performance enhancement such as ephedra, an-
drostenedione and androgens, creatine, gamma hydroxybutyrate, dimethylglycine,
and others. Their promoted uses, purported mechanism of action, adverse
effects/toxicities, and available clinical data will be presented to provide a perspec-
tive of what is known and areas in need of additional research. Additionally, the
current regulatory status will be discussed and what factors may impact upon
changes in this status.

BASIC NEUROTOXICOLOGY.

2

W. Slikker, Jr', S. L. Schantz’, M. G. Paule', E. C. Tlffany—Castlghom and J. 2.
o Callaghan INﬂtzona/ Center fyr bezm/ogzm/ Research, Jefferson, AR, Unwerszly

j[l/mozx Urbana, Urbana, IL, ° Texas ASM University, College Station, TX and
CDC-NIOSH, Morgantown, WV,

Neurotoxicity may be defined as any adverse effect on the structure or function of
the central and/or peripheral nervous system by a biological, chemical, or physical
agent. Adverse effects can include both unwanted effects and any alteration from
baseline that diminishes the ability of an organism to survive, reproduce or adapt to
its environment. Neurotoxic effects may be permanent or reversible, and may result
from direct or indirect actions on the nervous system. A multidisciplinary approach
is necessary to assess neurotoxicity due to the complex and diverse functions of the
nervous system. Many of the relevant effects can be measured by neurobiological,
neurophysiological, neuropathological or behavioral techniques, as well as epidemi-
ological approaches. After a general overview of neurotoxicity assessment from
genes to human response, this basic course will present in greater depth the meth-
ods used to study populations, individual animals, cells, and genomes. Each speaker
will review the basic concepts underlying the methodological approach presented.
Selected neurotoxicants, including heavy metals, polyaromatic hydrocarbons, and
drugs of abuse, will be used to illustrate principles. The first two lectures will ad-
dress neurotoxic effects as studied by epidemiology in human populations and be-
havioral assessment in animal models, respectively. The next lecture will address the
cellular responses of neurons, astrocytes, and oligodendrocytes to neurotoxicants.
The course will be concluded with a description of a molecular approach to neuro-
toxicology including genomics. This course will be of interest to a broad range of
scientists including drug developers, pharmacologists, neuroscientists, psycholo-
gists, regulators, and toxicologists.

3 TOOLS FOR FUNCTIONAL GENOMICS (PM10
a REPEATED).

H. 1 Swanson', E.D. Thompson , Y. Tian? and K. Kim'. IUmuemty of
Kentucky, Lexington, KY and Texas AGM University, College Station, TX.

The goal of this course is to discuss cutting-edge tools and techniques that may be
used in ascribing hierarchical, functional analyses of gene products following DNA
microarray experiments. First, we will discuss the advantages and disadvantages of a
variety of pharmacological and molecular tools (i.e., antagonists, dominant nega-
tive approaches, siRNA). We will also discuss the means by which the molecular
tools may be introduced into the cell or animal model, including the use of retro-
and adenoviruses. Our second presentation will use data obtained in the laboratory
to demonstrate the approaches that are typically used for determining whether the
observed changes in mRNA of the gene product of interest occurs at the transcrip-
tional or post-transcriptional levels. The third presentation will focus on use of the
chromatin immunoprecipitation (CHIP) assay to demonstrate whether candidate
transcription factors are involved in the regulation of the gene product of interest.
Finally, our last presentation will introduce a novel approach, chemical genetics,
that may be used to either activate or inactivate target gene products in able to dis-
cern their functional role(s) either the toxic or disease-related events.

4 OF MICE AND MAGNETS: METABONOMICS

- TECHNOLOGY IN SAFETY ASSESSMENT.

D. G. Robertson', L. D. Lehman-McKeeman?, J. D. Baker® and D. A.
Casciano”. ' Pfizer Global Research é‘Deﬂelapment Ann Arbor, M[ °Bristol Myers
Squibb Company, Princeton, NJ, *Pfizer, Inc., Ann Arbor, MI and ?*National Center
for Toxicological Research, Jefferson, AR.

Although metabonomics as a technology has been in the literature for over a
decade, it is only in the past 3 to 4 years that the technology has gained widespread
attention within the industrial sector. Metabonomics as a topic was introduced to
the Society in a well-received sunrise mini-course in 2000. This was followed by a
highly attended IAT symposium and poster session on metabonomics at the 2002
meeting. The technology has reached the level of maturity such that a full CE
course is called for. The objectives of this basic level course will be to introduce the
technology to SOT members unfamiliar with it, emphasizing the strengths and
weaknesses of the technology in a practical way. The presentations will be from a
toxicologist’s perspective - communicating essential principles, but will avoid NMR
and statistical jargon. The course will be primarily from a pharmaceutical develop-
ment point of view, but will be broad enough to provide useful information for
anyone interested in the technology.

5 FUNCTIONAL FLOW CYTOMETRY: APPLICATIONS IN
- TOXICOLOGY (PM12 REPEATED).

C. D. Bortner', D. Laskin®, N. I. Kerkvliet’ and S. W. Burchlel4 ' NIEHS,
Research Triangle Park, NC, Rutger: University, Piscataway, NJ, 2 Oregon State
University, Corvallis, OR and * University of New Mexico, Albuguerque, NM.

Flow cytometry provides a powerful tool for analyzing multiple characteristics of
individual cells in a complex mixture of cell types without having to physically sep-
arate the cells. Yet, even though each cell is examined individually, the flow cytome-
ter can process thousands of cells within a few seconds, allowing superior sampling
of the population as compared to microscopic counting. The myriad of phenotypic
and functional characteristics of cells that can be measured by flow cytometry con-
tinues to expand with the development of novel fluorescent probes to a variety of
cellular components. The field of immunotoxicology has been greatly influenced by
the use of flow cytometry with applications ranging from screening for toxic effects
on immune cells to elucidating the mechanisms of toxic action on specific subpop-
ulations of cells. However, other areas of toxicology are beginning to recognize the
value of flow cytometry for mechanistic investigations as well. To address this grow-
ing interest, the intent of this course is to introduce the audience to novel applica-
tions of flow cytometry that have been used to assess tissue injury and mechanisms
of toxicity at the whole animal, cellular, and biochemical levels. Although the con-
text of many of the examples will emanate from immunotoxicology studies, each
speaker will focus less on the immunology and more on the methods used in their
studies that are broadly applicable to other areas of toxicology. Examples of meth-
ods to be covered include: apoptosis, oxidative stress, membrane integrity and flu-
idity, cell cycling using carboxyfluorescein (CFSE), and cell signaling.

UNDERSTANDING LIFESPAN CHANGES IN FORM
AND FUNCTION OF THE FEMALE REPRODUCTIVE
SYSTEM TO ASSESS AND INTERPRET TOXICITY.

6

P. M. lannaccone', P E. Blackshear, J. M. Cline® and P.J. Wier®. ? Northwestern
Unwemty, Chicago, IL, *Integrated Laboratory Systems, Inc., Research Triangle Park,
NC, >Wake Forest University School of Medicine, Winston-Salem, NC and
4Glﬂx05mzt/7](lme) King of Prussia, PA.

This course reviews the basic morphology and endocrinology of the female repro-
ductive system in rodents and primates as a basis for interpreting toxicity. Each of
the 4 lectures will emphasize fundamental changes and vulnerabilities of the repro-
ductive tract over the lifespan of the female. Both rodent and non-human primates
will be discussed with respect to relevance to humans. The first lecture covers em-
bryological development of the female reproductive system and will include key de-
velopmental and molecular events with an emphasis on timing of events in rodents
and primates and potential periods of susceptibility to toxicity. The second lecture
details the morphology and endocrinology of the female reproductive tract in ro-
dents and will relate hormones and histology of the adult rodent reproductive tract
from the onset of puberty to reproductive senescence and important sites of toxic-
ity. The third lecture details the morphology and endocrinology of the female re-
productive tract in nonhuman primates with emphasis on similarities and differ-
ences to rodents. The final lecture will combine the information of the first lectures
and analyze issues of study design, endpoints to examine and interpretation of re-
sults in assessing female reproductive toxicity data.
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THE SAFETY ASSESSMENT OF PROTEINS:
APPLICATIONS TO AGRICULTURAL
BIOTECHNOLOGY.

7

B. Petersen’, J. Kough®, M. Pariza® and J. D. Astvvood4 ! Exponent, Inc.,
Washington, DC, ZUSEPA Washington, DC, >University of Wisconsin-Madison,
Madison, WI and * Monsanto Company, St. Louis, MN. Sponsor: B. Hammond.

Biotechnology has made it possible to introduce proteins into food crops to achieve
desired biological effects. Introduced proteins can impart important agronomic
properties such as tolerance to topically applied herbicides to control weeds or pro-
tection of food crops against insect pest damage. Enzymes can be introduced into
food crops that enhance the existing production of essential nutrients, or introduce
nutrients into food crops that have potential health benefits. Proteins are also pro-
duced by microorganisms via fermentation such as enzymes used in food process-
ing or pharmaceuticals (i.e. somatotropins) used to enhance the efficiency of milk
production in dairy cows. A group of experts in the field of protein safety assess-
ment will share their experience and learnings. The subject of protein allergy assess-
ment will not be covered in this course as it has been thoroughly addressed in other
courses and workshops held at SOT meetings. Toxicologists who attend this course
will have a better understanding of the safety assessment strategies that have been
developed for proteins in relationship to food safety. These strategies will differ in
some respect from traditional safety testing approaches used for chemical xenobi-
otics that come in contact with food.

. 8 SAFETY PHARMACOLOGY AFTER ICH S7A & S7B.

A. Bass', P Siegl’, D.]. Murphy’, S. Lmdgren and L. B. Kinter’. *Schering
Plough Research Institute, Kenilworth, N] 2Merck Research Labs, West Point, PA,
5Glax05mzt/71(/me, King of Prussia, PA, *AstraZeneca Pharmaceuticals, Sodertalje,
Sweden and? AstraZeneca Pharmaceuticals, Wilmington, DE.

Safety Pharmacology evaluations for human pharmaceuticals are dramatically rede-
fined following implementation of International Conference on Harmonization
Guidances S7A (2000), and finalization of S7B (anticipate in 2003). Those guide-
lines mandate evaluations for new drugs for unintended effects on cardiovascular,
respiratory, and central nervous system functions (S7A core battery), renal and elec-
trophysiological aspects of the cardiac repolarization (S7B) in support of phase I
(first in man) programs. This introductory course will familiarize participants with
rationale and tactics for modern safety pharmacology evaluations for expeditious
development of human pharmaceuticals. An international faculty will present
strategies for successful implementation of the core battery evaluations, including
critical experimental endpoint, criteria for species selection, study design alterna-
tives, dose selection, data analysis and interpretation, Animal Welfare and Good
Laboratory Practice (GLP) issues. The Course will be of broad interest to both aca-
demic and industrial SOT Members engaged in pharmaceutical safety assessment
and risk management.

9 SKIN SENSITIZATION AND ALLERGIC CONTACT

a DERMATITIS.

L Kimber', D. A. Basketter’, G.E Gerbenck3 and D. M. Sailstad*. 'Syngenta,
Macclesfield C/Je:hzre, United Kingdom, °Unilever Research US Inc., Bedﬁrdsbzre,
United Kingdom, *Procter & Gamble Company, Cincinnati, OH and *USEPA,
Research Triangle Park, NC.

Skin sensitization resulting in allergic contact dermatitis is a very common occupa-
tional and environmental health problem and is without doubt the most common
manifestation of an immunotoxic response. As a consequence there is a need to
identify and characterize skin sensitization hazards and for accurate risk assessment
paradigms. The last decade has witnessed very significant advances in our under-
standing of the cellular and molecular mechanisms that are associated with, and re-
quired for, the induction of skin sensitization and the elicitation of allergic contact
dermatitis. In parallel there has been a growing appreciation of the characteristics
that confer on chemicals the ability to cause allergic sensitization and the nature of
apparent inter-individual differences in susceptibility. Such advances have trans-
lated into new opportunities for hazard identification, for assessment of relative
skin sensitizing potency and for the development of new approaches to risk assess-
ment. This basic continuing education course will describe for a general audience
the immunobiology and chemistry of skin sensitization and clinical aspects of aller-
gic contact dermatitis. This will be followed by a description of the methods avail-
able for hazard identification and for the determination of potency, approaches to
risk assessment and the current global regulatory environment. This course will be
of interest to immunotoxicologists, dermatotoxicologists, those involved in the
safety assessment of chemicals and regulatory toxicologists. The course is sponsored
jointly by the Dermal Toxicity and Immunotoxicology.
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TOOLS FOR FUNCTIONAL GENOMICS (AM03
REPEATED).

10

H. 1. Swanson', E. D. Thompson Y. Tian® and K. Kim". Unwemty of
Kentucky, Lexington, KY and Texas AdM University, College Station, TX.

The goal of this course is to discuss cutting-edge tools and techniques that may be
used in ascribing hierarchical, functional analyses of gene products following DNA
microarray experiments. First, we will discuss the advantages and disadvantages of a
variety of pharmacological and molecular tools (i.e., antagonists, dominant nega-
tive approaches, siRNA). We will also discuss the means by which the molecular
tools may be introduced into the cell or animal model, including the use of retro-
and adenoviruses. Our second presentation will use data obtained in the laboratory
to demonstrate the approaches that are typically used for determining whether the
observed changes in mRNA of the gene product of interest occurs at the transcrip-
tional or post-transcriptional levels. The third presentation will focus on use of the
chromatin immunoprecipitation (CHIP) assay to demonstrate whether candidate
transcription factors are involved in the regulation of the gene product of interest.
Finally, our last presentation will introduce a novel approach, chemical genetics,
that may be used to either activate or inactivate target gene products in able to dis-
cern their functional role(s) either the toxic or disease-related events.

n 11 COMPUTATIONAL BIOLOGY, DOSE & RESPONSE.

l”

. W. Fisher', M. Craven ., D. McMillen® and M. E. Andersen Unwerszly of
Georgia, Athem, GA, *University of Wisconsin, Madison, W1, > University of Toronto
at Mississauga, Mississauga, ON, Canada and YCIT Centers Jfor Health Research,
Research Triangle Park, NC.

The past 40 years witnessed increasing emphasis on development of computational
simulation models, including physiologically based pharmacokinetic (PBPK) and,
on a more limited scale, physiologically based pharmacodynamic (PBPD) models
for biological responses. The fidelity of model parameters with actual biological
processes has steadily increased in concert with the explosion of basic biological in-
formation. Today computational biology and computational toxicology are under-
going rapid evolution to keep pace with the enormous expansion of our biological
knowledge base. A variety of new computational tools and new software are avail-
able for computation and the breadth of problems accessible to computational
analysis in biology has also increased. The insights derived from computational ap-
proaches in biology will influence research strategies to develop biologically based
dose-response (BBDR) models in toxicology/pharmacology and undoubtedly form
the basis of the next generation of mechanistic approaches for risk and safety assess-
ments. This session consists of 4 talks covering (1) recent progress in PBPK model-
ing of xenobiotic and endogenous compounds, (2) development of new computa-
tional tools to examine cellular signaling networks, (3) modeling approaches for
examining relationships between cellular circuitry and cellular function and (4) the
possibility that cellular circuits may be regarded as targets for toxic responses. The
session is designed to capture the status, current directions and future opportunities
of computational biology that are likely to influence toxicological research strategies
and risk and safety assessment.

FUNCTIONAL FLOW CYTOMETRY: APPLICATIONS IN
TOXICOLOGY (AM05 REPEATED).

12

l”

C. D. Bortner', D. Laskm, N. I. Kerkvliet® and S. W. Burchlel4 !NIEHS,
Research Triangle Park, NC, Rutgerx University, Piscataway, NJ, Oregon State
University, Corvallis, OR and” Umvemty of New Mexico, Albuquergue, NM.

Flow cytometry provides a powerful tool for analyzing multiple characteristics of
individual cells in a complex mixture of cell types without having to physically sep-
arate the cells. Yet, even though each cell is examined individually, the flow cytome-
ter can process thousands of cells within a few seconds, allowing superior sampling
of the population as compared to microscopic counting. The myriad of phenotypic
and functional characteristics of cells that can be measured by flow cytometry con-
tinues to expand with the development of novel fluorescent probes to a variety of
cellular components. The field of immunotoxicology has been greatly influenced by
the use of flow cytometry with applications ranging from screening for toxic effects
on immune cells to elucidating the mechanisms of toxic action on specific subpop-
ulations of cells. However, other areas of toxicology are beginning to recognize the
value of flow cytometry for mechanistic investigations as well. To address this grow-
ing interest, the intent of this course is to introduce the audience to novel applica-
tions of flow cytometry that have been used to assess tissue injury and mechanisms
of toxicity at the whole animal, cellular, and biochemical levels. Although the con-
text of many of the examples will emanate from immunotoxicology studies, each
speaker will focus less on the immunology and more on the methods used in their




studies that are broadly applicable to other areas of toxicology. Examples of meth-
ods to be covered include: apoptosis, oxidative stress, membrane integrity and flu-
idity, cell cycling using carboxyfluorescein (CFSE), and cell signaling.

ADRENAL GLAND: MECHANISMS OF TOXICITY AND
CARCINOGENESIS.

7 13

o

G. L. Foley', C.C. Capen® A.S. Tischler’ and J. D. Obourn®. IPﬁzer Global
Research & Development, Ann Arbor, MI, *Obio State University, Columbus, OH,
3Tuﬁ5 New England Medical Center, Boston, MA and 4Pﬁzer Global Research &
Development, Groton, CT.

The adrenal gland is a common target organ in safety assessment studies. Many
times adrenal changes are attributed to “stress, “ because this organ produces gluco-
corticoid hormones and catecholamines. However, that simplistic interpretation ig-
nores the complexity of this organ, of which a fuller understanding will facilitate
the ability of toxicologists to investigate potential alternative mechanisms of action.
For instance, the adrenal gland has a cortex with three defined zones (zona
glomerulosa which produces mineralcorticoids; zona fasciculate which produces
glucocorticoids; and, zona reticularis which produces sex steroids) and a medulla
which contains chromaffin cells which synthesize catecholamines (predominantly
epinephrine and norepinephrine). The goal of this continuing education course is
to illustrate the various physiological roles of the adrenal gland, to provide several
examples of toxicity including carcinogenicity, and to illustrate the tools necessary
to investigate mechanisms of adrenal toxicity. The first speaker will review the phys-
iology of the adrenal gland, focusing on the hypothalamic-pituitary-adrenal axis
that regulates adrenal cortical function and the sympathetic control of adrenal
medullary function. In addition, the comparative anatomy of the adrenal gland will
be discussed, focusing on the common species used in toxicology studies (mouse,
rat, dog, primate). The second and third speakers will build upon the physiology of
the adrenal by describing mechanisms for adrenal cortical and medullary toxicity
and carcinogenesis. These speakers will highlight mechanisms of toxicity, illustrate
methods to assess adrenal toxicity, and discuss human relevance. The last speaker
will provide a case study where the mechanism of adrenal cortical tumors induced
by a selective estrogen receptor modulator (SERM) was elucidated and how this in-
formation was applied in assessing risk to patients.

LIFE AS A TOXICOLOGIST - A GRADUATE STUDENT
AND POSTDOC PRIMER TO CAREERS IN
TOXICOLOGY.

14

D. Robinson® and R. J. Gerson'. ' Endo Pharmaceuticals, Chadds Ford, PA and
*Worldwide Safety Sciences, Pfizer Global R&D, New London, CT.

The proposed course will familiarize graduate students and post-docs with the day-
to-day responsibilities, scientific challenges and activities of practicing Toxicologists
in various professional fields of employment. The symposium will include presen-
tations by Toxicologists from the Chemical/Agro Chemical, Pharmaceutical,
Contract & Consulting arenas as well as Toxicologists from the EPA and FDA. The
purpose of these presentations will be to familiarize aspiring Toxicologists with the
specific activities and scientific challenges associated with these careers in
Toxicology and provide perspective on career choices in Toxicology. Each presenta-
tion will include specific case studies of how Toxicology data are used and inte-
grated within the specific career discipline. This course offering is designed to pro-
vide insight to Toxicology graduate students and post-docs as they begin to ponder
their careers following their graduate/post-graduate education.

THE ROLES OF A TOXICOLOGIST IN A
PHARMACEUTICAL COMPANY.

15

M. V. Kindt. Safety Assessment, Merck & Co., West Point, PA.

Toxicologists serve in a variety of roles in the preclinical development of pharma-
ceutical products. They conduct laboratory research in specialty areas such as acute,
genetic, developmental and reproductive toxicology, as well as, general/chronic tox-
icity, safety pharmacology, and toxicokinetics. This research can range in focus from
methodology development to drug candidate safety evaluation to mechanism-based
research. For example, the toxicologist on general/chronic toxicity studies would
likely be involved in study design, data interpretation (eg. body weight, food con-
sumption, physical sign, clinical pathology, and electrocardiogram data), and report
preparation. When adverse effects are identified with the drug development candi-
date, efforts may shift to mechanistic studies designed to determine the effects’s im-
portance for clinical development of the compound. Toxicologists may also serve as
study directors for nonclinical safety studies, i.e., as the central point of overall con-
trol and responsibility for the study. The study director integrates the antemortem,

postmortem, and toxicokinetic data from the study. Finally, toxicologists also often
represent their non-clinical safety department on interdepartmental teams that
oversee the development of drug development candidates from basic chemistry
through clinical trials. As the compound or product manager, the toxicologist
works closely with the synthetic chemists to address impurity issues, with formula-
tion chemists to approve vehicles for nonclinical and clinical use, and with clini-
cians to design a nonclinical program that will support the clinical development of
the drug candidate. Often the toxicologist as compound/product manager is re-
sponsible for preparing regulatory documents and for representing in the company
in discussions with regulatory agencies. General examples will be provided for illus-
tration.

THE ROLE OF TOXICOLOGY IN THE DEVELOPMENT
OF HUMAN THERAPEUTICS - AN FDA PERSPECTIVE.

16

A. Weir. FDA/Center for Drug Evaluation and Research/ODE VI, Rockville, MD.

The Food and Drug Administration (FDA) has five centers regulating food and
medical products intended for use in humans and animals. Each center has career
opportunities for toxicologists, with the Center for Drug Evaluation and Research
(CDER) providing opportunities to those interested in regulating human therapeu-
tics such as small molecular-sized drugs and biotechnology-derived products (e.g.
monoclonal antibodies and therapeutic proteins) intended for the treatment of var-
ious medical conditions, and more recently as defense against bioterrorism. Before
starting clinical trials in humans, pharmaceutical companies must submit an inves-
tigational new drug application (IND) to CDER for a scientific team comprised of
a toxicologist, a physician, and a chemist to review. A typical IND has data from a
variety of toxicology/related studies, a protocol for the clinical trial, and data defin-
ing the product’s chemistry and manufacturing. The toxicologists evaluate the de-
sign of the toxicology/related studies, identify toxicities, recommend safe doses for
the clinical trial, and communicate issues to their review team and to their counter-
parts in pharmaceutical companies. After clinical trials are initiated, the toxicolo-
gists review additional studies needed to support the continued safety of clinical tri-
als and, ultimately, the approval of the product after a biological licensing
application (BLA) or new drug application (NDA) is filed with CDER. The wide
variety of studies submitted with an IND and BLA/NDA, which will be illustrated
by a sample data set, gives toxicologists the opportunity to develop specialized skills
in areas such as toxicokinetics, reproductive toxicology, and immunotoxicity.
CDER gives toxicologists the opportunity to actively participate in the develop-
ment of therapeutic products, to keep pace with the cutting edge technology be-
hind new therapies and their safety evaluation, and to actively engage in regula-
tory/scientific decision-making at the national and international level.

ENVIRONMENTAL PROTECTION AGENCY:
SCIENTIFIC CHALLENGES.

17

V. Dellarco. Office of Pesticide Programs, USEPA, Washington DC, DC.

The USEPA (EPA) is responsible for remediating the damage done to the natural
environment, establishing standards to ensure a cleaner environment, and the pro-
tection of ecosystems and human health. EPA employs approximately 18, 000 peo-
ple in the program offices, regional offices, and laboratories. More than half are sci-
entists, engineers or environmental protection specialists from a wide range of
disciplines such as biology, chemistry, ecology, epidemiology, hydrology, oceanogra-
phy, statistics/computer science, and toxicology. Implementation of environmental
laws requires many different kinds of skills. Some programs have staff scientists who
conduct health risk assessments on pollutants (e.g., Office of Air, ozone; Office of
Water, arsenic; Office of Pesticide Programs, carbaryl). Other program office scien-
tists may be involved in the development of standard test protocols or policy and
guidance documents, or develop databases and risk tools that are used to identify
and analyze human health or environmental effects. Some EPA scientists are re-
sponsible for managing major environmental programs such as drinking water dis-
infection by-products. Some have chosen to go into management and supervision
of other scientists. Additionally, there are EPA scientists who conduct fundamental
research. For example, scientists in the National Health and Environmental Effects
Laboratory (located in Research Triangle Park, NC) are investigating the potential
human health effects of exposure to environmental agents. Some of the things that
attract scientists to EPA are the challenge of solving complex problems, contribut-
ing to environmental decision-making and working to protect the environmental
and human health (frequently interacting with scientists from different disciplines
inside and outside of EPA), and the constant learning of new science. A case study
will be provided to illustrate how EPA uses toxicity and mode of action information
to determine the potential human risks associated with exposure to environmental
chemicals.
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LIFE AS A TOXICOLOGIST IN THE CHEMICAL AND
AGROCHEMICAL INDUSTRY.

18

M. S. Bogdanffy. DuPont Haskell Laboratory, Newark, DE.

Toxicology is a broad interdisciplinary field made even more diverse by its intent to
understand chemical-induced harm in all sectors of society. In the chemical and
agrochemical industries, the products are also quite diverse but there are two issues
that are constant. First, many of the products and process intermediates are haz-
ardous dictating a high level of concern for product safety. Second is the high de-
gree of regulatory oversight expected by society and imposed on the industry by
various governments. Consequently, life as a toxicologist in the chemical and agro-
chemical industry is very much driven by issues of workplace safety and environ-
mental regulatory approvals necessary for freedom to operate. With the globaliza-
tion of economies these hurdles become a maze of international regulatory
complexities that the toxicologist must navigate. Toxicology testing, research and
consulting are all part of the job although for all but the largest of chemical and
agrochemical companies, much of the testing and research are farmed out to con-
tract research organizations or universities. Therefore, in addition to good problem
solving skills that make use of broad toxicology expertise, project management is an
important component of the corporate toxicologist’s life. Hands-on study director
responsibilities and laboratory research opportunities exist for toxicologists of the
larger chemical and agrochemical companies. Toxicologists of agrochemical compa-
nies frequently migrate to international product registration positions. The diver-
sity of products and issues that a toxicologist in the chemical and agrochemical in-
dustry must attend to leave ample opportunity for very interesting and often
long-term involvement in programs of product stewardship. This presentation will
illustrate many of the day-to-day and year-to-year challenges facing a toxicologist in
this industry by following the story of a high production volume carcinogenic
chemical, the development of research to understand its mode of action and how
this information impacts regulatory decision-making.

ON THE SERVICES SIDE: LIFE AS CRO SCIENTIST AND
CONSULTANT.

19

D. J. Kornbrust. Consultant, Reno, NV,

The contract research organization (CRO) industry presents a wide range of career
opportunities. Many of these institutions cater to the needs of the pharmaceutical
industry, in terms of providing support for drug development programs, although
some are more oriented towards assisting chemical companies. Services provided
can range across the entire spectrum of nonclnical activities that comprise a thera-
peutic development program, from manufacturing operations to formulations to
the performance of pharmacology, toxicology and pharmacokinetic studies that en-
able clinical testing of prospective pharmaceuticals. In general, the scientists within
CROs are commonly referred to as “study directors” (SD). The role of the SD is to
develop protocols and oversee the implementation, conduct and reporting of non-
clinical studies that are “placed” with the CRO by the “Sponsor”. This experience
can differ substantially from that of a similar scientist role within a pharma or
chemical company mainly with respect to the diversity of projects. The tradeoff is
that opportunities to become deeply immersed in a project and obtain continuity
of experience with individual programs are limited. Another distinguishing aspect
of this line of work is that, as the SD develops skills and experience, he/she may be-
come increasingly drawn into business development activities, possibly to an extent
that dictates diminishing involvement with the basic science. Consequently, good
business acumen and communication skills are highly valued in this industry. A
background in the pharmaceutical industry combined with CRO experience can be
an excellent springboard to move to independent consulting. Of course, one must
develop a wide array of skills and be sufficiently “seasoned” to be successful in this
endeavor, and there is considerable competition. To illustrate how projects can
evolve from a basic service contract to a consulting role, an example of a program
involving preclinical development of a biologic agent (human clotting factor) will
be discussed.

li’ 20 TAKING COMMAND OF YOUR CAREER.

L. M. Kamendulis' and W. A. Toscano®. ' Division of Toxicology, Indiana University
School of Medicine, Indianapolis, IN and” Division of Environmental and
Occupational Health, University of Minnesota School of Public Health, Minneapolis,
MN.

An important mission of the Placement committee is to expand the traditional
service role to that of a resource for career development issues for all career stages.
This career development workshop, targeted at entry- to mid-career SOT members,
addresses issues related to setting and achieving career goals in a dynamic and tech-
nical field. Many mechanisms exist for career advancement, however, the tools and
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skills needed to advance are not always realized. The technical tools and prowess to
keep on the cutting edge may often times get lost as increased managerial demands
and other responsibilities are placed on individuals. The presentations in this work-
shop will focus on: How to take charge of your career to assure success, how to chal-
lenge oneself intellectually and scientifically in a subject matter for which one has
both expertise and interest, how to garner and maintain the tools and skills neces-
sary skills to make career advancements, and anticipating future trends in
Toxicology. An interactive panel discussion, directed by questions from the audi-
ence will follow the presentations.

KEEPING SKILLS UP TO DATE.

w
. E. Manautou. School of Pharmacy, University of Connecticut, Storrs, CT.

Staying competitive early in your professional career is essential in order to maxi-
mize your career growth opportunities. Since many avenues exist to maintain this
competitive edge, it is key to develop a strategy to take advantage of all available re-
sources while maintaining your current work responsibilities. Several widely avail-
able resources exist to develop your strategy and include attending continuing edu-
cation classes, developing a scientific network with external colleagues, gathering
information from recruiters seeking to place individuals with your expertise, and es-
tablishing career mentors. While solidifying your early and mid-career goals, it is
important to expand your scientific and technological expertise as well. Staying cur-
rent with the scientific literature is fundamental to keeping abreast of scientific
knowledge and emerging technologies, however, other approaches such as engaging
in scientific collaborations and sabbaticals provide excellent avenues to expand your
scientific skills.

SEEKING MID AND LONG TERM CAREER GOALS:
PERSPECTIVES OF AN INDUSTRY TOXICOLOGIST.

22

. Bus. TERC, Dow Chemical Co., Midland, MI.

One of the most exciting, but also most challenging aspects of a career in toxicology
is that it potentially can touch all disciplines of biology. In an industry environ-
ment, toxicologists often are directed into two broad carcer options. These are: 1)
being an expertise leader in one of the primary subdisciplines of toxicology, e.g.,
neurotoxicity, developmental toxicity, etc.; and 2) providing generalized toxicology
expertise in support of business units, i.c., using your expert knowledge to guide
business decisions on safety of products or processes. Several considerations can
greatly facilitate choices that ultimately lead to satisfying and rewarding careers.
Successful careers are always accompanied by technical excellence; lifelong learning
and curiosity is essential and expected. Attention to development of communica-
tion and interpersonal skills, however, are equally important to expanding the
breadth of available career options. Since the science of toxicology is very multidis-
ciplinary, taking full advantage of professional networks is also essential to defining
future career options. Seeking early opportunities to build relationships with
trusted mentor(s) are critical. Mentors may be found through activities pursued
within professional societies, within trade associations, or colleagues within your
institution. Finally, toxicologists seeking careers within industry must develop a
passion for applying the highest quality science to protecting the health of workers,
customers and the public.

23 LEADERSHIP - STEERING YOUR CAREER TO ACHIEVE
SOCIETAL AND PERSONAL GOALS AND THE
WONDERFUL THINGS YOU LEARN ABOUT YOURSELF
ALONG THE WAY.

V. P. Wilson. Brown University, Providence, RI. Sponsor: W. Toscano.

Inspiring others to follow your vision to a better future is leadership. Some people
are born with the qualities of leadership, but many others must learn to cultivate
their abilities to become leaders. The rapidly changing scientific environment of
toxicology provides novel challenges to emerging leaders. An effective leader must
have a vision of the scientific and societal implications of modern toxicological sci-
ences. This presentation will focus on how to develop and demonstrate effective
leadership skills. Topics will include qualities of leadership in academic, govern-
ment and industrial positions; how to motivate colleagues; and the use of leadership
skills in career advancement.



24 MAINTAINING TECHNICAL SKILLS WHILE RISING
THROUGH MANAGEMENT.

L. D. Lehman-McKeeman. Discovery Toxicology, Bristol-Myers Squibb, Princeton,

N

As practicing toxicologists gain knowledge and experience, evolving career oppor-
tunities increasingly make demands on time or take scientists completely away from
direct involvement in research or technical issues. As such, it is difficult to sustain a
technical focus while assuming greater management or other leadership responsibil-
ities within an organization. In order to find a balance between these often-com-
peting priorities, it is first essential to recognize that no one person can do every-
thing, and decisions on what is personally and professionally fulfilling and
rewarding must be a deliberate choice. This is also a decision that all scientists need
to re-examine and re-evaluate periodically. When a scientist decides that maintain-
ing a technical focus is important, it is imperative to focus on sustaining a learning
environment. In particular, this means that it is necessary to challenge oneself to
continue to learn and to expand expertise into new technical areas. Whereas this is
personally beneficial, it also helps to foster a learning environment within the larger
organization. It is also essential to hire good researchers to work with you and to
help and courage them to learn, grow and assume more responsibility as well.
Coaching and mentoring good scientists provides them with the opportunity to ex-
pand their skills and is usually a long-term investment in the overall capacity of the
laboratory or organization. Finally, it is important to learn from others, by asking
questions, engaging in dialogue and discussion and being challenged to think about
issues from different points of view. In the end, personal and organizational devel-
opment is enhanced and job satisfaction is high.

25 TRANSDISCIPLINARY RESEARCH: RIDE THE WAVE.
. Barrett, ]. S. Wiest and L. Bennett. Center for Cancer Research, National Cancer
Institute, National Institutes of Health, Bethesda, MD.

The exponential rate at which discoveries are being made has resulted in science be-
coming more and more complex. In order to meet the challenges presented by this
complexity, the new generation of independent investigators needs to work collab-
oratively; the time of the independent investigator working in isolation is vanish-
ing. Today scientists will benefit from developing a solid understanding of the
translational research process; moving discoveries made in the laboratory through a
developmental process and into the clinical setting. No individual can be an expert
in all areas of science, but by employing team science and exploiting scientific ad-
vances an individual can contribute to major scientific discoveries. Current training
strategies should include plans for participating in transdisciplinary science. Having
this expertise will provide the insights necessary to assemble a multidisciplinary
team to tackle a problem and will empower the individual to establish himself or
herself as a leader on a project and to assume the responsibility to make sure
progress is made. Similarly, the necessity of contributing to a project for which one
may not have a lead role will be appreciated. These strategies will be critical for rec-
ognizing contributions toward project success and for receiving the rewards that en-
able the science to move forward.

STEROID INACTIVATION: ALTERNATIVE
MECHANISMS OF ENDOCRINE TOXICITY.

26

L. You. CIIT Centers for Health Research, Research Triangle Park, NC.

Normal reproductive development depends on the action of steroid hormones at
specific tissue sites. Agents interfering with this process can elicit malformation or
malfunction in the reproductive tract or other organs that rely on steroids to main-
tain normal physiology. While effects mediated by the steroid receptors have thus
far been most extensively studied as targets for xenobiotic endocrine modulation,
the consequences of increased or decreased inactivation of hormone ligands in rela-
tion to overall endocrine functions are less known. Many of the enzymes that con-
trol steroid biotransformation are responsive to xenobiotic induction. These en-
zymes include steroid hydroxylases that are members of the cytochrome P450
(CYP) family and the conjugation enzymes of sulfotransferases (ST) and uridine
diphosphate-glucuronosyltransferases (UGT). Cloning and characterization of the
nuclear receptor CAR and PXR in recent years have greatly improved the under-
standing of how some key members in the CYP enzyme family are transcriptionally
regulated. Exposure to CAR and PXR receptor activators leads to up-regulation of
CYP2B and 3A, which utilize steroid hormones as substrates. Similarly, xenobiotics
can cause changes in the transcriptional control of ST, leading to alteration of its
regulation on the bioavailability of free steroids. While these enzymatic changes
may account for enhanced steroid metabolism, the physiological and toxicological
consequences of such enzyme effects will require more assessment.

27 XENOBIOTIC INTERFERENCE WITH HORMONE
— TRANSPORT PROCESSES.

G. A. LeBlanc. Environmental & Molecular Toxicology, North Carolina State
University, Raleigh, NC.

The clearance of steroid and other hormones from critical target organs is regulated
by enzymes that modify the mobility of the hormone. These enzymatic biotransfor-
mations also can target the hormone to active transporters that facilitate elimina-
tion of the hormone. Many of these enzymes and transporters also are involved in
xenobiotic processing and are induced by chemical exposure through the regulatory
action of xenobiotic sensors such as CAR and PXR. Such xenobiotic-mediated in-
creases in these activities can result in enhanced elimination of some homones. For
example, thyroid hormone (T4) is cleared from the body through its conjugation to
glucuronic acid. This process is mediated by the glucuronosyl transferase enzyme
UGTT1 and is induced in response to CAR and PXR activators. Exposure of rats to
some PCBs causes a significant increase in T4 glucuronidation and a commensurate
decrease in serum T4 levels. Such effects of PCBs have been associated with cogni-
tive deficits in exposed human populations. Xenobiotics also may suppress steroid
modulating proteins resulting in increased levels of hormone. For example, acyl
CoA-testosterone acyltransferase is responsible for conjugating fatty acids to testos-
terone. These conjugates have a prolonged half-life and are sequestered within lipid
stores in the body for subsequent use. This enzyme is sensitive to inhibition by the
biocide tributyltin. In the mud snail, Ilyanassa obsoleta, the inhibition of testos-
terone-fatty conjugation by tributyltin results in elevated testosterone levels. The
increased testosterone is causally associated with an intersex condition whereby fe-
males express male sex characteristics. This endocrine toxicity has been demon-
strated in over 150 snail species worldwide and is causally associated with environ-
mental levels of tributyltin. Understanding the coordinated regulation of steroid
biotransformation and transport proteins and their susceptibility to modulation by
xenobotics may facilitate identification of modes of endocrine toxicity of many
xenobiotics.

THE NUCLEAR RECEPTOR CAR IN REGULATION OF
ESTROGEN METABOLISM.

28

M. Negishi. LRDT, NIEHS, Research Triangle Park, NC. Sponsor: L. You.

CAR and other xenosensors, such as PXR, may form a regulatory network that gov-
erns endocrine homeostasis by altering the levels of steroid-metabolizing enzymes
such as CYP2B, CYP3A, SULT and UGT1AL. In response to steroid hormones, in
addition to xenobiotics, CAR activates genes that encode those enzymes. Estradiol
and estrone at pharmacological doses activated both mouse and rat CAR but not
human CAR in cell-based transfection assays, while non-estrogenic metabolites es-
triol, estetrol and the synthetic diethylstilbestrol could not activate CAR. On the
other hand, testosterone repressed CAR activity. Estrogen also elicits nuclear accu-
mulation of CAR in mouse liver and primary hepatocytes. As estrogens and andro-
gens have opposing actions on CAR, their endogenous role in CAR regulation was
examined by ovariectomization and castration of female and male mice, respec-
tively. Ovariectomy did not alter the level of CAR in the nucleus indicating that en-
dogenous estrogen does not regulate CAR, whereas castration increased both basal
and E2-induced CAR levels suggesting that endogenous androgen may repress
CAR in male mice. These results suggested that CAR may play a role in regulating
the levels of active estrogens.

29 MOLECULAR REGULATION OF HEPATIC

= SULFOTRANSFERASES.

M. Runge-Morris. [nst. Environment Health Sciences., Wayne State University,
Detroit, MI.

Sulfonated metabolites of thyroid hormone and estradiol are receptor inactive.
Therefore, hormone metabolism by sulfotransferase enzymes represents a critical
check-point for the control of bio-active intra-tissue hormone levels. Several of the
cytosolic sulfotransferases function as key components of intra-hepatic steroid me-
tabolism. For example, hepatic aryl sulfotransferase (SULT1A1) is responsible for
sulfonating xenobiotic phenols, and thyroid hormone, as well as a variety of thera-
peutic agents such as acetaminophen, minoxidil, and estradiol at pharmaceutical
concentrations. Hydroxysteroid sulfotransferase (SULT2A) catalyzes the sulfona-
tion of xenobiotics, bile acids and the most abundant adrenal androgen in humans,
dehdyroepiandrosterone (DHEA). The consequences of DHEA sulfonation are
multifaceted. In mice, DHEA-3-beta-sulfate was reported to induce peroxisome
proliferator gene expression, an effect that was ablated in PPAR-alpha knock-out
mice. More recently, DHEA and DHEA-sulfate were shown to activate the expres-
sion of target genes through the constitutive androstane receptor transcription fac-
tor. Because of their important roles in xenobiotic detoxication and in the regula-
tion of intra-tissue hormone homeostasis, it is critical to achieve a clearer
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understanding of the transcription factor machinery that regulates sulfotransferase
gene expression. Our laboratory has demonstrated that glucocorticoid-inducible rat
hepatic SULT2A gene transcription occurs as a result of glucocorticoid receptor,
pregnane-X-receptor, and liver-enriched CCAAT binding enhancer protein-medi-
ated mechanisms. We have also implicated a role for steroid-sensitive nuclear recep-
tors in the transcriptional control of SULT2A gene expression in primary cultured
human hepatocytes. In parallel studies, we demonstrated that glucocorticoid-in-
ducible hepatic SULT1A1 gene transcription occurs as a result of a classical gluco-
corticoid receptor-mediated mechanism. These investigations provide a foundation
for future work on the integrated role of nuclear receptors and liver-enriched tran-
scription factors in the molecular regulation of hepatic sulfotransferases.

d 30 NUCLEAR RECEPTOR PXR- AND CAR-MEDIATED
INDUCTION OF STEROID BIOTRANSFORMATION
ENZYMES AND RELATIONSHIP WITH

REPRODUCTIVE DEVELOPMENT.

L. You, H. B. Hoffman, A.R. Laughter, E.]. Bartolucci-Page, S. Kirwan and
M. E. Wyde. CIIT Centers for Health Research, Research Triangle Park, NC.

The actions of steroid hormones are maintained in part through a dynamic regula-
tion of ligand bioavailability. Steroid hormone inactivation occurs at the liver as
well as at target tissues. In the liver, steroid hydroxylation is mainly mediated by cy-
tochrome P450 (CYP) family enzymes and conjugation by the sulfotransferases
(ST) and uridine diphosphate-glucuronosyltransferases (UGT). These enzymes
have wide spectra of endogenous and exogenous substrates including steroid hor-
mones. Hepatic enzyme inducers can enhance the inactivation of pharmacological
steroids, leading to diminished bioavailability and therapeutic efficacy. Whether
such enzyme inducers can affect steroid-dependent physiology though altering the
availability of endogenous steroid hormones is less clear. We conducted studies to
evaluate the potential of xenobiotics to impact reproductive development through
induction of liver enzymes. Several compounds, including DDE, phenobarbital
(PB), and pregnenolone 16a-carbonitrile (PCN) were demonstrated to induce mul-
tiple hepatic biotransformation enzymes, partly due to their ability to activate the
nuclear receptor constitutive androstane receptor (CAR) and pregane X receptor
(PXR). These nuclear receptors are transcriptional regulators for several hepatic en-
zymes catalyzing steroid hydroxylation and conjugation. We observed altered bio-
transformation of injected testosterone in castrated rats treated with these enzyme-
inducing compounds. However, administration of PB, PCN, and other liver
enzyme inducers during the pubertal stage did not result in discernible interference
with pubertal sexual development in male rats. Our data suggest that, while induc-
tion of hepatic enzymes would result in altered biotransformation for steroid hor-
mones, regulatory mechanisms for steroid homeostasis in intact animals may be
able to adapt to such enzyme induction. (Supported by the Long-Range Research
Initiative of the American Chemistry Council.)

ASSURANCE OF ANIMAL WELFARE IN RESEARCH:
COEXISTENCE OF TOXICOLOGY STUDIES WITH
HUMANE ENDPOINTS.

31

S. M. Lasley' and J. I. Everitt*. IDepm*fmmt of Biomedical & Therapeutic Sciences,
University of Illinois College of Medicine, Peoria, IL and ZCompamrive Medicine &
Investigator Support, GlaxoSmithKline, Research Triangle Park, NC.

In the performance of toxicology studies, whether for purposes of product safety
testing or identifying mechanisms of toxicant action, it is necessary to incorporate
multiple regulatory, scientific, humane, and ethical factors into the use and care of
laboratory animals. This Workshop will provide a forum for discussion of these var-
ious factors from different vantage points to better inform the audience, particu-
larly with respect to utilization of humane endpoints. These issues are of timely im-
portance because of continually increasing regulatory oversight of animal care and
use, and thus this forum will be of broad interest to toxicologists. Consideration of
these factors will be addressed from the standpoint of regulatory requirements and
the types of data that must be submitted (Schechtman). A veterinary medicine per-
spective will be presented, highlighting the development of humane endpoints and
their use to determine when study interventions are necessary (Stokes). The role of
the IACUC will be defined, particularly in the refinement of the project experi-
mental design and optimization of the proposed numbers of animals (Brown). The
conduct of toxicology studies will also be presented from the viewpoint of the in-
vestigator, who must balance these factors to produce sound and reliable data
(Mattsson). The final presentation will provide a European Union perspective,
highlighting the manner in which approaches to these animal care issues are ad-
dressed differently in those countries, and indicating trends in regulatory oversight
that may soon reach North America (Donovan).
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ASSURANCE OF ANIMAL WELFARE IN RESEARCH:
COEXISTENCE OF TOXICOLOGY STUDIES AND
HUMANE ENDPOINTS - ISSUES IN TOXICITY TESTING
FOR REGULATORY PURPOSES.

w 32

L. M. Schechtman. NCTR/WO/HF1-10, US Food and Drug Administration,
Rockville, MD.

Historically, toxicology studies for safety/hazard assessment have been primarily an-
imal-based but with little regard for animal welfare. The emergence of alternative
toxicological methods that employ fewer animals, refine procedures (cause less pain
and distress), and rely on non-animal endpoints, is altering that paradigm. From a
regulatory perspective, validation of an alternative method (determination of its re-
liability and accuracy for a specific purpose) lends itself to acceptance and imple-
mentation of methods for regulatory purposes. To address such validation issues, 15
US federal research and regulatory agencies have assembled to form the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM),
supported by its operational/scientific support center, the NTP Interagency Center
for the Evaluation of Alternative Toxicological Methods (NICEATM). Different
federal agencies and different regulatory units within a given agency often
accept/solicit data from different test methods or batteries of tests, often dictated by
the products within their purview and the regulatory mandates to which they re-
spond. Data requirements for safety/hazard evaluations differ from one regulatory
agency to another and those data may be generated using validated, unvalidated,
traditional, and/or non-traditional test methods. Although regulatory agencies do
have the option of considering data derived from non-conventional tests, often
such data are used in a supplementary manner (e.g. to provide mechanistic infor-
mation) to support the regulatory decision-making process. Some agencies (e.g.
FDA) and its respective regulatory entities, provide direction to sponsors in the
form of test guidances that help determine acceptable testing strategies/procedures
for evaluating a regulated product. A number of these guidances have either directly
or indirectly benefited animal welfare and have incorporated validated, animal-
friendly methods that supplement or replace some of the routinely employed classi-
cal toxicological tests.

ASSURANCE OF ANIMAL WELFARE IN RESEARCH:
COEXISTENCE OF TOXICOLOGY STUDIES WITH
HUMANE ENDPOINTS - VETERINARY MEDICINE AND
ANIMAL WELFARE ISSUES.

@33

W.S. Stokes. DHHS/NIH/NIEHS, National Toxicology Program, Research Triangle
Park, NC.

Toxicology studies using laboratory animals are conducted to determine the safety
or potential adverse health effects of new chemicals and products. Local or systemic
toxicity to animals in these studies may result in injury or disease involving signifi-
cant pain and distress. Standard veterinary care would normally involve treatment
with drugs to minimize or alleviate pain and distress, or removal of the involved an-
imal(s) from the study. However, such veterinary care interventions can become
problematic if they interfere with attainment of the study objectives. Decisions on
appropriate interventions can be assisted by anticipating possible toxic effects and
establishing, prior to the initiation of a study, appropriate criteria that can serve as
the basis for ending a procedure when pain and distress become apparent. Such cri-
teria are considered humane endpoints if they reduce the severity and/or duration
of pain and distress experienced by an animal. Humane endpoints can also be es-
tablished by systematic identification of early clinical signs or other physiological
parameters that are predictive of specific toxicity outcomes of interest. Mechanism-
based biomarkers of toxicity that serve as earlier more sensitive indicators of toxic-
ity that can also be used to end experiments before the onset of significant morbid-
ity or mortality. These biomarkers and endpoints should undergo appropriate
validation to determine that they provide equivalent or better prediction than pre-
viously used endpoints. International guidance for the use of humane endpoints in
toxicology studies has been established and should be considered when designing
studies. The incorporation of humane endpoints in toxicology studies can be ex-
pected to facilitate decisions on appropriate interventions by veterinary care staff
and study directors and provide for improved animal welfare.

THE IACUC AS A VALUE-ADDED COMPONENT OF
TOXICOLOGY RESEARCH.

34

M. J. Brown. Animal Welfare and Training, Charles River Laboratories, Wilmington,

MA. Sponsor: ]. Everitt.

Toxicologists involved in animal research and testing must answer to many regula-
tory masters: FDA, USEPA, OECD, ICH, CCAC, USDA and AAALAC. The
beneficiary of this research and testing, the public, has ever increasing demands for
quality health care and a safe environment but is also highly sensitive about the use



of research animals. Added to these demands of the public and the regulatory com-
munity are the interests of study sponsors and those of contract research organiza-
tions. The Institutional Animal Care and Use Committee or Ethics Committee
(IACUC/EC) and Study Director (SD) must work within these various demands
and constraints to assure humane care of research animals and high quality science.
Various regulatory agencies outline the roles and responsibilities of both the
IACUC/EC, and the SD. These roles are often contradictory so it is not surprising
that conflicts arise. This presentation will briefly discuss the roles and responsibili-
ties of the IACUC/EC and SD and present strategies to minimize conflict and en-
hance both animal welfare and the quality of the science. Emphasis will be placed
on protocol review activities that increase collaboration and communication.
Mechanisms will be suggested to streamline the process, making it both more effi-
cient and less time consuming while maintaining the quality of the review. Using
examples of potential issues (such as the ordering of animals prior to IACUC ap-
proval, determining criteria for veterinary intervention, establishing humane end-
points, etc.), suggested mechanisms will be discussed.

ANIMAL TESTING: THE DICHOTOMY BETWEEN
NATURAL TOXICANTS IN FOOD AND SYNTHETIC
PESTICIDES POINTS TO A PROBLEM.

35

. L. Mattsson. Dow AgroSciences LLC, Indianapolis, IN.

The most highly regulated area of toxicology is the registration of pesticides, which
will be the focus of this presentation. At this time, a theoretical minimum of some
7000 mammals and 3000 birds are required to register one pesticide for food use.
The actual numbers of animals used per pesticide are actually much higher and are
likely to increase still further unless there is a radical change in regulatory policy. In
practice, pesticide residues in food are below the level of detection about 40% of
the time, and other residue levels are typically very low (USDA Pesticide Data
Program, 2000). On the other hand, natural toxicants such as glycoalkaloids and
furocoumarins are present in food at much higher levels, and often, are more potent
than synthetic chemicals found in food (Beier and Nigg. Ch. 2, Foodborne Discase
Handbook, Vol. 3, Marcel Dekker, 2001; Carcinogens and Anticarcinogens in the
Human Diet. National Research Council, 1996). In spite of these stark differences
in dietary exposure, there is no systematic approach to safety evaluation of natural
toxicants in food. This dramatic dichotomy in the regulation and testing of natural
and synthetic toxicants in food cannot be justified scientifically. Under current par-
adigms, there is either an unreasonable excess in animal-based testing of synthetic
chemicals, or a dramatic under testing of natural chemicals in foods. If animal test-
ing of synthetic chemicals is excessive, then there exists a clear ethical problem on
the use of animals. If animal testing of natural chemicals in foods is deficient, then
there exists a clear ethical problem on the protection of public health. My opinion
is in the middle ground, that there is both an excessive animal-based testing of
food-use synthetic pesticides, and a deficient testing of natural toxicants of food. In
the interests of food safety and ethics of animal experimentation, a more animal-ef-
ficient testing strategy is needed to allow proper resource allocation to all chemicals
in food.

EUROPEAN PERSPECTIVES ON ANIMAL WELFARE
AND SCIENTIFIC ENDPOINTS IN ANIMAL STUDIES.

36

J. C. Donovan. BioResources, Wyeth Research, Collegeville, PA. Sponsor: ]. Everitt.

The growing internationalization of science has brought greater focus on differing
approaches to animal welfare in biomedical research. Cultural attitudes and the
evolution of animal welfare standards in various countries have resulted in practices
which vary significantly. Not only do animal care, housing, and animal health stan-
dards influence research results, but there are other areas that have a more direct sci-
entific impact. For example, decisions on study design, dosing/sampling volumes,
environmental enrichment and scientific endpoints have important effects on the
outcomes of studies using animals. Clearly, the comparability of results among aca-
demic, industrial and governmental institutions is challenged when differing prac-
tices governing animal research are applied. Animal welfare regulations and guide-
lines continue to evolve in Europe and the United States. Understanding the trends
in regions having the most influence on scientific development can help steer the
community towards common practices which are both scientifically sound and sen-
sitive to animal welfare. European perspectives are already having a significant im-
pact in the US in areas such as genetically-modified organisms, agricultural prac-
tices and animal welfare. A general lack of acceptance of genetically-modified food
and the use of hormone growth promoters in the animal industry is effecting trade
and politics with the US A growing number of Americans now feel concern is war-
ranted. In the realm of research animal welfare it is generally accepted that, due
largely to public demands for more protections for animals, European approaches
have been more “progressive”. Many of these attitudes are migrating to the US in
the form of animal rights activism, changing perspectives in school-aged children

towards animals and escalating animal welfare regulations. This presentation will
look at animal welfare trends, guidelines and regulations in Europe, including sci-
entific endpoints in animal studies and dosing/sampling guidelines, and how they
may influence research practices in the US

37 THE IMPORTANCE OF ELECTROPHYSIOLOGY IN
NEUROTOXICOLOGY EVALUATION.

C. G. Markgraf and A. Bass. Safety Pharmacology, Schering-Plough, Lafayette, NJ.

Neurons differ in their vulnerabilities to toxic agents, thus techniques that can se-
lectively evaluate functional neuronal systems fill an important role in neurotoxi-
cology. Electrophysiologic recording has long played such a role.
Neuroelectrophysiology techniques add important information to studies that have
pathology and/or behavior as outcome measures. Electrophysiologic recordings are
able to detect toxic effects on the nervous system that may occur without morpho-
logic correlates. In addition, techniques can be applied specifically to a functional
neuronal system, allowing study of just that system. Data are quantifiable, repro-
ducible and can be obtained repeatedly from an individual animal. The same tech-
niques can be used in clinical studies, forming a stable bridge in determination of
human risk. Furthermore, the extensive history of electrophysiology creates a strong
database which can be used to provide perspective for data on new drugs. While
these similarities are shared among the various techniques, there are important dif-
ferences in evaluation of neuronal systems that can influence the interpretation of
data, and there are different sensitivities to detection of abnormal results. The
speakers in this workshop will discuss the strengths of electrophysiologic recording
and factors critical to data interpretation in various functional systems, including
the peripheral nervous system, sensory systems, hippocampal function and cortical
dysfunction. This integrated examination of neuronal system functions using elec-
trophysiology will provide insight into these data in the evaluation of new chemical
entities, and their place in human risk assessment.

NEUROPHYSIOLOGICAL EVALUATION OF SENSORY
SYSTEM FUNCTION.

38

D. W. Herr. Neurotoxicology, USEPA, ORD/NHEERL, Research Triangle Park, NC.

Exposure to many neurotoxic compounds has been shown to produce a sensory sys-
tem dysfunction. Neurophysiological assessment of sensory function in humans
and animal models often uses techniques known as sensory evoked potentials.
Because both humans and animals show analogous responses to sensory stimuli, ex-
trapolation of effects from the laboratory to a clinical situation is simplified.
Additionally, the methods are amendable to repeated testing, allowing the time-
course of changes in sensory system function to be monitored. Furthermore, exam-
ination of multiple sensory modalities allows the determination of the specificity of
a sensory dysfunction. A change in a sensory evoked potential can often be associ-
ated with pathological damage. Auditory system function at the level of the periph-
ery and the brainstem can be assessed using Brainstem Auditory Evoked Responses
(BAERs). Decreased amplitudes of the early BAER peaks have been associated with
a frequency-dependent loss of cochlear hair cells. In contrast, decreased amplitudes
of later BAER peaks have been associated with brainstem lesions. Evoked potentials
can also be used to investigate changes in the visual system from the level of the
retina to the cortex. Alterations in the early portions of cortical visual evoked po-
tentials have been associated with pathological changes in the retina, thalamus, or
cells involved in the early cortical processing of the stimulus. Besides quantifying
changes in sensory function produced by neuroanatomical lesions, knowledge of
the neuropharmacology of evoked potentials can be used to interpret changes after
exposure to substances known to alter specific neurotransmitter systems. This al-
lows the use of evoked potential technology to assess not only undesirable effects,
but also to monitor for intended pharmacological actions. 7his is an abstract of a
proposed presentation and does not necessarily reflect EPA policy.

NEUROELECTROPHYSIOLOGICAL ENDPOINTS IN
SAFETY STUDIES AND SAFETY PROGRAMS.

|E|39

. E Ross. Ross Toxicology Services, LLC, Cincinnati, OH.

A subset of neuroelectrophysiological endpoints includes relatively noninvasive
tests (e.g., peripheral nerve conduction velocity, auditory evoked potentials) that
enjoy widespread use in both human and veterinary neurology practice. These tests
are becoming popular additions to neurotoxicology safety programs, partly because
they can provide detailed information about neurological disease without requiring
the sacrifice of the subjects. Since neuroelectrophysiological tests are most often
used in 2nd- or 3rd-tier safety studies, a primary set of data is generally available to
help choose among the wide variety of available tests. The most important parts of
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this dara set include the neurological examination (e.g., observational battery) and
neuropathology. The ultimate utility of the neuroelectrophysiological endpoints
depends on a good fit with the neurological and neurohistopathological results.

40 USE OF ELECTROENCEPHALOGRAPHY (EEG) IN
DETECTING NEUROTOXIC EFFECTS.

J. C. Arezzo and M. S. Litwak. Neuroscience, Albert Einstein College of Medicine,
Bronx, NY. Sponsor: A. Bass.

EEG is arguably the oldest direct physiologic measure of CNS function. When
recorded from the intact scalp, it provides a non-invasive index of the overlapping
activity pattern of large ensembles of neurons. Thus it can provide a highly sensi-
tive, but non-specific measure of neurotoxic insult. Standard measures of EEG ac-
tivity, such as power in specific frequency bands (eg., alpha, theta), voltage suppres-
sion or the presence of paroxysmal activity, are applicable to both human and
experimental animal studies. EEG is sensitive to a wide range of neurotoxic effects
including: hyper- or hypo-excitability, inflammation, anoxia, cortical neural degen-
eration, alterations of sleep-wake patterns, metabolic disorders and toxic en-
cephalopathies. The identification of compound-induced epileptiform activity has
always been a principal strength of EEG procedures. Studies have documented dose
thresholds for seizure activity, the time course and duration of seizures, as well as
frequency changes and subtle paroxysmal patterns that antecede and may predict
seizure onset. Recent advances in computer modeling and in the analysis of non-
linear dynamic systems have greatly expanded the sensitivity of EEG to other
deficits; while computer-aided spatiotemporal analysis allows exploration of neuro-
toxic effects distributed over both cortical and sub-cortical regions. An emerging
strength of EEG is its ability to explore the effects of putative neurotoxins on in-
herent rhythms of the brain, such as the cortical beta/gamma waves (33-45 Hz).
Finally, intracranial studies using two-dimensional spatial grids (eg., 12x12) or lin-
ear multicontact arrays, allow exploration of neurotoxic effects isolated within spe-
cific cortical laminae, or effects on the synchrony of EEG activity measured simul-
taneously across distinct cortical areas.

ASSESSING HIPPOCAMPAL CHANGES INDICATIVE OF
NEUROTOXIC EFFECTS.

41

M. E. Gilbert. Neurotoxicology, USEPA, Research Triangle Park, NC.

Subtle changes in cognitive function are often the earliest indication of neurotoxic
effects in humans. The hippocampus is a large forebrain structure subserving spe-
cific kinds of information encoding and consolidation in humans and other ani-
mals. Because of its laminar structure, it is ideally suited for neurophysiological as-
sessment and it is readily accessible for both 7 vitro and in vivo examination. The
homogeneity of the neural populations within each cell body layer results in large
field potential recordings that faithfully reflect intracellular current flow. As such,
these field potentials can be directly translated to activity at the cellular level.
Hippocampal field potentials also display a high degree of synaptic plasticity and a
well accepted synaptic model of memory, long-term potentiation, has been charac-
terized in this structure. However, toxicological assessments of hippocampal func-
tion using this approach are relatively sparse, and iz vitro assessments using slices or
cultures are more prevalent than 77 vive investigations. The bulk of neurotoxicolog-
ical investigations in vivo have examined the long-term consequences of develop-
mental exposure, although acute effects of chemical exposures have also been re-
ported for pyrethroid, formamadine, and organochlorine pesticides.
Developmental insults include pre and/or postnatal exposure to ethanol, carbon
monoxide, lead, antimitotic agents, and thyroid disrupting compounds. The ma-
jority of these studies have demonstrated altered hippocampal synaptic function
that in all likelihood represents permanent alterations in cell communication fol-
lowing early developmental insult. These perturbations are often present in the ab-
sence of overt pathological changes in structure and in the absence of behavioral
impairments based on standard learning and memory assessments. Abstract does
not necessarily reflect USEPA policy.

42 LOW-DOSE EXTRAPOLATION: TIME FOR A FRESH
LOOK AT AN OLD PROBLEM, OVERVIEW.

. Bus' and R. Henderson>. ' TERC, Dow Chemical Co., Midland, MI and
2 Inhalation Toxicology Research Institute, Albuguerque, NM.

The basic tenet of toxicology is the dose makes the poison. Thus, characterization
of the dose-response remains a foundational element in the translation of animal
toxicity information to estimation of potential human health hazard and risk.
However, due the significant impact of regulatory and product stewardship inter-
ventions over the last 30 years, animal toxicity observed over the range of conven-
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tionally-determined dose-response evaluations is becoming increasingly disparate
from real-world exposures to many environmental chemicals. Given these growing
disparities, toxicologists are increasingly challenged to provide rational methods
and mechanisms to understand true adverse human health outcomes associated
with these low-level chemical exposures. In order for these approaches to be scien-
tifically credible, toxicologists must direct attention to how such mechanisms can
differentiate health effects associated with low-dose environmental exposures to
synthetic chemicals from those that might be due to the many thousands of toxico-
logically similar, but likely health beneficial natural compounds present in everyday
diets. Future low-dose extrapolation paradigms failing to address this important
issue will result in scientifically indefensible decisions regarding strategies designed
to protect public health from adverse consequences of low-dose chemical exposures,
be they synthetic or natural.

HISTORICAL DEVIATIONS FORM THE LNT MODEL:
HARMONIZATION OF CANCER AND NONCANCER
ENDPOINTS.

@43

M. L. Dourson. 7Toxicology Excellence for Risk Assessment (TERA), Cincinnati, OH.

Cancer and noncancer dose response assessment has historically been done differ-
ently due in part to differences in underlying assumptions, for example, whether
the low dose response is due to a stochastic process or not. Recent understanding of
underlying modes of action of cancer and noncancer endpoints, however, has cre-
ated the basis for replacing such assumptions with data. Efforts to harmonize can-
cer and noncancer dose response assessment by SOT, USEPA and others have lead
to new approaches to low dose understanding and response. Examples are given for
perchlorate and chloroform, where the integration of cancer and noncancer toxicity
has resulted in harmonized dose response assessment in the low dose range.

@ 44 USE OF MECHANISTIC DATA TO HELP DEFINE DOSE-
RESPONSE CURVES.

J. Preston. Environmental Carcinogenesis Division, University.S.Environmental
Protection Agency, Research Triangle Park, NC. Sponsor: R. Henderson.

The cancer risk assessment process described by the USEPA necessitates a descrip-
tion of the dose-response curve for tumors in humans at low (environmental) expo-
sures. This description can either be a default linear one when appropriate data are
lacking, or a linear or nonlinear one when specific informative data are available.
The challenge is to define the nature and extent of these specific informative data.
Ideally, to use nontumor data for predicting tumor outcomes, the most informative
endpoint is one that most accurately predicts the tumor outcome, namely an out-
come that is part of the tumor response itself or is proximate to this response and
along the tumor pathway. The current rapid development of whole genome re-
sponse methods, such as RNA or protein array approaches, promises to aid sub-
stantially in the selection of informative biomarkers of response. Until progress has
been made, it remains a common practice for genotoxic carcinogens to use overall
genetic alterations (e.g. mutations and chromosome aberrations) as a tumor surro-
gate marker. The problem with this selection is that rarely are the appropriate data
collected for defining shape of dose-response curve. In addition, since cancer is a
multistep, multimechanism process, it is necessary to develop dose-response curves
based on interactive processes for predicting tumor outcomes. For example, dose-
response curves for mutations need to consider the impact of cell proliferation on
the mutation frequency. Other genotypic and phenotypic factors can equally influ-
ence the shape of a dose-response curve for mutations. The shape of a dose-response
is definable for different scenarios when the mechanistic data to be used are devel-
oped on the basis of the need for which they are to be used, thereby helping to
avoid their inappropriate use. (This is an abstract of a proposed presentation and
does not necessarily reflect EPA policy.)

@ 45 NEW DATA SUPPORT REVISED LOW DOSE
EXTRAPOLATION MODELS.

B. R. Scott. Lovelace Respiratory Research Institute, Albuquerque, NM. Sponsor: R.
Henderson.

Low-dose extrapolation of carcinogenic risk for radiation and genotoxic chemicals
is based on a relative risk (RR) paradigm for which RR is always greater than or
equal to 1. Stated differently, no consideration is given to the possibility that RR for
cancer induction can be less than 1 after low-dose exposure of humans. However,
new in-vitro (mutation, neoplastic transformation), in-vivo (animal carcinogene-
sis), and epidemiological (cancer-induction) data are emerging that support the
view that low-dose photon radiation (x and gamma rays) and certain chemicals (e.g.
ethylene, propylene) can turn on protective processes (possibly mediated viz apop-



tosis) that lead to a reduction in the frequency of stochastic effects below the spon-
taneous rate. These data strongly support a low-dose cancer risk assessment para-
digm that includes RR < 1. Implications of the data for low-dose risk assessment for
single-agents (radiation, genotoxic chemical) and combined exposures (different ra-
diations, different chemicals, radiation and chemicals) will be briefly discussed in-
cluding the need for revised low-dose, risk-extrapolation models. (Research sup-
ported by the US Department of Energy Offices of Science and Environmental
Management).

