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ABSTRACT

The responsibility of the United States Food drugs and Drug Administration (FDA) is to as-
sure the safety of foods, drugs and cosmetics. To fulfill its mandated mission, KDA has to carry
out research in order to improve testing technology and risk assessment. The National Center for
Toxicological Research (NCTR) is currently carrying out research in support of this mission. This
paper briefly describes regulatory risk assessment research at the NCTR.
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INTRODUCTION

The assurance of safety of foods,human
and ammal drugs, cosmetics, biological pro-
ducts, radiation-emitting electronic products,and
medical devices in interstate commerce 1s the re-
sponsibility of the Food and Drug Administra-
tion (FDA) of the United States. To fulfill its
mandated mission, the FDA has to carry out re-
search In order to improve testing technology
and risk assessment. In the preceding paper, Dr.
Chiu S. Lin addressed the U. S. FDA regulatory
procedures and guidelines for ensuring product
safety. To ensure the safety of products, most of
the FDA’s Centers are involved 1n research 1n
regulatory risk assessment. For example, the
Center for Food Safety and Applied Nutrition
(CFSAN) has the responsibility for mamtaining
and mmproving the safety, wholesomeness and
nutritional quality of the national food supply.
Scientific research will enable CFSAN to main-

83

tain and improve risk assessment and prevent
foor-borne injury and disease. The Center for
Devices and Radiological Health (CDRH) has
the responsibility for controlling unnecessary €x-
posure of humans to ionizing and nonionizing
radiation-emitting electronic products.

The National Center for Toxicological Re-
search (NCTR) has been the FDA’s major re-
search Center for supporting the mission of the
FDA. Currently, the FDA already has plans to
increase the utilization of NCTR’s expertise and
facility to support FDA’s regulatory research.
Intensive collaborative research between NCTR
and the other FDA Centers has been es-
tablished. Thus, NCTR is carrying out a major
role in performing regulatory risk assessment for
FDA. In this paper, we describe the major re-
gulatory research at the NCTR.

RISK ASSESSMENT AND RISK MAN-
AGEMENT
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There are four steps in performing risk as-
sessment; hazard identification, exposure assess-
ment, dose-response assessment, and risk charac-
terization. Hazard identification is to determine
whether or not exposure to a chemical can cause
an increase in the incidence of a health condi-
tion. Epidemiological studies, animal bioassays
and structure-activity analyses are the major
sources for obtaining data for hazard identifica-
tion. Exposure assessment is the process of defi-
ning the quantity of a chemical that comes into
contact with human population. The duration of
exposure, magnitude of exposure into the body,
route of exposure, and sensitivity of the popula-
tion need to be determined and evaluated. Dose-
response assessment is the process of estimating
the relation between dose of an agent and the
incidence of an adverse effect. Risk characteriza-
tion 1if the process of integration of the data and
analysis involved 1n the first three steps (e.g.. ha-
zard 1dentification, exposure assessment, and
dose-response assessment) to determine the hke-
lthood the chemical poses a human hazard. Risk
management combines the risk assessment with
the directives of regulatory legislation, together
with socioeconomic, technical, political, and
other considerations, to reach a decision as to
whether or how much to control future exposure
to the suspected toxic substance.

Regulatory research in risk assessment 1s
very difficult. By definition, “risk™ indicates the
probability of an adverse health eftect resulting
from exposure to a hazardous chemical or a
mixture of substances. The adverse health effects
are the biological result of exposure to naturally
occurring or the man-made toxicants. These bio-
logical effects include: cancer, reproductive pro-
blems, genetic effects, chnical effects and sub-
chinical effects. While the clinical and subclinical
effects can be easily evaluated, the causes of ca-
ncer induction, reproductive problems, and gene-
tic effects are usually much more difficult to be
detected and assessed. Because of the history of
methodological development, emphasis has been
placed on risk assessment for carcinogenesis. Re-
cently, the other end points such as terat-

ogenesis, mutagenesis, neurotoxicity, and im-
munotoxicology are also considered.

