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he National Library of Medicine and
its Toxicology and Environmental
Health Information Program
by Philip Wexler, George Fonger, and Jeanne Goshorn

T

he U.S. National Library of Medicine (NLM) has
played a role in making toxicology information
accessible almost from its inception as the Library
of the Surgeon General’s Office of the U.S. Army in
1836. It did so by virtue of collecting and organizing
an already substantial body of biomedical literature,
of which toxicology has always been an integral part.

first bibliography produced by this program was a
periodic compilation of information on the adverse
effects of drugs. In 1966, a scant four years after
the publication of Rachel Carson’s Silent Spring, the
recently developed MEDLARS (Medical Literature
Analysis and Retrieval System) was used to produce
a pilot issue of the Toxicity Bibliography, a guide
to the literature of toxicity, adverse drug reactions,
and poisoning, culled from some 2,500 journals.
Subsequent to a second pilot, it was published
quarterly from 1968 to 1978.

Published beginning in 1880, under the
distinguished tenure of John Shaw Billings,
the Index-Catalogue was a multi-part printed
bibliography or list of items in the Library. Series
One (1880–95), for example, already lists publications by influential toxicology thinkers, such as
Paracelsus, Orfila, and Ramazzini.

NLM’s Toxicology Information Program (TIP)
began in 1967 as an outgrowth of the President’s
Science Advisory Committee report of the year before,
Handling of Toxicological Information. TIP, sited in
the Library’s Division of Specialized Information
Services (SIS), essentially subsumed NLM’s Drug
Literature Program in 1970. TIP’s focus was the
development of on-line databases, and it began to
fulfill this mission with the creation of TOXLINE
in 1972. TOXLINE was created, and continues, as
a bibliographic database providing citations to the
literature, similar in objective to MEDLINE/PubMed,
but with the focus on toxicology. Its scope includes
the biochemical, pharmacological, physiological, and
toxicological effects of drugs and other chemicals
and contains, in 2010, over 4 million bibliographic
citations, most with abstracts and/or indexing terms
and CAS Registry Numbers. While a large part is
drawn from MEDLINE/PubMed, a number of other
relevant subfiles, representing resources such as
the developmental and reproductive toxicology
database, the International Labour Office, and
reports from the National Technical Information
Service are used to build TOXLINE.

Although the proliferation of journals and
monographs was an undisputed boon to researchers
and clinicians, it would remain for indexing and
abstracting tools to enable precision searching for
information. The National Library of Medicine’s
(NLM) Index Medicus, the first comprehensive index
of journal articles in the library’s collection, began
publication in 1879, and encompassed a broad
swath of toxicology literature. The bound volumes
of Index Medicus had a long and distinguished
history as the finding tool of choice for biomedicine.
It was ultimately retired, as its on-line successor,
MEDLINE, matured into a much more efficient
web-based resource. As of 2010, NLM’s even more
extensive PubMed comprised approximately 20
million citations to biomedical literature from sources
including MEDLINE itself, life science journals, and
on-line books.
NLM’s contribution to toxicology information
was considerable even as a facet of its broader
biomedical mission, but activities directed at
toxicology proper were eventually initiated. NLM’s
Drug Literature Program, for example, might
be considered a precursor to later established
programs specifically focused on toxicology. The
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Another early database, CHEMLINE, was
conceived as an on-line chemical dictionary.
Drawn largely from the Chemical Abstract
Service (CAS) Registry System, it provided the
unique CAS Registry Numbers (RNs), as well as
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The National Library of Medicine and its Toxicology and Environmental Health Information Program
the numerous synonyms and molecular structures
by which chemicals were identified. CHEMLINE
served as a companion and pointer to information
in NLM’s toxicological databases and identified
regulatory lists on which the chemicals appeared.
CHEMLINE evolved into ChemID, and from thence
to the web-based ChemIDplus, which also offers
some acute toxicity information.

TEHIP both produces databases of its own,
with contractor support, and hosts databases from
federal and other organizations. Within its TOXNET
system are HSDB, TOXLINE, ChemIDplus
(described above), the Chemical Carcinogenesis
Research Information System (from the National
Cancer Institute), Developmental and Reproductive
Toxicology (DART) (with funding from the EPA,
NIEHS, and NCTR), Gene-Tox (from the EPA),
Lact-Med (on drugs and lactation), the Integrated
Risk Information System (IRIS) (from the EPA),
International Toxicity Estimates for Risk (ITER)
(from Toxicology Excellence for Risk Assessment,
a nonprofit organization), Toxics Release Inventory
(TRI) (data from 1987 on, from the EPA) and ToxMap
(a GIS companion to TRI and Superfund and the
Superfund Program), the Household Products
Data Base, and Haz-Map (on occupational safety
and health).

NLM began development of the Toxicology
Data Bank (TDB) an on-line source for peer
reviewed toxicology data, in 1978. This factual
database of over 4000 chemical records arranged
in 60 data fields covered pharmacological and
toxicological data, environmental and occupational
information, manufacturing and use data, and
chemical and physical properties, drawn from
respected secondary sources. Among its unique
features was a committee-based peer review process.
After a time, TDB was re-engineered (and incorporated within the newly established TOXNET system),
to become the Hazardous Substances Data Bank
(HSDB) containing, in 2010, some 150 data fields,
and over 5000 records. A reconstituted peer review
committee, known as the Scientific Review Panel
(SRP), consists of experts in the major subject areas
within the data bank’s scope and meets periodically to vet the data. HSDB continues to grow and
be enhanced to reflect topics of current interest and
concern. Records have recently been added representing radionuclides, nanoparticles, and crude oil
and dispersants.

Additional databases and tools offered by NLM
include AltBib (citations on alternatives to animal
testing, the Dietary Supplements Database, the
Drug Information Portal, DIRLINE (a directory
of information resources in health and medicine,
including toxicology), Pillbox (a visual system for
identifying solid dosage pharmaceuticals), Radiation
Emergency Medical Management (REMM) (to aid in
the diagnosis and management of radiation contamination and exposure), the Wireless Information
System for Emergency Responders (WISER) (to assist
first responders in hazardous materials incidents),
ToxMystery (for kids 7–11), ToxTown (for older
students and the public), and ToxSeek, a meta-search
engine that enables simultaneous and customizable
searching of many different information resources on
the World Wide Web. ToxLearn, a joint NLM-SOT
venture and successor to ToxTutor, is a multi-module
Flash-based tutorial, written at an undergraduate
level, and teaching the basic principles of the subject.

To reflect its broader scope, in 1994, TIP
was renamed the Toxicology and Environmental Health Information Program (TEHIP)
(http://sis.nlm.nih.gov/enviro.html). The TEHIP
program, over the years, has been enlarged extensively
to cover data sources in many areas of toxicology,
including carcinogenesis, genetic toxicology, occupational safety and health, risk assessment, drug images
and other drug information, dietary supplements,
disaster and emergency information, and educational tools for children and the public. It should be
noted that access to all of NLM’s database is publicly
available, world-wide, 24/7, free of charge.
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TEHIP is assembling a growing body of special
topic pages offering links to information resources
on topics of wide interest. These include arsenic and
human health, environmental justice, nanotechnology, pesticide exposure, toxicogenomics, lead
and human health, and children’s environmental
health information.
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NLM’s MedlinePlus (http://www.nlm.nih.gov/
medlineplus/) offers consumer-oriented, easy to
understand information on a host of topics. Related
to toxicology are pages on topics such as alcoholism,
animal bites, carbon monoxide poisoning, chemical
emergencies, cocaine, cosmetics, drinking water,
electromagnetic fields, environmental health, etc.

Finally, it should be mentioned that NLM
continues to be a technology leader, seeks new and
better ways to deliver information, and is increasingly
embracing mobile database applications, and social
media approaches. WISER and REMM, for example,
can be downloaded as applications for assorted
platforms, including Apple’s iPhone and iPod Touch,
as well as BlackBerry devices, and similar projects
are in the works for other existing TEHIP resources.
And it is also easy to stay up-to-date and connected
with SIS’ toxicology activities via Twitter. It may be
difficult to predict what the next great technological
breakthrough will be, but undoubtedly NLM and
TEHIP will be investigating how it can be applied to
further strengthen information transfer to, from, and
within the toxicology community.

The World Library of Toxicology, Chemical
Safety and Environmental Health (WLT) is a free
global Web portal developed by NLM, and eventually
migrated to INND/Toxipedia. Created by an international network of Country Correspondents, on a
wiki platform, it provides the scientific community
and public with links to major government agencies,
non-governmental
organizations,
universities,
professional societies, and other groups addressing
issues related to toxicology, public health, and
environmental health.

With gratitude to current and past SIS management
and staff, in particular George Cosmides, George Fonger,
Jeanne Goshorn, Mike Hazard, Vera Hudson, Henry
Kissman, Steven Phillips, Mel Spann, and Bruno Vasta,
for their roles in creating a focal point for toxicology
information at NLM.

SIS’ newest organizational component, complementary to TEHIP and utilizing a number of its
resources, is the Disaster Information Management
Research Center (DIMRC). DIMRC is charged with
the effective collection, organization, and dissemination of health information for natural, accidental,
or deliberate disasters. Its scope includes but expands
beyond toxic exposures to include disasters such as
floods, hurricanes, earthquakes, etc.

Society of Toxicology
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Career in Toxicology
by Robert A. Neal

I

went to high school in Riverton, Wyoming—
population 1200. My graduating class from high
school numbered 47 souls. Although the academic
curriculum of the high school was limited, it did
provide for a basic introduction to chemistry and
physics. In 1945, as graduation from high school
approached, I was not seriously considering attending
college, owing to lack of finances. However, I was
offered a tuition scholarship, so in the fall of 1945, I
enrolled at the University of Denver, pursuing a major
in chemistry and a minor in physics. My family was
unable to provide any financial support so I worked
at various jobs to provide money for expenses.
These jobs consisted of working at various times as a
parking lot attendant, a janitor, and a hospital orderly.

career of the Air Force. I had very much enjoyed the
excitement and the challenge of flying fighter aircraft.
However, the enjoyment was more of a physical than
intellectual nature. It was fun to strap one of those
marvelous machines to your back sides and launch
yourself into the air at great speed, but it was not
particularly stimulating intellectually. So after some
considerable thought, I decided to leave the Air Force
and pursue a Ph.D. in biochemistry.
The choice of biochemistry stemmed from my
enjoyment of a course taught by Dr. Frank Blood
at the University of Denver. The next decision was
where to go for the Ph.D. degree. Of particular
interest to me initially were the University of Illinois
and the University of Washington. However on
examining the prospectus from a number of other
schools, I noted that Frank Blood had moved from
the University of Denver to Vanderbilt University.
Due to this discovery and the fact that the program at
Vanderbilt was apparently of good quality, I applied
to and was accepted into the Ph.D. program of the
Department of Biochemistry at Vanderbilt.