BIOLOGICAL BASIS FOR AND CONCEPTUAL
APPROACHES TO LOW-DOSE NONLINEARITY.

EE46

R. Conolly. CIIT Centers for Health Research, Research Triangle Park, NC.

The initial interaction of a xenobiotic ligand with its biological receptor is low-dose
linear. The initial interaction is usually the first step in a mechanism leading to a
frankly adverse effect. For many, if not all environmental toxicants, adaptive and
homeostatic mechanisms compensate for toxicant-induced changes to maintain a
relatively constant internal environment. While the initial interaction may be low-
dose linear, the ability of biological systems to compensate means that shapes of
dose-response curves can change as we move downstream from the initial interac-
tion. The shapes of dose-responses for frankly adverse effects are thus expected to
differ from the dose-response shape of the initial interaction. Thresholds and non-
monotonic curves are possible. Numerous experimental studies are consistent with
nonlinear and nonmonotonic dose-response behaviors. Theoretical modeling stud-
ies of mechanisms involving adaptive processes readily demonstrate threshold and
nonmonotonic dose-responses. The assumption of low-dose linearity makes sense
as a health protective measure in the absence of mechanistic data. Toxicologists and
risk assessors need to think broadly, however, about the determinants of the shape
of the dose-adverse effect curve. We should continue to characterize initial interac-
tions and pharmacokinetic nonlinearities but we also need to evaluate how the or-
ganism responds to the toxicant. Characterization of compensatory processes is par-
ticularly important at low, environmentally relevant doses, where the risk of toxic
effects is typically only inferred from effects observed at much higher doses.
Biological compensation is most likely to be operative in this low-dose range, which
is not studied in experiments that focus on demonstration and analysis of frankly
adverse effects. A redefinition of the concept of toxicological mechanism to include
elicited homeostatic and adaptive responses is needed. This redefinition is no more
than a natural extension of the progression away from default-based towards mech-
anism-based human health risk assessment.

ﬂ 47 HORMESIS: ITS IMPLICATIONS FOR HAZARD AND
RISK ASSESSMENT.

E.]. Calabrese. Environmental Health Sciences, University of Massachusetts, Ambherst,
MA.

An ongoing comprehensive evaluation of the toxicology and pharmacology litera-
ture suggests that the biphasic dose response that characterizes hormesis is much
more wide spread than is commonly recognized and may come to rival currently fa-
vored concepts/models (e.g., linear and threshold) describing toxicological dose re-
sponses used in risk assessment. The data indicate that hormetic responses occur in
a high percentage of appropriately designed toxicological studies, are reproducible
and that these responses are highly generalizable being independent of biological
model, endpoint measured and chemical class. Numerous mechanistic studies have
also been published which account for the hormetic biphasic dose response rela-
tionships in multiple biological dose response systems. The implications of these
findings are significant since they have the capacity to affect not only our concept of
the dose response in toxicology but also the selection of animal model, study design
features, endpoints measured, and risk assessment applications.

LIPOMICS, AN IMPORTANT COMPONENT OF
METABOLOMICS, AND POSSIBLE USE IN
TOXICOLOGY STUDIES.

48

M. C. Madden. NHEERI\Human Studies Division, USEPA, Chapel Hill, NC.

Metabolites of endogenous biochemical substances can be considered to represent
the ultimate organ and cellular responses to toxicants or other changes in an organ-
ism’s environment. An important fraction of these endogenously produced metabo-
lites are lipids; the comprehensive study of the production of these lipids is termed

lipomics or liponomics. Lipids of various chemical classes have been implicated in
mediating human diseases in the lung, cardiovascular, brain, and other organ sys-
tems. The emphasis of this session will be to provide an overview of strategies for
quantifying lipids and key lipid metabolic steps, and subsequently organizing the
resulting data into more usable and understandable formats. A brief overview of the
biological relevance of lipids will initiate the session. A presentation on lipid chem-
istry and analytical chemistry strategies (along with the associated strengths and
shortcomings) will follow in order to provide the audience with insights on some of
the technologies needed to perform the first step involved in lipomics. Additional
presentations will show: comprehensive lipid analyses (>400 lipids) of mice treated
with the anti-hyperlipidemic agent rosiglitazone and subsequent data manipulation
into a informative database; alterations of lung lipids collected in breath condensate
from humans and animals models (mice, pigs) of lung disease; and using lipomics
to monitor microbial biomass and composition for use in environmental remedia-
tion strategies, microbial ecology studies, and minimizing microbial populations in
occupational settings. Use of lipomics, in combination with proteomics and ge-
nomics, can provide a more complete view of cellular responses. Monitoring of
these responses can be used to assist in optimizing drug therapies, examining effects
from toxicant exposures, determining the influence of nutrition on responses, and
screening of the environment for microbial populations. [This abstract may not
represent official EPA policy.]

49 LIPIDS: A PRIMER ON MEASUREMENT,

= CLASSIFICATION AND FUNCTION.

J. Jackman' and D. C. White®. "Applied Physics Laboratory, Johns Hopkins
University, Laurel, MD and” Center for Biomarker Analysis, University of Knoxville,
Knoxville, TN.

Lipids are a structurally diverse class and functionally critical components of all bi-
ological organisms. Due the central role of lipid and lipid containing molecules in
cell responses, there has been an enhanced interest in lipomics or the total lipid pro-
file of cells. The revolutions in chromatographic resolution, high-resolution mass
spectral detection, improvements in extraction, ionization methods and computing
have increased the scope of lipomics. While most lipids can be extracted with or-
ganic solvents by classical extraction methodology, lipids covalently bound to car-
bohydrates (lipopolysaccharide, lipoproteins) are generally non-extractable due to
poor solubility. Hence new techniques for extraction such as solid phase extraction
methods and analysis such as mass spectrometry (MS) are being developed to over-
come some of these issues. A convenient functional classification of lipids is based
on the normal-phase bulk elution of components using gradients of polar phases.
Neutral lipids (e.g., waxes, sterols, tri- and diglycerides) elute first; glycolipids elute
next; followed by polar lipids (e.g., phospholipids). Each lipid class can be fraction-
ated by normal or reverse phase chromatography. Lipid classes, fragments or total
extracts can be hydrolyzed and derivatized to make them volatile for high-resolu-
tion capillary GC/quadrupole MS. Additional insight into the structural details can
be greatly increased by utilizing ion traps capable of multiple fragmentations or tan-
dem quadrupole MS for precursor and product ion scans. Replacement standard
GC/MS systems with atmospheric pressure ionization (API) have expanded the
mass range of analysis to include intact lipids. Increasing the mass resolution with
coupled time-of flight, advanced quadrupole, or Fourier transform ion-cyclotron
resonance MS with generation of multiply charged analytes allows the technologies
developed for proteomics to be applied to complex glycolipids like gangliosides.
Together these technologies have revolutionized the detection and functional analy-

sis of lipids.

50 LIPOMIC PROFILING APPLICATIONS IN TOXICOLOGY.
[ ]

S. M. Watkins. Lipomics Technologies, Inc., West Sacramento, CA. Sponsor: M.
Madden.

Diet, environmental exposure, and genetic background exert profound influences
on human metabolism that results in changes in lipid metabolites. Lipomics em-
ploys a quantitative and comprehensive assay that measures lipid metabolites from
biological tissues and fluids. This technology is used to improve the understanding
of the role of lipid metabolism in disease and to develop diagnostic profiles of drug
safety and efficacy. A critical benefit of producing quantitative data on known
metabolites is that the results of each analysis can be mapped against the known
biochemical pathways. This presentation will demonstrate the application of quan-
titative metabolite profiling in determining the metabolic response to several chem-
ical compounds including insulin-sensitizing agents and 2, 3, 7, 8-tetra-
chlorodibenzo-p-dioxin. In the first example, a PPARs-y agonist and a
3-adrenergic receptor agonist are shown to elicit dramatically different metabolic
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responses in obese, diabetic mice, despite producing similar clinical chemistry pro-
files. In the second example, 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin is shown to se-
lectively dysregulate cholesterol and phospholipid metabolism in pregnant rhesus
monkeys. Lipomic profiling is uniquely suited for illuminating the metabolic basis
of phenotype and advancing our understanding of adverse events. This technology
should vastly improve therapeutic and diagnostic capabilities in the near future.

LIPIDS FROM BREATH CONDENSATE AS NON-
INVASIVE BIOMARKERS FOR RESPIRATORY
PATHOPHYSIOLOGY.

51

D.C. Whlte, R. Geyer', J. Cantu', S. Mani®, M. Jett’, J. Jackman® and M.
Karlstad ! Center for Biomarker Analysis, University of Y}nnmee, Knoxville, TN,

*Walter Reed Army Institute of Research, Silver Spring, MD I Applied Physics
Laboratory, Johns Hopkins University, Laurel, MD and Medical Center, University
of Tennessee, Knoxville, TN.

Regulatory lipids readily form aerosols that can be recovered non-invasively by
cooling expired breath to form breath condensate (BC). BC includes eicosanoids as
well as the phosphatidylcholine (PC) based lipid surfactants, lysoPC and platelet
activation factors (PAF) that modulate inflammatory and immune processes, and
are reflective of oxidative stress and toxicity. Detection by mass spectrometry (MS)
provides insights into presumptive harbingers of respiratory pathobiology. BC
lipids recovered by solid phase extraction contain PC lipids (detected by
HPLC/MS) and eicosanoids (derivatized prior to GC/MS). Responses of BC lipids
and eicosanoids from piglets and rats exposed to acrosolized lipopolysaccharide
(LPS) or Staphylococcal enterotoxin (SEB) showed similar responses as observed in
exposed cultured cell supernatants and rat lung lavage. Molecular species of PC de-
rived lipids and eicosanoids showed differential responses to the toxins and bacter-
ial infections. Initial targets include prostaglandins, (PGE2, PGF201), thromboxane
(TXB2), and prostacyclin (as 6-Keto PGF10) that show differential responses to
inflammation; leukotriene B4 and PGD2 for allergic responses; and isoprostanes
for free radical oxidative stress. PAFs and lysoPAFs have been shown to increase
with inflammation. Pulmonary responses of piglets to intratracheal exposure of tox-
icants (LPS & SEB) show differential patterns of lipids and eicosanoids. Human
BC is readily collected within 10-20 min with a disposable, commercially available
apparatus, and its clinical human use has been approved in Germany. Preliminary
data indicate numerous other BC eicosanoids are available for assay, and different
infectious agents induce different patterns of eicosanoid responses suggesting an
important application of lipomics in the non-invasive early assessment of lung

pathobiology.

LIPID ANALYSES OF MICROBIAL COMMUNITIES-
APPLICATIONS FOR ENVIRONMENTAL
REMEDIATION, MICROBIAL ECOLOGY, AND
MEDICINE.

52

E. Sobek and A. D. Peacock. Microbial Insights, Rockford, TIN. Sponsor: M.
Madden.

Lipid analysis of microbial communities provides quantitative details of microbial
biomass and community composition. The nutritional and physiological status of
the microbiota can be determined through lipid analysis. The vast majority of mi-
crobes in the environment are unculturable; lipomics circumvents this problem by
direct examination of microbes in their natural environments. Lipids are readily
concentrated and purified from complex environmental matrices and are amenable
to structural analysis by GC/MS. Viable bacteria have intact polar phospholipid
membranes and are assessed quantitatively with analysis of phospholipids ester-
linked fatty acids (PLFA). PLFA generally do not exist as molecular fossils and may
be considered as quantitative measures of viable microbial biomass. The commu-
nity composition of microbial communities can be quantitatively discerned from
the lipid composition which correlates with analyses from isolated rDNA and func-
tional gene sequences. Specific patterns of lipids can indicate physiological and
toxin induced stress. Lipid composition reflects both the genotypes and phenotypic
responses at the specific microniches of the bacteria as well as providing specific
biomass quantitation. Lipomics provides the unique capability of defining the in
situ redox conditions which can be critical in subsurface bioremediation. Exposure
to toxic environments converts monoenoic to cyclopropane PLFA, and a relative re-
versible increase in specific trans/cis monoenoic PLFA ratio. Prolonged exposure to
low moisture conditions induce cyclopropane PLFA indicating stationary growth
phase and increasing proportions of trans PLFA. The formation of poly B-hydrox-
yalkanoic acid (PHA) provides measures of unbalanced growth and accumulation
of intercellular reductants. Specific lack of bioavailable phosphate induces or-
nithine-lipids in some environmental communities. The usefulness of microbial
lipomics is evident in environmental remediation, community microbial ecology of
biofouling, and in the persistence and nurture of pathogens in biofilms in the work-
place and hospital settings.
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53 DEVELOPMENTAL IMMUNOTOXIC EFFECTS OF
PRENATAL ATRAZINE EXPOSURE.

A. M. Rowe', K. M. Brundage"?, R.Schafer' and . B. Barnett"*. Microbiology,
[mmuno[ogy and Cell Biology, West Virginia University, Morgantown, WV and
°Mary Babb Randolph Cancer Center, West Virginia University, Morgantown, WV,

Atrazine, 2-chloro-4-ethylamino-6-isopropylamino-s-triazine, (ATR) is the most
heavily used herbicide in the United States with over 70 million pounds of atrazine
applied annually and it is the most common herbicidal contaminant of ground
water in agricultural areas. It is our goal to characterize the effects of prenatal
atrazine exposure on the developing mammalian immune system. We hypothesie
that in uzero exposure to ATR will result in a persistent and potentially debilitating
effect on the organism’s immune system. Using the Balb/c mouse as a model we ex-
posed pregnant female mice to ATR for 21 days starting at day 10 of gestation.
ATR or placebo was administered viz a time-release pellet implanted subcuta-
neously. The matrix of the pellet allowed for the daily release of 0.7mg of atrazine
for 21 days. The pellets were inserted into the mothers at day 10 post coitus. The
resulting offspring were immunized with heat killed S. pneumoniae (HKSP) be-
tween 9 and 10 weeks of age. Two weeks following immunization the spleens were
harvested, and the splenocytes were phenotypically characterized by flow cytome-
try. The number of B-cells secreting HKSP-specific antibodies was enumerated via
ELIspot analysis. Male offspring had a statistically significant increase in the num-
ber anti-HKSP secreting B-cells compared to the controls. There was not a statisti-
cally significant change in the number of total splenocytes or the number of CD4",
CD8" or B220" splenocytes. However, atrazine treated mice possessed an increased
percentage of CD4" splenocytes and a decrease in CD8" splenocytes. Female off-
spring did not possess a statistically significant change in IgM production com-
pared to controls. And unlike the males, the female offspring had a statistically sig-
nificant increase in the percent of B220" splenocytes compared to the controls.
These results demonstrate a gender-dependant immunotoxic effect of prenatal ex-
posure to ATR on the offspring. Supported by NIOSH grant OH07686 and
NIEHS grant ES010953

54 EFFECTS OF PRENATAL EXPOSURE TO CIGARETTE
SMOKE ON TUMOR SURVEILLANCE IN THE
OFFSPRING.

S.P. Ng, S. P. Doherty and ]. T. Zelikoff. Environ Med., New York University
School of Medicine, Tuxedo, NY.

More than 1 million infants in America are born each year after either exposure i
utero from active or passive maternal smoke exposure. Since accumulating epidemi-
ologic evidence suggests that prenatal exposure to intact cigarette smoke (CS) in-
creases the incidence of cancer in the offspring, it is hypothesized that inhalation
exposure of pregnant mice to mainstream cigarette smoke (MCS) decreases off-
spring resistance to tumor challenge due to alterations in surveillance mechanisms
critical for the recognition and destruction of cancers. Thus, this study seeks to: (1)
ascertain by means of an 7z vivo tumor challenge whether exposure of pregnant
dams to MCS alters tumor induction/development in the offspring; and, (2) assess
the degree to which exposure of dams to MCS during gestation modulates tumor
surveillance mechanisms. Pregnant B,C,F, mice were exposed to MCS for 5 d/wk
(4 hr/d from gestational d5 to parturition). Exposure levels of particulate matter
and carbon monoxide, measured within the exposure chamber, were 16.2 and 21.5
ppm respectively; carboxyhemoglobin and cotinine levels, assessed as exposure
dosimeters, were 3.6% and 28 ng/ml. In addition to this relatively low inhaled dose
of MCS reducing litter size by 13% and shifting gender ratios (compared to air-ex-
posed controls), prenatally-exposed male and female pups challenged at 5-wk of age
with neoplastic cells demonstrated a 2- and 4- fold increase in tumor incidence, re-
spectively, (relative to age-/gender-matched air-exposed offspring); control males
developed significantly more tumors than exposure-matched females. In addition,
MCS-exposed offspring had a shorter time to tumor formation. Finally, in utero-ex-
posed male pups demonstrated significantly lower T-lymphocyte proliferative re-
sponses than age-/gender-matched controls. Results demonstrate that inhalation
exposure of pregnant mice to a low dose of MCS alters gestational parameters, re-
duces immune function and decreases offspring resistance against nascent tumors
5-wk after exposures have ceased. Supported by Philip Morris Foundation

55 THE EFFECTS OF CANNABINOID EXPOSURE ON
TUMOR GROWTH AND THE ANTI-TUMOR IMMUNE
RESPONSE.

R. McKallip', M. Nagarkatti' and P.S. Nagarkattiz. ! Department of Microbiology
and Immunology, VCU, Richmond, VA and~Department of Pharmacology and

Toxicology, VCU, Richmond, VA.

Previous studies have shown that Delta 9-tetrahydrocannabinol (THC) has both
immunosuppressive as well as antitumor activity. However, little is known about
the effect of THC on the immune response to and growth of tumors that are resist-



ant to THC-induced apoptosis. In the current study, we tested the central hypoth-
esis that exposure to THC can lead to enhanced growth of tumors that are relatively
resistant to THC-induced apoptosis by specifically suppressing the anti-tumor im-
mune response. Exposure of 4T1 breast cancer cells to 20 pM THC led to induc-
tion of apoptosis, whereas lower concentrations were relatively ineffective, suggest-
ing that 4T1 tumor cells are relatively resistant to THC-induced apoptosis when
compared to the level of sensitivity of normal lymphocytes. Next, we examined the
effect of THC exposure on the growth of 4T1 tumor cells 7z vivo. The results
showed that exposure to 25 mg/kg body weight of THC led to significantly ele-
vated tumor growth when compared to vehicle-treated mice. Examination of the ef-
fect of THC exposure on 4T1 metastasis revealed that exposure to 25-50 mg/kg
THC led to a significant increase in the number and size of tumors metastasizing to
the lungs. Evaluation of the effect of THC exposure on the immune response
showed that exposure to THC significantly inhibited the proliferative response of
splenocytes to various mitogens due to induction of apoptosis. Finally, we noted
that exposure to THC significantly inhibited the specific anti-tumor immune re-
sponse to 4T'1 tumor cells in vivo. Together, the results from this study suggest that
exposure to THC can induce apoptosis in immune cells 772 vivo and thereby down-
regulate the anti-tumor immune functions. Such findings suggest that marijuana
abuse may increase the susceptibility to breast cancer as well as other cancers that
are resistant to THC-induced apoptosis (Supported in part by NIH grants
RO1DAO016545, R21DA014885, RO1ES09098, R01AI053703, ROIHL058641,
DA14041 and American Cancer Society IRG-100035)

56 MOLECULAR MECHANISM OF ACTION OF THE
FUNGICIDE MANCOZEB ON THE INHIBITION OF
CYTOKINE PRODUCTION.

E. Corsini', S. Birindelli®, M. Marinovich!, C. Colosio® and C. L. Galli'.
IDepartment Pharmacological Sciences, University of Milan, Milan, Italy and 2ICPS,
International Centre for Pesticide Safety, Busto Garolfo, Italy.

We previously observed in agricultural workers exposed to mancozeb a statistically
significant decrease in lipopolysaccharide (LPS)-induced tumor necrosis factor-
alpha (TNF) production (p<0.01). The purpose of this work was to establish an in
vitro model reflecting in vivo data on mancozeb and to characterize its molecular
mechanism of action. The human promyelocytic cell line THP-1 was used to de-
velop the in vitro model to study the effects of mancozeb and its main metabolite
ethylenthiourea (ETU) on LPS-induced TNF release. Cells were treated with in-
creasing concentrations of mancozeb or ETU for different times. TNF release was
evaluated following LPS stimulation by specific ELISA. Mancozeb, but not ETU,
at non cytotoxic concentrations, induced a dose and time related inhibition of LPS-
induced TNF release. The results obtained indicated that THP-1 cells were indeed
a suitable model to study the molecular mechanism of action of mancozeb. For the
characterisation of the molecular mechanism of action the effect of mancozeb on
TNF mRNA expression was first evaluated by semi-quantitavive RI-PCR. We ob-
served that decreased TNF release following mancozeb and LPS treatment was due
to a pre-transcriptional event. Successively, in order to better define the molecular
target of mancozeb its effect on LPS-induced NF-kB activation and reactive oxygen
species (ROS) generation was characterised. Transcription factor activation was
evaluated measuring by ELISA the DNA binding by specific transcription factor
present in nuclear extract obtained from cells treated in the presence or absence of
mancozeb following LPS stimulation. ROS generation was evaluated using a flow
cytometric method using the dye dichlorofluorescein diacetate. We demonstrated
that mancozeb functioning as an antioxidant causes a direct inhibition of NF-kB
activation, which in turn resulted in decreased TNF production in monocytes.

57 IMMUNOTOXICITY OF SILICA: T CELL ACTIVATION
AND BAL CELL ANTI-APOPTOTIC PHENOTYPE
PRECEDE GRANULOMA FORMATION IN CHRONIC
SILICOSIS.

R.]. Langley, N. Mishra and M. Sopori. lmmunology, LRRI, Albuquerque, NM.

Occupational exposures of low to moderate levels of silica (SL) may lead to silicosis
many years after SL exposure. Current experimental animal models indicate that
acute silicosis is associated with apoptosis. However, the role of apoptosis during
granuloma formation in chronic silicosis is not known. To induce chronic silicosis
in an animal model, Lewis rats were exposed viz inhalation to filtered air or silica
(1.75 mm mass median aerodynamic diameter) at an exposure concentration of 6.2
mg/m3, 6 h/d, 5 d/wk for 6 wk; and observed for up to 18 months after the expo-
sure. Immunological changes, silica burden, histopathology and apoptotic pheno-
types were monitored at various intervals during this time. In the early phase (0-28
days after exposure) SL is detected in the lung, spleen and brains of the SL-treated
animals. SL is mostly cleared from all tissues within 10 wks after the exposure; how-
ever polarized microscopy revealed that a few, but significant number of SL parti-
cles are retained in the lung and tracheal-bronchus lymph nodes. In the early phase
of silicosis, spleen cells from SL-exposed animals show increased antibody-forming
cell response and T cell hyper-responsiveness (i.e. increased Con A-induced prolif-
eration and increased intracellular Ca2+ levels in response to TCR-ligation.) These

immune changes returned to normal within approximately 10 wks. Around this
time, granulomatous changes in the lung were initiated with the accumulation of
epitheliod macrophages; SL particles could be found inside the developing granulo-
mas. This was accompanied by the presence of various anti-apoptotic molecules in
bronchoalveolar lavage (BAL) cells (i.e. high levels of pro-caspase 3 and Bcl-2, and
decreased levels of JNK1 and JNK2). In addition, BAL fluid contained increased
levels of MMP2 and MMP9. Thus, silicosis starts with immune activation that is
followed by granulomatous changes in the lung around SL particles and a strong
anti-apoptotic phenotype of BAL cells.

58 GENE EXPRESSION PROFILES IN
HEXACHLOROBENZENE-INDUCED TOXICITY.

J. Ezendam"?, E Stacdtler’, J. Pennings®, R. Vandebriel®, R. Pieters', J.
Harleman® and J. Vos®. Ilmmunotoximlogy, IRAS, Utrecht, Netherlands, *National
Institute for Public Health and the Environment, Bilthoven, Netherlands and
 Novartis Pharmacology AG, Basel, Switzerland.

Hexachlorobenzene (HCB) is a persistent environmental pollutant with toxic ef-
fects in man and rat. Reported adverse effects are hepatic porphyria, toxic effects on
reproductive and immune system, and neurotoxicity. The Brown Norway (BN) rat
is very susceptible to HCB-induced immunopathology and oral exposure causes en-
largement of liver, spleen and lymph nodes, increased serum levels of IgM, IgG and
IgE and inflammatory skin and lung lesions. The mechanisms of HCB-induced
immunopathology are not clear, but both T cells and macrophages seem to be in-
volved. To gain more insight in the mechanisms of HCB-induced toxicity, gene ex-
pression levels were studied using microarrays. BN rats were exposed for 4 weeks to
a diet supplemented with 0, 150 or 450 mg/kg HCB. Blood, thymus, kidney, liver,
spleen and mesenteric lymph nodes (MLN) were collected and analysed using the
Affymetrix rat RGU-34A GeneChip microarray. Most significant (p<0.001)
changes occurred in spleen, followed by liver, kidney, blood and MLN, but only a
few genes were affected in thymus. This was to be expected since the thymus is not
a target organ of HCB. Known effects of HCB such as immunotoxicity and induc-
tion of enzymes involved in drug metabolism, porphyria and reproductive system
were confirmed, and in line with histopathology were the increased transcript levels
of markers for granulocytes and macrophages. New findings include upregulation
of genes encoding mast cell markers, complement, cell adhesion molecules,
chemokines, proinflammatory cytokines, acute phase proteins and antioxidants. In
general, gene expression data provide evidence that HCB induced a systemic in-
flammatory response, accompanied by oxidative stress and an acute phase response.
In conclusion, this study confirms previously observed toxicological effects of HCB
but also reveals several new and mechanistically relevant genes. Thus, genomics can
be considered to be an important tool for hazard identification of this compound.

59 DENDRITIC CELLS ARE A SENSITIVE TARGET OF
THIMEROSAL AND ETHYLMERCURY.

S.R. Goth, R. A. Chuand L. N. Pessah. Department of Molecular Biosciences and
the Center for Children’s Environmental Health and Disease Prevention, UC Davis,
Davis, CA.

Thimerosal is an organic mercurial compound widely used as a preservative in con-
sumer products and vaccines. Dendritic cells (DC) are potent antigen presenting
cells capable of initiating primary T cell responses to vaccines and infectious agents.
Under normoxic (5% oxygen v/v) and reductant-free conditions, we tested whether
thimerosal (THI) exposure modified effector functions of immature and mature
DC subsets in vitro. After a 20h exposure to THI, DC viability, expression of class
II MHC and CD86, and caspase activation were measured by fluorescence cytom-
etry. Thiosalicylic acid (TSA) and ethylmercuric chloride (EtHgCl) were also as-
sayed to determine if products of THI ionization contributed to its effects. The
IC50 value for TSA was greater than or equal to 10uM for all parameters measured.
The IC50 values for THI and EtHgCl induced cell death in immature DCs were
534nM and 690nM; in mature DCs they were 628nM and 477nM. In propidium
iodide negative (viable) cells, the IC50 values for THI and EtHgCl induced down-
regulation of cell surface class I MHC in immature DCs was 1.2uM and 1.4uM;
in mature DCs it was 2.5uM and 2.1uM. IC50 values for THI or EtHgCl induced
downregulation of cell surface CD86 in immature DCs was 1.3uM and 1.7uM; in
mature DCs it was 329nM and 358nM. Annexin V binding was upregulated in vi-
able immature and mature DC after a 20h exposure to THI. Two hour exposure to
1uM THI and EtHgCl activated caspases in mature but not immature DC. DC
pretreated with THI stimulated allogeneic CD4+ or peptide antigen specific CD8+
T cells less strongly than control cells. In summary DC are sensitive targets of THI,
exhibiting cytotoxicity in the nanomolar range. Moreover enhanced apoptosis,
downregulated expression of class I MHC and CD86, and reduced ability to stim-
ulate allo- and antigen-specific T cells were observed in DC exposed to organic
mercury. We conclude that THI and EtHgCl downregulate the viability and func-
tion of DCs by a mechanism consistent with apoptosis. Sponsored by NIEHS
Grant PO1ES11269
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60 INORGANIC MERCURY INCREASES SEVERITY AND
FREQUENCY OF AUTOIMMUNE MYOCARDITIS IN
MICE.

J. E Nyland"?, D. Fairweather’, N. R. Rose">? and E. K. Silbergeld'. 'EHS,
JHU B/oomberg School of Public Health, Ba/tzmare, MD, *MMI, JHU BSPH,
Baltimore, MD and? Pathology, JHU School of Medicine, Baltimore, MD.

Inorganic mercury (iHg, HgCl2) has a range of immunotoxic effects, including in-
duction of autoimmunity in specific inbred strains of rats and mice.
Epidemiological studies have demonstrated an association between Hg exposures
and cardiac disease in human populations. We hypothesize that the expression of
frank disease may require interactions between Hg and other susceptibility factors,
genetic or acquired. To test this hypothesis, we have treated mice with low doses of
iHg and then induced autoimmune cardiac disease using Coxsackievirus B3 (CB3)
in BALB/c male mice. CB3 induces a biphasic cardiac disease in susceptible mice
which is characterized by a primary acute viral phase, peaking at about day 12 after
infection, and a chronic autoimmune phase, peaking at about day 35 post-infec-
tion. The animals were either pre-treated with iHg (200ug/kg, every other day for
15 days) before infection with CB3 or interim-treated (200ug/kg, every other day
for 7 days) between the acute and chronic phases, approximately day 15 post-infec-
tion. We found that pre-treatment significantly increased the percent of inflamma-
tion in the heart during the chronic, but not the acute, stage. Further, the percent-
age of mice with dilated cardiomyopathy was significantly increased at the chronic
stage with iHg pre-treatment. However, these increased pathological symptoms of
myocarditis were not accompanied by changes in cytokine profile in the heart. In
contrast, iHg interim-treatment did not significantly change the prevalance of di-
lated cardiomyopathy, but it did increase the levels of IL-12 and IL-4 in the heart at
day 35. Neither iHg treatment reactivated virus in the heart at day 35. These pre-
liminary results suggest that mercury lowers the threshold of activation for autore-
active cells before they have seen their autoantigen (before viral infection damages
the cardiac tissue and releases cardiac antigens), and there is evidence for enhanced
activity of autoreactive cells with later iHg exposure.

61 EFFECTS OF MERCURY (HG) EXPOSURE ON
BIOMARKERS OF AUTOIMMUNITY IN HUMANS
POPULATIONS.

E. K. Silber eld1 L. Burek?, N. Rose?, J. M. Souza®, E. C. Santos’, J. Graber'
and L. Silva™ \. | Environmental Health Sczence, Johns Hopkins University Bloomberg
School Public Hmltb Baltimore, MD, *JH Medzm/ School, Baltimore, MD,
?Evandro Chagas Institute, Para Belem, Brazil and * Institute Molecular Cell Biology,
Porto, Portugal.

Mercury (Hg) compounds have long been associated with autoimmunity in ro-
dents, especially in inbread mouse strains carrying the H-2s locus. However, to date
there has been little evidence to associate risks of autoimmunity in humans with oc-
cupational or environmental exposures to Hg. To further examine potential im-
munotoxic effects of Hg in humans, we have studied populations in Amazonian
Brazil exposed to both inorganic Hg and methyl Hg via direct and indirect con-
tamination resulting from the use of Hg in gold extraction. Using serum samples
from cross sectional surveys carried out in three Amazon communities, we analyzed
for antinuclear autoantibodies (ANA) and antinucleolar autoantibodies (ANoA)
using the indirect immunofluorescence microscopy method (INOVA Diagnostics).
Opverall, there was an association between Hg exposures (inorganic and methyl) and
increased prevalence of elevated serum ANA and ANoA. Stratifying by Hg in hair <
or = 8 ppm, and by time in gold mine, we found a significant positive association
with odds of serum ANoA detectable at dilutions of 1:10 or greater, and 1:40 or
greater, respectively. There was an apparent interaction between Hg exposure and
frequency of malaria infection in increasing the prevalence of autoantibody eleva-
tions. These are the first indications that Hg exposures may induce autoimmunity
in human populations, similar to those demonstrated in murine models. Research
support by CNPq (Brazil), NIEHS-Fogarty, PAHO, and Heinz Family Foundation

62 METABONOMIC EVALUATION OF IDIOSYNCRASY-
LIKE LIVER INJURY IN RATS COTREATED WITH
RANITIDINE AND LIPOPOLYSACCHARIDE.

.E Maddox, I.D Luvendvk G.N. Cosma, AT Breau , G.G. Harrlgan,
R. H. Bible’, R. Goodacre’, P.E. Ganey , G. H. Cantor’, G. L. Cockerell” and
R.A. Roth1 IPharmamlogy and Toxicology, Michigan State University, Eﬂ:t Lansing,
MI, *Investigative Toxicology, Pharmacia Corporation, Ka/amazoa, MTI, >Global
Drug Metabolism, Pharmacia Corporation, Sl’okze, IL, “HTS Metabolic Profiling,
Pharmacia Corporation, Chesterfield, MO and Department of Chemistry, University
of Manchester Institute of Science and Technology, Manchester, United Kingdom.

Idiosyncratic liver injury occurs in a small fraction of people undergoing therapy
with certain drugs, including the histamine-2 receptor antagonist, ranitidine
(RAN). The cause of idiosyncratic hepatotoxicity is not known; however, it has
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been proposed that environmental factors such as concurrent inflammation initi-
ated by bacterial lipopolysaccharide (LPS) or other inflammagens could increase an
individual’s susceptibility to drug toxicity. Recently, liver injury resembling human
RAN idiosyncrasy was created in RAN-treated rats by cotreating them with a non-
hepatotoxic dose of LPS. Biofluid metabonomics is showing promise in monitoring
toxic liver injury. It has not, however, been used to segregate animals treated with a
single drug from those coexposed to other agents. Rats were treated with RAN (30
mg/kg, iv) and/or LPS (44 x 10° EU/kg, iv, 2 h carlier) or the vehicles; and urine
was collected for nuclear magnetic resonance (NMR)- and electrospray ionization
mass spectrometry (ESI-MS)-based metabonomic analyses. Clinical chemistry and
histopathologic analyses showed that rats cotreated with RAN and LPS developed
hepatocellular necrosis, whereas those treated with either agent alone or with vehi-
cles did not. Cluster analyses of the urine spectra by either NMR or ESI-MS re-
vealed a clear separation of the rats treated with LPS/RAN from the other three
groups. These findings support the potential use of a noninvasive metabonomic ap-
proach to identify individuals with toxic reactions to drug-inflammagen coexpo-
sure.

63 CALPASTATIN EXPRESSION: A NEW LINE OF DEFENSE
AGAINST PROGRESSION OF TOXICANT-INDUCED
INJURY.

P Limaye', P.S. Palkar', Umversltv M. Apte', ]. C. Latendresse’, S. Yu®, P
Kashireddy’, ]. K. Reddy” and H. M. Mehendale1 ! Department of Toxicology,
University of Louisiana at Monroe, Monroe, LA, *Pathology Associates Intl., NCTR,
Jefferson, AR and 3Depﬂrtment of Pathology, Feinberg School of Medicine,
Northwestern University, Chicago, IL.

We have previously demonstrated the role of calpain in the progression of acute
liver injury initiated by a toxicant taking place even after the offending toxicant is
long gone. It is known that stimulated tissue repair stops the progression of injury
due to the resistance of the newly divided/dividing cells against the action of the
death proteins such as calpain. However, the mechanism of such resistance is not
known. We hypothesized that higher expression of calpastatin (CSTN), an endoge-
nous inhibitor of calpain, in the newly divided/dividing cells provides resistance
against calpain action. To test this hypothesis, hepatic expression of CSTN was
studied over a time course after CCl, treatment of male S-D rats. Livers of the
CCl-treated rats exhibited high expression of CSTN from 24 to 72 h after CCl,
injection, coincident with extensive cell division. Immunohistochemical analysis of
PCNA and CSTN on serial liver sections indicated that newly divided/dividing
cells stained positive for CSTN. CSTN expression was further studied in two addi-
tional models of cell division: 70 percent partial hepatectomy (PH) and liver cell di-
vision in the newborn rats. The 20-day-old newborn rat pup livers extensively ex-
pressed CSTN coincident with marked cell division. In PH, hepatic expression of
CSTN was intense up to 4 days, declining thereafter to normal by 7 days after PH.
To test further whether overexpression of CSTN will provide protection from toxi-
cant mediated injury, an adenoviral vector expressing CSTN has been generated
which will be used to induce CSTN overexpression in the livers of male SW mice
and in primary hepatocytes. These models will be used to study toxicant induced
injury to confirm the role of CSTN expression in the resistance exhibited by newly

divided/dividing cells. (Supported by Kitty DeGree Endowed Chair and LBRSF)

64 MECHANISMS OF DIFFERENTIAL HEPATIC TOXICITY
BETWEEN TROGLITAZONE AND ROSIGLITAZONE.

H. M. Rhee', B.J. Song” and M. Bae’. ' Merabolic Endocrine Drug Products, Food
and Drug Administration, Rockville, MD and’ Lab. Membrane Biochemistry and
Biophysics, NIH, NIAAA, Rockville, MD. Sponsor: ]. Colerangle.

Structurally troglitazone is a thiazolidinedione common to rosiglitazone and piogli-
tazone, which are classified as PPAR agonists. They have hepatic, renal, cardiac and
bone marrow toxicities in animals, although they have strong antidiabetic activity.
We hypothesize the various toxicities are due to formation of apoptotic cell cycle
regulators. Methods: HepG2 and Chang liver human hepatoma cells were used.
Cell viability, cell cycle analysis, and apoptosis-related proteins were determined
(Toxicology Letter 139: 67-75, 2003). HepG2 cells (2x106 cells/dish) were treated
with control vehicle, troglitazone, or rosiglitazone at doses of 12.5, 25, 50 and 100
uM for 48 hours. Approximately 10, 000 cells from each group were analyzed for
DNA histograms and cell cycle phase distribution using a FACS Calibur cytometer.
The percentage of cells undergoing apoptosis were determined by CellQuest soft-
ware program. Results: Troglitazone damaged HepG2 cell drug dose dependently
while rosiglitazone did not, even at 100 uM concentration. The percentage of
HepG2 cells in the sub-G1 (apoptotic cells) phase significantly increased as the con-
centration of troglitazone increased. Sub-G1 cell populations after troglitazone ex-
posure are remarkably different from that of control while 50 uM rosiglitazone did
not change the G1 cell population from the DMSO-treated control. We also deter-
mined the levels of p53 and its downstream proteins such as Gadd45, p21, and p27



in HepG2 cells. Indeed, troglitazone specifically increased the levels of mRNA for
various transcription factors or apoptosis-related genes such as c-Jun, Bax, and Bad
including the cell cycle regulator proteins. In addition, troglitazone decreased the
activities of cdk2, cdc2, and cyclin A kinases at 24 h post-treatment. All these facts
indicate that the hepatotoxic mechanisms of troglitazone may be due to its detri-
mental effects on cell cycle intermediates, which will eventually lead to cell death.

65 GENOMIC AND PROTEOMIC INVESTIGATIONS INTO
THE IDENTIFICATION OF SUSCEPTIBILITY FACTORS
IN DRUG-INDUCED LIVER DISEASE (DILD).

K. Welch', T.Reilly’, B. Wen T. Hays', ] Brady®, C. Masison®, M.
Radonovich®, D. Goodlett’, E. Yi’ 3 H. Lee’, S. Nelson® and L. Pohl'. "2,
NHLB[/N[H/HHS Bethesda, MD, *Bristol- -Myers Squibb, Syracuse, NY,
Umverszty of Washington, Seattle, WA, *“NCI/NIH/HHS, Bethesda, MD and

? Institute for Systems Biology, Seattle, WA.

DILD causes significant morbidity and mortality and impairs new drug develop-
ment. Recent evidence suggests that DILD is a complex polygenetic disease.
Previously, we reported on differences in susceptibility to acetaminophen (APAP)-
induced liver disease using various strains of mice. Of the strains studied we found
C57Bl/6 (B6) and SJL mice to be the most susceptible and resistant, respectively.
Global hepatic gene expression profiling following APAP administration revealed
an elevated mRNA expression of heat shock proteins (HSPs) 40 & 70 in SJL mice
as compared to B6 mice. We have now further characterized susceptibility differ-
ences between SJL and B6 mice. SJLxB6-F1 hybrid mice developed an intermedi-
ate toxicity phenotype and intermediate expression profiles of HSPs 40 & 70 as
compared with its parental strains. Further expression profile analyses revealed that
several other potential hepatoprotective genes including HSPs 10, 86, and 105 and
transcription factors involved in regenerative processes, such as c-jun, LRG-21, and
Egrl, were more highly expressed in SJL and SJLxB6-F1 mice than B6 mice.
Quantitative proteome analysis of livers from SJL and B6 mice before and after
treatment with APAD, using isotope-coded affinity tag (ICAT) mass spectrometry,
revealed that SJL mice have higher levels of several potentially important protective
factors including glutathione peroxidase, GST Mu 1 & 2 and thioredoxin 2. There
also appears to be a loss of many mitochondrial proteins from the livers of B6 mice,
suggesting that the loss of functional mitochondria may indeed play a role in
APAP-induced liver injury. These findings support the use of genomic and pro-
teomic analyses of susceptible and resistant mouse strains in identifying susceptibil-
ity factors for DILD. (Support to SN from the UW NIEHS sponsored Center for
Ecogenetics and Environmental Health: NIEHS P30ES07033).

66 IN SILICO PREDICTION OF HEPATOTOXICITY OF
DRUGS IN HUMANS USING POST-MARKET DATA AND
MCASE SOFTWARE.

E.J. Matthews, N. L. Kruhlak, R. D. Benz and ]J. E Contrera. USFDA, Rockville,
MD.

FDA/CDER is conducting a pilot study to determine whether in silico methods
can predict the potential adverse effects of drugs in humans. The study is using sev-
eral structure activity relationship (SAR) software programs and adverse drug reac-
tion (ADR) reports in CDER’s post-market Spontaneous Reporting System and
Adverse Event reporting System databases, Agency archives, and drug labeling. This
presentation describes results of an investigation to estimate hepatotoxicity adverse
effects (AEs) of drugs in humans using MCASE software (MultiCASE, Inc.) and
our ICSAS Adverse Effect database (see related abstract). MCASE reduces the mo-
lecular structures of organic chemicals to 2—10 atom fragments, compares frag-
ments of active and inactive molecules, and identifies fragments only present in ac-
tive molecules. The investigation used our database to construct 14 FDA
hepatotoxicity database modules and employed 46, 497 hepatotoxicity ADR re-
ports for 47 liver adverse effect (AE) endpoints. A significant hepatotoxicity AE re-
quired: 24 ADR reports/generic drug and >20, 000 cases shipped/first 5-year of
marketing; an AE Index (AEI) 24.0; and 21 biologically significant hepatotoxicity
decision alert present in >2 concordant hepatotoxicity endpoints. The AEI esti-
mates drug usage and human exposure and is calculated as: (# ADR report)/(# 5-
year units shipped) x (1, 000, 000). Results demonstrated that significant hepato-
toxicity was restricted to a small subset of the drugs in our database (-20%) and
only 6.7% of the drugs had concurrent liver enzyme, obstruction, and pathology
AEs. Internal validation studies and an external validation study using 47 drugs
being considered by the FDA/PhRMA Hepatotoxicity Workgroup showed that the
MCASE program and FDA expert rules could be used to accurately predict hepa-
totoxicity of drugs. The experiments exhibited high positive predictivity (75-98%)
and specificity (88—99%). This presentation also discusses the issues of low sensi-
tivity of the current model (27-45%) and possible applications of the model.

67 GENOMIC ANALYSIS OF THE HEPATOPROTECTIVE
ROLE OF N-ACETYL-L-CYSTEINE.

M. L. Adams', M. E Radonovich’, J. N. Brady” and L. R. Pohl'. "Molecular and
Cellular Toxicology Section, Laboratory of Molecular Immunology, National Heart
Lung & Blood Institute, National lmtztute.r of Health, Department of Health &
Human Services, Bethesda, MD and”Virus Tumor Biology Section, National Cancer
Institute, National Institutes of Health, Department of Health ¢& Human Services,
Bethesda, MD.

N-acetyl-L-cysteine (NAC) is a well established therapeutic agent commonly used
as a mucolytic as well as an antidote for acetaminophen-induced hepatotoxicity.
More recently, NAC has been investigated as treatment for other forms of hepatic
failure or prophylaxis for ischemia-reperfusion injury and radiocontrast media-in-
duced nephropathy. Although the protective effects of NAC are believed to be me-
diated in part by its conversion into glutathione, the molecular basis of the phar-
macological activity of NAC remains unclear. In an effort to help resolve this
problem, the genome-wide changes in hepatic mRNA expression of wild type
C57Bl/6] mice 3h after treatment with NAC (450 mg/kg, i.p.) Jvas investigated
with the use of Affymetrix Murine Genome U74v2 Set GeneChip® Array (36, 767
probe sets on three sub-arrays). The results were compared to the expression data
obtained following PBS vehicle treatment. Using the microarray analysis program
GeneSpring, a gene list of 1, 594 genes with either at least two fold increase (1, 103
genes) or decrease (491 genes) in expression level was generated. Several gene cate-
gories of interest, including cell cycle regulation, acute phase response, calcium
binding proteins, cell adhesion molecules, chaperone proteins, and growth factors
were effected by NAC treatment. Additionally, changes were observed in gluta-
mate-cysteine ligase modifier subunit, caspase-I, glutathione peroxidase-3, hepato-
cyte growth factor, as well as metallothioneins 1, and 2. These findings suggest that
the protective effects of NAC are likely due to its modulation of multiple networks
involved in cellular homeostasis.

68 PATHWAYS OF FIBROSIS CHARACTERIZED IN VITRO
WITH ORGAN SLICES FROM RAT AND HUMAN
TISSUE.

A E. Vickers', M. ]. Saulnier', R. Fisher’, E. Cruz', K. Rose' and P Ohnga

! Biomarker Development Novartis Pharmaceuticals Corp, E Hanover, NJ, *Vitron
Ine., Tucson, AZ and > Department of Pharmacokinetics & Drug Delivery, University
of Groningen, Groningen, Netherlands.

The extension of organ slice viability and morphology for 4-10 days with rat and
human tissue expands this 7z vitro model for studying pathways of fibrosis. The
contributing factors to increase organ slice survival include the use of a preservation
solution, like UW, to perfuse the organ and prepare the slices, use of a cellulose in-
sert atop the titanium mesh roller-insert to support the slice, and an optimized cul-
ture medium which is replaced daily to mimic multiple dosing. The slices are meta-
bolically active as indicated by the maintenance of ATP and glutathione, and the
synthesis of glycogen. This 7z vitro methodology triggers fibrogenic pathways as
shown by the activation of stellate cells, portal and random proliferation of myofi-
broblast-like cells, and collagen deposition after 48 hr. An activation of stellate cells
was characterized by the increased expression of the known stellate cell marker
genes, O--smooth muscle actin, collagen 1al, desmin, and HSP47 using RT-PCR.
Global gene expression profiling studies using Affymetrix gene chip arrays revealed
an increased expression of many cytoskeleton genes including collagens and actins,
as well as protein synthesis genes, while metabolic genes were repressed. The prolif-
eration of myofibroblast-like cells was indicated by increased PCNA staining and
immunohistochemical 0i-smooth muscle actin staining around the vessels initially
and in the tissue by 72-96 hr. Increased collagen deposition was also demonstrated.
The recent improvements in organ slice culturing methods, and the 3-dimensional
cellular complexity of this system, allows its use as an iz vitro model system to study
pathways of fibrosis, and can potentially be extended to relate changes to the mech-
anisms of fibrotic liver diseases.

69 COMPLEMENTARY ROLES OF FARNESOID X
RECEPTOR, PREGNANE X RECEPTOR, AND
CONSTITUTIVE ANDROSTANE RECEPTOR IN
PROTECTION AGAINST BILE ACID TOXICITY.

G.L. Guol, G. lambert®, M. Negishi®, ]. M. Ward®, H. Brewer’, S. A.
Kliewer®, C.]J. Sinal"” and E J. Gonzalez'. Lﬂbomtory of Metabolism, NCI\NIH,
Bethesda, MD, *INSERM U539, Nantes, France, P/Jﬂrmaeogenetzcx Section,
Laboratory of Reproductzve and Developmental Toxicology, NIEHS/NIH, Research
Tmmgle Park, MD, VZ’termary and Tumor Pathology Section, NCI\N[H Frederick,
MD, °Molecular Disease Branch, NHLBI\NIH, Bethesda, MD, Umver:zty of Texas
Southwestern Medical Center, Dallas, TX and” Dalbousie University, Halifax, NS,
Canada.

The nuclear receptors, farnesoid X receptor (FXR) and pregnane X receptor (PXR),
are important in maintaining bile acid homeostasis. Deletion of both FXR and
PXR in vivo by crossbreeding B6;129-Fxrtm1Gonz (FXR-null) and B6;129-
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Pxrtm1Glaxo-Wellcome (PXR-null) mice revealed a more severe disruption of bile
acid, cholesterol and lipid homeostasis in B6;129- Fxrtm1Gonz Pxrtm1Glaxo-
Wellcome (FXR-PXR double null or FPXR-null) mice fed a 1% cholic acid (CA)
diet. Hepatic expression of the constitutive androstane receptor (CAR) and its tar-
get genes were induced in FXR- and FPXR-null mice fed the CA diet. To test
whether up-regulation of CAR represents a means of protection against bile acid
toxicity to compensate for the loss of FXR and PXR, animals were pretreated with
CAR activators, phenobarbital (PB) or 1, 4-bis[2-(3, 5-dichlorpyridyloxy)]benzene
(TCPOBOP), followed by the CA diet. A role for CAR in protection against bile
acid toxicity was confirmed by a marked reduction of serum bile acid and bilirubin
concentrations, with an elevation of the expression of the hepatic genes involved in
bile acid and/or bilirubin metabolism and excretion (CYP2B, CYP3A, MRP2,
MRP3, UGT1A, and GSTalpha), following pretreatment with PB or TCPOBOP.
In summary, the current study demonstrates a critical and combined role of FXR
and PXR in maintaining not only bile acid, but also cholesterol, and lipid home-
ostasis iz vivo. Furthermore, FXR, PXR and CAR protect against hepatic bile acid
toxicity in a complementary manner, suggesting that they serve as redundant but
distinct layers of defense to prevent overt hepatic damage by bile acids during
cholestasis.

70 UROPORPHYRIA CAUSED BY ETHANOL IN HFE(-/-)
MICE OF DIFFERENT GENETIC BACKGROUNDS.

P Sinclairl’z, N. Gormanl’z, H. Trask"?, W. Bement', A. Zaharia"?, .
Szakacs®, G. Elder?, D. Balestra® ) . Sinclair” ? and G. Gerhard’. ' VA Medical
Center, White River Junction, VI, Dartmouth Medical School, Hanover, NH,

3 Pathology, University of Utah Medical School, Salt Lake City, UT, *Medical
Bzoc/]emzstry University of Wales Medical Schl, Heath Park, Wales, United Kingdom
and’Weis Ctr Research, Danville, PA.

Two major risk factors for the development of porphyria cutanea tarda (PCT) are
alcohol consumption and homozygosity for the C282Y mutation in the hereditary
hemochromatosis gene (HFE). We previously demonstrated that Hfe(-/-) mice of
12956/SvEvTac background accumulate hepatic uroporphyrin (URO) when fed 10
per cent ethanol in their drinking water for 6.5 months. Here we show that in-
creasing the ethanol concentration from 10 to 15 per cent decreased the time to
onset of the uroporphyria, and further increased hepatic 5-aminolevulinate syn-
thase activity as well as CYP1A2-catalyzed activities. There were no increases in
non-heme iron. Treatment of C57BL/6 Hfe(-/-) mice with 15 per cent ethanol for
6.5 months failed to produce uroporphyria. In these latter mice, hepatic non-heme
Fe was increased by the ethanol, but the total amount was much less than in 12956
mice. Ethanol treatment of Hfe(-/-) mice of both strains caused increases in diffuse
iron staining of parenchymal cells with more staining in 129 than C57BL/6 mice.
Iron staining of either strain was no greater with 15 than with 10 per cent ethanol.
The increase in ALAS activity caused by 15 per cent ethanol was similar in Hfe
knockout mice of either background. Administration of Fe dextran, but not of Fe
carbonyl, to wild-type 12956 mice treated with 10 or 15 per cent ethanol for 6-7
months, resulted in hepatic URO accumulation. Fe dextran only increased ALAS in
wild-type S6 and Hfe(-/-) mice also treated with ethanol. In conclusion, the results
of this study further support the hypothesis that the uroporphyrinogenic effect of
ethanol is mediated by its effects on hepatic iron metabolism and localization.
Other genetic factors than Hfe appear to modify host susceptibility to ethanol-me-
diated uroporphyria. This work was supported by the Department of Veterans
Affairs.

71 PREDICTING THE CARCINOGENIC POTENTIAL OF
PHARMACEUTICALS AND CHEMICALS USING
MOLECULAR SIMILARITY, E-STATE INDICES AND
MDL-QSAR SOFTWARE.

. E Contrera'. IOﬁire of Pharmaceutical Science, USFDA Center for Drugs,
Ror/evzlle, MD, °Office of Pharmaceutical Science, USFDA Center for Drugs,
Rockville, MD and” Office of Pharmaceutical Science, USFDA Center for Drugs,
Rockville, MD.

MDL QSAR software is one of several software systems under evaluation by the
Informatics and Computational Safety Analysis Staff (ICSAS) of the FDA Center
for Drug Evaluation and Research for regulatory and scientific decision support ap-
plications. MDL QSAR software contains an integrated set of tools for similarity
searching, compound clustering and modeling of molecular structure related pa-
rameters that include 240 electrotopological E-state, connectivity and other de-
scriptors. These molecular descriptors can be used to develop structure activity rela-
tionship (SAR) models that are statistically correlated with toxicological or
biological endpoints. The goal of this research was to evaluate the feasibility of
using MDL QSAR software and descriptors to develop SAR models to predict the
carcinogenic potential of pharmaceuticals and organic chemicals. A validation
study of 108 compounds that include 86 pharmaceuticals and 22 chemicals that
were not present in a control rodent carcinogenicity learning data set of 1275 com-
pounds demonstrated that MDL QSAR models had excellent coverage (92%) and
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good sensitivity (74%) and specificity (72%) for rodent carcinogenicity. The soft-
ware correctly predicted 73 % of non-carcinogenic compounds and compounds
with carcinogenic findings. E-state descriptors contributed to more than half of the
SAR models used to predict carcinogenic activity. The recent addition of non-para-
metric discriminant analysis functions to MDL QSAR software has further im-
proved predictive performance to the 90% range. We believe that electrotopological
E-state descriptors and MDL QSAR software are promising new in silico ap-
proaches for modeling and predicting rodent carcinogenicity that has wider appli-
cation for other toxicological endpoints. Preliminary results suggest that this ap-
proach can also be used to estimate the maximum therapeutic dose and no effect
dose level.

72 A MODEL TO ASSESS THE TUMORIGENIC POTENTIAL
OF NATALIZUMAB (NAT), A RECOMBINANT
HUMANIZED ANTI-04 INTEGRIN ANTIBODY.

. V. Rutkowski', D. Lepage , D. Huto!, N. Wehner , Y. Maxuitenko®, J.
Heath®, M. Koratich?, C. Tenhoor' and] Green'. Bzogm, Cambridge, MA
?Elan P/}armaceutzm/:, San Diego, CA and?Southern Research Institute,
Birmingham, AL.

NAT binds to the 04 subunit of 0:4P1 and 0i4B7 integrins and blocks interaction
with their receptors, fibronectin, VCAM-1 and MadCAM-1. 04 expression is pres-
ent on a variety of human tumors including melanomas and lymphomas. An alter-
native approach to the assessment of potential carcinogenicity of this antibody was
undertaken since NAT lacks cross-reactivity to rodent 04. Thus, the potential for
NAT to either inhibit or potentiate human tumor cell growth and/or metastases
was evaluated. A number of human tumor cell lines were screened for expression of
o4 by IHC and flow cytometry and functionality was confirmed by an in vitro
binding assay. Any cytotoxicity or induction of cell proliferation of the human
tumor cells was evaluated by “H-thymidine incorporation. Cell lines for in vivo
evaluation were selected based on the composite iz vitro data. Either MOLT-4 or
UACC-257 human tumor cells were implanted s.c. in the athymic nude or SCID
mouse, respectively. Treatment with NAT or control material was initiated prior to
or following establishment of a preformed tumor. In each instance, NAT was ad-
ministered with a loading dose of 10 mg/kg and subsequent doses at 5 mg/kg, twice
per week. To assess the effects of NAT on the growth of metastasis, one arm of the
study design included a surgical excision of the tumors at an estimated size of 1 g
from selected animals. All animals were sacrificed and evaluated for tumor regrowth
and metastases by macroscopic and microscopic evaluation. Administration of
NAT was well tolerated without deaths or body weight loss and did not affect
tumor incidence or latency. Enhancement of xenograft growth rate was not evident.
Extension of xenograft regrowth following excision was noted in the ventral ab-
dominal skin. Metastasis or extension of the xenograft was not observed in any
other tissue or organ. In summary, there was no evidence of exacerbation of re-
growth or metastasis as a result of treatment with NAT.

73 ORAL TOXICITY AND ANGIOSTATIC POTENCY OF
ANTI-VEGF DRUGS ZD-6474, ZK 222584, AND SU11248
IN MICE.

D.A. Badger, M Holland1 T. C. Maloné®, S. R. Vanapalh, J. L. Edelman?
and G. W. DeVries’. Sﬂfézy Evaluation, Allergan, Irvine, CA, °Biological Sciences,
Allergan, Irvine, CA and I Medicinal Chemistry, Allergan, Irvine, CA.

Based on their anti-VEGF receptor activity, ZD-6474 (ZD), ZK 222584 (ZK), and
SU11248 (SU) are currently being developed for the treatment of cancer. This
study determined if these structurally diverse drugs share common preclinical toxi-
city profiles. CD-1 mice (3 males/group) were given 50, 150, or 500 mg/kg/day
ZD, ZK, or SU once daily by oral gavage (10 mL/kg/day in 2% carboxymethylcel-
lulose) for 10 consecutive days. Viability, clinical observations, body weight, drug
plasma concentrations, and histopathology were evaluated. Mortality associated
with lethargy and dehydration was observed in mice given 500 mg/kg/day ZD, ZK,
or SU. Mean drug plasma concentrations in mice given 150 mg/kg/day determined
1 hr post dose on day 11 were 4510 ng/mL ZD, 7680 ng/mL ZK, and 1260 ng/mL
SU. Renal histopathology included tubular degeneration (ZD; ZK; SU) and
glomerulonephropathy (ZK; SU). Heart lesions included coronary vasculitis (ZD;
SU), myocardial necrosis (SU) and myocardial hemorrhage (ZK; SU). Other le-
sions included hepatic hypertrophy (ZK; SU), hepatic vacuolation (ZD; ZK), lym-
phatic atrophy (ZD; ZK; SU), thymic atrophy (ZD; ZK; SU) and myeloid atrophy
(ZD; SU). In general, drug toxicology profiles correlated with pharmacologic po-
tency. Anti-angiogenic activity, determined by epiphyseal thickness at day 10,
showed rank order efficacy of SU>ZD>ZK. In contrast, rank order pharmacologic
potency using iz vitro (kinase inhibition) and in vivo (Miles assay, 2 hrs post-dose)
assays was ZK>SU>ZD. The reduced toxicity and lack of anti-angiogenic activity
observed with ZK in the current study may be explained by pharmacokinetic/phar-
macodynamic differences among models (a similar lack of activity was observed in
a chronic rat model of choroidal neovascularization). Overall, these results suggest
that the effects observed are likely related to pharmacological activities, although
some chemical specific toxicity might be occurring.



74 SUBCHRONIC ORAL TOXICITY/ENZYME
MODULATION STUDY OF FARNESOL IN RATS.

T.Horn', L. Long', M Cwik', W.Johnson', R. Morrlssey , 1. Kapetanovic®
and D. McCormlck1 r TRemzrfh Institute, Chicago, IL, *Pathology Associates,
Chicago, IL and’ National Cancer Institute, Bethesda, MD.

Farnesol is a naturally occurring phytochemical that inhibits cholesterol synthesis
by suppressing 3-hydroxy-3-methylglutaryl CoA reductase. Farnesol has anticar-
cinogenic activity in animal models for human cancer, and is in preclinical develop-
ment for cancer chemoprevention. The present study was performed to evaluate the
toxicity of subchronic oral administration of farnesol in rats, and to determine the
influence of farnesol on the activity of hepatic and renal drug metabolizing en-
zymes. CD rats (40/sex/group) received daily gavage exposure to farnesol (in corn
oil) at doses of 0, 500 or 1000 mg/kg/day for 28 days; parallel groups of rats were
necropsied on day 29 and on day 57 (after a 28-day recovery period). No deaths oc-
curred during the study, and farnesol had no effects on body weight, food con-
sumption, or hematology or coagulation parameters. Farnesol exposure was associ-
ated with statistically significant alterations in several clinical chemistry parameters;
all clinical chemistry effects were reversible. At day 29, statistically significant in-
creases in the absolute and relative weights of the liver and kidney were seen in far-
nesol-treated rats. These organ weight effects were not associated with any
histopathologic alterations, and were not seen at day 57. Organ weight effects may
be secondary to enzyme induction, as the activities of several drug metabolizing en-
zymes were elevated at day 29 in the liver (CYP2EI1, glutathione reductase,
NADPH quinone reductase) and kidney (glutathione-S-transferase). The influ-
ences of farnesol on the activity of drug metabolizing enzymes were reversible; en-
zyme activities did not differ from control after the 28-day recovery period. No ev-
idence of limiting toxicity was observed at either farnesol dose used in the study.
Subchronic administration of farnesol induced dose-related alterations in liver and
kidney weights and increased drug metabolizing enzyme activities. These effects
were reversible. (NCI-N01-25012)

75 ATOXICITY EVALUATION OF HUMANIZED ANTI-
CD20 ANTIBODY PRO70769.

K.P McKecver, T. Watson', J. Be}rer , L. Nguycn , B.Wu!, P Flelder s
Howell E Qureshi', D. Auyeung H. Lowman' and Y. Vugmeyster'.
Genemech Inc., South San Francisco, CA and>CRL DDS Sierra Division, Sparks,
NV,

PRO70769 is a humanized monoclonal antibody against CD20 present on normal
and malignant B cells. PRO70769 is being evaluated for treatment of B cell-medi-
ated diseases. To assess the safety and pharmacology of PRO70769, cynomolgus
monkeys were administered drug (iv) on Days 1 and 15 with 10, 50 and 100mg/kg
of PRO70769 (total dose of 20, 100, and 200mg/kg) and euthanized 2 weeks after
the 2nd dose. Animals from control and high dose groups were also assessed for re-
versibility, persistence, or delayed occurrence of toxicity after 12 weeks of recovery.
Flow cytometric analysis of peripheral blood showed a dose dependent decrease in
B cells by Day 2. Decreased absolute lymphocyte counts also reflected this change,
as compared to baseline values. Due to maximal depletion of B cells prior to the
second dose, there was no evidence of additional drug-related decreases in absolute
lymphocyte counts on Day 15. On Day 29, B cells remained depleted at 6.2%,
2.2% and 1.5% of baseline. By Day 113, B cells from the high dose animals had re-
covered to an average of 19.8% of bascline. Flow cytometric analysis of lymphoid
tissues on Day 29 revealed that B cell numbers were also reduced, as compared to
the control group: 39-52% in the bone marrow; 2-14% in the spleen; 13-34% in
the inguinal lymph nodes; and 5-21% in the mandibular lymph node.
Histologically, lymphoid atrophy was apparent in the spleen and lymph nodes.
Depletion of B cells in these organs was confirmed by immunohistochemistry.
There were no apparent PRO70769-related changes in clinical signs, physiological
indices, physical examinations, or clinical chemistry parameters. Furthermore,
there were no changes in gross pathology or non-lymphoid organ weights related to
the administration of PRO70769. The results of this study demonstrate the ability
of PRO70769 to decrease CD20+ B cells in the blood and lymphoid tissues, with
pharmacologic depletion of CD20-expressing cells being the only treatment-related
effect.

76 EFFECTS OF CHRONIC PERTUZUMAB-MEDIATED
HER2 PATHWAY INHIBITION.

K. M. Towndrow N. Dybdal L. Nguycn , D. Allison, E. Quresh1 )
Bernier” and K. D McKeever'. ' Genentech, Inc., S. San Francisco, CA and? Cm/ance,
Inc., Vienna, VA.

Human epidermal growth factor receptors (HER) are important mediators of cell
growth, survival, and differentiation. Pertuzumab, a monoclonal antibody, blocks
dimerization of HER2 and other HER family members, including epidermal

growth factor receptor (EGFR), HER3, and HER4. Since pertuzumab is being de-
veloped as a cancer therapeutic, the effects of chronic exposure of monkeys to 15,
50, or 150 mg/kg (weekly i.v.) pertuzumab for 26 weeks, followed by an 8-week re-
covery period, were assessed. No drug-related changes in body weight, organ
weight, body temperature, blood pressure, respiration rate, electrocardiograms,
serum testosterone or serum troponin values were observed after pertuzumab ad-
ministration. In addition, no drug-related histomorphologic findings occurred after
either the 26-week treatment or following an 8-week recovery period and no posi-
tive antibody titers to pertuzumab were detected. An increased incidence of diar-
rhea occurred in all treatment groups, including control animals. Diarrhea was
more frequent, but not dose-dependent, in pertuzumab-treated monkeys. All mon-
keys survived until scheduled necropsy except for one 50 mg/kg group female that
was euthanized on Day 126 due to morbidity that was likely the result of dehydra-
tion caused by persistent diarrhea, unresolved with basic supportive care.
Furthermore, no drug-related findings were observed during necropsy and
histopathology examinations of this animal. One 15 mg/kg group male exhibited
poor health during Week 12 and had recurring, transient episodes of diarrhea
throughout the study; both of which required supportive care. Similar clinical ob-
servations were noted for one 150 mg/kg group female during Week 26. While
there was a trend towards pertuzumab-related increases in diarrhea and dehydra-
tion, a direct relationship could not be determined or excluded. Aside from inci-
dences of diarrhea and dehydration, chronic pertuzumab-mediated inhibition of
the HER2 pathway was generally well tolerated in monkeys.

77 PRECLINICAL SAFETY ASSESSMENT OF A HUMAN
LYMPHOTOXIN BETA RECEPTOR IMMUNOGLOBULIN
FUSION PROTEIN IN CYNOMOLGUS MONKEYS
FOLLOWING REPEATED INTRAVENOUS AND
SUBCUTANEOUS DOSING.

C. Sachs', G G. Beattie?, J. Gommerman, C. Chan?, J. Brownmg W. Meier,
P L. Martin' and J. D. Green®. 'Biogen, Cambridge, MA and*Charles River DDS
Sierra Division, Sparks, NV.

