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Preface

This document is the first revision of the Food and Drug Administration's 1982 "Redbook 1"
(Toxicological Frinciples for the Safety Assessment of Direct Food Additives and Color Additives Used in
Food). The revised *Redbook II* is intended 1) to provide guidance regarding criteria used for safety
assessment of direct food additives and color additives used in {00d and 2) to assist petitioners in
developing and submitting for Agency review data for the safety assessment sections of petitions for
these food additives under Scction 21 of the Code of Federal Regulations (CFR). While the
guidelines in this document do not preclude the petitioner from demonstrating safety by using other
types of data, a submission conforming to the recommended scheme of toxicity testing would
normally provide sufficicnt scientific information 10 assess safety,

In 1982, FDA and the Center for Food Safety and Applied Nutrition (CFSAN, then the
Bureau of Foods) first published the *Redbook I" to describe the criteria the Agency employed for
assessing the safety of direct food additives and color additives used in food. In revising *Redbook 1*
the Agency is taking into account developments in toxicity testing since 1982 and comments received
from the scientific community and public concerning the 1982 "Redbook L' As with the 1982
"Redbook 1* the tiered system for determining concern levels and minimum sets of toxicity tests for
compounds assigned to each concern level are discussed in this document. In addition to
conventional types of toxicity tests, new or significantly expanded sections include metabolism and
pharmacokinetics, immunotoxicity, neurobehavioral toxicity, alternatives to whole animal testing,
emerging issues in 1oxicity testing, pathology and statistical considerations, human studies,
epidemiological studies, and carcinogenic risk assessment,

A major objective of the 1982 "Redbook I" was to make public the Agency’s policy of cyclic
review of the safety of additives in food. Since that time, the concept of cyclic review was
abandoned and a program entitled "Priority-Based Assessment of Food Additives (PAFA)" was
cstablished. The PAFA program maintains a database of administrative, chemical and toxicological
information on "Everything Added to the Food in the United States® (BEAFUS), including the
"Generally Recognized as Safe” (GRAS) compounds and all CFR regulated direct food additives and
color additives used in food. It is beyond the scope of this document to provide a comprehensive
list of all types of information in PAFA, or to provide a complete description of the procedures now
used to evaluate data prior 1o inclusion in the database. This information will be available to the
public by requesting a supplemental document to "Redbook 11" entitled "FDA/CFSAN's Priority-
Based Assessment of Food Additives Database®.

Redbook 11 should provide useful guidelines to the petitioner in developing the toxicological
safety data and documentation section in petition submissions for direct food additives and color
additives used in food. A petitioner may follow the guidelines and protocols in "Redbook I1,* or
may choose to use alternative procedures. If a petitioner chooses 10 use alternative procedures,
however, hefshe should discuss the procedures informally with the Agency to prevent expenditure of
moncy and cffort on activitics that may later be determined to be unacceptable to the FDA.

* A notice of availability of the document entitled "FDA/CFSAN's Priority-Based Assessment of Food
Additives Darabase® will be published, and information concerning the document may be requested by
contacting the Division of Health Effects Evalvation (HFS-225), CFSAN, FDA, 200 C Street S.W,,
Washinglon, D.C.
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Chapter I

Introduction

One of the responsibilities of the Food and Drug Administration (FDA) and its Center for
Food Safety and Applied Nutrition (CFSAN) is to evaluate the safety of food additives and color
additives used in food. Although the Food, Drug, and Cosmetic Act (the Act)* defines food
additives pencrally, the Agency has further divided the universe of food additives into direct food
additives (which are of interest here) and indirect food additives (see Chapter I C). Direct food
additives are substances deliberately added to food to achieve a specific technical effect, such as
emulsification or calorie reduction. The "safety” of these additives is defined in sections 70.3 and
170.3 of Title 21 of the Code of Federal Regulations (CFR) as a reasonable certainty that a
substance is not harmful under the intended conditions of use.b

Under the Food, Drug, and Cosmetic Act, the safety of food additives and color addjtives used
in food must be established prior to marketing by evaluating the probable exposure to the substance
and appropriate toxicological and other scientific information. Thus, approval of any new food
additive or color additive used in food depends in part upon the outcome of toxicity tests that are
performed and cvalvated prior to marketing.

FDA consistently has taken the position that various types of scientifically valid information
can support a finding that the proposed use of an additive will not cause harm to the consumer.
Thus, the Agency continues 10 adjust testing recommendations for direct food additives and color
additives used in food as necessary to reflect both the steady progress of science and current
information about population exposure to additives,

In 1982, FDA's Burcau of Foods published its guidelines: Toxicological Principles for the Safety
Assessment of Direct Food Additives and Color Additives Used in Food." The guidelines set out a
system of tiered information recommendations for additives in food, They describe how FDA
incorporates information about expected human exposure and chemical structurefactivity relationships
into initial Concern Levels for food and color additives used in food. The Concern Levels provide
guidance on how much toxicity testing should be done for different levels of estimated human
exposure. The 1982 guidelines also set forth the toxicological safcty evaluation criteria that FDA
uses in judging the safety of additives.

‘This document is the Agency’s first published revision of the 1982 guidelines. A $ubmission
conforming 1o these recommendations would normally provide sufficient scientific information to
evaluate saflcty, However, these guidelines are not intended as rigid rules and they do not preclude
the petitioner from demonstrating safety by using other types of toxicological data and information.
The flexibility of FDA rccommendations contained in this document is discussed in Chapter I B.

* Commitiee of Labor and Public Welfare (1988)°

b Committee of Labor and Public Welfarc (1988);! Code of Federal Regulations (1992); Code
of Federal Regulations (1992)°

< U.S. FDA report (1982)
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I A Major Changes in the Revised Guidelines

1. Introduction

This section summarizes major changes in this revision of the 1982 Toxicological Principles for
the Safety Assessment of Direct Food Additives and Color Additives Used in Food* In genera), these
changes derive from threc major sources: 1) Changes in the purpose of the publication; 2) comments
received on the 1982 publication; and 3) increased scientific knowledge and technological advances
since 1982, Attempts also have been made to achieve consistency with guidelines published by other
agencies, countrics, and international organizations, when such consistency does not compromise
FDA’s ability to ensurc the safety of direct food additives and color additives used in food.

A major objective of the 1982 publication was to make public the principles of the Agency’s
priority-based asscssment of food additives (PAFA). For example, the 1982 publication described in
addition to the "current* guidelines, "core standards® for toxicity studies. Core standards define
standards 1o be used in determining whether previously conducted texicity studies provide
information that would be a uscful addition to the PAFA database. There has been some confusion
about whether core standards represent minimally acceptable protocols for conducting toxicity studies
1o support the safety of newly petitioned food and color additives used in food; in general, they do
not. While FDA will continue 10 make information about PAFA available to the public upon
request, it will not be presented in this publication. A separate document is available containing
information on the PAFA databasc.®

Other changes in this revision arc aimed at clarifying how toxicology review fits into the
overall petition review process for direct food additives and color additives used in food. Thus,
guidelincs on how to submit machine-readable data for review by FDA (sec Chapter XI B), and
information about how the Agency assesses the safety of food and color additives used in food (see
Chapter 11 C) have been incorporated into the revised guidelines.

After publication of Taxicological Principles for the Safety Assessment of Direct Food Additives
and Color Additives Used in Food in 1982, the Agency received thoughtful comments about its
recommended guidelines from scientists, consumer interest groups, health agencies in other countries,
companics in the food industry, and manufacturers associations. These comments concerncd such
things as the appropriate balance between exposure and structure/activity information in assigning
chemicals to Congern Levels, assessing the safety of food additives that are expected to be consumed
in Jarge quantities, and the recommended duration of rodent carcinogenicity bioassays. Some
changes in this publication resulted, in part, from consideration of these comments.

Finally, changes in this publication derive from increascd knowledge about toxicological
processes and outcomes, from technological advances in the food industry, and from changes in
public opinion that focus on the need to pay attention 10 the humanc and economm]}y efficient use
of laboratory ammals in scicnuf‘ ic research,

* FDA (1982)!

b A notice of availability of the document entitled "FDA/CFSAN's Priority-Based Assessment of Food
Additives Database” will be published, and information concerning the document may be requested by
contacling the Division of Health Effects Evaluation (HFS-225), CFSAN, FDA, 200 C Strect SW,,
Washington, D.C.
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1 A Major Changes in the Revised Guidelines Continued

2. Changes in Determining Concern Levels and Recommended Toxicity Tests for
Food Additives and Color Additives Used in Food

» Estimation of Human_Exposure to Food Additives and Food Ingredients: Information
about how the Agency estimates human pre-market exposure to direct food additives and food
ingredients is provided (sc¢ Chapter NI B 3) in this document.

s Structure Category Assignments: Several changes in structure category assignments have
been made, In general, these changes derive from scientific information available since 1982,
Some changes also were designed to enhance the reader’s understanding of how additives are
assigned 10 Structure Categorics A, B, and C (se¢ Chapter I B 2).

» Minimum Scts of Toxicity Tests: Changes have been made to the recommended minimum
set of 10xicity tests for additives assigned to each Concern {evel (see Figure 3 in Chapter IN
B 1); these changes are listed below: ’

i) Concern Level I: Screens for neurotoxicity and immunotoxicity have been added to
the recommended short-term toxicity test with rodents.

iiy Concern Level I: Metabolism and pharmacokinetic studies now are recommended
for these substances. Screens for neurotoxicity and immunotoxicity have been added
10 the recommended subchronic toxicity tests with rodents and non-rodents and the
reproduction study with a teratology phase. The recommended reproduction study
now consists of two generations, with on¢ litter per generation.

iify Concern Level I1I: Metabolism and pharmacokinetic studies now are
recommended for these substances. Screens for neurotoxicity and immunotoxicity have
been added to the recommended subchronic toxicity test with rodents and the
reproduction study with a teratology phase. The recommended reproduction study
now consists of two generations, with one litter per generation.

» Subchronic Toxicity Test with Rodents: For Concern Level JIT substances, FDA now
recommends that a subchronic feeding study with rodents be completed before carcinogenicity
bioassays are begun.

Changes in Toxicity Testing Guidelines

()

a. General Recommendations for Toxicity Tests

General recommendations for toxicity tests are discussed in Chapter IV B. Thes¢ include
guidelines for test animals and test substances (see Chapter IV B 1) and for reporting the results of
toxicity studies (se¢ Chapter IV B 2); recommendations for pathology and statistical considerations in
toxicity tests (sc¢ Chapters IV B 3 and 4, respectively); and recommendations concerning the use of
various types of animal diets for toxicity studies (see Chapter IV B ).
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IA Major Changes in the Revised Guidelines Continued

b, Shert-Term Tests for Genetic Toxicity

This guideline reccommends a modified battery of short-term tests for genetic toxicity that
includes: 1) Salmonella typhimurium reverse mutation assay, 2) in virro mutagenicity assay in
mammalian cells, and 3) in vivo cytogenetics assays (chromosomal aberrations in mousc or rat bone
marrow and the fouse micronucleus test) (see Chapter IV C 1 ¢). Additional, scientifically justified
genetic toxicity tests ate also discussed in the chapter (see Chapter IV C 1 d).

¢ Acute Toxicity Tests

Guidelines in Chapter IV C 2 stress that acute toxicity data are not required for making the
final decision on the safety of direct food additives and color additives used in food. If petitioners
decide 10 conduct acute toxicity studies for new materials that may be added directly to food, this
guideline recommends alternatives to the classic LDy, test,

d.  Short-Term Toxicity Tests with Rodents and Non-Rodents

The guideline for this test has been modified to include screens for neurotoxicity and
immunotoxicity (se¢ Chapter IV C 3), In addition, FDA tecommends that rodents be single-caged
(instead of gang-caped) and that a complete histopathology evaluation be performed for all animals
in the study (sec Chapter TV B 1),

¢, Subchronic Toxicity Tests with Rodents and Non-Rodents

The guideline for this test has been modified to include screens for neurotoxicity and
immunotoxicity (sce Chapter IV C 4). In addition, FDA recommends that rodents be single-caged
(instcad of gang-caged) and that a complete histopathology evaluation be performed for all animals
in the study (see Chapter IV B 1).

. Carcinogenicity Studies with Rodents

Important changes in the guideline for this study include recommendations that rodents be
sinple-caged (instead of gang-caged), that bioassays begin with at least 50 animals of each sex per
experimental and control groups, that rodent bioassays be terminated after 104 weeks of exposure to
the test substance, and that microscopic examination of recommended tissues and organs be
performed on afl animals in the study (se¢ Chapter IV C 6),

2. Combined Chronic Toxicity/Carcinogenicity Studies with Rodents

Changes in the guidcline for this study are similar to changes in the guideline for
carcinogenicity bioassays with rodents, and include recommendations that rodents be single-caged
(instead of pang-caged), that bioassays begin with at least 50 animals of each sex per experimental
and control groups, that the carcinogenicity segment of the study be terminated after 104 weeks of
exposure 1o the test substance, and that microscopic examination of recommended tissues and organs
be performed on all animals in the study (sce Chapter IV C 7).
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1A Major Changes in the Revised Guidelines Continucd

h. Reproduction and Developmental Toxiclty Studies

Two generations, with onc litter per gencration, are recommended as the minimum
reproduction study (se¢ Chapter IV C 9). If results from the minimum reproduction study or other
toxicity tests indicate that a test compound may be associated with reproductive toxicity, the
minimum reproduction study should be expanded. For example, the guideline includes optional
procedures for inclusion of additional litters per gencration, additional generations, a test for
Leratogenic effects, and reproductive assessment by continuous breeding.  Guidelines for reproduction
and developmental toxicity studies have been modified to Include an expanded assessment of the
effects of the test compound on males and to provide a screen for neurotoxicity and immunotoxicity.

4,  Other Changes
a.  Special Toxicity Studies

FDA now recognizes that information about metabolism and pharmacokinetics, neurotoxicity
and immunotoxicity are significant endpoints in assessing the safety of direct food additives and color
additives used in food. Recommended strategies for assessing these endpoints are described in
Chapters V B, C and D, respectively. .

b, Human Clinical Studies

FDA docs not require petitioners to conduct human clinical studics to support the safety of
direct food additives and color additives used in food, However, when petitioners elect to perform
such studies, the Agency recommends that the studies conform to the guidelines presented in
Chapter VI B.