To perform nisk assessment for car-
cinogenesis 1S highly challenging. Isolation,
identification, and quantification of toxic chem-
icals that we are exposed to are not easy. Accu-
rate assessment of carcinogenic potency of a
chemical 1s very difficult also. Production of tu-
mors in an animal species does not prove that
the chemical 1s 4 human carcinogen. Also, fai-
lure to produce tumors in animals does not
eliminate the possibility that the chemical would
be carcinogenic in man. There exist a large nu-
mber of uncertainties concerning the use of ex-
perimental animal data for interpretation of hu-
man health risk posed by carcinogenic chem-
icals. Furthermore, because most of the carcino-
genic chemicals require metabolic activation,
risk evaluation must be based on the quantita-
tive estimate of the dose of the reactive meta-
bolites delivered to the target tissues, and based
on the carcinogenic potency of the metabolites.
Without sufficient knowledge, uncertainties (as-
sumptions) are itroduced into the risk assess-
ment process that allow wide interpretation of
the limited experimental data that are available.
As a consequence, 1t 1s important to pursue crit-
ical data on the relationship between exposure,
dose to target tissue (delivered dose)., and as-
sociated health effects. Emphasis is on the labo-
ratory and field research to improve understa-
nding of basic biological mechanisms, especially
as they relate to our ability to extrapolate from
one set of circumstances to another and will al-
low us to quantify the human health risks as-
soctated with human exposures.

REGULATORY RESFARCH AT THE
NATIONAL CENTER FOR TOXICOLOG-
ICAL RESEARCH (NCTR)

The NCTR was founded 1in 1972, and his-
torically has been a research agency designed for
conducting chronic and subchronic toxicological
studies. Since the National Toxicology Program
(NTP) was founded in 1978, NCTR has been
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actively linked to this Program, including on-site
subchronic and chronic bioassays. Such long
term bioassays have had significant contribution
on the FDA’s regulatory assessment of several
human and animal drugs, such as gentian violet,
sulfamethazine, and doxylamine. To efliciently
serve FDA’s research needs in accordance with
its current and future regulatory functions, re-
search has also been emphasized on the under-
standing of the biological mechanisms underly-
ing the toxicity of products regulated by the
agency. Accordingly, the NCTR has been re-
focused into nine programmatic areas. As de-
scribed in the “NCTR Ongoing Research”,
“Currently each of the projects is directed to-
ward the resolution of regulatory issues, the so-
lution of which will be expected to provide the
scientific understanding for regulatory decision
making.” This unique approach will enable
FDA to perform risk-benefit assessment in a
much more efficient and reliable manner. In or-
der to efficiently perform regulatory risk assess-
ment for FDA, intensive collaborative research
between NCTR and the orther FDA’s Centers
has been established.

The goals and the significance to FDA of
these nine programs are briefly described below:

1. Analytical Methods Developmental Program
- To develop and validate rapid, sensitive, and
reliable analytical methodologies for enforce-
ment of regulations governing adulterants, con-
taminants, composition, and potencies in FDA
regulated products.

2. Applied and Environmental Microbiology
Program - To determine the role of intestinal
microflora in the activation or detoxification of
xenobiotics; and to employ microorganisms as
models to predict the metabolic pathways by
which drugs are metabolized in mammals.

3. Biochemical and Molecular Markers of Ca-
ncer Program - To improve and conduct sub-
chronic and chronic toxicological bioassays to
address the FDA’s regulatory needs, and to de-
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velop new approaches, such as biomarkers, to
increase the sensivity in performing risk assess-
ment.

4. Developmental Toxicology Program - To
improve methods for detection and prediction of
developmental toxicity in the human population,
to elucidate the mechanisms of developmental
toxicant effects, and to improve biologically-ba-
sed dose-response models for developmental risk
assessment.

5. Neurotoxicology Program - To develop and
validate quantitative biomarkers of neuro-
toxicity, to utilize the developed biomarkers to
elucidate mechanisms, and to enhance the certai-
nty of assumptions underlying risk assessment of
neurotoxicants.

6. Nutritional Modulation of Risk and Toxi-
cology Program - To determine the mechanisms
by which dietary constituents affect the toxic-
ological effects of chemicals, and based on the
findings, make appropriate recommendations to
FDA and other regulatory agencies.

7. Quantitative Risk Assessment Program - To
conduct mathematical research to improve curr-
ent statistical procedures for quantitative risk as-
sessmemit.

8. Solid-State Toxicity Program - To deter-
mine the mechanisms of long-term toxicity of
implanted materials, and provide scientific infor-
mation for FDA’s regulatory decision.

9. Transgenic Program - To develop and vali-
date sensitive and predictive transgenic human
in vitro systems and rodent in vitro and in vivo
systems for identifying and quantifying human
toxicants.