When I graduated from the University of
Denver in 1949, the job market for chemists was
depressed, owing to the marked downsizing of the
economy from the war years. In addition, those
jobs that were available usually went to World War
II veterans, who were graduating from the nation’s
universities and colleges in record numbers. Failing
to find employment as a chemist, I decided to pursue
a lifetime interest in flying. In 1950, I enlisted in the
United States Air Force (USAF) and was accepted
into the pilot training program. On completing the
14-month basic flying training course, I had the
option of receiving further training in either transport
(slower) or fighter (faster) aircraft. Faster suited my
personality better, so I chose to receive additional
(called advanced) training in jet fighter aircraft and
for the next seven years flew a variety of jet fighters
(F-94, F-89, F-86) in various locations in the United
States and in Asia.

So, in 1958 I resigned from the Air Force, loaded
my pregnant wife and son into the station wagon, and
headed north to Nashville, Tennessee.
I entered the study of biochemistry at the time
when the popularity of the understanding of the
chemical nature of biological processes was at its
zenith. This aspect of biochemistry appealed to me,
so my course of study for a Ph.D. in biochemistry
at Vanderbilt had a strong organic and analytical
chemistry orientation. My thesis research entailed
the isolating and identification, through chemical
synthesis, of metabolic products of the vitamin
thiamin in rats (1,2). My major professor for these
studies was Dr. William Pearson.

In 1957, while stationed in Georgia, I was offered
a regular commission in the USAF. The majority
of the officers serving in the Air Force at any one
time are Reserve Officers. A small percentage
(about 25%) is designated as Regular Officers. The
Regular Officers are the career officers who form
the permanent nucleus of the USAF. Some Reserve
Officers also make a career of the Air Force, but in the
case of a downsizing of the force, they are the first to
be discharged. With the offer of regular commission,
I was forced to decide whether I wanted to make a
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This was before the days of readily available
graduate fellowships. In order to support my family
during my graduate education, I joined the Air
Force Reserve (Tennessee Air National Guard, or
TANG). At this time, the TANG was flying RF-84F
aircraft, a photo reconnaissance fighter. As a member
of the TANG, I was required to fly a local mission
about twice a week, spend one weekend per month
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in flying training exercises, and participate in a
two-week flying training exercise at a location away
from Nashville during the summer. After about two
years of flying the RF-84F, we changed aircraft. We
then began flying four-engine transport (slower but
longer range) aircraft. With these transport aircraft,
we frequently carried cargo to U.S. military installations in Europe and Asia. It was sometimes difficult
to schedule the overseas trips around my graduate
research and teaching obligation. But the faculty in
the department was understanding, and these trips
were accomplished without too much disruption.

of the metabolism of the organophosphate insecticides, with an emphasis on the chemical mechanism
of the cytochrome P450-catalyzed metabolism of
phosphorothioinate trimesters (4-12). Of particular
interest was the reaction leading to the replacement
of the sulfur atom of the thionosulfur group of
parathion with oxygen, which led to the formation of
paraoxon, (O1O-diethyl O-p-nitrophenyl phosphate),
the metabolite responsible for the anticholine-sterase
properties of this compound. Also of interest was the
P450-catalyzed reaction leading to the formation of
O1O-diethyl phosphorothioic acid, a detoxication
product of parathion in which the p-nitrophenyl
group is released (13-16). These studies revealed
that more than one cytochrome P450 enzyme was
involved in the metabolism of parathion. One species
of P450 added an oxygen atom to the sulfur atom
of parathion, forming an unstable intermediate that
rearranged with the loss of monoatomic sulfur,
forming paraoxon. A different P450 enzyme also
added an oxygen atom to the sulfur atom or pharathoin, but in this case, the unstable intermediate
rearranged with the loss of the p-nitrophenyl group,
leading to the formation of O1O-diethyl phosphorothioic acid.

During my course of study for the Ph.D., I was
encouraged by Frank Blood to consider a postdoctoral in toxicology. Consequently, in the fall of 1963,
upon completion of the Ph.D. degree, I moved to the
University of Chicago to do postdoctoral research in
toxicology with Dr. Kenneth DuBois. Ken DuBois
had been involved in the initial secret research
concerning the toxicity of nerve gas warfare agents
produced by Germany prior to and during WWII. A
special restricted-access walled compound had been
built by the U.S. government on the campus of the
University of Chicago to conduct this research. Some
analogues of these organophosphorus compounds
subsequently proved to be commercially useful
as insecticides. Consequently, Ken DuBois had
continued to study members of this important class
of compounds for their potential to produce toxicity
in exposed humans.

We also examined the products of the
reaction of these cytochrome P450 enzymes with
other O1O-diethyl phosphorothioinate trimesters
containing different para substituted phenyl groups,
which varied in their electron-withdrawing capabilities (8). All of these phosphorothioinate trimesters
were metabolized in a similar manner to parathion
except that the rate of the reaction leading to
the formation of the oxygen analogues and to
O1O-diethyl phosphorothioic acid decreased in a
predictable manner with a decrease in the electronwithdrawing capability of the para substituents on
the phenyl ring.

Parathion
One of the compounds under study at the
time of my arrival at the University of Chicago was
parathion (O1O-diethyl p-nitrophenyl phosphorothioate). My particular interest in this compound was
the investigation of the specific enzymes involved in
its metabolism, and the metabolic products of these
reactions. Of more particular interest were those
enzymes catalyzing reactions that led to the detoxication of parathion (3).

Another area of interest was the chemical
form of the sulfur released in the P450-catalyzed
metabolism of parathion to paraoxon. These studies
revealed the sulfur was released as a highly reactive
form of monoatomic sulfur that covalently bound to
macromolecules in the vicinity of the reaction. One
of the adducts was found to be a hydrodisulfide
(RSSH) formed on insertion of the sulfur atom into
the sulfhydryl group of cysteine (17, 18). By way of
this reaction, parathion was found to act as a suicide

In 1964, nearing the end of my postdoctoral
studies with Ken DuBois, I began a search for a
permanent academic position. One of the opportunities was to return to Vanderbilt as a member of the
faculty, an offer that I decided to accept. So, in the fall
of 1964, I returned to Vanderbilt as Assistant Professor
of Biochemistry. At Vanderbilt I continued my studies
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Center in Toxicology

substrate for cytochrome P450. Thus the enzyme
was inactivated by the binding of the sulfur atom
released in the enzymatic reaction.

In 1968, Vanderbilt was designated by the
National Institute of Environmental Health Sciences
(NIEHS) as one of its new university-based centers
in toxicology. The Center was located within the
Department of Biochemistry at Vanderbilt, with
Dr. Frank Blood as the director. Tragically, Frank
Blood died suddenly in 1971. I was appointed acting
director of the center following his death and in 1973
assumed the role of permanent director.

Carbon Disulfide
These studies were extended to other thionosulfur compounds, such as carbon disulfide, in
which the sulfur atoms are double bonded to carbon
rather than to phosphorus. Some members of this
class of compounds were found to be metabolized
by cytochrome P450 in a manner similar to that by
parathion, leading to the replacement of the thionosulfur group with oxygen with the release of the
reactive monoatomic sulfur atom. Thus, compounds
such as carbon disulfide also proved to be suicide
substances for the P450 enzyme (19).

TCDD
Shortly after my appointment as director of
the center in toxicology at Vanderbilt, I began a
series of studies of the mechanisms of toxicity of
2,3,7,8-tetrachloro-dibenzo-p-dioxin (TCDD) and
related compounds. The results of these studies,
published over the next 15 years, showed among other
things that there was a great variation in the toxicity
of TCDD in experimental animals. For example, we
found that the acute toxicity of TCDD is 3000-fold
greater in the guinea pig than the hamster (30).

In the cytochrome P450-catalyzed reaction,
carbon disulfide was converted to carbonyl sulfide
(20). Carbonyl sulfide is also a very reactive compound
that binds readily to nucleophilic groups of macromolecules at or near the reaction site. Carbonyl
sulfide formed in this reaction is thought to be at
least partially responsible for the toxic properties of
carbon disulfide observed in experimental animals
and humans (21).

There is almost universal agreement among
research workers in this field that all the biological
effects of TCDD are initiated by the binding of the
molecule to the aryl hydrocarbon (AH) receptor
protein, which is found in most, if not all, animal
tissues. However, results from our studies indicated
that factors in addition to binding to the AH receptor
were required to account for the widely varying
toxicity of TCDD and related compounds in different
experimental animals (31). Thus the concentrations
of the AH receptor in different rodent species were
found to be similar, and the affinity of TCDD for
these receptors was also similar. However the degree
of toxicity of similar doses of TCDD in the various
species is often greatly different. These studies set
the stage for the extensive examination by a number
of different research groups, including our own, of
factors in addition to the binding to the AH receptor
that may be responsible for the toxic effects of TCDD
and related compounds. (32, 33).

Thioacetamide
The metabolism of thioamides (RCSNH2) and
thioureas (RNHCSNH2) by cytochrome P450
was also examined (22-28). The most extensively
studied thioamide was the rat liver carcinogen,
thioacetamide. These studies revealed that both
cytochrome P450 and other monooxygenase, amine
oxygenase, metabolized thioaceteamide to thioacetamide S-oxide (23). In contrast to parathion or
carbon disulfide, the oxygenated intermediate of
thioacetamide, thioacetamide S-oxide, is chemically
stable. Thioacetamide S-oxide is further metabolized by cytochrome P450 to an intermediate,
which is thought to be thioactamide S-dioxide. This
metabolite, which is chemically unstable, cannot be
isolated and binds covalently to nucleophilic groups
in DNA (28) and protein (29). The predominate site
of reaction of thioacetamide S-dioxide with proteins
was shown to be the epsilon amino group of lysine
forming a N-acetyl derivative (29). The structure of
the DNA adduct formed on metabolism of thioacetamide S-oxide by rats proved to be too unstable to
be isolated and identified.

Society of Toxicology

We also carried out a number of studies of the
metabolism of TCDD by rodents and rodent tissues
(34-37). These studies indicated that TCDD is slowly
metabolized in the rat to a number of phenolic
products that are excreted in the bile as glucuronide
and sulfate derivatives. It was apparent from these
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studies that the large differences in the half-life of
TCDD in rodents as compared to primates were due
in large part to a difference in the rate of its metabolism to products that could be excreted by way of
the biliary system.

of Sciences. In 1976, I was appointed as a member
of the United States Environmental Protection
Agency’s (U.S. EPA) Federal Insecticide, Fungicide,
and Rodenticide (FIFRA) Scientific Advisory Panel.
The purpose of this group was to advise the EPA on
its actions related to the control of the use of pesticides that were potentially toxic to exposed humans.
I served on the FIFRA panel for the period 1976–80.