Lymphotoxin o3, a TNF family member, plays a crucial role in the maintenance of
the lymphoid microenvironment. Antagonism of this pathway has been efficacious
in several animal models of immune disease. Cynomolgus monkeys (3-
7lsex/group) were administered human lymphotoxinf} immunoglobulin fusion
protein (hLTBR-IgG) weekly at doses of 0, 0.8, 8 and 40 mg/kg by slow bolus in-
travenous (IV) injection or at 8 mg/kg by subcutaneous injection for 4 consecutive
weeks. Necropsies were performed after 4 weeks of dosing, and 8 and 12 weeks after
cessation of dosing. To evaluate functional follicular dendritic cell (FDC) activity
(trapping of immune complexes) a subset of animals was administered an IV injec-
tion of goat peroxidase-anti-peroxidase immune complexes (PAP) 24 h prior to
necropsy. There were no LTBR-IgG-related changes in clinical signs, body weight,
clinical chemistry, coagulation, electrocardiographic, or occular evaluations. No tar-
get organs of toxicity were identified in routine histopathology.
Immunohistopathology revealed LTBR-IgG-related decreases in FDC marker
staining and PAP staining in the spleen after 4 weeks of treatment consistent with
down regulation of FDC networks and function (immune complex trapping).
Despite these changes in the FDC network, the primary immune response to key-
hole limpet hemocyanin was not impaired. Recovery of staining for CD35 and PAP
was observed during the 12-week treatment-free period. All doses were well toler-
ated and produced no evidence of toxicity. The results of this study supported the
initiation of clinical trials.

78 SAFETY AND BIODISTRIBUTION OF A MULTIPLE
STRAIN EBOLA GENE DNA PLASMID VACCINE (VRC-
EBODNA012-00-VP) IN THE NEW ZEALAND WHITE
RABBIT.

T.S. Manetz', J. Stein®, R Sheets®, G. Wolfe!, C. Duffy and P. Gomez?. ' Gene
Logzr, Guzther&urg, MD, Vaccine Research Center of N[H/N]A[D Bethesda, MD,
3 Consultant to the Vaccine Research Center, Ann Arbor, MI and *Althea Technologies,
Inc., San Diego, CA.

These studies outline the pre-clinical safety studies for a candidate Ebola vaccine
that is a recombinant multi-DNA plasmid vaccine (VRC-EBODNA012-00-VP).
Previously published studies by Nabel and colleagues of the VRC showed protec-
tion in non-human primates to a prime/boost regimen of DNA prime and aden-
oviral vector boost. These studies evaluated the intramuscular safety and biodistrib-
ution of VRC-EBODNA012-00-VP in New Zealand White Rabbits. For the
biodistribution study, rabbits received control or VRC-EBODNAO012-00-VP by
single Biojector 2000® (Biojector) injection on Study Day (SD) 1 and were
necropsied for biodistribution analysis on SD 8, 30, and 60. For the safety study,
rabbits received PBS or VRC-EBODNAO012-00-VP by Biojector injection on SD
1, 22, 43, and 64, with necropsy on SD 66 and 78. Parameters evaluated include
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mortality, clinical and Draize observations, body weights, food consumption, oph-
thalmology, immunogenicity, clinical pathology, organ weights, bone marrow, gross
pathology, and histopathology. Biodistribution analysis determined the test article
was present in injection site muscle and subcutis. Frequency and/or copy number
progressively decreased over time, suggesting plasmid clearance. All animals treated
with VRC-EBODNAO012-00-VP had increased antibody titers to the Ebola vaccine
epitopes, demonstrating vaccine immunogenicity. Increased recoverable Draize
findings at the injection site were found in VRC-EBODNAO012-00-VP-treated an-
imals following the third and fourth injections. These likely resulted from the in-
jection procedure and expected immune response against the transgene. Therefore,
under these study conditions, repeat intramuscular administration of VRC-
EBODNAOQ12-00-VP to New Zealand White Rabbits did not exhibit any specific
signs of systemic toxicity but resulted in increased levels of reversible Draize obser-
vations following the third and fourth injections.

79 A LONG-TERM IMMUNOGENICITY AND SAFETY
STUDY OF AN IMMUNONEUTRALIZING VACCINE
TARGETED TO INHIBIT CHOLESTERYL ESTER
TRANSFER PROTEIN (CETP) IN RABBITS.

L.]. Thomas, M. D. Picard, E. G. Linnetz, K. M. Borrelli, R. A. Hammond
and C. W. Rittershaus. AVANT Immunotherapeutics, Needham, MA.

CETP is a plasma glycoprotein that facilitates the transfer of neutral lipids and
phospholipids between lipoproteins and contributes to the regulation of the plasma
concentration of HDL. An immunoneutralizing vaccine targeted against CETP
(designated CETi-1) was developed to reduce the lipid transfer function of CETP
by eliciting antibodies to bind to CETP. CETi-1 is a synthetic chimeric peptide, in-
cluding residues 461-476 of human CETP and residues 830-843 of tetanus toxoid,
formulated with an alum adjuvant. CETi-1 has been shown to raise HDL, decrease
LDL and reduce atherosclerotic lesions in a cholesterol-fed rabbit model. This vac-
cine could be administered to patients periodically over extended periods of time as
a preventive measure or as a therapy for atherosclerosis. Consequent to its intended
use, a study was conducted to determine the levels and duration of the immuno-
genicity of this vaccine when administered repeatedly to rabbits over more than
four years. Male NZW rabbits were primed with a single injection of either 0.1ug,
1.0ug, 10ug, 100ug, or 1000ug of CETi-1 vaccine on week 1. The animals were
boosted with the same dose of vaccine on weeks 67, 109, 135, 164, and 195. Blood
samples were taken periodically up to the end of the study on week 223. Blood
samples were evaluated by ELISA for antibodies to CETP and endpoint titers were
determined. As expected, anti-CETP antibody titers in all rabbits were low follow-
ing the first immunization, with none exceeding 1/200. For animals in each dose
group, antibody titers increased with successive boosts. Upon repeated boosting the
vaccine did not lose its ability to induce an immune response. Antibody titers were
generally dose-dependent and returned to baseline levels over time. This data would
support the concept that this vaccine would maintain, or improve, its immuno-
genicity when repeatedly administered. Furthermore, there were no observations of
toxicity attributable to prolonged autoreactive anti-CETP antibody titers in these
animals.

80 EFFECT OF OIL COMBUSTION PARTICLE
BIOAVAILABLE CONSTITUENTS ON EX VIVO
VASCULAR FUNCTION OF AORTAE RECOVERED
FROM HEALTHY AND EARLY TYPE 2 DIABETIC RATS.

K. Dreher', S.E. Kelly S. D. Proctor’ and J. C. Russell’. ' USEPA, Research
Triangle Park, NC and” University of Alberta, Edmonton, AB, Canada.

Epidemiological studies have reported statistical associations between air particulate
pollution exposure and alterations in cardiovascular function particularly in indi-
viduals with recent myocardial infarctions or Type 2 diabetes. However, the physic-
ochemical properties of particles and biological mechanisms responsible for these
observations are not known. This study examines the ability of soluble constituents
of air pollution particles to alter vascular function in arteries recovered from healthy
and Type 2 diabetic JCR:LA-cp rats. Aortic rings recovered from healthy and dia-
betic rats were maintained in oxygenated Krebs Henseleit buffer at 37°C.
Contractile force was measured for each aortic ring following exposure to various
doses of a particle-free leachatc of rcmdual oil fly ash (ROFA-L) (1.5 to 12.5 pg/ml)
and phenylepherine (PE) (10?7 to 10° M). ROFA-L exposure produced a dose de-
pendent increase in PE-mediated vascular contractility in the aortae from both
healthy and diabetic rats. However, at the lowest concentration of ROFA-L (1.5
Ug/ml) diabetic aortae displayed a greater PE-induced contractile response when
compared to aortae recovered from healthy rats. Interestingly, a very strong ROFA-
L induced vascular contractile response was observed only in diabetic aortae follow-
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ing the initial ROFA-L exposure with PE stimulation. Finally, acetylcholine-medi-
ated vascular relaxation was inhibited to a greater extent in diabetic aortac when
compared to healthy aortae following exposure to higher ROFA-L doses (6.25 and
12.5 pg/ml). Our results demonstrate that: 1) bioavailable constituents of oil com-
bustion particles can directly impair vascular function; 2) exposure history and dis-
ease status maybe critical to this response; and 3) aortae from Type 2 diabetic rats
were found to be more sensitive to alterations in vascular responsiveness following
exposure to bioavailable constituents associated with oil combustion particles.
(This abstract does not reflect EPA Policy)

81 VANADIUM EXPOSURE ALTERS SPONTANEOUS BEAT
RATE AND GENE EXPRESSION OF CULTURED
CARDIAC MYOCYTES.

D. W. Graff', R.B. Devlin', L. A. Dalley and W. E. Cascio”. 'NHEERL,
USEPA, Research Triangle Park, NC and” Cardiology, University of North Carolina,
Chapel Hill, NC.

Ambient air pollution particulate matter (PM) exposure is associated with increased
morbidity and mortality. Recent toxicological studies report PM-induced changes
in a number of cardiac parameters, including heart rate variability, arrhythmias, re-
polarization, and internal defibrillator discharges. In this study we identify cellular
processes that might contribute to cardiac dysfunction after PM exposure. Isolated
neonatal rat ventricular myocytes were cultured for 11 days and then exposed to
different concentrations of vanadium (V), a common soluble PM component. A 30
min exposure to V decreased spontaneous myocyte beat rate by 10% compared to
baseline, an effect that persisted at 1, 2, 4, and 24 hrs. To account for this decrease
in beat rate, we used real-time PCR to test for changes in gene expression of several
ion channels that contribute to repolarization, gap junction proteins (mediators of
intercellular communication), and markers of inflammation following 6 and 24 hrs
of V exposure. A 6 hr exposure did not affect connexin or ion channel gene expres-
sion but increased expression of IL-6, IL-1a, and HSP70 1.5-2-fold. A 24 hr expo-
sure produced 1.5-2-fold increases in gene expression of the gap junction protein
connexin 43, IL-6, and IL-1a, and a 50% decrease in the K+ channel coded for by
the gene KvLQtl. These data suggest that soluble metals found in air pollution par-
ticles could contribute to PM-associated cardiac morbidity and mortality by affect-
ing the function of cardiac myocytes. These effects may be triggered by an inflam-
matory response or by the remodeling of proteins associated with cellular
communication and/or repolarization. This abstract does not necessarily reflect

EPA policy.

82 SUBCHRONIC HEALTH EFFECTS OF CONCENTRATED
AMBIENT PARTICULATE MATTER (CAP).

L. Chen', J. Hwang"?, C. Nadue[ko and M. Lippmann'. ' Environ Med.,
NYUSOM Tuxedo, NY and *Statistical Science, Academia Sinica, Taipei, Taiwan.

Several epidemiologic cohort studies indicate that people who live in areas with el-
evated PM2.5 experience significantly reduced longevity in addition to acute ef-
fects. In this study, we hypothesized that subchronic exposure of normal and com-
promised mice to CAPs causes cumulative adverse effects on the respiratory and
cardiovascular systems. A particle concentrator was used to expose mice to filtered
air (FA) or CAPs for 6h/d, 5d/w, for up to 6 months to the regional background
aerosol in Tuxedo NY. A cohort of C57 mice (n=17/group) was used to investigate
respiratory effects. In addition, C57 (n=6/group) and ApoE knockout (n=9/group)
mice, implanted with ECG transmitters, were used to investigate cardiovascular ef-
fects. A separate cohort of double knockout mice (DK, ApoE and LDLr knockout,
n=6/gender/group) were also included to investigate histopathological changes and
gene expression patterns of the cardiopulmonary systems. Preliminary results
showed that CAPs (mean: 110£79 ug/m3, median: 89 ug/m3) had no effect on the
lung lavage parameters in any of the mouse strains. In contrast, there were long
term cumulative changes in heart rates (HR) in both C57 and ApoE after a 5
month exposure to CAPs. The pattern of alterations in HR was dependent on the
strain of mice, and on the time of day when HR was measured. For example, by the
end of the 5 months of exposure, for midnight to 4 am, there was a 28 beats/min
reduction in HR in the ApoE, whereas the HR was increased by 22 beats/min in
C57. There were also daily concentration-dependent changes in HR both during
and post the CAPs exposure period in both strains of mice. In addition, several
deaths occurred in both the CAPs and FA exposed DK mice. However, a log-rank
test showed that CAPs did not affect the end of study survival in these mice. Taken
together, our data showed that subchronic exposure to CAPs produced significant
daily changes in the cardiovascular system in both healthy and health compromised
animals and the effects appeared to be cumulative. Supported by: EPA (R827351)
and NIEHS (ES00260).



83 EFFECTS OF INSTILLED EMISSION PARTICULATE
MATTER (EPM) ON ELECTROCARDIOGRAPHIC
INDICES AND HEART RATE VARIABILITY (HRV) IN
SPONTANEOUSLY HYPERTENSIVE (SH) RATS.

L. Wichers', J. P. Nolan?, W. H. Rowan’, M. J. Campen®, T. P Jenkins®, D. L.
Costa® and W. P. Watkinson®. 'SPH, UNC, Chapel Hill, NC,
*ORD/NHEERL/ETD/PTB, USEPA, Research Triangle Park, NC, *LRRI,
Albuquerque, NM and 4B}’0d}/ SOM, ECU, Greenville, NC.

Epidemiological studies have linked increased levels of ambient particulate matter
(PM) with increased morbidity and mortality, noting higher correlations in persons
with cardiovascular disease. To further investigate this phenomenon, we examined
the effects of EPM (an “ambient-like” emission particle) in SH rats (a susceptible
disease model). Rats were implanted with radiotelemeters capable of monitoring
electrocardiogram (ECG), heart rate (HR), blood pressure (BP), and core tempera-
ture (T ). Animals (n=109) were divided into four groups and exposed viz intra-
tracheal instillation (IT) to suspensions of EPM (0.0, 0.83, 3.33, 8.33 mg/kg) in
acidified saline vehicle. Telemetered rats were monitored continuously for 96h
post-IT and ECG waveforms were acquired at 10—min intervals throughout the
study. Ventilatory function was examined (Buxco Electronics) concurrently for
6h/day on postexposure Days 14 while subsets of rats underwent bronchoalveolar
lavage (BAL) at 24h, 96h, and 192h post-IT. ECG abnormalities (thythm distur-
bances, premature ventricular contractions) were observed primarily in the high
dose group. Detailed analyses of ECG intervals and indices of HRV showed evi-
dence of immediate (<2 hours) increases in HRV followed by a delayed (>2 days)
return to control levels. Additionally, exposure to EPM induced dose-related de-
creases in HR, BP, and T, that persisted for up to 72h. Significant increases in
BAL indices of pulmonary injury were also noted. These studies demonstrate sub-
stantial deficits in cardiopulmonary function in SH rats after I'T exposure to EPM.
The observed changes in cardiopulmonary function in moderately compromised
rodents support the results of previous epidemiological studies and may implicate
similar biologically-plausible mechanisms in humans. (Abstract does not represent
USEPA policy. This research was supported in part by EPA CT826513.)

84 ASSESSMENT OF TOXICITY OF OIL COMBUSTION
EMISSION EXPOSURE IN NORMAL AND
HYPERTENSIVE RATS.

M. L. Gilmour', University. Kodavanti', K. Dreher', M. Daniels', M.
Schladweiller', Q. krantz', W. P. Linak?, C. Miller® and D. L. Costa'.
'NHEERL, USEPA, Research Triangle Park, NC and 2NRMRL, USEPA, Research
Triangle Park, NC.

It has been suggested that the increased morbidity and mortality associated with ex-
posure to airborne particulates (PM) is related to materials derived from combus-
tion sources such as gasoline, diesel, oil, wood and coal. In these studies hickory oil
# 6 was burned in a residual oil combustor previously shown to produce approxi-
mately 150 mg/m3 of PM. The particles were then passed through a 2.2 mm cy-
clone and diluted with clean ambient air. The resulting PM was directed to a
Hinners animal exposure chamber equipped for continuous monitoring of 02,
CO, CO2, NOx, SO2, as well as total particle concentrations. Mean PM 2.5 con-
centrations ranged between 2 and 3 mg/m-3 with SO2 denuded to 2-3 ppm and
20-30 ppm NOx. Sprague-Dawley and spontaneously hypertensive (SHR) rats
were exposed to the combustion atmosphere for 4 hrs for one or three days and im-
mediately and 20 hr later assessed for changes in systemic and pulmonary markers
of injury and inflammation. Exposure to the emission atmosphere caused an in-
crease in neutrophils and BAL lysozyme in both rat strains, but no significant
changes in other markers of lung injury such as protein and LDH. Increased vana-
dium levels detected in the plasma of CEAS-exposed Sprague-Dawley rats were as-
sociated with an elevated platelet count and decreased white blood cell numbers.
Analysis of systemic biomarkers in SHR rats is in process. We conclude that these
acute exposures resulted in modest levels of pulmonary inflammation in the two rat
strains, and that the biological effects may be more prominent in the systemic cir-
culation. Future studies will determine the relative contribution of gases versus par-
ticles on these responses, and will test whether animals with cardiopulmonary dis-
ease are further compromised by such exposures. (This abstract does not necessarily
reflect EPA policy.)

85 MYOCARDIAL AND CARDIOVASCULAR EFFECTS
FOLLOWING PULMONARY EXPOSURE TO ZINC.

P S. Gilmour"?, A. Nyskaz, M. C. Schladweiler®, A. D. Ledbetter® and
University. P. Kodavanti’. 'CEMALB, UNC, Durham, NC, °NIEHS, Research
Triangle Park, NC and *PTB, USEPA, Durham, NC.

Exposure to environmental particulate matter (PM) is associated with cardiovascu-
lar (CV) health effects. Although the mechanisms have yet to be determined, parti-
cle-associated metals are thought to play a role. Recent interest has focused on zinc,

a major constituent of ambient and combustion particles, however the roles of pul-
monary zinc exposure on coagulation factors and inflammation in the heart are un-
known. We have previously shown that pulmonary exposure to zinc-containing
PM causes myocardial lesions in rats. Therefore, we hypothesized that pulmonary
exposure to zinc causes lung and heart thrombosis, and cardiac inflammation and
injury. Adult male Sprague-Dawley and Wistar-Kyoto (WKY) rats were intratra-
cheally (IT) instilled with 0, 1 or 2 pmol/kg of zinc sulfate (ZnSO4).
Inflammation, blood parameter changes, tissue plasminogen activator (tPA),
thrombomodulin (TM), and tissue factor (TF) mRNA (PCR) in heart and lung tis-
sue were analyzed post-ZnSO4 IT. Lung and cardiac injuries were evaluated 1-96
hr post-IT. Myocardial lesions were characterized by immunohistochemical stain-
ing for troponin and apoptosis in cardiac sections. Significant increases in bron-
choalveolar lavage fluid neutrophils, protein, and LDH occurred in the zinc-ex-
posed SD rats and not in controls. TF mRNA was significantly increased in the
lung of zinc-exposed SD rats. The expression of tPA and TM was significantly de-
creased in heart tissue of zinc-exposed SD rats. Instilled zinc took 24 hr to clear
during which time the liver Zn increased while there was only a modest increase in
cardiac zinc. WKY rats exposed to Zn demonstrated cardiac lesions which consisted
of multi-focal myocardial degeneration, acute-active inflammation, and myocardial
necrosis. WKY rats exposed to air only contained no cardiac lesions. These data
suggest that zinc has significant inflammatory and procoagulative effects in the lung
and heart, and may play a critical role in PM-induced CV effects. (This abstract
does not reflect USEPA policy. Supported in part by #CR829522 between EPA and
UNC)

86 ULTRAFINE PARTICLE (UFP) EFFECTS ON
EXPERIMENTAL THROMBOSIS: THE EAR VEIN
MODEL.

V. M. Silva, N. Corson, A. Elder, R. Gelein and G. Oberdorster. Environmental
Medicine, University of Rochester, Rochester, NY.

Photodynamic excitation of rose bengal (RB) is commonly used to study thrombo-
sis in the femoral vein. It generates singlet oxygen leading to endothelial damage
and thrombus formation. Factors affecting this response include plasma RB con-
centration, time post RB administration and total excitation time. Also, manipula-
tion of the vessel itself can affect RB-induced endothelial responses. We avoided
this by adapting the RB-thrombosis model to the rat ear vein. Furthermore, initial
experiments were aimed at optimizing RB plasma levels and keep them stable for an
extended period of time. The animal was placed on an inverted microscope stage
such that ear blood vessels and flow could by visualized. After RB was given, an ear
vein was illuminated (532nm, 20mW) for 5 to 120 sec and thrombosis was cap-
tured with a digital camera. Animals received either intraperitoneal (ip, 200mg/kg),
intravenous (iv, 10mg/kg) or iv infused (24mg/kg/hr) doses of RB in separate ex-
periments. Blood was collected at different times to determine the kinetics of RB
concentration up to 2 hrs. Our data indicate that the iv bolus resulted in a plasma
RB concentration that decreased rapidly 5 min after injection, while the ip dose
caused a continuous increase in plasma even 60 min after RB administration. This
change in blood concentration produced by both routes of administration affected
RB-induced endothelial damage irreproducibly. In contrast, a steady state RB level
of 45ug/ml plasma was reached after 30 min of continuing infusion and a consis-
tent reaction was observed after 10 sec illumination of the ear vein. Administration
of iv ultrafine polystyrene particles 30 min after start of the RB infusion shortened
the laser exposure time to 5 sec. This data suggest that continuous iv infusion leads
to more consistent plasma RB levels and that UFP can affect endothelial function
directly. Furthermore, the advantages of using the ear model include: no manipula-
tion of the vessel; and the availability of several veins on each ear make possible to
perform several studies in the same animal.

87 TCDD FROM AGENT ORANGE IS CURRENTLY AS
ELEVATED IN VIETNAM AS DURING SPRAYING 30-40
YEARS AGO: A CASE STUDY ILLUSTRATING THE
PERSISTENCE OF POPS.

A. Schecter’, H.T. Quynhl, 0. Paepke3, R. Malisch?, J. D. Constable’, M.
Pavuk® and K. Tung?®. Cancer Research Center, Hanoi, Viet Nam, °Environmental
Sciences, University of Téxas School of Public Health, Dallas, TX, JERGO Research
Laboratory, Hamburg, Germany, *State Laboratory for Chemical & Veterinary
Analysis, Freiburg, Germany and °Massachusetts General Hospital, Harvard Medical
School, Boston, MA.

The persistence of POPs, persistent organic pollutants, is among their least desir-
able characteristics. Over 400 pounds of one of the POPs, TCDD, a contaminant
of the herbicide Agent Orange, was sprayed in Vietnam between 1962-1971.
Between 1970 and 2003, we collected over 3, 200 Vietnam human, food, and en-
vironmental samples. In approximately a dozen locations elevated TCDD was
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found in southern Vietnamese. In several of these dioxin hot spots, we did extensive
sampling of humans, food, and the environment. In 1970 samples, human milk
lipid from an Agent Orange sprayed area contained up to 1, 850 ppt of TCDD.
The 1970 sampling also found fish TCDD levels as high as 810 ppt, wet weight.
Recently, in one hot spot, Bien Hoa city, we found ducks, chickens, one (of 5) fish
and one toad to have high TCDD levels, 7-331 ppt wet weight, similar to the 1970
findings. In 1988, we found elevated TCDD in pork, beef, snake and a turtle from
a village near Bien Hoa. Typical values in the USA and in Vietnam for fish are cur-
rently less than 0.1 ppt wet weight TCDD. Levels in soil from this area, usually less
than 1 ppt, were as high as 1, 100, 000 ppt, dry weight. In 2003 we obtained sam-
ples of blood and food from two potential dioxin hot spots and compare these data
with the earlier findings. The findings of substantially elevated TCDD in humans,
food, and the environment for up to 4 decades after initial contamination provides
a striking example of the persistence of these compounds.

88 PBPK MODELED CHANGES IN TCDD BASED ON
ESTIMATED COMMUNITY EXPOSURES THROUGH
SEAFOOD CONSUMPTION: A CASE STUDY IN PUBLIC
HEALTH ASSESSMENT.

D. B. Moffett"* and H. A. El-Masri'. ' Computational Toxicology
Laboratory/Division of Toxicology, CDCIATSDR, Atlanta, GA and” United States
Public Health Service, Atlanta, GA. Sponsor: B. Fowler.

Physiologically based pharmacokinetic modeling of data from a hazardous waste
site was used to estimate long-term body burden of 2, 3, 7, 8-tetrachlorodibenzo-p-
dioxin (TCDD) in people who may be eating dioxin contaminated fish/shellfish as
part of their diet. PBPK modeled levels of TCDD were estimated after 5-70 years of
regular consumption of fish/shellfish from a contaminated estuary. The estimated
daily intakes of TCDD from contaminated fish/shellfish consumption were com-
pared to expected daily intake in the average US diet. The impact of replacing
fish/shellfish consumption for protein sources containing less TCDD was also ex-
amined. For the exposed population, PBPK model simulations were run for a 5
year exposure period and a lifetime 70 year exposure using a consumption rate of 8
fish/shellfish meals per month. The results were 4 parts per trillion (ppt) dioxin in
adipose tissue after a simulated 5 year exposure and 19 ppt dioxin in adipose tissue
after a simulated 70 year chronic lifetime exposure. The predicted levels for the
chronic exposure to dioxin from fish contribution only are higher than the reported
average US population fat tissue value from all dioxin sources which ranges be-
tween 0.98-15.1 ppt with a mean value of 6.5 ppt. In addition, using the ATSDR
Minimal Risk Level (MRL) of 1 pg/kg/day for an oral chronic exposure to dioxin,
we obtained a predicted adipose tissue value of 17.5 ppt. A comparison of the mod-
eled case study adipose tissue values and the modeled dioxin MRL adipose tissue
value shows the case study results exceed the health based guidance value for
chronic exposure but are below the known effect levels. This approach goes beyond
traditional health assessment by examining the effects of increased dietary intake of
TCDD on body burden to better understand the potential for adverse health effects
due to a chronic exposure scenario.

89 THE INFLUENCE OF VARIABLE ELIMINATION RATE
AND BODY FAT MASS IN A PBPK MODEL FOR TCDD
IN PREDICTING THE SERUM TCDD
CONCENTRATIONS FROM VETERANS OF
OPERATION RANCH HAND.

C. Emond®, M.]. DeVito', L.S. Birnbaum' and J. E. Michalek’.
'ORD/NHEERL/ETD, USEPA, Research Triangle Park, NC, ’NRC, NAS,
Washington, DC and SHEDB, AFRL, Brooks City-Base, TX.

Epidemiological and experimental studies suggest that the elimination rate of
TCDD is influenced by the body burden and adipose tissue mass. Previous PBPK
models for rodent and humans assumed a constant elimination rate. The aims of
this study were 1) to compare PBPK models for TCDD that had used either a con-
stant or variable elimination of TCDD and 2) study the influence of adipose tissue
mass on the T2 in humans. A PBPK model was developed for TCDD in rats and
then extrapolated to humans. This model was described with three diffusion-lim-
ited compartments (liver, fat and rest of the body). Ah receptor-mediated induction
of CYP1A2 was also described. Parameters used in this model came from the litera-
ture. The variable elimination rate was described based on the dose response for in-
duction of CYP1A2. TCDD serum concentrations were determined in over 300
Veterans of Operation Ranch Hand. This cohort was divided in two groups. One
was used for the optimization of the model and the other was used for model vali-
dation. In an initial analysis, body fat mass was set at 26%. The results suggest that

T2 could vary from <6 months in those with high initial body burdens (89 ng/kg)
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to over 20 years for those with background body burdens. However, adipose tissue
mass also plays a role in the elimination of TCDD. Using the example above,
changing the adipose mass to 50%, the T"2 varies from <1 to 30 years, depending
on the body burden. This analysis indicates that the T2 of TCDD is dependent
upon the body burden and the adipose tissue mass and that a variable elimination
rate is critical for accurate model prediction of human exposures. This work aids in
understanding the biological mechanisms of the variability for the T2 of TCDD in
humans. (This abstract does not represent USEPA policy. Funded by in part by a
cooperative agreement with NRC and EPA (CR 828790) and an interagency agree-
ment between the US Air Force and EPA (FQ7624-00-YA085)).

90 SERUM 2, 3, 7, 8-TETRACHLORODIBENZO-P-DIOXIN
(TCDD) LEVELS AND SLEEP DISORDERS IN US AIR
FORCE VETERANS OF THE VIETNAM WAR.

Y. Liv*!, J. E. Michalek® and L. T. Frame'. IPhﬂrmﬂmlygy and Neuroscience, Texas
Tech Health Sciences Center, Lubbock, TX, °The Institute of Environmental and
Human Health, Texas Tech University, Lubbock, TX and 3 Air Force Research
Laboratory, US Air Force, Brooks City-Base, TX.

TCDD is the contaminant of concern in the defoliant, Agent Orange. Recently,
TCDD was shown to cause circadian disturbances in rodents, suggesting a mecha-
nistic framework for understanding sleep disorders in TCDD-exposed humans. In
this study, data were re-analyzed from an existing cohort study of 953 USAF
Vietnam veterans involved in Operation Ranch Hand, exposed to Agent Orange
between 1962-1971, and 1278 comparison veterans who were not involved with
spraying herbicides. Participants were asked questions regarding sleep problems
during an in-person interview in 1992. Exposure was assessed by serum TCDD lev-
els measured in 1987 or 1992 and extrapolated initial serum TCDD levels. A first-
order elimination model assumed a 7.6 year biological half-life. Each veteran was
assigned to 1 of 4 exposure categories, which included Comparison and Ranch
Hands with background, low, or high exposure to TCDD. Risk ratios of sleep dis-
orders in Ranch Hands relative to Comparisons were estimated by logistic regres-
sion. Overall sleep problems were increased among all Ranch Hands (RR = 1.26,
95% CI 1.11, 1.42). Risk of insomnia, as identified by reports of trouble falling
asleep, waking up during the night, or waking up early and being unable to go back
to sleep, was significantly increased in the High TCDD subgroup (RR=1.30, 95%
CI 1.12, 1.51). Adjustment for other covariates did not reduce this estimate (RR =
1.78, 95% CI 1.27, 2.51). A greater proportion of Ranch Hand veterans in the
High TCDD subgroup (RR=1.43, 95%CI 1.09, 1.90) complained of waking up
unrefreshed as compared with the comparison group. In the adjusted analysis, this
estimate was not reduced (RR=1.58, 95%CI 1.13, 2.22) and showed significant
TCDD-dose dependence (RR for Ranch Hand Background=1.35, Ranch Hand
Low=1.38, Ranch Hand High=1.60). These findings support a link between
TCDD exposure and circadian dysregulation.

91 LOW DOSE IN VIVO EXPOSURETO 2, 3,7, 8
TETRACHLORODIBENZO-P-DIOXIN (TCDD OR
DIOXIN) ALTERS EXPRESSION OF THE CLOCK-
ASSOCIATED PROTEIN, PERIOD, IN THE
SUPRACHIASMATIC NUCLEUS (SCN) AND LIVER OF
C57B6 MICE.

W. Li, R.L. Dickerson and L. T. Frame. Pharmacology and Neuroscience, Texas
Tech Health Sciences Center, Lubbock, TX.

Halogenated arylhydrocarbons are present in the environment, bioaccumulate in
the food chain, and have biological half-lives that can be measured in years. The
most potent member of this class of compounds is TCDD. Low-dose TCDD expo-
sure is associated with a spectrum of adverse health effects in humans, including
disorders of sleep, lipid and glucose metabolism, behavior, and endocrine function.
This suggests a TCDD-associated global circadian disorder. The master circadian
clock is located in the suprachiasmatic nucleus (SCN) of the hypothalamus and
drives a network of peripheral circadian clocks in other tissues. Circadian expres-
sion of the clock-associated protein, mPER, correlates well with locomotor activity
and core body temperature, reaching a peak in the SCN during early subjective
night. In this series of experiments, C57B6 mice were used to test the hypothesis
that adverse health effects associated with TCDD exposure are linked through a
common  toxicological ~mechanism targeting the circadian system.
Immunohistochemistry was used to quantify the time-course of expression for the
clock-associated protein, mPerl, in SCN slices of corn oil- and TCDD-dosed ani-
mals. Western blot analyses were used to monitor the corresponding mPer1 expres-
sion in liver. In parallel experiments, surgically-implanted radiotelemetry probes
(Mini-Mitter) were used to continuously monitor circadian rhythms of locomotor



activity and core body temperature. Low-dose exposure to TCDD (100ng/kg, i.p.)
was associated with rapid and transient phase-shifts in the circadian expression of
mPerl in both the SCN and liver, which was followed within 5-7 days by stable re-
setting of circadian rhythms. Higher TCDD doses (>100 ng/kg i.p.) were associ-
ated with prolonged inhibition and pronounced disturbances in circadian rhythms.
These results support the idea that diverse toxicities associated with TCDD expo-
sure are mediated via effects on the central biological clock.

92 EFFECT OF 2, 3, 7, 8-TETRACHLORODIBENZO-P-
DIOXIN (TCDD) ON POSITIVE AND NEGATIVE
SELECTION OF T CELLS IN THE THYMUS.

M. Fisher, M. Nagarkatti and P._S. Nagarkatti. Virginia Commonwealth University,
Medical College of Virginia Campus, Richmond, VA.

The thymus is highly sensitive to the toxic effects of 2, 3, 7, 8-tetrachlorodibenzo-
p-dioxin (TCDD). The purpose of the thymus is to generate a diverse T cell reper-
toire capable of MHC-restricted antigen recognition, while eliminating autoreac-
tive T cells (positive and negative selection). In the current study, we investigated
whether TCDD alters positive and/or negative selection using the HY-TCR mouse
model. These mice bear a transgenic TCR that recognizes the male HY-antigen in
the context of MHC class I H-2Db. Thymocytes from male HY-TCR mice (which
have the HY-Ag) undergo negative selection, while those from female HY-TCR
mice (lacking the HY-Ag) are positively selected. Adult male and female HY-TCR
mice were exposed to 10-50 pg/kg body weight TCDD. After 48-72 hrs, we meas-
ured thymic cellularity, T cell subsets and apoptosis. We found that male HY-TCR
mice had greater thymic atrophy following TCDD exposure relative to HY-TCR
females. In addition, HY-TCR males exhibit significant changes in T-cell subsets,
while HY-TCR females did not. This was due to increased induction of apoptosis
in the HY-TCR male thymus following TCDD exposure when compared to HY-
TCR females. The difference in apoptosis was specific to immature T cell subsets,
suggesting that TCDD induces apoptosis in the thymus in part by increasing the
numbers of thymocytes that are negatively selected. Exposure to TCDD also in-
duced the expression of the HY-TCR and MHC class I molecules, suggesting that
TCDD might alter the dynamics of thymic selection by increasing the expression of
molecules integral to the selection process. Finally, TCDD-induced alterations in T-
cell subsets in the HY-TCR males were mirrored in the periphery, so that the effects
of TCDD on the thymus may have functional consequences. Together, the current
study suggests that TCDD alters the T cell selection process by inducing apoptosis
and interfering with the signaling molecules (Supported by NIH grants
RO1ES09098, F32ES011732).

93 IN VIVO MOLECULAR MECHANISMS OF TCDD-
INDUCED CELL DEATH IN THE THYMUS: EVIDENCE
FOR AHR-DEPENDENT APOPTOSIS VIA ACTIVATION
OF MITOCHONDRIAL AND DEATH-RECEPTOR
PATHWAYS.

L A. Camacho', M. Nagarkatt' and 2. S. Nagarkatt' Department of
Mzcrabzalog)/ and Immunology, Virginia Commonwealth University, Richmond, VA
and’Department of Pharmacology and Toxicology, Virginia Commonwealth
University, Richmond, VA.

The current study investigated the mechanisms of apoptosis induced by 2, 3, 7, 8-
tetrachlorodibenzo-p-dioxin (TCDD) in murine thymocytes, particularly address-
ing the role of AhR. AhR knock-out (KO) mice showed resistance to TCDD-in-
duced thymic atrophy and apoptosis when compared to the wild-type AhR +/+
mice following exposure to 50 pg/kg TCDD. Microarray analysis revealed that
TCDD induced the expression of several apoptotic genes including FasL in wild-
type but not AhRKO mice. To further address the mechanisms of apoptosis, all ex-
periments were performed in wild-type mice. TCDD treatment increased the ex-
pression of FasL on thymic stromal cells at the mRNA and protein level.
Upregulated FasL induced by TCDD on Thy 1.2+ thymic stromal cells was able to
kill untreated Fas+ Thy 1.1+ thymocytes. However, this effect was absent when
TCDD-treated thymic stroma from FasL-defective mice was mixed with wild-type
thymocytes or when TCDD-exposed wild-type stromal cells were mixed with Fas-
deficient thymocytes. Also, the thymic stromal cell-induced apoptosis was signifi-
cantly inhibited following addition of anti-FasL Abs to cultures. TCDD treatment
in vivo caused cleavage of caspase-8, caspase-9, caspase-10, caspase-3 and Bid in
thymocytes. However, Bid KO mice treated with TCDD showed thymic atrophy
and susceptibility to TCDD-induced apoptosis, suggesting that Bid was not crucial
for TCDD-induced apoptosis. Furthermore, TCDD treatment caused loss of mito-
chondrial membrane potential, release of cytochrome C and increased Bax protein.
Taken together, these studies demonstrate that TCDD-induced apoptosis in thy-

mocytes is regulated through the AhR involving death receptor and mitochondrial
pathways, and that thymic stroma plays a critical role in this process. (This work
was funded in part by grants from NIH: RO1ES09098, R01 AI053703, RO1
DAO016545, F31ES11562, R21DA014885 and ROTHL058641).

94 CHRONIC TOXICITY AND CARCINOGENICITY OF
DIOXIN-LIKE COMPOUNDS IN FEMALE HARLAN
SPRAGUE-DAWLEY RATS.

alker, A. Nyska , C. Alden A. E. Brlx, L. T. Burka', ] R. Haile X
K Haseman M. R. He tmancik®, M P]okmen , D. P Orzech!, D. Sells®, C.
S. Smith', M.E. Wyde' and . R. Bucher'. ' NIEHS, Research Tmmg/e Park, NC
Expmmenml Pathology Laboratories, Research Triangle Par/e NC, *Pathology
Associates -A Charles River Company, Durham, NC and " Battelle Columbus,
Columbus, OH.

The dioxin Toxic Equivalency Factor (TEF) methodology has been developed as a
mathematical tool to assess the health risk posed by mixtures of structurally related
dioxin-like compounds that bind to the aryl hydrocarbon receptor and exhibit bio-
logical actions similar to 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin (TCDD). To ad-
dress the adequacy of the TEF methodology for predicting the potency of different
compounds to induce a variety of chronic responses, we conducted a series of ki-
netic and 2-year rat toxicity and carcinogenicity studies of dioxin-like compounds.
Female Harlan Sprague-Dawley rats were treated by oral gavage five times per week
with either TCDD, PCB126, 2, 3, 4, 7, 8-pentachlorodibenzofuran, or a mixture
of these for up to 2 years with doses ranging up to 100 ng TCDD equivalents/kg.
Interim necropsies were carried out at 14, 31, and 53 weeks. Dose-dependent in-
creases in hepatic CYP1A1 and CYP1A2 activity were observed at all interim time
points in all studies. In addition alterations in thyroid hormone homeostasis were
observed in all studies. There were significant dose and time dependent increases in
the incidence and severity of hepatotoxicity and increased incidences of non-neo-
plastic effects in multiple organs notably in the lung, adrenal gland, oral mucosa,
pancreas, kidney, heart, thymus and thyroid gland. In addition increased incidences
of neoplasms in several sites were seen in all studies notably in the liver, lung and
oral mucosa. This pattern of neoplastic activity is consistent with a prior 2-year
dosed-feed study of TCDD conducted in Spartan Sprague-Dawley rats.
Qualitatively these data support one of the key assumptions in the use of the TEF
methodology; that individual, and mixtures of dioxin-like compounds have similar
site-specificity in terms of potential adverse responses following chronic exposure.

95 HEPATIC GENE EXPRESSION PROFILING OF HAHS
AND THE IDENTIFICATION OF NOVEL DIOXIN-
RESPONSIVE GENES.

B.]. Ovando', R.]J. Foxenbcrg C. M. Vezina® and] R. Olson'. IPharmamlygy
and Toxicology, University at Buffilo, Buffalo, NY and Pharmacy, University of
Wisconsin, Madison, W1I.

Comparative hepatic gene expression profiling was conducted in female Sprague-
Dawley rats exposed to dioxin and structurally related halogenated aromatic hydro-
carbons (HAHs) in order to better understand mechanisms for the toxicity of this
class of agents. Rats were treated for 14 weeks with toxicologically equivalent doses
(based on the respective toxic equivalency factors, TEFs) of TCDD (100
ng/kg/day), 2, 3, 4, 7, 8-Pentachlorodibenzofuran (PeCDF; 200 ng/kg/day), 3, 3,
4, 4, 5-Pentachlorobiphenyl (PCB126; 200 ng/kg/day), and the non-AhR ligand 2,
2, 4, 4, 5, 5-hexachlorobiphenyl (PCB153; 1000 ug/kg/day). Hepatic RNA from
each animal was subjected to DNA microarray analysis on Affymetrix RGU34A
GeneChips. The hepatic gene expression for toxicant-treated animals was com-
pared to control animals and principal components analysis (PCA) was employed
to compare the global expression profiles of each toxicant and filtered to identify
genes that were differendially regulated by TCDD, PeCDEF, and PCB126, but not
PCB153. The gene expression profile for the non-AhR ligand PCB153 was sub-
stantially different from that of the AhR ligands TCDD, PeCDE, and PCB126,
supporting their common receptor-based mechanism of action. Several genes were
co-regulated by treatment with the AhR ligands TCDD, PeCDEF, and PCB126, in-
cluding classical AhR target genes and some novel genes such as cell-cell adhesion
molecule 4 (CCAM-4) and adenylyl cyclase associated protein 2 (CAP2). Real
Time RT-PCR analysis confirmed the dramatic up regulation of CCAM-4 (4-18
fold) and CAP2 (49-169 fold), not only following subchronic exposure to TCDD,
but at 24 and 72 hr following a single po dose of 5 ug TCDD/kg. Thus, these novel
dioxin-responsive genes are up regulated as initial events and are not secondary to
hepatic injury. Together, these finding may help to expand current knowledge of
the AhR signaling cascade and its role in the toxicity of these agents. (Supported in
part by NIEHS ES09440, SOT, and University at Buffalo).
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96 MOLECULAR STRUCTURE-BASED PREDICTION OF
THE STEADY-STATE BLOOD CONCENTRATIONS OF
INHALED ORGANICS IN RATS.

M. Beliveau and K. Krishnan. Occupational and Environmental Health, Universite
de Montreal, Montreal, QC, Canada.

Environmental exposures to volatile organic chemicals (VOCs) often lead to
steady-state condition. The establishment of quantitative relationships between
steady-state blood concentrations (SS-BC) and molecular structures of such chem-
icals can be potentially useful. The objective of this study was therefore to investi-
gate the relationship between the SS-BC in rat and the molecular structures of a se-
ries of VOCs that belong to multiple chemical families (alkanes, haloalkanes,
haloalkenes and aromatics). The overall approach consisted of developing quantita-
tive relationships between molecular fragments (CH3, CH2, CH, C, C=C, H, Cl,
AC, H_AC) in various alkanes, haloalkanes, haloethylenes, and aromatic hydrocar-
bons, as well as their SS-BC (per micromolar inhalation exposure) according to an
additive model of Gao. This modeling approach implies that each fragment in the
structure of a chemical has an additive and constant contribution to its SS-BC. A
multilinear regression was performed using a commercially-available statistical soft-
ware package (SPSS for Windows v10.0.7, SPSS Inc., Chicago, IL), and the results
obtained were essentially the contributions associated with each of the nine struc-
tural fragments. This molecular structure vs SS-BC relationship was then validated
using an external dataset on SS-BC for a series of aliphatic hydrocarbons obtained
from the literature (hexane, heptane, octane, nonane, decane, 2-methyl heptane, 2-
methyl octane, 2-methyl nonane, 1-octene, 1-nonene, and 1-decene; 100 ppm).
The ratio of experimental to predicted SS-BC for these chemicals ranged from 0.6
to 1.5. The results of this study suggest that steady-state blood concentrations of in-

haled VOC:s can be predicted using structure-activity type models.

97 TISSUE DISTRIBUTION OF NUCLEOSIDE
TRANSPORTERS IN MALE AND FEMALE RATS AND
MICE.

H. Lu, C. Chen and C. Klaassen. University of Kansas Medical Center, Kansas City,
KS.

Concentrative nucleoside transporters (CNT) and equilibrative nucleoside trans-
porters (ENT) have essential physiological functions and are important in disposi-
tion of many anticancer and antiviral nucleoside analogs. Various CNTs and ENTs
have different but overlapping substrate specificity; however, knowledge of their tis-
sue distribution in rodents is incomplete. Thus, the purpose of this study was to de-
termine distribution of CNT1, CNT2, CNT3, ENT1, ENT2, and ENT3 mRNA
transcripts in 19 tissues (heart, thymus, spleen, brain, pituitary, muscle, kidney,
liver, blood vessel, duodenum, jejunum, ileum, large intestine, stomach, lung,
testis, prostate, ovary, and uterus) of male and female Sprague-Dawley rats and
C57BL/6 mice. The 6 CNT and ENT transcripts were determined using branched
DNA signal amplification assay. Expression of CNT1 was highest in small intes-
tine, intermediate in kidney, and lower in testis of both species. CNT2 was also
highest in small intestine of rats and mice, intermediate in liver of rats but not mice,
and somewhat lower in thymus and spleen of both species. The expression of
CNT3 was markedly different in rats and mice; expression was highest in lung of
rats, but highest in uterus of mice. ENT1 was highly expressed in testis and lung of
both species, as well as liver and pituitary of mice. ENT2 was expressed at high lev-
els in testis and brain of both species. Skeletal muscle expression of ENT2 was
moderate in mice and rats, in contrast to the very abundant expression previously
reported in humans. ENT3 expression was highest in kidney, followed by testis, in
both rats and mice. These studies demonstrate that in general, tissue distribution of
CNT and ENT is similar in rats and mice. However, a few differences do exist, such
as with CNT?2 in liver (high in rats; low in mice), CNT3 in lung (high in rats; low
in mice), and ENT1 in pituitary (low in rats; high in mice). Such species differences
could be responsible for some species differences in disposition and toxicity of
xenobiotics that are substrates for these transporters. (Supported by NIH grants
ES-09649 and ES-09716).

98 METABOLISM AND DISPOSITION OF [2-'“C]-2-
METHYL-1, 3-PROPANEDIOL (MPDIOL® GLYCOL) IN
SPRAGUE-DAWLEY RATS FOLLOWING ORAL GAVAGE
ADMINISTRATION.

R.J. Boatman ; H. B. Lantum', . C. English', M. Thomas?, W. D. Faber® and
M. L. Banton®. ' Health and Environment Lﬂbomtorze:, Eastman Kodak Company,
Rochester, NY, Lyonde[l Chemical Company, Mazden/}md United Kingdom,
?Lyondell Chemical Company, Houston, TX and *“WFTC, LLC, Victor, NY.

The absorption, distribution, elimination, and metabolic fate of 2-methyl-1, 3-
propanediol (MPDiol® Glycol) were determined in female Sprague-Dawley (SD)
rats following oral gavage administration of [2-"“C]-MPDiol® Glycol ar either
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1000 or 100 mg MPDiol® Glycol/kg. Absorbed radioactivity was eliminated rap-
idly, with the majority recovered by 12 h as either expired CO, or in urine (com-
bined urine and cage wash). Total amounts recovered for these two routes of excre-
tion were similar at the high and low dose levels, but the relative proportions for the
routes differed. At 1000 mg/kg, radioactivity in urine and expired CO, accounted
for 45.4% and 42.0%, respectively, of the administered dose; whereas at 100
mg/kg, the respective values were 31.3% and 57.5%. Only about 1% of the ad-
ministered radioactivity was recovered in feces and 5% was present in combined tis-
sues and carcasses. A total of 93.1% and 95.3% of the administered radioactivity
was recovered from the 1000 and 100 mg/kg exposure groups, respectively, by 7 d.
Based on residual radioactivity remalnmg in the body at each sampling point, the
half-lives for the elimination of [2-'*C]-MPDiol® Glycol from rats were calculated
to be 3.57 h and 3.88 h, respectively, at the 1000 and 100 mg/kg dose levels. HPLC
analysis of urine metabolites indicated the majority of the radioactivity was associ-
ated with two components. After conversion to the trimethylsilyl derivatives and
GC/MS analysis, these were identified as 3-hydroxyisobutyric acid (3-HIBA) and
unchanged MPDiol® Glycol. Stereospecific analysis by GC/MS of the 3-HIBA
metabolite indicated the predominant urinary stereoisomer to be the (R)-(-)-enan-
tiomer. It is proposed that MPDiol® Glycol may undergo metabolism in the rat
predominantly by the pathway responsible for valine metabolism.

99 RAT MULTIDRUG RESISTANCE PROTEIN 4:
MOLECULAR CLONING AND CHARACTERIZATION
OF REGULATION.

C. Chen, A.L. Slitt, M. Z. Dieter and C. D. Klaassen. University of Kansas
Medical Center, Kansas City, KS.

Multidrug resistance protein 4 (MRP4/ABCC4) belongs to a group of primary ac-
tive transporters for organic anions. Human MRP4 has been cloned and shown to
transport many chemicals, such as dehydroepiandrosterone-3-sulfate,
cAMP/cGMP, methotrexate and antiviral nucleoside analogs. However, informa-
tion on MRP4 regulation is limited. The aim of this study was to clone rat Mrp4
and characterize its expression under various conditions at mRNA and/or protein
levels by branched DNA and immunoblot analyses, respectively. The deduced
amino acid sequence of cloned rat Mrp4 cDNA had 1325 amino acids and was
83% identical to human MRP4. In Sprague-Dawley (SD) rats, Mrp4 mRNA was
detected in a number of tissues examined: kidney and gonads had the highest levels,
whereas the expression in liver was the lowest. Mrp4 expression in kidney was
higher in males than females, and was low at birth but steadily increased between
20 to 30 days of age. Mrp4 expression in liver and kidney was not consistently in-
ducible by prototypical Ah receptor ligands, CAR activators, PXR ligands, PPAR?
ligands, EpRE activators, or CYP2E1 inducers. Mrp4 mRNA levels in kidney of
transport-deficient (TR-) rats that lack Mrp2, were 100% higher than those in nor-
mal Wistar rats. Similarly, a 2-fold increase in Mrp4 protein was also seen in kidney
of the mutant rats as compared to the normal rats. Furthermore, in kidney, the lev-
els of Mrp4 transcript, but not protein, were increased up to 100% 1 and 3 days
after bile-duct ligation in SD rats. In conclusion, the cloned rat Mrp4 encodes a
protein that is orthologous to human MRP4. Mrp4 renal expression exhibits gen-
der-specific and developmental patterns. Although Mrp4 is not readily induced by
xenobiotics, its relative abundance in kidney, together with its up-regulation in kid-
ney of TR- rats, suggests that Mrp4 is an important transporter for the urinary ex-
cretion of organic anions, and may be regulated by endogenous substrates for
Mrp2. (Supported by NIH grants ES-09716 and ES-07079)

100 DISPOSITION AND METABOLISM OF 1-
BROMOPROPANE IN RATS.

C. Garner, J. Davis, J. Burgess, Y. Yeuh, A. Jeffcoat, T. Fennel and J. Mathews.
Drug Metabolism/Pharmacokinetics, RTI, Research Triangle Park, NC.

Experiments were conducted to determine the effect of dose on the disposition and
metabolism of 1 [14C]bromopropane (1-BrP) in F-344 rats. Male rats were admin-
istered iv doses of 1-BrP at 5, 20, and 100 mg/kg and radiochemical content of ex-
pired breath volatiles (VOC), expired CO2, urine, feces, and selected tissues was
measured. By 48 hours post dose, radioactivity in VOC accounted for ca. 25, 31,
and 60% of administered dose at 5, 20, and 100 mg/kg, respectively. Radioactivity
expired as 14CO2 was 28, 31, and 8% of those same doses. Urinary radioactivity
was 17, 19, and 11% of recovered radioactivity. Excretion in feces was negligible.
Radioactivity recovered in tissues accounted for 11, 11, and 2% of administered
dose for the respective levels. The molar ratio of 14CO2 to bromide released de-
creased as dose increased, suggesting that the proportion of 1-BrP metabolized via
oxidation relative to conjugative pathways is dose dependent. This was supported
by a similar pattern in the ratios of CO2 to total metabolized dose. At 20 mg/kg



ca.17% of the administered radioactivity was excreted in urine, distributed between
10 metabolites. Two separate groups of 4 rats were pretreated with either buthion-
ine sulfoximine (BSO), an inhibitor of GSH synthesis or with 1-aminobenzotria-
zole (ABT), a potent general P450 suicide inhibitor, prior to receiving an iv dose of
1-BrP (20 mg/kg). Relative to controls, ABT pretreatment resulted in profound
changes in the proportion of radioactivity appearing in urine (-40%), VOCs
(+45%), and CO2 (-80%). BSO pretreatment had no effect. Following inhibition
of oxidative metabolism with ABT, urine metabolites were reduced to a single
metabolite, N-acetyl-(propyl)-S-cysteine which accounted for >90% of total ra-
dioactivity. Overall, the data suggest that oxidation by P450 plays a dominant role
in 1-BrP metabolism and disposition, but diminishes as dose decreases.

101 COMPARATIVE DISPOSITION OF 2-METHYL-
TETRAHYDROFURAN (MTHF) IN MALE F344 RATS
AND B6C3F1 MICE.

R. E Henderson, M. W. Gurule, J. D. McDonald, D. A. Kracko, B. M.
Hedtke, K. Ghanbari and K. J. Dix. Lovelace Respiratory Research Institute,
Albuquerque, NM.

MTHE is a component of P-series fuels and is used as a specialty solvent and reac-
tant. Little information on MTHF metabolism and disposition is available in the
literature. We report in vivo studies of MTHF disposition in rodents. Rates and
routes of excretion, tissue dlsmbunon, and metabolism of MTHF were assessed
after oral exposure of rats and mice to [ “CIMTHEF (1, 10, and 100 mg/kg). In rats,
pulmonary excretion in the form of "“CO, was the major route of elimination (40
to 56%) and was inversely related to dose. This was followed by urinary excretion
(ca. 24%), which was independent of dose. Recovery of radioactivity as exhaled
volatile organics increased 28-fold with dose. The major compound in the exhaled
breath at the high dose was identified by LC/MS/MS as the parent compound. This
suggests a possible saturation of one or more metabolic pathways. Clearance of the
administered dose was rapid with approximately 80% of the dose excreted within
12 hours at all doses. In mlce urinary excretion was the major route of elimination
(ca. 65-70%) followed by CO (ca. 35%) and volatile organics. As with the rats,
there was a large (at least a 17- fold) increase in the amount of radiolabel recovered
as volatile organics at the high dose compared to the low dose. Excretion was rapid,
with over 90% of all doses excreted within 12 hr. Fecal excretion was greater for the
high relative to lower doses in both species, and terminal tissue burdens were 7% to
21%. All data collected to date are consistent with saturation of one or more
processes at the high dose. (Supported by the National Institute of Environmental
Health Sciences, Contract No. NO1-ES-25483.)

102 EFFECT OF NASAL ADMINISTRATION OF NICOTINE
ON THE BRAIN DELIVERY THROUGH THE
OLFACTORY BULBS IN RATS.

H.]. Kim', S. H. Chang and H. S Kim?. ! Preventive Medicine, Daegu Haany
University, Daegu, South Korea and’ Preventive Medicine, Keunkook University,
Chungju, South Korea.

Previously we have demonstrated that nasal administration of ganciclovir, a nucleo-
side analogue with antiviral activity, enhances brain delivery through the olfactory
bulbs. In this study we explored the possibility of intranasal (i7) administration of
nicotine to provide an enhanced access to the brain through the olfactory pathway
by determining the extent of systemic absorption and uprake of [PH]- nicotine in
the bram after intravenous (7) or 7z administration. Male CD rats were given 20
uCi/kg [’H]- nicotine by iv or in administration into the right nostril. Serial plasma
samples were collected over 60 min and total radioactivities were analyzed.
Olfactory bulbs, cerebrum, midbrain and cerebellum were also collected at 15 and
60 min post-dosing and analyzed. Nicotine was absorbed rapidly from the nasal
cavity; peak radioactivity was reached within 2 min after 7z dosing. The absolute
bioavailability of intranasally administered nicotine was close up to 1. The uptake
of nicotine total radioactivity into the cerebrum, midbrain, and cerebellum did not
show any significant difference after 7v or 77 dosing and between left and right sides.
The uptake into the right olfactory bulb reveals a statistically significant difference
at 60 min post-dosing ; 784 cpm (7v, mean) and 1364 cpm (77, mean), whereas the
uptake into the left olfactory bulb was 1039 cpm (iv) and 1082 cpm (i), respec-
tively. Also, 37% increase of nicotine uptake into the right olfactory bulb was ob-
served 15 min after iz dosing. In summary, we have demonstrated that the brain
delivery of nicotine through the olfactory pathway was not dramatic in the same
manner as ganciclovir. However, 34-37% increase of uptake into the right olfactory
bulb by 77 administration implys that small quantity of nicotine may transport into
the brain through the olfactory bulbs. Furthermore, nicotine was well absorbed
through the nasal epithelium and transported into systemic circulation.

103 PRELIMINARY TOXICOKINETIC STUDY AND
BIOLOGICAL SAMPLE ANALYSIS METHOD
DEVELOPMENT/VALIDATION FOR
DICHLOROACETIC ACID.

J. D. ]ohnson, S. W. Graves', D. Emmerling', B. Burback', J. Merrill' and C.
Smith®. / Toxicology, Battelle, Columbus, OH and > NIEHS, NIH, Research Triangle
Park, NC.

Dichloroacetic acid (DCA) has been detected in drinking water as a result of chlo-
rine disinfection and is a hepatocarcinogen in rodents. A method utilizing derivati-
zation of DCA followed by gas chromatography with electron capture detection
was developed and validated for use in rodent plasma. Male F344 rats and female
B6C3F1 mice were given a single intravenous (IV) administration at doses of 40
(R) and 100 (M) mg/kg or a single gavage administration at doses of 10 or 100 (R)
and 20 or 200 (M) mg/kg. Dosing volumes were 2 (R) and 4 (M) mL/kg for IV and
5 (R) and 10 (M) mL/kg for gavage. Serial blood samples were collected after dos-
ing and analyzed by the validated method. Analytical standards were prepared
(range 0.1 to 20 ug/mL in plasma). A quadratic regression equation weighted 1/y2
was calculated, thereby relating the response (y) to the concentration (x) of the
standards. The concentration of each sample was calculated using its individual re-
sponse and the regression equation. IV plasma concentration time profiles were
monophasic. For the rats, the Cmax, ke, and AUCinf were 91 ug/mL, 0.05 min-1,
and 2650 min.ug/mL and, for the mice, were 122 ug/mL, 0.12 min-1, and 1900
min.ug/mL, respectively. Following gavage administration, the Cmax, Tmax, ke,
and AUCinf values were 0.4 ug/mL, 20 min, 0.03 min-1, and 21 min.ug/mL at 10
mg/kg (R); 53 ug/mL, 90 min, 0.004 min-1, and 15, 600 min.ug/mL at 100
mg/kg (R); 2.5 ug/mL, 5 min, 0.20 min-1, and 18 min.ug/mL at 20 mg/kg (M);
and 67 ug/mL, 10 min, 0.10 min-1, and 1, 030 min.ug/mL at 200 mg/kg (M). The
results from this preliminary study provided the information necessary to design a
definitive toxicokinetic study for DCA.

104 EFFECT OF DIFFERENT DOSING PARADIGMS ON THE
BODY BURDEN OF CHLORPYRIFOS (CPF) IN
NEONATAL SPRAGUE-DAWLEY RATS.

J.Y. Domoradzkl, M. S. Marty S. C. Hansen', C. Timchalk® and J. L.
Mattsson "The Dow Chemical Co., Midland, MI, °Battelle, Richland, WA and
?Dow AgroSciences, LLC, Indianapolis, IN.

In some circumstances direct neonatal dosing has been recommended in EPA de-
velopmental neurotoxicity studies; however, there is a paucity of data on neonatal
systemic exposure using different dosing paradigms. Male rats at postnatal day 5
were dosed with CPF (1 mg/kg) using different routes of exposure, or vehicles, and
by single vs. divided dose. Blood concentrations of CPF and trichloropyridinol
(TCP) were measured at multiple times through 24 h. Groups included: bolus vs.
divided gavage doses in corn oil (3 times in 24 h), bolus vs. divided gavage doses in
rat milk, and single sc injection in DMSO. Data were compared with lactational
exposure of pups from dams exposed to CPF in the diet (5 mg/kg/day). In dams,
blood CPF was 2-4 ng/g (limit of detection, 1 ng/g). In a published study, 5 mg/kg
by gavage in corn oil resulted in maternal blood CPF levels of ~14 ng/g. CPF was
not detected in blood of nursing pups from dietary maternal exposure while TCP
blood concentrations ranged from 49-71 ng/g. In dams, TCP ranged from 281-
1263 ng/g. In pup direct-dosing paradigms, the concentration of CPF in blood was
non-quantifiable or usually <10 ng/g. Peak blood concentrations of TCP were 320,
112, 195, 100 and 171 ng/g for the bolus and divided corn oil, bolus and divided
milk, and the sc DMSO groups, respectively. With all direct-dosing paradigms,
higher blood levels of CPF and TCP were reached than blood levels in neonates ex-
posed to CPF via nursing. With respect to vehicle, corn oil yielded higher peak
TCP levels than milk, particularly with bolus dosing, and resulted in higher sys-
temic exposure to CPE Divided doses yielded lower peak TCP blood levels than a
single dose. Contrary to expectations, sc injection of CPF in DMSO did not result
in rapid and complete absorption. To be meaningful for risk assessment, neonatal
studies require attention to the exposure scenario, since route, vehicle and fre-
quency of administration result in different systemic exposure to a chemical and its
metabolites.

105 MORE RENAL AND LESS INTESTINAL ADDUCTION BY
THE NSAID DICLOFENAC IN MRP2-DEFICIENT RATS.

M. Treinen- Moslen , L. Kaphalia', L. Lemley', B. A. Rampy', C.R. Atchison®
and M. E Kanz'. Pzztha/ogy, University of Texas Medical Branch, Galveston, TX and
’HQs USAMRMGC, Fort Detrick, MD.

Background: Diclofenac and many of its structurally related carboxylic acid
NSAID:s are converted to acyl glucuronide with sufficient electrophilic reactivity to
form adducts with proteins in multiple tissues. When compared to the responses of
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wild-type animals to diclofenac treatment, rats with a genetic deficiency in the he-
patic canalicular MRP2 exporter have been found to show several pronounced dif-
ferences in response, notably a marked decreases in biliary secreting of the acyl glu-
curonide metabolite with faster urinary clearance, less enteropathy, and less
adduction of liver proteins. Goal and Approach: Experiments addressed unknowns
about the influence of MRP2-deficiency on the fate of diclofenac using a well char-
acterized antibody that recognizes drug-protein adducts as a biomarker of tissue ex-
posure to reactive diclofenac entities. Specifically, we hypothesized less adduction of
intestine and more adduction of kidney. MRP2- deficient TR -rats and wild type
Sprague-Dawley were treated with diclofenac, 50 mg/kg orally. Blood and urine
were collected for biochemical indices of renal dysfunction. Tissues were collected
for histopathology and adduct characterization chiefly the semi-stable acyl glu-
curonide metabolite. Results: Consistent with their known impairment in biliary
secretion of diclofenac acyl glucuronides, MRP2- deficient animals showed more
intense adduction of the kidney with meager adduction in the biliary tract and in-
testine as well as greatly reduced enteropathy. However after drug treatment, wild
type but not MRP2-deficient rats had mild kidney-dysfunction associated changes
in serum Na, K, BUN and in urine K, glucose and uric acid. Conclusion: This is
the first observation of more prominent adduction by an NSAID known to form
reactive acyl glucuronides in the kidney of MRP2-deficient rats. Supported by NIH
grants DK 34806, DK 56494, CA 101621, ES 06348, ES 00267 and ES T32-
07254

106 COMPARISON OF PARTITION COEFFICIENTS FOR A
MIXTURE OF VOLATILE ORGANIC COMPOUNDS IN
RATS AND HUMANS AT DIFFERENT LIFE STAGES.

D. A. Mahle!, C.C. Grigsbyz, R.1]. Godfreyl, . M. Gearhart!, H. A. Barton®,
. C. Lipscomb® and R. S. Cook®. "ManTech Environmental Technology, Inc.,
Wright-Patterson AFB, OH, *AFRL/HEST, Wright-Patterson AFB, OH,
JUSEPA/ORD/NHEERL, Research Triangle Park, NC and *USEPA/ORD/NCEA,
Cincinnati, OH.

Pharmacokinetic differences in child, adult and elderly populations remain ill-de-
fined. Partition coefficients (PC) are an integral component of pharmacokinetic
models, and determining differences in tissue partitioning of volatile organic chem-
icals across life stages can help reduce the uncertainty in risk assessment. Control
male adult and aged (18 month) Sprague-Dawley (S-D) rats (n = 10) and control
male and female S-D pups (n = 10 litters) at postnatal day 10 were sacrificed, and
blood, liver, kidney, fat, muscle and brain were taken. Unused blood from male and
female human pediatric and adult patients was collected for determination of age-
specific PC. PC for methylene chloride, methyl ethyl ketone, chloroform, benzene,
trichloroethylene and perchloroethylene were determined using a vzal headspace
equilibration method and analysis by gas chromatography. Human adult and pedi-
atric blood:air PC were similar regardless of sex. Values for the solvents ranged from
7.6 £ 2.3 (adult female, benzene) to 192.7 + 6.0 (pediatric male, methyl ethyl ke-
tone). Liver:air methylene chloride PC for adult male rats averaged 20.4 £ 4.8 com-
pared to 12.7 £ 1.0 for male rat pups. By quantifying the pharmacokinetic vari-
ances in PC for young, adult and elderly populations, biologically based models can
be improved to reduce uncertainties in risk assessment.

107 ETHANOL PHARMACOKINETICS ARE ALTERED BY
PREGNANCY AND CALORIC INTAKE IN FEMALE RATS.

M. Hldestrand', K. Shankar', L. Humphreyz, R. Haleyz, M. Zippermanz, T
M. Badger®? and W. D. McGuinn®.  Pharmacology & Toxicology, University of
Arkansas for Med. Sciences, Little Rock, AR, 2 Arkansas Childrens Nutrition Center,
Atkansas Children’s Hospital, Little Rock, AR, °Physiology, University of Arkansas for
Med, Sciences, Little Rock, AR and *NA, Columbia, MD.

We have previously shown that the when ethanol is infused into rats intragastrically
as part of a system of total enteral nutrition (TEN), blood and urine ethanol con-
centrations (BECs and UECs) do not achieve steady state but instead pulse from al-
most 0 to over 500 mg/dl every 6-7 d. During pregnancy the amplitude of the UEC
pulses is significantly reduced in rats fed optimal levels of calories and the preg-
nancy effect is abolished by under nutrition. In the current study, we examined the
pharmacokinetics of ethanol clearance in these animals. BECs were followed in
chow fed 300 g pregnant and virgin rats following a single oral gavage of 3 g/kg
ethanol at gestational day (GD) 8, 13 and 20. In each case, the area under the BEC
time curve was reduced by the same amount in the pregnant animals (p<0.05). In a
second experiment, pharmacokinetics of ethanol clearance was followed in chow
fed pregnant rats at GD 13 and weight matched cycling rats following a single oral
gavage of 3 g/kg or an IV bolus of 0.75 g/kg. Initial non-compartmental estimates
of clearance and t1/2 were 0.014 vs 0.011 L/kg/min and 58 and 68 minutes for
pregnant vs cycling rats respectively after an IV dose. For gavaged rats, these values
were 0.023 vs 0.010 L/kg/min and 46 vs 100 min for pregnant vs cycling rats. Area
under the BEC time curves was lower for pregnant rats administered ethanol by ei-
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ther route (p<0.05) but the pregnancy effect was significantly greater when ethanol
was administered orally suggesting the involvement of a first pass component in ad-
dition to increased hepatic clearance. Caloric restriction in pregnant rats fed TEN
diets at 220 or 154 keal/kg3/4/d resulted in reduced ethanol clearance at GD13
when ethanol was administered either orally or IV (p<0.05). Thus pregnancy accel-
erates ethanol clearance and this effect is impaired by under nutrition. Supported in
part by AA12819 (M.R.)