Carcinogenesis is the major concern on risk
assessment. Thus, two representative research
“‘areas” on carcinogenesis that are currently
being carried out at the NCTR are described be-
low. The first research area is to integrate the
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elucidation of mechanisms to the study of sub-
chronic and chronic bioassays, and the second
research area 1s to develop and validate biomar-
kers as surrogates to increase the sensitivity in
performing risk assessment.

I .Toxicology and Carcinogenicity Study Pro-
gram

As described earlier, subchronic and chron-
ic bioassays have had significant contribution on
the FDA'’s regulatory assessment. To fully utilize
and strengthen the expertise and facility, the
NCTR and the National Institute of Environ-
mental Health Sciences (NIEHS), cooperating
member agencies of the National Toxicology Pr-
ogram, recently established an agreement to de-
velopment of a scientific database on substances
of particular interest to the FDA, with special
emphasis on: ( 1) reduction of the uncertainty
in risk-assessment and risk-benefit analyses; ( 11 )
provision of a better estimate of true risk lea-
ding to high-quality, science-based risk manage-
ment decisions; and (iii) development and ap-
plication of carcinogenicity study designs that
best meet the regulatory needs of the FDA. The
first compound that this Program studied was
chloral hydrate. In performing FDA’s regulatory
toxicological assessment on chloral hydrate, pre-
sently, the Biochemical and Molecular Markers
of Cancer Program, the Transgenic Program,
and the Nutritional Modulation of Risk and
Toxicology Program are participating. Four ap-
proved protocols will determine: (i) the
mechanisms by which chloral hydrate exert its
genetic toxicity; (ii) range-finding toxicity of
chloral hydrate in male and female B6C3F;
mice; (iii) range-finding toxicity ofchloral hy-
drate 1n male and female F344 rats; and (iv)
following briefly describes the background of
chloral hydrate and the approaches to determine
its mechanism(s) of toxicity.

( 1). Background of chloral hydrate

Chloral hydrate has been in use as a hy-
pnotic and sedative since the nineteenth century.

Although 1t has adverse gastrointestinal effects,
chloral hydrate 1s still being widely used as a
sedative for children’s dentistry and has other
medical uses involving minor surgery and diag-
nostics. This compound has been used as a seda-
tive and anesthetic for horses, cattle, swine, and
poultry. In addition, chloral hydrate has been
identified by the U.S. Environmental Protection
Agency as a product of the water chlorination
process. Chloral hydrate was reported gy Daniel
et al. \n Fundamental and Applied Toxiciology 1n
1992 to induce hepatic neoplasms. It nduced
71% (17/24) hver adenomas or carcinomas to
male B6C3F: mice exposed to levels of 1g/L
chloral hydrate, or 166 mg/kg/day of chloral hy-
drate, via the dnnking water for two years; whi-
le the control amimals treated with the vehicle,
distilled water, developed 15% (3/20) hver ade-
nOomas Or carcinomas.

(II). Determination of the mechanism of chloral
hydrate

The approaches to determine the mechan-
ism of chloral hydrate leading to genotoxicity
are as follows:

I. To characterize and quantify the meta-
bolites of chloral hydrate formed trom in vitro
metabolism of chloral hydrate by liver micro-
somes, mitochondria, and cytosols of B6C3F,
mice, F344 rats, and humans;

2. To determine the mechanism of metabo-
lic activation of chloral hydrate leading to muta-
tions by determining the mutagenicity of chloral
hydrate and its metabolites 1n S. typhimurium
tester strain TA100 with S9;

3. To prepare synthetically carcinogen-
modified DNA adduct(s) of chloral hydrate and
its metabolites, and to characterize and quantify
the DNA adducts formed in vitro (incubation in
the presence of calf thymus DNA) and in vivo,

4. To determine the principal metabolizing
enzymes responsible for metabolic activation and
DNA binding of chloral hydrate and 1its meta-
bolites 1n mice, rats and humans; and

5. To study mutagenicity, metabolism and
DNA adduct formation of chloral hydrate and
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its metabolites in transgenic human lympho-
blastoid cells expressing cytochrome P-450
(CYP) 2E1 and other CYP’s, and to determine
which (if any) human CYP isozyme 1s the
principal enzyme responsible for metabolic ac-
tivation of chloral hydrate.