Avocation
During my postdoctoral training at the
University of Chicago, I continued to fly with the
Air Force Reserve (TANG), and this association
continued after I returned to Vanderbilt as a member
of the faculty. During this long-term association with
the Air Force Reserve, I was promoted to positions
of increasing responsibility, including the position
of Commander of an Air Force Reserve Wing that
flew C-130 aircraft. The wing consisted of three
flying units: one in Nashville, Tennessee; another
in Memphis, Tennessee; and one in Martinsburg,
West Virginia. With this promotion came the rank
of Brigadier General in the United States Air Force.
I retired from the Air Force Reserve in 1981. At that
time, I held the position of chief of staff for air for the
TANG. In this position, I was in charge of all the Air
Force units in the state of Tennessee. This included
three flying squadrons, six smaller units involved in
radar control of aircraft in combat environments,
and an electronic maintenance unit. My rank upon
retirement was Major General. I experienced no great
difficulty in managing my scientific and military
careers simultaneously, although there were times
when I wished there were more hours in the day.

From 1977 to 1985, I served as a member of U.S.
EPA’s National Drinking Water Advisory Council
(Chairman 1981–85). The major activity of the
council during my tenure was to review and advise
EPA relative to the control of toxic chemicals and
pathogenic microorganisms in the drinking water
supplies in the United States.
From 1979 to 1983, I served as a member of the
Board on Toxicology and Environmental Health
Hazards of the National Research Council, National
Academy of Sciences. This board carried out a
number of studies of toxicology issues at the request
of the various U.S. government agencies. Finally,
beginning in 1983 and ending in 1989, I served as a
member of the Executive Committee of the Science
Advisory Board of the U.S. EPA. The major role of
this committee was to review the work products of
the various other committees of the Science Advisory
Board.

Editorial Activities
During my career, I served on the editorial
boards of ten research journals. I also served as the
editor of Toxicology and Applied Pharmacology and
as the U.S. editor of the journal Food and Chemical
Toxicology.

Advisory Activities
In 1971, I began serving in various advisory
capacities to government agencies. My first
appointment was to the Food Protection Committee
of the Food and Nutrition Board, National Research
Council, National Academy of Sciences. I served
on this committee for the period of 1971–77 and
as chairman for the period of 1975–77. The major
business of this committee was the evaluation of the
risk to human health of chemical and microbiological
contaminants in food.

Chemical Industry Institute of
Toxicology
In late 1979, I was contacted by an executive
research firm involved in the recruiting of candidates for the position of president of the Chemical
Industry Institute of Toxicology (CIIT). CIIT had
been organized five years earlier. The president of
the institution during this time had been Dr. Leon
Goldberg. In 1979, Dr. Goldberg informed the Board
of Directors that he was interested in retiring from
his position as president when a replacement could
be found.

During the period 1972–76, I served as a member
of the toxicology study section of the National
Institutes of Health and as chairman for the years
1975 and 1976. During this same period, I served as
a member of the Safe Drinking Water Committee of
the National Research Council, National Academy

Society of Toxicology

CIIT had been organized in 1974 by a core group
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of chemical companies to provide toxicology information on chemicals used broadly throughout the
chemical industry (Commodity chemicals) and in
which no company had a proprietary interest. The
seminal event leading to the formation of CIIT was
the discovery in 1974 that workers exposed to high
levels of vinyl chloride monomer for long periods
of time developed cancer of the liver. There was
a limited amount of data available at that time on
the potential chronic toxicity of vinyl chloride and
a number of other commodity chemicals. These
founding members of CIIT were concerned that
other chemicals that were used in large amounts
throughout the chemical industry might also have
the capacity to produce toxic effects in exposed
workers and the general population. Therefore, the
founding members joined forces in a common effort
to create a research institute that would examine
these commodity chemicals for their potential to
cause toxic effects in humans.

I joined the institute, a major portion of the annual
budget was devoted to the conduct of chronic studies
in experimental animals of the potential toxicity of
large-volume commodity chemicals. Some of the
studies were conducted as CIIT, while others were
contracted out to commercial testing laboratories.
Examples of the chemicals that were being examined
for potential chronic toxic effects are formaldehyde,
toluene, hexane, chlorine, and terephthalic acid.
Soon after assuming the position of president,
I concluded that a greater benefit to the understanding of the potential toxic effects of widely used
commodity chemicals to exposed human populations would be derived from examining in more
detail the biological mechanisms by which these
chemicals caused toxic effects in rodents. I reasoned
that with a more complete knowledge of the mechanisms of toxicity of these chemicals in rodents, better
estimates could be made of the potential toxic effects
of the chemicals in humans by looking for similarities and differences in humans and rodents in the
biochemical and physiological processes affected by
the chemicals in question.

As a result of these actions, a state-of-the-art
toxicology research facility was built in Research
Triangle Park, North Carolina, with Dr. Goldberg as
its first president. CIIT was organized in such a way
as to establish its independence from the funding
source. This was done to insure the maximum credibility of the research and testing results generated as
a result of the activities of the institute. For example,
the content and timing of the release of results of
research conducted or sponsored by the institute
were not subject to prior review or approval by the
companies funding the institute. In addition, the
annual research agenda of the institute was set by
the institute, although its final form was subject to
the review and approval of the Board of Directors,
most of who were representatives of the companies
funding the institute. During my term as president,
the annual research agenda submitted by the institute
to the Board of Directors was not modified other
than in minor details.

Consequently, at my urging, the Board of
Directors agreed to a diminished emphasis on testing
for the toxic effects of commodity chemicals and an
increased emphasis on understanding the mechanisms of toxicity of certain of these commodity
chemicals. A decrease in the need for testing of
commodity chemicals for toxicity was also the result
of an increase in the number of commercial and
industrial testing laboratories that were carrying
out studies of these chemicals independent of CIIT.
In addition, the National Toxicology Program of
the National Institutes of Environmental Health
Sciences had instituted a large testing program that
included a number of the type of chemicals that CIIT
had historically examined.
This increased emphasis at CIIT on the
understanding of the mechanisms of toxicity of
commodity chemicals and a decrease in the testing
of the chemicals for potential toxicity in rodents has
continued, and at the present time, the research activities of the institute are devoted largely in the understanding of the mechanisms of toxicity of certain
industrial chemicals to which there is widespread
human exposure.

In 1979, when I was contacted about my interest
in being considered for the position of president of
CIIT, the institute had a staff of about 100 and an
annual budget of approximately $8.5 million. When
I retired in 1988, the institute staff numbered about
125, with a budget of $12.5 million.
In September of 1980, I resigned my position
on the faculty at Vanderbilt and moved to North
Carolina as the incoming president of CIIT. When
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the period of 1980 to 1988, was the most rewarding
of my career. In the conduct of research funded by
federal grants, which had been my sole previous
experience at Vanderbilt, one has to set research
goals that are for the most part can be reasonably
completed in two to three years. These short-term
goals are necessary in order to generate publications to support the renewal application for the
grants, which are normally awarded for three years.
At CIIT, with our unique source of stable funding,
we were able to undertake experimental initiatives
in which significant results might not be expected
for a number of years. Also, the state-of-the-art
research laboratories, equipment, and animal facilities at CIIT, which included facilities for experiments
with nonhuman primates and extensive facilities for
inhalation exposure of experimental animals, allowed
for the conduct of experiments not possible at any
existing academic facility. With these resources,
along with an extremely talented investigative staff
and an excellent research support staff, CIIT was able
to undertake experiments that provided information
essential to arriving at conclusions concerning the
potential toxicity to humans of several chemicals
that produced toxic effects in rodents and nonhuman
primates. As a result of these studies, we were able
to arrive at more scientifically based assessments of
the potential toxicity of these chemicals to exposed
human populations.

of mechanisms of the biological effect of chemicals
at the cellular and molecular level. As a result, the
discipline of toxicology has expanded to include
many distinct scientific disciplines. With the possible
exception of medicine, no other biologically oriented
discipline incorporates so many scientific disciplines.

Final Remarks

1.

Accompanying this increase in our capability
to estimate the potential toxicity of chemicals to
exposed human populations has come an increase
in activities that have not reflected favorably on the
discipline of toxicology. I am referring to individuals
and groups of individuals who, sometimes knowingly,
overestimate or underestimate the potential health
risks to humans resulting from exposure to specific
chemicals. Consequently, the public is continually
exposed to conflicting statements, from individuals
whom they assume to be reputable scientists, as to the
health risks associated with exposure to chemicals.
As a result, there is a distorted public perception of
the risks posed by environmental chemicals and,
consequently, also of the discipline of toxicology.
There is an urgent need for objective scientists in the
discipline of toxicology to take a more active role in
refuting public announcements of chemical risks by
other scientists and by the print and electronic media
that are not based on a scientifically objective evaluation of the available data.
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oxicologic Pathology
by Michael J. Iatropoulos M.D., Ph.D., ATS, IATP and Gary M. Williams, M.D., DABT, IATP

T

he last 50 years have seen the emergence of
toxicology as an umbrella scientific discipline,
from virtual anonymity to a position of considerable
prominence. Under this umbrella, depending on the
emphasis in definition, many important disciplines
and specialties have appeared, amounting to 22 today.
Transcending all disciplines and specialties, one field
of endeavor in toxicology has emerged and started
to occupy a central position in the constellation of
product safety evaluation and risk assessment, namely
the field of toxicologic pathology. This discipline serves
as a natural bridge between classical pathology and
toxicology.

Dr. Keysser as its first editor. In 1975 under the presidency of Dr. Diener SOPEP established an official
liaison status with the Society of Toxicology (SOT),
which is now a specialty section of SOT under the
name Toxicologic and Exploratory Pathology. In 1980,
SOPEP changed its name to STP and initiated two
major educational processes. One was to hold annual
international meetings and the second was to make
its journal, Toxicologic Pathology, international (in
1979). This was the year that the Good Laboratory
Practices (GLPs) for non-clinical laboratories were put
into effect.
The first international symposium of STP took place
in Reston, Virginia, May 10-12, 1982, and was entitled
“Rodent Liver Nodules: Significance to Human Cancer
Risk.” It was a resounding success, bringing together
the international community from Europe, Japan,
and North America, across academia, government
and industry.

Unlike classical pathology, which has a well
defined training and skill sets, toxicologic pathology
possesses no defined or standardized training.
Nowhere in the world is toxicologic pathology
identified as such and/or made as part of the
curriculum within the departments of pathology of
medical or veterinary schools, although by the mid
1980s Ph.D. programs in experimental pathology were
introduced. The effect is that most of the training is
acquired empirically. This has some advantages, but
the major drawback is that toxicologic pathlogy is
not yet completely standardized, with the factor of
global expansion further compounding it. Moreover,
recent advances in molecular biology, immunology
and the associated technology and biotechnology
in the 1990s have revolutionized both classical and
toxicologic pathology.