¢.  Emerging Issues In the Assessment of the Safety of Direct Food Additives and Color Additives
Used in Food

Chapter VII discusses special tests or approaches to testing that may be useful in assessing the
safcty of additives intended for use at high levels of exposure (macro-additives), bioenginecred
additives, additives that are enzymes, and microbiologically-derived additives. In addition, this
chapter discusses alternatives to the use of whole animals in assessing the safety of food and color
additives and the Agency’s acknowledgement that tests for heritable and somatic genetic toxicity have
been developed and may be uscful in evaluating the safety of food and color additives used in food
in the future.

d. Glossary

A glossary (scc Chapter VIIT) has been provided in this document.
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IB. Flexibility and Consistency in Guidelines for Toxicity
Tesling

Although many different agencics regulate the same chemicals (for example benzene may be
regutated for different uscs by FDA, the Environmental Protection Agency and the Occupational
Safety and Health Administration), the toxicity testing guidelines developed separately by the various
health regulatory agencies are not always uniform. Differences among guidelines can result in
unnecessary duplication of effort and inefficient vsc of scarce testing resources. When possible, the
guidelines presented in this section are consistent with guidelines of other agencies and
organizations. However, it must be emphasized that food additives can present special needs for
lesting and the guidelines presented in this section continue to reflect such needs. Thus, we have
retained the recommendation that in utero exposure be added to one of two recommended
carcinogenicity bioassays (sc¢ Chapters IV C 6,7, and 8).

Changes occurring in the plobal economy are now having, and will continue to have, effects on
the food chemical regulatory work of FDA as well as on the industry it regulates. The Evropean
Economic Community is expected to unite under new legislation that promises to reduce trade
barricrs between the member European nations; in December 1986 Canada and the United States
signed a Free Trade Agreement; in 1992 Mexico, Canada and the United States signed the North
American Free Trade Agreement (NAFTA). A goal of these agreements is 10 harmonize regulatory
requirements and, where possible, 1o reduce of eliminate trade barriers between the signatory
nations. Food and food chemicals clearly constitute an important area of trade likely to be affected
by these agreements, '

Much work nceds to be done to harmonize international food chemical regulation. Nations
have different regulatory schemes and ofien different permitted substances in food. Several
European nations, for example, regard flavor chemicals differently, compared with the United States
or the United Kingdom Canada and the United States regulate packaging materials differently.

FDA'’s guidelines for toxicity tests for direct food additives and color additives used in food
continue o emphasize that there {s no substitute for sound sclentific judgement. These guidelines
ar¢ recommendations--not hard and fast rules. If an investigator believes that he/she can provide the
Agency with usefut toxicological information by modifying a recommended study protocol, and is
able to support the modification with sound scientific arguments, then the investigator should
propose the modified protocol to toxicologists at CFSAN.  As always, we urge petitioners to consult
with the Agency about protocols for toxicity tests before the studies begin,

* Elkes (1989)!

* Grignolo (1989);2 Schnecbaum (1989)°
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IC. Applicability of These Guidelines (o the Safety
Evaluation of Indirect Food Additives

As with the 1982 edition of the guidelines, the tiered system of determining concern levels
outlined in this document for safety assessment applies to direct food additives and to color additives
used in food. It docs not apply to indirect food additives. Indirect food additives are not
intentionally added to food; they are substances used as articles or components of articles that are
intended for use in packaging, transporting, or holding food. As such, indirect food additives are not
intended to become components of the food itself; their potential presence in food may be a result
of migration or inadverient extraction from the food contact surface.

The indirect additives comprise a wide diversity of food-contact situations -~ long-term contact
with food, as in a final consumer package; intermediate contact, as in a holding container in a food
processing plant; short-term, incidental contact, as from a moving belt on a feed line in a food
manufacturing operation. The indirect additives also involve a wide range of different chemical
structure classes -+ from reactive chemical agents used as components of food packaging material or
biocides, to inert polymers used for food containers. Thus, indircct food additives present problems
for cstimating consumer exposure which are different from those associated with substances added

dircctly to food.

FDA traditionally has applicd a separate system of tiered information recommendations for
indirect food additives that differ somewhat in scope and substance from those for direct additives.
The outling for toxicity testing of indirect additives will be provided upon request to the FDA.
However, when it is determined that one or several toxicity studies will be required to demonstrate
safety of an indirect food additive, the guidelines outlined in this document for conduct of these
studies will be applicable.
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Chapter 1I

Agency Review of Toxicology Information
in Petitions for Direct Food Additives
and Color Additives Used in Food

A. Introduction

The food additive petition review process came into existence in 1958 when Congress enacted
the Food Additives Amendment® to the Federal Food, Drug, and Cosmetic Act (the Act).t This
Amendment crcates a pre-market safety evaluation process for new substances added to food, "food
additives." A similar statute, the Color Additive Amendments of 1960, created analogous
requirements for color additives used in foods, drugs, cosmetics, or medical devices, "Color additive"
used in food is defined in section 201(t) of the Act; “food additive” is defined in section 201(s) of
the Acl.

Since 1958, before a food additive may be used, an authorizing regulation must be in cffect,
Approval of a petition for an additive and issuance of an authorizing regulation require that the
Apency conclude that the additive is safe for its intended conditions of use. This safety requirement,
embodied in section 409(c)(3)(A), is often referred to as the general safety clause for food additives.
‘When the proponent of the proposed use of the additive has shown that the additive is safe for its
intended use, the Apency publishes a regulation in the Federal Register establishing permitted
conditions for the use of the additive.

When & petition for a direct food additive or color additive used in food is submitted to the
Agency, or when the petitioner first contacts FDA, a Consumer Safety Officer (CSO) generally is
assigned to the petition. One of the CSO's tasks is to coordinate FDA's review of the petition.
When appropriate, the CSO can arrange for the petitioner o meet with other individuals in the
Agency to discuss specific issues or problems that arise during review of the petition. All .
commiunication with the Agency concerning the status or review of the petition should be made
through the assigned CSO. General information about the petition review process has been
published;! specific questions should be addressed to the CSO assigned to the petition.

* Federal Food, Drug and Cosmetic Act amendment (1958)!
® Federal Food, Drug, and Cosmetic Act (1958);2 Committee of Labor and Public Wiefare (1988)°
¢ Color Additive Amendment (1960

4 Rulis (1990)*
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oA Introduction continued

The Act and the Code of Federal Regulations® specify the basic elements that a petition must
contain. One of these elements is safety data on the additive, which is usually provided in the form
of toxicity studics. Toxicolopists, pathologists, and mathematicians cvaluate any toxicity studies
included in the petition. If appropriate, toxicologists can recommend that carcinogenicity studies be
evaluated by special CRFSAN committees: the Cancer Assessment Committee (CAC) and the
Quantitative Risk Assessment Committee (QRAC); for more information on these committees, see
Chapter I € § { and ii.

Review of toxicity studies and other toxicology information results in an estimate of the
acceptable daily intake (ADI) for the direct food additive or color additive used in food. The ADI
is typically based on the dose level of the additive in animal studics that was shown (o cause no
adverse cffect, multiplicd by an appropriate safety factor (often 1/100; see 21 CFR 170.22). Chronic
ingestion of the additive at the ADI is considered consistent with & reasonable certainty of no harm.

FDA urges individuals or corporations preparing to submit petitions for direct food additives
or color additives used in food to consult with the Agency carly in the planning stages, For
cxample, before the petition is submitted, peritioners can submit toxicity study protocols to FDA for
review by Agency scientists, This can help the petitioner perform toxicity studies and prepare data
in a form that will expedite the Agency’s review of the information in the petition (for more
{nformation on cxpediting review, see Chapter 11 B).

- This document delineates the toxicology information deemed appropriate for assessing the
safety of direct food additives and color additives used in food. However, guidelines contained in
this document are only one possible approach among many to providing the toxicological basis for
an assessment of safety. 'We urge petitioners to discuss alternative approaches and toxicity test
protocols with the Agency before toxicity tests are begon,
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II B. Expcditihg Review of Toxicology Information

The Agency recommends that petitioners use the following approaches to minimize requests
for additional data and to expedite review of direct food additive and color additive petitions:

s Make sure that petitions are formatted properly and contain complete and adequate
information before submitting them for seview. Guidelines and recommendations contained in
this publication should be consulted before the petition is submitted.

w Initlate intcractions between petitionet’s representatives and Agency CSOs and scientists
before the petition is submitted. Such interactions can involve Agency review of toxicity study
protocols and Agency recommendations about the extent of toxicity testing that may be
reconumended (o adequately assess the safety of the food additive or color additive used in
food,

» Submit toxicology data in machine-readable form. During review of the safety of a food
additive or color additive used in food, it may be necessaty for scientific reviewers 1o
re-analyze some of the data in a submission. A large proportion of the work in such a
Te-analysis is computer entry and verification of data. Therefore, much time would be saved if
data are submitted in 2 machine-rcadable form (magnetic tape for the IBM mainframe
standard or floppy disks for IBM personal computers. Please note that the Agency no longer
has the capability to read punched cards). General guidelines for submitting machine-
readable data follow, but petitioners are urged to contact the Agency before submitting
machinc-readable data to discuss modifications to these guidelines.

» Enclosed with the machine-readable data should be: -
i) the name of a contact person;
{i) a printout of the first 100 to 200 records; and

iiiy the layout of the data. This would include the location of each variable in the
record, the type of variable (e.g. character, integer), the permissible range of values,
and information about how missing data are stored.

» Magnctic tape format needs to be 9-track, with 6250 bpi preferred (although 800 and 1600
bpi are alse readable). Data should be recorded in JBM-EBCDIC or ASCII, or should be in
IBM-TSO or statistical package datasets; please consult with the Agency statisticians about
appropriate datasets. Interior labels should be IBM standard with volume number and dataset
names. Unlabeled tapes should be accompanied by the record format, record length, blocking
factor, and the name of the program that created the tape.

» Floppy disks should be submitted in duplicate; these should be copy-protected because
accidental erasure and destruction of disks ¢an occur, The. data should be submitted in a form
readable by software programs to which the Agency has access; please consult with Agency
statisticians about acceptable software.

3
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I1 C.  Evaluating Toxicology Information

1. Introduction

Toxicity testing requirements for assessing the safety of food and color additives used in food
have evolved over the past years as knowledge in the field of toxicology has expanded. While short-
lerm or acute studies were considered adequate even for major food additives several decades ago,
today’s recommendations generally include comprehensive, long-term toxicity studies. CFSAN
toxicologists cxercise their best scientific judgement in determining what toxicity studies are needed
for the Agency to adequatcly assess the safety of a direct food additive or color additive used in
food. In making these decisions, the toxicologists take into account what is already known about the
propertics of a compound, its intended conditions of use, and current standards for toxicity testing.

From data submitted by the petitioner in support of the safety of a direct food additive or
color additive used in food, Agency toxicologists determine the no-observed-effect level (NOEL),
select an appropriate safety factor, and calculate the acceptable daily intake (ADI) for the substance.
These steps are briefly summarized below.

2. No-Observed-Effect Level (NOEL)

Non-treatment-related variations {n the incidence of toxic endpoints occur and may depend on
a number of factors, including the source of the animals, sex, genetic variations, diet, age at death,
environmental conditions and the histological criteria used by pathologists.

However, Agency scientists determine the most sensitive treatment-related toxic endpoint
(adverse cffect) from the data submitted in support of the petition. This endpoint is the adverse or
toxic effect that occurs in test animals at the lowest exposure to the test substance. The highest
cxposure that does not produce this adverse effect is called the no-observed-effect level (NOEL) or
the no-observed-adverse-cffect level (NOAEL).

3. Safety Factors

Use of safety factors is based on the observation that toxic substances usually have thresholds
below which toxic effects cannot be detected. The safety factor attempts to account for differences
between animals and humans and differences in sensitivity among humans. Use of the safety factor
is intended 10 provide an adequate margin of safety for consumers.

For non-cancer endpoints, the NOEL is divided by a safety factor to obtain an estimate of the
maximum acceptable daily intake (ADI) of the additive for humans. The sclection of a safety factor
is based on the biological significance of the endpoint, unceriainties inherent in.extrapolating
information about adverse effects from toxicily studies in animals to human populations, and other
judgmental factors. The food additive procedural regulations (21 CFR 170.22) state that a safety
factor of 100 will be used as a gencrat rule in applying animal test data 1o man. However,
exceptions to a safety factor of 100 are permitted in accordance with the nature and extent of data
available and the circumstances of use of the food additive. For example, safety factors may be
modified because of polentially sensitive sub-populations such as children, geriatrics, individuals with
deficiency states, and lack of developed enzyme metabolic systems.
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N1 C  Evaluating Toxicology Information Continved

InCaq, Acceptable Daily Intake (ADI)

The acceptable daily intake (ADI) is gencrally estimated by dividing the no-observed-cffect
level (NOEL) of & test substance by the safety factor, The NOEL may be expressed as mg test
substance per kg body weight of the test animal or as percent or ppm (parts per million) of the test
diet for the animal. The ADI is usually expressed in mg additive per kg body weight of humans. A
food additive generally is considered safe for its intended use if the estimated daily intake (EDI) of
the additive is less than, or approximates, the ADL.  Because the ADI is calculated to protect against
the most sensitive adverse effect, it also protects against other adverse effects occurring at higher
exposures 10 the ingredient,

5. Carcinogenic Risk Assessment

FDA has found risk assessment to be uscful for estimating the risk from carcinogenic
contaminants of food or color additives used in food, for helping the Agency to set priorities, and
for determining the urgency of a regulatory action®

Under the general safety clause of the Act, FDA has used risk assessment procedures to
determine the upper limit of 7isk to the consumer from the presence of a carcinogenic contaminant
or constituent chemical. For example, FDA approved for permanent listing D&C Green No. 6,
which had not been shown 1o be a carcinogen in appropriate tests, even though it contains the
carcinogenic impurity, para-toluidine. In this decision, FDA stated its belief that the lifetime upper
limit of risk could adequately be estimated from animal data and extrapolated 1o humans. Although
FDA continues o be concerned about carcinogenic contaminants in the food supply, the Agency
belicves that this approach can be used, where' appropriate, without compromising FDA’s mandate to
protect the public health. '

a. CFSAN’s Cancer Assessment Committee (CAC)

The Cancer Assessment Committee (CAC) is comprised of CFSAN experts in such fields as
pathology, toxicology, mathematics, food chemistry and technology, epidemiology, and nutrition.
These experts are charged with ensuring a uniform and consistent scientific approach for dealing
with diverse problems of carcinogenicity throughout the broad regulatory purview of CFSAN. The
CAC reviews all lifetime feeding studies submitted to the Agency in support of the safety of direct
food additives and color additives used in food. The risk assessment process also can be triggered
when a newly petitioned or previously regulated food or color additive presents a question of
possible carcinogenicity. 1f the CAC determines that a substance is a carcinogen, and if it is belicved
that a quantitative risk assessment may have impact on the regulation of the substance, the CAC
informs the Quantitative Risk Assessment Committee (QRAC, see Chapter I C § b) of this
decision.