II.Biomarkers

Biomarkers are potential surrogates for hu-
man health risk assessment. It can also provide
information concerning the mechanisms by
which the toxic chemicals exert their adverse ac-
tivities, including carcinogenicity, in humans.
Biomarkers can monitor human exposure and
effect of a toxic component present in the food
chain, drugs, or in the environment. Thus, it 1S
anticipated that development of sensitive bio-
markers for risk assessment will be one of the
major research areas in medical science and 1n
regulatory research. An ideal biomarker to be
developed should be non-invasive and interpret-
able in terms of human susceptibility to expo-
sure of effect. DNA adducts will be the cnitical
biomarkers to measure the effect of a carcino-
genic chemical to human health. Nevertheless,
although several modern techniques have been
employed successfully to identify and quantify
DNA adducts, all encounter different types of
problems. The most important problem 1s detec-
tion capability. It is important to improve the
current analytical methodologies and to develop
new methodologies for accurate detection and
quantification of DNA adducts, protein adducts
and other biomarkers. Currently, there are a nu-
mber of on-going research projects under the
Biochemical and Molecular Markers of Cancer
Program to study DNA and protein adducts as
biomarkers. Some of these research projects and
their goals are listed below:
1.Several food pyrolysates have been found to

be highly tumorigenic in experimental animals.
A protocol has been initiated to detect the
DNA adducts derived from these food pyroly-
sates in humans. Among these food pyroly-
sates. 2-amino- l-methyl-6-phenylimidazo{4,5-b]
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pyridine (PhIP) is a blood-borne carcinogen,
and has been detected in fried beef. Another
protocol is to determine the metabolic activa-
tion pathways and DNA adducts of PhlIP,
and to develop sensitive methodologies for de-
tecting its DNA adduct(s) in performing nsk
assessment.

2.3-Azidothymidine is an anti-HIV drug. How-
ever, it is also a carcinogen. A protocol is un-
derway to determine its mechanisms for the
carcinogenicity and to study the incorporation
of this drug into DNA of target tissues.

3. Urethane has been found as a food-borne car-
cinogen. In collaboration with CFSAN, a pro-
tocol is proposed to characterize its DNA ad-
ducts and to develop sensitive methods for de-
tecting these adducts.

4.The analgesic drug, acetaminophen, exhibits
liver toxicity. Currently, a protocol will em-
ploy an immunochemical method to detect the
acetaminophen-induced protein adducts as a
biomarker of toxicity in humans.

5.As described earlier, the NCTR is studying
the genotoxicity of chloral hydrate. This study
also includes whether or not its DNA adducts,
if formed, are relevant biomarkers.

6.A protocol determines the role of arylamine
acetylation and N-oxidation phenotypes in hu-
man urinary bladder, colorectal, and lung ca-
ncer.

7.Mass spectrometry is one of the most promis-
ing methodologies for detection of DNA ad-
ducts in a tiny quantity. A protocol is being
conducted to improve the sensitivity of this
technology in detecting different classes of
toxicologically significant compounds, inclu-
ding polycyclic  aromatic  hydrocarbons
(PAHs), nitrated PAHSs, arylamines, and food
pyrolysates.

PERSPECTIVES

Recently, FDA's strategic plan for future
lists regulatory science as the second highest
priority. The Commissioner of FDA, Dr. David
Kessler, has pointed out the importance of re-
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gulatory research and emphasized that ‘“when
we discuss significant scientific and regulatory
matters, it 1s important to bring a scientist to
the table-someone who can analyze the issue
and evaluate the arguments-all of this with a
scientist’s particular point of view,” and that
“*science drives policy-make FDA'’s policy judge-
ments much more than simply one person’s opi-

nion against another’s.” Regulatory research is
timely and important. FDA has a major re-
gulatory responsibility and consequently em-
ploys risk assessment and risk management to
meet this responsibility. We anticipate that re-
gulatory research at FDA will significantly help
improve quantitative risk assessment which curr-
ently we encounter with difficulty.

@ B m,%#é] ﬁ%%ﬁk}a#@ﬂ%ff"%mm

PETER P. FU,(fF:28) LI-HSUEH CHIU, LINDA S. VON TUNGELN AND DIOGENES HERRENO-SAENZ

Biochemical Toxicology Division, National Center for Toxicological Research, U.S. Food and Drug Administration
Jefferson, Arkansas 72079, U.S.A.

14

XERMEVEHEZERBRRES. EYRL
Mhan L ZRIER, 7 TRSER - LABEEYER
K TP BURFE ST, T RETE JRL B TS BT b, M4 oK

=

¥a. B EE R EHEWET0, F BT, (F
e ETT A L IR 5T , R SCE S B g G
BT AE,

Correspondence to : Peter P. Fu

Accepted for Publication : Jan. 6, 1994