108 DOSE-DEPENDENCY OF ASPIRIN-
TRICHLOROETHYLENE INTERACTION.

K. Kim, S.Muralidhara, S. Lee and J. Bruckner. Department of Pharmaceutical
and Biomedical Sciences, The University of Georgia, Athens, GA.

1, 1, 2-Tricholoethylene (TCE), a rodent carcinogen and potential human cancer
risk, is metabolically activated by cytochrome P450 2E1 (CYP2E1) to chloral hy-
drate (CH), trichloroacetic acid (TCA), dichloroacetic acid (DCA) and
trichloroethanol (TOH). Acetylsalicylic acid (ASA) has been previously reported to
enhance hepatic CYP2E1 activity. The therapeutic dose for analgesic and an-
tipyretic effects of ASA is 325 mg ~ 1.0 g orally every 3 or 4 h for adults. The cur-
rent study was conducted to: 1) characterize the dose- and time-dependency of
CYP2E1 induction in rats by ASA, and 2) learn whether the significant induction
of CYP2E1 would affect the metabolism of high and low doses of TCE differently.
Groups of control and ASA (450 mg/kg bw)-treated male Sprague-Dawley rats of
about 150 g were gavaged with one of a graded series of oral TCE doses 12 h after
ASA treatment, the time of peak CYP2E1 induction by the drug. CH, TCA, DCA
and TOH blood levels were monitored over time by headspace gas chromatogra-
phy. The time-course profiles revealed that ASA markedly enhanced the metabo-
lism of high doses of TCE, but had relatively little influence on lower, more envi-
ronmentally-relevant doses. (Supported by DOE: DE-FC02-02CH11109)

109 BIO-DISTRIBUTION OF BISPHENOL A IN THE
NEUROENDOCRINE ORGANS OF FEMALE RATS.

H. M. Luu’, W. Johnson', J. C. Hutter’, C.S.Kim', L. A. Ross' and P P
Sapienza'. ' Toxicology, US Food and Drug Administration, Laurel, MD and
?Radiological Health, USFDA, Rockville, MD.

The bio-distribution of 14C Bisphenol A (BPA) in plasma and neuroendocrine or-
gans was determined in the Fischer 344 female rats following three oral doses (0.1,
10, or 100 mg/kg). The distribution and pharmacokinetics between the plasma and
neuroendocrine organs were compared. Within 25 minutes of dosing, the maxi-
mum concentrations of 14C- BPA were found to be 16.99 ?g/ml in plasma, 14.73
?g/g in pituitary, 8.73 ?g/g in uterus/gonads, 6.96 ?g/g in hypothalamus and 7.12
2g/g in the rest of the brain at 48 h after100 mg/kg dose, respectively. Plasma areas-
under-the-curve (AUC) were found to increase with dose levels (0.06, 5.37, and
53.83 ?g-hr/ml at 48 h after 0.1, 10 or 100 mg/kg dose, respectively). However the
AUC: of the pituitary gland and uterus/gonads were 16-21 % higher than that of
plasma at 48 h after100 mg/kg dose. The AUCs of hypothalamus and the rest of the
brain were 43.7 % and 77% of the plasma AUCs, respectively. In the brain tissue,
the exposure increased linearly with the oral dose, as the dose was increased from
0.1 to 10 and 100 mg/kg; the exposure in the brain relative to the plasma increased
by factors of 1, 1.19 and 1.24. The increases of the uterus/gonads relative to the
plasma were 1, 1.07 and 1.04. This indicates that the brain barrier systems do not
limit the access of lipophillic BPA to the brain.

110 PRELIMINARY TOXICOKINETIC STUDY AND
BIOLOGICAL SAMPLE ANALYSIS METHOD
DEVELOPMENT/VALIDATION FOR 2-
METHYLTETRAHYDROFURAN.

B. L. Burback', L. Fombyl, B. Harritos', G. W. Steven' and S. S. Cynthiaz’ 3,
! Battelle Memorial Institute, Columbus, OH, *NIH, Research Triangle Park, NC
and’NIEHS, Research Triangle Park, NC.

2-Methyltetrahydrofuran (MTHF) is a component of novel P-series alternative
fuels and is being evaluated in toxicological studies. Methods utilizing a heated
headspace gas chromatography with selected ion monitoring (SIM) mass spec-
troscopy for low concentration range and flame ionization detection for high con-
centration range were developed and validated for use in rodent plasma and brain
tissue. Biological samples for validating the method were obtained by conducting a
preliminary toxicokinetic study with male and female F344 rats and B6C3F1 mice
given a single intravenous or gavage administration of MTHF and collecting sam-
ples at specified time points (one animal/species/sex/dosage level). Untreated ani-
mals were used to obtain samples for preparing matrix matched plasma or brain
samples. Analytical standards were prepared (range 4.3 to 860 ng/mL in plasma for



the low concentration range and 0.645 ug/mL in plasma or for the high concentra-
tion range). A quadratic regression equation weighted 1/x was calculated relating
the response (y) to the concentration (x) of the standards. The concentration of
each sample was calculated using its individual response and the regression equa-
tion. Following a single intravenous dosage of 40 mg/kg, the maximum plasma and
brain concentrations were similar between species and were approximately 29, 000
ng/mL and 24, 000 ng/g, respectively. After a single gavage dosage (400 mg/kg),
the maximum plasma and brain concentrations in rats were approximately 269,
000 ng/mL and 334, 000 ng/g, respectively. Maximum plasma and brain concen-
trations in mice after gavage administration of 400 mg/kg were approximately 207,
000 ng/mL and 222, 000 ng/g, respectively. The validation of an analytical method
for MTHEF together with the preliminary toxicokinetic study results will be used to
design a definitive toxicokinetic study in order to determine toxicokinetic parame-
ters after MTHF administration.

111 DISPOSITION OF
DODECAMETHYLCYCLOHEXASILOXANE (D6) IN
FISCHER 344 RATS FOLLOWING A SINGLE ORAL
DOSE.

K. P Plotzke, J. Durham, M. L. Jovanovic and J. M. Regan. Dow Corning
Corporation, Midland, MI.

The disposition of *“C-D6 was evaluated in male and female F344 rats following a
single oral administration of 1000 mg of "“C-D6 in corn oil/kg of body weight.
Animals (N=4/sex) were housed in glass metabolism cages for collection of excreta
and expired volatiles. At 168 hr post-dose, animals were sacrificed and selected tis-
sues and remaining carcasses were collected. All samples were analyzed for radioac-
tivity content. Feces and expired volatiles were also analyzed for parent D6 concen-
tration. A separate group of animals, cannulated via the jugular vein, (N=6/sex) was
used to determine radioactivity and parent D6 concentration in blood at predeter-
mined time points. Whole-body autoradiography (WBA) was used for qualitative
in vivo assessment of tissue distribution of radioactivity. The majority of adminis-
tered radioactivity (>80%), regardless of sex, was eliminated in the feces. Total ab-
sorption (radioactivity recovered in urine, expired volatiles, expired CO,, tissues
and carcass) in males and females was 11.88% and 11.83%, respectively. Both sexes
showed similar patterns of disposition (Urine: 0.38% and 0.32%j Expired volatiles:
11.20% and 11.21%; Expired CO2: 0.13% and 0.09%; Tissues: 0.03% and
0.04%; Carcass: 0.14% and 0.17% for males and females, respectively). The entire
radioactivity in the expired volatiles was attributed to parent D6. Metabolic profile
evaluation showed that the entire radioactivity in the urine consisted of polar
metabolites, whereas in the feces the majority was parent D6 with a trace of non-
polar metabolite. The WBA data also showed that the majority of D6 remained in
the GI tract and was excreted in feces within 48 hr. Low levels of radioactivity were
systemically available and distributed to organs and tissues such as liver, brown fat
and bone marrow. Statistical analysis of the blood curves indicated the presence of
small levels of metabolites in the blood (approximately 117 g equivalent D6*hr/g
of blood). In summary, approximately 12% of “C-D6 delivered in corn oil ap-
peared to be absorbed after a single oral administration to F344 rats.

112 PHARMACOKINETIC INTERACTION BETWEEN
BUPRENORPHINE AND
DESMETHYLFLUNITRAZEPAM IN RATS.

S. Pirnayl’z, B. Megarbanez, S. Bouchonnet®, C. Monier?, P. Risede?, 1.
Ricordel' and E ]. Baud®. 'Laboratoire de Toxicologie de la Prefecture de Police, Paris,
France, *INSERM U26, Hopital Fernand Widal, Paris, France and’DCMR, Ecole
Polytechnique, Palaisean, France.

Recently, a retrospective study reported fatalities linked to buprenorphine (BUP),
in France from June 1997 to June 2002 (1). It showed evidence that buprenorphine
is misused and administered by the intravenous route. Our iz vivo experimental
studies using a high dose of BUP and flunitrazepam (FNZ) confirmed significant
respiratory depression, only when co-administered (2). The objective is to deter-
mine if the reported toxicity of FNZ with BUP is caused by a pharmacokinetic in-
teraction. The study was realized on Sprague-Dawley male rats (Iffa-Credo,
France). The day before the study, animals were intraperitoneally anesthetized with
ketamine (70 mg/kg) and xylazine (10 mg/kg) and catheterized in the femoral vein
(for administration of drugs) and artery (for collecting blood). Drugs plasma kinet-
ics were performed in two groups (control group receiving the BUP solvent then
FNZ 40mg/kg, study group receiving BUP 30 mg/kg then FNZ 40 mg/kg). FNZ
and metabolites (desmethylflunitrazepam (DMFNZ) and 7-aminoflunitrazepam
(7AMF)) dosages were performed by GC-MS (Agilent 5973). There was no statis-
tically significant effect of BUP pretreatment on FNZ and 7AMF kinetic parame-
ters. However, this study shows clearly, that concentrations, and AUC of DMFNZ
are significantly doubled (p=0.05), when BUP is associated. There is no pharmaco-
kinetic interaction of BUP (30 mg/kg) on plasma kinetics of FNZ, but a significant

interaction of BUP (30 mg/kg) on DMFNZ concentrations. The pharmacokinetic
interaction process is unknown yet, but may be related either to the distribution or
the elimination of DMFNZ. 1. Pirnay S, Tourneau J, Ricordel I. Death associated
to treatments of substitution. Retrospective study of 1600 postmortem toxicologi-
cal cases. Le courrier des addictions. 2002;4:156-158. 2. Megarbane B, Pirnay S,
Risede P, et al. Respiratory effects of the interaction between buprenorphine and
norbuprenorphine. Congress of SRLE La Defense, France, January 2003.

113 DETERMINATION AND QUANTITATION OF
ANTHRAQUINONE URINARY METABOLITES.

S. Graves', S. Runyon' and C. S. Smith®. ' Toxicology Columbus, Battelle,
Columbus, OH and > NIEHS, NIH, Research Triangle Park, NC. Sponsor: M.

Hejtmancik.

A metabolism study was conducted using male Fischer 344 rats in which they were
fed formulations of 4 lots of anthraquinone, produced by three different synthetic
routes, with concentrations of 938, 3750 and 7500 ppm and a control diet con-
taining no anthraquinone in irradiated NTP 2000 feed for seven consecutive days.
One of the lots had been previously used to conduct subchronic and chronic rodent
toxicity studies in feed. Ten animals were used per group. The formulations were
prepared using anthraquinone with particle sizes smaller than 80 mesh and consis-
tent in distribution for each lot. All animals were placed in individual metabolism
cages following dosing and urine was collected for 24 hours. The urine of all ani-
mals from each group was pooled. The purpose of this study was to evaluate any
difference in absorption and metabolism of the anthraquinone. A high perform-
ance liquid chromatographic method with ultraviolet absorbance detection
(HPLC/UV) was developed to analyze the urine samples for 1- and 2-hydroxyan-
thraquinone, metabolites of anthraquinone. The method consisted of extracting 2
mL of urine with three 2-mL aliquots of ethyl acetate, combining them, evaporat-
ing, and reconstituting in 25% water:75% acetonitrile. The reconstituted extracts
were analyzed using a C18 reverse-phase column, a mobile phase starting at 75%
water:25% acetonitrile, remaining there for 5 minutes and then going to
25%water:75% acetonitrile over 20 minutes with a linear gradient, and a detection
wavelength of 260 nm. This method was validated and found to have acceptable
linearity, specificity, sensitivity, accuracy, precision, recovery, and ruggedness.
Analysis of the samples found that the metabolic profiles and concentrations were
consistent for each source of anthraquinone at a given dose level. 1- and 2-hydrox-
yanthraquinone and anthraquinone were found in all samples from the dosed ani-
mals. Within a given sample the concentrations of 2-hydroanthraquinone and an-
thraquinone were similar and the concentration of 1-hydroxyanthraquinone was
approximately 2% of the other two.

114 IN VIVO PERCUTANEOUS ABSORPTION OF
DECAMETHYLCYCLOPENTASILOXANE (D5) IN
FISCHER 344 RATS.

M. L. Jovanovic, J. McMahon and K. P. Plotzke. Dow Corning Corporation,
Midland, MI.

The percutaneous absorption of '“C-D5 was evaluated in female F344 rats (N=4)
when applied topically at 10 mg/cm® of skin for 24 hr. Animals were housed in
glass metabolism cages for collection of excreta and expired or escaped volatiles as-
sociated with the test article. A 24 hr exposure group was used to evaluate disposi-
tion of the residual D5 six days after a soap and water wash. Additionally, four ani-
mals Previously euthanized were dosed in order to differentiate expired volatiles
from "“C-D5 that escaped from the skin depot. All animals were exposed in a semi-
occluded manner using an aluminum skin depot with a charcoal basket for collec-
tion of volatilized test article. At the end of exposure, rats were sacrificed, skin was
washed, tape stripped, excised, and remaining carcasses were collected. All samples
were analyzed for radioactivity content. Total radioactivity in the expired volatile
traps was compared to the amount of unchanged D5 determined by GC-MS analy-
sis. Most (>80%) of the test article evaporated from the skin surface and was
trapped in a charcoal basket placed above the exposure site. Data from the eutha-
nized animal group suggested that the amount of radioactivity found in the expired
volatile and CO, traps could be attributed to leakage from the skin depot or back-
ground, and could be excluded from the total absorption. Overall, more than 99%
of the recovered dose was found in the charcoal baskets and charcoal tubes com-
bined for the animals exposed for 24 hr. The percent dose absorbed was determined
as the amount of radioactivity in carcasses, feces, urine, skin dosing sites and cage
rinses. Six days after the skin was washed, absorption of *C-D5 (0.089 + 0.0302%
of applied dose) was significantly lower (p< 0.05) than that seen immediately after
24 hr of exposure (0.243 +0.0259% of applied dose). These results demonstrated
that the portion of D5 that remained in the skin after 24 hr of exposure, and was
considered part of the absorbed dose, migrated to the skin surface and continued to
evaporate, significantly decreasing apparent absorption of the D5.
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115 DISPOSITION OF DERMALLY ADMINISTERED 5-
AMINO-O-CRESOL (AOC) IN FEMALE F344 RATS.

K. ]. Dix and B. M. Hedtke-Weber. Lovelace Respiratory Research Institute,
Albugquerque, NM.

AQOC is used almost exclusively as a coupler in oxidative (permanent) hair dyes.
Hence, there is potential human exposure to AOC via dermal absorption, particu-
larly in women. In vitro studies with pig skin and iz vive studies in rats, hairless
guinea pigs, and humans have shown that AOC permeates the skin. Although
AOC is an aromatic amine, a class of compounds with a structural alert for muta-
genicity, evidence for AOC-induced mutagenicity is equivocal. AOC is relatively
nontoxic; the dermal LD50 in rabbits is >5000 mg/kg (Loyd et al., 1977, Food
Cosmet Toxicol, 15:607-610) and the oral LD50 is 2928 and 4355 in female and
male rats (CIR Expert Panel, 1989, ] Am College Toxicol, 8:569-587). Given the
aromatic amine structural alert, the NTP is considering chronic carcinogenicity
testing of AOC by the dermal route. In those studies, rodents would be exposed
daily to AOC by skin-painting and the dose site accessible for grooming, which
could result in oral and dermal doses of AOC. We have conducted dermal disposi-
tion studies of [14CJAOC (2 and 20 mg/kg) in female F344 rats in which the der-
mal dose site was protected or unprotected from oral grooming. Doses were pre-
pared in ethanol the day prior to dosing and AOC in the formulation was ca. 90%
radiochemically pure on dose day. When the dose site was accessible to grooming,
much more radioactivity was absorbed as evidenced by urinary excretion; 33-55%
of the applied dose was excreted in urine when the dose site was not protected from
grooming compared with 5-7% when the dose site was protected. Less than 1% of
the dose was excreted by all other routes. The remainder of the absorbed radioactiv-
ity was found in tissues. When the dose site was protected, the majority of the ap-
plied dose was recovered in dose-site washes and the protective appliance. We con-
tinue to evaluate AOC metabolism and disposition in female rats and B6C3F1
mice after oral administration to evaluate possible species-specific disposition of
AOC to aid the NTP in designing toxicity and carcinogenicity studies to assess po-
tential human health risk(s) from AOC exposure.

116 MOGCHOAECK REDUCES ETHANOL
CONCENTRATION ELEVATED BY ALCOHOL
INGESTION IN RATS.

T. W. Jeon” and H. ]. Kim'. ' Preventive Medicine, Daegu Haany University, Daegu,
South Korea and Zbeicolagy, Youngnam University, Daegu, South Korea.

This study was designed to investigate the effect of mogchoaeck on the ethanol
concentration elevated by alcohol ingestion. Male Sprague-Dawley rats weighing
200 g were given mogchoaeck (10, 5 and 2.5 ml/kg, p.o.) and administered ethanol
at a dose of 3 g/kg bw (25% in distilled water) by gavage 30 min after. To evaluate
the effect of mogchoaeck on ethanol pharmacokinetics, blood was collected from
caudal artery at 0.25, 0.5, 1, 2, 4, 8 and 12 hr after ethanol gavage. A dose of 10
ml/kg mogchoaeck significantly decreased the ethanol levels in blood; maximum
concentration of 24.3%5.1 mg/dl (mean+S.E.) vs. 72.6%3.6 mg/dl in control rats.
The administration of mogchoaeck significantly decreased the area under the serum
alcohol concentrations-vs.-time curves; 502250 (control) vs. 148433 and 329451
mg-hr/dl (10 and 5 ml/kg). With increasing doses of mogchoaeck, AUC decreased
in a dose-dependent manner, -12, 35 and 71% reduction of control, respectively.
These results clearly demonstrated that the intake of mogchoaeck reduces the
ethanol concentration after alcohol ingestion.

117 STUDIES OF THE UPTAKE, DISTRIBUTION, AND
ELIMINATION OF “C IN SPRAGUE-DAWLEY RATS
GIVEN "C-LABELED N-ACETYL-L-CYSTEINE BY ORAL
GAVAGE.

A.E.Jung, A.]J.Bobb, A.R.Thitoff, E. W. Johnson, S.L. Lohrke and D. P
Arfsten. Naval Health Research Center Toxicology Detachment, Wright-Patterson
AFB, OH.

N-acetyl-L-cysteine (NAC) is being studied as a possible chemoprotectant agent
against chemicals of military significance. NAC is thought to provide protection
against chemical toxicity by several mechanisms including free radical quenching,
enhancement of tissue glutathione (GSH) synthesis, and possibly by modulating
tissue glutathione-S-transferase (GST) concentration/activity. The uptake, distribu-
tion, and elimination of “C-NAC following oral intake has not been completely
studied. SD rats, 8 weeks of age, were dosed once by oral gavage at a dose rate of
600 or 1, 200 mg NAC/kg containing 6 microCi/gram of "*C-NAC. Animals were
sacrificed at 0.5, 1, 2, 4, 6, and 12 hours post dosing. All major tissues were sepa-
rated, homogenized, and tissue YC counts were collected with a Packard Tricarb
Scintillation Counter. Radioactivity levels for urine and feces were both signifi-
cantly elevated at all time points as compared with controls. Radioactivity levels
were also significantly elevated for heart, lungs, thymus, spleen, liver, brown fat,
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muscle, and skin. As expected, radioactivity counts were elevated for organs in the
GI tract (stomach, large and small intestine, the liver) and for the kidneys. The
amount of radioactivity present in each of the tissues at each time point was de-
pendent on dose for most of the tissues; radioactivity levels remained elevated in
many tissues for up to 12 hours post-administration. Brain tissue counts were not
elevated at any time point which is consistent with the findings from previous stud-
ies involving intravenous administration of NAC. The finding that radioactivity
levels were elevated for some tissues at up to 12 hours post-administration supports
the hypothesis that oral NAC is probably utilized by certain tissues as a source of
cysteine. These preliminary findings suggest that NAC oral supplementation may
provide some benefit to tissues that are often a site of chemical exposure (e.g., skin,
lungs) and possibly may benefit immune function.

118 A PHARMACOKINETIC STUDY OF CJC-1131, ANOVEL
GLP-1 ANALOGUE, IN RATS USING DUAL ISOTOPE
LABELING DEMONSTRATES A LONG ELIMINATION
HALEF-LIFE.

B. Lawrence', S. Wen', S. Wilson®, V. Iordanova' and J. Castaigne'.
' ConjuChem, Montreal, QC, Canada and’Milestone Biomedical Associates,
Frederick, MD.

CJC-1131 is an anti-diabetic compound designed by applying the Drug Affinity
Complex (DAC) technology to the short acting glucagon-like peptide-1 (GLP-1).
This chemical modification with maleimidoproprionic acid (MPA) allows CJC-
1131 to covalently bond to circulating albumin, after parenteral administration,
thus prolonging its half-life. In order to study the pharmacokinetic (PK) and tissue
distribution profile of CJC-1131, the compound was either labeled with C] on
the MPA or with [°H] on histidine at position 1 (His") of the GLP-1 moiety. Rats
were dosed subcutaneously (SC) with the formulated ["C/PH]-CJC-1131 at a tar-
get dose of 2.25 mg/kg. Quantifiable levels of ['“C] and [’H] were observed in both
plasma and blood up to 336 h post dose. Two blood and plasma peaks were ob-
served between 40-50 minutes post dose and between 18-24 h post-dose. The elim-
ination half-life (¢, ,,,) in blood and plasma was found to be long for both isotopes,
ranging between 41-49 h for [C] and 121 h for [PH]. The radioactivity of both
isotopes was distributed in all tissues with the concentrations of ’H] being slightly
greater than ["“C] except in the kidneys. The highest concentration of radioactivity
was in the kidneys, injection site, underlying muscle, and the skin surrounding the
injection site, and the lowest levels in the brain and adipose tissue. Less than 1% of
the injected dose remained at injection sites by 96 hours. Excretion was predomi-
nantly in the urine with <10% excreted in the feces. The mean mass balance of ra-
dioactivity for both isotopes at 336 h post dose was > 100%. In conclusion, the
dual isotope labeling has provided a method to analyze the PK and distribution of
the protein-conjugated CJC-1131, showing distribution within all examined tis-
sues and a long plasma ¢, of 49-121 h.

119 EFFECT OF DOSE AND ROUTE OF EXPOSURE ON THE
TOXICOKINETICS OF 1, 1-DICHLOROETHYLENE
(DCE) IN RATS.

C. Hines, C. White, S. Muralidhara, C. Dallas and ]. Bruckner. University of
Georgia, Athens, GA.

The purpose of these experiments was to characterize the effects of route of expo-
sure and dose on the bioavailability and toxicity of DCE in rats. Sprague-Dawley,
fasted male rats received either 10 or 30 mg/kg of DCE by IV bolus, oral bolus
(gavage) or gastric infusion (GI) over 2 hours. Other rats inhaling 100 or 300 ppm
DCE for 2 hr retained 10 and 30 mg/kg DCE, respectively. DCE was quantitated
by gas chromatography. Toxicity was contrasted in the 30 mg/kg (gavage and GI)
and 300 ppm inhalation groups by measuring plasma sorbitol dehydrogenase
(SDH) and urinary N-acetyl-B-glucosaminidase (NAG) and gamma-glutamyl-
transpeptidase (GGT) activitites. The half-life (113 vs. 120 min), clearance (0.06
vs. 0.06 L/min-kg) and volume of distribution (9 vs. 10 L/kg) of DCE were not sig-
nificantly different between the 10 and 30 mg/kg IV dose groups, indicating linear
kinetics in this dosage range. Clearance was not significantly different among routes
of administration. However, the bioavailability of DCE was increased approxi-
mately 2-fold when the oral dose increased from 10 to 30 mg/kg (oral bolus and
GI), indicating saturation of first-pass metabolism. Additionally, bioavailability of
DCE was consistently higher with oral bolus administration than with GI. Rats in-
haling 100 or 300 ppm DCE had significantly greater bioavailability than their re-
spective oral groups. SDH levels, an index of liver damage, were significantly higher
than controls in all 3 dosage groups at 4 and 24 hr and were most pronounced in
the gavaged rats. The pattern of kidney injury was quite different. GGT and NAG
excretion in the urine were markedly elevated in rats that inhaled 300 ppm DCE.
No significant differences in GGT and NAG from controls were observed in the
rats dosed orally (bolus and GI) with 30 mg/kg DCE. These findings reveal that
route and rate of administration substantially influence the toxicokinetics and sys-

temic toxicity of DCE. Support: DOE #DE-FC01-01CH11109



120 BIOAVAILABILITY OF PHENANTHRENE FROM SOIL:
CORRELATION BETWEEN A RAT MODEL AND A
PHYSIOLOGICALLY BASED EXTRACTION TEST.

X.Pu', G.P Carlson', R. Galinsky’ and L. Lee’. 'School of Health Sciences,
Purdue University, West Laﬁzyette, IN, °Department of Agronomy, Purdue University,
West Lafayette, IN and’ Department of Industrial and Physical Pharmacy, Purdue
University, West Lafayette, IN.

Recently, a physiologically based extraction test (PBET) was developed to predict
the bioavailability of soil-bound organic chemicals. There are limited data relating
it to in vivo animal models. The bioavailabilities of phenanthrene (PA) from soils
with varying characteristics were determined using a rat model and a PBET test to
examine this relationship. Four soils varying in organic carbon, clay content and
pH were spiked with 200 and 400 mg/kg PA. In the in vivo assay, soil suspensions
containing 0.25 g soil/ml were administered by gavage. Equivalent doses were given
by iv. PA blood concentrations at time points after administration were analyzed by
HPLC-FD. Area under the blood concentration versus time curves for each soil was
compared to the iv injection to calculate the absolute bioavailability of PA from
soil. In the PBET tests, 1 g samples of soils were extracted by artificial saliva, gastric
juice, duodenum juice and bile. The fraction of PA mobilized from each soil was
calculated. The AUC:s of all soils were significantly lower than those of iv injection,
indicating that soil matrix could reduce the bioavailability of PA from soil. There
was a trend that the higher the OC content, the lower the bioavailability of PA. A
good correlation was observed between the fraction of PA mobilized from soil and
its bioavailability at 400 mg/kg soil. At 200 mg/kg soil, there was a weaker, but sug-
gestive correlation. These results suggest that PBET assay is a useful alternative to
predict bioavailability of soil-bound organic chemicals. (Supported by a Purdue
Research Foundation grant.)

121 TISSUE DISTRIBUTION OF 2, 2, 4, 4"-
TETRABROMODIPHENYL ETHER FOLLOWING
SINGLE AND MULTIPLE DOSES TO MALE F344 RATS.

J. M. Sanders”?, M. L. Cunnmgham and L. T. Burka'. 'LPC, NIEHS, Research
Triangle Park, NC and? Toxicology, N.C. State University, Raleigh, NC.

Polybrominated diphenyl ethers (PBDE’s), widely used as flame retardants, are sub-
sequently found as environmental contaminants and are present in mammalian tis-
sues. 2, 2/, 4, 4'-Tetrabromodiphenyl ether (BDE-47) makes up 24-38% of a com-
mercial PBDE mixture used mainly in polyurethane foam and is a major PBDE
congener found in the environment. BDE-47 is highly lipophilic and has some
structural similarity to dioxins, PCB’s, and thyroxine. In preparation for future tox-
icity studies of PBDE’s by the National Toxicology Program, the present work has
investigated distribution of BDE-47 in tissues of male F344 rats following single
and repeated exposure to the compound. Dose concentrations closer to human ex-
posure levels than those of published studies were used. Rats received either 1, 5, or
10 consecutive daily doses of 0.1 pmol "“C BDE-47/kg by gavage in corn oil.

Tissue distribution of '*C was determined 24 hr following the last dally dose to all
rats (n=5/treatment group). Adipose tissue was the ma)or depot of "*C, containing
up to 50% of cach daily dose. BDE-47-derived "“C accumulated extensively in
skin, thymus, adrenal, and thyroid and to a lesser extent in liver, brain, blood, and
muscle. The disposition of BDE-47 was further investigated following oral admin-
istration of single doses from 1-100 mol/kg in corn oil. Analysis of major tissues
and excreta indicated that both absorption of BDE-47 and tissue distribution of
"C were dose- proportional in this range. Cumulative 24 hr excretion was ca. 0.5
and 35% total dose in urine and feces, respectively. A comparison of oral and iv ex-
cretion data indicated that ca. 70% of an orally administered BDE-47 dose was ab-
sorbed from the gut. However, absorption of BDE-47 apparently increased when
delivered by gavage in an aqueous-based vehicle. In summary, these studies confirm
bioaccumulation of BDE-47 in mammalian tissues at low exposure concentrations
and provide tissue dosimetry data for design of future toxicity studies.

122 DISPOSITION OF 2, 2, 4, 4, 5-
PENTABROMODIPHENYL ETHER IN MALE F344 RATS.

E. H. Lebetkin, J. M. Sanders and L. T. Burka. LPC, NIEHS, Research Triangle
Park, NC.

2, 2’, 4, 4’, 5-Pentabromodiphenyl ether (BDE-99) is the most abundant of the
three major polybrominated diphenyl ethers (PBDE) in the flame-retardant DE-
71. DE-71 is used as an additive in plastics, electronic equipment, textiles, and
building materials. It is subsequently found in the environment, accumulates in
mammalian tissues, and is present in human milk. PBDE’s are of interest because
of their structural similarity to PCB’s and dioxins. Some of the intermediate mo-
lecular weight PBDE's are structurally similar to thyroxin. A disposition study of
BDE-99 at a single 14.5 umoles/kg dose has been reported. Toxicity studies being
proposed by the National Toxicology Program are at lower doses. Therefore the dis-

position of “C-BDE-99 was studied in male F344 rats in single doses at 0.1 to 10
umoles/kg. Based on the radioactivity excreted in feces (and present in the large in-
testine at termination) after oral and IV administration, 80-90% of the oral dose is
absorbed. After an oral dose, BDE-99 concentrates in fat (17-23% of the total dose
after 24 hours) and is excreted in the feces (35-38%), with less than 2% in urine.
There is no dose effect on tissue distribution between 0.1 and 10 pmoles/kg. The
liver/fat ratio is about 0.2 indicating that sequestration in liver, typical of dioxin-
like chemicals is not occurring (for example, 3, 3’, 4, 4, 5-PCB, has a liver/fat ratio
of about 20 after 24 hr). BDE-99 concentration after an oral dose was higher in all
tissues than in blood, with tissue/blood ratios over 10 in liver, kidney, skin, fat, thy-
mus, and adrenal glands. The amount of BDE-99-derived radioactivity in thyroid
is not significantly different from other tissues, such as muscle and lung, and is
about an order magnitude less than the amount of PBE-47-derived radioactivity
found in thyroid following the same molar dose of PBE-47. Over 70% of the BDE-
99 in the blood was in the plasma. In summary, the tissue distribution of BDE-99
is typical of a lipophilic, polyhalogenated, aromatic chemical, but does not have
high liver to fat ratio typical of dioxin-like chemicals.

123 INFLUENCE OF DIET RESTRICTION ON THE
TOXICOKINETICS OF THIOACETAMIDE.

Chllakapatl, K. Shankar’, M. korrapat andH M. Mehendale'. bezcolagy,
University of Louisiana at Monroe, Monroe, LA and *UAMS, Lirtle Rock, AR.

Thioacetamide (TA) is bioactivated by CYP2E1 to TA sulfoxide (TASO), and fur-
ther to sulfone, a reactive metabolite that initiates hepatic necrosis by covalent
binding. Studies have shown that despite higher injury of TA by enhanced bioacti-
vation, moderate diet restriction (DR) protects rats from a lethal dose (600 mg/kg,
ip). It is known that DR induces CYP2E1. Low dose of TA (50 mg/kg) produces a
6-fold higher injury, whereas a lethal dose produces only 2.5-fold higher and de-
layed injury in DR rats compared to ad libitum (AL) fed rats. The objective of pres-
ent work was to determine if lack of dose response for injury in AL rats and higher
injury in DR rats could be explained by altered toxicokinetics. Male SD rats were
35% diet restricted and on day 22, AL and DR rats received 50 or 600 mg TA/kg.
TA and TASO were quantified in plasma, liver and urine. In the AL rats, with in-
creasing doses, half-lives of both TA and TASO were increased, revealing that TA
bioactivation exhibits zero order kinetics. Greater elimination of TA and TASO was
seen in urine with increasing doses. These results explain the lack of appreciable in-
crease in bloactlvamon based liver injury with the high dose in AL rats. Covalent
binding of "“C-TA to macromolecules was higher for the low dose compared to the
lethal dose further strengthening this notion. DR rats exhibited significantly lower
plasma levels of TA at the 600 mg/kg dose compared to the AL rats. Hepatic TA
levels were higher in the DR rats at that dose. Also there was an increase in TASO
levels in the DR group, consistent with augmented liver injury. With regard to the
low dose, there was a rapid and steep increase in TASO in the DR group at 60 min.,
which promptly declined thereafter, further explaining the six-fold increase in liver
injury. Higher hepatic levels of TA in DR in combination with induced CYP2E1
explain higher injury. The lack of dose response may be attributed to saturation of
bioactivation at the higher dose. (Supported by ES09870)

124 PRELIMINARY DISTRIBUTION, EXCRETION AND
PHARMACOKINETICS OF POLYACRYLAMIDE
NANOPARTICLES IN MALE RATS AFTER A SINGLE LV.
INJECTION.

Schnelder, R. Reddy®, T. Kropp', B. Martin', M. Sherman® and M.
Phllbert ! Environmental Health Sciences, Umvemty of Michigan, Ann Arbor, M1,
°Molecular Therapeutics, Inc., Ann Arbor, MI and > MPI Research, Inc., Mattawan,
MI.

Polymer based nanoparticles are currently being developed for biomedical applica-
tions including drug delivery and magnetic resonance imaging (MRI). Despite the
composition of the different nanoparticle matrices, pharmacokinetic data has
shown consistent clearance from the blood viz the mononuclear phagocytic cells
that comprise the reticular endothelial system. This study was designed to deter-
mine the distribution, excretion and pharmacokinetics of PEGylated (surface-mod-
ified) and non-PEGylated polyacrylamide nanoparticle (PAA-PEG & PAA, respec-
tively) suspensions. Preparations of nanoparticles with mean diameters of 60nm
were administered as a single 1.V. dose in the tail vein of healthy male rats. Plasma,
tissue and excreta were collected between 0.083-120 hours. Preliminary data from
these studies suggest PAApeg nanoparticles remain in plasma up to 48hr after ad-
ministration while the non-PEGylated nanoparticles are removed as early as 8hr.
Furthermore, preliminary tissue distribution and excretion analyses show accumu-
lation of PAA and PAApeg nanoparticles in the liver, while urine analyses suggest
renal clearance was not a major route of excretion. The difference in kinetics of the
two suspensions was further investigated by analyzing the composition and quan-
tity of proteins adsorbed onto the surface of the nanoparticles using SDS-PAGE
and mass spectroscopy. Preliminary protein binding experiments show nanoparticle
interactions with albumin, Apo A-1, Alpha 1-Antitrypsin and various light and
heavy immunoglobulin chains. Supported by NIH grants CA85878 and F003747.
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125 BLOOD KINETICS AND PULMONARY RESPONSE OF
INHALED ETHANOL IN RATS.

J. D. Field"?, R.Tardif' and J. Nash®. ' Environmental and Occupational Health,
University of Montreal, Montreal, QC, Canada and°DMPK, CTBR BioResearch,
Senneville, QC, Canada.

In much of the industrialized world, ethanol is added to gasoline in an attempt to
reduce carbon monoxide emissions from automobile exhaust. This has led to spec-
ulation that the increased use of ethanol and inhalation of ethanol vapour during
automobile refuelling may cause toxicity in some individuals. While the adverse
health effects of ingested ethanol are well documented, toxicity via the inhalation
route is unclear, especially in individuals deficient in alcohol dehydrogenase (ADH)
and/or acetaldeyhyde dehydrogenase (ALDH). This preliminary study was con-
ducted to investigate the toxicokinetics of ethanol and acetaldehyde in blood, and
to assess the pulmonary inflammatory response of Long-Evans rats challenged with
ADH and ALDH inhibitors prior to inhalation exposure of ethanol. Differences in
ethanol metabolism between Long Evans (LE) and Sprague-Dawley (SD) rats were
also evaluated. Following up to 4 hours of inhalation exposure to approximately
1300 ppm ethanol, (current exposure limit = 1000 ppm), blood ethanol (BETOH)
and acetaldehyde (BACET) levels in rats treated with either metabolic inhibitors
(4-MP or DDTC) or controls showed evidence that LE rats are rapid metabolizers
of ethanol, compared to SD rats. Cmax and AUC parameters for both BETOH
and BACET were consistent with the inhibition of ADH by 4-MP, but also inhibi-
tion of ALDH, which was stronger than by DDTC alone. In addition, results
showed that the expression of ADH and/or ALDH may be different between gen-
ders and suggested that catalase may play a larger role in ethanol metabolism than
previously believed. No evidence of a pulmonary inflammatory response could be
established, although white blood cell counts appeared to decrease for animals with
higher BETOH and BACET levels. While this appeared to have no immediate tox-
icological significance, it remains unclear if this decrease would limit an immune
response over the long term for subjects with compromised ethanol metabolism, es-
pecially since acetaldehyde has been shown to be highly reactive.

126 DETERMINATION OF DICHLOROACETIC ACID (DCA)
BY LIQUID CHROMATOGRAPHY AND MASS
SPECTROMETRY (LC/MS) IN RATS DOSED WITH
TRICHLOROETHYLENE (TCE).

A. M. Dixon', D.C. Delinskyl, S. Muralidhara', J. W. Fisher?, ].V. Bruckner'
and M. G. Bartlett'. ' Pharmaceutical and Biomedical Sciences, University of
Georgia, Athens, GA and 2 Environmental Health Sciences, Univesity of Georgia,
Athens, GA.

DCA is a compound commonly found in drinking water as a chlorination disinfec-
tion by-product. In addition, DCA is a metabolite of TCE, a VOC also found in
many drinking water sources as a result of its widespread use as a metal degreaser
and dry cleaning agent. As DCA has been shown to cause liver cancer in rats and
mice, there is concern that DCA and TCE in drinking water may present a cancer
risk to humans. Interestingly, no one has definitively shown that TCE is metabo-
lized to DCA in vivo. The current study was designed to determine whether DCA
could be detected in tissues and blood of rats dosed with TCE. Rats (n=3) were
dosed with 2 g/kg of TCE. Liver, lung, kidney, and blood samples were then col-
lected in a scintillation vzal at the following post dosing times: 0, 0.5, 1, 2, 4, and 8
hours. Liquid nitrogen was added to each scintillation v7al in order to stop metabo-
lism. Each tissue sample was homogenized and protein precipitated by adding 100
UL of acetonitrile (ACN) to each sample. After centrifugation at 16060 x g for 5
minutes, the supernatant was removed from each sample and diluted to a volume of
1 mL. Solid phase extraction was then performed on all samples. The sample eluate
was dried under liquid nitrogen and reconstituted in 60:40 ACN:water prior to
LC/MS analysis. Preliminary results show 2-20 times higher levels of DCA com-
pared to blanks in all tissue and blood samples 0.5 - 8 hours after administration of
TCE. These data indicate that TCE is metabolized to DCA by rats. Further studies
using the LC/MS method described here will better characterize the extent of DCA
formation in rats and mice. (Funded by DOE DE-FC02-02CH11109)

127 IN VIVO PHARMACODYNAMICS AND SUB-CELLULAR
DISTRIBUTION OF A 2-MOE MODIFIED ANTISENSE
OLIGONUCLEOTIDE (ASO), ISIS 116847, TARGETING
PUTATIVE PROTEIN TYROSINE PHOSPHATASE (PTEN)
MNRA IN MICE AND RATS.

R. Yu, E.J. McArdle, R. Gina, K. Hoc, K. C. Nishihara, T. A. Watanabe, S.
Bhanot and R. S. Geary. ISIS Pharmaceuticals, Carlsbad, CA.

Purpose: To study and compare 77 vivo pharmacodynamics for a 2’-MOE ASO tar-
geting to PTEN and to explore the differences in suborgan and subcellular distri-
butions of ASO in the liver of these two species. Methods: Subcutaneous injections
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of anti-PTEN ASO were given to mice and rats, respectively, at doses of 0 (control
saline), 5, 10, 25 or 50 mg/kg twice a week for two weeks. Animals were sacrificed
for sample collection 2 days after the last dose following two weeks of treatments.
Liver samples from all groups were collected for the measurement of ASO concen-
trations, PTEN mRNA, and PTEN protein. Suborgan sample collection was per-
formed for the 0 mg/kg and 25 mg/kg dose group for both species. For suborgan
sample collection, liver was perfused in situ with collagenase buffer to isolate hepa-
tocytes. PTEN ASO concentrations in whole liver, hepatocyte and subcellular frac-
tions were quantitated by CGE or ELISA method. PTEN mRNA and protein were
measured using RT-PCR and Western blot, respectively. Results: Body weight in-
creased 5% and 30 % for mouse and rat, respectively, over the two week treatment
period. ISIS 116847 concentrations in liver increased from 43 to 293g/g and 57
to 388 g/g in mouse and rat, respectively, as dose increased from 5 to 50 mg/kg. /n
vivo EC50 in whole liver, estimated by an inhibitory Emax model, was 157 ug/g
and 105 pg/g in mouse and rat, respectively. Suborgan and sub-cellular distribution
study showed that uptake by hepatocytes as well as subcellular fractions was nearly
doubled in mouse compared to rat, yet equivalent message knock down was
achieved. Conclusion: This study showed similar pharmacology for the ASO tar-
geting to PTEN in mouse and rat at the level of whole organ, which correlates with
whole organ pharmacokinetics. At suborgan level, we confirmed hepatocyte and
nuclei had less ASO accumulation in rats, but achieved similar pharmacology com-
pared to mice.

128 STRUCTURAL FACTORS THAT INFLUENCE THE
PERFORMANCE OF MULTICASE IN THE ASSESSMENT
OF MUTAGENICITY.

B. J. Braunstein, G. Mandakas, FE M. Goodsaid, R. D. Snyder and L. Y.
Rosenblum. Molecular Toxicology, Schering-Plough Research Institute, Lafayette, NJ.

MCASE is a SAR package for the prediction of mutagenicity based on a statistical
analysis of biophores and deactivating fragments derived from a learning set of
chemical structures. We have characterized the output of MCASE versions defined
by learning sets assembled from different combinations of reference structure data-
bases and have challenged these MCASE versions in a matrix with structure sets not
included in the specific learning set for each version. Structures for these learning
sets were compiled from the original MCASE A2I database with the addition of
compounds from databases populated with either environmental (UPSAL) and/or
pharmaceutical (SCH (Schering-Plough) and PDR (Physicians Desk Reference))
compounds. The sensitivity and specificity of the different MCASE versions were
only weakly dependent on the composition of their learning sets when challenged
by any specific structure set. The specificity for all structure sets ranged between 89
and 94%. The sensitivity for the pharmaceutical structure sets ranged from 45-63%
for SCH and PDR but up to 78-80% for UPSAL. Deactivating fragments were
found in less than 20% of the true negative UPSAL set but in over 50% of true
negative SCH and PDR sets and were also more frequent in true negative molecules
than in false negative molecules within a set. Differences in molecular size between
environmental and pharmaceutical molecules may account for the latter observa-
tions. An alternative explanation is that such differences are artifactual, based on
the fragment size constraint (as short as 2 carbons) defined by the MCASE soft-
ware. Finally, the sets of biophores identified for true and false positive molecules
showed little overlap with each other, inferring that discreet subsets of biophores
correlated with incorrect positive calls by MCASE. The results of this analysis sug-
gest that changes in how MCASE identifies biophores and deactivating fragments
from its learning sets may be required for improved sensitivity with pharmaceutical
molecules.

129 UTILIZATION OF SAR FILTERS, CHEMICAL
SIMILARITY AND HT SAFETY SCREENS TO ENHANCE
COMPOUND SELECTION FROM COMBINATORIAL
LIBRARIES.

N. Greene', ]. Aubrecht', J. ] Osowski' and D. L. Grossman®. ISaﬁty Sciences -
Groton, Pfizer Global Research and Development, Groton, CT and’Department of
Biology, Cedar Crest College, Allentown, PA.

While technology in combinatorial chemistry, molecular biology, and automation
are flourishing, there is an increased demand for the development of high through-
put screening to evaluate the safety of drugs in the early stages of drug develop-
ment. In principle, Structure-Activity Relationships (SAR or structural alerts), and
measures of chemical similarity could be used to predict the mutagenic behavior of
a compound. Here we describe the use an SAR filter, DEREK, in combination with
Selector, part of the SYBYL molecular modeling suite of programs; to aid in com-
pound selection from a commercially-available library. A total of 274 compounds
were selected, 150 compounds that did not contain a structural alert according to
DEREK, and 124 compounds that did contain an alert on the basis of its structural
similarity to a compound predicted negative. The Bioluminescent Ames assay was




used to assess the mutagenic activity of selected compounds and thus explore the
utility of the selection process. The results of the study showed that DEREK was ef-
fective at reducing the number of mutagenic compounds in a compound selection
thus potentially minimizing the potential safety concerns at a much earlier stage in
the drug discovery process.

130 CONTROLLED VOCABULARY DEVELOPMENT FOR
GENETIC TOXICITY TO MAXIMIZE INFORMATION
INTEGRATION OF DATABASES.

D Benz', C.Yang®, G. Hollingshaus®, W. Johnson®, G. Myate® and E. Zeiger".

! Center for Drug Evaluation and Research, USFDA, Rockville, MD, 2E 1. DuPont de
Nemours & Co., Newark, DE, Lmdxwpe, Inc., Columbus, OH and * Errol Zeiger
Consulting, Chapel Hill, NC. Sponsor: D. Johnson.

As the prediction of toxicity becomes more important for understanding chemically
induced toxicity, the quality and availability of chemical structures and data be-
come critically important. The synergistic relationship between the quality of data
and accuracy of prediction models demands integration of data among disparate
formats and in physically different locations. Translation and transformation of
data such that multiple sources of information and structures can be pooled is in
fact a pre-requisite for data mining and building prediction models. An XML stan-
dard based on a controlled vocabulary optimized for genetic toxicity has been de-
veloped and is presented here. Using this schema, a sample database for genetic tox-
icity was prepared for data mining and building predictive models. This sample
database was used to demonstrate the effectiveness of the controlled XML vocabu-
lary and the advantages of enriching chemical space by integration of databases.

131 DETECTION OF N-METHYL-N-NITRO-V-
NITROSOGUANIDINE-INDUCED MUTATIONS IN
GILL AND HEPATOPANCREAS OF 7psL TRANSGENIC
ZEBRAFISH.

K. Amanuma, T. Nakamura and Y. Aoki. National Institute for Environmental
Studies, Tsukuba, Japan.

We established a transgenic zebrafish line carrying a shuttle vector plasmid (pML4)
for detecting mutagens in aquatic environments (Amanuma et al. Nat Biotech
2000). The plasmid contains a target gene (the wild-type allele of 7psL of E. coli) for
detection of mutations and the kanamycin-resistance gene for rescue of the plasmid
from the zebrafish chromosomal DNA. Using fish embryos, we detected mutations
induced by several compounds. However, adult fish may be more useful for long-
term exposure and detecting mutations in target organs. Therefore, to evaluate the
mutation assay system in adult fish, we exposed female adult transgenic fish to V-
methyl- N nitro- N-nitrosoguanidine (MNNG), and examined the effect of con-
centration of MNNG and the effect of rearing time after exposure on mutations in-
duced in 7psL. Fish were exposed to 0, 15, or 30 mg/L MNNG (dissolved in water)
for 2 hours and killed after 2 weeks. The shuttle vector was successfully recovered
from genomic DNA prepared from the gill and hepatopancreas. In the gill,

MNNG induced a concemratmn dependent increase in mutant frequency of the
7psL transgene (9, 18, 51 x 10 >, respectively). In the hepatopancreas, only the
group treated at 30 mg/L showed an increase in the mutant frequency. DNA se-
quencing revealed that the most predominant type of mutation was G:C to A:T
transition, which is a typical effect of MNNG. Next, we examined the effect of
rearing time after exposure. Fish treated at 15 mg/L were kept in MNNG-free
water for 2 or 3 weeks. In both the gill and the hepatopancreas, a higher mutant fre-
quency of 7psL was observed at 3 weeks than at 2 weeks, suggesting that a period of
at least 3 weeks is preferable for showing effects. These results indicate that the gill
and hepatopancreas in the fish are target organs of MNNG, and that 7psL trans-
genic fish may provide a useful iz vivo assay for detecting waterborne mutagens.

132 FINDING THE OPTIMUM APPROACH FOR GENETIC
TOXICOLOGY SCREENING.

J. Kitching' and G. Barker’. Experzmenml Biology, Huntingdon Life Sciences,
Huntingdon, United Kingdom and” Gentronix, Manchester, United Kingdom.
Sponsor: C. Atterwill.

20-25% of compounds test positive in iz vitro regulatory genetic toxicology testing,
leading to delays and compound attrition. To reach quality decisions on candidate
compound selection reliable data needs to be made available from, in some cases,
sub-mg quantities of substance. Meaningful genetic toxicology data is required as
carly as possible in this process. Huntingdon and Gentronix have compared the
data obtained from the SOS/umu and GreenScreen? assays on over 100 com-
pounds with the corresponding regulatory genetox results, where available. The
umu assay uses two S.typhimurium strains in which lac-Z is under the control of

the SOS repair genes. TA1535/pSK1002 is the standard strain and NM2009 has
high o-acetyl transferase activity to make it more sensitive to aromatic amines. The
assay detects a wide range of mutagens, having a particularly good correlation with
the regulatory Ames test (92% in this comparison). GreenScreen? is a yeast DNA
repair reporter assay and is also sensitive to a wide range of mutagens, and clasto-
gens. Compounds were tested up to approximately 2 mM in the umu and 1 mM in
the GreenScreen? Although lower than the recommended regulatory upper concen-
tration the assays are sensitive enough for this not to affect the prediction rate.
Opverall both assays had a similar prediction rate for positives (about 60%). The
yeast assay, as expected, was able to predict more clastogens and the bacterial more
of the Ames positives. The GreenScreen? assay, at present, cannot be used with S9
activation and although the yeast does have some p450 enzymes of its own the umu
assay detected more of the in vitro with S9 only positives. As a result, when both as-
says were combined it led to a positive prediction rate of about 75%. It is concluded
that a screen using both assays will provide a very sensitive prediction tool, leading
to accurate ranking of candidate compounds and better designed regulatory testing
strategies.

133 THE UTILITY OF THE DEL ASSAY IN
SACCHAROMYCES CEREVISIAE FOR DETECTION OF
CHROMOSOME ABERRATIONS /N VITRO.

Z. Kirpnick" >, N. Howlett’, M. Repnevskaya '23 M. Homiski’,

Rubitski’, ]. Aubrecht and R. H. Schlestl Pat/m/agy, David Gzﬂ%n School of
Medicine ar UCLA, Los Angeles, CA, 2 Radiation Oncology, David Geffen School of
Medicine at UCLA, Los Angeles, CA % Environmental Health Sciences, UCLA School
of Public Health, Los Angelex, CA, *Pediatric Oncology, Dana-Farber Cancer
Institute, Boston, MA and’ Pfizer Inc., Groton, CT.

The DEL Assay for chromosomal rearrangement in the yeast S. cerevisiae is able to
detect a wide range of carcinogens. In a study with approximately 60 compounds of
known carcinogenic activity, the DEL assays detected 86% correctly whereas the
Ames Salmonella assay detected only 30% correctly. Since the DEL assay is highly
inducible by DNA double strand breaks, we examined the utility of the DEL assay
for detecting chromosome aberrations. We have selected 10 model compounds
with known genotoxic effects for testing using the DEL assay . The iz vitro mi-
cronucleus assay in CHO cells, a commonly used tool for assessment of chromoso-
mal aberrations, was performed on the same compounds and the results of the two
assays were compared. The compounds tested were: Actinomycin D,
Camptothecin, Methotrexate and 5-Fluorodeoxyuridine, which are anticancer
agents, Noscopine and Furosemide are theraputics, Acradine and Methyl Acrylate
are industrial chemicals, Diazinon is an insecticide and Resoricnol is a dye. Our
data indicate that the DEL assay provides highly concordant data with the standard
in vitro MN assay. The DEL assay might have a potential application as a robust,
fast, and economical screen for detecting chromosome aberrations in vitro.

134 THREE-COLOR LABELING SCHEME FOR FLOW
CYTOMETRY-BASED SCORING OF RODENT AND
HUMAN PERIPHERAL BLOOD MICRONUCLEATED
RETICULOCYTES.

S.D. Dertmger, D. Torous', M. Blshop Y. Chen’, R. K. Miller!, C
Tometsko' and . T. MacGregor ! Litron Laboratories, Rochester, NY, *FDA-
NCTR, Je erson, AR, ’Radiation Oncology, University of Rochester Medical Center,
Rochester, NY, *Obstetrics and Gynecology, University of Rochester Medical Center,
Rochester, NY and’ FDA-NCTR, Rockville, MD.

Micronucleated reticulocyte (MN-RET) frequencies represent an index of recent
cytogenetic damage. This report describes a modification to a well characterized
flow cytometric scoring procedure for measuring the incidence of MN-RET in ro-
dent and human blood samples. In the “standard” system, differential staining of
young and mature erythrocytes, with and without micronuclei, is accomplished by
combining the immunochemical reagent anti-CD71-FITC with a nucleic acid dye
(propidium iodide plus RNase). The modification described here incorporates a
fluorescent anti-platelet antibody into the labeling procedure (anti-CD61-PE and
anti-CD42b-PE for rodent and human samples, respectively). This 3-color scheme
was directly compared to the standard (2-color) procedure with serial blood sam-
ples that were obtained from rats before and over the course of daily vinblastine
treatment (0 or 0.125 mg/kg/day). While the 3-color system did not add significant
value to analyses of terminal day blood samples (obtained viz heart puncture), it
did improve the reliability of measurements for preceding day blood samples that
were obtained viz tail vein nick. The resulting dataset suggests that accuracy of flow
cytometric MN-RET measurements can be maintained with the 3-color procedure,
even when platelet-platelet and platelet-cell aggregates are present. In addition to
these rodent blood analyses, human MN-RET measurements, for samples collected
before and over the course of fractionated radiotherapy, are presented. Results of
these analyses suggest that human samples benefit from the inclusion of a fluores-
cent anti-platelet immunochemical reagent.
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135 OXYFLOW: DETECTION OF OXIDATIVE DNA
DAMAGE TO HEMATOPOIETIC CELLS RESULTING
FROM IN VITRO AGENT ADMINISTRATION USING
FLOW CYTOMETRY.

L. N. Rich', M. Shaw’ and C. G. Kilty’. ' HemoGenix LLC, Colorado Springs, CO
and’Biotrin International, Ltd., Dublin, Ireland. Sponsor: M. McKenna.

Oxidative injury is indicated in a wide range of diseases. Damage occurs by the re-
lease of free radicals caused by agents, injury or normal metabolism. Free radicals
can react with DNA and lead to mutation, carcinogenesis, teratogenesis or cell
death. Oxidative damage can occur at any time during hematopoesis. The most sus-
ceptible cells are the stem and progenitor cells, since these are responsible for main-
taining hematopoietic steady-state conditions. Damage to stem or lineage-specific
progenitor cells can result in drastic perturbation of the system and even blood ma-
lignancy. The effect of agents that result in free radical formation and oxidative
DNA damage can be detected by the presence of 8-oxoguanine, an oxidized nu-
cleotide of 8-oxyguanosine and is the commonest DNA adduct produced as a result
of exposure of DNA to oxygen free radicals. DNA mispairing and misreading can
also occur. A fluorescein isothiocyanate (FITC)-conjugated binding protein with
high avidity and specificity to 8-oxoguanine was used to detect oxidative DNA
damage in cells from human peripheral blood, bone marrow or umbilical cord
blood and hematopoietic cells from other mammalian species. Target cells were first
permeabilized and fixed and then incubated with the FITC-conjugated binding
protein. The target cells were resuspended and analyzed by flow cytometry using an
Epics XL/MCL. Using different fluorochromes conjugated to antibody membrane
markers, oxidative damage could be detected in specific hematopoietic subpopula-
tions using multiparameter gating analysis. To standardize and validate the proce-
dure, control cells were treated with methylene blue and light in a dose-dependent
manner. At concentrations of methylene blue above 10uM, there was a displace-
ment to the right indicating increased fluorescence intensity due to binding of the
FITC-conjugated binding protein to oxidised DNA. This new technique can be ap-
plied to toxicity testing, pharmacological and chemical high-throughput screening
and occupational and environmental biomonitoring.

136 INCREASED FREQUENCIES OF MICRONUCLEATED
RETICULOCYTES AND 8-OHDG LEVELS IN ALDH2
KNOCKOUT MICE.

N. Kunugita', T, Isse® ; T. Oyama , K. Kltagawa 2 M. Ogawa , T. Yamaguchl s
R. Suzuki®, T. Kinaga®, A. Yoshida®, 1. Uchiyama’ and T. Kawamoto®. 'School of
Health Stzenfes, University of Occupational and Environmental Health, Kitakyushu,
Japan, >Department of Environm Health, Umvemz{y of Occupational and
Environmental Health, Kitakyushu, Japan, 3 First Departmmt of Biochemistry,
Hamamatsu Medical University, Hamamatxu, Japan, *Beckman Research Institute of
the City of Hope, Duarte, CA and’ Graduate School of Engineering, Kyoto University,
Kyoro, Japan.

Aldehyde dehydrogenase-2 (Aldh2) metabolizes acetaldehyde produced from
ethanol into acetate and plays a major role in the oxidation of acetaldehyde 77 vivo.
In order to investigate whether the induction on micronuclei by ethanol is associ-
ated with genetic polymorphisms of Aldh2 gene, the flow cytometric micronucleus
(MN) assay were performed in Aldh2 knockout (Aldh2 KO) mice and wild type
(Aldh2 WT) mice. The mice were given 24h free access to a 1% ethanol for alcohol
group or water for control group for 20 weeks. We also estimated the 8-hydroxy-2'-
deoxyguanosine (OHAG) levels in mice urine by ELISA. In results, frequencies of
MN in reticulocytes and erythrocytes significantly increased by ethanol drinking in
Aldh2 KO mice, but not in Aldh2 WT mice. In addition, frequencies of MN and
80OHAJG levels were significantly high in Aldh2 KO mice than in Aldh2 WT mice
even in control groups. These results indicate that Aldh2 plays a major role not only
in acetaldehyde detoxification but also in oxidative stress in mice.

137 QUANTITATIVE LONG PCR ANALYSIS OF DNA
DAMAGE INDUCED BY PROSTAGLANDIN H2
SYNTHASE FORM-2: NORMALIZATION OF
REPLICATION BY AN INTERNAL CONTROL.

H.Kim"?, D. J. Kaplan Y. Yuan', D. A. Purtt' and B. Zh:mg1 ! Detroit R&D,
Inc., Detrozt, MT and *Institute of Environmental Health Sciences, Wayne State
University, Detroit, MI.

Human PGHS-2 was expressed in DNA damage repair-deficient XPA human fi-
broblasts. Genotoxicity mediated by prostaglandin H2 synthase form-2 (PGHS-2,
COX-2) was quantitated by measurement of a lack of PCR replication with dam-
aged DNA. The cells were treated with tert-butyl hydroperoxide (-BOOH, a sub-
strate of PGHS-2) and/or benzo(a)pyrene-7, 8-dihydrodiol (BPD, a known
PGHS-activated DNA damaging agent). The 8.9 kb mitochondrial DNA frag-
ments were replicated by 14 cycles of quantitative long PCR (QLPCR) with bi-
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otinylated and non-biotinylated primers and quantitated by chemiluminescent and
real-time PCR analyses, respectively. Levels of the 8.9 kb QLPCR products were
normalized using levels of 6.9 kb internal controls added to each PCR reaction
mixture. The 6.9 kb PCR controls containing intact primer binding sites were pro-
duced by deleting a 2 kb fragment from the 8.9 kb fragment. For chemilumines-
cent analysis, replicated DNA fragments were electroblotted to membrane and vi-
sualized by incubation of the blot with chemiluminescent substrates of horseradish
peroxidase conjugated with streptavidin. For real-time PCR analysis, QLPCR
products were quantitated using purified 8.9 kb standards ranging from 0.01 to 1,
200 pg. The detection limit of the method is lower than 0.01 pg. Both chemilumi-
nescent and real-time PCR quantitation revealed that, whereas levels of the
QLPCR-replicated mictochondrial DNA fragments failed to decrease after treat-
ment of cells with 5 UM BPD, the PCR products dramatically decreased after treat-
ment of the cells with 0 to 15 uM BPD in the presence of 0.5 mM t-BOOH. These
results suggest that 0.5 mM t-BOOH treatment damaged DNA in PGHS-2-ex-
pressing cells and BPD treatment damaged DNA in the cell only in combination
with t-BOOH. Sponsored by the NIEHS SBIR grant R44 ES11251 & the EHS
Center grant P30 ES06639.

138 TIME COURSE OF CII GENE MUTANT FREQUENCIES
AND MUTATION SPECTRA IN THE BONE MARROW
OF N-ETHYL-N-NITROSOUREA-TREATED
TRANSGENIC MICE.

J. V(/angI 2 N. Mei Mel , X. Liu', M. M. Moore"? and T. Chen'. "DGRT; NCTR,
Jefferson, AR and? Pharmacalagy and Toxicology, University of Arkansas for Medical
Sciences, Little Rock, AR.

The 77 vivo transgenic mutation assays allow the mutation detection in multiple tis-
sues. But the time required to reach the maximum mutant frequency (MF) is tissue
specific. To identify the optimal sampling time, a time course study of ¢// gene mu-
tant manifestation in the bone marrow of N-ethyl-N-nitrosourea (ENU) treated
Big Blue mice was conducted. Six-month old female mice were treated i.p. with a
single dose (125 mg/kg) ENU, then the bone marrow was sampled and assayed for
cll gene MFs 1, 3, 7, 15, 30 and 120 days later. Compared with the MFs for con-
current controls [(34+14)><10 ©], all the MFs of ENU-treated mice (253, 374, 277,
235, 238 and 189x10°) were elevated greatly. The maximum MF (day 3) was also
significantly different from other MFs. To explain the differences, mutation spectra
for day 1, 3 and 120 were analyzed. At day 1, the predominant mutation type is
G:C to A:T transitions (32%), which can both result from unrepaired o°-
ethylGuanine and spontaneous mutation. A:T to T:A and A:T to G:C, the typical
ENU-induced mutations, were 25% and 8%. At day 3, G:C to A:T were reduced
to 26%, while A:T to T:A and A:T to G:C were elevated to 32% and 23%. At day
120, the three types were 26%, 34% and 26%, respectively. The spectrum of day 1
is significantly different from that of day 3 and 120, while the latter two are similar.
The results suggest that the optimal sampling time is day 3 and transit cells in bone
marrow are more sensitive to ENU than stem cells. While the replacement of im-
mutable differented cells with mutated transit cells explains the MF elevation from
day 1 to 3, DNA repair and spontaneous mutation contribute to their spectra dif-
ference. The similarity of the mutation spectra of day 3 and 120 suggests that their
MEF difference resulted from the lower sensitivity of stem cells to ENU, compared
with the transit cells. The MF decline after day 3 is consistent with the loss of mu-
tated transit cells, while mutated stem cells are responsible for the MF plateau.

139 AGE-DEPENDENT SENSITIVITY OF BIG BLUE
TRANSGENIC MICE TO THE MUTAGENICITY OF
ETHYLNITROSOUREA (ENU) IN LIVER.

N. Mei, J. Wang, R. H. Heflich, M. M. Moore and T. Chen. Division of Genetic
and Reproductive Toxicology, NCTR/FDA, Jefferson, AR.

There are rising trends in the reported incidence of childhood cancer and recent ev-
idence suggests an association between childhood cancer and environmental expo-
sure to genotoxins. In addition, the liver of infant mice is extremely sensitive to
tumor induction by carcinogens. In the present study, the Big Blue transgenic
mouse model was used to determine whether specific periods in early life represent
special windows of vulnerability to genotoxins. Groups of mice were treated with
single doses of 120 mg ENU/kg body weight or vehicle control transplacentally at
3 days before birth or at postnatal days (PNDs) 1, 8, 15, 42 or 126, and the animals
were sacrificed 6 weeks after the treatment. The ¢// mutation assay was performed
to determine the mutant frequencies (MFs) in the livers of the mice. Liver ¢// MFs
for both sexes were dependent on the age at which the animals were treated.
Perinatal treatment with ENU (either transplacental treatment 3 days before birth
or i.p. injection at PND 1) induced relatively high MFs. ENU treatment at PNDs
8 and 15, however, resulted in the highest mutation induction. The lowest muta-
tion induction occurred in those animals treated as adults (PNDs 42 and 126).
There was a significant difference (7<0.05) between the MFs in the infant animals




and those in the other treatment groups. For instance, the MF for the PND 8 fe—
male group was 646 x 10°° while the MF for female adults was only 145 x 10, a
more than 3-fold difference. Our mutagenicity results correlate well with the age-
dependent sensitivity to carcinogenicity in mice and indicate that infancy is the pe-
riod at which mouse liver is the most sensitive to mutation and tumor induction by
genotoxins.

140 EFFECT OF OVARIECTOMY ON MUTATIONS
INDUCED BY 7, 12-DIMETHYLBENZ(AANTHRACENE
(DMBA) IN THE LIVER C// GENE OF BIG BLUE
TRANSGENIC RATS.

T. Chen', R C. Hutts®, N Mel, M. E. Bishop', S. Shelton', M. G.
Manjanatha' and A. Aidoo'. Dzvman of Genetic and Reproductive Toxicology,
NCTRIEDA, Jefferson, AR and? Center for Toxicology and Environmental Health,
Little Rock, AR.