Figure 1 is a flow chart depicting in schematic fashion the groups involved in the risk
assesstent process at CFSAN. Figure 2 identifics the steps involved in risk assessment at CFSAN;
cach of the steps in Figure 2 i¢ associated with a particular group or set of groups in Figure 1.

* Lorentzen (1984)!
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Figure 1

¥low Chart Depicting the Various Groups Involved in
the Assessment of Cancer Risk at the

Center for Food Safety and Applied Nutrition (CFSAN)
of the Food and Drug Administration
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Figure 2

Four Steps in the Risk Assessment of Additives in Food
at FDA’s Center for Food Safety and Applied Nutrition

1. Toxicological Evaluation

® Input Obtained from Internal Experts
- Toxicologists - Pathologists
- Chemists ~ Biostatisticians
- Other Experts ~ Epidemiologists
W Input Obtained from External Experts (where need is
indicated)

2. Cancer Assessment Committec (CAC) Evaluation

M CAC Reviews input from Internal and Bxternal Experts
-~ 1Is the Substance a Likely Carcinogen? :
If Yes: CAC recommends the studies, tissue sites,
species,. and sex suitable for gquantitative risk
evaluation if risk assessment is allowed under the

statute
If No: No further consideration by CAC or QRAC is

needed

3,  Quantitative Risk Assessment Committee (QRAC) Evaluvation

# QRAC Reviews Data and Exposure Potential

B QRAC Chooses Risk Assesament Model and Procedure

W QRAC Estimates Magnitude of Potential) Human Risk
~ cCalculate the Upper Bound Lifetime Risk

4.  Action Taken by Director of CFSAN, ¥DA

@ Makes Risk Management and Policy Recommendations
to the Commissioner )
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nc Cvaluating Toxicology Information Continued

IICA Carcinogenic Risk Assessment Continued

As indicated in Figure 1, the CAC plays a central rol¢ in the risk assessment process at
CI'SAN. This standing committee, which was established {n 1978, is made up of 10 CFSAN
individuals with expertise in the various scientific disciplines related to chemical carcinogenesis:
pathology, toxicology, mathematics, and food chemistry and cpidemiology. The decisions of the CAC
with respect to issues of scicnce are authoritative and invariably form the basis for CFSAN's
recommendations to the Commissioner.

In addition 1o revicwing information presented by the disciplines indicated in Figure 1, the
CAC may request additional information from internal and external experts, such as & review of
available epidemiological data or a special review of mutagenicity data. The CAC may choose to
postpone a final decision on the carcinogenicity of a compound pending the outcome of ongoing or
anticipated animal or analytical experiments. In some cases, the CAC may request that CFSAN
pathologists 1eview microscope slides from an animal bioassay. External scientific peer review is
sometimes requested by the CAC when a particularly difficult or controversial scientific issue is
involved.

In general, FDA and CFSAN follow the National Research Council guidelines for risk
assessment, described in Risk Assessment in the Federal Government: Managing the Process® FDA and
CFSAN also follow the set of principles for risk assessment contained in the 1985 Office of Science
and Technology Policy document, "Chemical Carcinogens; A Review of the Science and its Associated
Principles™®

There are no universally agreed upon ways of evaluating carcinogenicity data. It is necessary
that there be interaction between pathologist, toxicologist and statistician. The role of the
pathologist is to decide whether an observed lesion is cancerous or noncancerous.t The role of the
toxicologist is 10 determine whether the lesion is related to the treatment. The statistician's role is
10 analyze the mathematical probability of occurrence of the tumors by chance or as a result of
treatment.

Some suggested approaches to the assessment of the evidence of carcinogenicity of a substance
are discussed in the following sections.

] Evaluation of the Adequacy of the Design and Conduct of the Bioassay: The first step
in the analysis is a general review of the adequacy of design and conduct of the bioassay to
decide whether it is acceptable for evaluation and for deriving conclusions about safety. For
cxample: Was the test chemical properly identified and characterized? Were an adcquate
number of animals of each sex used per group? Was the test chemical administered for the

- major part of the life span of the animals? Did sufficient numbers of animals in each group
survive long enough for possible late-developing tumors to be manifested? Were there
unforeseen events, such as an outbreak of infectious disease, that might invalidate the
bioassay? Did the bioassay utilize adequate matched control animals for statistical
‘comparison? Were detailed pathological cxaminations performed for every tissue?

* National Research Council (1983)?

¥ U.S. Office of Science and Technology Policy report (1985);,  Anonymous (1986)*
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I1 C  Rvaluating Toxicology Information Continued

11 CSs. Carcinogenic Risk Assessment Continued

if) Evatuation of the Possible Increase in Tumor Incidence: Since it is gencrally believed
that cancers arise independently in various parts of the body, it has become customary to treat
cach potential target site (e.g., brain, lung, liver, kidney, urinary bladder) separatcly for
cvaluation. One gencral exception is the evaluation of types of tumors that may be
multicentric in origin, including leukemia and, possibly, tumors originating in blood vessels or
nerves, such as hemangioendotheliomas or neutofibrosarcomas. In general, tumor incidence is
defined as the number of tumor-bearing ahimals having tumors at a specific organ site divided
by the total number of animals with that organ examined histopathologically.

Judgment of an experienced pathologist is important for proper diagnosing and grouping of
lesions for statistical analysis to determine whether or not observed increases in tumor incidence
{mplicate a compound as a carcinogen. The grouping of tumors for statistical evaluation should be
based on commonality of histogenic origin, Because it is frequently a matter of arbitrary definition
and expert pathologists may disagree about how to designate turmors on the borderline of the
continuum between benign and malignant, and because of practical difficulties in categorizing certain
tumors as benign or malignant, it is usually necessary to combine the incidence of certain benign
tumors with that of malignant wumors occurring in the same tissuc and organ for statistical
evaluation.

Having 1ecorded the tumors present for cach animal, the statistical analysis can be undertaken
to evaluate the internal consistency of the data, the reproducibility of the test results, the level of
statistical significance, the increase in tumor incidence, the evidence for dose-response relationship or
shortened latency period, efc. Methods of statistical analysis for carcinogenicity are avallable.

iiiy  Bvalvation of the Exient of Evidence for Carcinogenicity: Because the power of
carcinogenesis bioassays that use groups of a few dozen animals is relatively weak for
determining carcinogenic activity, it is not surprising that evidence of carcinogenicity is
sometimes difficult to establish from a single bioassay, This is so for several reasons, including
problems of histological diagnosis, sensitivity of the bioassay, and variability of the background
tumor incidence. For these reasons, other correlative information may be necessary (o add to
the weight of evidence of carcinogenicity of a chemical. In general, the extent of the evidence
for carcinogenicity can be determined by considering the following information:

u the number of species or strains with an increased tumor incidence;

» the number of positive studies (with different routes of administration and/or
doses), if tested in more than one bioassay,

w the degrees of tumor response (incidence, site, type, multiplicity, etc.);
» cvidence of structure-activity relationship;
n prevalence of dose-response relationship;
» the results of short-term tests for genetic toxicity;
w the presence of prencoplastic lesions; and
S lcto ;a/ (1;80)’ ;;a;c and Krewski (1985);¢  McKnight (1988)°
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JIC  Evaluating Toxicology Information Continued

ICs. Carcinogenic Risk Assessment Continued

» a reduced Tatency for tumor development or increase in the severity (malignancy of
the neoplasia,

Other information, such as whether there was a shortened survival duc to the toxicity of the
test substance or whether the chemical is tested at or near the MTD, can also add weight 1o or
confound the evidence of carcinopenicity. Information on dose-dependent or nonlinear kinetics from
metabolic and pharmacokinetic studies in experimental animals and humans can supplement the
assessment of the potential carcinogenic hazard of the additive to humans,

it should be noted that, although general approaches to animal carcinogenesis bioassays are
well accepted by the scientific community, opinjons about the design, conduct, and interpretation of
such test results are not atways in agrecment and are often the source of scientific debate. This may
be due, in large degree, to our fack of knowledge about the mechanisms of cancer induction and
progression.  Because the Act prohibits the vse of carcinogenic food and color additives, the
interpretation of carcinogenicity test results has cnormous potential societal and cconomic impact.
Conscquently, proper asscssment of carcinogenicity data has become an extremely ctitical function of
CFSAN.

b, CFSAN's Quantitative Risk Assessment Commlittee (QRAC)

The QRAC was formed in 1983, Although quantitative risk assessments were performed
under the auspices of the CAC prior to this, the QRAC was formed because of the need for an
increasing number of quantitative risk assessments related to food and color additive petitions. -
Based on its cvaluation of all relevant data on a substance, the CAC recommends to the QRAC the
bioassays and epidemiological studies most appropriate for low-dose extrapolation. The CAC also
recommends to the QRAC the tissue site(s), species, and sex most suitable for quantitative
cvaluation,

The QRAC then performs a quantitative risk assessment. This portion of the risk assessment
process is often controversial, even among experts. Currently, the QRAC uses a lincar-at-low-dose
approach, similar to that described by Gaylor and Kodell* The QRAC cannot determine the most
probable expected human risk for almost any case because of the uncertainties and sources of error
inherent in quantitative risk assessment using high-dose animal data. However, the QRAC believes
that, in cascs where dose-response data are suitable, it can predict a lifetime upper limit of risk with
some degree of confidence.

* Gaylor and Kodell (1980)*
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- Chapter 1T

Concern Levels and
Recommended Toxicity Tests

A. Introduction

‘This chapter describes how FDA determines which toxicity tests are recommended 1o assess
the safety of food additives (dircct food additives and color additives used fn food) that are proposed
for new or expanded use. Chapter 111 B explains how these additives are assigned to levels of
concern (see Chapter 111 B 1) that indicate their potential for posing significant health risks to
humans, if approved. A substance is assigned to 8 Concern Leve] based on available toxicology
information ot on the substance’s structural similarity to known toxicants (sec Chapter I1T B 2) and
on the estimated human exposure to the substance from its proposed use (se¢ Chapter III B 3). As
in the previous edition of these guidelines (1982), exposure is weighted more heavily thaa structure
in assigning substances to Concern Levels (see Figure 3).

Chapter 111 € describes the toxicity tests recommended for assessing the safety of additives
(direct food additives and color additives used in food) assigned to each Concern Level. Different
minimum testing levels are recommended for compounds assigned to Concern Levels I, Il and 111
(see Figure 4 in Chapter 11T C 1). Because Concern Level 111 substances may present more
significant health risks than substances assigned to Concern Levels I and II, more rigorous and
longer-term toxicity testing is recommended to assess the safety of Concern Level III substances.
{Note that some tests in the minimum set of toxicity tests recommended for compounds assigned to
Concern Levels 1, 11 and IIT have been changed from those recommended in the 1982 publication;
these changes are suminatized in Chapter I A 2.} Chapter IIT C 2 explains how the Agency
develops additional testing recommendations for assessing the safety of direct food additives and
color addilives used in food proposed for new or expanded use. Thess tests augment the minimum
set of toxicity tests, as appropriate; examples arc provided.

Detailed guidelines for specific toxicity tests are not included in this chapter.  However,
guidelines for the conduct of short-term tests for genctic toxicity, acute toxicity tests, short-term
toxicity tests with rodents and non-rodents, subchronic toxicity tests with rodents and non-rodents,
one-year toxicity tests with non-rodents, carcinogenicity studies with rodents, combined chronic
1oxicity/carcinogenicity studies with rodents, and reproduction and developmental toxicity studies, can
be found in Chapter IV C. Guidelines to assist the petitioner in developing strategies for assessing
the metabolism and pharmacokinetics, immunotoxicity and neurotoxicity of food additives and color
additives used in food can be found in Chapter V and recommended strategies for conducting human
clinical trials with direct food additives and color additives used in food can be found in Chapter VI
B.
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111 B. Concern Levels

1. Determining Concern Levels

In 1982, FDA introduced the concept of tiered testing requirements for obtaining information
about the safety of direct food additives and color additives used in food. This concept is based on
the assumption that the degree of effort expended to reduce uncertainty about the safety of a direct
food additive or color additive vsed in food should relate in some logical way to the likelihood that
the additive poscs a health risk to the public.

In evaluating the toxicological safety of direct food additives and color additives used in food,
wo factors are of primary importance: the extent of human exposure (dose) and the toxicological
cltects on various biological systems (nature of effect, target, magnitude of response per unit dose,
etc.). These factors determine the extent of the Agency’s initial concern about the safe use of an
additive. The greater the Concern Level, the greater the potential for toxicity.

In the absence of toxicological information about a compound, potential toxicity can be
evaluated on the basis of structural similarity to known toxicants (s¢¢ Chapter IfI B 2). Information
about a compound’s potential toxicity and ¢stimated human exposure from a designated use (see
Chapter IIT B 3) are sufficiently useful to permit semi-quantitative categorization of direct food
additives and color additives used in food into three broad initial Concern Levels. For example,
high toxic potential and high exposure would result in a compound being assigned 2 high initlal
Concern Level (i.e. Concern Level 111), and low toxic potential and low exposure would result In a
compound being assigned a low initial Concern Level (Le. Concern Level Ty, Thus, Concetn Levels
arc relative measures of the degree to which the use of an additive may present a hazard to human
health. )

Available toxicology information can, of course, change the Concern Level to which an
additive has been assigned and after the recommended set of toxicity tests for the additive.
Subsequent and final Concetn Levels, therefore, may be different from the initial Concern Level, and
will be based on estimated human exposure and actual information about the metabolism and
toxicology of the compound. For example, an additive may be transformed by metabolic activity into
4 substance of greater potential toxicity, or a potentially toxic additive may be distributed or
metabolized in 8 manner that protects the target tissue or organ from the toxic effects of the
chemical (blood-brain barrier; placental batrier; metabolic deactivation).

The minimum set of recommended toxicity tests for each additive (Le. direct food additives and
color additives used in food) is determined by the initial Concern Level to which it is assigned (see
Chapter III C 1). Recommended toxicity tests are designed to reduce uncertainty about the safety of
direct food additives and color additives used in food that have been proposed for new or expanded
use. In addition, these testing recommendations allow more resources to be concentrated on

- additives-that present the highest probable risk to human health, (ie: Concern Level III substances);

fewer resources per additive can be expended on additives where use levels and potential toxicity are
minimal (ie. Concern Level 1 substances). Such a system for development of toxicology information

is cxpected to be more cost-effective than one in which all additives are made to undergo the same
regimen of testing irrespective of any other considerations.
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Imsyi Determining Concern Levels Continued

In peneral, the procedure for determining the initial Concern Level for a direct food additive
or color additive used in food is as follows:

s On the basis of information about its molecular structure, an additive will be placed in one
of three broad categories: Category C is for additives whose toxicological potential is
considered to be high; Category A is for additives whose toxicological potential is considered
to be low; and Category B is for additives whose toxicological potential is likely to be
intermediate between Categories A and C (see Chapter IH B 2).