This symposium stimulated the creation of the
French (1984), Japanese (1985), British (1985), Dutch
(1986), German/Swiss (1986) and Nordic (1989)
societies, as well as an international exploratory
committee whose purpose was the establishment of
an International Federation of Societies of Toxicologic
Pathologists (IFSTP). The main goal of IFSTP was to
begin the standardization of toxicologic pathology
practices and to simulate a more comprehensive
program in the education of toxicologic pathologists.
The IFSTP was officially chartered by the
department of education of the state of New York
in January of 1989. The first president of IFSTP was
Dr. N. Ito (Japan), the first Secretary-General Dr. M.
J. Iatropoulos (USA), and the first VP was the late
Dr. J. M. Faccini (France). In April 22–24 of 1992, in
Nagoya, Japan, the first IFSTP symposium took place.
The title of the symposium was “Current Methods of
the Evaluation of Pathology in Toxicology.” This was
the first significant milestone for worldwide toxicologic pathologists and coincided with the effort for
harmonization of GLP practices among Europe,
Japan, and the USA. This meting produced the first
IFSTP Guidelines for the Design and Interpretation
of Chronic Rodent Carcinogenicity Bioassay (Faccini
et al., 1992).

An important impetus to toxicologic pathology
was inception of the Society of Toxicologic Pathology
(STP). The origins of the Society began in April of
1970, in the area between northeastern New Jersey and
southern New York when the following individuals,
C. Hans Keysser, Daniel P. Sassmore, Nelson S. Irey,
Claude G. Biava, Samuel W. Thompson, Howard
A. Hartman, Robert M. Diener, R. J. Van Ryzin,
J.R.M. Innes and Ben M. Sparano got together and
decided to establish a Society of Pharmacological and
Environmental Pathologists (SOPEP). The society was
incorporated as a nonprofit scientific and educational
organization in the state of New Jersey on October
22, 1971. Dr. Keysser was the first president. In 1973,
the Bulletin of SOPEP was first published with
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In parallel, toxicologic pathology has been used
extensively in regulatory decisions that have been made
in the field of toxicology, e.g.. repealing of the Delaney
Clause (section 409) in the USA (1997) (Williams
et al., 1995). This was achieved by developing and
implementing criteria for evaluating various pathologic changes/effects and distinguishing confounder
effects that occur naturally, and adverse from non
adverse effects and establishing the no-observedadverse-effect level (NOAEL). Moreover the definition
of effects included not only incidence but severity and
size. This whole effort presupposed a specific nomenclature and the establishment of consistency between
toxicologic pathologists, studies, lab animals, as well
as laboratories in Europe, Japan, and North America.
This resulted in the collection and standardization of
historical control data. Furthermore, this effort enabled
reduction in the number of animals used in preclinical
studies, while strengthening the rigor of the various
studies. Finally, toxicologic pathology has emphasized
the comparative mechanism-based test systems, the
understanding of physiology, biochemistry, metabolomics, proteomics, and genomics and the correlations of function and structure with the help of new
imaging technologies. Just like toxicologic pathologists collected, described, standardized, and validated
effects in the recent past, these scientists attempted to
incorporate and validate this new technology and put
together a new team of various toxicology disciplines
and subdisciplines in order to effectively conduct risk
assessment. This new team paradigm will need a new
training approach, which is not yet in place.

STP (Journal of Toxicologic Pathology), European
STP (Experimental and Toxicology Pathology), and
STP (Toxicologic Pathology) journals, have tried
to educate and train both entry and senior level
toxicologic pathologists. Through these venues
guidelines were put together (e.g. Best Practices
for Use of Historical Control Data of Proliferative
Rodent Lesion, Kennan et al., 2009), a regulatory
forum for toxicologic pathology was created in 2007,
and a guideline for “Global Recognition of Qualified
Toxicologic Pathologists (Ettlin et al., 2009) have been
put together. This happened despite the absence of a
well defined or standardized training at medical or
veterinary academic programs in the whole world. This
is unique in the SOT umbrella of scientific disciplines
and needs to be expanded and refined by SOT to suit
the age of information and biomedical technology.
As longstanding members of SOT we would
strongly recommend, as an appropriate tribute to the
50th anniversary celebration of SOT, that a task force
be put together to explore how the capabilities of the
new technologies can best be adopted to teach the new
generation of toxicologists.
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opics in Toxicology:
Microsomal Enzyme Induction
by Robert Snyder, DPhil, ATS

E

arly studies on bacteria demonstrated that many
organisms were capable of growth and survival
in a variety of different media. In modern terms,
these studies showed that genomic function could be
altered by environmental factors. It was discovered
that various microorganisms were capable of growth
at different temperatures, at different pH values, and
in different salt solutions. Furthermore, they could
often adapt to changes of nutrients in their media.
For example, bacteria were found to synthesize the
amino acid, arginine, when arginine was not present
in the culture medium. When present, arginine
acted as a repressive factor toward synthesis of
the enzymes required to produce the amino acid.
Conversely, it was found that the fungus, Aspergillus
niger, only produced the sucrose-hydrolyzing
enzyme, invertase, when there is sucrose in the
medium. Microbiologists considered this an adaptive
response; today, we describe it as enzyme induction.
We can clearly describe two types of enzyme systems
in microorganisms: those related to enzymes that are
constitutive and necessary for basic life functions,
and those related to enzymes that are synthesized or
repressed in response to genomically active chemicals
in the environment (Brock and Madigan, 1991).

20-methylcholan-threne,
pyrene,
1,2-benzanthracene, and phenanthrene—increased the rate of
3-methyl-4-monomethylaminoazobenzene metabolism. Evidence that the increased rate was caused
by induction of the synthesis of the xenobioticmetabolizing enzyme system came from the studies
led by Allan A. Conney (Conney et al., 1956). These
studies showed that the increase in metabolism
produced by polycyclic aromatic hydrocarbons could
be antagonized by ethionine or puromycin (Conney
and Gilman, 1963), either of which inhibits protein
synthesis. [One of the more interesting coincidences
in the literature of toxicology is that the first page of
the paper by Conney et al. (1956) was p. 450.]
Conney et al. (1957) also demonstrated that
treatment of rats with benzo[a]pyrene caused an
increase in hepatic microsomal benzo[a]pyrene
hydroxylase, the induction of which was also
inhibited by ethionine. Conney and Burns (1959)
showed that demethylase activity could be induced
by chloretone, barbital, phenobarbital, thiopental,
aminopyrine, phenylbutazone, orphenadrine, and
3-methylcholanthrene. Conney et al. (1960) then
reported that phenobarbital also induced 3-methyl4-monomethylaminoazobenzene demethylation and
that the induction was accompanied by an increase
in liver weight, liver protein, and microsomal protein.
These observations indicated that the increases
in enzyme activity were the result of an amplified
production of the enzyme which metabolized
3-methy-4-monomethylaminoazobenzene.

In 1950, Knox and Mehler reported that livers
from rabbits treated with tryptophan demonstrated
an increase in the rate of conversion of tryptophan
to kynurenine by tryptophan peroxidase (pyrrolase).
Gros et al. (1954) showed that tryptophan treatment
resulted in increased incorporation of radioactive valine into purified tryptophan peroxidase,
suggesting enzyme induction.

Herbert Remmer, a junior faculty member in
the Institute of Pharmacology at the Free University
of Berlin, undertook the study of the mechanism
by which tolerance to barbiturates and opioids
developed. Remmer’s familiarity with B. B. Brodie`s
work on drug metabolism led him to suspect that
altered metabolism played a role in tolerance.
Remmer demonstrated that microsomes from rats
pretreated with phenobarbital metabolized hexobarbital (Remmer, 1958; Remmer and Albleben, 1958)
and methylaminoantipyrine (Remmer, 1959a,b) more

A series of studies, which had a dramatic
effect on the field of toxicology, was initiated at the
laboratory of J. A. and E. C. Miller at the University
of Wisconsin. Brown et al. (1954) reported that liver
homogenates from rats or mice fed different diets
for several weeks metabolized 3-methyl-4-monomethylaminoazobenzene to 3-methyl-4-aminoazobenzene at different rates. Enrichment of the
diet with any of several compounds—including
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rapidly than controls. Electron microscopic analysis
by Remmer and Merker (1963, 1965) demonstrated
that phenobarbital treatment caused proliferation of
the hepatic smooth endoplasmic reticulum, which is
the intracellular location of the drug metabolizing
enzymes. Treatment with phenobarbital increased
CYP450 (Reichert and Remmer, 1964) at a rate
parallel with increases in the metabolism of hexobarbital and Eunarcon. Orrenius and Ernster (1964)
made a comparable observation for the demethylation of aminopyrine. Remmer and Merker (1964)
and Alvares et al. (1967) reported similar increases
in CYP450 after treating rats with benzo[a]pyrene
and 3-methylcholanthrene, respectively. Gelboin
and Sokoloff (1961) found that both treatments led
to increases in amino acid incorporation into hepatic
protein.

time and increased the rate of metabolism of several
substrates for the microsomal enzyme system.
Fouts’s discovery laid the foundation for subsequent
research on the metabolic effects of other pesticides
and environmental pollutants such as halogenated
dioxins, furans, PCBs, and PBBs.
Studies on enzyme induction provided an
explanation for the mechanism of tolerance to barbiturates, but more importantly demonstrated a model
for understanding many types of drug interactions,
as well as interactions between environmentally
active chemicals. Furthermore, the actions of various
inducers led to an understanding of the many forms
of CYP450.
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opics in Toxicology:
Hormesis and Toxicological Risk Assessment

by Joseph V. Rodricks, Ph.D., DABT

C

alabrese and Baldwin examine 664 doseresponse relationships from 195 publications,
selected because they provide information for at least
two doses between the control and the no observed
adverse effect level (NOAEL), and also include a
lowest observed adverse effect dose (LOAEL). The
database examined is highly diverse, and includes
studies in plants, animals (both vertebrates and
invertebrates), microbes and protozoa; endpoints
(“responses”) are equally diverse, and are described
in the paper in broad terms only (the authors provide
more specificity regarding endpoints in earlier publications, see below). Responses include both adverse
and nonadverse effects and (though it is nowhere
stated) are presumably identical in nature whether
occurring above or below the NOAEL. The various
data analyses presented provide evidence that, as
the authors conclude, “responses at doses below
the NOAEL, are nonrandomly distributed, with
the strong majority having values greater than the
control response” (p. 248). This finding is offered
as a challenge to the long-standing view among
toxicologists that treatment-related effects below a
NOAEL are unexpected—the so-called threshold
model of dose-response relationships. Instead,
the authors suggest that the “hormeticlike biphasic
dose-response model” more accurately reflects
biological reality.

improvement relative to controls, with doses above the
NOAEL creating excessive dysfunction (Calabrese
and Baldwin 2001). The inverted U is apparently
more common—low-dose stimulation, high-dose
inhibition. The paper highlighted in this volume
adds to a long and increasingly discussed body of
extraordinarily interesting work that has emerged
in recent years, primarily from the University of
Massachusetts, the home of Calabrese and Baldwin
and of the decade-old biological effects of low level
exposures (BELLE) initiative. Through conferences,
newsletters, and publications BELLE has inspired a
fresh look at low-dose phenomena, and the revitalization of hormesis, a fairly ancient notion that has
been on the margins of science, has been a major
consequence of the BELLE effort (Calabrese, 2001a,b).
Calabrese has not only provided the major share of
the modern effort to document the phenomenon,
but has also argued forcefully for moving to center
stage its further study by toxicologists (and scientists
in other disciplines, including biomedical scientists
investigating prevention and treatment of diseases).
The implications of hormesis for toxicological risk
assessment appear, on the surface, to be profound,
and suggestions that this may be the case now appear
in at least two major toxicology reference works
(Eaton and Klaassen, 2001; Beck et al., 2001); the
second of these can be fairly described as enthusiastic. Indeed, a paper in risk analysis attempts to
document its highly suggestive title: “Hormesis: a
highly generalizable and reproducible phenomenon
with important implications for risk assessment”
(Calabrese et al., 1999).