Hepatocellular carcinoma (HCC) is one of the most common cancers. Women de-
velop HCC with much less frequency and better prognosis for the disease than
men. In rodent models, carcinogen-induced and spontaneous HCC also occurs at a
lower incidence in females than in males. Although sex hormones have been impli-
cated as an important factor associated with the development of HCC, the effects
of estrogens on chemical mutagenesis in liver are presently unknown. To evaluate
the role of endogenous estrogens in chemical hepatomutagenesis, 2 groups of 10
Big Blue female rats were treated with 80 mg DMBA (a multi-organ carcinogen)/kg
body weight or vehicle, and 5 animals from each group were ovariectomized two
weeks later. At 16 weeks after DMBA treatment, mutant frequencies (MFs) and
types of mutations were determined in the liver ¢// gene of the overiectomized
(OVX) and intact (INT) rats. The MFs were 203 x 10 for the DMBA-treated
OVX rats and 135 x 10 for the DMBA-treated INT animals, compared to the un-
treated control MFs: 67 x 10° for the OVX group and 44 x 10° for the intact ani-
mals. DMBA significantly increased the MFs in both the OVX and INT rats. The
MF in the DMBA-treated OVX rats was significantly higher than that in the
DMBA-treated INT animals although there was no significant difference between
the MFs in the untreated OVX and INT rats. Molecular analysis of the mutants
showed that ovariectomy did not significantly alter the types of mutations in the
DMBA-treated or untreated animals. However, a significant difference was found
between spectra in the treated animals and the untreated controls. G:C — T:A
transversion was the most common type of mutation in both the treated OVX and
INT groups, whereas G:C — A:T transition was the predominant mutation in
both control groups. These results suggest that ovarian hormones inhibit mutation
induction in the liver by carcinogens.

141 IDENTIFICATION OF /N VIVO MUTATION FOR THE
®X174 TRANSGENIC MUTATION ASSAY USING THE
FORWARD MUTATION ASSAY OF GENE A.

C. R. Valentine', J. L. Raney' and R. R. Delongchamp”. Dzvmon of Genetic and
Reproductive Toxicology, NCTR, USFDA, Jefferson, AR and’ Division of Biometry,
NCTR, USFDA, Jefferson, AR. Sponsor: . Valentine.

In vivo transgenic rodent mutation assays have high spontaneous mutant frequen-
cies relative to induced mutant frequencies. The ®X174 transgenic mutation assay
has a unique method for distinguishing iz vivo from in vitro mutations: single burst
analysis requires that a burst of phage from a single bacterium exceed a minimum
size, indicating that the mutation was fixed before entering the bacterial cell. Bursts
are identified by separating electroporated bacterial suspensions into many aliquots
before plating on selective bacteria. We have conducted DNA sequencing of multi-
ple mutants from aliquots of different plaque count to characterize the distribution
of mutations from each. As expected, aliquots with larger plaque counts (>100) had
multiple plaques with the same mutation, indicating progeny from a single, iz vivo
mutation. Aliquots with small plaque count had a greater variety of mutation, indi-
cating their independent origin. Large bursts, from ENU-treated animals, fit the
spectrum of ENU-induced mutation. The optimal plating density (ug DNA /
aliquot) was reduced relative to the reversion assay in gene £in order to separate 77
vitro bursts because of the larger number of target sites for the forward assay. We
have also determined the mutant spectrum in E. coli of the ®X174 gene A forward
assay. The mutant spectrum from control animals of mutations contributing <60
PFUs per aliquot was not different from that of ®X174 grown in E. coli, which in-
cluded two hotspot sites that dominate the spectrum, 4225A—G, C, or T and
4218G—A or C. Therefore, the majority of mutant plaques from control animals
was fixed in E. cols, not the animal. Single burst analysis allows the measurement of
in vivo mutant frequencies below the spontaneous E. coli frequency. We are cur-
rently evaluating the frequency of iz vivo bursts from control and ENU-treated an-
imals treated with 40 mg/kg of ENU by the same protocol used to evaluate the lac/
transgene in order to compare the relative sensitivity of the two assays.

142 POTENTIAL FOR PHENOL TO DISRUPT THE SPINDLE
APPARATUS AS EVALUATED IN THE MOUSE BONE
MARROW MICRONUCLEUS TEST (MNT).

Spencer , V.A. Lmscombe, J. G. Grundy', B.B. Gollapudi', J. M
Waechter and S. S. Dimond®. Toxzm/ogy & Environmental Research & Consulting,

The Dow Chemical Company, Midland, MI and’Health and Environmental Safety,
GE Plastics, Huntersville, NC.

High doses of phenol cause significant hypothermia in treated mice. In the mouse,
micronuclei (MN) were induced in the bone marrow polychromatic erythrocytes
concomitant with phenol-induced hypothermia. Earlier attempts to distinguish di-
rect vs. secondary mechanisms of phenol-induced MN by maintaining normal
body temperature in phenol-treated mice were unsuccessful because of inadequate
restoration of thermoregulatory homeostasis. In order to gain further insight into
the mode of action responsible for phenol-induced micronuclei, the etiology of
MN in phenol treated mice was investigated by staining the MN with antikineto-
chore antibody. Six male mice/group were administered phenol (300 mg/kg), the
vehicle (saline) or the positive control for inducing kinetochores (vinblastine (VB),
4 mg/kg) as a single i.p. dose. Body temperature was monitored at 2 and 5 hrs post-
dosing and the formation of MN and kinetochore-positive (K+) MN were evalu-
ated at 24 hr. Phenol at 300 mg/kg induced a marked and prolonged hypothermia
as well as a significant increase in MN formation. VB induced a significant increase
in K+tMN (78% of MN cells were K+). Phenol also induced a significant but
smaller increase in K+MN (16%) over the negative controls (0%). The presence of
kinetochores in the MN from phenol-treated mice provides evidence for a mode of
action that involves, at least in part, disruption of the spindle apparatus which
could be linked to hypothermia. (Sponsored by the Phenol Panel of the American
Chemistry Council, Arlington, VA).

143 INHIBITION OF DNA REPAIR AS A MECHANISM OF
ARSENIC CARCINOGENESIS.

S. Liu, E. Kopras, M. Medvedovic, G. G. Oakley and K. Dixon. Environmental
Health, University of Cincinnati, Cincinnati, OH.

Arsenic is a metalloid that is widely distributed in the environment. Exposure to ar-
senic has been associated with an increased risk of a variety of cancers, including
skin, liver, bladder, kidney and lung cancer. However attempts to prove arsenic car-
cinogenesis in animals have been unsuccessful. A hypothesis has been proposed that
arsenic might act as a co-carcinogen instead of a carcinogen itself. Recently
Rossman’s group demonstrated that arsenic enhanced the induction of skin tumors
by UV irradiation in hairless Skh1 mice (Rossman, 2001). Consistent with its co-
carcinogenic activity, arsenic by itself does not seem to induce point mutations in
most of the bacteria and mammalian systems tesed. Instead, it can potentiate the
mutagenicity of other mutagens, such as UV (Hartmann, 1996), Benzo(a)Pyrene
(Maier, 2002) and N-methyl-N-nitrosourea (NMU)(Li, 1989). The mechanism of
this co-mutagenicity remains unknown. The most tempting hypothesis is that ar-
senic can inhibit DNA repair. We have used arsenite at low concentrations in cul-
tured human cells to test this hypothesis, in the hope of shedding light on the
mechanism of arsenic mutagenesis and co-mutagenesis. Our study shows that (1)
Arsenic at 1 uM is not mutagenic, but induces deletion/insertion mutations at 2.5
uM. Arsenic synergistically enhances UV mutagenicity at 2.5uM, but not at TuM.
(2) Arsenic treatment does not alter the UV mutation spectra. (3) Arsenic at 1-5
uM enhances and prolongs RPAp34 phosphorylation induced by UV irradiation,
suggesting the persistence of the DNA damage signal that induces the phosphory-
lation response. This effect is less prominent in NER-deficient XPA cells. (4)
Arsenic does not increase the generation of thymine dimers induced by UV assayed
by FACS with thymine dimer-specific antibody, but it inhibits the removal of
thymine dimers. All of these results suggest that arsenic inhibits DNA repair, prob-
ably nucleotide excision repair. Further work will be required to identify the mech-
anism of this inhibition. This work is supported by NIESH Superfund Basic
Research grant ES04908.

144 DISCOVERY AND FUNCTIONAL ANALYSIS OF XPA
POLYMORPHISMS.

D C. Porter', 1. Mellon” and ]. States'.  Pharmacology & Toxicology, Univerxi{y of
Louisville, Louisville, KY and *Pathology, University of Kentucky, Lexington, KY.

Inter-individual differences in nucleotide excision repair (NER) alter cancer risk.
NER gene polymorphisms provide a readily detectable source of genetic variation
in NER, but little is known about their functional impact. XPA is essential for
NER. We detected missense polymorphisms in XPA and investigated their effects
by complementation of XPA cells. XP12RO-SV, an SV40-immortalized XPA mu-
tant cell line, was complemented with wild type, R228Q or V234L XPA. Both
polymorphisms provided wild type survival in response to both ultraviolet light
(UV)(Mellon et al. DNA Repair (2002) 1:531-46) and benzo[a]pyrene-diol-epox-
ide (BPDE) induced DNA damage despite low expression compared to wild type
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XPA complemented cells . SV40-immortalization inactivates p53-dependent in-
duction of global genomic repair, an NER sub-pathway. To provide a p53- and
NER-proficient cell culture model, we investigated the use of telomerase-immortal-
ized cells. Repair normal primary diploid human skin fibroblasts (GM00024) were
immortalized with telomerase and named tGM24. tGM24 cells retain normal p53
induction and cell survival in response to UV and BPDE exposure. Primary XPA
cells (GM02991) also were telomerase immortalized for complementation and
named tGM2991. tGM2991 cells are hypersensitive to DNA damage compared to
tGM24 cells. Similar survival decreases and p53 inductions were obtained in
tGM2991 with 10-fold lower UV doses than in tGM24. Likewise, similar survival
decreases were obtained with 5-fold lower BPDE doses. Our results support the hy-
pothesis that telomerase immortalization does not alter the p53 DNA damage re-
sponse. tGM2991 cells were stably transfected with wild type or one of three mis-
sense polymorphic XPA mini-genes (R228Q, V234L, L252V). Three cell lines
expressing XPA protein at wild type levels are made: two contain the L252V XPA
and one contains the R228Q XPA. (Support: University of Louisville Center for
Envir. and Occup. Health Sciences and Center for Genetics and Mole. Med., KY
EPSCoR, Markey Cancer Center, KY Research Challenge Trust Fund, and USPHS
grant ES06460)

145 DIFFERENCES IN DNA REPAIR ACTIVITY AND
INHIBITION OF REPAIR BY ALFLATOXIN B,
CORRELATES WITH SUSCEPTIBILITY TO
CARCINOGENESIS IN MOUSE.

L. Bedard', M. Alessi’, S. K. Davey’ and T. E. Massey'. ' Pharmacology and
Toxicology, Queen’s University, Kzngston, ON, Canada, C/ﬂemzxtr)/, Queen’s
University, Kingston, ON, Canada and’ Cancer Research Laboratories, Queen’s
University, Kingston, ON, Canada.

Aflatoxin B, (AFB,) is a mutagenic and carcinogenic metabolite produced by the
fungus Aspergillus. To exert carcinogenicity, AFB| requires bioactivation to AFB,-
exo-epoxide, which binds to guanine (Gua) residues in DNA, forming AFB,-N’-
Gua that can be hydrolyzed to AFB, -formamidopyrimidine (AFB -FaPyr).
Removal of AFB, DNA damage occurs primarily by nucleotide excision repair
(NER). The objective of this study was to compare DNA repair synthesis activities
of whole mouse lung and liver and rat liver protein extracts, and to determine
whether iz vivo treatment of mice with AFB, inhibits their ability to repair AFB,
DNA damage. DNA repair synthesis activity of cell-free whole tissue protein ex-
tracts was assessed using an in vitro assay that reproduces the entire NER reaction
against substrate plasmid DNA with AFB, damage. Mouse liver extracts repaired
AFB -N’-Gua and AFB,-FaPyr - 5 fold and 30 fold more efficiently than did
whole lung extracts respecnvely (N=4, P<0.05). Furthermore, mouse liver repalr ac-
tivities were ~ 6 fold and 4 fold higher than those of rat liver against AFB,-N"-Gua
and AFB -FaPyr damage respectively. Lung extracts prepared from mice treated
with a smgle tumourigenic dose of 50 mg/kg AFB, ip and sacrlﬁced 2 h post-dos-
ing demonstrated minimal repair synthesis aCthlty against AFB,-N’-Gua damage
(N=3, P<0.05). In contrast, liver extracts retained the ability t0 repair AFB,-N’-
Gua (N=3, P>0.05). These results suggest that the lower DNA repair activiry and
sensitivity to inhibition by AFB, of mouse lung contributes to the susceptibility of
mice to AFB -induced lung tumourigenesis relative to hepatocarcinogenesis.
Furthermore, lower ability of rat liver to repair AFB -DNA damage may contribute
to its relative susceptibility to hepatocarcinogenesis. In addition to AFB, DNA
adducts being mutagenic, their genotoxicity may be enhanced by the ability of
AFB, to inhibit their repair.

146 CHARACTERIZATION OF DNA REPAIR MECHANISMS
FOLLOWING AFLATOXIN B, TREATMENT IN YEAST
EXPRESSING HUMAN CYTOCHROME P450 1A2.

Y Y. Guo', H. Zarbl*!, L. L. Breeden®, B. D. Preston® and D. L. Eaton"?.

! Environ Occup Hith Sciences, Unzverxzz;y Washington, Seattle, WA, Patho[ogy,
University Washington, Seattle, WA and - ? Fred Hutchinson Cancer Research Cntr,
Seattle, WA.

Aflatoxin B, (AFB) is a human hepatotoxin and hepatocarcinogen produced by the
mold Aspergz/[w Slavus. In humans, AFB is bioactivated by hepatic CYP1A2 and
3A4 to a genotoxic epoxide that forms N’-guanine DNA adducts. Litcle is known
about how these bulky DNA adducts are repaired. A series of yeast haploid mutants
defective in checkpoints and DNA repair were transformed with human CYP1A2.
The stability of CYP1A2 expression in these mutants was characterized by western
blots and Methoxyresorufin O-demethylase (MROD) enzymatic activity. Mutant
clones were screened, and those with comparable CYP1A2 activity to wild-type
strain were treated with various doses of AFB. Colony-forming ability and the Z-
Canavanine resistance forward mutation assay were employed to observe cell sur-
vival and mutation, respectively. Strains defective in nucleotide excision repair
(NER) (rad14), postreplication repair (PRR) (72d6 and 7ad18) and checkpoints
(mecl-1 and rad9) exhibited significantly decreased cell survival after AFB treat-
ment, relative to their wild type, while strains defective in recombinational repair

(RR) (rad51 and rad54) had moderate sensitivity. 7ad6, rad18, mecl-1, rad9, rad51
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and 7ad54 had significantly reduced AFB-induced mutation frequency. These re-
sults indicated the involvement of NER, PRR and RR in repair of AFB-induced
DNA damage, and the requirement of PRR error-prone pathway in AFB-induced
mutagenicity. Interestingly, while double mutant rad51 rad14 showed greatly en-
hanced sensitivity and mutation frequency towards AFB treatment in comparison
with either single mutant, 72418 rad14 demonstrated neither lowered cell survival
nor increased frequency of AFB-induced mutations comparing to either single mu-
tant. These results demonstrate complex relationships among various DNA repair
pathways and cell cycle control in AFB-induced cell cytotoxicity and mutagenesis
in a yeast model. (Supported by grants RO1ES05780, P30ES07033 and
U19ES011387)

147 MUCOCHLORIC ACID INDUCES SINGLE STRAND
BREAKS IN XRCC1 DEFICIENT CELLS.

E. Bodes, J. Nakamura, A. Molinelli, Y. Li, B. Pachkowski and ]. A. Swenberg.
University of North Carolina, Chapel Hill, NC.

Epidemiologic studies indicate that long-term consumption of chlorinated disin-
fected water is associated with increases in cancer. Mucochloric acid (MCA) is a by-
product produced by the action of chlorine on humic acid in drinking water. While
there is no direct link between MCA and cancer, we have shown that MCA is capa-
ble of damaging cells in culture. Our goal was to clarify whether the formation of
single strand breaks (SSBs) was a mechanism by which MCA induces genotoxicity.
We used the comet assay to detect SSB formation and a novel colorimetric assay
that indirectly monitors PARP activation for SSB repair. While using NAD+ as
substrate PARP binds to DNA nicks and recruits essential repair proteins to the
damaged site. To understand the role of PARP activation in depleting intracellular
NAD(P)H we applied several PARP inhibitors to our test systems. We used geneti-
cally matched CHO cells with and without functional XRCC1. XRCC1 is critical
for genomic stability and it coordinates SSB repair. In both assays we detected a sig-
nificant increase in SSBs across all doses after exposure to MCA. Transfecting defi-
cient cells with hXRCC1 showed responses similar to proficient cells, supporting
the role of XRCC1 in SSB repair after MCA exposure. In the colorimetric assay,
pre-exposure with PARP inhibitors produced different results. 3-Aminobenzamide
(AB) protected against a reduction in NAD(P)H at all doses whereas dihydroxyiso-
quinoline (DQ) was less effective at higher doses of MCA. Surprisingly, in the
comet assay we detected dramatic differences in MCA-induced DNA damage upon
pre-exposure to either AB or DQ, with AB forming significantly less SSBs. We hy-
pothesized that opening of the lactone ring of MCA to an aldehyde allowed for the
formation of a Schiff base conjugate with AB, but not DQ. We preincubated equal
molar concentrations of MCA with the inhibitors and detected an MCA-AB con-
jugate by LC-MS/MS. These data explain the results obtained in both the comet
and colorimetric assays. We concluded that covalent binding of AB with MCA pre-
vents MCA from damaging DNA.

148 METHYL NITROSOUREA INDUCES
LEUKEMOGENESIS WITH PRACTICAL THRESHOLD
IN WILD TYPE MICE WHEREAS NONTHRESHOLD IN
P53 DEFICIENT MICE.

Y. leabayashl , K. Yoshlda , Y. Kodama', J. Kanno', Y. Kurokawa®,
Yoshimura* and T. Inoue’. ' Cellular & Molecular Toxicology. Division, N[HS
Tokyo, Japan, ?Division of Bzolag}/ and Oncology, NIRS, Chiba, Japan, 3 Sasaki
Research Institute, 727/@/0, Japan, " Faculty of Engineering, Tokyo University of Science,
Tokyo, Japan and’ Center for Biological Safety & Research, NIHS, Tokyo, Japan.

A question, whether an absolute nonthreshold or a relative nonthreshold, i.e., a
“practical” threshold, specifically at the low-dose level is present, may not be an-
swered even with the use of a prohibitively large number of wild-type mice. Could
the excessive incidence of tumorigenesis in p53-deficient mice contribute to our
understanding of the threshold vs. nonthreshold issue in genotoxic carcinogenesis?
This is considered because an exaggeration of tumorigenesis in p53-deficient mice
is hypothesized to reduce or eliminate the range of threshold due to the p53-defi-
ciency-mediated reduction of DNA repair and apoptosis. The present study of
chemical leukemogenesis in p53-deficient mice by transplantation assay was de-
signed to answer this question. Briefly, 218 C3H/He mice were lethally irradiated
and repopulated with bone marrow cells from wild-type, heterozygous p53-defi-
cient, and homozygous p53-deficient C3H/He mice. This was followed by treat-
ment with a single and graded dose of methyl nitrosourea at 6.6, 14.8, 33.3, 50.0,
and 75.0 mg/kg BW, with the vehicle-treated control groups treated with zero dose
for each genotype. Whereas mice repopulated with p53-deficient bone marrow cells
showed a marked reduction of the threshold for leukemogenicity, mice repopulated
with wild-type bone marrow cells did not exhibit leukemia at a dose of 33.3 mg/kg
body weight, and showed a curve with a high probability for the linear regression
model with a positive dose intercept, predicting a threshold by the likelihood ratio
test. Thus, the failure of wild-type mice to show an increase in incidence of leuke-
mogenesis at low doses of genotoxic carcinogens may be due not to a statistical rar-
ity, but to various p53-related functions possibly including DNA repair and apop-
tosis that may account for a threshold.



149 SEASONAL UV DOSE AND DNA REPAIR CAPACITY
PREDICT NON-MELANOMA SKIN CANCER RISK.

.L.Matta', A.Ruiz', R.A. Armstrong Y. Detres” and J. M. Ramos'.
P/Jarmam/ogy and Toxicology, Ponce School of Medicine, Ponce, Puerto Rico and
’Marine Sciences, University of Puerto Rico, Mayaguez, Puerto Rico.

Non-melanoma skin cancer (NMSC) is the most common cancer worldwide. UV
radiation is an important risk factor for NMSC. UVA (320-400 nm) and UVB
(280-320 nm) can cause DNA damage and mutations. Cancer risk is partly deter-
mined by the capacity of the body to repair DNA damage. DNA repair capacity
(DRC) has been reported as an independent risk factor for the development of
NMSC. A 3-year clinical study was performed in Puerto Rico to develop a model of
how environmental factors (e.g. UV exposure and sunblock) and genetics (e.g.
DRC and skin type) influence the risk of NMSC. UVA and UVB measurements
were obtained over a 5-year continuous period using a Biospherical Instruments
GUV-511 radiometer. All participants (n=550) completed an Informed Consent
and a questionnaire that elicited information on risk factors. DRC was measured in
peripheral blood lymphocytes using a host cell reactivation assay with luciferase re-
porter gene. NMSC risk factors were determined by logistic regression analysis.
Monthly means of daily UV radiation fluxes ranged from 569 to 1504 k] m-2 d-1.
UV fluxes were 24% higher from March-September when compared with the
October-February period. Persons with NMSC had a statistical significant lower
DRC (42%) compared with controls. Significant risk factors (p<0.005) included a
minimal of 3-hour weekly cumulative UV dose (OR=2.0, 95% CI=1.2-3.3), skin
type I and II (OR=8.5, 95% CI=5.2-13.9), and the use of sunblock (OR=0.16,
95% CI=0.10-0.26). A high DRC (highest 10%) reduced NMSC risk 7-fold and a
low DRC (lowest 33%) increased risk by 3.4-fold. Overall, for every 1% decrease in
DRC, the risk of developing NMSC increased 20%. The model presented illus-
trates how genes-environment-disease interact to influence NMSC risk. Genetic
factors are more important than environmental factors for the development of
NMSC in the population studied. These findings may be useful for NMSC pre-
vention programs. Supported by NIH-NCRR grant 2G12RR03050-19.

150 ALTERATION OF CHEMOTHERAPEUTIC-INDUCED
DNA DAMAGE BY A COMMON HEALTH FOOD
SUPPLEMENT.

W. Trinachartvanit', B. M. Francis” and A. Rayburn®. 'Animal Biology, Unwemz;y
of lllinois, Urbana, IL, °Entomology, University of llinois, Urbana, IL and’Crop
Sciences, University of Illinois, Urbana, IL.

In the US, use of health food supplements has increased rapidly in the last decade,
especially in cancer patients. However, recent concerns have been raised as to
whether specific health food supplements taken during chemotherapy interact with
chemotherapeutic agents. If interactions occur, they could enhance the action of
chemotherapy or interfere with it by decreasing the conventional medication effica-
cies. Our aim was to investigate any potential interactions between an over-the-
counter health food supplement, Fruit of LifeTM (which is advertised to consist of
highly active antioxidants) and a chemotherapeutic agent, cytosine arabinoside
(ara-C). Outbred CD1 mice were fed a semi-synthetic diet, supplemented with 0%
(control), 0.2% (low dose) or 1.0% (high dose) of Fruit of LifeTM, for 4 weeks.
Ara-C at 8 mg/kg was administered ip to half of the control and treated mice, 72
hours prior to the end of the feeding period. Prior studies had demonstrated that
this dose of ara-C damages DNA in bone marrow without causing acute illness in
the mice. Bone marrow was collected from all treatment groups and flow cytometry
was used to determine DNA damage to the bone marrow cells. There were no sig-
nificant differences in DNA damage between negative control mice and mice fed
with 0.2% and 1.0% Fruit of LifeTM. Combined treatments of ara-C with either
0.2% or 1.0% Fruit of LifeTM significantly decreased the DNA damage level com-
pared to ara-C treated mice on the unsupplemented diet. These results suggest that
the health food supplement of interest (Fruit of LifeTM) interacts with the
chemotherapeutic agent (ara-C) to decrease DNA damage caused by ara-C to nor-
mal bone marrow cells. Future studies are needed to determine how Fruit of
LifeTM may alter the effectiveness of ara-C during chemotherapy. 7his work was
supported by a grant from the Office of the Attorney General of the State of Illinois.

151 MODE OF ACTION FOR THE IN VITRO
MUTAGENICITY OF BIOBAN CS-1246 AND
IMPLICATIONS FOR ITS /N VIVO MUTAGENIC
POTENTIAL.

B.B. Gollapudil, G. Charles!, M. R. Schisler!, M. Cifone?, R. A. Budinsk}[1
and P J. Spencerl. "The Dow Chemical Company, Midland, MI and ?Covance Labs,
Vienna, VA.

The biocidal agent, 7-ethyl bicyclooxazolidine (Bioban CS-1246, CAS# 7747-35-
5) was concluded to be non-mutagenic in a bacterial reverse mutation assay using

Salmonella typhimurium strains TA98, TA100, TA1535, TA1537 and TA1538,

and in an in vitro cytogenetics assay in Chinese hamster ovary cells both in the pres-
ence and absence of Aroclor-induced rat liver S-9. However, Bioban CS-1246 in-
duced a mutagenic response in the mouse lymphoma (L5178Y TK+/-) forward
mutation assay (MLA) both with and without S-9. Significantly, the mutagenicity
was completely abrogated when the cultures were supplemented with formaldehyde
(FA) dehydrogenase/NAD+ suggesting that the positive MLA response was attrib-
utable to the generation of FA in situ. The MLA findings are unlikely to be of rele-
vance to an intact animal because of the efficient detoxification of low doses of FA
in vivo. Evidence of this was obtained by the non-genotoxicity of Bioban CS-1246
in 2 in vivo assays. Firstly, in a mouse (male CD-1) bone marrow micronucleus test
(MNT), in which there were no significant increases in micronucleated polychro-
matic erythrocytes following treatment with 0.5, 1 and 2 g/kg/day for 2 days and
sacrificed 24 h later. Also, in an 77 vivo/ in vitro unscheduled DNA synthesis (UDS)
study, male F344 rats were given a single oral gavage at 0, 1 and 2 g/kg of CS-1246.
Livers were perfused at 2 time points (2-4 and 14-16 h) and the extent of UDS was
quantified in hepatocyte cultures after exposure to 3H-thymidine and autoradiog-
raphy. CS-1246 did not elicit an UDS response indicating the lack of DNA reac-
tivity in vivo. Based upon the weight of evidence from an extensive array of geno-
toxicity tests and the mode of action data, it is concluded that CS-1246 is not an in
vivo mutagen. These results clearly demonstrate that in vitro genotoxicity of CS-
1246 is associated with FA and unlikely to have relevance in animals or humans be-
cause of the occurrence of efficient detoxification mechanisms.

152 GENOTOXICITY EVALUATION OF THIODIGLYCOLND.

G. Reddy, M. A. Major and G. ]. Leach. Directorate of Toxicology, US Army
Center for Health Promotion and Preventive Medicine, Aberdeen Proving Ground,
MD.

Sulfur mustard (HD) undergoes hydrolysis to form thiodiglycol (TG) and small
amounts of compounds in biological and environmental systems. The US Army
has proposed to neutralize HD through a hydrolysis process with subsequent
biodegradation of reaction products. TG has been detected in soil and water at cer-
tain Army installations. The toxicity data on TG are limited to only a few reports.
Genotoxicity data on TG are not available to complete health and environmental
risk assessments. Therefore, we developed genotoxicity data under extramural con-
tract. These tests were conducted in accordance with Environmental Protection
Agency Health Effects Testing Guide Lines in compliance with Good Laboratory
Practice. The summary of test results of completed work will be reported here.
Thiodiglycol did not produce mutagenic effects at any dose up to 5000 mg/plate in
Salmonella typhimurium (TA98, TA100, TA1535 and TA1537) and Escherichia
coli (WP2uvrA) tester strains with and without a metabolic activation system. TG
did not increase mutantion frequency at levels up to 5000 mg/ml in mouse lym-
phoma L5178ytk+/- cells with and without metabolic activation. The effects of TG
on in vitro chromosomal aberrations in Chinese Hamster Ovary (CHO) cells
showed chromosomal aberrations at 5 mg/ml (without metabolic activation) and 4
mg/ml with metabolic activation. Thiodiglycol (up to 2000 mg/kg) when tested i
vivo in the mouse micronucleus assay was not mutagenic in mouse bone marrow.
These studies revealed that TG is not mutagenic in three assays (Ames test, mouse
lymphoma and mouse micronucleus assay) but it positive in vitro in CHO cells
chromosomes. On the basis of these studies we believe that TG does not appear to
pose a genetic hazard to humans (Abstract does not reflect US Army Policy)

153 DNA DAMAGE IN HUMAN LEUKOCYTES INDUCED /N
VITRO BY 1- OR 2- BROMOPROPANE.

M. Toraason', N. P. Singh? and D. W. Lynch'. 'NIOSH, Cincinnati, OH and
ZUniversiZy of Washington, Seattle, WA.

1-Bromopropane (1-BP; n-propyl bromide) (CAS No. 106-94-5) is an alternative
to ozone-depleting chlorofluorocarbons that has a variety of potential applications
as a cleaning agent for metals and electronics, and as a solvent vehicle for spray ad-
hesives. Its analogue, 2-brompropane (2-BP; isopropyl bromide) (CAS No. 75-26-
3) impairs antioxidant cellular defenses, enhances lipid peroxidation, and causes
DNA damage 7 vitro. In the present study, DNA damage was assessed in human
leukocytes exposed in vitro to 1-BP or 2-BP at 0, 0.01, 0.1, or 1 mM for 8 hr; or at
1 mM for 1, 2, 4 or 8 hr. Exposures to 1-BP or 2-BP were performed in triplicate
samples of fresh heparinized venous blood from an adult male volunteer. For esti-
mation of DNA damage, comets were produced by alkaline microgel-electrophore-
sis. In each sample, DNA damage was estimated in a minimum of 100 leukocytes
using VisComet image analysis software. Apoptosis was assessed in leukocytes ex-
posed to 1-BP or 2-BP using the DNA diffusion assay. 1-BP or 2-BP induced a sig-
nificant increase in comet tail moment at I mM but not at 0.01 or 0.1 mM. DNA
strand break number was significantly increased at 0.1 and 1 mM of 1-BP or 2-BP.
In temporal studies, a significant increase in DNA damage was evident 1, 2, 4, or 8
hrs after exposure to 2-BP, whereas increased DNA damage was observed only after
4 or 8 hrs of exposure to 1-BP. Significant increases in apoptosis were evident after
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exposure to 0.1 or 1 mM 2-BP, but only after exposure to 1 mM 1-BP. Results
demonstrate the potential for 1-BP and 2-BP to induce DNA damage 77 vitro in
human leukocytes.

154 GENOTOXICITY EVALUATION OF THE
CHLOROHYDRIN HYDROLYSIS PRODUCT OF
BISPHENOL A DIGLYCIDYL ETHER (BADGE-2HCL).

J. M. Waechter, V. A. Linscombe, M. R. Schisler, K. M. Jackson and P. J.
Spencer. Toxicology & Environmental Research and Consulting, The Dow Chemical
Co., Midland, MI.

Bisphenol A diglycidyl ether is the monomer for epoxy resins used for the produc-
tion of lacquer coatings for food and beverage cans. Therefore, human exposure to
BADGE and/or its hydrolysis products via the migration of the residual monomer
from cured can coatings into foodstuffs may occur. Previous work has shown that
one of the hydrolysis products of BADGE in the presence of aqueous gastric fluid
simulants is its bis-chlorohydrin (2, 2-bis[4-(3-chloro-2-
hydroxypropoxy)phenyl]propane) (BADGE-2HCI) reported to increase micronu-
clei in cultured human lymphocytes treated 77 vitro (Suarez et al., Mutation Res.
470: 221-228, 2000). The genotoxicity potential of BADGE-2HCI was studied in
three in vitro assays with or without the presence of S9 activation. In a Salmonella-
Escherichia coli reverse mutation assay, six concentrations of the test article were
tested ranging from 1 to 1000 micrograms/plate and 10 to 5000 micrograms/plate,
respectively. In a chromosomal aberration assay, rat lymphocytes were treated with
concentrations ranging from 6.25 to 37.5 micrograms BADGE-2HCl/ml of media
for determining the incidence of chromosomal abberations. In a mouse lymphoma
forward mutation assay, concentrations of BADGE-2HCI ranged from 1.25 to 80
micrograms/ml without S9 and from 1.25 to 100 micrograms/ml with S9.
BADGE-2HCI did not induce a mutagenic or clastogenic response in these assays.
The in vivo genotoxic potential of BADGE-2HCI was studied using the mouse
bone marrow micronucleus (MN) test using oral doses of 0, 250, 500, or 1000
mg/kg/day administered on two consecutive days. Groups of six CD1 mice per
dose were sacrificed at 24 hours after the second treatment for the evaluation of
polychromatic erythrocytes for MN (2000 cell/animal) which were not signifi-
cantly increased at any dose relative to the negative controls. In summary, these data
indicate that BADGE-2HCI does not represent a genotoxic hazard. (Sponsored by
the Epoxy Resins Committee of the Association of Plastics Manufacturers in
Europe)

155 INDUCTION OF DNA DAMAGE (COMET ASSAY) BY
BISPHENOL A IN CHINESE HAMSTER OVARY (CHO)
CELLS.

K. Rao. Toxicology, MicaGenix, Greenfield, IN.

Induction of DNA Damage (Comet Assay) by Bisphenol A in Chinese Hamster
Ovay (CHO) Cells. Yong Xu, Ellen Shaw, K.S. Rao, and J.W. Parton, MicaGenix
Inc., Greenfield, IN Bisphenol A (4, 4-isopropylidene-2-diphenol, BPA) is a key in-
dustrial monomer used for the synthesis of polycarbonate plastics and epoxy resins.
BPA produces a weak response in uterotropic assays and there has recently been re-
newed attention to estrogenic potential of BPA due to widespread contamination of
laboratory experiments by BPA through leaching from autoclaved polycarbonate
cages (Koehler et. Al. Lab. Animal 32:24, 2002). Epoxy resin-based sealers were re-
ported to induce DNA damage with Comet assay (Huang et al. ] Endodontics
27:744, 2001), which might be related to recent findings of genotoxic activity of
BPA. This study investigated the potential activity of BPA on DNA damage using
the Comet assay in CHO cells in the presence or absence of S9 activation. A trypan
blue exclusion assay was performed to determine the cytotoxic activity of BPA. A
30-50% cytotoxicity was observed at concentration levels of 39.1 ug/ml with S9
and 78.1 ug/ml without S9. It was concluded that the microsomal fraction S9 en-
hanced cytotoxicity of BPA. A Comet assay was performed by treating CHO cells
with BPA for 2 hours with and without S9. A dose-related increase of DNA dam-
age, represented by Comet moment, Tail length and % tail DNA, was observed.
The effects were again higher in the cells with S9 activation than without S9. The
results indicate a DNA damage effect of BPA and suggest this effect may be related
to the metabolism of BPA.

156 PHOTOMUTAGENICITY OF BERGAMOTTIN AND
ISOPIMPINELLIN.

J. Cocchiara and A. Api. Research Institute for Fragrance Materials, Inc., Woodcliff
Lake, NJ.

The European Commission’s Scientific Committee on Cosmetics and Non-Food
Products (SCCNFP) recently released an opinion to limit all “furocoumarin-like”
substances in cosmetic products to 1 ppm based on potential photocarcinogenic
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and photomutagenic effects. Since it is not proven that all furocoumarins are pho-
tocarcinogens, the photomutagenicity of two furocoumarins found in citrus oils
used in perfumery, bergamottin and isopimpinellin, was investigated in Salmonella
typhimurium tester strains TA98, TA100, TA1535 and TA1537 and Escherichia coli
strain WP2. Treatments were performed in all strains at concentrations up to pre-
cipitating dose levels. Specifically the bacteria were plated with bergamottin at
doses of 15.8-5000 ug/plate, and isopimpinellin at doses of 3.16-1000 pg/plate in
both the presence and absence of UV light. Irradiations of each strain used appro-
priate UVA light exposures, the higher exposure being the mutagenicity limit for
each strain, having previously been demonstrated to induce approximately a dou-
bling of revertant numbers or a 50% decrease in cell survival, and the lower expo-
sure being a non-mutagenic and non-toxic dose. For bergamottin, none of the
treatments resulted in any increases in revertant numbers indicative of any photo-
mutagenic activity, and this material was considered negative under the conditions
of this study. For isopimpinellin, there were no notable increases in revertant num-
bers in Salmonella typhimurium strains TA98, TA100, TA1535 or TA1537.
However, statistically significant increases in revertant numbers in strain TA102
were observed following irradiation (both with the low and high UV irradiation
levels), and were dose-related up to the precipitating dose levels. A confirmatory
test in this strain was conducted. The increases were reproducible and these data are
therefore considered indicative of photomutagenic activity of isopimpinellin in
strain TA102 in this assay system. Additional photomutagenicity testing on other
furocoumarins identified in essential oils is planned.

157 BACTERIAL MUTAGENICITY OF CIGARETTE SMOKE
GAS/VAPOR PHASE.

E J. Tewes and T. J. Meisgen. PHILIP MORRIS Research Laboratories GmbH,
Cologne, Germany. Sponsor: H. Haussmann.

The in vitro mutagenicity of cigarette smoke is generally determined from the par-
ticle phase. In this study the mutagenicity of the gas/vapor phase of cigarette smoke
was investigated. Mainstream smoke from University of Kentucky standard refer-
ence cigarettes and a research cigarette, generated according to ISO standards, was
passed through a glass fiber filter to trap the total particulate matter (TPM) and
then bubbled through ice-cold phosphate-buffered saline to trap the “watersoluble
fraction of the gas/vapor phase’ (GVP). Mutagenicity was determined in the micro-
suspension modification of the Ames Salmonella mutation assay according to Kado
(1983). Results revealed that GVP is mutagenic; however, in contrast to TPM,
GVP contains significant amounts of direct-acting mutagens, as indicated by the
response in the absence of a metabolic activation system, and causes mainly base-
pair substitutions, as indicated by the higher response in strain TA100 than in
strain TA98. Validation of the microsuspension assay using the solvent as negative
control and methyl methanesulfonate as positive control showed that the intra-day
and inter-day variability of the assay, with a coffecient of variation of less than 20%,
was well within the usual range of other in vitro genotoxicity assays. Comparison of
the reference cigarettes with the research cigarette showed that these cigarettes
could be discriminated on the basis of GVP mutagenicity (e.g., response at equiva-
lent TPM doses was approximately four-fold higher for the research cigarette com-
pared to the Reference Cigarette 2R4F). Screening for mutagenic constituents in
GVP showed that acrolein and formaldehyde were active in the microsuspension
assay and that acrolein was responsible for up to 40% of the GVP activity. The re-
sults of the study demonstrate that the gas/vapor phase of cigarette smoke is muta-
genic and that the microsuspension assay may be a useful tool for further investiga-
tions.

158 GENOTOXICITIES OF SAMPLES FROM NICKEL
REFINERIES: PREDICTIONS OF CARCINOGENIC
POTENTIALS.

R. Verma and ]. Landolph. Cancer Research Laboratory, Depts. of Mol. Microbiol.
and Immunol., Path., and Mol. Pharmacology/Toxicol., USC/Norris Cancer Center,
Keck School of Medicine/School of Pharmacy, University of Southern California, Los
Angeles, CA.

Epidemiological studies and animal carcinogenicity data indicate that different
nickel compounds have different carcinogenic potentials. This poses the problem of
how to predict carcinogenic potentials of those nickel samples for which there are
no valid animal inhalation studies and no, or inconclusive, epidemiological data.
We have used short-term % vitro assays to determine the relative genotoxicities of
several nickel samples, finding good agreement between iz vitro and in vivo results.
We have now extended this work to include four samples of nickel refinery dust:
two samples from a sulfidic nickel ore refinery (MD, RD) and two samples from a
lateritic nickel ore refinery (NiCOM, GNiO [<15um]). The sample of refinery
matte dust (MD), was significantly cytotoxic to cultured C3H/10T1/2 (10T1/2)
mouse embryo fibroblastic cells, with an LC, concentration of (1.5 £ 1.2) pg/ml.
This sample induced morphological transformation in 10T1/2 cells although it was



taken up by phagocytosis to approximately one fourth the extent that nickel sub-
sulfide was. The roasting dust (RD) sample from the same refinery, was 20-fold less
cytotoxic to 10T1/2 cells than the MD sample. The Nickel compact (NiCOM)
sample from a lateritic ore refinery was phagocytosed and induced cytotoxicity,
chromosomal aberrations (breaks and gaps), and morphological transformation in,
10T1/2 cells. The LC, of the NiCOM sample was 18.5 g/ml. The fourth sample
corresponds to the less than 15 pum subfraction of green nickel oxide (GNiO
[<15um]). This sample was weakly cytotoxic compared to nickel subsulfide and
other green (HT) nickel oxide samples previously tested. Our preliminary data sug-
gest that the MD sample may have a carcinogenic potential similar to that of pure
nickel subsulfide, in agreement with results from epidemiologic studies.

159 AMINO TERMINUS-DELETED CONSTITUTIVE
ANDROSTANE RECEPTOR VARIANTS ARE EXPRESSED
FROM DOWNSTREAM AUG AND CUG START
CODONS.

M. A. Stoner', S.S. Auerbach? and C. J. Omiccinski'. Depﬂrtment of Veterinary

Science, The Pennsylvania State Umvemty University Park, PA and’ Department of

Pharmacology, University of Washington, Seattle, WA.

The constitutive androstane receptor (CAR) (NR1I3) is a member of the nuclear
receptor superfamily and regulates gene expression in response to xenobiotic sig-
nals, most notably phenobarbital-like compounds. CAR expression is highest in
liver, where multiple mRNA splice variants have been characterized. Through use
of a protein translation start site prediction program, we have identified at least six
AUG and CUG putative start codons in the mRNA downstream of the usual start
of CAR protein translation. Western blot analysis of human liver proteins reveals a
complex banding pattern of CAR and CAR-like proteins, and 7% vitro translation of
CAR using a wild-type DNA template yields the full-length product and a number
of smaller proteins. One lower molecular weight band aligns with an amino termi-
nus-deleted CAR variant that is missing the first 75 amino acids, apparently initiat-
ing translation at methionine 76. Truncated CAR variants were tested and did not
efficiently drive transcription of a transiently transfected luciferase gene under con-
trol of a CAR/RXR binding site. However, co-expressed variant CAR proteins did
appear to modulate the transcriptional activity of full-length CAR. Mutation of the
full-length CAR translation start site results in increased expression of truncated
CAR proteins, suggesting a cap-dependent model of protein translation, whereby
the ribosome loads at one end of the transcript and scans for the next best putative
Kozak sequence. Studies are ongoing to explain the involvement of amino termi-
nus-deleted CAR variants in normal CAR signaling. (Supported by a Grant from
the NIGMS, GM66411).

160 FUNCTIONAL ASSESSMENT OF A PUTATIVE
PHOSPHORYLATION SITE IN A VARIANT ISOFORM OF
HUMAN CAR.

S.S. Auerbach?, M. A. Stoner’ andC ]. Omiecinski'. ' 7he Pennsylvania State
University, Unwemz;y Park, PA and’Department of Pharmacology, University of
Washington, Seattle, WA.

The constitutive androstane receptor (CAR, NR11I3) is one of 48 nuclear receptors
encoded in the human genome. CAR mediates transcriptional activation of genes
involved in phasel, 2 and 3 xenobiotic and steroid metabolism in response to in-
ducing agents such as the barbiturate, phenobarbital. Multiple isoforms of the re-
ceptor have been identified recently that are derived from alternatively spliced tran-
scripts. CAR2 contains an insertion of 4 amino acids (SPTV) that generates a
putative phosphorylation site in the ligand-binding domain. Mutation of the serine
in this motif to an alanine blocks phosphorylation and enhances the ability of the
receptor to transactivate an (NR1)5-driven luciferase reporter. However, mutation
of the serine residue to an aspartate, generates a mock phosphorylated form of the
receptor that completely disrupts transactivation. Studies using specific protein ki-
nase inhibitors together with phospho-specific immunoblot analyses are in progress
to determine the potential functional role of protein phosphorylation on the inter-
action of CAR2 with DNA targets and with transcriptional coregulators. The exis-
tence of structurally variant CAR receptors may be important in expanding the
repertoire of functional activities governed by this receptor in human tissues.

(Supported by a grant from the NIGMS, GM66411)

161 ROLE OF CONSTITUTIVE ANDROSTANE RECEPTOR
IN THE INDUCTION OF CYP2B AND XENOBIOTIC
TRANSPORTERS BY OLTIPRAZ.

L. Bird', A. L. Slitc Slm W. Huang D. D. Moore® , C. D. Klaassen® and N
Cherrington'. Umverxzty ofArzzona, Tiucson, AZ, > University of Kansas Medical
Center, Kansas City, KS and Bay/ar College of Medicine, Houston, TX.

Oltipraz (OPZ) induces Phase I & II drug metabolizing enzymes such as Cyp2B
and glutathione S-transferases. Coordinate regulation of Phase I & II enzymes with
xenobiotic transporters has been shown after treatment with microsomal enzyme

inducers. The purpose of this study was to determine whether OPZ also regulates
xenobiotic transporter expression, and to determine the role of constitutive an-
drostane receptor (CAR) in OPZ-mediated induction. To determine whether OPZ
activates transporter gene expression viza CAR, male and female Wistar-Kyoto rats
were treated with OPZ and mRNA levels quantified by bDNA signal amplifica-
tion. Wistar-Kyoto females express lower levels of CAR protein, such that they ex-
hibit significantly lower induction of Cyp2B1 by phenobarbital as compared to
Wistar-Kyoto males. OPZ induced UGT2B1 in males significantly higher than in
females, suggesting activation through CAR. However, OPZ induced Mdr1b,
Mrp3 and 4, mEH, NQOI, Cyp1Al, Cyp3A, and Cyp2B1/2 equally in both gen-
ders, indicating a CAR-independent mechanism of induction. Other transporters
were unaffected by OPZ. To determme whether OPZ is capable of activating CAR-
mediated transcription, CAR”™ mice were used to demonstrate the CAR- dependem
induction of Cyp2B10 by OPZ. OPZ caused a robust induction of Cyp2B10 in
wild type mice that was absent in CAR™ mice. Fmally, CAR-mediated induction of
human CYP2B6 by OPZ was demonstrated using an iz vivo transcription assay.
Luciferase reporter constructs containing either a CYP2B6 promoter fragment con-
taining the NR1 site or a multimeric NR1 site (NR1x5) alone were hydrodynami-
cally transfected into mice. OPZ administration increased in vivo reporter activity
of both the human CYP2B6 promoter and CAR specific response element con-
structs. In summary, OPZ coordinately increases hepatic xenobiotic transporter
mRNA levels, along with Phase I & II enzymes via both CAR-dependent and
CAR-independent mechanisms.

162 CONSTITUTIVE ANDROSTANE RECEPTOR (CAR)
INVOLVEMENT IN THE INDUCTION OF UDP-
GLUCURONOSYLTRANSFERASE (UGT) IN RAT LIVER
BY PHENOBARBITAL AND OTHER CYP2B INDUCERS.

M. K. Shelby', A.L. Slict!, N. Cherrmgton and C. D. Klaassen'. ' University
of Kansas Medical Center, Kansas City, KS and’ University of Arizona, Tucson, AZ.

UGTs are phase II metabolizing enzymes that catalyze the glucuronidation of nu-
merous endobiotic and xenobiotic compounds. Phenobarbital (PB), a known
Cyp2B inducer, increases UGT activity. Induction of Cyp2B by PB and other mi-
crosomal enzyme inducers is mediated by the nuclear receptor CAR. The purpose
of this study was to determine the UGT isoforms in liver that are induced by the
Cyp2B inducers PB, diallylsulfide (DAS), polychlorinated biphenyl 99 (PCB99),
and trans-stilbene oxide (TSO), and whether CAR is involved in induction of those
UGTs. In order to determine which UGTs are induced, UGT mRNA levels were
determined in male Sprague-Dawley rats treated with the aforementioned Cyp2B
inducers. UGT2B1 mRNA levels were increased by all four inducers, whereas
UGTI1A1 and 1A6 mRNA levels were induced by DAS, PCB99, and TSO.
UGT1A5 mRNA levels were induced by DAS and TSO, and UGT2B12 mRNA
levels were induced by PCB99 and TSO. The role of CAR in UGT induction was
determined using Wistar Kyoto (WK) rats which posses a gender difference in liver
expression of CAR where females express lower CAR levels than males. UGT
mRNA levels were determined in male and female WK rats treated with PB, DAS,
PCB99 and TSO. UGT1A1, 1A5, and 2B1 mRNA levels were induced in male
WK rats by all four Cyp2B inducers. However, in female WK rats induction of
UGTI1A1, 1AS5, and 2B1 mRNA levels was ecither abolished or diminished.
UGT1A6 mRNA levels in WK rats were induced only by TSO. Additionally, there
was no apparent difference in induction of UGT1A6 mRNA levels between male
and female WK rats, suggesting induction of UGT1A6 by TSO is not CAR de-
pendent. However, CAR appears to mediate, at least in part, induction of
UGT1AL, 1A5, and 2B1 by PB, DAS, PCB99, and TSO. (Supported by NIH
Grants ES-08156, ES-07079)

163 RESPONSE OF MAJOR HISTOCOMPATIBILITY
COMPLEX (MHC) CLASS Il PROMOTER REGION TO
DEX AND RIFAMPICIN IN TRANSFECTED G3A CELLS
AND PRIMARY RAT HEPATOCYTES WITH HUMAN
PREGNANE X RECEPTOR (SXR).

E Fuentes', imenez', L. C. Quattrichi’, B. Joyce” and P.S. Guzelian®.
Bzoc/oemz.vtry, Umver:zt_y of Puerto Rico, Medical Sciences Campus, San Juan, Puerto
Rico, Medzm/ Toxicology, University of Colorado Health Sciences Center, Denver,
CO and? Center for Environmental & Toxicological Research, University of Puerto
Rico, Medical Sciences Campus, San Juan, Puerto Rico.

Regulation of MHC class II gene expression is of considerable interest, the research
presented here may provide new insight into novel pathways of immune regulation.
Some evidence suggest that the expression of MHC class II proteins in non-APCs
such as tumor cells could make the immune system respond better to tumors.
Glucocorticoids such as Dexamethasone (DEX) and the antibacterial rifampicin
(RIF) regulate gene expression by binding to the respective nuclear receptor and
then interacting with specific promoter regions on the host cell DNA. To assess the
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regulation of MHC II expression at the transcriptional level by DEX or rifampicin,
we used the promoter region of HLA-DRa coupled to a luciferace reporter gene
and transfected in G3A human fibrosarcoma cells line. Our results with transfected
human fibrosarcoma cell line shows that the presence of SXR enhance MHCII gene
expression significantly in these cells. This was confirmed with titration experi-
ments using the SXR expression vector (pCDG-SXR). Our results also suggest that
RIF treatment may mediate a non significant transcriptional activation of MHC II
while DEX treatment inhibits it. Preliminary data in primary rat hepatocytes sug-
gest that both Dexamethasone (DEX) and pregnenolone 16a-carbonitrile (PCN)
induces the activity in these cells transfected with the human promoter of MHC II
(HLA-DRa). These results are in agreement with those previously obtained in 7
vivo experiments conducted in our laboratory, which demonstrated induction of
MHC II by these compound in non-APCs.

164 MECHANISTIC EXAMINATION OF GSK3 REGULATION
BY PEROXISOME PROLIFERATORS AND ITS ROLE IN
HEPATOCARCINOGENESIS.

K. A. Burns and ]. P. Vanden Heuvel. Center for Molecular Toxicology and
Carcinogenesis, The Pennsylvania State University, University Park, PA.

Peroxisome proliferators-activated receptors (PPARs) are ligand-activated transcrip-
tion factors belonging to the nuclear receptor family. PPARs can be activated by a
large group of chemicals called peroxisome proliferators (PPs) that include indus-
trial pollutants and hypolipidemic drugs. It has been shown in murine models that
administration of PPs results in hepatomegaly, mitogenesis, and eventually hepato-
cellular carcinoma. PPs are thought to cause cancer by altering gene expression and
ultimately cell cycle regulation. While it is known that PPARc mediates these ef-
fects, the mechanisms responsible for the responses observed are not known. To dis-
cern these responses, previous studies in our laboratory were done to comprehen-
sively analyze gene expression in rat and human hepatoma cells exposed to PPs.
These studies showed that glycogen synthase kinase 3 (GSK3) was being regulated
in response to PP treatment. GSK3 is a serine/theronine-specific kinase with a
number of important targets. Western blot analysis shows that both GSK3 isoforms
(o0 and B) protein levels are decreased in the PPAR0. wild type hepatocyte model
upon PP stimulation, but not in its PPAR0L -/- counter-part. Quantative RT-PCR
analysis reveals no regulation at the transcriptional level; therefore, it is hypothe-
sized that this regulation is occurring at the post-translational level. Experiments
will be utilized to determine whether this regulation is the result of altered
ubiquination and protein turnover. Since GSK3 is an important signaling molecule
involved in diverse biological processes, regulation of this kinase may play a key role
in PP induced cell cycle aberrant regulation.

165 PEROXISOME PROLIFERATOR-ACTIVATED
RECEPTORS (PPARB) ATTENUATES COLON
CARCINOGENESIS.

H. E. Marin"?, C.J. Nicol’, E S. Harman®?, E J. Gonzales® and ]. M. Peters”.
IDepartment of Veterinary Science and the Center for Molecular Toxicology and
Caranogenexz:, The Pennsylvania State University, University Park, PA,
Bzochemzxtry, Microbiology, and Molecular Biology, The Pennsylvania State
University, University Park, PA and’ Laboratory of Metabolism, National Cancer
Institute, Bethesda, MD.

Recent data has shown that PPARPB may be involved in colon cancer. PPARf ex-
pression is reported to be upregulated in human colon tumors containing an inac-
tivated APC gene, as well as in human and azoxymethane-induced rodent tumors.
In these studies, the functional role of PPARB in colon carcinogenesis was investi-
gated using azoxymethane (AOM)-treated PPARB(-/-) mice as well APC(+/-) x
PPARP(-/-) mutant mice. In the first study, PPARB(-/-) mice were treated with
AOM and colon polyp formation was examined. AOM treatment caused a dose-
dependent increase in colon polyp formation in wild-type mice, and this effect was
exacerbated in PPARB(-/-) mice. In the second study, APC(+/-) mutant mice were
crossed with PPAR(-/-) mice, generating double mutants, APC (+/-) x PPARP (-/-
). Similar to AOM-treated PPARB(-/-) mice, double mutant mice also exhibited in-
creased polyp formation compared to control APC(+/-) mice. In addition, the dou-
ble mutant mice showed increased mortality rate as compared with APC(+/-)
controls. Interestingly, PPARY mRNA expression was decreased in colons of AOM-
treated wild-type and PPARB(-/-) mice, and more so in colon polyps. Decreased ex-
pression of PPARY mRNA was also found in colon polyps of both APC(+/-) and
double mutant mice. Given the difference in phenotype observed between geno-
types, this demonstrates that the increased incidence of polyp formation is not due
to differences in PPARY expression. Further, in contrast to recent reports, results
from these studies provide evidence that PPAR attenuates colon carcinogenesis in
both a chemically-induced and genetic model. Supported by National Cancer
Institute (CA 97999)
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166 THE ACTIVATION OF MOUSE AND HUMAN PPARa,
PPARB AND PPARy BY PHTHALATE MONOESTERS.

M. T. Blllry . M. Peters®, R. H. McKee®, R. M. David* and J. H. Butala’.
"The Center for Molecular Toxzrolagy, The Pennsylvania State University, State
College, PA, Veterzmzry Sciences, The Pennsylvania State University, State Cy//ege,
PA, °ExxonMobil Biomedical Sciences Inc., ExxonMobil, Anmmdﬂle, NJ, Health
and Environment Laboratories, Eastman Kodak, Rochester, NY and’ Toxicology,
Toxicolog Consultants Inc., Gibsonia, PA.

Phthalate diesters are industrial plasticizers with ubiquitous human exposures due
to their ability to readily leach from commercial products. Phthalate diesters are
hydrolyzed into phthalate monoesters by esterases in the gut, liver and blood.
Phthalates are known to activate peroxisome proliferator-activated receptors
(PPARs), and the monoesters appear to be the active metabolite that binds PPARs.
In this study the activation of both human and mouse PPARo., PPARB, and PPARY
by phthalate monoesters were investigated by trans-activation assays using stably-
transfected 3T3-L1 cell lines. MI7P, MINE, MEHP, MIDP, MnOP, MBenP and
MIGP activated both mouse and human PPARo. The mouse PPAR0: was generally
more sensitive than the human PPARQ to activation by phthalate monoesters.
MIDPE, MBenP, MEHA, MButP and MIGP activated mouse PPARP, but human
PPARP was not significantly activated by any of the phthalate monoesters. MI7D,
MINP, MEHP, MIDP, MnOP, MBenP, MEHA and MIGP activated both mouse
and human PPARY. Further, both mouse and human PPARYy had similar sensitivity
to activation by phthalate monoesters. The hierarchy of potency for the activation
of PPARo among the phthalate monoesters was determined to be MnOP>
(MIDP=MINP=MI7P)> (MEHP=MI6P)> MBenP>MEHA> (MButP=MEP).
The hierarchy of potency for the activation of PPARy among the phthalate mo-
noesters was determined to be MnOP>MINP> (MIDP=MI7P)>
(MEHP=MBenP)> (MI6P=MEHA)> (MButP~MEP). These results indicate that
the potency of phthalate monoesters for the activation of PPARa. and PPARY in-
creases with increasing alkyl side chain length. This research was supported by The
Phthalate Esters Panel of The American Chemistry Council and The Huck
Institute for Life Sciences, The Pennsylvania State University.

167 CITED2 IS A COACTIVATOR OF PEROXISOME
PROLIFERATOR-ACTIVATED RECEPTOR-0o AND -y
TRANSCRIPTIONAL ACTIVITY.

E. Tien and ]. . Vanden Heuvel. Center for Molecular Toxicology and
Carcinogenesis, Pennsylvania State University, University Park, PA.

The peroxisome proliferator-activated receptors (PPARs) are a class of nuclear re-
ceptors which respond to chemicals known as peroxisome proliferators (PPs). The
PPARs can be further classified into three types (0, B or & and 7). These three sub-
types of PPAR have been implicated in many biological functions ranging from
adipocyte differentiation to hepatocarcinogenesis. The ultimate physiological re-
sponse of the PPARs to their respective ligands is dependent in large part to the re-
cruitment and function of other proteins known as coregulators. The coregulator
class of proteins can be divided into two main categories: coactivators and corepres-
sors. It is becoming apparent that the composition of the transcriptional complex
formed around the nuclear receptor hetero- or homo- dimer can vary depending on
the ligand which activated the nuclear receptor. These recruitment differences can
greatly alter the ability of a transcriptional complex to regulate aspects of cellular
function in response to a chemical insult. In these studies, a novel PPAR coactiva-
tor (CITED2) was characterized and has been shown to be a basal and ligand in-
duced coactivator for PPARc and PPARY but not PPARP. Also, CITED2 acts as a
coactivator for PPARa in the presence of a wide range of agonists including fibrate
hypolipidemic drugs and fatty acids. Expression of CITED2 is ubiquitous through-
out the mouse which suggests that CITED2 may act as a general coactivator for
PPAR0-dependent effects. In addition, CITED2 is involved in the regulation of
several PPARO-dependent target genes as well as PP-induced cell proliferation, sug-
gesting a larger role for CITED?2 in the overall maintenance of cellular homeostasis.

168 MODULATION OF PKCa/MAPK SIGNALING PATHWAY
BY PEROXISOME PROLIFERATOR-ACTIVATED
RECEPTORB (PPARB).

D. . Kim" > and J. M. Peters">. ' Department of Veterinary Science and The Center
for Molecular Toxzcology and Carcinaogenesis, The Pennsylvania State University,
University Park, PA and” Graduate Program in Molecular Toxicology, The Huck
Institute for Life Sciences, The Pennsylvania State University, University Park, PA.

Previous work has shown an enhanced epidermal hyperplastic response induced by
the tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA), and increased
incidence of skin tumor formation in a two stage bioassay in PPARB-null mice,
suggesting a critical role of PPARP in attenuating epidermal cell proliferation.
Protein kinase C (PKC) is the major cellular receptor that is activated by TPA. In



these studies, the role of PPARP in the regulation of PKCo. was examined.
Intracellular phosphorylation analysis showed phosphorylated PKCot and mitogen-
activated protein kinase kinase (MEK) were increased in PPARB-null mouse skin
treated with TPA as compared to wild-type control. Similarly, western blot analysis
showed that the level of phosphorylated PKCat was higher in TPA-treated PPARfB-
null skin and keratinocytes compared to wild-type controls. Additionally, phospho-
rylated Raf, MEK and p42 MAPK (ERK2) were higher in TPA-treated PPARpB-
null skin compared to wild-type control. Two downstream effector molecules of the
MAPK pathway, RSK1 and COX-2, were also higher in TPA-treated PPARB-null
skin compared to wild-type control indicating enhanced PKCot/MAPK signaling
pathway in the absence of PPARP expression. Inhibition of PKCo by selective in-
hibitors in cultured keratinocytes revealed that inhibition of PKCa effectively re-
tarded cell proliferation in PPARB-null keratinocytes in a dose-dependent manner,
whereas it only slightly influenced cell proliferation in wild-type keratinocytes.
Combined, these studies provide evidence that PPARP attenuates cell proliferation
by modulating PKCot/MAPK signaling pathway. (Supported by NIH, CA89607)

169 FORKHEAD BOX O1A (FOXO1A) AND PEROXISOME
PROLIFERATOR ACTIVATED RECEPTOR ALPHA
(PPARa) EXPRESSION LEADS TO MUTUAL
REPRESSION OF THEIR TRANSCRIPTIONAL ACTIVITY.

T. Murosky and G. Perdew. Pennsylvania State University, State College, PA.
The FOXO Subclass of the Forkhead Box (FOX) proteins has been implicated in

cell cycle regulation, metabolism, and apoptosis. The FOXO proteins are modu-
lated by direct AKT (PKB) phosphorylation. AKT phosphorylation of FOXO1la
blocks nuclear transport causing a repression in its transcriptional activity. Evidence
exists showing FOXO proteins complexing with certain members of the Nuclear
Hormone Receptor superfamily (e.g. Androgen Receptor, Estrogen Receptor) when
the receptors are activated. Peroxisome Proliferator Activating Receptors (PPARs)
are also implicated in cell cycle regulation, metabolism, and apoptosis. A continued
high level activation of PPAR0. can lead to hepatocarcinogenesis and its tumor pro-
motional properties in murine models. Activated PPAR0. can suppress apoptosis in
many different model systems. To contrast, FOXO1a has been shown to induce
apoptosis. The hypothesis that PPARa. can antagonize FOXO1a activity was tested.
In transient transfections in HepG2 cells, PPARa was co-transfected with
wtFOXO1la or FOXO1la-AAA (constitutively active) and the PPRE Aco-Luc re-
porter vector. The wtFOXO1a was not able to repress PPARa, but the constitu-
tively active form mediated a 2-fold repression of PPARe. activity. In a reverse ex-
periment, the presence of PPARa. repressed the wtFOXO1la and FOXOla-AAA
activity on a FOXO-driven reporter about 3-fold and 2-fold respectively. The con-
clusions of these experiments point to a functionally significant interaction between
PPARo and FOXO1a, which may at least in part mechanistically explain the anti-
apoptotic activity of PPARoL. Interestingly, the repressive activity of FOXOla was
also observed with PPARP and PPARY in transient cell transfection assays.
Additional studies will be required to determine the actual mechanism of the mu-

tual repression observed. (Supported by NIEHS grants ES04869 and ES07799)

170 CONJUGATED LINOLEIC ACID BINDS TO PPAR AND
CAUSES DIFFERENTIATION OF 3T3-L1 CELLS.

B.]J. Belda, J. T. Thompson and ]. P. Vanden Heuvel. Penn State Universizy,
University Park, PA.

Conjugated linoleic acid (CLA) is a class of long chain, polyunsaturated fatty acids
that are positional and geometrical isomers of linoleic acid (LA). CLA has many
beneficial effects in laboratory animals including reduction of cancer and ameliora-
tion of symptoms of type 2 diabetes. To understand these effects we looked at the
role CLA plays in differentiation of 3T3-L1 preadipocytes. CLA treatment in-
creased Oil Red-O staining 1.5 to 2 fold over control treated cells, indicating that
the CLA causes these cells to undergo differentiation. To elucidate the mechanisms
involved in differentiation we conducted microarray analysis of CLA treated cells.
In total 537 genes were significantly regulated in at least one of seven time points.
Expression of genes indicative of adipocyte differentiation (ADFP, CD36 and the
PPAR responsive UCP2) are increased with CLA treatment. However, expression
of pro-apoptotic genes (BCL2, Bak, Trp53, and TNF) is reduced while anti-apop-
totic gene (Birc4 and DADI1) expression is reduced. Because PPAR has been re-
ported to play a key role in 3T3-L1 cell differentiation into adipocytes we also in-
vestigated the ability of CLA to activate a PPAR luciferase reporter construct. CLA
along with two known PPAR activators, rosiglitazone and PGJ2 are all able to acti-
vate this reporter construct. These data support the claim that CLA may prevent di-
abetes by activating PPAR and causing 3T3-L1 cells to differentiate. This may also
suggest a mechanism by which CLA inhibits cancer as PPAR ligands inhibit breast
and prostate tumor cell growth. Research into the expression of PPAR regulated
genes in this system is ongoing.

171 VAN/NAF1 IS A PPAR COREGULATOR.

A. M. Flores, R. Wilson, L. E. Vasina and B. J. Aneskievich. Pharmaceutical
Sciences, University of Connecticut, Storrs, CT.

Peroxisome proliferators increase differentiation and cell-specific gene expression in
keratinocytes, the major cell type in the epidermis or upper layer of skin. This effect
is mediated through peroxisome proliferator activated receptors (PPARs), members
of the nuclear receptor (NR) superfamily of ligand activated transcription factors.
In addition to ligand, NR function is governed by coregulator proteins, which con-
tribute to either activation or repression of PPAR target gene transcription. To bet-
ter understand PPAR function in keratinocytes, we sought to identify NR coregu-
lator proteins present in these cells, define the basis for NR-coregulator interaction,
and examine their activating or repressing effect on NR function. We screened a
human keratinocyte cDNA library using the carboxyl portion of human PPARo as
bait in a yeast two-hybrid assay. In addition to previously identified PPAR-interact-
ing proteins such as TRAP220/PBP and RXR, one candidate coregulator was rep-
resented nine times as the same two overlapping cDNA fragments of a previously
identified protein known as Nafl (Nef-associated factor 1) or VAN (Virion-associ-
ated nuclear shuttling protein). Interaction of the Naf1/VAN clones varied with the
different PPARs. Each of the two overlapping clones contained the same LXXLL
domain (NR box) which was demonstrated by site directed mutagenesis to be re-
sponsible for interaction with the receptors. In a similar manner, the PPAR AF-2
was also found to be required for interaction with the Naf1/VAN clones. Studies
with the full-length Nafl/VAN protein have also detected strong interaction with
PPAR, again in an isoform-specific fashion. Both full-length and the more-carboxyl
clone regulate PPAR transcriptional activity at defined PP response elements.
Immunostaining for Naf1/VAN protein in intact skin revealed a differentiation-as-
sociated expression pattern. Given this and its interaction with PPARs, we expect
Nafl/VAN may play a significant role in regulating epidermal keratinocyte re-
sponse to peroxisome proliferators.