» Human exposure to each additive will be estimated (see Chapter I1I B 3).

» Within cach structure category (A, B, and C), estimated human exposure will determine the
initial Concern Level to which each additive is assigned (see Figure 3 below),

The choice of three broad Concern Levels reflects the traditionat division of toxicity studies
into three broad classes based on duration of exposure 10 the test compound: Short-term,
subchronic, and chronic.  As the duration of the exposure increases, the lowest-effect dose and the
types of effects observed usually are determined with increasing sensitivity, Similarly, as the Concern
Level to which an additive has been assigned increases from I to 111, the recommended duration of
toxicity studies and exposure 10 the test compound also {ncrease (se¢ Chapter INI C 1 and Figure 4).
As data from the minimum set of toxicity tests are obtained, the results can be used to refine or
adjust the type, sensitivity, and rigor of subsequent tests, and therefore the precision of the estimate
of an additive’s toxicity.

Levels of exposure that define which substances in each Structure Category are assigned to
Concern Levels 1, 11, and 1iI (se¢ Figure 3) were selected in 1982 on the basis of recommendations
by experienced toxicology experts within CFSAN. While exposures may range over approximately 6
orders of magnitude, the structure category of the substance has the effect of only having the
breakpoints for determining Concern Leve] assignments between structure categories A or B or
between structure categories B or C. Structure category i2 allowed only this limited Influence in
determining minimum testing levels partly because of the considerable uncertainty still surrounding
the use of chemical structure to estimate potential toxicity.*

As noted previously, a food or color additive is considered safe if there is a reasonable
certainty that no harm wilt result from its use (sec Chapter H C). The level of exposure for which
there is a reasonable certainty of no harm usually can be extrapolated from data obtained from
toxicity studies. Thus, for each toxic effect associated with a food or color additive, the degree of
concern can be defined as the extent 10 which sctual exposure is expected to exceed the acceptable
daily intake (acceptable exposure) determined from toxicological information. Because the degree of
concern is also a function of the nature of the toxic effect, information that indicates a more severe
loxic effect (for example, irreversible and life-threatening effects) may increase the Conceen Level of
a substance, regardless of exposure.

* Rulis ef al. (1984)
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Figure 3
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IITB 2. Structure Category Assignment

8. Introduction

The toxic action of a compound is a consequence of the physical and chemical interaction of
the compound or fts active form with a critical molecular target--receptor, enzyme, DNA or other
cellular constituent--within the living organism. Thus, it is rcasonable to expect that the structure
and associated physicochemical propertics of a compound play an important role in its toxicity. This
relationship between toxicity and chemical structure forms the basis for various systematic schemes
and approaches developed over the years in attempts to estimate the toxic potential of untested
chemicals or to prioritize chemicals for toxicity testing®,

In recent years, & number of computer-assisted, structurc-activity relationship (SAR) models
have been developed for predicting or estimating the toxicity of untested compounds. A general
approach to developing such a8 model is to derive a cotrelation equation that relates structura
features and physicochemical parameters of compounds to the toxicological endpoint of interest.
The correlation equation is based upon a database assembled from a series of structurally related
compounds or @ set of heterogeneous structures! The parameters (of variables) commonly used in
SAR modelling fall into four major categories: topological, geometri¢, electronic and physi.
cochemical as illustrated below:

» Topological parameters: counts of atoms and bonds, molecular weight, counts of rings and
Ting atoms, presence or absence of selected functional groups and substructural fragments;

» Geometric parameters: molecular size and shape;

w Electronic parameters: parifal charge, dipole moments and bond strength; and
w Physicochemical parameters: partition coefficient.

Using this general approach, Enslein and ¢o-workers, Yurs and co-workers,* and Klopman and
Rosenkranzf have constructed SAR models for a number of toxicological endpoints, such as acute
toxicity in rodents (Le. LDg), carcinogenicity, mutagenicity in Saimonella typhimurium, and
teratogenicity.

' Dehn and Helmes (1974)}  Gori (1977);  Cramer et al. (1978)?, Lutz (1984);* Woo et al
(1985y° _ o T

* Enslcin (1984)¢
¢ Ramiller (1984)

¢ Enslein and Craig (1978);' Enslein and Craig (1982);° Enslein ef al (1983);"' Elslein er al.
(19833, Enslein ef al (1987);% Enslein et al (1987)%

¢ Chou and Jurs (1979); Jurs er al (1979);® Yuan and Jurs (1980); Tinker (19817 Yuua
and Jurs (1981);* Stouch and Jurs (1985); Rohrbaugh et al (1988);® Randic and Jurs (1989)"

t Klopman (1984);# Klopman and Rosenkranz (1984),” Roscnkrantz et al. (1984);* Klopman
ef al. (19852)®  Kiopman er al (1985b),* Rosenkranz er al (1985)7 Rosenkranz and Klopman

(1950y
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1rs2 Structure Category Aésignment Conll‘inued

The Agency recognizes that certain chemical structures bear some relationship to biological
activity. While these SAR models hold great promise for specific applications in the future, they are
subject 1o several major limitations at this time. Because of these limitations, the Agency believes
that information about such relationships should be used only to guide recommendations about the
acquisition of toxicological data, and not as a substitute for such data. Acting on this premise, the
Agency continues to incorporate information on chemical structures into its recommendations about
the initial level of testing recommended to demonstrate the toxicological safety of a direct food
additive or a color additive used in food.

The purpose of this chapter is to provide a general guideline whereby a chemical that has
been proposed as a direct additive or a color additive for use in food can be assigned to a Chemical
Structure Category based on substructural features--specifically, the presence or absence of chemical
groups that have been associated with certain types of toxicity. This information will be integrated
with data on predicted human exposure to determine the potential for toxicity, and thus the
recommended inftial level of toxicity testing for the proposed additive.

The guidelines provided in this Chapter are not intended to be comprehensive or as a rigid set
of rules. Substructural fragments and functional groups are illustrative of those groups identified in
the Structure Categories Section below. The initial, usually temporary, Concern Level to which a
substance has been assigned is based on its structure category assignment (se¢ Chapter IIT B 2 b
below) and the estimated human exposure to the substance from its petitioned use (see Chapter I
B 3). This initial Concern Level will be modified during the review process based on chemical or
biological information, such as: 1) the functional groups of known or predicted metabolites of the
additive are judged to be of more or less concern than the structure of the additive; 2) there is
evidence of potential bioaccumulation of the additive or its metabolites; 3) there is unequivocal
evidence that the additive is poorly or not absorbed; or 4) qualitative or quantitative information is
available on secondary component(s) or contaminants.

b, Structure Category Assignment of Additives

The initial step in assigning a proposed direct food or color additive to its correct Structure
Catcgory is to identify its complete chemical structure(s) and functional group(s). A direct food
additive or color additive used in food may be a single chemical (arbitrarily defined as a chemical
thal is ¢ 90% pure), or a compound that is a mixture of two or more chemicals. Each chemical
component in an additive is evaluated for the presence of one or more functional groups. Based on
this information, the additive under consideration can be placed in the appropriate Chemical
Structure Calegory. Structure Categories are divided into three classes of potential for toxicological
significance (e.g. Categories A, B, and C), with Category A having the least potential for toxicity and
Category C having the highest potential for toxicity.

~ This Chapter is an updated version of the *Chemical Structure Category Section® in the 1982
Agency guidelines. While thé major groups of chemical structure categories prescmed in 1982
Ageney guidelines have remained unchanged, the majority of these categories have been subdivided
into smaller groups of chemicals that share common functional groups. For those petitioners who
would like additional information on the assignment of chemicals to different structural categories,
the Agency has a supplemental document entitied "Structure Category Assignments of Chemicals in the
Priority-Based Assessment of Food Additive Database” available upon request.
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T B2  Structure Category Assignment Continued

Structure Category A
i Structure Category A Chemicals '

In general, Structure Category A includes compounds with chemical structures (substructural
fragments and functional groups) believed to be of low toxic potential, It includes substances that
are normal cellular constituents (e.g. certain fats and carbohydrates), but it excludes amino acids,
proteins and certain intermediates of lipid and carbohydrate metabolism. The aliphatic orgatic
chemicals in this category have relatively simple structures that arc saturated.* Inorganic chemicals
in this category are certain endogenous salts of alkali metals (e.g. sodium and potassium) and
alkaline-earth metals (ag caleium and magnesium).

Chemicals in Structure Category A can be divided into three general groups, including: 1)

aliphatic hydrocarbons® (saturated + un-functionalized* or mono-functional’), 2) fats and
carbohydrates, and 3) inorganic chemicals.

Aliphatic Hydrocarbons

" Aliphatic hydrocarbons: un-functionalized and non-cyctict {Cw2 10 30): Group
includes saturated straight- and branched-chain alkanes.

alkanes: CHy-(CHy)e-CH,

* Hydrocarbons with only single bonded carbon atoms are referred to as saturated; conversely,
hydrocarbons with one or more double bonded carbon atoms are referred to as unsaturated,

¥ Chemicals that contain only carbon (C) and hydrogen (H) are known as hydrocarbons.
Hydrocarbons are further divided into two main classes, aliphatic and aromatic. Aliphatic chemicals
include both open chain and closed ring structures with single, double and triple bonded carbon
atoms. In contrast, aromatic chemicals include benzene and.chemicals with substituted benzene ring
structures.

¢ Hydrocarbons with exclusively single bonded carbon atoms are referred to as aliphatic "un-
functionalized” hydrocarbons (ie. hydrocarbons with no functional groups).

¢ Mono-functional aliphatic hydrocarbons refers to hydrocarbons containing one type of
functional group in addition to the single bonded carbon atoms (e.g. a carbon/carbon double bond or

functional proup are arbitrarily referred to as mono-functional. In contrast, chemicals with two or
more different functional groups arc referred to as "multi-functional”.

¢ Non-cyclic chemicals have open carbon chains. In contrast, cyclic chemicals have closed
carbon ring structures, and these rings may be saturated or unsaturated.

24
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HIB2 - Structure Category ‘Assignment Cohtinued

Structure Category A
. Aliphatic hydrocarbons: un-functionalized, saturated and mono-cyclic {Cw6 to 20):

e.g. cyclohexane

O

» Aliphatic kydrocarbons: mono-funttional, saturated and non-cyctic {Cw2 to 30}
Group includes mono-functional:

aliphatic acids (R*-COOH *) and alcohols (R*-OH),
aliphatic aldehydes (R*-CH=0) and esters (R*-COO-R¥),
aliphatic ethers (RT-CH~0-CHyR"} and ketones (R*-CO-R), and
aliphatic mercaptans (R*-SH).

N Aliphatic hydrocatbons: mono-functional, saturated and mono-cyclic {C=6 o 20}:
Group includes mono-functional, mono-cyclic acids; mono-functional, mono-gyclic
aloohols; mono-functional, mono-cyclic aldehydes; mono-functionat, mono-cyclic esters;
mono-functional, mono-Cyclic ethers; mono-functional, mono-yclic ketones; and mono-
functional, mono-cyclic metcaptans.

Fats and Carbohydrates

[ Fats, futty acids, fatty acyl esters and helr salts: Group includes: fats, unsaturated and
saturated fatty acids and fatty acyl esters.

fats (e.g. butter esters, coconut and peanut oil),
unsaturated fatty acid (e.g. oleic acid: CHy-(CBy),-CH=CH-(CH,),-COOH),
saturated fatty acid (e.g caprylic acid: CHy-(CH)-COON), and
fatty acyl esters (R™-COO-RY).

«  Intormediates and products of cArbobpdrate and lipid metabolism in humans:

intermediates of carbohydrate metabolism (e.g- citric acid) and
intermediates of lipid metabolism (e.g. lecithin)

+ Centain Jetters in the chemical strictures presented in this chapter represent codes for
functional groups that could be placed within the chemical structure, including:
R’ includes aliphatic (open chaln hydrocarbons) and alkyl functional groups used in Categories
A and B, as well as the aryl (e.g benzyl) functional grovps used in Category C; and
R” includes only the aliphatic alkyt [eg -CHy-).
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I B2  Structure Category Assignment Continued

Structure Category A

] Simplo and complex carbohydrates: Group includes carbohydrates which are
components in the human diet, including: saccharides, oligosaccharides, and
polysaccharides.

simple carbohydrates (e.g. gluconic acidi HOOC-(CHOH)~CHOH and
Sucrose)
Lop  HOXE o

1
ot ¢

8 8,08
§on 8

complex carbohydrate (e.g. starch)

Inorganic Chemicals

" Endogenous (notmal celtular constituents) inorganie salts:  Group includes alkali
metals (Na*, K*), alkaline-carth metals (Mg?*, Ca¥*), simple aramonium saits (NH,*),
hydrochloric acid, sodium hydroxide and anions (Cl, COs*, NOy, PO2, and SO2).

¢.g sodium chloride NaCl

. Inert gases: Group includes certain inert gases {e.g. argon (Ar), helium (He) and
" nitrogen (Ny)]. It also includes carbon dioxide (CO;) and clemental carbon.

ii.  Structure Category B Chemicals

Structure Catepory B includes compounds with chemical structures that have been associated
with adverse effects other than mutagenicity and carcinogenicity in animais or humans. Structore
Category B also includes indeterminate structures and structures believed (o have a potential for
toxicity that is intermediate between structures in Structure Categories A and C. Chemicals in
Structure Category B can be divided into four general groups, including: 1) aliphatic hydrocarbons
(certain mono-functional and saturated, as well as mono-funcrional or multi-functional,* unsaturated
and non-conjugated chenticals?); 2) amino acids, proteins and certain nitrogenous chemicals; 3)
inorganic chemicals; and 4) mixtures of defined chemicals (with only Category A or B chemicals).

* Multi-functional hydrocarbons are classified as chemicals that have two different functionat
groups in addition to single bonded carbon atoms (e.g 2 carbon/carbon double bond and a
carbon/oxygen double bond). In contrast, a chemical with two of the same functional groups is
referred to as mono-functional,

¢ Conjugated double bonds are hydrocarbons with alternating double and single carbon bonds
(e.g. R*-CH=CH-CH=CH-R"); conversely, non-conjugated hydrocarbons have more than one single
carbon bond between the double bonded carbon atoms (e.g. R-CH=CH-CH,-CH,-CH=CH-R").