The hormetic model of dose response is usually
described as U-shaped (although a “J” seems more
accurate, because a “U” suggests that as doses
approach zero, responses found at high doses recur
at increasingly greater rates, a phenomenon for which
there is no evidence). As Calabrese and Baldwin
present this phenomenon, the U is inverted when
the response represents some normal function
(e.g. growth) that is stimulated at low doses (i.e., it
exceeds the control), then approaches the control
as dose increases, and then becomes inhibited
above the NOAEL. A noninverted U describes the
hormesis phenomenon when the response represents some dysfunction, such that low doses produce
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The phenomenon certainly appears real, and
the analysis presented in this volume does much
to diminish further the usual criticism that
responses different from control at sub- NOAEL
doses represent only normal variation, and are
therefore not truly stimulatory. But its potential
importance in toxicology and toxicological risk
assessment is not readily grasped, at least by this
author. Several questions arise.
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First, it cannot be discerned from the highlighted
paper, and from those publications I have reviewed,
how many of the hormetic-like dose-response
relationships that have been uncovered represent the
type of toxicological effects and experimental models
that are typically used in risk assessments, especially
those conducted for regulatory purposes; and, among
these, the number that represent the “critical effect”
for the chemical under study. Moreover, it would
seem important to understand the extent to which the
phenomenon is reproducible in different mammalian
species, and across endpoints for a specific chemical.
Perhaps there are discussions of these matters in
some of the literature I have not reviewed, but they
are not mentioned in the highlighted paper and
are important if the consequences of this work for
risk assessment are to be understood. Calabrese
et al. (1999) provides several examples of experimental carcinogenesis data that illustrate hormesis,
and a few are impressive. The well-known example
of dioxininduced and -inhibited tumorigenesis
seems to represent a hormetic-like dose-response
relationship when total tumors are combined. If all
of the several tumor rate decreases and increases
that comprise this “composite” dose response are
the result of a common biological mechanism, then
perhaps this represents an example of true hormesis;
but if mechanisms differ, then perhaps calling this
dose-response relationship a hormetic one stretches
the definition too far. In any case, most of the many
impressive cases of true (apparently single endpoint)
hormesis in the database reviewed by Calabrese
and Baldwin are effects in nonmammalian species.
Whether this supports strong generalizations
regarding mammalian toxicity is uncertain.

daily intake likely to be protective for a large and
diverse population. As long as this method protects
against the high dose adverse effects, does the
existence of hormesis matter?
One response to this question is that it certainly
could matter. If the low-dose response is truly
protective, and attempts to protect against high-dose
toxicity resulted in reducing exposures into that
protective range of doses, the extent of benefit (risk
reduction) achieved will be less than expected. If the
effect is to reduce exposures below the protective
range, that protection will be lost. If the cost of such
reductions is large, then money and resources will be
wasted; more importantly, public health may not be
maximally protected. These arguments have much
merit, but it would seem that the understanding
necessary to derive risk assessment models to deal
with them is highly incomplete. If, for example, it is
accepted that low doses are adaptive or protective,
should we not seek to protect individuals who are
least sensitive to these effects, in the same way
we seek to protect individuals most sensitive to
high-dose toxicity? Are the sources and magnitude
of variability identical for both sides of the U? Do we
multiply the maximum protective dose by an uncertainty factor to account for variability? How far into
the adverse effect zone will doing so bring us?
The problem of taking into account hormesis
to arrive at some estimate of the dose that provides
an optimum balance between preventing high-dose
toxicity and enhancing the low-dose hormetic effects
seems not only methodologically difficult, but runs
up against the problem of whether those low-dose
adaptive effects, as observed experimentally, are
truly beneficial to humans.

As a second matter, it may be asked whether the
threshold model, as used by toxicologists, is truly
threatened by the hormetic model. Thus, toxicologists usually define a threshold dose as one below
which no adverse effects occur (Eaton and Klaassen,
2001). If hormesis occurs, the effects observed below
the NOAEL are (presumably) not adverse to health,
indeed may be beneficial; this would not seem to deny
the existence of a threshold dose for the high dose
toxicity. Furthermore, the typical risk assessment
approach involves dividing a NOAEL by uncertainty
factors to deal with inter- and intraspecies variability,
to arrive at EPA’s Toxicity Reference Dose (RfD) or
FDA’s Acceptable Daily Intake (ADI), measures of
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Thus, a regulatory or public health official is
likely to require far more convincing evidence that
the low-dose, hermetic (adaptive?) response is truly
expected to provide human health benefits than can
be discerned from an experimental model. In this
context, it might be said that, from a public health
perspective, the two arms of the biphasic doseresponse relationship are not symmetrical; it will be
argued that far greater evidence is needed to support
the human benefits of exposures in the low-dose
region than is needed to support a concern for
high-dose toxicity, perhaps extending to the type of
clinical evidence the FDA ordinarily seeks to support
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claims of disease or symptom prevention for pharmaceuticals and nutritional supplements. The issue
that has to be confronted is whether, for example,
decreases below control rates of certain tumors seen
in animals receiving dioxin provides convincing
evidence that the compound offers a protective effect
in humans. There is scientific support for treating
both arms of the U equally, but it is likely public
health advocates and officials will find this difficult
to accept.

As Calabrese has noted, the type of experimental
models and designs necessary to detect hormesis are
substantially different, and probably more costly to
implement, than those now in common use. Their
wholesale adoption without several stages of multilaboratory study and refinement is unlikely. Moreover,
until a path toward the use of data on hormesis in risk
assessment is well defined, and shows that its understanding is critical to public health decision-making,
it is hard to envision the diversion of significant
institutional investments from the current massive
programs of toxicological testing now underway
in the United States and abroad. Nevertheless,
the challenges to current thinking that the work of
Calabrese and his associates represents (and they
are to be highly commended for their efforts) should
not go unexplored. Review by those institutions that
drive risk-based decisionmaking, perhaps through
bodies such as the National Research Council, would
seem to be in order.

This last issue brings forward the question
of evidence of hormesis from human studies. In a
thoughtful and useful recent review, Mundt and May
(2001) note that although hormeticlike (biphasic)
dose-response relationships have been observed
in some epidemiological studies, it is generally
not possible to discern whether they reflect true
hormesis, or instead the combined effect of several
different biological or disease processes that result
in a hormetic-like dose-response relationship. This
describes, for example, the well-established doseresponse relationships between alcohol consumption
and all-cause mortality, which appears hormetic-like
(J-shaped) but is a true example of hormesis only
if the definition of this phenomenon is enlarged to
include dose-response relationships that incorporate
diverse causes of mortality and disease mechanisms (similar to, but more complex than, the case of
dioxin). After describing the serious limits of observational studies for identifying a hormetic response,
these same authors provide evidence suggesting
that if “hormesis in the analysis of epidemiological
data containing mild hormesis (is ignored)…relative
risks at exposure levels above the hormetic region
are systematically overestimated” (Mundt and
May, 2001, p. 795). If correct, this finding (which
would not hold for controlled experimental studies)
strengthens the case for the importance of hormesis
in understanding the human health risks of chemical
exposures. Judging the importance of hormesis
in toxicological risk assessment would, of course,
greatly benefit from the availability of at least some
comparative data from human studies.
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The Distinction between Genotoxic
and Epigenetic Carcinogens and
Implication for Cancer Risk
by John H. Weisburger, Ph.D., M.D. and Gary M. Williams, M.D., DABT

M

uch progress has been made in the
understanding of the mechanisms of
carcinogenesis in the last 50 years. Early studies
identified macromolecular binding of carcinogens
first to protein (Miller and Miller, 1953; Weisburger
and Weisburger, 1958), then to RNA (Marroquin
and Farber, 1965). Subsequently, methods to isolate
DNA from cells became available, and Watson and
Crick provided information about the molecular
structure of DNA, which opened the possibility to
examine the hypothesis that cancer stemmed from
a somatic mutation. Szafarz and Weisburger (1969)
and Matsushima and Weisburger (1969) carefully
investigated radioactivity from 14C-labeled 2-acetylaminofluorene in liver proteins, RNA, and DNA as a
function of certain inhibitors of carcinogenesis. They
found that the binding to protein or to RNA did
not correlate with inhibition, but that reduced DNA
binding reliably reflected the biological effect. In
addition, they examined the stability of label attached
to DNA and found a triphasic decline, perhaps early
evidence of DNA repair, and stability of adducts at
specific sites on the DNA bases.

the term genotoxic is proposed as a general expression
to cover toxic, lethal and heritable effects to karyotic
and extra-karyotic genetic material in germinal and
somatic cells.”
This formulation was entirely appropriate as
the association between mutagenicity in various
prokaryotic and eukaryotic systems and carcinogenicity began to be established. In fact, in 1970
and 1971, Weisburger, who was impressed with
the term genotoxic as a likely indicator of human
cancer risk, organized two workshops chaired by A.
Hollaender of the Oak Ridge National Laboratory.
Recommendations made encouraged Weisburger
to develop a National Cancer Institute contract
program to enlarge the database by using a number
of techniques to study mutational events associated
with the then-known chemical carcinogens belonging
to various classes and types (Weisburger, 1999). The
results of this program were published in the Journal
of the National Cancer Institute (62:833–926, 1979).
In addition, Bruce Ames (1971) initiated research on
the mutagenicity of a series of known carcinogens in
the reverse mutation assay in Salmonella typhimurium,
which he originated in the early seventies and which
came to be known as the Ames test (McCann et al.,
1975; Ramel et al., 1986).