172 CELL CONTEXT-DEPENDENT DIFFERENCES IN
HORMONAL REGULATION OF E2F-1 IN HUMAN
BREAST CANCER CELLS.

S. Ngwenya' and S. Safe”. 'Biochemistry & Biophysics, Texas ASM University,
College Station, TX and ”Veterinary Physiology & Pharmacology, Texas AGM
University, College Station, TX.

E2F-1 is a member of the E2F transcription factor family that plays an important
role in cell cycle progression and cell proliferation. 17B-Estradiol (E2) induced
E2F-1 gene expression in MCF-7 human breast cancer cells, and deletion analysis
of the E2F-1 gene promoter showed that the -146 to -54 region was the minimal
estrogen-responsive sequence. Subsequent analysis of this promoter in MCE-7 cells
indicated that E2-induced transactivation was dependent on both upstream GC-
rich and downstream CCAAT motifs that bound estrogen receptor o (ERo)/Sp1
and NF-YA, respectively. The cooperative interaction of the resulting
ERat/Sp1/NE-YA complex was required for enhanced gene expression. E2 also in-
duced E2F-1 gene expression in ZR-75 human breast cancer cells, and deletion
analysis showed that the -146 to -54 region was the minimal E2-responsive se-
quence. Mutation and deletion analysis of the E2F-1 promoter showed that both
the upstream GC-rich and downstream CCAAT sites were independently E2-re-
sponsive, and this was in direct contrast to results obtained in MCF-7 cells where
cooperative interaction of the ERa, Spl and NF-YA was required for transactiva-
tion. Analysis of the promoter constructs showed that the GC-rich sites, which
bind Sp1, were activated by genomic ER0/Sp1, whereas the activation of the
CCAAT sites, where NF-YA binds, was associated with activation of cAMP/PKA
which in turn activated NF-YA in ZR-75 cells. Both indirect and direct antiestro-
gens ICI 182, 780 and TCDD inhibited E2-induced activity in cells transfected
with pE2F-1h (-169/-111) and pE2F-1j (-146/-54). In ZR-75 cells, TCDD was
more effective than ICI 182, 780 as an inhibitor of E2 induced activity in con-
structs containing GC- rich or CCAAT sites. These results demonstrate the impor-
tance of cell context importance in molecular mechanisms of E2F-1 activation and

inhibition. (Supported by NIEHS E209106 and ES04176)

173 GENISTEIN REGULATES THE STEROID COACTIVATOR
GRIP-1 IN THE RAT MAMMARY GLAND.

T. G. Whitsett and C. A. Lamartiniere. University of Alabama at Birmingham,
Birmingham, AL.

Genistein is the predominant isoflavone found in soy and has been shown to sup-
press the development of chemically-induced mammary cancer in rats. One mech-
anism through which genistein may exert this chemoprotective effect is viz the es-
trogen receptors alpha and/or beta. Nuclear receptors are known to interact with
nuclear receptor coactivators, especially the SRC family (SRC-1, GRIP-1, and
AIB1), to increase the efficiency of transcriptional regulation. The current study in-
vestigates the relationship between dietary genistein consumption and GRIP-1.
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Female Sprague-Dawley CD rats were fed 250 mg genistein/kg AIN-76A diet or
AIN-76A alone from conception until either day 21 or day 50 postpartum.
Western blot analysis was performed on the mammary glands of these female rats.
There was a 2 fold increase in the level of GRIP-1 protein in the 21 day old mam-
mary glands of animals that were treated with dietary genistein compared to the 21
day old females consuming only AIN 76A. Conversely, the animals treated with di-
etary genistein until 50 days showed a 2.8 fold decrease in the levels of GRIP-1,
when compared to the animals on the AIN-76A diet. We hypothesize that prepu-
bertal exposure to genistein increases cell differentiation and maturation of the
mammary gland resulting in protection against mammary cancer. An up-regulation
of GRIP-1 due to genistein early in life could interact with nuclear receptors, espe-
cially ER, enhancing activation and increasing transcriptional rate at target genes,
thus furthering an ER-based mechanism of action for genistein’s protective effect
against breast cancer. Subsequently, the adult rat which is characterized as having a
more differentiated mammary gland has lower GRIP-1 levels and reduced suscepti-
bility for carcinogenesis. Understanding the mechanism of action of genistein dur-
ing critical periods of life should allow us to development novel approaches to can-
cer prevention.

174 EFFECTS OF DOPAMINE D1 FULL AGONISTS ON
RECEPTOR CYCLING.

D Rxman—Rasmussen1 and R. B. Mailman" >?. ' Curricutum in Toxicology, UNC
Chapel Hill, Chapel Hill, NC, *Pgychiatry, UNC Chapel Hill, Chapel Hill, NC and
’DarPharma, Inc., Chapel Hill, NC.

Dopamine D1 receptor full agonists show promise in treating a number of neuro-
logical and psychiatric disorders including Parkinson’s disease. Occupation of
GPCRs by agonists is known to cause a variety of compensatory events (e.g., desen-
sitization, internalization, etc.) that can affect drug response, yet there is minimal
information on how different D1 full agonists compare to dopamine in affecting
the processes of receptor internalization and intracellular trafficking that are impor-
tant in the regulation of receptor function. We have used an HEK cell line stably
transfected with an epitope-tagged, human D1 receptor to address this issue. We
have found that internalization of cell surface receptors following agonist exposure
in this model system occurs at a similar rate for dopamine and the novel agonists
A77636 and dinapsoline, and reaches as steady-state by 30 min. Only with
dopamine itself, however, is there a rapid up-regulation (within 1 h) following the
removal of agonist, although a slower (over 24 h) up-regulation occurs with recep-
tors exposed to dinapsoline. This up-regulation does not occur for receptors treated
with A77636. These data raise the hypothesis that occupancy by dopamine targets
the D1 receptor to a rapid recycling pathway, whereas A77636 targets D1 receptors
for degradation. This hypothesis was supported by preliminary confocal micro-
scopic studies of cells that had been treated with these three drugs. The regulation
of the receptor by dinapsoline appears to involve both novel recycling and biosyn-
thetic pathways that remain uncharacterized. [This work was supported by NIH
grants N§39036 and MH 40537, and a gift from DarPharma, Inc. RBM has a
COI related to equity in DarPharma, Inc.]

175 EVALUATION OF HEPATIC RECEPTOR
CONCENTRATION BY QUANTITATIVE OPTICAL
IMAGING.

L. M. Mclntosh’, D. R. Vera!, R. E Mattreyl, S. Fournier?, S. Authier’, P,
Gallant® and E Lesage®. ' University of California, San Diego, San Diego, CA, °LAB
Pre-Clinical Research International, Inc., Laval, QC, Canada and>ART Advanced
Research Technologies Inc., Saint-Laurent, QC, Canada.

Kinetic modeling is critical to isolate variables, such as blood flow, binding, dissoci-
ation constants and non-specific uptake, involved in targeting of receptors. Optical
imaging has high sensitivity to fluorophores and can be utilized to non-invasively
measure uptake. However, the method has not yet been used as a quantitative tool.
In this study, a novel time-domain small animal optical imaging system was used to
quantify receptor concentration of an optically labeled receptor binding diagnostic
agent. The optical fluorophore Cy5.5 was covalently coupled to DPTA-galactosyl-
dextran or DPTA-dextran. The Cy5.5 density for both agents was approximately 8
moles of Cy5.5 per mole of dextran T70. Male BALB-c mice were anesthetized and
the Cy5.5 labeled agents were administered (24 nmole/kg dextran) intervenously.
Immediately post-injection the animal was placed supine in the ART SAMI system
for optical imaging. Regions of interest over the heart and liver were imaged over 30
minutes. Time-intensity curves were generated over these regions which repre-
sented fluorescent intensity in the heart and liver as a function of time. Images of
the area were also produced to recover object shape, location and concentration.
The time-activity curve and volumetric images for Cy5.5-DTPA-dextran did not
show hepatic uptake. The agent resembled a blood pool tracer without any tissue
specificity. However, the receptor-binding agent, Cy5.5-DPTA-galactosyl-dextran,
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displayed hepatic accumulation, peaking within 20 minutes. The study demon-
strates the role for time-domain optical imaging in the evaluation of receptor diag-
nostic agents. Optical imaging has higher sensitivity (75-fold increase) than nuclear
imaging, which allows quantification of receptor density, improved kinetic model-
ing and tomographic representations.

176 DURING CHOLESTASIS LOSS OF RXRa. IS
HEPATOPROTECTIVE AND INCREASES EXPRESSION
OF GENES FOR METABOLISM AND TRANSPORT IN
LIVER.

A. L. Slite!, N.J. Cherringtonz, C. Chen', J. M. Maher', Y. Wan' and C. D.
Klaassen'. ' University of Kansas Medical Center, Kansas City, KS and” University of
Arizona, Tucson, AZ.

Retinoid-X-receptor alpha (RXRa) is an important heterodimeric partner for nu-
clear hormone receptors (NHRs) such as Pregnane-X-receptor (PXR) and
Farnesoid-X-receptor (FXR). PXR and FXR are activated by bile acids, and are re-
sponsible for the regulation of genes involved in bile acid metabolism and trans-
port. Because RXRa: functions as a dimeric partner, it was hypothesized that abla-
tion of RXRat in liver would decrease the expression of a variety of genes that are
induced viz NHRs during cholestasis. Therefore, liver-specific RXRo-null mice
(KO) and corresponding wild-type mice (WT) underwent either sham or common
bile-duct ligation (BDL) surgery. Three days after BDL, serum bile acid concentra-
tions were elevated 5.7-fold and 6.2-fold above control concentrations in WT and
KO mice, respectively. Unexpectedly, the amount and severity of BDL-induced
focal necrosis was greater in WT mice than that in KO mice. BDL decreased the
mRNA levels of the bile acid uptake transporters Ntcp, Oatpl, Oatp3, and Oatp4
by at least 40% in both WT and KO mice. Oatp2 and Oatp5 mRNA was increased
after BDL, with a larger induction occurring in KO mice. The mRNA levels of the
phase I enzymes Cyp3all, Cyp7a, NQOI, and the liver excretory transporters
Mrpl, Mrp3, Mrp4, Mrp5, and Bsep were increased in livers from WT and KO
mice, with the magnitude of induction being higher in livers from KO mice. The
decreased hepatotoxicity in KO mice is likely due to increased liver gene expression
of transporters that export BA from hepatocytes and not due to decreased expres-
sion of BA uptake transporters, because there was no difference in Oatpl or 4
mRNA expression after BDL between WT and KO mice. The absence of RXRat
may allow other NHRs to activate gene transcription. Alternatively, other RXR iso-
forms, such as RXR and RXRy may heterodimerize with PXR and FXR to activate
gene transcription. (Supported by grants ES-09716, ES-09649, ES-07079,
CA053596, AA014147)

177 HUMAN DIETARY ALKALOIDS INHIBIT SONIC
HEDGEHOG SIGNALING.

R. Lipinski and W. Bushman. Molecular and Environmental Toxicology Center,
University of Wisconsin-Madison, Madison, WI. Sponsor: R. Peterson.

The Sonic hedgehog (Shh) signaling pathway plays an integral role in the pattern-
ing and development of diverse structures in the vertebrate embryo. Genetic abro-
gation of Shh signaling induces a spectrum of developmental field defects such as
cyclopia, cleft lip, and cleft palate (collectively termed holoprosencephaly). Shh is a
secreted peptide which binds to the transmembrane receptor Patched (Ptc), releas-
ing its inhibition of Smoothened and inducing a signaling cascade that results in
the upregulation of target genes including Glil and Ptcl. The plant steroidal alka-
loid cyclopamine, which is an inhibitor of the Shh signaling pathway, induces holo-
prosencephaly when administered to a variety of vertebrate species. Although cy-
clopamine is not present in the human diet, there are several other dietary alkaloids
of similar chemical structure, including tomatidine (derived from o-tomatine in
tomatoes), solanidine (derived from o-chaconine and ot-solanine in potatoes), sola-
sodine (derived from solasonine in eggplants), and diosgenin (from wild yams). To
investigate the possible effects of these compounds on Shh signaling, we used
NIH3T3 cells transfected with a Shh-responsive Glil luciferase construct. Addition
of Shh peptide (ShhNp) increased luciferase activity six-fold. This ShhNp-medi-
ated increase in luciferase activity was reduced to control levels by addition of cy-
clopamine (10 uM) or tomatidine (10 uM), reduced by 25% with solanidine (10
uUM), and reduced by 50% with solasodine (10 uM). Diosgenin had no effect.
Control experiments confirmed the specificity of inhibition and the lack of cyto-
toxicity. In a Ptcl-null primary fibroblast cell line with constitutive Shh pathway
activation, cyclopamine, tomatidine, solanidine and solasodine all inhibited Shh
signaling — suggesting that they act through a common mechanism downstream
of Ptcl. Shh signaling is important in a variety of developmental processes. Its inhi-
bition by dietary alkaloids may have important implications on human health, par-
ticularly during fetal development.



178 EVALUATION OF THE DEVELOPMENTAL TOXICITY
OF 1-(1, 2, 3,4, 5, 6, 7, 8-OCTAHYDRO-2, 3, 8, 8-
TETRAMETHYL-2-NAPHTHALENYL)ETHANONE.

C. Letizia, J. Cocchiara, D. A. Isola and A. Api. Research Institute for Fragrance
Materials, Inc., Woodcliff Lake, NJ.

The developmental toxicity of 1-(1, 2, 3, 4, 5, 6, 7, 8-Octahydro-2, 3, 8, 8-tetram-
ethyl-2-naphthalenyl)ethanone (OTNE), a widely used fragrance ingredient, was
evaluated in rats. OTNE, or the control article, were administered orally (gavage) to
one-hundred pregnant female rats (25 rats/group) on days 7 through 17 of gesta-
tion at doses of 0.0 (control), 96, 240 and 480 mg/kg/day. Control animals were
treated with reverse osmosis membrane processed deionized water. The rats were
observed for viability twice daily. Clinical observations and observations for abor-
tions, premature deliveries and deaths were conducted daily. On day 21, all rats
were sacrificed and a gross necropsy of the thoracic, abdominal and pelvic viscera
was performed, the uteri were removed and examined for pregnancy, number and
distribution of implantations, fetal mortality and resorptions. Each fetus was exam-
ined macroscopically for the presence, shape and size of all organs. Approximately
one half of each litter was examined for soft tissue alterations. No deaths or prema-
ture deliveries were caused by OTNE. The 480 mg/kg/day dose group produced
persistent clinical observations and reductions in body weights and feed consump-
tion. This dose also produced a minimal, but not statistically significant reduction
in fetal body weights, but no other effects on development. No fetal gross external,
soft tissue or skeletal malformations or variations were produced by OTNE. The
number of ossification sites per fetus per litter was unaffected at dosages as high as
480 mg/kg/day. Dosages of 96 and 240 mg/kg/day caused excess salivation and
transient reductions in body weight gains and feed consumption generally only
during the first days of the dosage period. On the basis of this data, both the ma-
ternal and the developmental no-observable-adverse-effect-levels (NOAELs) of
OTNE are 240 mg/kg/day.

179 CLONING OF RAT 50-REDUCTASE TYPE2 GENE
PROMOTER REGION AND AN EVIDENCE OF NO
RELATIONSHIP BETWEEN ITS TRANSACTIVATION
REGULATION AND ARYLHYDROCARBON RECEPTOR.

S. Ohsako, K. Kubota and C. Tohyama. Environmental Health Sciences Division,
National Institute of Environmental Studies, Tsukuba, Ibaraki, Japan.

It has been established that development of ventral prostate of male laboratory ani-
mals was suppressed when exposed to a relatively low dose of 2, 3, 7, 8-tetra-
chlorodibenzo-p-dioxin (TCDD) during pregnancy. This typical endocrine dis-
rupting phenomenon was demonstrated to be completely dependent on
arylhydrocarbon receptor (AhR) gene. Several studies showed that 50i-reductase
type 2 (5RD) expression was increased during postnatal period in the rat ventral
prostate exposed to TCDD in utero. We here cloned 5’-franking region of SRD
gene and examined if its transcriptional activity was affected by AhR. Rat 5RD-
promoter region (SRDp, 1713 bp) cloned by genome walking had an androgen re-
sponsive element at =659 to =679 and the same transcription start site as mouse
5RDp. Despite the absence of TATA-box, the cloned SRDp-luciferase reporter
construct showed clear transcription activation in COS-1 cells and suppression in
TM4 cells in an androgen receptor (AR) dependent manner. However, co-transfec-
tion of rat AhR and ARNT expression plasmid could not change the luciferase ex-
pression level regardless of in the presence or absence of testosterone. This level was
also not changed by an increased amount of 3-methyl-cholanthrene. Therefore, it
could be concluded that at least the 1713-bp rat SRDp region was not affected by
liganded-AhR complex, suggesting that the increase of 5SRD expression during
postnatal days is not caused by direct interaction TCDD-AhR with 5RD promoter,
but that an indirect effect occurred in the ventral prostate of offspring exposed to
dioxin 77 utero.

180 MATERNAL UNDERNUTRITION DURING
PREGNANCY POTENTIATES INTRAUTERINE
GROWTH EFFECTS OF ETHANOL.

K. Shankar', M. Hidestrand', L. D. Humphrey’, M. ]. Ronis"*? and T. M.
BadgerS’ 21 IP/Jﬂrmam/ogy/ Toxicology, University of Arkansas for Medical Sciences,
Little Rock, AR, °Physiology and Biophysics, University of Arkansas for Medical
Sciences, Little Rock, AR and > Arkansas Childrens Nutrition Center, Little Rock, AR.

The incidence of fetal alcohol syndrome surprisingly represents a small proportion
of all the children exposed to alcohol 77 utero. Since ethanol (EtOH) metabolism is
significantly increased in pregnant rats infused EtOH viz total enteral nutrition
(TEN), this may serve as a protective mechanism. However, undernutrition during
pregnancy abolished the increased metabolism of ethanol. To dissect the role of ma-
ternal undernutrition in alcohol-induced fetal toxicity, time-impregnated rats were

fed either optimal (220 kcal/ kgm/d) or undernourished (154 kcal/ kgm/d) diets

containing either 12 g/kg/d EtOH or isocaloric amount of carbohydrates from ges-
tation d 6-15. Undernourished dams had 1.6 fold higher urine EtOH concentra-
tions (UECs) compared to optimally fed rats (p = 0.007) given the same dose of
EtOH. Undernourished EtOH fed rats also showed marked increase in fetal toxic-
ity parameters including decreased fetal weight and litter size (p < 0.05). 55% litter
resorptions were seen in the undernourished EtOH-fed rats compared to only 2%
in the optimally fed EtOH treated animals. Undernutrition alone in the absence of
EtOH did not increase any parameters of fetal toxicity, indicating that EtOH toxi-
city is potentiated by undernutrition. To further investigate the mechanisms of in-
trauterine growth retardation we assessed maternal IGF1 status, thought to be an
important regulator of fetal growth. Serum levels of IGF1 were measured by ra-
dioimmunoassay and hepatic IGF1 mRNA levels were quantitated using real-time
PCR. Consistent with the fetal growth data, optimally fed EtOH treated animals
did not show a decrease in IGF1. In contrast undernourished EtOH fed animals
showed 2-fold lower levels of IGF1 mRNA (p = 0.0002). The present data suggest
that undernutrition potentiates the fetal toxicity of EtOH in part by disrupting
IGF1 signaling. Supported in part by R01 AA12819 (MJJR).

181 DEVELOPMENTAL TOXICITY OF ACETYL CEDRENE
IN RATS.

A. Lapczynski, J. Cocchiara, D. Isola and A. Api. RIFM, Woodcliff Lake, NJ.

Acetyl cedrene, a widely used fragrance material was studied for its potential to pro-
duce developmental toxicity in rats. The test article was administered orally to 100
(25 rats/group) female rats on days 7 through 17 of presumed gestation at dosages
of 0 (control), 25, 50 and 100 mg/kg/day. Control group was treated with corn oil.
All rats were observed for viability at least twice each day. They were also examined
daily for clinical observations of effects of the test article, abortions, premature de-
liveries and death before and after dosage administration. Body weights were
recorded on day 0, daily during the dosage and postdosage periods and at sacrifice.
Feed consumption values were recorded on day 0, 7, 10, 12, 15, 18 and 21. All rats
were sacrificed on day 21 and gross necropsy of the thoracic, abdominal and pelvic
viscera was performed. The number and distribution of implantation sites was
recorded. Tissues with gross lesions were retained. Each fetus was weighed and ex-
amined for sex and gross external alteration. Approximately 50% of the fetuses in
each litter were examined for soft tissue alteration. The remaining fetuses in each
litter were eviscerated, cleared, stained with alizarin red S and examined for skeletal
alterations. The results showed that the 100 mg/kg/day dosages caused significant
reduction in body weight gain and reduced the absolute and relative feed consump-
tion values. Rats in both 50 and 100 mg/kg/day dosage group exhibited a dose de-
pendent incidence of salvation, but the clinical observation was attributed more to
the gavage dosing and was not considered to be a direct toxic effect of the test arti-
cle. Litter parameters were not affected by dosages of the test article. No gross ex-
ternal, soft tissue or skeletal fetal alterations (malformations or variations) were
caused by dosages of Acetyl Cedrene as high as 100 mg/kg/day. On the basis of
these data, the maternal no observable adverse effect level (NOAEL) of Acetyl
Cedrene is 50 mg/kg/day and the developmental NOAEL is greater than 100
mg/kg/day.

182 FOLIC ACID PROTECTS AGAINST VALPROIC ACID-
INDUCED NEURAL TUBE DEFECTS IN CD-1 MICE.

] E. Dawson' and L. M. Winn"?. ' Pharmacology and Toxicology, Queen’s
University, Kingston, ON, Canada and *School of Environmental Studies, Queen’s
University, Kingston, ON, Canada.

Neural tube defects (NTDs) are the most common type of human congenital mal-
formations, with an incidence frequency of 1-2 per 1000 live births. The use of
antiepileptic drugs, such as valproic acid (VPA), during pregnancy has been associ-
ated with a 5-20 fold increase in the rates of NTDs. Rodent in utero exposure to
VPA has been shown to induce NTDs in a dose and strain dependent manner. The
mechanism of how VPA induces NTDs, and why certain strains are more suscepti-
ble than others, remains unclear. Folic acid (FA) supplementation during preg-
nancy has been shown to protect human and some rodent embryo’s from terato-
genic insult, however FA’s ability to protect embryos from VPA induced NTDs is
controversial. Human epidemiological studies provide evidence leaning toward a
protective effect, in the mouse model this protection appears to be strain depend-
ent. Recently, it has been demonstrated that FA prevents VPA induced NTDs in
the TO mouse model. The objective of our study was to determine if FA prevents
NTDs in a different mouse strain, the CD-1 mouse, after administration of a pre-
viously demonstrated teratogenic dose of VPA (400 mg/kg) during the period of
neural tube closure (Gestational Day (GD) 9). Briefly, pregnant (plug = GD 1)
CD-1 mice were administered 4 mg/kg FA three times daily on gestational days 5
to 10. These animals were also exposed to a teratogenic dose of VPA (400 mg/kg)
on GD 9 prior to neural tube closure. VPA treatment alone caused a 24 percent in-
cidence of NTDs in CD-1 mice which was reduced to 3 percent by the prolonged
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folic acid treatment. These results suggest that the CD-1 mouse model can be used
to investigate the molecular mechanism mediating folic acid protection against val-
proic acid induced neural tube defects. We are currently investigating the role of the
p53 tumor suppressor gene in neural tube closure and VPA induced teratogenesis.
Support: JP Bickell Foundation

183 EXPRESSION AND TERATOLOGICAL RELEVANCE OF
INDUCIBLE NITRIC OXIDE SYNTHASE (INOS) AND
CYCLOOXYGENASE-2 (COX-2) IN EMBRYONIC AND
PLACENTAL TISSUES OF WILD-TYPE AND INOS
KNOCKOUT MICE.

G. McCallum' and B G. Wells" *. ' Pharmacy, University of Toronto, Toronto, ON,
Canada and ZP/Jﬂrmamlagy, University of Toronto, Toronto, ON, Canada.

Previous studies from this laboratory have shown that wild-type embryos in culture
from B6129PF2/] mice were more susceptible to the reactive oxygen species
(ROS)-initiating teratogens phenytoin and benzo[a]pyrene (B[a]P) than embryos
from iNOS (B6;129P-Nos2™%) knockout animals (Toxicologist 54: 71 [No.
335], 2000). This suggested that iNOS is constitutively expressed during organo-
genesis, and can contribute to ROS-initiated embryopathies. In the current studies
however, immunoprecipitation experiments with gestational day (GD) 13 wild-
type B6129PF2/] mice detected iNOS-specific immunoreactivity in placenta but
not in embryonic tissue. Since COX-2 can catalyze the bioactivation of both
phenytoin and B[a]P to ROS-initiating free radical intermediates, and nitric oxide
has been implicated in the modulation of COX expression, the embryonic expres-
sion of COX-2 was also examined. Although embryonic COX-2 was constitutively
expressed, protein levels in iNOS knockout and wild-type mice were identical.
These results suggest that placental transfer of nitric oxide and related reactive ni-
trogen species can influence embryonic susceptibility to ROS-initiating teratogens
via a mechanism unrelated to constitutive embryonic expression of INOS or alter-
ations in the level of embryonic COX-2 protein. (Support: Canadian Institutes of
Health Research)

184 A COMPARISON OF EFFECTS ON REPRODUCTION
AND NEONATAL DEVELOPMENT IN CYNOMOLGUS
MONKEYS GIVEN HUMAN SOLUBLE IL-4R AND MICE
GIVEN MURINE SOLUBLE IL-4R.

L. L. Carlock', L. A. Cowan', S. Oneda®, A. M. Hoberman® and ]. L. Bussiere'.
"Toxicology, Amgen Inc., Thousand Oaks, CA, 2SNBL USA Ltd.,, Everett, WA and
3Argu5 Research Laboratories, Horsham, PA.

Inhibition of interleukin-4 (IL-4) is being evaluated to treat asthma. Amgen Inc.
(formerly Immunex) evaluated effects of human soluble IL-4 receptor (sIL-4R) on
monkey reproduction and murine sIL-4R on mouse reproduction. When pregnant
cynomolgus monkeys received human sIL4R intravenously (IV) 2/week during
organogenesis [gestation days (GD) 20-50] at 0, 0.2 or 2.0 mg/kg, there were no ef-
fects in clinical signs, body weight, food consumption, clinical pathology, or im-
munological evaluations. There was an increase in abortion/embryo-fetal death in
the 0.2 (9/21 or 42.9%) and 2.0 (5/19 or 26.3%) mg/kg groups (controls: 3/17 or
17.6%). At cesarean, all fetuses were alive, no treatment effects noted. Three
neonates were stillborn (2.0 mg/kg group). No neonates died after birth, no test ar-
ticle-related abnormalities noted. When pregnant Crl:CD-1®(ICR)BR mice (10
mice/group) received murine sIL-4R IV 1/day during organogenesis (GD 6-15) at
0, 25, 75, 250, or 625 pg/mouse, there were no effects in clinical signs, body
weight, number of pregnancies (9-10/group), gestation, litter size, liveborn, sex
ratio or pup weights. Mean trough serum concentrations after first doses were
slightly higher in high dose monkeys than in high dose mice (cyno: 11.175+/-2.9
ug/mL; mouse: 3.47 +/-0.8 ug/mL). Mean serum conc. after last dose (within 1 h)
had similar ranges for both species (cyno: 5.38-54.51 pg/mL; mouse: 5.3-237
pg/mL). Antibody development did not influence toxicity in monkeys. However at
last dose, 2/6 (25 ug), 5/6 (75 ug), or 6/6 (250 & 625 pg) mice had antibodies to
drug (mean serum conc. lower after last dose than after first dose; decrease more
pronounced at 250 & 625 ug doses). It is unclear whether the lack of effects noted
in mice and the increase in abortions and stillbirths observed in cynomolgus mon-
keys are due to species-specific responses to IL-4 inhibition, or whether the anti-
body response in the mice altered the activity of the drug.

185 DEVELOPMENTAL TOXICITY OF BETA-THUJAPLICIN
(TP) IN RATS.

M. EMA, A. HARAZONO, S. FUJII and K. KAWASHIMA. Risk Assessment,
National Institute of Health Sciences, Tokyo, Japan.

beta-Thujaplicin (TP) is a phenolic component of essential oils extracted from cy-
press trees. TP has been found to act as an antibacterial agent and an antitumor
agent. In addition, it possesses phytogrowth-inhibitory effects. TP is used as a nat-
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ural food preservative in Japan. In this study, the developmental toxicity of TP was
determined. Pregnant rats were given TP by gavage at 15, 45, or 135 mg/kg on days
6-15 of pregnancy. The maternal body weight gain during administration at 45 and
135 mg/kg and after administration at 136 mg/kg and adjusted weight gain at 45
and 135 mg/kg were significantly reduced. A significant decrease in food consump-
tion during and after administration was found at 45 and 135 mg/kg. A significant
increase in the incidence of postimplantation loss was found at 135 mg/kg. A sig-
nificantly lower weight was found in female fetuses at 45 and 135 mg/kg and in
male fetuses at 135 mg/kg. Although a significantly increased incidence of fetuses
with skeletal variations and decreased ossification were found at 135 mg/kg, no sig-
nificant increase in external, skeletal and internal malformations was detected after
administration of TP. The data demonstrated that TP had adverse effects on em-
bryonic/fetal survival and growth only at maternal toxic doses. No adverse effects
on morphological development were found in rats fetuses. Based on the significant
decreases in maternal body weight gain and weight of female fetuses at 45 mg/kg
and higher, it is concluded that the NOAELs of TP for both dams and fetuses are
considered to be 15 mg/kg in rats.

186 INHALATION DEVELOPMENTAL TOXICITY STUDIES
IN RATS WITH ANTIMONY TRIOXIDE (SB203).

P_E. Newton', R. E. Schroeder', L. Zwick' and T. Serex’. 'MPI Research, Inc.,
Mattawan, MI and” Grear Lakes Chemical Company, West Lafayette, IN.

In a range-find (RF) study, 5 groups of CD rats (5/group) were exposed to Sb203
via nose-only inhalation, 6 hrs/day, on Gestation Days (GD) 0 through 19. The
mean exposure levels were 0, 0.39, 0.73, 1.48, and 6.07 mg/M3. The mass median
aerodynamic diameters (MMAD) and geometric standard deviations (GSD)
ranged from 1.59 to 1.96uM and 1.60 to 1.68, respectively. The NOEL for mater-
nal toxicity in the RF was 6.07 mg/M3, the highest exposure level evaluated. The
NOEL for developmental toxicity in the RF was 1.48 mg/M3 based on the sugges-
tion of lower (8%) fetal body weights and smaller (4%) fetal size (crown-rump dis-
tance [CRD]) at 6.07 mg/M3. In the definitive Sb203 study, 4 groups of CD rats
(26/group) were exposed to 0, 2.6, 4.4, and 6.3 mg/M3, respectively, from GD 0-
19. The MMAD and GSD ranged from 1.59 to 1.82 uM and 1.713 to 1.744, re-
spectively. Animals were observed daily for mortality/clinical findings and gestation
body weight and food consumption were measured at regular intervals. Females
were euthanized on GD 20 and uterine implantation data recorded and fetuses
taken for evaluation. Packed RBC components were collected from 10
females/group at GD 20 to determine bound Sb203 levels. A statistically signifi-
cant dose-related increase in lung weights was seen in the treated groups. Absolute
lung weights were 24.4, 31.1, and 38.6% heavier than control in the 2.6, 4.4, and
6.3 mg/M3 groups, respectively. Microscopically this was characterized by pig-
mented alveolar macrophages and inflammation. RBC levels of Sb203 were also
statistically increased in the treated groups with values ranging from 3.1 to 5.6 ug/g
compared to 0.1 pg/g in controls. The NOEL for developmental toxicity was 6.3
mg/M3, as no effects were seen in uterine implantation data, fetal body weights,
CRD, sex ratios or from external, visceral, or skeletal examinations. In summary,
under the conditions of this study, Sb203 was not developmentally toxic.
(Supported by the International Antimony Oxide Industry Association)

187 EFFECTS ON RAT EMBRYONIC DEVELOPMENT /N
VITRO OF DI-(2-ETHYLHEXYL) PHTHALATE (DEHP)
AND ITS METABOLITES.

.REGNIER', C. Bowden®and ]J. Lhuguenots. Ibeicalogy and Environment,
ATOFINA, Paris-la-defense, France, >Huntingdon Life Science, Eye, United
Kingdom and’ ENSBANA, Dijon, France.

The embryotoxicity of DEHP and its main metabolites (mono-2-ethylhexyl phtha-
late (MEHP), 2-ethylhexanol (2-EH), 2-ethylhexanoic acid (2-EHA) and MEHP-
oxidized metabolites I, V, VI, and IX was evaluated on CD rat embryos i vitro.
First, day 9 embryos were cultured in serum from pregnant CD rats collected ap-
proximately 1.5 hours after the final administration of 1000 mg/kg DEHP on GD
6-11. Afterwards, DEHP and its metabolites were evaluated individually. Embryos
were cultured in roller bottles for approximately 48 hours at 38.0 +/- 1.0degC.
Embryotoxic potential was assessed from effects on the survival, overall growth and
development, and teratogenic potential from effects on the morphology of em-
bryos. Serum from the DEHP-treated rats and culture media were analyzed by lig-
uid scintillation and/or GC-MS to determine the achieved concentrations of
DEHP and DEHP-metabolites. Embryos cultured in the serum from DEHP-
treated rats exhibited reductions in crown-rump and head lengths, somite number
and morphological score, when compare to controls. An increase in the number of
malformations was also observed, which principally included malformations of the
yolk sac circulation, flexion, forebrain, otic system, branchial bars and fore limb
buds and unfused caudal neural tubes. The type of malformation observed with



DEHP-metabolites was similar to those observed with serum from DEHP-treated
rats. A comparison of the lowest effect concentration at which statistically signifi-
cant effects were observed on morphology parameters suggests the following order
of developmental toxicity potency of the DEHP-metabolites: Metabolite IX > I >>
VI =V > DEHP = MEHP = 2-EH >> 2-EHA. In comparison with the concentra-
tions detected in the serum from the DEHP-treated rats, MEHP-oxidized metabo-
lites, especially no. IX and I seem to be the ultimate developmental toxicants.

188 TERATOGENIC RESPONSES ARE MODULATED IN
MICE LACKING EXPRESSION OF EPIDERMAL
GROWTH FACTOR (EGF) AND TRANSFORMING
GROWTH FACTOR-ALPHA (TGF).

B. D. Abbott, D.S. Best and M. G. Narotsky. Repro Toxicology Division, USEPA,
Research Triangle Park, NC.

EGF and TGF regulate proliferation and differentation in the embryo. EGF ap-
pears to mediate teratogenic responses, as the incidence of cleft palate (CP) is re-
duced and the severity and incidence of hydronephrosis are increased in EGF
knockout (KO) mice after exposure to TCDD on gestation day (GD)12. Similarly,
EGF KO mice have a lower incidence of CP after GD-12 exposure to retinioc acid
(RA), whereas TGF KO mice show an increased incidence of CP after GD10 expo-
sure. In the present study, pregnant C57BL/6] and TGF KO mice were exposed to
a single oral dose of RA (100 mg/kg, 10 ml/kg) or vehicle on GD10, and wild type
(WT) and EGF KO mice were exposed on GD12. GD18 fetuses were examined
for external and visceral alterations. TGF KO mice and EGF KO mice had in-
creased incidences of dilated renal pelvis compared to mice of background geno-
type; however, treatment of KO mice with RA significantly reduced the incidences
compared to vehicle-treated KO mice. RA exposure produced effects on limb and
heart development, however the incidence of specific limb defects was influenced
by the developmental stage as well as the expression of EGF or TGE. After GD10
RA exposure, the incidence of forelimb digital and long-bone defects was signifi-
cantly higher in TGF KO compared to C57BL/6] fetuses. Also, micrognathia,
hindlimb digital deficits, and oligodactyly (fore and hind limbs) were only observed
in the RA-treated TGF KO. RA exposure on GD12 of WT and EGF KO produced
forelimb brachy-/oligodactyly and long-bone reduction of fore and hind limbs.
However, the EGF KO was significantly more susceptible to digital deficits of the
hind limb. In summary, in the developing limbs, the teratogenic effects of RA were
influenced by developmental stage and responses were exacerbated in the absence of
EGF and TGF expression. This study provides further evidence that the EGF path-
way mediates responses to teratogens and that the influence depends on develop-
mental stage and the target tissue. This abstract does not necessarily reflect EPA

policy.

189 COMPARATIVE STUDY OF ALCOHOL TERATOGENIC
EFFECT IN C57BL/6 AND DBA/2 MOUSE EMBRYOS
USING EMBRYO CULTURE.

M. Kuwagata , T Ogawa "and E. C. Zhou'. Anammy and Cell Biology, Indiana
University School of Medicine, Indianapolis, IN and’Anatomy, Showa University
School of Medicine, Tokyo, Japan.

Children born to chronic alcoholic women have a high incidence of fetal alcohol re-
lated spectrum disorder featuring psychosocial disorder, and craniaofacial malfor-
mations. Animal models also demonstrated that fetal alcohol exposure impaired de-
velopment. In the rodent studies, inbred strains of different genetic background
were often applied to investigate the role of genotype in their susceptibility to alco-
hol-induced teratogenecity. However, studies reported so far have generated incon-
sistent results which may, in part, be due to differential progressing in the stage of
embryos. In the present study, we used two inbred strain mice, C57BL/6 (B6) and
DBA/2 (D2), which were often used in alcohol studies. First, we investigated the
embryonic stage with 2-hour breeding paradigm in the two strains of mice. When
they were sacrificed on gestation day 8.25 at the same time, D2 embryos were all at
presomite stage, while almost all B6 were at 3-6 somites stage. This result suggests
D2 embryos are usually younger than B6 when treatments are applied in the study
in vivo. Therefore, we applied whole embryo culture technique to compare sensitiv-
ity to alcohol between the two strains. Embryos with 3-6 somites were collected in
both strains and cultured for 44 hours in the medium containing 400 mg/dL of
ethanol and scored for morphological features. The alcohol treatment affected the
growth of embryos in both strains and induced abnormalities including hypoplasia
of optic vesicle in both strains with a different severity between B6 and D2 em-
bryos. In conclusion, we found that in the current paradigm, differential progress of
development exists between B6 and D2, which may contribute to inconsistent re-
sults in the literature. (Supported by AA07611)

190 COMPARATIVE ASSESSMENT OF TWO EMBRYO
CULTURE METHODS IN EVALUATING
EMBRYOTOXICITY.

H. Huuskonen and H. Komulainen. Department of Environmental Health,
National Public Health Institute, Kuopio, Finland. Sponsor: M. Viluksela.

Rat whole embryo culture (WEC) has been widely used in evaluating developmen-
tal toxicity of chemicals 7z vitro. In the ECVAM validation study, its predictivity
and precision for strongly embryotoxic compounds was 100%. However, the preci-
sion for non-embryotoxic and weakly embryotoxic compounds was lower. In the
present study, the embryotoxicities of five model compounds in mouse preimplan-
tation embryo culture and rat whole embryo culture assays were compared.
Preimplantation mouse embryos were collected from the superovulated and mated
females at morula stage and cultured in microspots of medium at 37 OC in 5%
CO, atmosphere for two days up to the blastocyst stage. The morphology and de-
velopmental rate were assessed at 24 and 48 hours using an inverted microscope
with relief optics. In WEC, rat embryos were collected from pregnant females at 1-
5 somite stage. They were dissected from the desidua and Reichert’s membrane and
cultured in bottles containing medium and a gas phase. The gas phase was changed
twice a day for two days. The growth and morphology were assessed after the cul-
ture period of 46 hours under a stereomicroscope. The model chemicals, 5-fluo-
rouracil (5-FU), methotrexate (MET), salicylic acid (SAL), dimethadione (DMD)
and saccharin (SAC) were dissolved in the medium in both culture system. In both
assays, 5-FU and MET were strongly embryotoxic, SAL and DMD weakly embry-
otoxic and SAC non-embryotoxic. The no-effect concentrations (NOECs) were
0.01 pg/ml for 5-FU and MET, 100 ug/ml for SAL, 500 pg/ml for DMD and
1000 pg/ml for SAC in preimplantation embryo culture method. In WEC, the
NOEC-values were 0.1 pg/ml for 5-FU, 0.05 pg/ml for MET, 100 pg/ml for SAL,
500 pg/ml for DMD and 1000 pg/ml for SAC. The results showed a good correla-
tion of the embryotoxic potential of these chemicals in both assays. The preimplan-
tation embryo culture method may provide a simpler mammalian model to study
embryotoxic potential of chemicals. (Supported by TEKES, the National
Technology Agency, Finland, Project 70035/02)

191 TWO ZEBRAFISH ALCOHOL DEHYDROGENASES
SHARING COMMON ANCESTRY AND FUNCTIONAL
CHARACTERISTICS WITH MAMMALIAN CLASS I AND
III GENES.

M. Reimers"?, M. E. Hahn® and R. L. Tanguay®. ' Department ofPharmaceutzml
Sciences, Unzvemly of Colorado Health Sciences Center, Denver, CO, Bzo/agy
Department, Woods Hole Oceanographic Institute, Woods Hole, MA and’ Department
of Environmental and Molecular Toxicology, Oregon State University, Corvallis, OR.

Ethanol is teratogenic to many vertebrates and we are using zebrafish as a model
system to determine if there is an association between alcohol dehydrogenase
(ADH) activity and developmental toxicity. To test this hypothesis, it is necessary to
determine if zebrafish express ADH enzymes capable of ethanol metabolism during
development. With the duplication of many genes in zebrafish, it is critical to as-
certain the functional characterization of all identified enzymes. Here we report the
isolation and characterization of two c¢DNAs encoding zebrafish ADH.
Phylogenetic analysis of these zebrafish ADHs reveals that they are most closely re-
lated to the mammalian class 1 ADH enzymes and we have named them adh8a and
adh8b. Both adh8a and adh8b were genetically mapped to chromosome 13 ap-
proximately 3.6 megabases from each other. At the predicted amino acid level,
adh8a and adh8b are 77% identical to each other, and are 73% and 68% identical
to the human class 1 ADH, respectively. To characterize the functional properties of
ADHB8A and ADHS8B, the enzymes were recombinantly expressed and purified
from SF-9 insect cells. Kinetic studies with a variety of substrates revealed differen-
tial substrate preferences. Consistent with mammalian class I enzymes, ADH8A
metabolizes ethanol, with a 0.679 mM Km. Conversely, ADH8B does not oxidize
ethanol, but does efficiently metabolize longer chain primary alcohols greater than
5 carbons and S-hydroxymethlyglutathione similar to class III enzymes. ADH8A
does not efficiently metabolize these substrates. Finally, mRNA expression studies
indicate that both ADH8A and ADH8B mRNA are expressed during early devel-
opment. Together these results indicate that class I ADH enzymes are conserved in
zebrafish, albeit with mixed functional properties. Supported by NIH grants
AA12783, ES03850, and ES00210.

192 DEVELOPMENTAL TOXICITY OF METAM SODIUM IN
ZEBRAFISH.
M. A. Haendel"?, E Tilton>?, R.L.Tanguay”’ and G.S. Bailey"*?. "Linus
Pauling Institute, Oregon State Umvem{y, Corvallis, OR, ZEnvironmental and
Molecular Toxicology, OSU, Cor., OR and’EHSC and MFBSC, OSU, Cor., OR.
Sodium metam (NaM), a dithiocarbamate, is a potent agricultural biocide applied
prior to planting for the elimination of nematodes, soil pathogens and weeds. There
is a remarkable paucity of information about the risk that this class of chemicals
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may pose to developing vertebrates and their mechanism of action. Zebrafish have
been utilized as a model system because early developmental events and gene func-
tion are conserved with humans. We have characterized the toxicity during early life
stage exposure to NaM in zebrafish. Zebrafish embryos were exposed to varying
concentrations of NaM between 0 and 4.05 UM for a 20-hour period beginning at
4 hours post fertilization (hpf). The LC50 curves are steep, and are estimated to be
2.3 uM (300 ppb) at 24 hpf and 0.4 uM (50 ppb) at 13 days. The most notable
malformation, observed in 100% of the exposed animals at 0.8 LM, was an en-
larged and severely twisted notochord; the NOAEL was 0.05 WM. Surprisingly, this
notochord defect is not immediately lethal and the animals continue to grow; how-
ever, they exhibit delays in hatching, apparent paralysis, and are unable to feed. To
evaluate the effects on the notochord and nervous system, we have characterized
changes in gene expression. Expression of ai-collagen II mRNA is localized to the
notochord sheath cells in controls, whereas in NaM-exposed embryos, it is misex-
pressed in the notochord cells. MyoD and histological staining indicate muscle ab-
normalities; the myotomes of the NaM-exposed embryos are less defined, com-
pacted and block-shaped compared to controls. There are more peripheral axonal
branches in NaM-exposed embryos than in controls, as shown by ZN-12 antibody
staining. Our preliminary results indicate that developing zebrafish are exquisitely
sensitive to NaM sodium and we believe that this model is ideal to elucidate the
molecular mechanism(s) and etiology of NaM toxicity in vertebrates. Supported by

NINDS #NS11170, NIEHS #ES00210, and #ES03850.

193 THE TERATOGENIC EFFECTS OF ETHANOL
EXPOSURE IN ZEBRAFISH.

E.J. Loucks"? B.A. Wimpee"” and M. ]. Carvan">. ' University of Wisconsin-
Milwaukee, Milwaukee, WI and > Great Lakes WATER Institute, Milwaukee, WI.

Developmental ethanol exposure from maternal consumption of alcoholic bever-
ages and many consumer products has been linked to developmental abnormalities
in humans and laboratory animals. The long-range goal of this project is to eluci-
date the molecular mechanism by which ethanol perturbs embryonic and fetal de-
velopment, and to identify genes that plays a role in the sensitivity to ethanol-in-
duced teratogenesis. Fetal exposure to ethanol is primarily dictated by voluntary
maternal behavior and societal influences. Consequences of fetal exposure can
range from embryotoxicity, gross malformations and a large variety of more subtle
morphological, biochemical and functional abnormalities depending on the dura-
tion and time of exposure. This can have a tremendous toll on the affected individ-
uals, their families, and society as a whole. The sensitivity of an indivdual to
ethanol-induced perturbation of developmental processes can also involve genetic
factors. Twin studies in humans demonstrated that identical twins are equally sus-
ceptible to FAS, whereas fraternal twins have shown a marked discordance in the
severity of FAS. Genetically distinct strains of zebrafish (Danio rerio) are differen-
tially sensitive to alcohol and provide the best model system for genetic analysis of
the developmental effects of ethanol to embryos. We have determined that ze-
brafish are very sensitive to the effects of ethanol on embryo/larval mortality, neu-
rocranial and craniofacial skeletal development, and CNS apoptosis. We have also
determined that the magnitude of these effects is strain-dependent, and that no sin-
gle strain is the most sensitive in each assay. This data will be discussed in relation to
our molecular characterization of genes that influence sensitivity to ethanol-in-
duced teratogenesis.

194 DEVELOPMENTAL TOXICITY OF CARBARYL IN
ZEBRAFISH.

H. Cheng, A. Lin and E. Chan. Biology and Chemsitry, City University of Hong
Kong, Hong Kong, N/A, Hong Kong.

Carbaryl (1-naphthyl-N-methycarbamate; commercial name, Sevin) is one of the
most commonly used broad-spectrum pesticides in urban and agricultural settings.
It was used widely in turf management of golf courses, in controlling burrowing
shrimp in oyster fields, in exterminating animal pests in forests, and even in treating
head lice in school children. In the environment, field concentrations of carbaryl up
to 4.8 mg/L have been found immediately following application. In streams drain-
ing agricultural and urban areas, carbaryl up to 1.5 and 2.5 ug/L have been re-
ported respectively. Fertilsed zebrafish eggs were exposed to nominal concentrations
of carbaryl from 1 to 100ug/ml from 4 hours post fertilisation (hpf) to 28 hpf.
Percentages of mortality and abnormality were scored. All embryos died at carbaryl
concentrations of 50 ug/ml or higher. Growth arrest was observed at 30 ug/ml
while pericardial edema was observed at 10 ug/ml. No gross abnormality was ob-
served at concentrations below 10 ug/ml. Zebrafish is an appealing experimental
model for pesticide induced developmental toxicity. We will establish the chains of
events following the anticholinestarase activity of carbaryl to the resulting target
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organ toxicity. developing vasculature. This project will contribute to the develop-
ment of bioindicators for developmental toxicity and provide mechanism basis of
pesticide risk assessment. L

195 ETHANOL PERTURBS CARDIOVASCULAR
DEVELOPMENT IN JAPANESE MEDAKA, ORYZIAS
LATIPES.

A. K. Dasmahapatra' and M. L. Haasch" %, ' Environmental Toxicology Research
Program, Research Institute of Pharmaceutical Sciences, University of Mississippi,
University, MS and” Department of Pharmacology, University of Mississippi,
University, MS.

Although the cardiovascular defects in developmental ethanol exposure have been
identified in both human and animal models, the molecular mechanism(s) for these
abnormalities has not yet been fully characterized. We used the Japanese
medaka(Oryzias latipes) developmental model to evaluate cardiovascular defects
produced by acute ethanol exposure. Viable medaka eggs within 1h of fertilization
were exposed to ethanol (0-400mM)in hatching solution. After 48h, ethanol was
omitted from the embryo culture medium. Cardiovascular development was ob-
served from 1-7 dpf. The embryos exposed to low ethanol concentrations (0-
100mM) started circulation at 2 dpf but active circulation was significantly delayed
at higher concentrations (200-400mM). Moreover, these higher concentrations
(200-400mM) developed tube heart with blood clots in blood island and in circu-
lating vessels. We hypothesized that the cardiovascular abnormalities seen in the de-
veloping Japanese medaka was due to one or more metabolites of ethanol metabo-
lism. To examine this possibility, we have begun to characterize the genes for
alcohol metabolizing enzymes in medaka. By applying-PCR based technologies, we
have partially cloned two subtypes of alcohol dehydrogenase mRNA (ADHa and
ADHD)in adult medaka liver. ADHa mRNA was expressed in liver, gill, eye, mus-
cle, heart and GI of adult fish but not in brain and gonad. ADHb was expressed in
all tissues examined. The expression patterns of ADHa and b mRNA were also dif-
ferent from each other during embryonic development. ADHa was expressed from
the 2-cell stage to neurula (1dpf) but ADHb was first expressed 2dpf. Our results
indicate that ADHa is the major enzyme expressed during the early part of the em-
bryonic development and likely plays a significant role in the generation of ethanol
metabolities and the subsequent development of cardiovascular defects. [Supported
by ETRP and ORSP of the University of Mississippil

196 EXENATIDE (SYNTHETIC EXENDIN-4)
DEVELOPMENTAL TOXICOLOGY IN RABBITS:
COMPARISON TO PAIR-FED CONTROLS.

R. Hiles', T. Carpenter', A. Hoberman® and R. Byrd®. 'Amylin Pharmaceuticals,
Inc., San Diego, CA, 2Argu: Research, Horsham, PA and’Eli Lilly & Co., Greenfield,
IN.

SC administration of exenatide (EX) to pregnant rabbits on gestation days (GD) 6-
18 caused a dose-related reduction in food consumption (FC) and reduced body
weight compared to pre-dose value (ABW) (1). Fetal anomalies included umbilical
hernias (UH) in 1.6, 5.6, 11.8% of fetuses at 11, 78, 130 ug/kg EX, respectively.
The current study’s purpose was to evaluate the effect of reduced FC on UH.
Groups of 20 pregnant dams were dosed SC with EX-diluent (ED), 1, 11, or 130
ug/kg EX BID on GD 6-18, while pair-fed (PF) control groups were dosed with
ED and fed to match EX groups. EX caused a dose-related reduction in both FC
(GD 6-9: 62, 32, 12% of ED group for 1, 11, 130 pg/kg EX, respectively) and WC
(GD 6-9: 82, 52, 19% of ED group for 1, 11, 130 pg/kg EX, respectively). ABW
was +1.2, -1.7, -5.9, -10% for ED group, 1, 11, 130 pg/kg EX, respectively.
Reduced WC was not observed among the PF groups. PF groups to match EX
groups for 1, 11, 130 pg/kg EX exhibited ABW of -1.6, -3.5, -5.4%, respectively.
Dose-related increases in serum beta-hydroxybutyric acid (BHBA), a starvation
biomarker, were more elevated compared to ED group in EX groups than in PF
groups (0.91, 1.14, 2.67, 2.82 mg/dL for ED group, 1, 11, 130 pg/kg EX, respec-
tively and 0.77, 0.85, 2.33 mg/dL for PF groups for 1, 11, 130 ug/kg EX, respec-
tively). UH (GD 29 Caesarean sections) were observed in 11 and 130 pg/kg EX
doses [5.9% (1 fetus in 1 litter) and 29% (8 fetuses in 5 litters of litters, respec-
tively] (historical = 0 - 6.2%); no litters from 1 pg/kg EX or PF controls had UH.
Based on ABW and BHBA, the PF group intended to match the 130 pg/kg EX
groups was more similar to 1 and 11 pg/kg EX group and not the 130 pg/kg EX
group. Mean UH fetal BW was less than non-UH fetal BW (p<0.05). UH occurred
concomitantly with fetal growth retardation related to severe maternal weight loss.
EX does not appear to be a selective developmental toxicant. (1) Hiles, R.A.,
Hoberman A.M., & Christian, M.S. (2001). Toxicological Sciences 60 (Ab 1182),
248



197 COMPARISON OF GESTATIONAL DOSE (MG/DAY) IN
GAVAGE VS. CONTINUOUS EXPOSURE STUDIES IN
RATS.

S. P Parker', C.B. Myers', R.W.Tyl', ]. P Van Miller® and R. L. Joiner’. 'Life
Sciences and Toxicology, RTI International, Research Triangle Pk, NC, °TRS,
Charlottesville, VA and > GE, Pirtsfield, MA.

In developmental toxicity studies, maternal animals are dosed during much or all of
gestation. If administration is by gavage, the dose in mg/kg/day is held constant by
adjusting the volume (ml/kg), based on the most recent body weight (BW) to cor-
rect for maternal BW gain during pregnancy. This convention has continued for
other reproductive screening and definitive studies (e.g., 2-generation and OECD
421/422). The maternal rat may gain >150 g during gestation, but with the BW
gain in the last trimester (>100 g) almost entirely from uterine contents. Test chem-
ical (TC) intake (mg/day) in dosed feed/water studies is not increased from gesta-
tional day (gd) 14 to 20. In gavage studies, TC intake (mg/day) during the same
time period is increased as much as 30% because of the adjustment for maternal
BW. Thus, the dose (mg/kg/day), based on the actual maternal BW (i.e., minus
uterine contents), is similarly increased (30%). This can result in overdosing the
dam and conceptuses and is the likely cause of excessive maternal and perinatal tox-
icity observed in some studies. The risk of increased toxicity from bolus gavage dos-
ing is also increased by the following: 1) the maternal liver is enlarged in late preg-
nancy, presumably in response to pregnancy and increased TC load, but it is not
enlarged commensurate with increased TC dose; 2) TC may not be evenly distrib-
uted into the fetal compartment, and the relative maternal burden may, therefore,
be even higher; 3) GI tract motility is reduced with potentially increased absorption
of TC during late pregnancy. Such effects confound the interpretation of reproduc-
tive toxicity. Therefore, we recommend adjusting the dose from gd 0 to 14 of preg-
nancy and maintaining the dose (in mg/day by maintaining the gd 14 dosing vol-
ume) from gd 14 to pnd 0. This approach provides a dose appropriate to maternal
BW (minus the uterine contents) in the latter part of gestation. This work is sup-
ported by the General Electric Company, Pittsfield, MA.

198 MATERNAL FUMONISIN EXPOSURE AND NEURAL
TUBE DEFECTS: MECHANISMS IN AN /N VIVO MOUSE
MODEL.

J. B. Gelineau-van Waes, L. Starr, J. Wilberding, F. Aleman and J. Maddox.
Department of Genetics, Cell Biology & Anatomy, University of Nebraska Medical
Center, Omaha, NE. Sponsor: R. Riley.

Fumonisin B1 (FB1) is a mycotoxin produced by E verticillioides, a common con-
taminant of corn worldwide. An association between maternal FB1 exposure and
increased risk for neural tube defects (NTDs) has recently been observed in human
populations relying on corn as a dietary staple. FB1 disrupts sphingolipid biosyn-
thesis by inhibiting ceramide synthase, resulting in elevated sphinganine levels, and
depletion of downstream glycosphingolipids. We have previously demonstrated
that early gestational exposure to FB1 results in NTDs in 80% of exposed inbred
LMBc mouse fetuses. FB1 depletion of ganglioside GM1 altered plasma membrane
microdomains, compromising folate uptake viz the GPI-anchored folate receptor.
Daily maternal folate supplementation reduced the incidence of NTDs, while re-
placement therapy with ganglioside GM1 restored folate uptake and rescued the
phenotype. Since previous reports indicate that FB1 toxicity may be mediated by
TNFa, the role of TNFa is evaluated in our model. Atypical expression of TNFa is
seen in the developing neural tube following FB1 exposure. TNFa expression corre-
sponds to positive TUNEL staining in the ventricular zone, but co-localizes with
NE-«B in the marginal zone. TEM sections show a loss of adherens junctions fol-
lowing FB1 exposure, and phalloidin staining indicates disruption of the apical
actin belt. Further studies show altered expression and/or post-translational modifi-
cation of cytoskeletal proteins. FB1 exposure resulted initially in an increase in
apoptosis, loss of cell adhesion and cell polarity, disruption of cytoskeletal integrity,
disorganized cell migration, and failure of the neural folds to elevate. This was fol-
lowed by eversion of the neural folds, and increased proliferation, as demonstrated
by increased PCNA staining. Preliminary microarray data also indicate an alter-
ation in cell cycle checkpoint genes, and an increase in tumor antigens/proto-onco-
genes, growth factors, and cell survival (bcl-2) pathways.

199 ZEBRAFISH ASSAYS FOR ASSESSING DEVELOPMENTAL
TOXICITY.

C. Zhang, C. Parng, C. Willett, C. Ma and P. McGrath. Phylonix
Pharmaceuticals, Inc., Cambridge, MA. Sponsor: P_Mayeux.

Developmental toxicity is a major problem with numerous pharmaceutical agents
and screening for potential adverse effects is critical for assessing drug safety.
Transparent zebrafish embryos offer unique advantages for assessing the effects of
drugs on various developmental events. The processes involved in embryogenesis as
well as the function of numerous genes have been well studied in zebrafish and are
highly conserved compared to mammals. In this study, we developed a repro-

ducible, multi-endpoint scoring system to determine developmental toxicity using
zebrafish embryos. We have established 26 parameters to visually assess drug in-
duced effects on morphology and organogenesis. After drug treatment, we also es-
tablished dose-response curves for mortality (LC50) and malformation (ED50),
and the teratogenic index (TT ratio= LC50/ED50). As strong support for use of ze-
brafish as a model for assessing drug toxicity, we recently examined the effects of
100 known compounds and noted that LC50 and teratogenicity were remarkably
similar to results in mammals, suggesting that zebrafish has a high predictive value
for toxicity testing in humans.

200 CELL CYCLE INHIBITION AND CLEFT PALATE
INDUCTION BY SECALONIC ACID D.

V. C. Dhulipala, W. Welshons and C. S. Reddy. Ver. Biomedical Sciences,
University of Missouri, Columbia, MO.

Cleft palate (CP) is one of the most common birth defects affecting one in seven
hundred newborns annually. Exposure in mice to secalonic acid -D (SAD), a myco-
toxin produced by Pencillium oxalicum, is known to induce CP in association with
smaller embryonic palatal shelves. Since the reduction in shelf size can result from a
reduction in either palatal cell number or in the amount of extracellular matrix
(ECM), the objective of this study was to delineate which of these mechanisms con-
tribute to the teratogenic effect of SAD using the human embryonic palatal mes-
enchymal (HEPM) cells. The effect of increasing concentrations of SAD on HEPM
cell numbers, survival, proliferation and ECM synthesis was assessed using cell
counting, uptake of trypan blue, 3H-thymidine uptake and a combination of 3H-
glucosamine incorporation and western analysis for the various ECM components
(hyaluronic acid, sulfated glucosaminoglycans, fibronectin and tenascin), respec-
tively. Exposure to SAD resulted in a dose-dependent reduction in HEPM cell
number, levels of proliferating cell nuclear antigen (PCNA) in the nucleus and 3H-
thymidine uptake with a no-effect concentration of 0.025 micro gm SAD/ml and
an IC50 of 12.3 micro gm SAD/ml. Significant cytotoxicity and reduction in the
ECM transport, but not synthesis, occurred only at the highest concentrations
tested. Further studies using flow-cytometry and cyclin-dependent kinase (CDK)
assay suggested that SAD blocked HEPM cell-cycle at the transition of G1/S
phases, a conclusion supported by inhibition of CDK2 (active in G1/S phase) but
not CDKI (active in G2/M phase)by SAD. The results of this study strongly sug-
gest that SAD-induced reduction in palatal shelf size and CP may be a result of its
inhibition of cell-cycle and warrant further studies on the mechanism of its cell-
cycle block.(Supported by Alternatives Research and Development Foundation).

201 IMMUNE PROTECTION AGAINST MNU-INDUCED
DIGITAL DEFECTS.

M. R. Prater™', S.D. Holladay' and E. D. Strahl'. Veterinary Medicine, Virginia
Tech, Blacksburg, VA and ?Biomedical Sciences, Edward Via Virginia College of
Osteopathic Medicine, Blacksburg, VA.

The present study investigated the role of the maternal immune system in protec-
tion against methylnitrosourea (MNU)-induced limb and digital birth defects in
CD-1 mice. MNU’s teratogenic effects are dose-specific and dependent upon the
time of exposure in relation to gestational age. Maternal exposure to MNU at ges-
tation day (GD) 9 resulted in reductions in limb length, formation of digital defects
including syndactyly, oligodactyly and polydactyly, and distal limb hypovasculariza-
tion in fetuses at GD 12 and 14. Limb lengths of GD 12 and 14 mice in the MNU
group were 71% and 68% of control, respectively. Maternal intraperitoneal injec-
tion with interferon-gamma (IFN-gamma) two days prior to the GD 9 MNU treat-
ment resulted in significantly increased limb lengths that were 88% and 84% of
controls, respectively. These data suggest that nonspecific maternal immune stimu-
lation with IFN-gamma, prior to MNU exposure, partially normalizes teratogen-
induced fetal limb developmental lesions. This normalization may in turn relate to
reduced limb defects seen in these animals at end-gestation. Further, histologic ex-
amination of placenta in MNU treated animals revealed intracellular and extracel-
lular alterations in the spongiotrophoblast layer. This placental pathology was again
lessened in pregnant mice that received IFN-gamma two days prior to MNU. It is
not yet known if reduced day 12 and 14 distal limb dysmorphogenesis in MNU-ex-
posed fetuses may be the result, in part, of improved placental integrity caused by
IFN-gamma in MNU-exposed dams.

202 ORGANIC ANION TRANSPORTING POLYPEPTIDES
(OATP) 9 AND 12 MNRA EXPRESSION: TISSUE
DISTRIBUTION DURING PREGNANCY COMPARED
WITH MALE AND NON-PREGNANT FEMALE SPRAGUE
DAWLEY RATS.

T. M. Leazer and C. D. Klaassen. University of Kansas Medical Center, Kansas City,

KS.

Pregnancy can influence the disposition and handling of chemicals as the maternal

system changes to accommodate fetal and placental development. Knowledge of

transporters is vital for the prediction of placental/fetal chemical accumulation and
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susceptibility to toxicity. Hence, the purpose of this research was to characterize the
tissue distribution of Oatp9 (Slc21a9) and 12 (Slc21a12) mRNA expression in
male, non-pregnant female and pregnant rats. Oatp9 and 12 mRNA expression was
determined with branched DNA signal amplification technology. Oatp9 mRNA
was expressed highest in large intestine, stomach and term placenta; moderately ex-
pressed in liver, kidney, cerebellum, cerebral cortex and ileum; and was lowest in
lung, duodenum and jejunum. Interestingly, for all sections of intestine, Oatp9
mRNA levels were higher in pregnant rats than in male and female rats. Oatp9
mRNA levels in placenta increased with the progression of pregnancy. Oatpl2
mRNA levels were by far the highest in term placenta. In fact, Oatp 12 mRNA in
placenta was 30-fold higher at term than any other tissue. Moreover, Oatp12
mRNA increased in placenta from gestation day 15 to 21. The next highest con-
centration of Oatp12 was in small intestine and stomach; expression was moderate
in kidney, lung and large intestine; and lowest in brain. In ileum, Oatp12 mRNA
transcripts were higher in pregnant female than non-pregnant or male rats. In sum-
mary, Oatp9 mRNA was most highly expressed in intestine, whereas Oatp12 was
exceptionally highly expressed in placenta. The expression of both Oatp9 and 12
increased in the intestine during pregnancy, suggesting that these transporters are
important in the absorption of chemicals needed during pregnancy. In addition,
the extremely high level of Oatp12 in placenta and the increase in expression of
Oatp9 and 12 in placenta during pregnancy suggest that they may be important in
the transport of nutrients to the fetus. (Supported by NIH grants ES-09649 and
ES-07079)

203 DEVELOPMENTAL EFFECTS IN RABBITS ASSOCIATED
WITH ELEVATED PLASMA TYROSINE.

G. J. Moffat, M. E. Moxon, J. W. Botham and R. W. Lewis. Syngenta CTL,
Alderley Park, Cheshire, United Kingdom. Sponsor: L. Kimber.

Selective inhibition of the enzyme 4-hydroxyphenylpyruvate dioxygenase (HPPD)
by the herbicide mesotrione leads to perturbation of the tyrosine catabolism path-
way. Subsequent tyrosinemia has been associated with a range of biological changes
in rats, but to a much lesser extent in mice, where the plasma tyrosine elevation is
less pronounced. Indeed, the incidence and severity of these changes in rodents cor-
related directly with plasma tyrosine concentration but not with concentrations of
mesotrione. Importantly, the magnitude of tyrosinemia in humans following
HPPD inhibition resembles that seen in mice. In a rabbit developmental toxicity
study with mesotrione, the only treatment-related findings were minor changes in
foetal ossification. To assess the human relevance of this finding, it was important
to examine whether this skeletal effect was also attributable to elevated plasma tyro-
sine. Groups of 20 time-mated New Zealand White rabbits received 1% tyrosine in
the diet (1%T) or 500 mg/kg/day mesotrione (MST) or a combination of 1% di-
etary tyrosine plus 500 mg/kg /day mesotrione (1%T+MST) during gestation.
Assessment of maternal plasma tyrosine, revealed the expected range of tyrosine-
mia: 1%T<MST<1%T+MST. Similar to the previous study, there was no effect on
foetal number, growth or survival and no evidence of teratogenicity or any effect on
the incidence of external or visceral defects or variants. Indeed, even at plasma tyro-
sine levels exceeding those achieved with mesotrione alone, the only observed
changes were in the patterns of foetal ossification. Furthermore, a clear relationship
between the incidence of specific skeletal findings and plasma tyrosine was estab-
lished ie the highest plasma tyrosine levels (1% T+MST) produced the largest dif-
ference from controls while the lowest increase in plasma tyrosine (1%7T) had little
effect on the pattern of ossification. This strong relationship between incidence of
specific changes in foetal ossification and plasma tyrosine indicates a causal rela-
tionship with tyrosine rather than a direct effect of mesotrione.