%
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HI B 2. Structure Category Assignment Continued

Structure Category B

Aliphatic Hydrocarbons

Alipbatic hydrocarbons: tono-tunctionsl hydrocarbons not listed in Categories A & C:

Group includes:

mono-functional aliphatic acetals [(RY0),-CH-RA);
mono-functional glycol ethers
(e.g. ethylene glycol monomethyl ether HO-CH-CHr0-CH,); and
methyl alcohol (CHy~OH) and methyl esters (R%-CO0-CHy).

Aliphatie bydrocarbons: mono-functional and mono-unsaturated:  Group includes both
cyclic and non-cyclic mono-functional and mono-unsaturated hydrocarbons.

mono-functional and mono-unsaturated, non-cyclic hydrocarbons
(e.g. 2-hexene: CHy-Cll=CH-(CHpy-CHy)

mono-functional and mono-unsatyrated, cyclic hydrocarbons
(e.g. cyclohexene)

Aliphatic hydrocardons: mono-functionsl and poly-unsaturated (& non-conjugated)
{C=6 10 30}: Group includes both cyclic and non-cyclic mono-functional
andpolyunsaturated (non-conjugated) hydrocarbons.

mono-functional and poly-unsaturated (non-conjugated), non-cyclic hydrocarbons
(e.g. 1,4-pentadiene: HC=CH-CHr CH=CH,)

mono-functional and polyunsaturated (non-conjugated), cyclic hydrocarbons
(e.g: 1,5-cyclononene)

G

Aliphatic bydrocarbons: mulii-functional and saturated, mono-unsatyrated ot
polyunsaturated (pon-conjugated): Group includes: muiti-functional, saturated, non-
cyclic hydrocarbons; muiti-functional, saturated, cyclic hydrocarbons; multi-functional,
mono-unsaturated (or polyunsaturated & non-conjugated), non-cyclic hydrocarbons;
multi-functional, mono-unsaturated (or polyunsaturated & non-conjugated) cyclic
hydrocarbons, Fxamples of multi-funciional chemicals included in this group are
unsaturated carboxylic ethers and anhydrides, potyaldehydes and potyols.

27
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B2 Structure Category Assignment Continued

Structure Category B

multi-functional, saturated, non-cyclic hydrocarbons
e.g. 2-hydroxypropionaldehyde: CH3~CH(OH)~CHO

multi-functional, saturated, cyclic hydrocarbons
g 4-hydroxycyclohexanoic acid
on

2

multi-functional, mono-unsaturated (or polyunsaturated and non-conjugated)
non-cyclic hydrocarbons (e.g 3-hexenol: CHy-CHy-CH=CH-CH,~-CH,-OH)

multi-functional, mono-unsaturated (eg. 3-cyclohexen-1-ol, center) or
poly-unsaturated & non-conjugated cyclic hydrocarbons
(e.g. cyclonona-3,7-dien-1-0l, right)

o8 4

Amino Acids, Proteins and Certain Nitrogenous Chemicals

. Anino acids: Group includes amino acids, unless they contain functional groups listed
in Category C.

e.g. alanine: CHyCH(NH,)-COOH
" Protelns and polypeptides
proteins (e.g. yeast protein extract) and
polypeptides (e.g. protein hydrolysate)

. Curtaln nitrogenous chemical: Group includes quaternary ammonium salts, alkylated
ammoniura compounds, and urea.

€g. quaternary ammonium salts [(RHN* X] and urea [NH-CO-NH,)
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Il B2  Structure Category Assignment Continued

Structure Category B
Inorganic Chemicals

" Inorganic salts of Fo, Cu, Mn, Zn, and Sa: Category also includes simple iodide salts
(e.g. sodium iodide), sulfur dioxide (SO;) and silicates (¢.g. NaSiOy). Furthermore, this
category includes organic salts of the same inofganic chemicals, so long as the metal is
not covalently bonded to the organic substance (and the organic substance is pot
included in Category C).

eg. ferric sulfate: Fep(SO4)y

Mixtures

. Mixtures of chemkals: Group includes only mixtures of chemicals of defined
composition, and all of the chemicals {n the mixture must be assigned to Category A,
Category B, or Categories A and B.

iffl.  Structure Category C Chemicals

In contrast to the two previous categories, Structure Category C contains compounds or
melabolites that are structurally related 1o a reported mutagen or carcinogen, of chemicals that are
structurally related to compounds demonstrated to produce carcinogenicity in humans or laboratory
animals. A total of 55 individuaf subgroups of chemicals have been pooled into six major groups
based upon the presence or absence of specific types of chemical functional groups, including:

* aliphatic (multi-furictional & conjugated) alkene and alkyne hydrocarbons (with and without
C and O functional groups,

* aromatic (mono- and polycyclic) hydrocarbons (mono- and multi-functional),

* aliphatic and aromatic (mono- and multi-functional) hydrocarbons with functional groups

containing N, P and $ atoms; ’

* heterocyclic chemicals;

* inorganic and organometallic chemicals; and

* mixtures of chemicals (with Category C and unkown chemicals).

Structure category assignment of chemicals in Category C is relatively straightforward when the
additive has only one functional group. When the additive has more than one specified functional
group, a consérvative approach is used by the FDA. Chemicals with more than one Category C
functional group arc assigned to all of the appropriate Category C functional groups.

* Heterocyclic chemicals have a closed ring structure that contains one or more atoms within the
ring that differ from carbon (e.g nitrogen, oxygen and sulfur).
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NI B2 Structure Category Assignment Continucd

Structure Category C
Aliphatic Alkenes & Alkynes

This group of chemical structure categories includes chemicals with relatively simple aliphatic
and aromatic structures that are devoid of nitrogen, selfur and phosphorus functional groups

. Aliphatic hydrocarbons: unsaturated (& conjugated) and non-aromatic: Group
includes conjugated (non-cyclic and cyclic, but not aromatic) alkenes, aldehydes, and
ketones. It also contains a,-unsaturated (non-cyclic or cyclic, but not aromatic)
carbonyl* acids and esters. In addition, all conjugated non-cyclic and cyclic chemicals
with an allyl fragment {e.g. CHy=CH-CHz~} are included in this group.

conjugated alkenes [R-CH=CH-CH=CH-R/j;
conjugated aldchydes [R-CH=CH-CH=0] and ketones [R-CH=CH-CO-RY;
a,s-unsaturated carbonyl acids [R-CH=CR-COOH] and esters [R-CH=CH-CO-0-R/; and
chemicals with an allyl fragment (CH,=CH-CHy).

. Alkynes:
alkynes: R-CoC-R/

Aromatic Hydrocarbons

. Aromatic hydrocarbons: Group includes mono-aromatic hydrocarbons, including:
mono-aromatic chemicals with or without alkyl functional groups; mono-aromatic
chemicals with conjugated atkenes (including the allyl functional group); mono-
aromatic a,8-unsaturated carbonyl acids and esters; mono-aromatic, conjugated
aldchydes and ketones; mono-aromatic chemicals with the oxy functional group (e.g.
methoxy, ethoxy, esc.); and mono-aromatic chemicals with one or more hydroxy (-OH)

functional groups.

mono-aromatic benzene ¢ alkyl functional groups (e.g. benzene)

mono-aromatic conjugated alkene (¢g 2-phenyl-2-butene)
CBy-CHeC-CEy

* The carbonyl group has an alpha (a), beta (8) unsaturated double bonded carbon and oxygen
{eg R#-CH=CH-C(O)-R"}.
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II1 B2  Structure Category Assignment Continued

Structure Category C

mMONo-aromatic a,s-unsaturated carbonyl (e.g. benzoic acid)
’ COOB

mono-aromatic, conjugated aldehydes and ketones (e.g. 2-phenyl-2-butenal)
Cliy-CHaC-CH30

mono-aromatics with the oxy functional group {(e.g. anisole)
0-Cly

mono-aromalics with hydroxyl functional group (e.g phenol)
. ‘OH

. Benrylic hydrocarbons: Group includes aromatic hydrocarbons with the benzylic
functional group, including: benzylic acids, alcohols, aldehydes, and esters,

benzylic acid (lfi), benzyl alcohol (center), and benzyl ethers (right)

€1,-6000 ox,08 Ci,-0-R"

phenylacetaldehyde (lefr), benzyl ketones (center) and benzylic esters (right)

CB,-CBO CHy-CO-CBy1 * CE;-00C-R "
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NIB2  Structure Category Assignment (bmilnuad

Structure Category C
. Polycyclic aromatic hydrocarbons: Group includes:

biphenyl, aromatic hydrocarbons (e.g. biphenyl) and

polycyclicaromatic hydrocarbons [e.g. anthracene (center) and fluorene (right)}

Aliphatic. and Aromatic Chemicals Containing
Halogen, Nitrogen, Phosphorus, and
Sulfur Functional Groups

This group of chemical structure assignment categories includes chemicals that contain
halogen, nitrogen, phosphorus, and sulfur chemical functional groups.

Halogenated Chemicals
" Halogenated chemicals: Group includes:

aliphatic [R-CH(X)-R/ *] and aromatic halides (e.g. 1,2-dichlorobenzene);
Gl

halocarbony] acids (R-CH(X)-COOH) and aldehydes (R™-CH(X)-CHO);
halocarbonyl amides (R-CH(X)-CO-NH,) and esters (R~CH(X)-COO-RY);
haloethers (e.g. e-alkyl haloether: R.CH(X)-0-CHR/); and
halohydrins (R-CH(X)-CH-OH).

* Certain letiers in the chemical structures presented in this chapter represent codes for
functional groups that could be placed within the chemical structure. The halogen functional groups
are coded "X," and they include bromine (Br), chlorine (C1), fluorine (F) and iodine (I).
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JII B2  Structure Category Assignment Continued

Structure Category C
Nitrogen Functional Groups

Chemicals containing nitrogen functional groups include hydrazides, hydroxylamides, imines,
un-substituted amides, and lactams; aliphatic and aromatic amines; nitro and nitroso groups; N-
nitroso group; nitriles; azo and di-azo chemicals; azoxy chemicals; azide and triazene chemicals;
hydrazines; carbamic acid esters; urea derivatives; guanidines; isocyanates; isothiocyanates;
carbodiim{des; and organic nitrates and nitrites, In contrast, heterocyclic chemicals that contain
nitrogen within the ring structure are presented later in the section entitled "Nitrogen Heterocyclic
Chemicals” along with other heterocyclic chemicals.

. Hydrazides; hydroxylamides and hydroxylamines; imines and hydroxylimines; and vo.
substituted amides: .

hydrazides [R/-CO-NH-NHJ;
hydroxylamides (R-CO-NH-OH) and hydroxylamines (R-NH-OH);
imines (R-CH=NR) and hydroxylimines (R-CH=N-OH); and
unsubstituted amides (e.g. primary-amide R-CO-NH,).
. Aliphatic and aromatic amines: Group includes:
1°-amines (R-NH)), 2*-amines (R’yNH) and 3°-amines (Ry-N)

. Nitro and nitfoso groups:
nitro (R=NO;) and nitroso (R-NO)

. N-nitroso group:
N-nitroso: eg. R-NH-NO

" i
nitriles: R-CsN

s AW and polyano chemicak:
mono-azo (R-N=N-R/) and di-azo (R~CH=N*=N")

o Ay group:

¢.g. azoxybenzene
0
O-4-0
» Axides and triazenes:

azides (R-N=N*=N"or R-N,) and triazenes (R-N=N-NH-R)

" Hydrazines:
hydrazines: R~NH-NH-R/
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DIB2 . Structure Category Assignment Concinued

Structure Category C

" Curbamic Acid Esters: Group includes:
carbamic acid ester (R-NH-C(0)-OR/),
halogenated carbamic acid esters (R-CH (X)-NH-C(0)-ORY), and
thiocarbamic acid esters (R-NH-C(S)-OR").

. Substituted wreas:
substituted ureas: RA-NH-CO-NII-R#

" Guanidines:
puanidines: NHyC(=NH)-NH-R/

. 1socyanates and cyanates:
isocyanates (R-N=C=0) and cyanatcs (R-0-CaN)

" Isothiocyanates:
isothiocyanates: R-N=C=S8

. Carbodiimides:
carbodiimides: R~N=C=N-R/

[ Organic nitrates and nitrites:
organic nitrates (R-0-NO,) and organic nitrites R%-0-NO

Phosphorus Functional Groups

Chemicals containing phosphorus functional groups include phosphoramides; phosphates
(-POJ) and phosphites (-POy); and phosphonate esters and phosphonium functional groups.
Chemicals containing both sulfur and phosphate functional groups include the mono- and dithio-

phosphate esters.

] Phosphoramides
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IN B2  Structure Category Assignment Continued

Structure Category C

" Phosphates and thiophosphates:
phosphates (center)
o]

R0 P o 0-R*
R

thiophosphates (center) and dithiophosphates (right)
5

I o

R'-Oup OB’
by

L

Phasphonate esters and phosphonium satts:
phosphonate esters (center) and phosphonium ion (right)

0
Il
.

R Qo P R’

o-r°

Sulfur Functional Groups

Chemicals which contain sulfur functional groups include: thioamides; substituted thioureas;
thiocthers; sulfamates; sulfate (-SO,) and sulfite (-S0,) esters; sulfonate and sulfiny] esters; and
dithiols and aromatic thiols, Chemicals containing both sulfur and nitrogen functional groups
include thiocarbamates and isothiocyanates. In contrast, heterocyclic chemicals with sulfur atoms in
the ring structure are included in the section entitled *Sulfur Heterocyclic Chemieals® along with

other heterocyclic chemicals.

. Thiotarbatic scids:
thiocarbamic acid esters: R-NH-C(S)-OR!

. Isothiocyanates:
isothiocyanates: R-N=C=S$

» Thioamides:
thiamides: R/-CS-NH-R/

- Substituied thioureas:
substituted thiourcas: R=-NH-CS-NH-R/
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HIB2 - Structure Category Assiéﬁrﬁcni “Continued

Structure Category C

Thiogthers: Group includes thioethers, disulfides and trisulfides
eg. thioethers: R-S-RY

» Sulfatnates:

. Sulfate and sulfite esters:
sulfate ester {center) and sulfite esters (right)

|0|
R0 S wsd-R’ k-0 S
Il
o]

. Sulfonate esters, sulfinyl esters and sutfoxides:

sulfonate esters (left), sulfinyl esters (center)
sulfoxides (right, e.g. dimethy! sulfoxide} and sulfoncs.