A

s interest increased in effects of carcinogens on DNA, a conference was held in
Skokloster, Sweden on Evaluation of Genetic Risks of
Environmental Chemicals, the proceedings of which
were published (Ramel, 1973). A working group
chaired by Lars Ehrenberg, and consisting of Peter
Brookes of London, Hermann Druckrey of Freiburg,
Germany, Bengt Lagerlöf of Stockholm, Jack Litwin of
Stockholm, and Gary Williams, then a visiting fellow
at the Wenner-Gren Institute in Stockholm, addressed
“The Relation of Cancer Induction and Genetic
Damage.” It was Professor Druckrey who suggested
the following text: “In order to describe the components of chemical interaction with genetic material,
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The development of a variety of techniques
ensued for measuring carcinogen interaction with
DNA, including binding of radiolabeled chemical, the
reliable and predictive hepatocyte DNA repair assay
(Williams et al., 1989), alkaline elution (Fornace et al.,
1976), and the 32P-postlabeling method of Randerath
and Gupta (Reddy et al., 1984). These procedures
have established that certain classes of carcinogen are
DNA reactive, i.e., genotoxic (see Figure 1). Conversely,
a substantial number of carcinogens was found to
lack genotoxicity and this knowledge was embodied
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in a key distinction between genotoxic and epigenetic
carcinogens based on the underlying mechanism of
action, as seen in Figure 1 (Weisburger and Williams,
1981). A detailed assignment of carcinogens to these
categories was elaborated in Casarett and Doull’s
classic monograph (see first four editions; Amdur
et al., 1991).
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current research attempts to relate genetically correlated sensitivity to individual cancer risk of persons
chronically exposed to given amounts of specific
genotoxic carcinogens. Importantly, many foods
and food components such as vegetables, fruits,
and tea induce detoxification enzymes, explaining,
in part, their protective effects in cancer causation
by genotoxic (and also by epigenetic) carcinogens.
Epigenetic agents operate largely as promoters
of cancer and usually require high and sustained
exposures. For example, dietary fat can act as an
enhancer of cancer induction at about 40 percent
of calories. The effects of epigenetic agents, unlike
genotoxins, are reversible. Accordingly, distinction
between these two types of carcinogens is critical for
informed risk assessment.
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DNA
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Figure 1. Main steps in the carcinogenic process.
The neoplastic conversion represents the reaction of a
carcinogen with DNA after any required hostcontrolled biochemical activation. A cell with such
altered DNA needs to undergo cycles of cell duplication, involving epigenetic control mechanisms, to
generate a permanently altered, mutated cell that
expresses new preneoplastic characteristics. These
steps are typical of genotoxicity (left side of figure).
Subsequent steps are the developmental aspects of
cell growth that result in a malignant neoplasm
(right side of figure).

2. Ames, B. N. (1971). The detection of chemicals mutagens with
enteric bacteria. In Chemical Mutagens: Principles and Methods for
Their Detection (A. Hollaender, Ed.), Vol. 1, pp. 267–282. Plenum
Press, New York.
3. Fornace, A. J., Jr., Kohn, K. W., and Kann, H. E, Jr. (1976). DNA
single-strand breaks during repair of UV damage in human fibroblasts and abnormalities of repair in xeroderma pigmentosum.
Proc. Natl. Acad. Sci. U.S.A. 73, 39–43.
4. Marroquin, F., and Farber, E. (1965). The binding of 2-acetylaminofluorene to rat liver ribonucleic acid in vivo. Cancer Res. 25,
1262–1269.
5.

It is now established that a few carcinogens
directly alkylate DNA, such as certain drugs used
in cancer chemotherapy, or some industrial reactive
intermediates. The vast majority of carcinogens
that are established environmental cancer risks,
such as those in foods or tobacco, accounting for a
large fraction of the human cancer burden, require
biochemical activation to genotoxic, DNA reactive
products, mainly through the cytochrome P450
enzyme complex; and they also undergo detoxification, initially through such phase I enzymes,
but chiefly through phase II conjugating enzymes.
Each species and strain of laboratory animals and
individual humans differ in their inherent capacity to
perform these activation and detoxification reactions,
accounting for certain genetically established distinctions in individual sensitivity. One direction of

Society of Toxicology

Amdur, M. O., Doull, J., and Klaassen, C. D., Eds. (1991). Casarett
and Doull’s Toxicology: The Basic Science of Poisons, 4th ed.
Pergamon Press, New York.

Matsushima, T., and Weisburger, J. H. (1969). Inhibitors of
chemical carcinogens as probes for molecular targets: DNA
as decisive receptor for metabolite from N-hydroxy-N-2fluorenylacetamide. Chem. Biol. Interact. 1, 211–221.

6. McCann, J., Choi, E., Yamasaki, E., and Ames, B. N. (1975).
Detection of carcinogens as mutagens in the Salmonella/
microsome test: Assay of 300 chemicals. Proc. Natl. Acad. Sci.
U.S.A. 72, 5135–5139.
7.

Miller, J. A., and Miller, E. C. (1953). The carcinogenic aminoazo
dyes. Advances Cancer Res. 1, 339–396.

8. Ramel, C., Ed. (1973). Evaluation of Genetic Risks of
Environmental Chemicals, pp. 1–27. Ambio Special Report No.
3. Royal Swedish Academy of Sciences, University of Stockholm,
Sweden.
9.

Ramel, C., Lambert, B., and Magnusson, J., Eds. (1986). Genetic
Toxicology of Environmental Chemicals. Part B: Genetic Effects and
Applied Mutagenesis. Alan R. Liss, Inc., New York.

10. Reddy, M. V., Gupta, R. C., Randerath, E., and Randerath,
K. (1984). 32P-Postlabeling test for covalent DNA binding of
chemicals in vivo: application to a variety of aromatic carcinogens

20

Historical Perspectives

Topics in Toxicology: The Distinction between Genotoxic and
Epigenetic Carcinogens and Implication for Cancer Risk
and methylating agents. Carcinogenesis (Lond.) 5, 231–243.

13. Weisburger, J. H., and Williams, G. M. (1981). Carcinogen testing:
current problems and new approaches. Science 214, 401–407.

11. Szafarz, D., and Weisburger, J. H. (1969). Stability of binding of
label from N-hydroxy-N-2-fluorenylacetamide to intracellular
targets, particularly deoxyribonucleic acid in rat liver. Cancer Res.
29, 962–968.

14. Weisburger, J. H. (1999). Carcinogenicity and mutagenicity
testing, then and now. Mutat. Res. 437, 105–112.
15. Williams, G. M., Mori, H., and McQueen, C. A. (1989).
Structure-activity relationships in the rat hepatocyte DNA-repair
test for 300 chemicals. Mutat. Res. 221, 263–286.

12. Weisburger, E. K., and Weisburger, J. H. (1958). Chemistry,
carcinogenicity, and metabolism of 2-fluorenamine and related
compounds. Advances Cancer Res. 5, 331–431.

Society of Toxicology

21

Historical Perspectives

T

Historical Perspectives

hirty Years in the Society of Toxicology
by Rogene F. Henderson, Ph.D., DABT

I

came into toxicology through the back door, so
to speak, as did many toxicologists. I was trained
in chemistry with a major in biochemistry and
had routinely attended the annual meeting of the
Federation of American Societies for Experimental
Biology (FASEB) for my yearly update on what was
going on in my chosen field. In the late 1960’s, my
husband and I joined the Lovelace Foundation group
in Albuquerque, New Mexico, to study the toxicity of
inhaled radionuclides, research that was funded by
the Atomic Energy Commission (AEC). With time, as
the AEC became the Department of Energy (DOE),
our mission broadened to include toxicological
research on any air pollutant that was associated with
energy production. Suddenly, I was a toxicologist.

a chemist, I naturally wanted to know the structure
of the compound, but that could not be revealed. It
was proprietary information. So now the addition
to my scientific knowledge was that an unknown
compound did nothing in any of the toxicity tests
that were done. I questioned whether it was worth my
time to continue to come to a meeting that placed so
little emphasis on scientific information.
But with the encouragement of my boss, I
continued to come and what a change I have observed
over these last thirty years. The Society of Toxicology
has become an internationally recognized body of
renown scientists and its annual meeting is chock
full of new, cutting-edge scientific approaches to the
practice of toxicology. While the SOT now has a great
interest in the type of basic research I had enjoyed at
FASEB meetings, the SOT also has broader interests
that allow a scientist such as myself to see how their
science can be applied to inform policy decisions,
both in industry and government, and to benefit
the public health. The breath and diversity of SOT
interests are reflected in the specialty sections, which
have grown to 26 in number, and cover a range of
interests including various organ systems and agents,
toxicity mechanisms, public health, regulatory affairs,
ethics and legal issues. There are few, if any, other
organizations that include such a diversity of stakeholders under one roof.

My boss, Roger O. McClellan, suggested that
it might be good for our scientists to link up with
practicing toxicologists and to join the Society of
Toxicology. I was not too sure at first, but there was
no way that I would ignore Roger’s “suggestion.”
So off I went, in 1980, to attend my very first SOT
meeting, which was held in Washington, D.C. I found
a rather jolly fun-loving group of colleagues who
were mostly talking about a golf tournament that was
apparently held on the afternoon before the meeting
began. There was a banquet and I learned even more
how important the golf game was. A large trophy
was awarded to the winners of the tournament
and the names of all participants were read out
and applauded. Was I at a scientific meeting or at a
gathering of an “old boys’ club” of which I obviously
was not, nor ever could be a member?

SOT membership, which includes people from
academia, government, and industry, spans the broad
spectrum of transitional science, from the laboratory
bench where discoveries are made, to the development
of methods to apply those discoveries to critical
human needs, to the development of regulatory
policies to protect public health. The SOT provided
me with marvelous opportunities to participate in
these transitional activities as I joined in various
advisory activities for the U.S. Environmental
Protection Agency (U.S. EPA), the World Health
Organization, and the National Research
Council/National Academies of Science (NRC/
NAS). This has culminated in my privilege to
serve on the Executive Committee of the U.S.
EPA Science Advisory Board, to chair the U.S.