204 THE SENSITIZING POTENTIAL OF NATIVE AND
REDUCED/ALKYLATED BRAZIL NUT 2S ALBUMIN
(BER E 1) IN AN ORAL BROWN NORWAY RAT FOOD
ALLERGY MODEL.

S. J. Koppelman, L. M. Knippels, P. F. Nieuwenhuizen, E. I. Klein Koerkamp,
H. H. de Jongh and A. H. Penninks. Experimental Immunology, TNO Nutrition
and Food Research, Zeist, Netherlands. Sponsor: V. Feron.

2S albumin, a storage protein from Brazil nut, is an important allergen and classi-
fied as Ber el. In this study the disulphide bounds of 2S albumin were reduced and
alkylated (RA-2S albumin) resulting in loss of protein structure and an increased
digestibility 77 vitro. The purpose of this study is to relate specific structural aspects
of Brazil nut 2S albumin to the sensitizing capacity iz vivo using an oral Brown
Norway rat food allergy model. In addition, we wanted to demonstrate that the oral
Brown Norway rat food allergy model is able to distinguish between the different
potential allergenicities of native and RA-2 S albumin. Young Brown Norway rats
(n=10) were orally exposed to 0.1 or I mg native- or RA-2S albumin by daily gav-
age dosing for 42 days without adjuvants. Serum samples were obtained at days 0,
28 and 42. As positive controls several animals (n=5) were injected i.p. with native
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or RA-2S albumin at days 0, 2, 4, 7, 9 and 11. At day 0, alum was added as an ad-
juvant. These animals were bled at day 28. Serum samples were tested for antigen
specific IgE, IgG1 and IgG2a using a passive cutaneous anaphylaxis assay and en-
zyme-linked immunosorbent assay (ELISA). Oral exposure to 0.1 or 1 mg native
2S albumin resulted in both native-2S albumin-specific IgG1 and IgG2a responses
in 50-70% of the animals. In 50% of the animals of both groups native 2S albu-
min-specific IgE (day 42)was developed. In contrast, oral exposure to 1 mg RA-2S
albumin only resulted in the development of RA-specific IgG1 and IgG2a in 60%
of the animals whereas no specific IgE could be detected. Exposure to 0.1 mg RA-
2S albumin did not result at all in a detectable immune response in any of the
tested animals. The results of this study demonstrate the importance of the stability
of protein structure in inducing food allergy. In addition, we show that the oral
Brown Norway rat food allergy model is able to distinguish the different potential
allergenicity of both proteins.

205 INCREASED ANTIBODY RESPONSE BY BDF1 MICE CO-
ADMINISTERED OVALBUMIN AND
LIPOPOLYSACCRIDE (LPS).

M. R. Woolhiser, J. M. Rase and T. D. Landry. Toxicology & Environmental
Research and Consulting, The Dow Chemical Company, Midland, MI.

There is an urgent need for an animal model that predicts the allergenicity poten-
tial of novel proteins associated with biotechnology. Many protein test materials
will be purified from bacterial sources and thus have the potential to contain appre-
ciable amounts of LPS, a potential confounder in the interpretation of antibody re-
sponses. A recent study suggested that concurrent allergen and LPS administration
would reduce an IgE response towards specific, allergenic protein(s). This study
evaluated the antibody response in mice following concurrent, i.p. administration
of ovalbumin (OVA) and LPS. Mice were injected on days 1 and 8 with OVA pre-
pared in PBS at 0.1mg/ml [0.08 endotoxin units (EU)] or in combination with
LPS (1-400 EU). Serum samples were prepared on day 14 for ELISA (OVA-specific
IgG) and to measure OVA-specific IgE via passive cutaneous anaphylaxis (PCA).
IgG sera titers from naive mice were undetectable at dilutions of 1:10, while mice
treated with OVA alone had elevations in specific IgG (titer = 286) and specific
IgG1 (titer = 149). Co-exposure to OVA and LPS (= 1.6 EU) more than doubled
these IgG and IgG1 titers. LPS had no impact on the incidence of positive PCA re-
sponses as all mice injected with OVA (+/- LPS) developed specific IgE; undiluted
sera from naive mice lacked OVA specific IgE. LPS and OVA administration en-
hanced the magnitude of IgE responses as determined viz maximum PCA titer and
PCA reaction area using undiluted sera. Maximal PCA titers using pooled sera sam-
ples indicated a two-fold increase in specific IgE titers when OVA was co-injected
with 40-80 EU. IgE titer increased to greater than 100 in mice treated with OVA
and 400 EU. These results confirm that LPS can alter a murine antibody response
when co-administered with an allergenic protein. The nature of the antibody re-
sponse (i.e., enhanced or diminished) may depend upon factors such as exposure
route, interval or duration. This suggests LPS might serve as a confounder when
predicting a novel protein’s allergenic potential viz IgE and IgG production.

206 MIXED ANTIBODY AND T-CELL RESPONSES TO
PEANUT AND THE PEANUT ALLERGENS ARA H1, ARA
H2, ARA H3 AND ARA H6 IN A MURINE ORAL
SENSITIZATION MODEL.

E van Wijk"?, S. Koppelman®, R. Pieters' and L. Knippels®. 'Immunotoxicology,
IRAS, Utrecht, Utrecht, Netherlands, °Experimental Immunology, TNO Nutrition
and Food Research, Zeist, Netherlands and’ Protein Technology, TNO Nutrition and
Food Research, Zeist, Netherlands.

Peanut allergy is known for its severity and persistence through life. Several peanut
proteins have been identified as allergenic and are indicated as Ara h1-7. Very little
is known about the mechanisms that underlie sensitization to peanut proteins. The
purpose of the present study was to reveal the immune responses that are induced
against peanut and the peanut allergens Ara h1, Ara h2, Ara h3 and Ara h6 during
sensitization. Humoral and T-cell responses against peanut and the peanut allergens
were examined in an early and later stage of sensitization in an established murine
model of peanut anaphylaxis. Oral sensitization to peanut was characterized by a
mixed cytokine response (IL-4, IL-5, IL-10 and IFN-y) and polyisotypic humoral
responses (IgE, IgG1 and IgG2a). Furthermore we demonstrated that these
TH1/TH2 cytokine and antibody responses are also directed specifically against the
major peanut allergens Ara h1, Ara h2, Ara h3, and Ara h6. The major peanut al-
lergen Ara h1 induced the highest antibody responses followed by Ara h3, Ara h6
and Ara h2. This study implicates that both TH1 and TH2 phenomena are in-
volved in the development of peanut allergy. Furthermore, we show that the present
oral model is suitable to examine immune responses to food allergens during sensi-
tization.



207 THE LOCAL LYMPH NODE ASSAY: CURRENT
REGULATORY STATUS.

D. A Basketter, R.]. Dearman’, C. A. Ryan’, EG. Gerberlck3 R.J. Fielder®
and L Kimber”. ]SEAC Umlez;er, Sharnbrook, United Kingdom, *Syngenta CTL,
Mﬂcc/esﬁe/d United Kingdom, 3 Procter & Gamble, Cincinnati, OH and
?Department of Health, London, United Kingdom.

The local lymph node assay (LLNA) is an alternative to guinea pig tests for identi-
fication of skin sensitising chemicals. In the LLNA protocol, CBA strain mice re-
ceive 3 consecutive daily topical applications of test substance (at 3 dose levels).
Five days after the initiation of exposure, proliferative responses in lymph nodes
draining the application site are measured by incorporation of radiolabelled thymi-
dine. Chemicals that induce proliferative responses >3x those observed in concur-
rent vehicle treated control are considered to be skin sensitisers. The assay has been
approved as a standalone method for the determination of skin sensitisation hazard
by the FDA, the EPA, CPSC and others following approval by the Interagency Co-
ordinating Committee on the Validation of Alternative Methods (ICCVAM). The
LLNA has also received formal approval from the European Centre for the
Validation of Alternative Methods (ECVAM). The LLNA became OECD
Guideline 429 in 2002, and in the EU awaits endorsement as Test Method B42 in
the 29th Adaptation to Technical Progress. The UK Health and Safety Executive
led the way as a European Competent Authority by announcing that for both sci-
entific and animal welfare reasons the LLNA was the preferred method. Currently,
regulatory authorities in the Far East increasingly are considering the method.
However, challenges remain insofar as validation does not mean automatic accept-
ance, nor is the LLNA necessarily the most appropriate method in all circum-
stances. Experience with the assay for the assessment of complex mixtures is no bet-
ter validated than are such evaluations using guinea pig methods, although at least
for the LLNA considerable data are available on the impact of vehicles on the ex-
pressed potency of allergens.

208 VALIDATION OF A MINIMAL TRANSCRIPT
BIOMARKER SET TO DIFFERENTIATE BETWEEN
SENSITIZERS AND IRRITANTS IN THE LOCAL LYMPH
NODE ASSAY.

W. R. Foster’, G.S. Ladics' and C. M. Glatt'. 'Haskell Laboratory, DuPont,
Newark, DE and*Bristol- -Myers Squibb, Wilmington, DE.

Previous studies utilized the LLNA in conjunction with DNA microarrays to eval-
uate expression profiling as a method to distinguish between sensitizers and irri-
tants and to identify potential transcript biomarkers. Using a defined training set
and analysis criteria, a set of potential biomarker genes that included proteases and
protease inhibitors, and lymphocyte, cell cycle, and inflammatory related response
transcripts were defined and had expression patterns in the array experiments sug-
gesting they may discriminate between sensitizers and irritants. The objective was
to validate the biomarker candidates using real-time PCR. Analyses were performed
on auricular lymph node total RNA isolated from 8-week-old female CBA/JHsd
mice (n=7-15/group) dosed with either 4:1 acetone/olive oil (vehicle), one of sev-
eral different sensitizers, or one of several different irritants according to the stan-
dard LLNA protocol. Real-time PCR experiments were performed using the
TagMan® technology and primer/probe sets of each specific biomarker. Expression
patterns for transcripts such as mLag3 (lymphocyte activation gene), TYMS
(thymidylate synthase gene), and mBub1A (a mitotic checkpoint protein kinase)
were consistent with the array results. These transcripts were generally upregulated
in sensitizer-treated groups and unchanged in irritant-treated groups. The validated
clusters of potential biomarkers effectively confirm proliferation-based scoring of
sensitizers in the LLNA. Expression profiling performed on higher doses of the irri-
tant, benzalkonium chloride, that typically score positive in the LLNA, revealed a
similar induction of many cell cycle and inflammatory-response transcripts, provid-
ing a molecular basis for high-dose irritant scoring in the LLNA. These results il-
lustrate the utility of expression profile databases that can be queried against for
compound classification, and reveal several candidate biomarkers that may serve as
sensitive endpoints for discriminating irritants from sensitizers using the LLNA.

209 EXPERIENCE IN THE ROUTINE USE OF THE LOCAL
LYMPH NODE ASSAY (LLNA).

J. Le Bigot, B. Griffon, X. Manciaux, S. de Jouffrey and R. Forster. CIT, Evreux,
France.

The Local Lymph Node Assay (LLNA) is an in vivo alternative to traditional
Guinea pig testing methods for assessment of the potential of chemicals to cause
skin sensitization. In this assay, sensitizing activity is measured using parameters of
the induction phase, rather than of the elicitation phase, by quantification of the
proliferative responses in draining lymph nodes after topical application of the test
item. Testing procedures have been formalized in a recently approved OECD

guideline (No. 429). In this guideline, skin sensitizers are defined as test items
which, at one or more tested concentrations, elicit a 3-fold or greater increase in the
incorporation of radioactivity (a measure of cellular proliferation) compared with
vehicle controls, together with consideration of a dose-response relationship. As the
method is described in the OECD guideline, the LLNA and its interpretation seem
easy. However, based on our experience of over 150 individual studies performed in
the last 12 months, it appears that interpretation may sometimes be problematic.
We have previously shown that definitive classification of a test item as a skin sensi-
tizer cannot be based only on the criterion of a stimulation index (SI). Integration
of a quantitative measure of skin irritation (for example, by measurement of ear
thickness) in the study protocol is necessary to permit unequivocal interpretation of
the results since it is well established that an irritant action can give rise to “false
positive” increases in cellular proliferation. More recently, in routine studies, we
have been confronted by various data sets for which interpretation was problematic.
For example, an SI greater than 4 at the highest tested concentration but accompa-
nied by slight irritation? An SI exceeding 2 at the highest feasible dose-level, with-
out evidence of dose-relationship? In our experience the LLNA is an informative
and robust test but routine use requires careful attention to the interpretation of re-
sults.

210 COMPARISON OF TWO PROTOCOLS OF A MODIFIED
LYMPH NODE ASSAY.

K. Riecke and P. Kurth. Experimental Toxicology, Schering AG, Berlin, Germany.
Sponsor: R. Stahlmann.

The Local Lymph Node Assay (LLNA) is a method to study sensitization using tri-
tiated thymidine for assessment of cell proliferation. We tested the usefulness of au-
ricular lymph node weight, lymph node cellularity and weight of an ear punch as
alternative end points using two different study protocols. Female BALB/c mice (4
or 6 per group) were treated on three consecutive days on the back of both ears with
the sensitizing reference compounds dinitrochlorbenzene (DNCB) or hexylcin-
namic aldehyde (HCA) or mercaptobenzothiazole (MBT). Three concentrations of
DNCB, HCA or MBT were selected which included the respective threshold con-
centrations (EC3) in the LLNA. The end points were assessed one (“short proto-
col”, DNCB and HCA) or three days (“LLNA protocol”, DNCB, MBT and HCA)
after the last treatment. Lymph node cells from DNCB-treated animals were also
studied by three color flow-cytometry analyzing CD4 or CD8 and CD44 and
CDG62L to differentiate between naive T-cells and cells having had antigen contact.
Using the short protocol, HCA was positive at all concentrations exceeding the
EC3 but DNCB was positive only at the 4-fold EC3. Using the LLNA protocol, all
three reference substances were positive from their respective EC3 upwards. At the
EC3, lymph node weights were approximately 1.5-times higher than in controls
using the LLNA protocol. Flow cytometric analysis did not show clear cut effects in
DNCB-treated mice up to a concentration of 0.25 mg/ml. Compared to the short
protocol, the LLNA-protocol led to more pronounced increases of lymph node
weight and lymph node cellularity. The LLNA protocol was able to classify all con-
centrations at or beyond the EC3 as positive with three reference substances which
are considered as weak to moderate or strong sensitizers. The increase of lymph
node weight (increase approx. 1.5 fold at EC3) seemed to be more sensitive than
the increase of lymph node cellularity (increase 1.1 to 1.7 fold at EC3). Inclusion of
flow-cytometric end points did not improve sensitivity of this assay.

211 ROUND II OF AN INTER-LABORATORY VALIDATION
OF ALTERNATIVE ENDPOINTS OF THE MURINE
LLNA.

J. Huesler, P Ulrich', H Vohr?, G. Ehlmg M. Hecht, A. Heusener , A
Gamer’, H.van Loveren’, L. Ullmann®, T. Maurer’ andK Riecke''. ! Preclinical
Safety, Novartis Pharmacology AG, Muttenz, Switzerland, Bﬂye‘rAG Wuppertal,
Germany, 3 Aventis P/Jﬂrmﬂm/o‘gyAG Frankfurt, Germany, 14 qunlyofer
Institute, Hannover, Germany, BASF AG, Ludwigshafen, Germany, °RIVM,
Bilthoven, Netherland.r Umz/erxzty of Bern, Bern, Switzerland, SRCC, Itzngen
Switzerland, °Swiss Agemy or Therapeutic Products, Bern, Switzerland, '’ Merck,
Darmstads, Germany and " Schering AG, Berlin, Germany.

The original Local Lymph Node Assay (LLNA) is based on the use of radioactive la-
belling to measure cell proliferation. However, other endpoints for assessment of
proliferation are also authorized by the OECD guideline 429 provided there is ap-
propriate scientific support, including full citations and description of the method-
ology. Here we describe the outcome of the 2nd round of an inter-laboratory vali-
dation of alternative endpoints in the LLNA conducted in nine laboratories in
Europe. The validation study was managed and supervised by the Swiss drug
agency. Statistical analysis was performed at the university of Bern, Department of
Statistics. Ear-draining lymph node (LN) weight and cell counts were used to assess
proliferation instead of radioactive labelling of lymph node cells. In addition, the
acute inflammatory skin reaction was measured by ear swelling and weight of circu-
lar biopsies of the ears to identify skin irritating properties of the test items. Eleven
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blinded test items were applied to female NMRI and/or BALB/c mice. The assess-
ment of skin irritation potential supported the differentiation of pure irritative
from contact allergenic potential. In contrast to the radioactive method irritants
have been picked up by all the labs. An assessment scheme developed by the group
turned out to be of extreme value in evaluation of the data from the different pa-
rameter. Similar to the EC3 values defined for the radioactive method, threshold
values were calculated for the endpoints measured in this modification of the
LLNA. It was concluded that all parameters measured have to be taken into con-
sideration for the categorisation of compounds due to their relative sensitising po-
tencies.

212 USE OF LOCAL LYMPH NODE ASSAY POTENCY
DETERMINATIONS IN EXPOSURE-BASED RISK
ASSESSMENT FOR SKIN SENSITIZATION.

C.Ryan', P McNamee and E Gerberick'. ' Procter & Gamble Company,
Cincinnati, OH and?Procter & Gamble Company, Egham, Surry, United Kingdom.

The fact that a chemical is determined to be a contact allergen does not mean it
cannot be formulated into a consumer product at safe levels, provided that one has
a thorough understanding of ingredient exposure, allergenic potency and dose re-
sponse. The local lymph node assay (LLNA), a validated method for the prediction
of skin sensitization hazard, has been shown to be useful for the determination of
relative sensitization potency. Relative potency is based upon calculation, from the
LLNA dose response curve, of an EC3 value - the estimated concentration of chem-
ical required to induce a threshold positive response (stimulation index = 3). To
demonstrate both the application and value of LLNA-derived potencies to the risk
assessment process, the example of two theoretical preservatives is used. For illustra-
tion purposes, we assume that in calculations from the resulting LLNA dose re-
sponse curves Preservative A has an EC3 value of 12.9%, with a relative sensitiza-
tion potency of weak and Preservative B has an EC3 value of 0.3%, giving it a
relative potency of strong. Using an exposure-based risk assessment approach in
which a default No Observed Effect Level (NOEL) is assigned based on the po-
tency classification; the anticipated consumer exposure to the ingredient is com-
pared to a sensitization reference dose calculated from the default NOEL and ap-
propriate uncertainty factors to determine a margin of safety (MOS). An acceptable
exposure is generally represented by an MOS>1. Based on this risk assessment
methodology, both preservatives were found to be acceptable for use in a ‘rinse-oft”
product (e.g. shampoo) at a level of 50 ppm, while only Preservative A, the weak al-
lergen, was appropriate for use in a ‘leave-on’ product (e.g. moisturizer) with the
same level of preservative. These examples demonstrate the utility and importance
of LLNA-derived potency classifications in the conduct of scientifically sound risk
assessments for skin sensitizing chemicals.

213 CATEGORISATION OF HUMAN SENSITISATION
POTENCY USING LOCAL LYMPH NODE ASSAY EC3
VALUES.

N.J. Gllmour, D.A. Basketter, G. Y. Patlewicz', P S. Kern?,
G. Gerberick?, R.]. Dearman’ and L. Kimber®. ‘SEAC, Unz/ever, Sharnbrook,
United Kzngdam Procter & Gamble, Cincinnati, OH and *Syngenta CTL,
Macclesfield, United Kingdom.

C.A.Ryan*, E

Effective evaluation of skin sensitisation demands that potential contact allergens
are identified and the risk of sensitisation amongst exposed populations assessed.
Sensitisation hazard is not an all or nothing phenomenon; dose response relation-
ships can be discerned and thresholds identified for induction and elicitation of
contact allergy. These parameters, under the heading of potency, are vital for the
risk assessment process. The murine local lymph node assay (LLNA) is a validated
and accepted method for the identification of sensitisation hazards (a sensitiser is a
chemical that induces a stimulation index 3 or more times that of the concurrent
vehicle control). The LLNA has also been used to determine the potency of sensi-
tisers, by derivation of an EC3 value, the estimated concentration of chemical re-
quired to induce a stimulation index of 3. At present, various agencies, including in
EU and OECD, together with industry bodies, are considering whether and how to
adapt these data into regulations which would place sensitisers into one of several
potency categories. It is our view, based on an evaluation of over 250 chemicals,
that five categories, extreme, strong, moderate, weak and negative, represent the op-
timal approach and is consistent with what is understood regarding the potency of
skin sensitisers in humans. To illustrate this approach, an example dataset of 100 se-
lected organic chemicals is shown, where we judge the accuracy of prediction of
human potency to be in the region of 90%. This categorisation has utility as a sim-
ple guide for risk management strategies as well as representing an important first
step in risk assessment.
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214 OBSERVATIONS ON THE UTILITY OF THE LLNA FOR
DERMATOLOGIC DRUG PRODUCTS.

A. Jacobs, D. Allen, P. C. Brown, B. A. Hill, N. See and J. Wilkin. USFDA,
Rockville, MD.

The local lymph node assay (LLNA) may be useful in the evaluation of contact hy-
persensitivity for some chemical substances. In Feb 1999, the Interagency
Coordinating Committee on the Validation of Alternative methods (ICCVAM)
published a validation study for the use of the LLNA as an alternative to traditional
hypersensitivity methods. The LLNA was validated for neat liquids and for 50%,
25% and 10% solutions in acetone olive/oil. However, the LLNA was not validated
for mixtures, clinical formulations, or with many substances with pharmacologic
activity. Topical drug formulations usually have concentrations of active compo-
nents at <1%. Because results using these formulations may be vehicle dependent,
inclusion of a positive control in the clinical vehicle is desirable. Several issues re-
lated to drug substance and or drug products tested with the LLNA have arisen that
have confounded interpretation of the LLNA These issues include: irritant vehicle,
failure of DNCB in the clinical vehicle, vehicles that appear positive, pharmaco-
logic activity (e.g., cytokine induction), false positives relative to both guine pigs
and humans, and potency relative to DNCB not correlating with the guinea pig
assay. Furthermore, intra-laboratory reproducibility of LLNA results has been in-
consistent. It is not clear for which human population the LLNA was validated.
Persons with or without atopic dermatitis may respond differently, as would per-
sons in a challenge test or persons exposed without occlusion. Therefore, the LLNA
should be used with caution; it may not be useful for many dermal drug products.
In some cases, absence of effects in repeat-dose studies in animals, followed by re-
peat-dose studies in humans, may obwiate the need for nonclinical evaluation of
dermal hypersensitivity.

215 APPLICATION OF A MODIFIED LLNA TO
PETROLEUM-BASED PRODUCTS: DERMAL
SENSITIZATION POTENTIAL OF CALCIUM LONG-
CHAIN ALKYLBENZENE SULFONATES.

S. A. Signs' and G. L. DeGeorge’. ' The Lubrizol Corporation, Wickliffe, OH and
°MB Research Laborarories, sznnerxmwn, PA.

Calcium long-chain (C15-30) alkylbenzene sulfonates are oil-based detergents used
in a variety of mechanical lubrication applications. Low overbased calcium sul-
fonates (LOB) are generally regarded as dermal irritants whereas high overbased cal-
cium sulfonates (HOB) are non-irritants. Existing data reveals a strong correlation
between dermal irritant properties of calcium sulfonates and dermal sensitization
potential observed in guinea pigs and humans. A flow cytometry-based murine
local lymph node assay (LLNA) was used to further elucidate the influence of der-
mal irritancy on assessments of dermal sensitization potential. Female CBA/] mice
(five per group) were treated with 3 concentrations of either LOB, HOB, 50%
HCA (positive control) or ultra-pure petrolatum (vehicle control) by daily topical
application to the dorsum of each ear for three consecutive days. Five days follow-
ing the initial dose, the mice were injected with 5-bromo-2-deoxy-uridine (BrdU).
This thymidine analog is incorporated into the DNA of proliferating cells. Five
hours later, the auricular lymph nodes were isolated and single-cell suspensions of
lymph node cells (LNC) were generated for each individual animal. An aliquot of
each LNC suspension was analyzed by flow cytometry for immunotype expression
(B220+, CD3+) and the total number of proliferating (BrdU+) cells was deter-
mined. Treatment with HOB resulted in no significant dermal irritation as meas-
ured by ear swelling and yielded a cellular SI <3 (not classified a dermal sensitizer).
LOB treatment induced a dose-dependent increase in cellular proliferation (30%
LOB; SI=4.54) which was accompanied by significant increases in ear thickness in-
dicating a dermal irritation response. Additionally, the lack of increases in B220+
lymph node cells or in the B:T cell ratio following LOB treatment further confirms
that changes in LNC proliferation are due to irritation rather than induction of der-
mal sensitization.

216 EFFECTS OF LIPOPHILICITY AND VISCOSITY OF
SOLVENTS ON DPM/LN BACKGROUND LEVEL IN
MURINE LOCAL LYMPH NODE ASSAY (LLNA).

L. G. Ullmann, W. Wang-Fan, G. Arcelin, S. Corney and K. Blumbach.
Toxicology, RCC Ltd., Itingen, Switzerland.

In 253 LLNA studies with 1012 CBA/CaOlaHsd mice performed at RCC, 11 dif-
ferent solvent systems, most of them are recommended by OECD Guideline 429,
have been used. As a standard level in the calculation of the stimulation index (S.1.),
disintegrations per minute per lymph node (DPM/LN) of the control group plays
a key roll in getting reliable and correct test results. However, the level of DPM/LN
can be varied or influenced by many factors. The variety of vehicles used in LLNA
is one of the most important factors which can directly effect the background level



of DPM/LN. Although some systematic deviations in a LLNA study can be elimi-
nated by using a vehicle control group, further investigations on the background
level of DPM/LN are still necessary in different solvent systems. This poster pres-
ents the results of our investigations into the following aspects of the LLNA: - The
effect of different solvents on DPM/LN control level; - The possible range of varia-
tion of DPM/LN control level with different solvent systems; - How to interpret
the solvents effects on DPM/LN background level. The results have helped to opti-

mize the experimental methods and to increase the accuracy of the tests.

217 BISPHENOL A IS NOT SKIN SENSITIZING OR
PHOTOALLERGENIC AS MEASURED BY A MODIFIED
LOCAL LYMPH NODE ASSAY IN MICE.

H. Vohr, H. Ahrand G. D. Stropp. Toxicology, Bayer AG, Wuppertal, NRW,
Germany. Sponsor: R. Shiotsuka.

A major chemical intermediate for the production of polycarbonates and epoxy
resins is Bisphenol A (BPA). Experimental studies for dermal sensitisation potential
of BPA have led to generally negative or equivocal results. Photosensitization stud-
ies were based on non-validated test systems or the results were not definitive. Case-
reports of dermal sensitisation are rare and generally involve presumed exposure to
compounds produced from BPA and not the BPA monomer. Thus, the purpose of
this study was to assess BPA for a skin sensitising or photoallergenic potential using
a validated test system. A modified Local Lymph Node Assay (LLNA), the
Integrated Model for the Differentiation of Skin reactions IMDS; Homey, B, et.al,
Toxicol. Appl. Pharmacology 153, 83-94, 1998; Vohr, H.-W., et al, Arch. Toxicol.,
73, 501-509, 2000) was used to distinguish skin sensitization from acute irritation.
The UV-IMDS assay was used to test for photo-reactivity. Female outbred NMRI
mice (6/group) received dermal applications of either vehicle (DAE433), 3%, 10%
or 30% (solubility limit) BPA on three consecutive days. For the investigation of
photo-reactivity, mice were irradiated with 20] UV-A/cm2 directly after each appli-
cation. Results showed no skin reaction in the BPA groups. In contrast to positive
controls (HCA, Chlorpromazine, 8-MOP), neither a skin sensitizing or photoaller-
genic nor an irritating or photoirritating potential was observed. Therefore, BPA is
not considered to be a skin sensitizer or photosensitizer in this validated test system.

218 EVALUATION OF THE SENSITIZATION POTENTIAL OF
PFIESTERIATOXIN IN BALB/C MICE.

R. M. Patterson', E.Noga® and D. Germolec'. ' NIEHS, Research Triangle Park,
NC and’N.C. State University, Raleigh, NC.

Members of the estuarine dinoflagellate genus, Pfiesteria, are reported to have been
responsible for massive fish kills in the southeastern United States. The classic signs
of Pfiesteria poisoning in fish are skin ulceration and swimming disruption. Some
studies suggest that people exposed to waters having Pfiesteria blooms might exhibit
toxin-induced skin and respiratory irritation and inflammation. High levels of ex-
posure related to occupational setting have suggested disruptions in cognitive func-
tion. Although the putative toxin has not been isolated, available data suggest both
hydrophilic and hydrophobic toxic components. The dermonecrotic properties
have been proposed to be associated with the hydrophobic fraction. The C-18
bound fraction of the crude toxin extract from dinoflagellate cultures, confirmed to
be ichthyotoxic, was examined in the current studies to evaluate its potential to pro-
duce inflammation and dermal sensitization. This fraction was cytotoxic to mouse
Neuro 2A cells at 1 x 10° pg/ml, validating potency as described previously
(McClellan-Green, 1997). In primary human epidermal keratinocytes, prolifera-
tion and viability were also inhibited at 1 x 10° pg/ml of the C-18 fraction, as de-
termined using the 3-(4, 5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium salt (MTS) and Neutral Red cytotoxicity assays.
Exposure of Balb/C mice to 0.25-30 x 10 pg/ml of the C-18 bound fraction in-
duced mild, localized inflammation, as evidenced by a 5-10%o increase in ear
swelling relative to control mice. There was no increase in lymph node cell prolifer-
ation as measured using the ICCVAM-validated (Dean, ¢z al. 2001) local lymph
node assay. These studies suggest that the C-18 bound fraction of the toxin is cyto-
toxic to keratinocytes in culture at high concentrations; that it induces mild, local-
ized irritation, but not sensitization in mouse skin; and that the degree of dermal ir-
ritation and inflammation reported in human exposure studies may result from the
combination of Pfiesteria contact and other confounding factors.

219 EVALUATION OF THE CONTACT HYPERSENSITIVITY-
INDUCING POTENTIAL OF A COMMERCIAL WEAPON
CLEANING AND MAINTENANCE COMPOUND.

S. Azadi', D. P Arfsten” and B. J. Meade'. "NIOSH, Morgantown, WV and
?Naval Health Research Center Toxicology Detachment, Wright-Patterson AFB, OH.

Commercial cleaning, lubricating, and preserving compounds are used in both the
military and civilian sectors for maintenance of small and large caliber weapons.
The cleaning of weapons is a very labor intensive, hands-on operation and frequent,

repeated dermal contact with materials used in weapons maintenance is highly
probable. Cleaning compounds are usually complex mixtures containing many
constituents including polyalphaolefin oil, synthetic oils, esters, isoparaffinic hy-
drocarbons, and dibasic ester, some of which have the potential for being dermal
sensitizers. These studies assessed the irritant and sensitizing potential of a weapon
cleaning compound using a modified local lymph node assay (LLNA) and pheno-
typic analysis (PA) of draining lymph node cells. Female BALB/c mice (n=5) were
topically exposed on the dorsal ear pinna for 3 (LLNA) or 4 (PA) consecutive days.
In the LLNA, mice were injected i.v. with 3H-thymidine on day 6 and draining
lymph nodes were radioassayed. Ear thickness was measured using a micrometer
prior to sacrifice to evaluate irritancy. For PA, on day 10 post initial exposure,
draining lymph node cells were stained with FITC labeled rat anti-mouse IgE or PE
labeled rat anti-mouse CD45 B220. Blood was collected at the time of sacrifice for
analysis of total serum IgE. The compound induced a dose-responsive increase in
lymph node cell proliferation with the neat material resulting in a stimulation index
of 13.4. PA demonstrated an elevation in B220+ cells. No increase in total serum
IgE was detected. Animals exhibited thickened skin and hair loss at the site of ex-
posure and a 42.5% increase in ear swelling was observed in animals exposed to the
neat material as compared to controls 3 days following the final exposure. These
studies indicate the potential for the compound tested to induce contact sensitiza-
tion with no evidence of an IgE inducing potential. These studies were supported
in part by NIEHS intra-agency agreement # Y1-ES-0001-03.

220 EFFECT OF CHLORINATED ORGANIC SOLVENTS IN
DRINKING WATER ON TYPE I ALLERGIC REACTION.

M. Seo, T. Yamagiwa, T. Ikemoto, M. Satoh and H. Nagase. Department Of
Hygienics, Gifu Pharmaceutical University, Gifu, Japan.

The incidence of allergic diseases has been increasing. Some epidemiological studies
suggest that this is due to exposure to environmental toxic substances. Chlorinated
organic solvents are incombustible and low molecular chemicals, and have been
used widely in a variety of industrial processes as solvents, softeners, paint thinners,
dry-cleaning fluids at present. But chlorinated organic solvents have become major
environmental pollutants. Previously we observed that some chlorinated organic
solvents, such as tetrachloroethylene (PCE), trichloroethylene (TCE), and 1, 1, 1-
trichloroethane, increased histamine release from mast cells iz vizro. In the present
study, we investigated the enhancing effect of low concentration of PCE, TCE and
1, 1, 1-trichloroethane dissolved in drinking water on Wistar rat (male, 8weeks
old). Each chlorinated organic solvent was dissolved in distilled water at a concen-
tration of Japanese guideline for drinking-water quality, or its 100-fold concentra-
tion. After 2 or 4 weeks, we executed PCA reaction. The chlorinated organic sol-
vents enhanced PCA reaction in a dose-dependent and time-dependent manner. In
pathological studies, the skin lesions elicited in rat drinking PCE and TCE for 2
weeks showed a cellular infiltrate in the dermis that contained lymphocytes and
mast cells. To further investigate the effects of chlorinated organic solvents, we
measured IL-4 production from mast cells, rat basophilic leukemia cells (RBL-
2H3), treated with chlorinated organic solvents for 6 hours. IL-4 production from
the cells treated with 1mg/L PCE markedly enhanced. The mechanism of enhanc-
ing PCA reaction is assumed that chlorinated organic solvents increase IL-4 pro-
duction, and it causes a Th1-Th2 imbalance and increases histamine release from
mast cells accumulated excessively. The results suggest that the intake of chlorinated
organic solvents as drinking water, even in a low concentration, would lead to the
initiation of allergic diseases.

221 INVOLVEMENT OF PERTUSSIS TOXIN SENSITIVE G
PROTEIN ACTIVATION IN HISTAMINE RELEASE
INDUCED BY FLUOROQUINOLONE ANTIBACTERIAL
AGENTS (FLUOROQUINOLONES) AND THEIR
STRUCTURE-HISTAMINE RELEASE RELATIONSHIP,

M. Kazuhiko, M. Chikako and K. Furuhama. Drug Safety Reseach Laboratory,
Daiichi Pharmaceutical Co., Ltd.,, Tokyo, Japan.

The present study was designed to clarify the involvement of pertussis toxin sensi-
tive G protein activation in histamine release induced by fluoroquinolones and
then to elucidate the relationship between their structures and histamine release
using rat peritoneal mast cells. Levofloxacin (LVFX) at 1000 pM or more dose-de-
pendently induced a non-cytotoxic histamine secretion. This action was rapidly
completed within 30 s and was dependent on temperature, energy, pH and intra-
cellular Ca2+. Histamine secretion due to LVFX was prevented by pretreatment
with pertussis toxin or benzalkonium chloride which was a selective inhibitor of G
proteins of Gi subtypes, or neuraminidase which induced hydrolysis of sialic acid
residues on the cell surface. Moreover, LVFX increased GTPase activity in the su-
pernatant of mast cell membrane homogenate. Next, histamine releasing activity of
the 10 fluoroquinolones such as LVFX, ciprofloxacin (CPFX), lomefloxacin
(LMEX), sparfloxacin (SPFX), gatifloxacin (GTFX), grepafloxacin (GPFX),
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sitafloxacin (STFX), HSR-903, moxifloxacin (MXFX) and T-3762 was compared
under the same experimental conditions. All of the fluoroquinolones tested except
for T-3762 induced a non-cytotoxic histamine secretion in a concentration-de-
pendent fashion. The order of its potency (10% histamine releasing concentration,
uM) was GPFX (70) = HSR-903 (70)>GTFX (110)>STFX (120)>CPFX (130)
>SPEX (140)=MXFX (200)2LMEX (250)>LVFX (1870)>T-3762 (>3000). The
activation caused by these fluoroquinolones was evidently blocked by pretreatment
with pertussis toxin. These results demonstrate that fluoroquinolones interact with
sialic acid residues, followed by the activation of pertussis toxin sensitive G proteins
leading to histamine release. Furthermore, the order of the potency of histamine re-
lease would be, at least in part, related to the positive charge of substituents at the 7
position of fluoroquinolone core structure.

222 DEVELOPMENT OF AN ORAL EXPOSURE ANIMAL
MODEL WITH REPORTER ANTIGENS TO ASSESS
IMMUNE-MEDIATED DRUG-HYPERSENSITIVITY
REACTIONS.

S. Nierkens, M. Aalbers, M. Bol and R. Pieters. /RAS-Immunotoxicology, Utrecht
University, Utrecht, Netherlands.

Adverse immune responses to drugs are of major concern to pharmaceutical com-
panies, physicians and susceptible patients. Due to its idiosyncratic nature and
complex etiology adverse immune effects are usually missed in routine toxicity
studies. Previous reports suggest that the murine or rat popliteal lymph node assay
(PLNA) may be a possible screen for hypersensitivity reactions. However, the
PLNA involves administering the test compound viz footpad injections rather than
the relevant route of exposure. In addition, drug-induced immune responses may
vary from chemical- to neo-antigen-specific, thus hampering straightforward detec-
tion of immunosensitizing potential in animal models. By using well-defined re-
porter antigens (RA) this problem has been successfully circumvented in the
PLNA. The aim of this study was to investigate whether the RA-approach can be
used in combination with oral exposures to assess the immunogenicity of drugs.
Accordingly, female C3H/He] mice were injected i.p. with the RA TNP-OVA on
day 0 and received 50 or 150 mg/kg D-penicillamine (D-Pen) by gavage or i.p. on
day 0-7. On day 10, all experimental groups showed increased TNP-specific serum
antibody responses and only the 150 mg/kg-dosed groups had increased DTH re-
sponses on day 15 and TNP-specific antibodies on day 20. In a separate study we
found that a single oral dose of D-Pen (50 mg/kg) sensitized the immune system so
that a paw-challenge with a sub-sensitizing dose of D-Pen in combination with the
RA TNP-Ficoll (T cell independent antigen susceptible for neo-antigen-specific
help) induced TNP-specific DTH and antibody secreting B cells in the draining
lymph node. The response was drug-specific, as diclofenac did not induce TNP-
specific responses in D-Pen-sensitized animals. In conclusion, we present two
promising variations of an oral exposure model using RA to assess the immunosen-
sitizing capacity of drugs. Other drugs are currently investigated using these mod-
els. This project is financially supported by ILI-HESI Immunotoxicology Technical
Committee (ITC)

223 TEST STRATEGIES FOR IMMUNE SENSITIZATION BY
PHARMACEUTICALS: A COMPARISON OF THE
SUBCUTANEOUS LOCAL LYMPH NODE ASSAY AND
POPLITEAL LYMPH NODE ASSAY USING REPORTER
ANTIGENS.

R. Pieters, S. Nierkens, L. Nieuwenhuijsen and M. Thomas. /RAS-
Immunotoxicology, Utrecht University, Utrecht, Netherlands.

Immune-mediated idiosyncratic drug reactions are a major problem for susceptible
patients, physicians and pharmaceutical industries. Currently, validated screening
tools to assess the immunosensitizing capacity of pharmaceuticals are not available.
Recently, the Immunotoxicology Technical Committee of ILSI-HESI initiated a
collaborative effort to evaluate the popliteal lymph node assay (PLNA) in compari-
son with a modified version of the local (auricular) lymph node assay (LLNA).
Both assays are evaluated with regard to their potency to recognize drug-induced
sensitization. We modified the LLNA to enable s.c. exposure, i.e. similar to the
PLNA, and injected the compounds of interest between the layers of the ear.
Compounds were injected together with the T cell independent antigen TNP-
Ficoll, which only elicits switched isotypes when antibody producing B cells receive
additional neo-antigen specific help. Using this approach, we positively identified
D-penicillamine, streptozotocin (STZ), ofloxacin, and diphenylhydantoin as drugs
with immunosensitizing capacity. Sulphamethoxazole and procainamide (known to
require metabolism) and phenobarbital and metformin were tested negative. Thus,
the number of TNP-specific IgG antibody secreting cells is a very useful and sensi-
tive parameter to identify drug-induced hypersensitivity in both PLNA and modi-
fied LLNA. However, the type-1 associated parameters (CD8 cells, macrophages,
IFN-y, TNF-o. and IL-1fB) that are induced in the PLN by STZ were less pro-
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nounced in the auricular lymph node. Together, the PLNA and modified LLNA
can both be used to distinguish sensitizing compounds from non-sensitizers with
the use of reporter antigens. However, the modified LLNA is practically less con-
venient than the PLNA and the PLNA seems to provide more relevant immune in-
formation on the mechanisms of chemical-induced hypersensitivity reactions.

224 CYTOKINE RELEASE AS AN ENDPOINT TO IMPROVE
THE SENSITIVITY AND SPECIFICITY OF THE
POPLITEAL LYMPH NODE ASSAY (PLNA).

. Descotes®, G. Ravel"?, M. Christ!, N. Eltschinger1 and J. Guichard'. ‘MDS
Pharmacology Services, LArbresle, France and’ Poison Center ¢& INSERM U503,
Lyon, France.

The PLNA has been proposed for the preclinical prediction of the autoimmuno-
genic and sensitizing potential of drugs. The evaluation of over 130 compounds in
this assay has resulted in several false positive (e.g. ethanol, imipramine) or false
negative (e.g. ofloxacin, sulfamethoxazole) responses placing in question the sensi-
tivity and specificity of the test. In this study, cytokine production in the popliteal
lymph nodes of female Balb/c mice was evaluated as a possible endpoint to improve
the sensitivity and specificity of the assay. Diclofenac, imipramine, hydralazine,
glafenin and minocycline were tested in groups of 6 Balb/c mice using the classical
primary PLNA procedure. Cellularity measurements were made 7 days after injec-
tion of the drug. In addition, Th1 (IL-4 and IL-5), Th2 (IL-2, IL-12 and IFN-y
and pro-inflammatory (IL-6, TNF-0. and Monocyte Chemoattractant Protein-1)
cytokines were measured in suspensions of popliteal lymph node cells by flow cy-
tometry. Cellularity indexes above 5 (defined as positive responses) were obtained
only in mice treated with diclofenac and imipramine. Diclofenac induced a signifi-
cant increase in the Th1 and pro-inflammatory cytokines. All other drugs had no
effects on the production of any cytokine. The measured cytokine levels did not
help rule out the false positive and false negative responses obtained with
imipramine and glafenin, respectively. These findings suggest that measuring cy-
tokine release is unlikely to improve the sensitivity and specificity of the PLNA. In
addition, minocycline, a tetracycline antibiotic not previously tested in the PLNA,
but recognized as a cause of many autoimmune and hypersensitivity reactions in
human patients, produced a negative PLNA response.

225 INTER-ANIMAL VARIATION IN CYTOKINE
FINGERPRINTING OF CHEMICAL ALLERGENS.

H. Caddick, R.]. Dearman and L. Kimber. Syngenta CTL, Macclesfield, United
Kingdom.

Repeated topical exposure of BALB/c strain mice to chemical contact and respira-
tory allergens stimulates cytokine secretion phenotypes consistent with the selective
activation of type 1 and type 2 T cell subpopulations, respectively. Lymph node
cells (LNC) isolated after treatment with the contact allergen 2, 4-dini-
trochlorobenzene (DNCB) display a type 1 cytokine secretion pattern with rela-
tively high levels of interferon y (IFN-y) and interleukin (IL) 12, but little of the
type 2 cell products IL-4, IL-5, IL-10 and IL-13. Exposure to the respiratory aller-
gen trimellitic anhydride (TMA) results in the converse type 2 cytokine expression
profile. In previous experiments, in order to provide for sufficient supernatant to
analyze the complete panel of cytokines by enzyme-linked immunosorbant assay,
lymph nodes have been pooled on an experimental group basis. In these studies,
DNCB-stimulated LNC invariably expressed higher levels of type 1 cytokines
whereas TMA-activated LNC produced higher levels of type 2 cytokines. It is now
possible to measure multiple cytokines in small volumes, using cytokine arrays with
a fluorescent end point, allowing cytokine secretion patterns to be measured for in-
dividual animals. Very marked type 1 and type 2 cytokine secretion profiles, respec-
tively, were observed for LNC isolated from DNCB- and TMA-exposed mice
(n=5). LNC derived from DNCB-treated animals produced significantly more
IFN-y (p<0.05) and IL-12 (p<0.01) than did those isolated from TMA-treated
mice, whereas exposure to TMA stimulated significantly higher levels of IL-4, IL-5
and IL-10 (p<0.01). These data suggest that there is little inter-animal variation in
the ability of DNCB and TMA to elicit distinct type 1 and type 2 cytokine secre-
tion profiles and demonstrate that similar cytokine phenotypes are detected
whether lymph nodes are pooled on a group basis or individual animals are as-
sessed.

226 SENSITIZATION WITH
DINITROTHIOCYANOBENZENE (DNTB) :
COMPARISONS WITH DINITROCHLOROBENZENE
(DNCB).

P S. Friedmann', C. Pickard', M. Cumberbatch?, R.J]. Dearman® and L.

Kimber?. ISouthampmn University, Southampton, United Kingdom and ZSyngenm

CTL, Macclesfield, United Kingdom.

DNCB is a potent contact sensitizer in man and rodents whereas it has been re-

ported that prior exposure to the chemically related hapten DNTB can tolerize

mice to subsequent sensitization with DNCB. We have therefore examined the




ability of DNTB to modify responses to DNCB and to induce de novo contact sen-
sitization in humans. Ten volunteers were sensitized by application of 4 doses of
DNCB (6.25, 8.8, 12.5, 18.8ug) to the forearm. Four weeks later, the other arm
was challenged with the same doses of DNCB and elicitation reactions quantified
at 48h as skinfold thickness using calipers. Marked responses were induced in all
subjects (AUC sum of responses at each challenge dose, mean+/-SE; 5.9+/-1.02).
Using the same treatment and challenge regimen, responses to DNTB were uni-
formly negative (n=7). Prior exposure (4 weeks earlier) to the same concentrations
of DNTB was without significant effect on the subsequent response to sensitization
and elicitation with DNCB (AUC mean+/-SE; 4.3+/-1.6). However, using the
same exposure schedule, initial priming with high dose (35ug) DNTB did augment
the elicitation reactions to DNCB (AUC mean+/-SE; 13.4+/-6.02, n=7). The dif-
ferential activity of DNTB was not a result of poor penetration as volunteers that
had been sensitized and challenged with DNCB exhibited equivalent skin reactions
when challenged with the same doses of DNTB. Furthermore, priming with a very
high dose DNTB (75ug) followed by challenges with DNTB 4 and 8 weeks later
resulted in sensitization of 2 out of 10 volunteers. These data demonstrate that
DNTB is not a tolerogen in man, but is a relatively weak sensitizer compared with
DNCB. DNTB is equally effective as DNCB at eliciting challenge reactions, sug-
gesting that it is less efficient at stimulating dendritic cells (DC) to activate naive T
cells, but can drive DC to activate memory T cells.

227 MOLECULAR SCREENING FOR SKIN SENSITISATION
HAZARD IN VITRO USING PROTEOMICS
TECHNIQUES.

M. Divkovic?, D.A. Basketter', C. K. Pease', A. Dell* and H. R. Morris®.
ISEAC, Unilever, Sharnbrook, United Kingdom and 2Bz'0/0gz'm/ Sciences, Imperial
College, London, United Kingdom.

Covalent binding of hapten to a skin protein is a key process required for sensitisa-
tion. It has long been postulated that only sensitising chemicals will modify skin
protein(s), whereas non-sensitising compounds and irritants do not. To pinpoint
the amino acid residues involved in such modifications, we have employed mass
spectrometry (MS) based proteomics techniques. Known sensitisers, non-sensitisers
and irritants were incubated with human serum albumin (HSA). Modified HSA
samples were digested by trypsin and matrix assisted laser desorption/ionisation
(MALDI-MS) analyses were conducted on tryptic digests. Nano-electrospray tan-
dem mass spectrometry (ES-MS/MYS) analyses were conducted on modified pep-
tides purified by high performance liquid chromatography (HPLC). The HSA se-
quence was mapped and modified peptides were identified. In HSA samples
incubated with non-sensitisers and irritants there was no change compared to HSA
incubated without chemical. Modified peptides were purified by HPLC and se-
quenced using ES-MS/MS. Lysine, histidine and cysteine were found to be in-
volved in covalent modifications by the sensitising chemicals used. A complex
adduct of one sensitiser (methylchloroisothiazolinone, courtesy of Prof.
J.PLepoittevin, University Louis Pasteur, Strasbourg, France) on His 338 of the
HSA molecule was also identified. Many more sensitisers need to be investigated in
this way to establish similarities between covalent protein modifications of chemi-
cally related compounds. These results can be further employed to develop a sim-
ple, medium- throughput assay for covalent protein binding ability of chemicals.
This could form part of a battery of tests needed to completely replace animal test-
ing of new chemical entities for skin sensitisation potential.

228 AN INTER-LABORATORY STUDY FOR THE
DEVELOPMENT OF AN /N VITRO SKIN
SENSITIZATION TEST USING HUMAN CELL LINES.

Y. Yoshida', T.Ashikagaz, H. Sakaguchil, M. Miyazawal, M. Hirota®, M.
Ogo’, H. Itagaki® and H. Suzuki'. "Kuo Corporation, Haga, Tochigi, Japan and
2Shiseido Corporation, Yokohama, Kanagawa, Japan. Sponsor: ]. Avalos.

In regard to in vitro skin sensitization tests, dendritic cells (DCs) derived from
human peripheral blood have been considered in the development of new tests.
Meanwhile, some methods using human cell lines have been reported recently. In
our previous study, we suggested that measuring CD86 and/or CD54 expression
on THP-1 cells (monocytic leukemia cell line) could be used as an in vitro skin sen-
sitization method. An inter-laboratory study among Kao and Shiseido was under-
taken in Japan in order to further develop our iz vitro skin sensitization model. In
the present study, we used two human cell lines: THP-1 and University-937 (histi-
ocytic lymphoma cell line). We measured the expression of CD86 and CD54 on
the above cells using flow cytometry after a 24-hour and 48-hour exposure to
known allergens (e.g., DNCB, PPD, NiSO,) and non-allergens (e.g., SLS, Triton
X-100). Both facilities used same test protocol, treatment concentration and clone
of anti-CD86 and CD54 mADb for the study. For the sample test concentration, 4
doses (2x, 1x, 0.5x and 0.1x of the 50% inhibitory concentration (IC50)) were
evaluated. IC50 was calculated using MTT assay. We found that allergens/non-al-

lergens were better predicted using THP-1 cells compared to University-937 cells
following a 24-hour exposure, but for a 48-hour exposure, there was no significant
difference. We also found that the 48-hour treatment time had a better accuracy
than the 24-hour treatment time for both cell lines. Expression of CD86 and
CD54 were good predictive markers for THP-1 cells, but for University-937 cells,
expression of CD86 was a better predictor than CD54, especially at the 48-hour
treatment time. The accuracy also improved when both markers (CD86 and
CD54) were used as compared with a single marker, especially with THP-1 cells.
These results suggest that our method, using human cell lines THP-1 and
University-937, but especially THP-1 cells, may be a useful 77 vitro skin sensitiza-
tion model to predict various contact sensitizers.

229 DEVELOPMENT OF AN /N VITRO SKIN
SENSITIZATION TEST USING HUMAN CELL LINES.

T. Ashikaga', Y. Yoshida’, M. Hirota', M. Ogo', H. Sakaguchi’, M.
Miyazawa®, H. Suzuki® and H. Itagakil. ! Shiseido Corporation, Yokohama,
Kanagawa, Japan and’Kao Corporation, Haga, Tochigi, Japan. Sponsor: ]. Avalos.

Several studies have shown that allergens enhance CD86 expression on surface of
dendritic cells (DCs) and it has been thought that this phenotypic change could be
applied to the development of an 7 vitro skin sensitization test. In our previous
study, we found that CD86 and/or CD54 expression on THP-1 cells (monocytic
leukemia cell line) was enhanced after a 24-h exposure to allergens but not non-al-
lergens. We suggest that THP-1 cells could be used for an 77 vitro skin sensitization
test as a replacement of DCs. However, much work remains to be done in order to
make the cell substitution suitable for practical use. In this report, we examined var-
ious test conditions to optimize a protocol to be used in an inter-laboratory study
between Kao and Shiseido. At first, effect of subculturing time on the CD86 ex-
pression was studied. THP-1 cells were incubated for 24, 48 and 72 hours, respec-
tively. After the incubation, the cells were transferred to fresh medium, and then the
cells were exposed to DNCB for 24 hours. The expression of CD86 on DNCB-
treated THP-1 cells tended to be high in the 48-hour and 72-hour subculturing
time. The augmentation of CD86 expression has been often observed when cells
were treated with a subtoxic dose of allergen. To determine dose setting, the cyto-
toxicity of the test sample was performed (MTT assay) using THP-1 cells and
University-937 cells (histiocytic lymphoma cell line) and 50% inhibitory concen-
tration (IC50) of each test samples was calculated. Furthermore, antibodies were di-
luted to several concentrations and cells treated with allergens/non-allergens (e.g.,
DNCB, NiSO4 / SLS) were stained in order to identify the appropriate level of an-
tibody to use. The staining studies confirmed that the working dilutions of both
CD86 and CD54 antibodies were appropriate for use in our method. Based on our
findings, the experimental conditions to be used in a Kao-Shiscido inter-laboratory
study were identified and the protocol for that study was optimized.

230 MECHANISMS OF CCR7 UP-REGULATION BY NISO4
ON HUMAN DENDRITIC CELLS.

E Boisleve and M. Pallardy. Faculty of Pharmacy, INSERM U461, Chatenay-
Malabry, France.

Despite progress in elucidating mechanisms of contact hypersensitivity induced by
chemical haptens, the first stages including activation of the dendritic cells (DC)
are still unknown. Haptens, like Nickel, penetrate into the organism and are taken
up by immature DC and then presented to naive T-lymphocytes (LT) thus eliciting
hypersensitivity reactions. Activation of DC by haptens induces the maturation of
DC. During this process, DC migrates to lymph nodes to activate LT. Migration of
DC involves many factors including the expression of the chemokine receptor
CCR7. In this study, we tested the effects of nickel sulfate (NiSO4) on CCR7 ex-
pression on immature DC and investigated the signalling pathways involved in its
expression. Immature DC were differentiated from cord blood CD34+ cells.
Treatment of DC by NiSO4 (500 uM) during 24 hrs induced the maturation of
these cells as assessed by the expression of CD83 and CD86. NiSO4 also elicited
the migration of these cells in response to CCL19 through induction of CCR7 on
their surface. To establish the mechanisms involved in the expression of CCR7, we
examined the activation of the Mitogen-activated protein kinases (MAPKs),
p38MAPK and c-jun N-terminal Kinase (JNK), and the activation of the Nuclear
Factor (NF)-xB in NiSO4 stimulated-DC. In our model, stimulation of immature
DC with NiSO4 induced phosphorylation of p38MAPK and JNK and also the ac-
tivation of NF-kB. To evaluate the role of these transduction pathways in the ex-
pression of CCR7, we used specific inhibitors for each pathways. Cells pretreated
with SB203580, a specific inhibitor of p38MAPK or parthenolide, an inhibitor of
NF-kB activation, showed a down-regulation of CD83 and CCR?7 expression in-
duced by NiSOA4. For the first time, the role of JNK in the maturation of DC was
also demonstrated since CD83 and CCR7 expression were inhibited by SP600125,
a specific inhibitor of JNK. These results suggested the predominant roles of
p38MAPK, JNK and NF-«B pathways in the expression of CCR7 induced by the

contact sensitizers.
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231 STUDIES ON THE RESPIRATORY IMMUNE RESPONSE
TO A PROTEASE AND IMPLICATIONS FOR THE
SAFETY ASSESSMENT OF ENZYME-CONTAINING
PERSONAL CARE PRODUCTS.

E.S. Finn', S. P Chapoval’, A.Xue’, V. Chowdhary’, L. C. Limardi', A. C.
Pursifull', E.V. Marietta®, T. A. Gaffeyz, B. Kirchner!, K. Sarlo!, C.S. David*
and D. N. Rubingh'. ' Procter & Gamble Co., Cincinnati, OH, *Mayo Clinic,
Rochester, MN and*Yale University, New Haven, CT.

Microbial enzymes have been safely used in detergents for over 30 years. Their use
is expanding in new applications such as personal care products resulting in the po-
tential for development of IgE-mediated allergy. Understanding the immune re-
sponse to enzymes is a key step in the safety assessment of new enzyme-containing
applications. Changing the enzyme so that it is less likely to induce an allergic re-
sponse is one approach to address safety of these new applications. Humans and
HLA Class II transgenic (tg) mice were evaluated for Ab and T cell responses and
genetic susceptibility to the protease Y217L BPN. MHC Class II alleles were evalu-
ated in occupationally exposed workers using SSP-PCR. A number of alleles were
found among workers with Ag-specific IgE: DQ8 was statistically associated with
development of IgE (susceptible) and DQ6/DR15 was associated with absence of
IgE (protection). T cell epitope mapping studies in humans identified several epi-
topes with patterns of epitopes varying among individuals. Immunization of HLA-
DQ6, DQ8, DR3 and DR4 tg mice showed that DQ8 mice were susceptible to de-
velopment of Y217L BPN hypersensitivity based on development of Ag-specific
IgG1/IgE and lung eosinophilia. DQ6 and DR3 mice developed an Ab response
but required additional immunizations over a longer period of time. T cell epitope
mapping studies in DQ8 and DQG6 mice identified several T cell epitopes many of
which were similar between the two strains. Some of these epitopes were similar to
epitopes recognized by humans. In summary, studies in humans and tg mice show
the allergic response to the protease Y217L BPN is complex and diverse. This in-
creases the complexity of safety programs needed to assure that native and modified
enzymes are safe for use in personal care products. These safety programs must in-
clude exposure assessment and robust clinical testing.

232 ASSESSMENT OF IMMUNE RESPONSES TO
PENICILLIUM CHRYSOGENUM AND
CHARACTERIZATION OF ITS ALLERGENS.

Y. Chungl, M. E. Viana?, L. B. Copeland3, M. K. Selgrade3 and M. D. Ward®.
!'ESE, UNC/USEPA, Chapel Hill, NC, >CVM, NCSU, Raleigh, NC and’ USEPA,
Research Triangle Park, NC.

Molds have been associated with allergic disease but have not been studied exten-
sively despite their widespread presence in the indoor environment. 2 chrysogenum
has been associated with both water damaged buildings and sick building syn-
drome. Our objectives in this study were to assess immune responses to P chryso-
genum and to identify allergenic (IgE inducing) proteins of the fungus. BALB/c
mice were exposed four times over a four-week period by involuntary aspiration
(IA) to 1, 10 or 100 ug of P chrysogenum extract (PCE) or Hank’s balanced salt so-
lution as vehicle control. Positive control mice were exposed to 10 ug of
Metarhizium anisopliae extract (MACA). Serum and bronchoalveolar lavage fluid
(BALF) were collected before (D0), at 1 (D1) and 3 (D3) days following the final
IA exposure. Only mice exposed to 100 pg of PCE showed responses different from
vehicle control, but some of these mice were moribund. The mice exposed to PCE
(100 pg) demonstrated significant increases in BALF levels of total protein, lactate
dehydrogenase (LDH), total cell, macrophages, neutrophils, lymphocytes, and
eosinophils at DO, D1 and D3, compared to vehicle control. Mice exposed once to
100 pg of PCE (inflammatory control) showed significantly increased levels of total
protein, LDH and neutrophils in BALF at D1 and D3. Four exposures to PCE
(100 pg) also resulted in significantly increased IgE in both serum and BALF com-
pared to vehicle and inflammatory control. Eosinophils in BALF of mice exposed
to 100 pug of PCE was lower than that of mice exposed to 10 pug of MACA but
higher than the vehicle or inflammatory control. Western blot analysis showed 8
IgE inducing proteins in PCE, ranging from approximately 28 to 65.5 kD. Current
data indicate that although PCE may induce allergic responses with less potency
than MACA, it does contain IgE-inducing proteins. (Supported by UNC/EPA
Cooperative Training Agreement CT826513 and this abstract does not reflect EPA

policy.)

233 THE IDENTIFICATION AND CHARACTERIZATION OF
AN IGE-INDUCING PROTEIN IN METARHIZIUM
ANISOPLIAE EXTRACT.

M. Ward', L. B. Copeland’, M. J. Donohue® and J. A. Shoemaker”. 'NHEERL,

USEPA, Research Triangle Park, NC, 2NERL, USEPA, Cincinnati, OH and

3Oﬂ/erz'dge Institute for Science and Education, Cincinnati, OH.

BALB/c mice exposed by involuntary aspiration to Metarhizium anisopliae extract

(MACA), a microbial pesticide, have shown responses characteristic of human al-

lergic lung disease. The current study was undertaken to identify and characterize
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fungal allergens from MACA. We have identified 4 protein bands on SDS-PAGE
Western blots that bind IgE in hyperimmune serum. These proteins have an appar-
ent molecular weight of 127.6 kDa, 114.7 kDa, 89.7 kDa, and 52.6 kDa, respec-
tively. Immunoblots of 2-dimensional (2-D) gels shows 8 protein spots with acidic
pls ranging between pH 4.8 and pH 5.5. These protein spots were collected follow-
ing alignment of 2-D gel Western blot autoradiographs with Coomassie blue
stained 2-D gels. Subsequently, matrix assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF-MS) and electrospray ionization mass
spectrometry (ESI-MS/MS) were used to analyze these isolated fungal peptides and
proteins. The MS data on molecular weight, peptide profiles, and amino acid se-
quence is currently being used to mine databases for potential sequence or domain
homology to known allergens using the MASCOT database-mining algorithm.
Identification, characterization, and purification of the IgE-inducing proteins in
this fungal extract will provide a tool for assessing relative potency by comparison to
better characterized allergens such as house dust mite. These newly characterized
fungal proteins will be added to the database of allergens, which collectively can be
used to identify other structures as potential allergens. (This abstract does not re-

flect EPA policy.)

234 TOPICAL SENSITIZATION AND INTRANASAL
CHALLENGE TO TRIMELLITIC ANHYDRIDE INDUCES
AN ALLERGIC RHINITIS SIMILAR TO THAT INDUCED
BY INTRANASAL SENSITIZATION AND CHALLENGE
IN A/] MICE.

A. K. Farraj"?, ]. R. Harkema® and N. E. Kaminski'. ' Pharmacology and
Toxicology, Michigan State University, East Lansing, MI and” Pathology and
Diagnostic Investigation, Michigan State University, East Lansing, MI.

Allergic airway diseases induced by low molecular weight (LMW) chemicals, in-
cluding trimellitic anhydride (TMA), are mediated principally by Th2 cytokines
and characterized by airway mucus hypersecretion and an influx of eosinophils and
lymphocytes. The most common route of human exposure to LMW chemical res-
piratory allergens is inhalation. In a previous study, we demonstrated that intranasal
sensitization and challenge of A/] mice with TMA induced the characteristic im-
munologic and pathologic responses of LMW chemical-induced allergic rhinitis.
However, in many murine models of human LMW chemical-induced airway al-
lergy, the mouse is sensitized to the chemical by topical exposure. In the present
study, we hypothesized that mice topically or intranasally sensitized to TMA would
develop similar immunologic and pathologic responses in their nasal airways after
intranasal challenge to this LMW chemical. A/J mice were topically or intranasally
sensitized and then intranasally challenged with TMA in an ethyl acetate/olive oil
vehicle. Nasal and pulmonary airways were processed for light microscopic exami-
nation. Total serum IgE was measured using an ELISA. Intranasal challenge with
TMA in mice that were either topically or intranasally sensitized with TMA caused
a marked allergic rhinitis characterized by an influx of eosinophils, lymphocytes
and plasma cells. Both topical and intranasal sensitization also induced increases in
total serum IgE compared to their corresponding vehicle controls after intranasal
challenge. The data suggest that topical application is effective in sensitizing mice to
TMA and induces a nasal airway lesion after intranasal challenge that is qualita-
tively similar to intranasal sensitization and challenge. Skin exposure may be a po-
tential route of sensitization of the respiratory tract to LMW chemicals (funded in
part by American Chemistry Council #0051).

235 PERSISTENT SPECIFIC AIRWAY RESPONSIVENESS IN
RATS SENSITIZED TO AND CHALLENGED WITH
TRIMELLITIC ANHYDRIDE (TMA).

P D. Siegel, X. Zhang and D. M. Lewis. HELD/ASB, NIOSH/CDC,
Morgantown, WV,

TMA is an organic acid anhydride that is widely used in industry. It can induce
specific IgE and cause occupational asthma in sensitized individuals. Persistent oc-
cupational asthma, even with antigen/hapten avoidance can be seen is approxi-
mately 20% of the cases. Duration of both circulating TMA-specific IgE and spe-
cific airway responsiveness was studied in a TMA sensitized Brown Norway rat
asthma model as possible contributory factors to persistent asthma. TMA powder
(4 mg) was applied to 4 anesthetized rats’ backs (clipped with scissors) on days 0, 7,
14 and 21 and washed off after 4 hrs. Specific IgE analyses and airway challenge
with TMA (40 mg/m’ for 10 min) were performed on day 35 and day 386. The
ELISA OD values for TMA-specific IgE were 0.4620.07 and 0.12+0.02 on day 35
and day 386, respectively (non-specific binding from control sera
0OD=0.0840.002). Dual, early- (EAR) and late-phase (LAR) airway responses (in-
dicated by enhanced pause, an index of airway resistance) were observed on day 35.
A dual response was noted upon rechallenge on day 386 in 3 rats and LAR-only in
the 4th rat. These results demonstrate the persistence of specific airway responsive-
ness to TMA, even though circulating specific-IgE had drastically declined.



236 CROSS-REACTIVITY OF ACID ANHYDRIDES ASSESSED
BY AIRWAY CHALLENGE IN RATS SENSITIZED WITH
TRIMELLITIC ANHYDRIDE (TMA).

X. Zhang, J.S. Fedan, D. M. Lewis and P._D. Siegel. HELD, NIOSH/CDC,
Morgantown, WV,

Previous studies using inhaled organic acid anhydride (OAA)-protein conjugates in
studies of airway hyperreactivity have revealed immunologic cross-reactivity among
OAA:s. The present investigation evaluated cross reactivity between phthalic anhy-
dride, (PA), tetrachlorophthalic anhydride (TCPA) and TMA with respect to their
ability to induce asthma-like airway responses in TMA-hapten-sensitized Brown
Norway rats. Four to 40 mg of dry TMA powder was applied to anesthetized rats’
backs (hair removed with scissors) on days 0, 7, 14 and 21 and washed off with
water 4 hours after each application. Inhalation challenge with TMA aerosol (40
mg/m*10 min) was performed on day 35 and Penh, an index of airway resistance,
was measured The sensitized rats developed early(EAR)- and late(LAR)-phase ob-
structive responses. One week after TMA mhalatron exposure, rats were challenged
with TMA, PA or TCPA aerosol (40mg/m”, 10 min; n = 8 in each group). EAR de-
veloped in all rats challenged with TMA, 3 rats challenged with PA, and 7 rats chal-
lenged with TCPA. The LAR developed in all TMA-challenged, sensitized rats, but
none of the TMA sensitized rats challenged with PA or TCPA developed the LAR.
We have previously reported that low dose TMA airway challenge results in EAR-
only similar to the airway responses observed in the present cross-reactivity studies.
It is concluded that cross-reactivity exists between TMA and both PA and TCPA.
These airway responses are most likely immune mediated and the reason why this
cross-reactivity was manifested only by EAR may be related to lower relative anti-
genic potency of PA and TCPA to that of TMA in TMA-sensitized rats.