0 0 0
R'.0 Ié —0-R" . Ié ' ”
— R'em 5 —O-R CHz— 5 —CH,
I
-

Aromatic thiols and dithiols: Group includes both aromatic (and other cyclic) thiols
and dithiols {cyclic and non-cyclic).

aromatic thiols (&g benzenethiol)
o8

dithiols (e.g. 1,2-propanedithiol: CH3~CH(SH)-CH,~SH)

ovglL vsbes
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IN B2  Structure Category Assignment Continued

Structore Category C
Heterocyclic Chemical Structure Categories

Heterocyclic chemicals incude chemicals that contain within the ring structure a nitrogen,
oxygen, of sulfur atom. In addition, some heterocyclic chemicals contain ring structures with both
nitrogen and oxygen atoms; nitrogen and sulfur atoms; oxygen and sulfur atoms; and all three,

nitrogen, oxygen and sulfur atoms.
Nitrogen Heterocyclic Chemicals
Heterocyclic chemicals containing a nitrogen atom within the aromatic ring include; acridines;

aziridines; carbazoles; imidazoles, triazoles, and benzotriazoles; indoles; lactams; pipetidines;

pteridines; purines; pyrazoles and pyrazolones; pyridines and pyrazines; pyrimidines and
pyrimidinetriones; pyrroles; pyriolidines; quinolines, isoquinolines and benzoquinolines; and triazines

and benzotriazines,

" Axiridines:
o
. Lactams: Category includes lactams (center) and lactims (right)
0
o ’
n Purines:

S5

Pyrimidines, pyrimidincirionss, trixxines and benzotriaxines:

pyrimidines (center) and pyrimidinetriones (right)
0,
z

J
Y
benzotriazines (center) and triazines (right)

W @

N

[ Pytroks:
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"IIB2  Structure Category Assignﬁlént Continued

Structure Category C

a Pyrazoles and pytazolones:
pyrazoles (center) and pyrazolones (right)

U > i
0
N
“ - F
" Carbaroles:
)4
. Indoles:

. Tmidaaoles, triazoles and benzotriaxoles:

imidazoles (feft), triazoles (center) and benzotriazoles (right)

= v -

" Pyrrolidines

»

B

" Additional nitrogen heterocyclic chemicals feg acridines, alloxazines, benzoquinolines,
naphibyridines, phihatimides, piperarines, piperidines, preridines, pyraxines, pyridives,
and quinolines): .
acridines (eg acridine, center) and naphthyridines (e.g. naphthyridine, right)
=
L 40

alloxazines (center) and phthalimides (right)

<oeg [,
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I B2  Structure Category Assignment Conlinued

Structure Category C

piperidines (center) and piperazines (right)

pyridincs (center) and pyrazines (right)
X
~ v
® &
pteridines
7 N
QO
benzoquinolines (center) and quinolines (righr)
N7 : i’:
CLY :

Oxygen Meterocyclic Chemicals
The heterocyclic chemicals containing an oxygen atom within the ring structure include:
alkene/phenoxy chemicals; dioxancs; cpoxides; furans and benzofurans; oxetanes; pyrans and
benzopyrans; saturated lactones, and a-,8-unsaturated Jactones. In addition, certain oxygen
substituted heterocyclic chemicals have been included in this section, including: anthraquinones,
benzogquinones, quinones, and thioxanthones. '

. Bpoxides: Group contains three membered mono- and poly-functional epoxides. This

category also contains peroxides which are not heterocyclic.

mono-cpoxides (e.g. ethylene oxide)

peroxides (e hydrogen peroxide: 1,07

Il = (Y
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111 B2  Structure Category Assignment Continued

Structure Category C

. as-Unsaturated lactones:
) f of
" Dioxanss:

eg. 14-dioxane

Q

" Furans, benzofurans and coumnarins:
furans (left), benzofurans (ceniter), and coumarins (right)

] An\hnquinonw. bcanuinom, flavones, pytones and thioxanthones;

¢.g anthraquinone (lefr), benzoquinone (center), and flavones (right)
0

o8

4

I

0 )

Y

0:

O

eg. pyrone (cenrer) and thioxanthone (right)

W

. Aromatic ethers with alkens functional groups: Group contains chemicals with
safrole-like structures (ie. mono-aromatic ethers with a conjugated alkene functional

group). '
eg. safrole

H2C=CHCHZ/_©:Z>

) Ouygen beterocyclic chemicals [eg oxetanes, pytans, abd benzopyrans):

oxetanes (left), pyrans (center) and benzopyrans (right)
0 0
N
] O O 0
- Z
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HniB2 Structure Category Assignment Continued

Structure Category C
Sulfur Heterocyclic Chemicals
" Heterocydlic chemicals containing sulfur feg sulfones, trithianes, thienes, thiones, and

thiophenes):
sulfones (center) and trithiancs (right)

5 9

— o

thiones (center) and thiophene (right)
S

Nitrogen and Oxygen Heterocyclic Chemicals
" Heterocyclic chemicals containing nitrogen and oxygen [eg. morpholines and oxazoles):
morpholines (center) oxazoles (right) .
. . ‘ .
® QW
Nitrogen and Sulfur Heterocyclic Chemicals

[ Heterocyclic chemicals contalning nitrogen and sulfur [eg sulfimides, thiadiazoles,
thiazides, thisxines and thiaxoles]:

sulfimides (feft), thiazoles (center) and thiadiazoles (right)

" thiazides (center) and thiazines (e.g. phenothiazine, right)

o oL
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. lli B .2 ' Structure Catégmy Assignmcnl Cominucd '

Structure Category C
Oxygen and Sulfur Heterocyclic Chemicals
Heterooyctic chemicals containing oxygen and sulfur fe.g. oxythicpins):
oxythiepins (e.g. 2,4,3,-benzodioxathiepin)

3

Nitrogen, Oxygen and Sulfur Heterocyclic Chemicals
Heterogyclic chemicals containing nitrogen, oxygen and sulfur [eg. oxythiszins):

q)’:z

Inorganic and Organometallic Chemicals

Inorganic salts: Grdup contains inorganic salts that are not included in Categories A
and B (eg aluminum). It also contains non-covalent complexes of these inorganic
chemicals with organic chemicals,

eg aluminum ammonium sulfate: AINI4(SO,),

Organometallic chemicals:
eg vitamin By,

Mixtures

Mixtures: Group contains compounds that are. mixtures of chemicals, and two types of
mixturcs are distinguished. The first type of mixture includes defined mixtures
containing onc or more substanoes which possess functional groups listed in Category
C. The second type of mixture includes mixtures of undefined composition, including
compounds in which all known components contain functional groups listed in
Catcgorics A and B. This conservative approach was taken, because it is possible that
a minor, undefined constituent of a compound mixture could have a chemical with a
functional group listed in Category C.
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HI B 2. Estimation of Human Exposure to Direct Food Additives and Food
Ingredients

A key factor in the safety evaluation of a food additive or food ingredient is the relationship
of i1s probable human cxposure 10 the level at which adverse effects arc observed in animal and/or
clinical studics. Estimates of probable human exposures require knowledge of the specific uses and
use levels of a substance under consideration and quantitative information on intakes of the foods in
which the substance is used. Individuals’ food intakes are distributed over a range determined by
lifestyles and localized patterns of food availability and can be expecied to change in response to
changes in economic circumstances, education, health, the media, and the availability of products in
the food supply. Because of the many factors affecting food intakes and the uncertainties in the
‘eventual marketing of a petitioned food ingredient/additive, the estimation of probable exposures is a
complex exercise. The Agency’s assumptions concerning intake patterns, market penctration, and
substance concentrations result in a conscrvative estimate of exposuret, These assumptions are used
because detailed information that can replace these assumptions is usually upavailable,

CFSAN's estimates of probable human exposure are based on food intake or food availability
data obtaincd over relatively short time frames (one day to one ycar) and are used to represent
chronic or "lifctime” exposure. We typically use the 90 percentile to represent probable exposure
for a "hcavy® consumer of a substance.

8, Parameters for the Exposure Estimate

In the broadest sense, two factors are required for making an cstimate of exposure to a
substance in the food supply. The first is the daily intake of the food in which the substance is used
or can be found. The second is the coneentration or use level of the substance in the food. Simple
multiplication of these two factors glvcs an cstimate of exposure to the substance from consumption
of the food.

These two factors can be derived from a number of sources. For pre-market approval of new
substances, information on the expected use level (or in the case of processing aids, expected residue
concentrationy ir food is generally supplied by the petitioner, For substances already in the food
supply, for which a cumulative exposure cstimate incorporating proposed new uses is necded, use
levels in food may be obtained from additional sources, such as Agency records, users of the
substance, or by chemical analyses of the foods in which the substance is known to be used.

The daily intake of foods can be derived from a variety of data bases. The three most
commonly used sources of food-intake data arc: per-capita data derived from annual poundage
surveys of producers or distributors; survey data on the frequency of consumption of foods (*food-
frequency” surveys); and food-intake survey data, These three data base types will be described in
more detail below, A number of data bases currently available for determining food mtakes for
cstimating exposiire 10 substanoes In the diet are shown in Table §-below.

* FASER report (1988)!
* When comparing cstimated daily intakes (EDI's), a more conscrvative EDI is higher.

It should be noted that this discussion does not pertain to the estimation of cxposure 10 indirect
food additives.

“Abridged from footnote a, page 1.
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Table 1

Summary of Characteristics of Major Databases Used for Estimating Intake of Substances

NECS NFCS

{mrcs wnanes 11% MRCA s wop Seafood ;US4 FOA
{ foods CSFIT Meru Census Natfonal 7 Consumption €25’ Total Diet
Commonty., Eating Trends Study
1 Connumdz
{
Date of l 19??-7'810 1977-78 arnual since 1976-80 every 5 years  annual 1973-74 ancual anrual
dets i 1987-88 : 1985 since 1957 since 1909 sfnce 1961
collection |
i
Population | eivitian; see NFCS core & poverty civiliang participants perticipsnts participants net since 1982
surveyed free- - groups of free-living: in consumer in consumer in consumer commoditisg  nationally
tiving: women 6 mo to survey; “atl survey; sll survey: sll in representative
all sges 19-50 yr T4 yr - ages ages, 11 ages, single US commerce diats for
& their age-sex person 8 age/sex
children groups households groups
1-5 yr reported excluded
Type of 1-d recall see NFCS self; proxy self (private  homemsker ane one NA NA
instrument & for child interview); reports for respondent respondent
for intaske | 2-d record proxy for all for for
) chitd household household
Estimates single day; eaterz only single day; single day single day; single day; single cay; per capfta usual
possible usual intske/d ususal usual ususl usual availability
. (mean and
percentiles)
form of mean mesn and mean frequency mean frequency mean fr mewn & mean number  poputation since 1982,
Estimate frequency & distribution & & & distributfon distritution of servings; meon mean + sd
distribution of eaters distribution distribution for rew dats_ for total X of
for raw data for raw data for raw data total poputation indivicduals
total totat total population and  endt using product

popoulation
arxd eaters
only

poputlation and
eaters only

poputation and
eaters only

eaters only

eaters only

See next page
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Footnotes for Table 1

U.S. Department of Agriculture. Nutrient Intakes: individuals in 48 states, year 1977-78. Mationwide Food Consumption Survey (NFCS) Report
¥o, 1-2. Available from: U.S. Goverrment Printing 0ffice, Washington DC.

Pao, E.M., Fleming, K.X., Guenther, P.M., and Mickle, S.J. (1982) Foods Commonly Eaten by Individuals: Amount per Day and per Eating
Occasion. ¥ome Economics Resesrch Report No. 44. Aveilable from the U.S. Goverrment Printing Office, Washington, DC.

U.$. Department of Agriculture (1985) Natiorwide food Comsumption Survey: Continuing Survey of Intake by Individusle, women 19-50 yesrs and
thair children 1-5 yeers, 1 dsy. CSF!! Report No. 85-1. Available from tha U.S. Goverrment Printing Office, Washington, DC.

McDowcll, A.D., Emgel, A., Massey, J.T., snd Maurer, K, (1981) Plan ard Operation of the Second National Health and Nutrition Examination

Survey, 1976-1920. Vital and Mealth Statistics. Series 1, Wo. 15. DMHS Publication No. (PMS)B1-1317. Availsble from the U.S. Government
Printing Offfce, Washington, DC.

Abrams, 1.J. (1981) Mail diary method for collecting food purchosing and food usage informetion from consumer panels. In, Assessing
changing food consumption patterns. Washington, DC: Nationsl Academy Press, pp. 119-134.

The N°D Group of Merketing and Research Services (1983) Kational Eeting Trends. A resesrch sty on in-home food and beverage consumotion.
Avaitable from The PO Grouo of Marketing and Research Services, Park Ridge, IL.

Mu, T.-W. (1985) Anslysis of Seafood Consumption fn the US: 1970, 1974, 1978, 1981. Report prepared for the Nationat Marine Fisheries
sarvice, Washington, OC, under grant no. NAS2AA-#-000S3 by the Institute for Policy Resesrch snd Evaluation, the Pernsylvania State
University, Unfversity Park, PA. p. $4. Available from The Xational Marine Fisheries Service, Washington, DC.

Bunch, K.L. (1985) Food consumption, prices, and expenditures 1935. Statistical Bulletin No. 749. Available from: U.S. Government Printing
Office, Washington, DC.

Pennington, J.A.T. and Gunderson, E.L. (1987) A history of the Food and Drug Acwinistration's Totsl Diet Study, 1961-1987. J.Assoc.
0ff.Ansl.Chem. 70:77T2-782. :

Thig survey has been criticized in » General Accounting Office Report entitled *NUTRITION MONMITORING Mismsnagement of Nutrition Survey Mas
Resulted in Questionsble Dats®™ GAO/RCED-91-117, Washington DC. Care should be exercited before employing data taken from this survey.
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HIB3 Cstimation of Juman Txposure to Dnrect Food Addlllves
and Food Ingredients Continued

b. Estimates of Food Intake

i. Annual Poundape Information (Disappearance Data)

Information on the poundages of commodities entering co is usually available from
government and industry sources on an annual basis, These data are referred to as *disappearance”
data. It is generally not possible to separate out the fraction actually consumed as food from that
remaining in inventory and from non-food expenditures from inventory (wasted, exported, used in
pet food or animal feed, ctc.) at the end of the reporting period.  Annual disappearance figures can
be divided by the national population and by 365 days to obtain a "per capita” daily intake of the
commodity,

Annual poundages of some substances produced and used solely for addition to food have
been compiled as a part of the National Academy of Sciences Survey of Industry on the Use of
Food Additives (National Rescarch Council, 1977, 1982, and 1987). Industry’ responses to these
surveys are voluntary, and the reliability of these data depends heavily on the completeness of the
industry response for a given substance. In order to correct for under-reporting in such surveys, a
correction factor is generally employed. This factor is related to the percentage of users of a
substance that submitted information to the survey. .

ii.  Dictary Surveys of Food Intake

Food-intake surveys provide data that are commonly used to estimate exposure to a food
additive or ingredient. Two different types of surveys exist: daily-consumption surveys and *food-
frequency” surveys, i.e; surveys of the frequency of consumption or number of eating occasions of a
given food on a given day. Dafly-« plion surveys require participants to record or recall the
amounts and types of each food eaten during the day. Food-frequency surveys require participants
to record only the number of times each food is consumed during each day of the survey period;
these frequencies need to be multiplied by & portion size to obtain the daily food-Intake information.