Later in the banquet, it was announced that for
the first time, the SOT was sponsoring a student
award. Great, I thought. Good scientific research
does count after all. There was a fine introduction
explaining the meaning of the award and a young
man came up to receive it. Unfortunately, no
one thought to give his name. Well, it was a good
start anyway.
Next I attended a scientific session. A scientist
from an industrial firm gave a talk on a compound that
he had tested in numerous ways and the compound
did not cause any toxic effects in any of the tests. As
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EPA Clean Air Science Advisory Committee and to
chair the NRC Board on Environmental Studies and
Toxicology. Who would ever have guessed that the
shy young biochemist, with a narrow view of her role
in science, would ever have broken out of her mold
and have the privilege of serving in roles important
to public health? Thank you, SOT, for broadening my
horizons!
Bravo, SOT! I only wish I could attend your
meeting 50 years from now and observe what
happens next.
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he Midwest Regional Chapter of SOT—
Some Early Re-Collections
Three Decades of History (1981–2011)

by John A. Thomas, PhD, DATS, FACT

M

y early re-collections of the Midwest Regional
Chapter of the Society of Toxicology
(MRC-SOT) evolve principally around the era of the
1980s, but with the assistance of several colleagues
(see Acknowledgements) some of the intervening
history has been re-constructed and revived. Among
the Regional Chapters formed in the early eighties,
the Midwest Chapter (founded in 1981), was one of
four chapters including; Michigan, Mid-Atlantic,
and North Carolina. When chapter boundaries
were established in the early eighties there were
some geographic ambiguities and some overlap.
The name of the Midwest Chapter was somewhat
of a misnomer because Chicago-area toxicologists
more-or-less comprised most of the membership. In
the 1980s, the name Midwest was used, and at that
time, was generally meant to include Iowa, Indiana,
and Wisconsin. Now, with some realignment, the
Central States Chapter includes Iowa, and Indiana
is incorporated in the Ohio Valley Chapter. Despite
such borders, individual toxicologists still exercised
their prerogative to join which ever chapter was
convenient. As far as the MRC-SOT was concerned,
the membership was drawn principally from the
G.D. Searle Company (later NutraSweet and then
Monsanto), Baxter Healthcare (Travenol Labs), and
Abbott Pharmaceuticals. Despite the presence of
these three large companies, there were members
from several area companies (e.g. Nalgene, Mortons,
Standard Oil Company, Hazelton Laboratories, etc),
the Illinois Institute of Technology (IIT), and nearby
colleges and universities (University of Illinois, Iowa,
Wisconsin (Madison & Milwaukee), Northwestern
and Northeastern Illinois University, etc.). The
member’s source of employment varied over the
years, but in 2011 approximately one-third worked
in industry, about one-third were in academics, and
another third worked in contract labs or as individual
consultants.

supporters of the MRC. Dr. Kenneth DuBois
(University of Chicago) and Dr. Victor A. Drill
(G.D. Searle & Co.) lent their time and expertise
to the formation of the MRC–SOT in 1981.
Dr. DuBois served as the first Vice President of the
SOT (1961–62) while Dr. Drill served as President of
the Society from 1972–73. I was a graduate student
at the University of Iowa in the sixties, and I recall
using Drill’s, textbook Pharmacology in Medicine, a
very popular textbook before being supplanted by
Goodman & Gilman’s the Pharmacological Basis of
Therapeutics. Dr. Drill’s research team at the G.D.
Searle Company was instrumental in bringing the
first ‘oral contraceptive’ (i.e. norethynodrel or Enovid)
“the pill” to the market. Actually, my first non-NIH
or private foundation grant was from the G.D. Searle
Company. Dr. Drill was interested in the effects of
the 19-norsteroids on the liver and my laboratory was
studying the effects of these synthetic hormones on
hepatic steroid hydroxylases.
At about that same time in the early eighties, John
Doull, M.D., Ph.D. was doing collaborative toxicological research with Dr. DuBois at the University
of Chicago (U.S. Chemical Warfare Service).
Dr. DuBois was invited to join the Chicago Toxicology
Laboratories by Dr. E.M.K. Geiling. Dr. Geiling would
later be named an Honorary member of SOT (1962).
Subsequently, Dr. Doull was appointed to the faculty
at the University of Kansas Medical Center, and
along with his long illustrious career he co-authored
the classic textbook, Casarett & Doull, Toxicology—
The Basic Science of Poisons. Ironically, I met seven
of the nine Founders of SOT, but unfortunately
never had the opportunity to meet either Drs.
Lehman or DuBois (who’s career was shortened
by his early death at the age of 55, due to lung
cancer).
The Founding officers of the MRC were
Drs. Mike Evans, Ed Kaminski, Ninfa
Redmond, and Eugene Youkilis. Dr. Evans was a

Two of the Founders of SOT were early
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junior faculty at the University of Illinois Medical
Center Campus, and was the first President of
the MRC–SOT. The first meeting of the founding
Chapter officers took place on July 16, 1980 at
Northwestern University Medical School. Later,
Dr. Evans moved to the Indiana University School of
Medicine where he became the director of toxicology
for a two-year duration. Subsequently, he founded the
American Institute of Toxicology (A.I.T.) which became
a multi-million dollar laboratory operation involved
in the analyses of drugs and industrial chemicals.
Dr. Kaminski (now deceased) served as Presidentelect from 1981–82, and remained in the Chicago-area
where he held a professorship at Northwestern
University. Over the years, Dr. Kaminski was very
supportive of the MRC–SOT. Later, Dr. Kaminski’s
son (Norbert) followed in his father’s footsteps and
now holds a professorship and is the Director for
Integrative Toxicology at Michigan State University.
He also served as councilor and treasure for SOT.
Dr. Ninfa Redmond served as Secretary (1981–82).
She was a senior toxicologist at Baxter-Travenol
(later, Baxter Healthcare), and during an interim
in her career was the chief editorial assistant to
Dr. Gabriel Plaa for the journal Toxicology and Applied
Pharmacology (TAP). Dr. Redmond was Presidentelect of the MRC, but was unable to serve because
of her new employment in France. Dr. Youkalis,
Treasurer (1981–81), was also a senior toxicologist
at Baxter. Later in his career he formed a for–
profit drug,testing laboratory in the Chicago-area.
Dr. Yigal Greener served as the Chapter’s first
Historian. The Chapter’s first councilors were mostly
from the Chicago-area as well; Dr. Richard Krasula,
Abbott Labs, Dr. Barry Levine, a student of Dr.
Dubois was employed at IITRI. A list of the MRC
presidents and officers from 1981–present may be
viewed on the Chapter’s Web site at www.toxicology.
org/isot/rc/midwest/index.asp. In the formative years
of the MRC–SOT, many of the Chapter’s presidents
were also from the Chicago-area. The name of the
Chapter was actually called “The Chicago Toxicology
Group.” The ‘Group’ consisted of 16 members, but by
1983 membership had reached 120. Also in 1983–84,
Claude Wolf chaired the By-Laws Committee to
insure that the Chapter was in compliance with SOT
guidelines. Generally, academic membership was
scant and thus graduate student involvement was
quite limited. These circumstances also impacted
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the poster sessions at the annual meeting. Graduate
student participation increased as the MRC
matured, as evidence by the inclusion of the Victor
A. Drill Award (initiated in 1989) and by the Young
Investigator’s Award (initiated in 2003).
The DuBois Award was initiated in 1982, and
John Doull was named as the first recipient. The
Awards Committee consisted of Drs. Paul Garvin,
Milton Eisler, and William Pool. The DuBois Award
honors an ‘outstanding Midwest toxicologist.’ The
second annual presentation of the Kenneth P. DuBois
Award was made by Dr. John Doull and Mrs. Kenneth
DuBois at the joint meeting of SOT and ASPET in
Louisville, KY, August 17, 1982, with Dr. Drill being
named the recipient. A list of the MRC award recipients may be viewed at www.toxicology.org/isot/rc/
midwest/index.asp. Of the many awardees, most
have been from academic institutions. Dr. Drill, a
Distinguished Fellow in SOT, was an avid supporter
of the MRC–SOT, and gave his time unselfishly to
young toxicologists. When possible, he provided
necessary resources for the meetings. It was my good
fortune to have a lifelong professional relationship
with Dr. Drill. He was a gentleman in every respect,
quiet, and unassuming. Dr. Drill served as President
of SOT in 1972–73 and died eight years after the
formation of the MRC–SOT.
Any early history of both SOT and the MRC
would be incomplete without mention of the role of
the University of Iowa’s Department of Pharmacology
(and later titled the Department of Pharmacology &
Toxicology). Many pharmacologists who were trained
during the interval between the 1960s to the 1980s
gradually saw their careers headed in the direction of
toxicology. Certainly the late Dr. Gabriel Plaa made
foot prints for many to follow into the field. While his
tenure at the University of Iowa was brief (1962–68),
he nevertheless set the stage for Dr. Curt Klaassen
and others to pursue careers in toxicology. Gabby
not only provided early training for Curt, but other
future presidents of SOT would later emerge from
the University of Iowa; Dr. Robert Dixon (1982–
83); Jim Gibson (1988–89); Jerry Hook (1982–88);
Michael McClain (1997–98), and Curt Klaassen
(1990–91). Dr. Tom Teply (University of Michigan,
and later University of Iowa), a long time member of
the MRC–SOT was also a DuBois Awardee. Three
Michigan State faculty have received DuBois Awards;
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Robert Roth (2001), Justin McCormick (1992) and
James Trosko (1993). Interestingly, John Doull, a
DuBois recipient in 1985 was the Chapter’s featured
speaker whose topic was “Toxicology—An Emerging
Discipline” Bob Dixon and I were contemporaries
at the University of Iowa; he was a close personal
friend, but unfortunately his life was cut short by
liver cancer. Since we had similar research interests
in the area of endocrine toxicology, we contributed
chapters to several editions of Casarett & Doull. John
Doull also received the DuBois Award from the
MRC-SOT (1985). It was my good fortune to serve
on SOT Council during John’s presidential tenure of
SOT (1986–87).

eighties. The ‘old’ program, which included the Center
for Biochemical Pharmacology and Toxicology,
produced some of the foremost leaders in toxicology
worldwide. The ‘new’ program in toxicology is an
interdisciplinary graduate program, and is no longer
in the MRC region, but re-aligned to the Central
States Chapter of SOT. Currently, this ‘new’ program
is led by Professors Larry Robertson and Gabriel
Ludewig. Professor Peter Thorne is the Director of
the Environmental Health Sciences.
Toxicologists located outside the immediate
Chicago-area, namely, Indiana (IU), Purdue,
Wisconsin and downstate Illinois (University of
Illinois-Champagne-Urbana) have also played an
important role in the history of the MRC-SOT.
Drs. Evans and Forney held faculty appointments
at the University of Indiana School of Medicine in
Indianapolis. Dr. Forney served as SOT President
in 1981, the very year the MRC-SOT was formed.
Dr. James Klaunig served as Professor and Director of
Toxicology within the Department of Pharmacology
and Toxicology from 1999–2010. He was named
the Robert Forney Professor of Toxicology at IU
in 2004. In 2010, he re-located the toxicology
program to the Bloomington Campus to the newly
formed School of Public Health in the Department
of Environmental Health Both Drs. Forney (1983)
and Klaunig (2002) were recipients of the DuBois
Award. Dr. Joe Borzelleca (SOT President 1973–74)
made the presentation of the DuBois Award to
Dr. Forney. Dr. Forney also received the Education
Award from SOT in 1977. An early participant
and speaker at the MRC-SOT was Dr. John
Watkins (Bloomington Campus) who spoke on the
“Mechanisms of Hepatotoxicity.” The Victor A. Drill
Award was presented to Jason S. Isenberg (1996) and
to Stacy Corthals (2005). Natalia Van Duyn received
the Colgate-Palmolive Award for student research
training in alternative methods, an SOT-sponsored
award in 2010. Thus, both toxicology faculty and
students from Indiana University have been active in
the MRC-SOT.