237 INHALATION EXPOSURE OF TRIMELLITIC
ANHYDRIDE (TMA) AEROSOL IN A BROWN NORWAY
RAT MODEL.

D. M. Lewis, X. Zhang and P_D. Siegel. HELD, NIOSH/CDC, Morgantown,
4%

Inhalation is one of the TMA exposure routes for sensitization and subsequent
asthma. The present work reported some characteristics after inhalation exposure of
TMA aerosol. Brown Norway rats (n=8/group) were exposed, once a week from
day 0 to day 63 with 40 mg/m® TMA or to day 70 with 4 mg/m TMA in a nose-
only system for 10 min. Enhanced pause (Penh, an index of airway resistance) was
recorded in Buxco chambers overnight ()12 hours) Sera were collected weekly for
antibody analyses. For the group with 40mg/m’ of TMA, specific IgE level was sig-
nificantly increased after day 7 and reached the peak by day 49. By day 14 these rats
developed early- (EAR) and late- phase airway responses (LAR) following exposure.

For the group exposed to 4mg/m’ of TMA, specific IgE level was significantly in-
creased by day 21 and reached the peak by day 56; however, no obvrously airway re-
sponses were noted. Two weeks after the final exposure the 4 mg/m® TMA exposed
rats were challenged with 40 mg/m’® TMA resulting in both an EAR and LAR re-
sponse. The specific IgE levels for rats with high dose of TMA were greater than
that with low dose of TMA. We conclude that high dose and short term inhalation
exposure may induce specific IgE and airway responses; low dose and short term ex-
posure can induce specific IgE production to establish sensitization, while the de-
velopment of airway responses needs high dose of TMA for challenge.

238 INTERSPECIES VARIATION AND LINEAGE
SPECIFICITY IN HEMATOPOIETIC TOXICITY
TESTING.

C. Pereira, J. Damen and E. Clarke. Contract Assay, StemCell Technologies Inc.,
Vancouver, BC, Canada. Sponsor: M. Ehrich.

In the search for efficient and cost effective ways to screen lead compounds for
hematotoxicity, the use of Colony Forming Cell (CFC) assays has received a great
deal of attention. These standardized assays allow the detection of toxicity on
hematopoietic progenitor subsets (erythroid, myeloid, megakaryocytic) to evaluate
potential cytopenic conditions, as well as mesenchymal progenitors to evaluate po-
tential damage to the bone and connective tissue. As these assays require the growth
of primary cells in culture for up to 14 days, they offer a high level of sensitivity and
allow the quantitative and qualitative evaluation of colony growth and morphology,
providing high functional content. Using CFC assays, the toxic effects of three an-
tineoplastic compounds were tested on erythroid (CFU-E, BFU-E), myeloid
(CFU-GM) and mesenchymal (CFU-F) progenitor growth. 5-Fluorouracil (5-FU),
Hydroxyurea (HU) and Paclitaxel were incubated in culture with both human and

murine bone marrow progenitor cells for 10-14 days, after which colonies were
scored and assessed. Results indicate that each compound displays a unique spec-
trum of toxicity on each progenitor lineage; erythroid, myeloid and mesenchymal
lineages showing different relative susceptibility to toxicity depending on the com-
pound tested. In addition, up to 10-fold differences were seen between human and
murine progenitor sensitivity to each compound. Our data highlights the multifac-
eted nature of bone marrow and unique specificity of action of individual com-
pounds. The results also illustrate the importance of using the most appropriate
species model in preclinical studies to improve predictivity and clinical success.

239 A HIGH THROUGHPUT CELL-BASED ASSAY FOR
ASSESSMENT OF HEPATOTOXICITY USING
CRYOPRESERVED HUMAN HEPATOCYTES.

M. Chen, M. Hann and K. Zhang. Pharmacology, Novartis Institute for Functional
Genomics, San Diego, CA.

Screening for hepatotoxicity during early stage of drug discovery may add another
important tool, among others, to improve the quality of drug candidates advancing
into lead optimization. We report here a high throughput cell-based assay (384-well
plate) capable of detecting acute hepatotoxicity. Test compounds were exposed to
cryopresevered primary human hepatocytes for 18 hours and cytotoxicity was
measured using a luciferin/luciferase assay that quantifies cellular ATP levels. In a
proof of concept study, we evaluated 30 reference compounds with known hepato-
toxicity along with 8 non-hepatotoxicants using human hepatocytes obtained from
three donors. Dose-dependent cytotoxicity was observed for 23 of the potential he-
patotoxicants, such as aflatoxin B, tamoxifen, troglitazone, ketoconazole and flu-
tamide, with measurable TC50 values (<115 uM) within the test concentration
range. No apparent cytotoxicity was observed for the other 6 compounds (TC50
>500 uM) including phenytoin, Carbamazapine and crotaline. However, all of
these six except carbon tetrachloride were reported hepatotoxic as a result of combi-
nation therapy with other drugs. For the 8 non-hepatotoxicants tested (Buspirone,
Theophyline and Ibuprofen etc), none of them showed cytotoxicity (TC50 >500
uM). This data indicates that our assay is reasonably predictive in detecting acute
hepatotoxicity of drug candidates and can be employed in the high throughput
mode during lead optimization process. It should also be of interest for retrospec-
tive mechanistic studies of heptotoxicity observed 77 vivo.

240 PHASE I AND II RESULTS OF A VALIDATION STUDY TO
EVALUATE IN VITRO CYTOTOXICITY ASSAYS FOR
ESTIMATING RODENT AND HUMAN ACUTE
SYSTEMIC TOXICITY.

M. Parrs 2T Strrckland \Y/ W. Stokes', S Casati®, R. Tice TICE: , H. Raabe4, C
Cao’, R. Clothrer J. Harbell G. Mun®, A. Srzemore ¢ G. Moyer,
Madren- Whalley C. Krrshna, M. Owen’ , N. Bourne®, J. Haseman’, P
Crockett®, M. Wenk’, M. Vallant and A. \X/orth]3 ! NICEATM, NIEHS,
Research Trzangle Park, NC, ILS, Inc., Re:mrch Triangle Park, NC, >ECVAM,
[spm lraly, v, Gaithersburg, MD, °Us Army, Aberdeen Provmg Ground, MD,
$University of Nottin §/7am, Nottingham, United Kingdom, "NIEHS, Research
Triangle Park, NC, °ASI, Research Triangle Park, NC and ?BioReliance, Rockville,
MD.

Studies have identified a correlation between 7 vitro cytotoxicity and acute oral
toxicity. NICEATM and ECVAM initiated a three-phase multi-laboratory valida-
tion study to evaluate the usefulness of two standardized 77 vitro basal cytotoxicity
assays for estimating rodent and human acute toxicity and the extent that they may
reduce animal use. Seventy-two coded chemicals (12 from each of five acute oral
hazard categories; 12 unclassified/nontoxic chemicals) will be tested in mouse 3T3
fibroblasts and in normal human epidermal keratinocytes (NHK) using neutral red
(NR) uptake assays. Protocols were optimized after each of the first two phases to
minimize intra- and inter-laboratory variation prior to testing 60 chemicals in
Phase I1I. Phase Ia established the historical databases for the positive control chem-
ical, sodium laurel sulfate (SLS), for each of three laboratories. Three chemicals
were tested in Phase Ib and nine in Phase II. Technical challenges arose in Phases
Ia/Ib (i.e., formation of NR dye crystals; uneven growth of NHKSs; slow growth of
3T3 cells) that were resolved with Phase II protocols. Significant variation in NHK
growth occurred in Phase II with various lots of media and supplements. The opti-
mized final protocols are being tested in Phase III. Rodent oral LD50 values were
estimated using prediction models based on the Registry of Cytotoxicity data and
Phase I/II results. Human toxicity will be estimated using a prediction model based
on data from human poisoning reports and the Multicentre Evaluation of n Vitro
Cytotoxicity (MEIC). Supported by: N01-ES-35504, NO1-ES-75408; EPA TIAG
DW-75-93893601-0; European Commission 19416-2002-04 F2ED ISP GB.
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241 DATA COLLECTION AND ANALYSIS SYSTEMS FOR AN
IN VITRO CYTOTOXICITY VALIDATION STUDY.

J. Strickland"?, M. Paris"?, H. Raabe®, J. Haseman®, S. Casati’, R. Clothier®,
C. Cao’, P, Crockett®, R.Tice"”and R. Stokes’. 'ILS, Inc., Research Triangle
Park, NC, °NICEATM, NIEHS, Research Triangle Park, NC, IIVS, Gaithersburg,
MD, *NIEHS, Research Triangle Park, NC, >ECVAM, Ispra, Italy, °University of
Nottingham, Nottingham, United Kingdom, ”US Army, Aberdeen Proving Ground,
MD and *ACI, Research Triangle Park, NC.

NICEATM and ECVAM designed a multi-laboratory validation study to evaluate
two in vitro basal cytotoxicity test methods using 72 coded chemicals with a wide
range of acute oral toxicity. The study was designed in three phases to allow adjust-
ments in the cytotoxicity protocols and data collection and evaluation procedures
before the majority of the chemicals are tested in Phase III. An Excel template was
distributed to the participating labs for collection of raw data, analysis for outliers
among dose replicates, documentation of materials and procedures, simple graphi-
cal analysis of dose-response, and transformation of data to the proper format for
further analysis. Rather than applying a linear interpolation technique to the dose
response to calculate the IC50, GraphPad Prism software was used to perform a
Hill function analysis. IC20, IC50, and IC80 values and associated 95 percent con-
fidence limits were calculated, and the data and fitted model were graphed. Initial
criteria for an acceptable dose-response for individual tests included one data point
between 10 & 50 percent viability, one data point between 50 & 90 percent viabil-
ity, and r2>0.8. A Prism template was distributed to the laboratories to automate
and provide uniformity of analysis. To increase the speed of data collection and
evaluation of the analyses by the Study Management Team (SMT) and consulting
biostatisticians, the laboratories submitted Excel and Prism data files by e-mail.
Results compiled by the SMT were returned to the originating laboratories for
audit to ensure accurate transmission of data. Implementation of these procedures
shows that automated data collection in relatively common, easy-to-use electronic
formats can facilitate uniformity of data collection and analysis. Supported by:
NO1-ES 35504; EPA IAG DW-75-93893601-0; European Commission 19416-
2002-04 F2ED ISP GB.

242 MANAGING TOXIC SYNERGISM IN HYPOCHLORITE-
CONTAINING CLEANERS USING THE BOVINE
CORNEAL AND PERMEABILITY (BCOP) ASSAY, PART 1II.

J. E. Swanson', W. M. Rees', D. S. Hilgers', ]. C. Merrill® and IRA Harbell®.
'SC Johnson & Son, Inc., Racine, WI and” Institute for In Vitro Sciences, Inc.,
Gaithersburg, MD.

Consumers continue to seek products that will both clean and combat mold and
mildew stains on various surfaces in the home. Such products are commonly for-
mulated as alkaline hypochlorite and surfactant-containing aqueous solutions and
usually have significant ocular irritation potential. Previous studies have shown the
applicability of the BCOP Assay to evaluate this class of cleaners (Rees et al., 2001).
In this study, a standard cleaner containing 0.25% sodium hypochlorite, anionic
surfactant and alkali (pH 13, 0.24% active chlorine content) was compared to a
2.5% stabilized hypochlorite cleaner containing the same surfactant (sodium N-
chlorosulfamate salts, pH 5, 2.4% active chlorine content). A worst possible case
human exposure time of 5 minutes was utilized in the assay. Treatment and scoring
followed the standard BCOP protocol (Sina et al., 1995). However, longer post-ex-
posure incubation times of 4 and 20 hours were found to be necessary for detecting
the irritation potential of oxidizing/reactive chemistries in earlier work. Results
show that the pH 5, 2.5% stabilized hypochlorite cleaner is much less irritating
than the standard alkaline 0.25% sodium hypochlorite cleaner. The BCOP In Vitro
Scores were 5.2 and 4.3 for the stabilized hypochlorite cleaner compared to 55.6
and 59.7 for the sodium hypochlorite cleaner with 4 and 20 hour exposure times,
respectively. Histology confirmed these results. These data suggest that ocular irrita-
tion and tissue damage potential for active chlorine-containing cleaners may be
markedly reduced when alternative chemical forms of hypochlorite are employed,
relative to conventional sodium hypochlorite-based compositions.

243 IN VITRO CYTOTOXICITY TESTING WITH CULTURED
IMMORTAL HUMAN COLON CELLS.

R. Konsoula and E A. Barile. Department of Pharmaceutical Sciences, St. John's
University College of Pharmacy, Jamaica, NY.

An in vitro study was conducted to test the toxicity of 20 representative chemicals
on immortal human colon cells (Caco-2). The study aims to develop a cell culture
model that compares gastrointestinal absorption (GIA) with cytotoxicity. The
chemicals were selected from the guidance document prepared by the Interagency
Coordinating Committee on the Validation of Alternative Methods (ICCVAM).
Cultured Caco-2 cells have been traditionally used as an 77 vizro model of intestinal
epithelium. Caco-2 cells were seeded in 96-well plates and cytotoxicity was deter-
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mined using cell viability assays (MTT and NRU). Confluent monolayers were ex-
posed to increasing concentrations of chemicals for 24- and 72-hrs. In addition,
cells were seeded on polycarbonate filter membranes (Millicell® culture plate in-
serts). After 12 to 14 days, the differentiated monolayers were exposed to increasing
concentrations of the chemicals from the apical side for 24- and 72-hrs.
Transepithelial electrical resistance (TEER) was used to monitor paracellular per-
meability in the inserts. Inhibitory concentrations 50% (IC50s) were extrapolated
from concentration—effect curves after linear regression analysis. The data suggest
that the viability assays were more sensitive indicators of chemical exposure than
TEER measurements. Comparison of the IC50s for the cytotoxicity data indicates
that there was no significant difference between 24- and 72-hr exposures. In addi-
tion, the results from the MTT and NRU assays were statistically similar (paired
students’ t-test, P=0.05). Comparison of the IC50s in this model allows for the dif-
ferentiation between the concentrations necessary for cytotoxicity and those needed
to interfere with paracellular permeability. Development of an 77 vitro test system
for GIA, in combination with acute toxicity, improves the predictive ability of in
vitro acute cytotoxicity assays for in wivo lethality. (Supported by

NIH/NIEHS/AREA R15 ES012170-01).

244 INDUCTION OF FIBROSIS BY BLEOMYCIN AND
CARMUSTINE IN RAT LUNG SLICES.

H. P. Behrsing, K. Amin, C.Ip and C. A. Tyson. Toxicology Laboratory, SRI
International, Menlo Park, CA.

At present, there are no generally accepted i vitro models for identifying and
studying chronic effects of lung toxicants. Due to recent advances in slice culture
techniques, precision-cut slices were evaluated as a potentially feasible option for
this purpose. The slices were prepared from Fischer 344 rat lungs and placed on
HATF-covered titanium inserts in a dynamic roller system. The incubations were
conducted in supplemented M-199 medium for up to 28 days under a 5% CO,/air
atmosphere in the presence or absence of bleomycin and carmustine, agents known
to produce pulmonary toxicity. Tissue viability and functionality was assessed
weekly by measuring LDH and alkaline phosphatase content and histological ex-
amination with H&E and Masson trichrome stains. Control slices showed intact,
adequately preserved parenchymal architecture with high viability and minimal or
no fibrosis over the 28-day period. Exposure to bleomycin resulted in damage to
tissue and loss of viability reflected in decreased enzyme levels and histological
changes. Fibrosis was evident at the highest concentration at Day 8 and addition-
ally at lower concentrations at Days 16 and 28. The fibrosis was characterized by a
predominantly focal pattern present at the slice margin and around the bronchioles.
These lesions mimicked the subpleural and peribronchiolar pattern of fibrosis ob-
served by other investigators in intact lungs after systemic administration of
bleomycin. The toxicity was less dramatic with carmustine. Mild-to-moderate dam-
age was seen in bronchiolar and alveolar epithelium. An interesting finding was the
development of fibrosis at Day 28 which is consistent with the fact that carmustine
causes delayed fibrosis clinically. These results show that precision-cut lung slices
can be successfully cultured in the dynamic roller system for at least 28 days and
serve as a candidate model iz vitro system for studying lung toxicants. This work

was supported by NCI grant CA09748.

245 INDUCTION OF A ZONE OF CELL DEATH IN MULTI-
WELL PLATES BY REFEEDING.

H. A. Raabe, G. O. Moyer, G. C. Mun, A. M. Sizemore, J. W. Harbell and ].
C. Merrill. Institute for In Vitro Sciences, Inc., Gaithersburg, MD.

Multi-well plates provide an efficient format for cell-based bioassays. As the num-
ber of wells increases per plate, the surface area and number of cells per well de-
creases. Consequently, the use of the small-well format can present some problems.
We have observed cell cultures in 96-well plates where significant populations of
cells begin to die shortly after refeeding the cell cultures (dumping the spent
medium by inverting the plate and adding fresh medium). The zones or areas of cell
death appear to occur within a predictable ring just inside of the periphery of the
multi-well plate wells, coinciding with the formation of a meniscus formed by the
residual medium in the well following removal of the spent culture medium. This
effect appears in larger well formats (e.g., 24-well plates) but has more impact in
smaller well formats where the ratio of wall circumference to cell area is greater. The
impact of these effects tends to be more pronounced when cultures are refed at rel-
atively low confluence, resulting in areas devoid of cells. The zone is also more evi-
dent with cell types where cell migration is limited, presumably since those cell
types are less apt to migrate to establish new colonies in the deserted areas. Cells
cultured in the presence or absence of serum show qualitatively similar results.
When uniform, 30% confluent lawns of human keratinocytes in 96-well plates
were refed, the cells within the zone rapidly lost the ability to take up neutral red
and showed nuclear condensation. After 48 hours, the neutral red uptake (ODyy)
was significantly reduced in the refed wells (0.830 £ 0.058, mean * standard devia-
tion, n=6 assays) compared to wells that were not refed (1.066 * 0.034 where p <



0.0001). These results were confirmed in 3T3 cells cultured in serum-containing
medium. These observations show the impact of the medium change in the 96-well
plate format, and suggest that protocols should be designed to minimize this cell
loss.

246 ARE PRIMARY RAT HEPATOCYTE CULTURES
APPROPRIATE FOR PREDICTIVE HEPATOTOXICITY
TESTING OF PHARMACEUTICALS.

H. Powell, A. Quigley, J. Hopwood, J. Eakins and G. Kenna. Safety Assessment,
AstraZeneca, Macclesfield, Cheshire, United Kingdom. Sponsor: T. Orton.

Liver toxicity is a significant cause of project attrition within the pharmaceutical in-
dustry and an important class of adverse drug reactions. This reflects an unmet
need for approaches that aid selection of non-hepatotoxic compounds during drug
discovery. Although cultured hepatocytes have been used extensively to explore
mechanisms of toxicity, their predictive value is unclear. The aim of the present
study was to investigate this issue. Hepatocytes from male Han Wistar rats (192-
372g) were isolated by collagenase perfusion and cultured in collagen-coated 24-
well plates in monolayer or sandwich (i.e. Matrigel™ overlay) configuration. The
monolayers exhibited variable basal ATP levels and LDH leakage, and a progressive
decrease in viability in culture that were not observed for sandwich cultures.
Treatment of monolayer cultures with 5 non-hepatotoxic compounds (strepto-
mycin, physostigmine, metformin, acyclovir, N-acetyl-m-aminophenol [AMAP])
resulted in I1C, values for LDH leakage at 24 hr that exceeded 1.7 mM. More po-
tent toxicity was observed with 9 hepatotoxic compounds (ct-naphthylisocyanate,
diclofenac, ibuprofen, chlorpromazine, amiodarone, tetracycline, methapyrilene,
tacrine, gentamicin) but not with a further 8 hepatotoxins (acetaminophen
[APAP], thioacetamide, valproate, methotrexate, phenobarbital, zidovudine, acetyl-
salicylate, vancomycin, ). Similar, albeit more reproducible, results were obtained
when sandwich cultures were exposed to 3 of the non-hepatotoxins (streptomycin,
metformin, AMAP) and 7 of the hepatotoxins (diclofenac, chlorpromazine,
methapyrilene, tacrine, APAD, valproate, methotrexate). The most striking feature
of these results is the absence of false positives amongst the non-hepatotoxic com-
pounds. The sensitivity for detection of hepatotoxins (9 of 17; 53%) was modest,
although this could be related to our choice of compounds. Use of additional end-
points of toxicity may improve predictivity, as may further assay refinement (e.g. re-
peat dose studies in sandwich cultures).

247 HIGH-THROUGHPUT ASSAY FOR ASSESSING LIVER
TOXICITY.

P. McGrath, C. Parng, C.Ton and C. Zhang. Phylonix Pharmaceuticals, Inc.,
Cambridge, MA. Sponsor: P_Mayeux.

The goal of this study was to develop a high-throughput whole animal bioassay to
evaluate liver/gastrointestinal (GI) toxicity of potential therapeutics. We used the
level of biotin as an 77 vive toxicity marker. The sole known function of biotin in
human cells is to act as cofactor of five biotin-conjugated carboxylases. These bi-
otin-dependent carboxylases catalyze key reactions in gluconeogenesis, fatty acid
metabolism, and amino acid catabolism. Decreased levels of these biotin-conju-
gated enzymes have been reported in infants with severe liver dysfunction and in-
creased enzyme levels were observed in transgenic mice with massive liver enlarge-
ment. Using the well-characterized mechanism of the strong interaction of biotin
with avidin conjugated with reporter enzymes, we measured enzyme levels indi-
rectly based on the stochiometric relationship between the enzyme and biotin mol-
ecules throughout early liver/gut development. Since the zebrafish develops rapidly,
and the liver is functional at 48 hpf (hours post-fertilization), a relative short exper-
imental time is required to assess toxicity. This study demonstrated the utility of
using zebrafish embryos to evaluate drug induced toxicity in a quantitative 96-well
microplate format. Using soluble substrate and end product, we measured changes
in total biotin content, which reflected carboxylase activity and other biotin-related
functions. Next, we showed a clear dose response for several test drugs, and we cor-
related drug-induced changes in biotin content in zebrafish with liver damage in
humans. We also demonstrated the pathology of liver disease such as fatty liver and
the pharmacological response of CYP in zebrafish are comparable to those in
human. Assessment of drug effects in a convenient vertebrate model, prior to pro-
ceeding to evaluation in a complex system, such as mouse, can potentially stream-
line drug development and dramatically reduce costs.

248 CHANGES IN ARGININE UPTAKE, GLUTATHIONE
LEVELS, UREA AND NITRIC OXIDE SYNTHESES IN
RAT LIVER SPHEROIDS AFTER EXPOSURE TO
PROPRANOLOL.

M. Ma, J. Xu and W. Purcell. Faculty of Applied Sciences, University of the West of

England, Bristol, United Kingdom. Sponsor: C. Atterwill.

Propranolol is an adrenergic B-blocker, used clinically in the treatment of cardio-

vascular disorders and hypertension. It can cause liver injury in patients and hepatic

cytotoxicity 7 vitro. The mechanism of its hepatotoxicity is however unclear. This

study examined the changes in arginine uptake, glutathione (GSH and GSSG) lev-
els and urea and nitric oxide (NO) syntheses in rat liver spheroids after exposure to
propranolol. Rat liver spheroids were prepared by a gyrotatory-mediated method in
a 6-well plate format and exposed to propranolol at 62.5, 125, 250 and 500 UM re-
spectively. The results showed that propranolol caused a concentration-dependent
increase in arginine uptake (p < 0.01) and significantly increased NO synthesis (p <
0.01) and GSH levels (p < 0.05) at 250 uM but decreased both endpoints at 500
UM (p < 0.01). GSSG levels were similar across all concentrations of propranolol
tested. Urea secretion was increased significantly (p < 0.05) at 125 UM of propra-
nolol and decreased at 500 UM (p < 0.01) but no significant change was observed
at the other concentrations tested. It is concluded that propranolol can cause exten-
sive functional and biochemical changes in hepatocytes. The increase in urea secre-
tion relates to the increase in arginine uptake. The increases in NO synthesis and
GSH levels after exposure to 250 UM propranolol represent cells actively respond-
ing to the stressful challenge. Beyond a certain point cells may be seriously injured
or die as indicated by urea, NO synthesis and GSH levels, which significantly de-
creased after exposure to higher concentrations of propranolol. It suggests that the
changes in NO synthesis and GSH levels after exposure to propranolol may reflect
the severity of cell injury.

249 ATWO-STEP PROTOCOL TO DETERMINE LIVER
SPHEROID CELL SPREADING INHIBITION
CONCENTRATION (SCSIC) OF TOXICANTS.

J. Xu and W. M. Purcell. Faculty of Applied Sciences, University of the West of
England, Bristol, United Kingdom. Sponsor: C. Atterwill.

Liver spheroid culture has been shown to be a valuable 7 vitro model in toxicology
studies. An hepatocyte is a complex unit responding to challenges induced by
chemicals and functional changes are dependent upon the nature of the toxicity in-
duced. To elucidate the concentration dependent relationship between a challenge
and a particular functional change, a suitable range is essential. Therefore, a refer-
ence concentration for deciding the ‘dosing regimen’ for in vitro studies is needed.
We previously developed a new method, the Spheroid Cell Spreading Inhibition
Test (SCSIT), to determine the minimum concentration causing Spheroid Cell
Spreading Inhibition (SCSIC). SCSIC can be used as a reference concentration for
subsequent experiments. This study further refined the protocol for SCSIT to de-
termine the SCSIC of a toxicant more precisely by a two-step protocol. Rat liver
spheroids were prepared from a Sprague rat liver by a gyrotatory spheroid culture
method. Three hepatotoxicants, chlorpromazine, (2-chloro-10-[3-dimethylamino-
propyllphenothiazine), 2-propylpentanoic acid (valproic acid) and ethanol, which
represent different levels of relative toxicity were selected. SCSIT was performed in
a 24-well plate format. Five spheroids were used for each concentration. The first
step covered a wide concentration range from 1 UM to 1 M (1, 25, 50, 100, 500
and 1000 uM, and 10, 50, 100, 500 and 1000 mM). The second step was based on
the results of the SCSIC from the first step. The minimum SCSIC of each test
compound from the first step was further diluted down to the highest SCSIT neg-
ative concentration. The results from the first step showed that the SCSIC for
chlorpromazine was at 50 UM, for 2-Propylpentanoic acid at 50 mM and for
ethanol at 1000 mM. The more precise results were obtained from the second step
in that the SCSIC for chlorpromazine was at 30 UM, for 2-Propylpentanoic acid at
8 mM and ethanol at 600 mM. It is concluded that the two step protocol for
SCSIT greatly improved the precision in determining the SCSIC of a test com-
pound.

250 EVALUATION OF LIVER SPECIFIC FUNCTIONS AS
HEPATOCYTOTOXIC ENDPOINTS USING A LIVER
SPHEROID MODEL.

W. M. Purcell and J. Xu. Faculty of Applied Sciences, University of the West of
England, Bristol, United Kingdom. Sponsor: C. Atterwill.

Liver specific functions such as albumin and urea syntheses, glucose secretion and
galactose uptake are important in normal physiology. These functions reflect the
status of hepatocytes in terms of protein synthesis, amino acid and energy metabo-
lism and their changes can be easily detected in the blood. Therefore, they are ideal
parameters to measure to assess liver functionality. How these functions respond to
acute exposure to toxicants has not been evaluated in detail before. Previous studies
have shown that mature spheroids (6 days) perform these specific functions much
better and are more stable than immature ones (1-5 days). This study using the rat
liver spheroid model investigated the changes of liver specific functions in the acute
phase after exposure to model hepatotoxicants, diclofenac (100, 500 and 1000
UM), galactosamine (5, 10 and 20 mM), isoniazid (5, 10 and 20 mM) and parac-
etamol (1, 5 and 25 mM). The results show that diclofenac, isoniazid and paraceta-
mol significantly (p < 0.01) decreased albumin secretion, whereas galactosamine
significantly (p < 0.05) increased albumin release at 5 mM and caused no signifi-
cant change at other concentrations tested. The test toxicants significantly (p <
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0.01) reduced galactose uptake except for isoniazid, which did not cause any signif-
icant detectable effect on galactose uptake. The changes in urea secretion after ex-
posure to the four test toxicants were unpredictable. Diclofenac (1000 uM) and
paracetamol (25 mM) significantly (p < 0.01) increased urea secretion, galac-
tosamine (10 mM) significantly (p < 0.05) decreased secretion and isoniazid had no
apparent effect on urea secretion. Glucose secretion was significantly (p < 0.01) de-
creased in a concentration-dependent manner after exposure to each of the four
toxicants. It is concluded that the test toxicants variously affected the different
functional endpoints in liver spheroids with glucose secretion being the most sensi-
tive indicator.

251 IN VITRO ANALYSIS OF MULTIPARAMETRIC
CYTOTOXICITY AT THE INDIVIDUAL CELL LEVEL.

V. Abraham, B. Samson, O. Lapets and J. Haskins. Cellomics, Inc., Pittsburgh,
PA. Sponsor: E. McGuire.

We have developed an automated image analysis algorithm for automated classifi-
cation of individual cells 77 vitro according to their responses across multiple indi-
cators of cytotoxicity. Measurements of each indicator are automatically computed
in individual cells viz analysis of high-resolution digital images captured using au-
tomated fluorescence imaging microscopy. Classification is achieved through defin-
ing ‘Events’ by combining individual indicator measurements with standard
Boolean operators in a manner that is biologically meaningful. This functionality
may be used to rank toxic effects and determine mechanism of toxicity (e.g. differ-
entiating apoptosis from necrosis). Two sets of experiments were performed to vali-
date this approach. In the first, the dose-dependent effects of valinomycin (K+
ionophore) and CCCP (protonophore) on HepG2 cells were evaluated. Cellular
targets evaluated were mitochondrial transmembrane potential, membrane perme-
ability and nuclear morphology. Events were defined to classify cellular responses
according to acuteness of toxicity. This approach allowed analysis of dose-depend-
ent effects across multiple relevant parameters and rapid comparison of multipara-
metric toxicity of valinomycin and CCCP on a molar basis. Secondly, we imple-
mented an assay for phosphatidylserine (PS) translocation to detect apoptosis in
Jurkat cells treated with camptothecin. Changes in nuclear morphology (indicative
of late stage apoptosis) and onset of membrane permeability (indicating necrosis)
were also monitored and incorporated in Event definitions. Events were defined to
detect the frequency of occurrence of apoptosis in the absence of necrosis at the in-
dividual cell level. These results demonstrate the applicability this approach for
rapid, automated analysis of individual cellular cytotoxicity profiles. In addition,
this approach is particularly valuable in providing a method of data reduction for
high-content cellular investigations that typically generate greater than 1075 indi-
vidual relevant cellular measurements per 96-well microplate.

252 ALLERGEN-INDUCED CHANGES IN CYTOKINE
EXPRESSION BY CULTURED DENDRITIC CELLS:
RELATIONSHIP WITH CYTOTOXICITY.

C.]J. Betts', M. Cumberbatch', B. Hulette’, G. Gerberick?, C. A. Ryan’, R.].
Dearman' and L Kimber'. ISyngenm CTL, Macclesfield, Cheshire, United Kingdom
and ?Procter & Gamble, Cincinnati, OH.

Epidermal Langerhans cells (LC) play pivotal roles in cutaneous immune responses,
including skin sensitization. Analyses of these cells have been facilitated by the de-
velopment of methods for the generation in culture of dendritic cells (DC) with an
LC-like phenotype from murine bone marrow-derived precursors. Such cells may
provide a basis for identifying alternative approaches for skin sensitization hazard
identification. Bone marrow cells were isolated from the femurs and tibiae of fe-
male BALB/c strain mice and cultured in the presence of murine
granulocyte/macrophage-colony stimulating factor over a period of 8 days. These
cells acquired an immature DC-like phenotype with expression of low levels of
MHC class II determinants and high levels of intracellular adhesion molecule 1 and
CD11c, but were negative for CD80 and CD86. We have analyzed the cytokine se-
cretion profiles during 24 hr culture with the water-soluble allergen dinitrobenzene
sulfonic acid (DNBS). Control cells were cultured with medium alone, or with
1ug/ml bacterial lipopolysaccharide (LPS). DC cultured in the presence of medium
alone secreted measurable levels of interleukin (IL)-10t, IL-1f, IL-6 and IL-12 (p40
subunit). IL-12 (p70) was not detectable. Culture in the presence of 0.5mM
DNBS, a dose that did not impact on cell viability, had relatively little impact on
cytokine secretion, with modest increases only in IL-12 (p40 and p70). However,
treatment with ImM DNBS, a concentration that routinely caused a marked loss
in cell viability (0-20% wviable), resulted in increased production of IL-1ct, IL-1f,
IL-6 and both forms of IL-12. Culture of mouse DC with LPS (viability greater
than 90%) resulted in marked up-regulation of tumor necrosis factor o, IL-10 and
IL-17 in addition to those cytokines mentioned above. It may prove that optimal
allergen-induced cytokine secretion by cultured DC requires a second signal in the
form of cellular trauma
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253 HEAT SHOCK PROTEIN RESPONSES IN
TETRAFLUOROETHYLCYSTEINE-INDUCED
CYTOTOXICITY.

H.Ho', Y. Jia', Z. Hd’, D. M. Hockenbery4, N. Fausto’, S.D. Nelson' and S.
A. Bruschi'. 'Medicinal Chemistry, University of Washington, Seattle, WA,
°Pathology, University of Washington, Seattle, WA, >Amgen Inc., Seattle, WA and
?Fred Hutchinson Cancer Research Center, Seattle, WA.

Tetrafluoroethylecysteine (TFEC), a metabolite of the industrial gas tetrafluoroeth-
ylene, initiates nephrotoxicity by the covalent modification of a relatively few mito-
chondrial proteins. The use of murine TAMH cell line faithfully reproduces TFEC
bioactivation and renal cell injury with dose- and time-dependent inhibitions of
both mitochondrial aconitase and oi-ketoglutarate dehydrogenase. A cytotoxic dose
of TFEC (e.g. 250 uM; 8 h) significantly elevated the levels of inducible HSP70
(HSP70i). Alterations to stress protein HSP60, mtHSP70 and HSP25-related lev-
els were also observed following TFEC treatment. Prior heat shock treatment in-
duced levels of HSP70i, HSP40 and HSP25 and displayed a cytoprotective effect
on TFEC toxicity. However, heat shock cross-tolerance and cytoprotection was
more effective with diquat or rotenone treatment in comparison to TFEC.
Supporting earlier evidence of BAX translocation and cytochrome c release, we also
observed that constitutive overexpression of BCL-xL suppressed HSP70i induction
but failed to inhibit the induction of stress-responsive transcription factor, ATF3.
This suggests that participation of BCL-xL in cytoprotection precedes proteotoxic-
ity and some cellular stress responses like HSP70i upregulation, but not others like
ATF3. Overall, the results implicate a role for heat shock proteins in the modula-
tion of TFEC-induced cytotoxicity. (Supported by NIEHS Center Grant
P30ES07033 and Pfizer Inc.)

254 APPLICATION OF QSARs TO EVALUATE THE
CYTOTOXICITY OF p-BENZOQUINONES TO RAT
PRIMARY HEPATOCYTES AND PC12 CELLS.

A. G. Siraki, T.S. Chan and P. J. O’Brien. Pharmaceutical Sciences, University of
Toronto, Toronto, ON, Canada. Sponsor: ]. Uetrecht.

Quinones are found ubiquitously, and are involved in homeostasis, anti-cancer
treatment, but are environmental contaminants or reactive metabolites that can
cause cytotoxicity and induce carcinogenesis. Consequently, a better understanding
of the molecular characteristics of quinones that induce cytotoxicity is desirable.
We have performed a comparative study, where we apply quantitative structure-ac-
tivity relationships (QSARs) to evaluate the cytotoxic effects of p-benzoquinone
(BQ) congeners in rat PC12 cells and primary rat hepatocytes. Hepatocytes and
PC12 cells were cultured and maintained at 37 °C, 5% CO,/Air. Cytotoxicity was
determined by the MTT assay, and reactive oxygen species (ROS) formation was
determined by 2, 7’-dichlorofluorescein after treatment with BQ derivatives. We
derived robust QSARSs for cytotoxicity which were dependent on the solvent acces-
sible surface area (SA) and the Hammett substituent constant (G, correlates to elec-
tron affinity) of the BQ: log LD50(hepatocytes) = 0.0146(+0.00154)SAS -
0.562(+0.0461)G + 0.694(£0.149). The PC12 equation was similar. The most cy-
totoxic compounds were the halogenated BQs and the least toxic were fully substi-
tuted alkyl BQs such as duroquinone and Coenzyme Q1. The relative order of BQ
cytotoxicity in both cell types was similar, suggesting a similar mechanism of cyto-
toxic action. Since BQ)s are readily reduced by the two electron NADPH:Quinone
Oxidoreductase (NQO), we evaluated cytotoxicity in NQO-inhibited (dicumarol
treated) cells and derived a robust QSAR with only SA as a parameter. Finally, ROS
formation was found to correlate with cytotoxicity, but BQ treatment in PC12 cells
produced more ROS per dose than in hepatocytes. In conclusion, BQ cytotoxicity
was dependent on SA and electrophilicity (0). Second, BQ cytotoxicity with
NQO-inhibition was dependent on SA suggesting that one-electron reductases
have a structural requirement for reduction. Lastly, the greater amounts of ROS
produced in PC12 cells than hepatocytes is likely a result of lower catalase levels
compared to hepatocytes.

255 RELATIONSHIP BETWEEN CD86 EXPRESSION,
CYTOTOXICITY AND EXPOSURE OF DENDRITIC
CELLS TO CHEMICAL ALLERGEN.

B. Hulette', C. Ryan', L. Gildea', L Kimber’, R. Dearman® and E.Gerberick'.
! Procter & Gamble, Cincinnati, OH and *Syngenta Central Toxicology Laboratory,
Macclesfield, Cheshire, United Kingdom.

Human peripheral blood derived dendritic cells (DC) respond to a variety of chem-
ical allergens by up-regulating expression of the co-stimulatory molecule CD86. It
has been postulated that this measure might provide the basis for an 7 vitro alter-
native approach for the identification of skin sensitizing chemicals. We recently re-
ported that DC, exposed in culture to the highest non-cytotoxic concentrations of
various chemical allergens, displayed marginal up-regulation of membrane CD86



expression; the interpretation being that such changes were insufficiently sensitive
for the purposes of hazard identification. For the work presented here, immature
DC were derived from human monocytes and treated with the chemical allergens
2, 4-dinitrobenzenesulfonic acid, nickel sulfate, p-phenylenediamine, oxazalone,
Bandrowski’s base, hydroquinone and propyl gallate for 48 hrs at concentrations
which induced both non-cytotoxic and slight to moderate cytotoxicity. For com-
parison, DC were treated with the irritants sodium dodecyl sulfate (SDS), benzoic
acid (BA), and benzalkonium chloride (BZC) at concentrations resulting in com-
parable levels of cytotoxicity. CD86 expression, as measured by flow cytometry, was
consistently up-regulated (ranging from 190-386 % control) on DC treated with
concentrations of chemical allergens that induced 10-15% cytotoxicity. The irri-
tants SDS, BA, and BZC did not induce up-regulation of CD86 expression (rang-
ing from 87-100 % control) when tested at concentrations that induced similar lev-
els of cytotoxicity. Our results confirm that chemical allergens up-regulate CD86
expression on blood-derived DC and illustrate further that up-regulation of CD86
surface marker expression is more robust when DC are treated with concentrations
of chemical allergen that induce slight to moderate cytotoxicity. We conclude that
an association between CD86 expression and cytotoxicity appears evident, but the
mechanism underlying this phenomenon have yet to be determined but is under
investigation.

256 COMPARATIVE TOXICITY OF DIFFERENT EMISSION
PARTICLES IN MURINE PULMONARY EPITHELIAL
CELLS AND MACROPHAGES.

T. Stevens', D Singhz, M. Daniels? and M. Gilmour?. IToxicology, UNC, Chapel
Hill, NC and’NHEERL, USEPA, Research Triangle Park, NC.

Epidemiological studies have shown a correlation between levels of particular mat-
ter (PM) and hospital admissions and mortality due to respiratory illness. The
chemical components of PM responsible for these effects are not known. This study
investigated the ability of diesel exhaust particles (DEP) and fine coal fly ash (CFA)
from different sources to cause injury and activation of lung cells. Murine pul-
monary macrophages and epithelial cell lines were exposed for 1, 4, or 24 hours
with varying doses of NIST 2975, Japanese DEP, German DEP, W Kentucky fine
CFA, or Montana fine CFA (10 ug/ml, 50 pg/ml, or 150 pg/ml) as well as vehicle
control and endotoxin (0.2 pg/ml, 1 pg/ml, or 5 ug/ml). After exposure, biochem-
ical markers of cytotoxicity, lactate dehydrogenase (LDH) and ATP production,
and pro-inflammatory cytokines (TNF-o,, MIP-2, IL-6, and IL-1P) were analyzed.
Overall, the DEPs caused more cytotoxicity than the CFA samples, and
macrophages were more sensitive than epithelial cells. ATP effects were stronger
and seen at earlier time points demonstrating this assay to be more sensitive than
LDH. No differences in cytokine levels were observed in the epithelial cells of any
treatment group. Each cytokine was greatly increased in LPS-exposed macrophages
but showed variable patterns with the PM exposure treatments across time and con-
centration. While some increases were noted, there was a general decrease in cy-
tokine output as exposure concentrations increased which may be related to either
the decrease in ATP levels, or binding of cytokines by the particulates. We conclude
that measurement of ATP levels in the murine macrophage cell line was the most
sensitive endpoint of PM effects and that DEP samples are more potent than CFAs.
Measurement of cell products such as cytokines may be confounded by changes in
metabolic activity or physical interaction with the materials under study.

(Supported by NIEHS T32ESO7126-21A, this abstract does not reflect EPA pol-
icy.)

257 PRESENCE OF TIGHT AND ADHERENS JUNCTION
PROTEINS IN AN IMMORTALIZED Z310 CHOROID
PLEXUS CELL LINE.

W. Zheng', L. Shi', J. Li', J. Szmydynger-Chodobska® and A. Chodobski’.
!School of Health Sciences, Purdue University, West Lafayette, IN and” Clinical
Neurosciences, Brown University, Providence, RI.

The blood-CSF barrier (BCB), located mainly in the epithelium of the choroid
plexus, has been demonstrated to play an important role in brain development,
maturation, aging, endocrine regulation, and pathogenesis of certain neurodegener-
ative diseases. To facilitate the 77z vitro investigation of material transport on the
BCB, we have recently developed an immortalized Z310 murine choroidal epithe-
lial cell line (Zheng and Zhao, Brain Res, 958:371, 2002). This study further char-
acterized the tight junction properties of this BCB cell model. The presence of tight
and adherens junction proteins was investigated by Western blotting, immunocyto-
chemistry, and RT-PCR. The expression of occludin, E-cadherin, and claudin-1,
but not claudin-2, was confirmed by Western blot analyses. While ZO1 was de-
tectable on immunoblots, the intensity of bands was low even with the high protein
loading (40 ug per lane). The cellular localization of occludin and E-cadherin was
investigated by immunocytochemistry; the presence of transcripts for these proteins
was confirmed by RT-PCR. Transmission electron microscopy (TEM) was used to
examine the intercellular tight junctions in Z310 cells grown on a semipermeable

membrane in a Transwell device. TEM showed a tight junction-type of structures
located immediately below the apical surface between two adjacent cells. TEM also
revealed the presence of microvilli on the apical domain of Z310 cells, suggesting a
secretory function of these cells. The initial permeability rate constants, obtained
with a paracellular permeability marker ["“C]sucrose, were 862, 432, and 538
fmol/min for devices without cells (control), with primary choroidal epithelial cells,
and with Z310 cells, respectively. These data indicate that the Z310 cells possess the
tight junction properties and may be suitable for the barrier transport studies.
[Supported by: NTH/NIEHS RO1 ES-08146 (WZ) and NIH/NINDS R01 NS-
39921 (AC)]

258 DETERMINATION OF ENERGY AND REDOX STATES
IN CELL CULTURE FOLLOWING CADMIUM
EXPOSURE.

L. Yu', R.C. Gupta® and M. S. Yang'. ' Biology, Hong Kong Baptist University,

Hong Kong, China and” Toxicology Department, Murray Sate University, Breathitr

Veterinary Center, Hopkinsville, KY.

The present investigation was undertaken to determine energy and redox states by
measuring the levels of ATP, ADP, AMP, GSH, and GSSG in HepG2 hepatoma
and C6 glioma cell lines. Perchloric acid extracts of these cells were analyzed for
ATP, ADP, and AMP using an isocratic RP-HPLC method and for GSH and
GSSG using a fluorescence method. The values of these metabolites were used to
calculate the energy charge potential (ECP=[ATP+0.5ADP]/TAN), total adenine
nucleotides (TAN=ATP+ADP+ AMP), total glutathione
(TG=[GSH+GSSG]/TAN) and the redox state (GSH/GSSG ratio). Findings re-
vealed that ATP:ADP:AMP was 0.76:0.11:0.13 for the HepG2 cells and
0.80:0.11:0.09 for the C6 glioma cells. ECP was 0.81+0.01 and 0.85%0.01 for the
HepG2 and the C6 glioma cells, respectively. TG was 3.2+0.54 and 2.0310.05 for
HepG2 and C6 glioma cells, respectively, indicating that the level of TG is 2-3 fold
higher than the levels of energy metabolites in the two cell lines. GSH/GSSG was
2.66%0.16 for the HepG2 cells and 2.03£0.23 for the C6 glioma cells. Following a
3 hr incubation, CdCI2 at a low level (0.2 mM) caused some increases in TG in
both cell lines. GSH/GSSG in the C6 glioma cells rapidly decreased at a dose of 0.1
mM CdCI2. The HepG2 cells on the other hand, showed no significant change in
GSH/GSSG ratio until CdCI2 concentration reached 0.6mM. These results indi-
cate that energy and redox states differ in these two cell lines and that the cell lines
respond differently to cadmium exposure.

259 BASAL GENE EXPRESSION PROFILES AND EFFECTS OF
HEPATOCARCINOGENS ON GENE EXPRESSION IN
PRIMARY HUMAN HEPATOCYTES AND HEPG2 CELLS.

A.]. Harris', S. L. Dial' and D. A. Casciano®. ' Center for Hepatotoxicity, NCTR,
Jefferson, AR and zOﬁ%e of the Director, NCTR, Jefferson, AR.

Toxicogenomics is a relatively new discipline of toxicology. Microarrays and bioin-
formatics tools are being used successfully to understand the effects of toxicants on
in vivo and in vitro model systems, and to gain a better understanding of the rele-
vance of in vitro models commonly used in toxicological studies. In this study,
cDNA filter arrays were used to determine the basal expression patterns of cultured
primary human hepatocytes from 3 male donors; compare the gene expression pro-
file of HepG2 to that of primary human hepatocytes; and analyze the effects of 3
genotoxic hepatocarcinogens; aflatoxin B1 (AFB,), 2-acetylaminofluorene (2AAF),
and dimethylnitrosamine (DMN), as well as acetaminophen (APAP) a non-geno-
toxic hepatotoxicant, on gene expression in both 77 vitro systems. Real-time PCR
was used to verify differential gene expression for selected genes. Of the approxi-
mately 31, 000 genes screened, 3-6 % were expressed in primary hepatocytes cul-
tured on matrigel for 16 hr. Of these genes, 870 were expressed in cultured hepato-
cytes from all donors. HepG2 cells expressed about 98% of the genes detectable in
human hepatocytes, however, 31% of the HepG2 transcriptome was unique to the
cell line. There was considerable variability in the response to chemical carcinogen
exposure in primary hepatocytes from different donors. The expression of tran-
scription factor genes, E2F1 and ID1, were increased 3-fold and 6-fold (P< 0.05,
P< 0.01), respectively in AFB, treated primary human hepatocytes but were not al-
tered in HepG2. ID1 expression was also increased by DMN, 2AAF and APAP in
both primary hepatocytes and HepG2. This study suggests that identification of
biomarkers of exposure to some chemicals may be possible in the human through
microarray analysis, despite the variability in responses.

260 GENE EXPRESSION MICROARRAY-BASED HYPOTHESIS
FOR CADMIUM-INDUCED BONE LOSS.

M. H. Bhattacharyya', A. Regunathan', D. A. Glesne' and A. K. Wilson®.
IArgonnf National Laboratory, Argonne, IL and 2 Benedictine University, Lisle, IL.

To identify a mechanism of Cd-induced bone loss that did not rely on guessing the
pathways involved, a whole-mouse genome gene-expression microarray was used to
determine bone cell changes after a single Cd gavage to mice. To identify early path-
ways, time points were 2h and 4h after gavage, for a dose (200 ug Cd/mouse) at
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which calcium release from bone starts at 8h. Three mouse strains [CF1, metalloth-
ionein-normal (MTN), and MT1, 2-deficient (MT1, 2KO)] were studied to iden-
tify a robust mechanism that applied across mouse strains. Results showed that ~18
genes increased significantly in mRNA concentration in bone cells in all 4 or in 3 of
the 4 microarrays. High to low in Cd responsiveness, these were: cysteine-rich pro-
tein 61 (Cyr61), metallothionein 2 (MT2), transferrin receptor (TfR), glutamine
synthetase pseudogene 1, MT1, acidic chitinase, RIKEN ¢cDNA 3930, src-like
adaptor protein, vacuolar proton pump ATPase, integrin alpha v, aquaporin 1, and
p38 MAP Kinase. No genes showed analogous decreases. Concentration increases
were small but validated by Northern analyses. Gene changes fit into the following
hypothesis: Cadmium could, by currently unknown mechanisms, increase expres-
sion of cysteine-rich protein 61 (Cyr61) in osteoblasts and of p38 MAP kinase in
osteoclast precursor cells. Cyr61, high in osteoblasts, is a secreted extracellular ma-
trix-associated protein that could attract osteoclasts and bind to their surface inte-
grin receptor, stimulating osteoclast migration, adhesion and activation. Activation
would stimulate expression of other osteoclast genes, including integrin alpha-v,
vacuolar proton pump ATPase (provides acid to dissolve bone calcium and activate
acid proteases that degrade bone matrix), and transferrin receptor (provides needed
iron). Osteoclast precursor cells contain high concentrations of p38 MAP kinase
compared to other bone cells, and this kinase is required for osteoclast formation.
The latter pathways could explain existing evidence that cadmium stimulates bone
loss by increasing both osteoclast formation and activation.

261 BISMUTH-INDUCED RESISTANCE AGAINST
CISPLATIN NEPHROTOXICITY AND GENE
EXPRESSION PROFILE IN CULTURED TUBULAR
EPITHELIUM.

EA de Wolffl B. T. Leussink’, J.J. Baelde?, T M. Broekhulzen-van den Berg ,
E. de Heer’, A. Slikkerveer®, G. B. van der Voet' and J. A. Brul)n MToxicology
Laboratory, Leiden University Med. Ctr, Leiden, Netherlands, Deparrmem of
Pathology, Leiden University Med. Ctr, Leiden, Netherlands and * Research
Laboratories, Yamanouchi Europe BV, Leiderdorp, Netherlands.

Introduction Nephrotoxicity is the most important dose-limiting factor in cisplatin-
based anti-neoplastic treatment. Pretreatment with bismuth salts, used as pharma-
ceuticals to treat gastric disorders, has been demonstrated to reduce cisplatin-in-
duced renal cell death in clinical settings and during iz vive and in vitro animal
experiments. Aim To investigate the genetic basis of the renoprotective effect of bis-
muth against cisplatin nephrotoxicity. Methods We e 3posed NRK-52E cells, a cell
line of proxlmal tubular epithelial origin, to 33 UM Bi’* for 12 h, which made them
resistant against cisplatin-induced apoptosis. Genes differentially expressed in
treated and untreated NRK-52E cells were detected with subtraction PCR and mi-
croarray technology. Results Genes found to be down-regulated (0.17 to 0.31 times)
were cytochrome-c¢ oxidase subunit I, BAR (an apoptosis regulator), heat-shock
protein 70-like protein, and 3 proteins belonging to the translation machinery (ri-
bosomal proteins S7 and L17, and S1, a member of the elongation factor 1-ot fam-
ily). The only gene found to be up-regulated was glutathione S-transferase subunit
3A (1.89 times). Conclusions Glutathione has been demonstrated earlier to play a
key role in protecting proximal tubular epithelial cells from cisplatin induced cell
death. Local upregulation may therefore explain the renoprotective effect of bis-
muth. Guided by the expression levels of these genes, it may be possible to improve
renoprotective treatments in the context of anti-neoplastic therapies.

262 TOXICOGENOMIC ANALYSIS OF ABERRANT GENE
EXPRESSION IN NEWBORN MOUSE LIVER INDUCED
BY TRANSPLACENTAL EXPOSURE TO CARCINOGENIC
DOSES OF INORGANIC ARSENIC.

Y Xie', I. Liu', B. A. Diwan? J. M. Ward®, D. L. Logsdon and M. P Waalkes'.
lnorgﬂmc Carcinogenesis Smflon, LCC, NCI a NIEHS, Research Triangle Park, NC,
2SAIC, NCI at Frederick, Frederick, MD and”’ Office of Laboratory Animal Science,
NCI at Frederick, Frederick, MD.

We previously found that brief exposure of pregnant mice to arsenite in the drink-
ing water induced hepatocellular carcinoma (HCC) in the offspring when they
reached adulthood. Furthermore, adult mice exposed to carcinogenic doses of ar-
senite 77 utero show remarkable gene expression changes that could be related to
oncogenesis. To help determine the onset of these changes, this study focused on
aberrant gene expression in newborn mice induced by 77 utero arsenic (As) exposure
at a dose shown in our prior work to induce HCC. Thus, groups of pregnant mice
were exposed to drinking water containing 85 ppm As (as sodium arsenite) or unal-
tered water (control) from gestation day 8 to 18. The dams were allowed to give
birth, and liver samples were taken from the newborn pups for analysis of As con-
tent, global DNA methylation status and altered gene expression. This dose was
well tolerated and there was no evidence of maternal or fetal toxicity. In the neona-
tal liver As was detectable after in utero exposure (57.2 ng/g on average) but not
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present in the controls, suggesting that As had crossed the placenta and accumu-
lated in the fetal liver. Global hepatic DNA methylation status was not altered by
As exposure. In As-treated neonates, 70 out of the 600 genes analyzed by microar-
ray showed aberrant expression, which was confirmed for selected genes by PCR
analysis. IGF (insulin-like growth factor)-related genes as well as genes encoding cy-
tochrome P450 and GST showed particularly noticeable alterations. This included
the reduced expression of IGF-1, IGF-2, IGFBP-1, IGFBP-2 and CYP1A2, 2B9,
2D9, 2E1, 2F2, 3A11, 3A13, 3A25, 4A10 and 4A14, and the enhanced expression
of GST 5, GST P1 and GST theta 1. This study revealed that 77 utero exposure to
As at non-toxic doses induces remarkable aberrant gene expression changes in the
newborn liver, a target of As carcinogenesis.

263 FURTHER STUDIES ON GENE EXPRESSION CHANGES
ASSOCIATED WITH TRANSPLACENTAL ARSENIC
CARCINOGENESIS.

.Liu', Y. Xie', B.A. Diwan’, J. M. Ward®, D. L. Logsdon” andM D Waalkes'.

[nargamc Cﬂrcmygmeszs LCC NCI at NIEHS, Ra/ezgh NC, *SAIC, NCI-
Frederick, Frederick, MD and? Office of Laboratory Animal Sciences, NCI -Frederick,
Frederick, MD.

Our prior work shows arsenic alone is a transplacental carcinogen in male mice. In
a follow-up study, pregnant C3H mice were given drinking water containing 85
ppm arsenic as sodium arsenite or unaltered water from day 8 to 18 of gestation. In
order to promote arsenic-initiated tumors, mice received arsenic 7z utero and then
12-O-teradecanoyl phorbol-13-acetate (TPA), a tumor promoter, was applied to
the skin of offspring (2 mg/0.1 ml acetone, 2 times/week) from 4-25 weeks. The
administration of TPA did not promote skin tumors but significantly increased
liver tumors in females. Thus, arsenic exposure iz utero plus TPA at weaning pro-
duced liver tumors in both male and female mice. Liver tumors and non-tumorous
tissues were taken at necropsy. Total RNA was isolated and purified to perform mi-
croarray analysis using a 600-gene custom array. Arsenic plus TPA treatment re-
sulted in increased expression of a-fetoprotein, c-myc, cyclin D1, CYP2A4, cytok-
eratin-8, cytokeratin-18, glutathione S-transferases and insulin-like growth factor
binding proteins, as well as decreased expression of betaine-homocysteine methyl-
transferase, CYP7B1, CYP2F2 and insulin-like growth factor-1 in liver tumor sam-
ples and arsenic-exposed non-tumorous surrounding tissue samples, as compared to
controls. Regardless of sex, the expression of several of these genes, such as a-feto-
protein, c-myc, and cyclin D1, is associated with liver tumor formation. Microarray
data were confirmed by real-time RT-PCR analysis on selected genes. The gene ex-
pression changes agree well with our prior genomic analysis on mice exposed to ar-
senic only iz utero. Thus, inorganic arsenic exposure 77 utero plus inclusion of TPA
after weaning caused liver tumor formation and remarkable alterations in gene ex-
pression in adult mice despite ending arsenic exposure during gestation. These
aberrant expression changes may be associated with the formation of arsenic-in-
duced tumors in the liver.

264 MODULATION OF AHR-REGULATED GENE
EXPRESSION BY ARSENITE, CADMIUM, AND
CHROMIUM.

R. H. Elbekai and A. O. El-Kadi. University of Alberta, Edmonton, AB, Canada.
Sponsor: ]. Koropatnick.

AHR ligands and heavy metals are environmental co-contaminants and their mo-
lecular interaction may disrupt the coordinated regulation of AHR- dependent gene
expression. The aim of this study was to determine the effect of arsenite (As™"), cad-
mium (Cd*") and chromium (Cr®), on the constitutive and inducible expression of
the AHR-regulated genes: cyplal, NAD(P)H: quinone oxidoreductase (QOR) and
glutathione S-transferase Ya (GST Ya). For this purpose, murlne hepatoma Hepa
Tclc7 cells were treated with increasing concentrations of As® (1, 5, and 10 UM),
Cd* (1, 5, and 25 uM) and Cr* (1, 5, and 25 UM) with or without one of the
AHR ligands: 2, 3, 7, 8-tetrachlorodibenzo -p-dioxin (0.1 nM), 3-methylcholan-
threne (0.25 UM), B-naphthoflavone (10 LM), or Benzo[a]pyrene (1 uM). Our re-
sults show that metals or AHR ligands alone increased the catalytic activities and
the mRNA levels of all AHR-regulated genes. When metals were co-administered
with AHR ligands, all three metals inhibited the induction of cyplal activity by the
AHR ligands but potentiated inducible mRNA expression of cyplal in a dose de-
pendent manner. In addition, all metals enhanced QOR constitutive activity and
mRNA transcript levels in a dose-dependent manner but modulated its induction
by AHR ligands in a dose, metal, and AHR ligand-dependent manner. Generally,
Cr* inhibited while As* and Cd** potenmatcd the induction of QOR actlvlty and
mRNA levels. Maximal elevations in GST Ya catalytic activity by As® or Cd*,
alone and with an AHR ligand co-treatment, occurred at the hlghest doses tested
and were accompanied by increased mRNA transcript levels. Cr®*, however, de-



pressed GST Ya catalyzed detoxification capacity of the cells at the mRNA and ac-
tivity levels. The three metals enhanced the expression of heme oxygenase-1 (HO-
1) in a dose-dependent manner suggesting that HO-1 is involved in the modula-
tion of AHR-regulated gene expression by heavy metals. The ability of metals to
alter the capacity of AHR ligands to induce the bioactivating phase I and the detox-
ifying phase IT enzymes will influence the carcinogenicity and mutagenicity of the
AHR ligands.

265 DIFFERENTIAL EFFECTS OF HEAVY METALS ON ARYL
HYDROCARON RECEPTOR-REGULATED GENES.

H. M. Korashy and A. O. El-Kadi. Faculty of Pharmacy & Pharmaceutical Sciences,
University of Alberta, Edmonton, AB, Canada.

Both simultaneous and sequential exposure to heavy metals and aryl hydrocarbon
receptor (AHR) ligands potentially occur in human populations, yet there have
been relatively few studies of combined effects of heavy metals and AHR ligands on
AHR-regulated genes. The aim of this work was to investigate the potential effects
of heavy metals, particularly mercury (ng*), lead (Pb*), and copper (Cu™), on the
constitutive and the inducible expression of AHR-regulated genes; cytochrome
P450 1lal (cyplal), NAD(P)H:quinone oxidoreductase (QOR) and glutathione S-
transferase Ya; (GST Ya) at the activity and mRNA levels. For this purpose, murine
hepatoma hepa 1clc7 wild-type cells were incubated with increasing concentra-
tions ongZ+ (2.5, 5 and 10 uM), Pb* (10, 25 and 100 uM), and Cu”™ (1, 10 and
100 uM) alone or with the AHR-ligand, 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin
(0.1 nM), 3-methylcholanthrene (0.25 uM), B-naphthoflavone (10 pM), or
Benzo[a]pyrene (1 uM). Our results clearly showed that metals alone did not sig-
nificantly alter the cyplal activity, whereas a significant reduction in AHR ligand-
mediated induction of cyplal activity was observed by all metals in a concentra-
tion-dependent manner. Interestingly, the decrease in cyplal activity was
associated with an increase in cyplal mRNA level. With respect to QOR, the ac-
tivity was strongly increased dose-dependently by all metals in the absence or pres-
ence of an AHR-ligand, with the exception of Cu** which significantly decreased
the activity. Changes in QOR at the mRNA levels were in accordance with the ac-
tivity results. Differently, GST Ya activity was significantly increased by Cu** and
Pb* and inhibited by Hg™. All metals significantly increased the expression of
stress protein, heme oxygenase-1 (HO-1). We conclude that heavy metals differen-
tially modulate the constitutive and the inducible expression of AHR-regulated
genes. Chronic exposure of heavy metals/AHR-ligands mixture would be less effec-
tive in inducing AHR-mediated toxicity than exposure to metals or AHR-ligand
alone.

266 ARSENITE INITIATES AH RECEPTOR-INDEPENDENT
REPRESSION OF CYP1A1 INDUCTION BY TCDD.

J. A. Bonzo', A. Galijatovicl, S. Chen' and R. H. Tukcyl’z. IP}mrmaco/ygy,
University of California San Diego, La Jolla, CA and’ Chemistry & Biochemistry,
University of California San Diego, La Jolla, CA.

Arsenite (As™) alters the expression and function of several drug-metabolizing en-
zymes, including cytochrome P450 1A1 (CYP1A1). In addition, it has been shown
that CYPIAI expression can be regulated in a cell cycle dependent manner.
Interestingly, As’* interrupts cell cycle control by initiating G2/M arrest. To exam-
ine the impact of As® on TCDD initiated induction of CYP1A1, HepG2 cells were
treated with sub-cytotoxic (0.5 UM to 50 UM) doses of As>". Exposure of HepG2
cells to TCDD and As®* revealed an As® dose-dependent increase in G2/M phase
arrest. Vinblastine causes G2/M arrest and was shown to decrease TCDD-induced
CYPIAI gene expression. Examination of the catalytic activity of CYP1A1 as meas-
ured by EROD assay in HepG2 cells demonstrated that As* led to a dose-depend-
ent decrease in TCDD-induced EROD activity. This reduction correlated with a
comparable reduction in CYP1A1 as determined by Western blot analysis. The ad-
dition of As> to microsomal preparations generated from TCDD treated cells did
not influence EROD activity, suggesting that inhibition occurs upstream of transla-
tion. This was verified by quantitative analysis of CYP1A1 mRNA by real-time RT-
PCR. The lowest concentration of As®* (0.5 uM) resulted in a 61% reduction in
TCDD-induced CYPIA1 mRNA. Using HepG2 cells that express the human
CYPI1AI-luciferase reporter gene, it was demonstrated that As>* did not alter
TCDD induction of CYPIAI-luciferase. Gel shift analysis confirmed activation of
the AhR and subsequent binding to the XRE following co-treatment with TCDD
and As®". Combined, CYPIA! initiated transcription does not appear to be a target
for the inhibitory properties of As™*. These results indicate that G2/M phase arrest
may be a factor in As>* inhibition of TCDD initiated induction of CYP1A1.
Moreover, the mechanism of inhibition does not impact on activation of the AhR.

(Supported by USPHS grant ES10337).

267 ARSENIC-TRANSFORMED HUMAN PROSTATE
EPITHELIAL CELLS SHOW CHANGES IN ANDROGEN
METABOLISM AND ESTROGEN RECEPTOR
EXPRESSION.

L. Benbrahim-Tallaa', M. M. Webber” and M. P. Waalkes'. Ilnargam'c
Carcinogenesis Section, NCI at NIEHS, Research Triangle Park, NC and zMz'chigan
State University, East Lansing, MI.

Inorganic arsenic (As) is an important environmental toxicant, with natural and in-
dustrial sources. Human As exposure is linked to cancers in various tissues includ-
ing the prostate. However, the molecular mechanisms of As carcinogenesis are still
poorly defined. Steroid hormones play a critical role in stimulating the growth and
differentiation of normal prostate epithelial cells, as well as in the initial growth of
prostate cancer cells. Furthermore, genes involved in the prostatic steroid signaling
pathways have been implicated in cancer development. Variation in the androgen
or estrogen receptor genes, as well as in the steroid metabolizing enzymes, such as,
the steroid 50i-reductase, have been linked to prostate cancer causation and pro-
gression. We have developed an 77 vizro model of As-induced prostate cancer by in-
ducing malignant transformation of the immortalized, non-tumorigenic human
prostate epithelial cell line RWPE-1 by chronic As exposure. To help understand
the molecular mechanisms underlying As-induced malignant transformation, we
performed gene expression comparisons between these chronic As transformed
prostate epithelial cells (designated CAsE-PE) and control RWPE-1 cells. RT-PCR
and western blot were used to examine expression of ER-0 and ER-B. Our studies
revealed an increase in ER-B (1.6-fold) and a decrease in ER-0t (45%) transcript in
As transformed cells compared to control. However, the correlate receptor protein
levels were significantly elevated from 20 and 100% in CAsE-PE cells. 50-reduc-
tase transcript, which encodes for the enzyme that converts testosterone to its active
metabolite, DHT, was markedly increased in CAsE-PE cells. These data suggest al-
tered expression of steroid receptors and altered steroid metabolism occurs in
CASE-PE cells. These changes in steroid metabolism and sex steroid signaling path-
ways may be associated with As-induced malignant transformation and prostate
cancer.
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Nickel compounds have been identified as human carcinogens/cocarcinogens using
both 7 vive studies and epidemiological evaluations. Nickel is known to stabilize
the hypoxia inducible factor-1at (HI