These survey methods have the advantage of providing several different kinds of information
about food consumption. That is, food intakes of various sub-groups (e.g. sex, age, caters-only, total
sample esc.) can be obtained for either the total diet or for specific foods. Eaters-only intake data
are useful for determining intake of a food used by a small peroentage of the population and by
individuals selecting for a particular product. In such cases, use of the information derived from the
responses of the total sample will generally yield intake figures that are much lower than actual
intake. Daily-consumption surveys and food-frequency surveys can also prowde valuable information
for shori-term intakc (ie days 10 ycars)

Food-intake survey data arc cssential when information is required concerning the potential
for very high usc among consumers. Because these data are compiled from information obtained
from individual consumiers, it is possible to determine a distribution of intakes. The 90th percentile
intake estimate (that intake which is equal to or higher than 90 percent of the intakes for all
individuals surveyed) is used to represent the intake of heavy o of a substance

For a substance not expected to be consumed frequently, the use of surveys of short duration
(1-3 days) often Icads 10 an overeslimate of chronic intake of the food containing the substance.
This is due 10 a varicty of circumstances beyond the scope of this discussion (see the FASEB report
noted previously on page 43). Additionally, the use of longer-term surveys (e.g. 14 days) is generally
prcferred for cstimating exposurc that is more likely to reflect chronic intake.
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NIB3  Fstimation of Human Exposure to Direct Food Additives
and Food Ingredients Continued

iil.  Substance Concentration Data_(Petitioner-Supplied Data)

When sceking pre-market approval or approval for a new use of a regulated substance, the
petitioner is required to supply information concerning the intended use levels of the substance in
food. This information is often supplied as a maximum use level, If demonstrable, a technologically
sclf-limiting concentration can be supplicd and used in the estimation of probable intake. Usually,
the petitioner will supply a "typical® or "recommended” use level, based on in-house experimentation,
which can be used in the exposure estimation process. The Agency can determine which type of
information is most pertinent on & case-by-case basis, usually using the information that yiclds a
conservative, yet reasonable exposure estimate (see previous discussion, Chapter II C),

¢ DPreparing Exposure Estimates

i. " Estimating Exposute for Pre-Market Evaluations

" Pre-markel estimations are intended 10 represent consefvative yet reasonable estimates of
exposure 1o a new substance used in {00d. Information concerning potential use levels is supplied
by the petitioner. Food-intake data are obtained by Agency reviewers from the above mentioned
data bascs and other appropriate sources, including the petitioner. One basic assumption for making
an exposure estimate is that all food ingested by a consumer that may contain the additive or
ingredient, does contain it at the recommended or maximum Jevel of use.

A major issue in the pre-market estimation of exposure is the choice of the data base used to
determine representative food intake. While broad generalizations can be made, each case requires
an examination of the suitability of various data bases with respect to the availability of, or necessity
for, information concerning age, sex or other sub-groupings, the extent of consumer awareness of the
substance, and the potential ubiquity of the substance in the diet.

a) Per-capita_Estimates

In the absence of food intake data, per-capita disappearance data for commoditics may be used
to make 8 pre-market exposure estimate for a food additive or ingredient that is expected to have no
market appeal (one that will not be sought out by consumers) or that is expected 10 be ubiquitous
in the diet. For these purposes, "per-capita® generally refers o the number of people in the United
States. For example, the annual poundage of the commodity first is converted to grams per day (the
calculation can be modified if information about non-food uses of the commodity is known). This
daily intake figure is then multiplicd by concentration of the substance in the commodity (based on
the intended use) to yield the probable exposure. One example of this procedure would be the
cstimation of exposure to an anti-dust spray used in grain silos. The petitioner would have
determined the optimal amount of substance sprayed onto a given amount of grain. This
concentration would be multiplied by the daily per-capita disappearance of the grain to determine
the per-capita exposure to the anti-dust agent. Other information could bé factored into this
calculation, if available; for example, information about the loss of treated grain during slorage and
the effects of processing on the quantity of the anti-gust agent that would vltimately be ingested by
a consumcer,

Conservalism in & per-capita estimate arises from the inability to determine how much of the
commodity is 10t in storage, waste, or processing, remains in inventory, is exported, or is used in
non-food applications. This type of estimate cannot directly produce an upper percentile intake
cstimate for a substance (see discussion below for making such estimates).
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1meua Estimation of Iluman Exposure 10 I)irect Food Addluvcs
and Food Ingredients Continued

Per-capita estimates of exposures Lo substances that have been surveyed by the NAS (food use
only) can be made by dividing the reported annval poundages by the current population and
converting to daily usage. Conservatism in this type of estimate again ariscs from the inability to
scparale wastage, inventory, and loss of the substance in processing from the total actually consumed
via the food supply.

Per-capita estimates usually are inappropriate in cases where the use of the additive or
ingredient is highly limited, when only a limited number of consumers are eaters of foods containing
the added substance, or when a consumer can select for the substance in food.

b) Survey-based Estimates

Because dietary intake or food-frequency surveys contain the most detailed information about
the subjects’ eating habits, they are the preferred source of food-consumption data for use in
estimating exposure. In the simplest case, the average daily intake or the intake for a given
percentile of a food containing the substance of interest is multiplied by the concentration of the
substance in that food 10 yield the exposure estimate.  For a substance expected to be used in
several foods the problem Is more complex. The Agency currently has access to food-intake
information that is aggregated across groups of individuals and food categories, (ie. data bases
containing consumption information based on general food categories and sub-categories, for
example, baked goods, milk and milk producis). Using the aggregated food-intake data, the Agency
can ¢stimate the mean total exposure (L.e. total sample basis) to a petitioned substance by adding
mean exposures 10 the substance calcvlated for the individual food categories.

When considering eaters-only intakes, additional considerations should be included. Simple
addition of mean, eaters-only intakes may lead to an exaggeration of the mean intake. For example,
if & substance is to be used in both regular and dict soft drinks, an overestimation of intake is likely
10 result from addition of the potential exposures to the substance from each type of soft drink.
Consumers usually drink one or the other of these beverages, but not both, Typically, the higher
exposure estimate (for, in this case, diet or regular soft drinks) would be used in place of the
summed value. The same would be true for potential exposure to an additive from differcnt types of
snack foods, such as pretzels and potato chips. Therefore, in calculating the mean eaters-only
exposure to additives, caution must be exercised in determining whether exposures derived from
aggregated food categories should be added.

A specific perocntage intake of an additive that may be used in different food groups can be
estimated using different methodologies. We have noted that 90th percentile intakes are typically 2
to 3 times the mean intake. The intake of a heavy consumer of an additive can be approximated by
multiplying the derived mean intake by a factor of two to three.t Also, computer-based modeling,
such as a Monte Carlo simulation, can be used to statistically derive distributions of intake for a
total sample or éaters-only poputation. Monte Carlo miodeling methods have been described in the
literature.®

sSurvey intake data from the individual foods provide 90th percentile/mean ratios, which can be
averaged to delermine the factor used. .

® Thompson er al. (1992); Burmaster and von Stackelberg (1991); McKone (19%0);*  Finkel,
(1990)  Rubenstein (1981)¢
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NI B3 Estimation of Human Exposure to Direct Food Additives
and Food Ingredients Continued

An alternate approach for estimating eaters-only intakes involves the estimation of exposure
derived from dictary survey analyses based on the food consumption of each surveyed individual.
Such exposure estimates can be made only by accessing the raw data from the survey. Although the
Agency does not have ready access to such data, petitioners have in some instances contracted with
owners of raw survey data to provide exposure estimates based on specific information about food
uses and use levels of petitioned additives or ingredients. The Agency uses its judgement in
considering the manner in which intake estimates for individual food categories should be combined
lo estimate total exposure. The ability 1o manipulate the raw survey data permits the actual intake
of cach food for each surveyed individual to be combined with the proposed use level for the
additive or ingredicnt in the specific foods caten by that individual, This allows the construction of
a distribution curve based on total additive or ingredient intake for cach individual; from this curve
the desired percentile information on exposure may be obtained. Given that the conservatism
inherent in the use of aggregate data has been removed, exposure analyses based on {ntakes of
individuals that have been submitted by a petitioner are carefully evaluated for their appropriateness
for predicting probable chronic intake of the substance.

Finally, special cases may arise, particularly in the area of substances that could become
macro-ingredients in the diet, for which food-consumption and use-level information necessary for
estimation of exposure are inadequate or unavailable. For ple, difficulties can arise in
cstimating intake when current cating habits cannot be reliably extrapolated to include the new
substance. In'such cases, new approaches to the pre-market estimate will have to be devised. The
use of substitutes for added fats illustrates this point.” In this example, the dict as a whole, especially
the amount of energy needed to' maintain normal function, needs to be considered if such a
substitute would be marketed to consumers with no restrictions on its use.

ii.  Exposurc Estimates for Substances Currently in the Market Place

Updated exposure estimates ar¢ needed for substances on the market when a new use of an
approved substance is petitioned or when intake is believed to have changed appreciably from the
time of the original estimate. The approaches available for making this type of estimate are similar
10 thosc for pre-market approvals, with the advantage that more information is generally available
on the substance, including, but not limited to, actual levels in foods.

Detailed intake estimates can be made using dietary survey information and actual substance
use levels. For a new use of an existing substance, a cumulative estimate can be made by combining
the appropriate use level and food-intake data for the new use, and adding this estimate to the more
accurate cstimate available for the existing uses. Alternatively, new data based on an analysls of
intakes by individuals and covering both regulated and proposed uses may be submitted by the
petitioner. As discussed above for pre-market approvals, estimates for desired sub-groups (age, sex,
90th percentile eaters, eaters-only) can be obtained using thesc dietary survey data,

d. Conversion Factors

Exposure estimates are commonly presented in grams per person per day (g/p/d), milligrams
per kilogram body weight (mg/kg bw), or parts per million of the daily diet. To convert among
these unit types, we typically use the following factors: a 60 kg “typical adult," and a total daily diet
of 3000 g food and water (1500 g solid food, 1500 g liquid food). For those cases where
information concerning children is necded, we have used a body weight of 15 kg for a 2-5 year old
child.
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IMRBp3 Estimation of Human Exposure to Direct Food Additives
and Food Ingredients Continued

e, Summary

‘The Federal Food, Drug, and Cosmetic Act (sec. 409 (c)(5)(A)) requires that probable
consumption of an additive and of any substance formed in or on food because of its use be
considcred in determining whether the proposed use is safe, FDA's estimates of probable
consumption are generally made using existing commaodity disappearance data and food-intake and
food-frequency data bases, occasionally supplemented with ad hoc approaches and reasoned
judgments. Reasonable exposure estimates for chemicals used in food are critical to the
maintenance of a safe food supply. Additional information concerning the prepatation of estimates
of exposure 10 food additives is available from the FDA’s Center for Food Safety and Applied

Nutrition.*

* DiNovi, M.J. (1992)"
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III C. Recommended Toxicity Tests

1. Recommended Minimum Set of Toxicity Tests

The extent and type of toxicity testing recommended for direct food additives or color
additives used in food will depend on the initial Concern Level to which that additive has been
assigned and available information about the metabolism, chemical composition, and toxicity of the
additive. Recommendations for minimum testing are associated with cach Concern Level, and these
recommendations reflect the Agency’s consensus that extensive toxicity testing should be reserved for
additives with high exposures and potentially reactive structures and for additives that induce adverse
toxic cffects at low doses or after short exposures (see Figure 4 below).

The final extent and type of toxicity testing recommended for a food or color additive will be

determined by estimated exposure and potential toxic effects (dose, onset, duration, type, extent, erc.)
observed in the minimum set of tests recommended for the additive.

a,  Minimum Set of Toxicity Tests ro_r Concern Level TIT Substances

The recommended tests for Concern Level 111 substances are sensitive enough to detect nearly
all types of obscrvable toxicity, including malignant and benign tumors, pre-neoplastic lesions, and
most other signs of chronic toxicity. They include:

» short-term tests for genetic toxicity;
« metabolism and pharmacokinetic studies;

w a subchronic fecding study (at least 90 days in duration) in a rodent species, which includes
an evaluation of the potential neurotoxicity and immunotoxicity of the test substance;

= a multi-gencration reproduction study (two generations, one litter per generation) with a
teratology phase (developmental toxicity study) in a rodent, which includes an evaluation of
the potential developmental neurotoxicity and immunotoxicity of the test substance;

» a long-term (at least one year in duration) feeding study in a non-rodent species; and

w carcinogenicity studies on two rodent species. At least one of these studies should be a
combined chronic toxicity/carcinogenicity study with an in utero exposure phase.

The results of shori-term tests for genetic toxicity may be used to detcrmine priority for the
conduct of lifetime carcinogenicity bioassays, and may assist in evaluating the results of bioassays.
Results of metabolism and pharmacokinetic studies can be used to help set appropriate dose levels
in toxicity studies and ¢valuate the results of those studies; information from metabolism and
pharmacokinetic studies also may be used to modify the set of toxicity studies recommended for 8
particular additive (for example, concern about an additive may be reduced if the additive is shown
10 be largely unabsorbed by humans). Results from the reproduction study with teratology phase
may indicate the need for expanded reproduction and/or developmental toxicity tests. Results of
immunotoxicity and neurotoxicity screens in subchronic studies and developmental toxicity studies
may indicate the need for further testing in these areas.
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Figureb‘4‘ .

Summary of the Toxicity Tests Recommended for Different Levels of Concern

Toxicity Tests' Concern Levels
I IT IYI
Bhort~term Tests for X X X

Genetic Toxicity

Metabolism and b4 b 4
Pharmacokinetic studies

Short-term Toxicity Tests x
with Rodents

Bubchronic Toxicity Tests x? xb
with Redents

Subchronic Toxicity Tests x°
with Non-Rodents

Reproduction Study with x x°
Teratology Phase

one-year Toxicity Tests X
with Non-Rodents

carcinogenicity study b o
with Rodents

Chronic Toxicity/Carcinogenicity b
study with Rodents

* Not including dosc range-finding studies, if appropriate
b Including neurotoxicity and immunotoxicity screens

¢ An in utero phase is recommended for one of the two recommended carcinogenicity studies with
rodents, preferably the study wilh rats

4 Combined study may be performed as separate studies

52

c98l +Stee



Dieaft

II1 C ~ Recommended Toxicity Tests Continued

b, Minlmum Set of Toxicity Tests for Concern Level I Substances

The tests recommended for Concern Level 11 substances are sensitive cnough 10 detect most
toxic phenomena other than late-developing histopathological changes in tissues and organs. Tests
recommended for food and color additives used in food assigned to Concern Level 11 are:

u short-term tests for genetic toxicity;
» mctabolism and pharmacokinetic studies;

» a subchronic feeding study (at least 90 days in duration) in a rodent species, which includes
an cvaluation of the potential neurotoxicity and immunotoxicity of the test substance;

w a subchronic fceding study (at least 90 days in duration) in a non-rodent species, which
includes an cvaluation of the potential neurotoxicity and immunotoxicity of the test substance;

and

» a multi-gencration reproduction study (two generations, one litter per generation) with a
teratology phase (developmenta) toxicity study) in a rodent. This study includes an evaluation
of the potential developmental neurotoxicity and immunotoxicity of the test substance.