Several former MRC-SOT members have
received the SOT’s Merit Award including, Ken
DuBois, Toshio Narahashi, John Doull, and John
A. Thomas. Professor Narahashi Northwestern
University, received the Distinguished Toxicology
Scholar Award from SOT in 2008. Other faculty
from Northwestern, namely, Drs. J. Reddy and
Dante Scapelli were recipients of the DuBois Award.
Dr. M. Nagabhushan, also of Northwestern
University, was the first recipient of the Victor A.
Drill Award.
Other MRC-SOT members have had additional
training with University of Iowa toxicologists,
including Dr. Frank Kotsonis, (MRC-SOT President
from 1985–86) who completed a postdoctoral
fellowship with Dr. Curt Klaassen. One of my former
graduate students, Dr. Michael Waalkes (NIEHS) was
also a postdoctoral fellow with Curt. Dr. Ken Wallace
who served as SOT President (2005–06) received
postdoctoral training at the University of Iowa
(1979–81). Other toxicologists that trained at Iowa in
the 1960s, namely, Drs. Richard Adamson (Arnold J.
Lehman Award, 1989) and Floyd Leaders left the area
to pursue careers in the government Service (NCI).
The relationship between the MRC-SOT and the
University of Iowa continues as evidenced by student
recipients, Valerie Neymeyer—Victor A. Drill Award
in 1994 and Jinshen Shan—Victor A. Drill Award in
1997.

Purdue University has a long time involvement in
MRC activities. The Victor A. Drill Award was shared
by Purdue toxicology students, Lewis Shi and Shirley
Wang (2004). Dr. Wei Zheng was also a recipient
of the Victor A. Drill Award and is on the faculty
at Purdue. Currently, Dr. Christina Wilson, Purdue

In the past, the Department of Pharmacology
(and later the Department of Pharmacology &
Toxicology) was organizationally within the College
of Medicine. The University of Iowa’s first toxicology
program, active for decades, closed in the early
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University, Department of Animal Disease Diagnostic
Lab Toxicology Service, serves as MRC-SOT
President. The Department of Pharmacology within
the School of Pharmacy at Purdue has a long history
of involvement with toxicology as witnessed by
Dr. Tom Miya who had a distinguished career
including President of SOT (1979–80). Dr. Gary
Carlson, School of Health Sciences, Purdue
University, has been a very active member of SOT for
more than 35 years.

Richard Peterson (2004). Dr. Pitot also received the
Distinguished Toxicology Scholar Award in 2003.
In 1998, the Victor A. Drill Award was received by
Sharon Heidel (Madison campus).
Other academic institutions in Wisconsin
have contributed to the success of the MRC-SOT.
Dr. Don Kortes, Concordia University (Mequon, WI)
served as President (2007–08). Dr. Mary L. Haasch,
Medical College of Wisconsin (Milwaukee, WI) was
a recipient of the Victor A. Drill Award (1992). Tisha
King Heiden, University of Wisconsin (Milwaukee
campus), received the Young Investigator’s Award
in 2003. It is evident that several academic institutions and industries in Wisconsin have made significant contributions to the continuing success of the
MRC-SOT.

Eli Lilly and Company as well as
DowAgroSciences (formerly Dow-Elanco) are both
located in the in Indianapolis area. A major Covance
facility (formerly an R & D facility for Lilly Research
Laboratories) is located in Greenfield, IN. Dr. John
L. Emmerson, designated a Senor Distinguished
Scholar at Lilly Research Labs, was a stalwart of
toxicology. John served as Vice President of SOT
(1991–92), and later as its President (1992–93). Many
industrial toxicologists gained valuable practical
experience and guidance from Dr. Emmerson. Over
the years, Eli Lilly has employed significant numbers
of SOT members within their toxicology programs.

The University of Illinois Champagne-Urbana,
similar to the University of Illinois Medical Center
campus in Chicago has had participatory roles
in the history of the MRC-SOT. Dr. Elizabeth
Jeffery, University of Illinois-Champagne-Urbana,
served as President of the MRC-SOT in 1997–98.
Dr. Robert Metcalf (1987) and X. Zhao (1999) also
received the DuBois Award, respectively. University
of Illinois graduate students have been recipients of
the MRC-SOT Young Investigator’s Award (Cynthia
McDonnell) (2005) and the Best Paper Award
(Stephen Hooser) (1988). Other graduate students
from the University of Illinois campuses have received
the Victor A. Drill Award including, J. Bies Tabola
(1993) (Chicago), Clint Allred (2000) (ChampagneUrbana), Anna Keck (2001) (Champagne-Urbana),
and Myrtle Davis (1991) (Champagne-Urbana).

At one time, Dow Chemical Company (Midland,
MI) had a major presence in the Indianapolis area.
Dr. Perry J. Gehring began his research career at
Dow Chemical, and later became President of SOT
(1980–81). He was also a recipient of the Frank R.
Blood Award (1978). However, a merger led to the
formation of Dow-Elanco that eventually focused
on agricultural chemicals (e.g. pesticides). Dr. James
Gibson was employed by Dow-Elanco for over
a decade before joining CIIT in RTP. From this
conjoined company emerged Dow AgroSciences
(Noblesville, IN) and Elanco Animal Health (an Eli
Lilly subsidiary). Dow AgroSciences maintains a
staff of toxicologists, many who are involved in the
safety of genetically engineered foods and nutritional
products.

A review of the professional activities of past
presidents of the MRC-SOT reveals that about
two-thirds are still working full-time or are perhaps
semi-retired and involved in toxicology consulting.
Over the last three decades, at least six former
MRC-SOT presidents were employed by Covance
(including Hazelton Labs, Madison, WI). About four
past presidents reside in academic settings with the
majority still employed in industry. Three past presidents are deceased (Drs. Fort, Kaminski, and Roger).

The University of Wisconsin-Madison and
Hazelton Laboratories (now Covance) has had a
number of toxicologists who have been very active
in MRC-SOT programs. Dr. Karen McKenzie,
formerly at Hazelton Labs, served as President of
the MRC-SOT in 1989–90. Several University
of Wisconsin faculty have been recipients of the
DuBois Award, including Drs. Henry Pitot (1996),
Roswell Boutwell (1998), James A. Miller (1999), and
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Over the past two decades (~1989–2010), six
MRC-SOT presidents have emerged from Covance
including: Dr. Karen MacKenzie (1989–90), Drs.
Peter Thomas (1994–95), Peter Smith (1996–97),
Kevin Williams (2005–06), Peter Thomford

27

Historical Perspectives

The MRC-SOT—Some Early Re-Collections: Three Decades of History (1981–2011)
(2008–09), Matthew Schroeder (2009–10) and
Susan Henwood (President-elect, 2012–13). Such
contributions to a professional society are particularly gratifying to the MRC-SOT. Other past presidents, as mentioned earlier, were from academics,
served as consultants, or were from the pharmaceutical or healthcare companies.

Chicago-based toxicologists has changed during the
past thirty years by virtue of corporate mergers and
the degree of company outsourcing. Nevertheless, it
remains a vibrant environment for both pharmacologists and toxicologists.
The MRC-SOT has never hosted a SOT meeting.
The only Midwest cities to host a SOT meeting have
been Cincinnati (1963, 97) and Nashville (2002).
The early meeting of the SOT in Cincinnati was due,
in part, to the fact that the Association of Industrial
Hygienists (AIHA) offices were located in the city,
and at that time they shared some executive offices
with SOT. Later, the offices of the SOT were moved
from Cincinnati, and re-located in the Washington,
D.C. area. Still another possible explanation as to
why Cincinnati, and not Chicago, hosted this early
SOT meeting was due to Dr. William Deichmann
who was a Founder of the Society and was the first
treasurer. Dr. Deichmann received his Ph.D. from
the University of Cincinnati (also at the Kettering
Laboratories).

Many of the early MRC-SOT members have
retired, are semi-retired or have begun second
careers as consultants. After successful toxicology
careers in the ‘big three companies’ (e.g. G.D. Searle,
Baxter or Abbott) in the Chicago-area, a number
of MRC-SOT members have formed their own
consulting companies. Many toxicologists sought
to further their employment by forming consulting
groups or S-Corporations. Drs. Shayne Gad
(Vice President, 1989–90), Robin Guy (President,
2006–07), Reid Patterson (President, 2003–04),
and Barbara Struthers (President, 1991–93) have
pursued successful consulting careers in pharmaceutical or industrial chemical companies. Dr.
Chris Chengalis (formerly G.D. Searle) served as
President of the MRC-SOT in 1988–89, and is
now employed as a senior executive toxicologist at
the WIL Research Labs (Ashland, OH). Dr. Fred
Radzialowski (formerly Searle and now retired)
and Patricia Frank received the DuBois Award in
2005 and 2008, respectively. Dr. Robert Dudley
served as President (1990–91) of the MRC-SOT
and is currently employed at Claris Therapeutics
(Rosemary Beach, FL). Dr. Bernadett Ryan served
as President of the MRC-SOT in 1999–2000, and
is currently employed at Experimur (Chicago, IL).
Dr. Robert House who served as President of the
MRC-SOT in 1998–99 is currently employed by
the Du Pont Vaccine Company (Frederick, MD).
Drs. Randy White (formerly Baxter) is associated
with WuXiAppTex, Inc. (St. Paul, MN) and Patricia
Frank (formerly Searle and private Consultant) have
both served as officers in the MRC-SOT. Dr. Farrel
Fort (deceased) served as President of the MRC-SOT
in 1993–94, and later joined the a toxicology group at
Takeda Abbott Pharmaceuticals (T.A.P).

The majority of the MRC-SOT annual meetings
have been held in the Chicago-area, usually
in Lincolnshire, IL, where the Marriott Resort
and Conference Center is conveniently located.
Occasionally, the annual meeting has been held close
to downtown Chicago, but it was generally more
difficult for members to access because of busy traffic
on Fridays and Saturdays. Northwestern University
was an alternate site because of Dr. Ed Kaminski’s
active involvement in the MRC-SOT. Over the years,
several other nearby sites hosted the annual meeting.
The usual duration of the meeting was about one to
two days. Cost was also a factor when determining the
meeting site, since many of the junior members had
very limited travel budgets. In the early days of the
MRC there were seldom very many graduate students
who attended the annual meeting, and most young
toxicologists were technicians from local companies.
While infrequent, the Chapter sometimes held joint
meetings (e.g. 1981) with the Midwest Teratology
Association (MTA) since Dr. Karen McKenzie was
active in both groups. A plenary session speaker and
poster sessions were an integral part of the Chapter’s
scientific program. Since attendance was reflected by
nearby companies, topics related to industrial issues
received some emphasis. During the last 30 years,
the Chapter has instituted three professional awards

The pharmaceutical and chemical industries continue to employ experienced toxicologists
whether it is for preclinical drug development, safety
evaluation of industrial chemicals or as outside
project managers. The employment opportunities for
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The professional strength of any scientific society
or group depends upon active participation by its
members. While chapter officers and awardees often
provide leadership roles in the success of a chapter, it
is often the unheralded efforts of councilors, program
chairs and other organizers that make invaluable
contributions to the success of a chapter. Those
toxicologists who nurtured the early beginnings
of the MRC-SOT can be assured of its continued
success by the next generation of scientists.

Disclaimer
As with most historical re-collections, it is seldom
possible to specifically mention each member, and
the author takes full responsibility for any inadvertent
omissions or oversights.
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