‘The results of short-term tests for genetic toxicity may be used to jdentify compounds assigned
to Concern Levet 11 for which carcinogenicity testing may be recommended. Results of metabolism
and pharmacokinctic studies can be used to help set appropriate dose lovels in toxicity studics and
cvaluate the results of these studies; information from metabolism and pharmacokinetic studics also
may be used to modify the set of toxicity studies recommended for a particular additive (for
cxample, concern about an additive may be reduced if the additive is shown to be largely unabsorbed
by humans). Results from the reproduction study with teratology phase may be used to indicate the
need for expanded reproduction and/or developmental toxicity testing. Results of immunotoxicity
and newrotoxicity screens in subchronic studies and developmental toxicity studies may indicate the
need for further testing in these areas.

[ Minimum Set of Toxicity Tests for Concern Level I Substances
Recommended tests for Concern Level I substances include:
s shori-term tests for genetic toxicity and

» a short-term feeding study (at least 28 days duration) in a rodent species, which includes an
cvaluation of the potential neurotoxicity and immunotoxicity of the test substance.

The results of short-term tests for genetic toxicity may suggest the need for information about the
additive that can be obtained from chronic toxicity or carcinogenicity tests. The short-term feeding
study is sensitive enough 1o detect any acute, life-threatening toxicity and to provide an indication of
target organs and doses for toxicity tests of longer duration, if such tests are recommended. Resuits
of immunotoxicity and neurotoxicity screens in the short-term feeding study may indicate the need
for further testing in these areas,
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I C  Recommended Toxicity Tests Continucd

I C 2.  Selecting Additional Toxicity Tests

Deciding how much information is sufficient to assess the safety of an additive is a problem
that has long been recognized both by the Agency and industry. Results from the initlal set of
recommended toxicity tests for direct food additives and color additives used in food may indicate a
need for additional or specialized testing 1o assess the safety of the additive. Additional
recommended tests will depend, in large part, on effects observed in the initial set of recommended
toxicity tests. The purpose of this scction is to provide examples of how FDA decides what
additional toxicological information nccds 1o be developed for a direct food additive or color
additive used in food, based on evatuation of data obtained [rom studiw submitted by the  petitioner
in support of the safety of an additive. The ples are not i d 10 be compreh
Decisions about the need for additional toxicology information on food and color additivcs used in
food will be made on a case-by-case basis, will atways include a significant element of expert
scientific judgement, and thus may differ from examples presented below.

8. Acute Toxlcity Tests

Acute toxicity tests (usually single-dose tests in which animals are obscrved for 7-14 days
following administration of the test substance) may be recommended for compounds when there is
no other information that can be used to select appropriate dose levels for short-term or subchronic
toxicity tests,

b.  Short-Term Toxicity Tests with Rodents and Non-Rodents

Short-term feeding tests with rodents or non-rodents (usually studies in which animals are
cxposed to continuous oral doses of the test substance for one month or less) may be recommended
for compounds when thefe is no other information that can be used to select appropriate dose levels
for subchronic or chronic studies.

¢ Subchronic Toxicity Tests with Rodents

Subchronic toxicity tests (usually studies in which animals are exposed to continuous oral
doses of the test substance for 90 days to 12 months) may be recommended for Concern Level [
compounds with a lowest observed effect level (LOEL) from a shorter-term study which is less than
2000 times the estimated humgn consumption of the compound.*

Subchronic toxicity studies may be recommended for compounds when there is no other
information that can be used 1o select appropriate dose levels for longer-term toxicity studies,

» Differences in recommendations for additional studies in rodents (subchronic toxicity tests) and
non-rodents (one-year toxicity tests) are due, in part, 10 the greater certainty that can be obtained from
tests in which 10-20 rodents per sex per group are used compared 10 tests in which 2-4 dogs per sex per
proup are used.
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I C  Recommended Toxicity Tests Continued

d.  One.Year Toxicity Tests with Non-Rodents

One-year toxicity tests in non-rodents may be recommended for Concern Level Il compounds
when the lowest observed effect level (LOEL) from a shorter-term, non-rodent study is less than
1000 times the estimated human consumption of the compound, particularly if the non-rodent
species is the species most sensitive to the effect and is appropriate for extrapolation to man.

One-ycar toxicity tests in non-rodents may be rece ded for Concern Level 11 compounds
when available toxicology information suggests the probability that the compound bioaccumulates
and/or is associated with late-occurring toxicity in rodents; such late-occurring toxicity may not be
observed or may be poorly quantified in subchronic studies.

e.  Carcinogenicity Studies with Rodents

Carcinogenicity bioassays in two rodent specics may be recommended for Concern Level I and
Il compounds when data from other studies indicate treatment-related hyperplasia, metaplasta, or
other proliferative lesions, or when data from ‘other studies indicate progressive and irreversible
lesions, such as_treatment-related necrosis, Carcinogenicity bioassays also may be recommended for
Concern Level 1 or I1 compounds that have demonstrated slgmﬁcant carcinogenic potential, based on
the results of short-term tests for genetic toxicity.

f.  Two-Generation Reproduction Studies with a Teratology Phese

Two-generation reproduction studies with 2 teratology phase may be recommended for
Concern Level 1 compounds when results from other toxicity studies indicate that the compound
may be associated with reproductive organ toxicity.

Two-gencration reproduction studies with a teratology phase may be recommended for
Concern Level 1 compounds that have demonstrated significant carcinogenic potential, based on the
results of short-1erm tests for genetic toxicity.

g Gavage Adminlstration of the Test Compound in Teratology Studies

Gavage administration of the test compound in teratology studies may be recommended when
the estimated human exposure exceeds 0.625 mg/kg/day in the dict,

Gavage administration of Concern Level 111 test compounds in teratology studies may be
recommended when the compound is expected to be added to beverages that may be consumed by
pregnant women.

Gavage administration may be recommended for compounds with adverse reproductive effects
that suggest possible teratogenicity.

k. Metabollsm and Pharmacokinetic Studles
Additional metabolism and pharmacokinetic studies may be recommended for any compound

when results of the recornmended set of studies do not resolve important metabolic information,
such as whether of not the food additive s absorbed in significant amounts from the gastrointestinal

tract.
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I C  Recommended Toxicity Tests Continued

i Neurotoxicity Studies

Neurotoxicity studies may be recommended for any compound when results from the
neurotoxicity screen of other information suggests that the compound may be associated with

neurotoxic effects.

J Immunotoxicity Studies

Immunotoxicity studies may be recommended for any compound when results from the
.immunotoxicity screen or other information suggests that the compound may be associated with

immune system toxicity.
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Chapter IV

Guidelines for
Toxicity Tests

A Introduction

A major difficulty in preparing a safety profile for an additive is the lack of common,
consistent, and clearly defined testing guidelines for the design and conduct of toxicity studies. To
help eliminate this difficulty, the Agency published its first set of guidelines for toxicity tests for food
and color additives used in food in 19824 The revised guidelines reflect the most up-to-date
scientific knowledge relevant to safety evaluation of direct food additives and color additives used in
food. ’

Chapter IV B presents 1) general recommendations for conducting and reporting the results of
toxicity studies (sec Chapters IV B 1 and IV B 2, respectively) and pathology examinations (see
Chapter IV B 3), 2) suggests appropriate statistical analyses of data from toxicity studies (see
Chapter IV B 4), and 3) discusses the suitability of purified diets for toxicity studies (se¢ Chapter IV
B 5).

Chapter IV C presents additional guidelines for the conduct of specific toxicity tests, including
1) short-lerm lests for genetic toxicity (see Chapter IV C 1), 2) acute toxicity tests (see Chapter IV
C 2), 3) short-term toxicity lests with rodents and non-rodents (se¢ Chapter IV C 3), 4) subchronic
toxiclty tests with rodents and non-rodents (see Chapter IV C 4), 5) one-year toxicity tests with non-
rodents (sce Chapter IV C 5), 6) carcinogenicity studies with rodents (sc¢ Chapter IV C 6), 7)
combined chronic toxicity/carcinogenicity studies with rodents (se¢ Chapter IV C 7), 8) in urero
exposure phase for addition to carcinogenicity studies (see Chapter IV C 8), and 9) reproduction and
developmental toxicity studies (sec Chapter IV C 9).

Important changes in the current guidelines from those published in 1982 are described in
Chapter T A.

1 EDA (1982)"
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IV B.  General Recommendations for Toxicity Studies

1. General Guidelines for Toxicity Studies

Guidelines that are common 10 several of all toxicity studies are described in this section,
Guidclines specific 10 1600 ded toxicity studies are found in the Chapter IV C, including:
genctic toxicity studies (Chapter JV C 1), acute toxicity tests (Chapter IV C 2), shori-term toxicity
tests with rodents and non-rodents (Chapter IV C 3), subchronic toxicity tests with rodents and non-
rodents (Chapter IV C 4), one-year toxicity tests with non-rodents (Chapter IV C 5), carcinogenicity
studies with rodents (Chapter IV C €), combined chronic toxicity/carcinogenicity studies with rodents
(Chapter IV C 7), in utero exposure phase for addition to rodent toxicity studies (Chapter IV C §),
and reproduction and teratology studies (Chapter IV C 9).

a,  Good Laboratory Practice

Toxicity studies should be conducted according to good laboratory practice regulations, issued
under Part 58, Titlc 21, Code of Federal Regulations, Title 21, Code of Federal Regulations, may be
obtained from the Superintendent of Documents, U.S. Government Printing Office, Washington, -
D.C, 20402, (202) 783-3238.

b.  Test Animals

i Care, Maintenance and Housing:

Recommendations about the care, maintenance, and housing of animals contained in DHEW
publication no. 74-23 (NIH publication no. 85-23), *Guide for the Care and Use of Laboratory
Animals,” should be followed unless they conflict with specific recommendations in these guidelines.

ii.  Sclection of Rodent Species, Strains and Sex:

Healthy animals that have not been subjected to previous experimental procedures should be
used. Both male and female test animals should be used in toxicity studies.

In sclecting rodent specics and strains for toxicity studies, it is important to consider the test
animals' general sensiiivity and the responsiveness of particular organs and tissues of test animals to
toxic chemicals. At this time there is no scientific basis for guiding the petitioner in selecting among
the use of inbred, out-bred, or hybrid rodent strains for toxicity tests; instead, the important
consideration is that test animals come from well-characierized and healthy colonies. Because recent
information suggests sutvivability problems exist for some strains of rats (see Chapter IV C 6 a), test
animals should be selected that are likely to achieve the recommended duration of the study.
Additional information on sclecting species and strains for particular 1oxicity tests is presented in
guidelines 1o the specific 1ests. FDA encourages petitioners to consult with Agency scientists before
toxicity testing is begun if they have questions about the appropriateness of particular species and
strains, '

iii.  Infected Animals:

Generally, it is not possible to treat animals for infection during the course of a study without
risking interaction between the drug used for treatment and the test substance.
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WB1 General Guidelines for Toxici.ty Studies’ Continucd

iv.  Animal Identification:

Test animals should be characterized by reference to their species, strain, sex, and weight or
agc. Each animal must be assigned a unique identification number,

v.  Caging:

Animals should be housed one per cage or run (single-caged) except during mating and
lactation and for acute toxicity studies. This recommendation reflects two principal concerns:

» organs and tissues from single-caged animals that die during the study should not be lost
duc to capnibalism; and

w changes in body weight (and body weight gain) of animals consuming diets containing test
substances may be indicators of toxicity or ill health, or they may be responses to changes in
the palatability of test dicts. Thus, in oral toxicity studies, it is important to be able 10
determine if body weight changes are accompanied by changes in feed consumption. Without
such information, it may not be possible o distinguish body weight changes due to palatability
problems with the test diet from changes due to toxicity of the test substance. Because the
amount of feed consumed by each animal in the study cannot be determined when more than
one animal is housed in each cage, these guidelines recommend that test animals be single-

caged.

vi.  Feed and Water:

In general, feed and water should be provided ad libitum. However, gavage administration of
the test diet or pair-fecding may be recommended when feed rejection or ‘unexplained depression in
growth occurs that may be due 10 problems with the pajatability of the experimental diet. For more
information on dicts for toxicity studies, see Chapter IV B .

vii.  Diet:

The test animals’ diet should mect all of the nutritional requirements of the spcmcs If more
than 5% of the diet is being replaced by the test substance, special care should be taken to ensure
that the dict for the controt group is equivalent in nutritional value to the diets of dosed groups.

For example:

» When the test substance is itself a nutrient, incorporation of such materials at relatively
high concentration in the diet (for example, 10%) may interfere with normal nutrition. Under
these circumstances, & hutritional deficit is operationially defined as a greater ‘than 10% loss of
body weight in the group tested with the test substance, compared with the untreated (basal
diet) control group. If the pereentage of the test substance added to the diet is small, a single
** type_of control’ (unlrca!ed) may be sufficient. However, if the percentage of the test substance
added-to the diet is large, the types of control groups needed will be similar to those described

below for non-nutritive substances. ! o -
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IVB1  General Guidelines for Toxicity Studies Continued

s When the test substance is non-nutritive and comprises a substantial amount of the dict
(for example 10%), a control group with comparable dilution of the diet is recommended for
long-term studics. For example, on¢ group of control animals should be fed the usual
(undiluted, basal) diet; a sccond group of control animals should be fed the basal dict
supplemented with another, preferably inert, non-nutritive substance in liew of the test
substance, at 4 pereentage equal 1o the highest percentage of the test substance in the diet.

» Paired feeding may be recommended when administration of materials in a diet produces
inanition in animals from an interference with their feed consumption, Such materials may
have an unpleasant taste, poor texture, or other property which makes the new diet radically
different from the animal's accustomed diet. In a paired feeding experiment, pairs of litter-
mate weanling rats of the same sex and approximate size are used for the control and
experimental diets. One member of each pair is placed on the experimental diet and the other
is placcd on the control diet. The experimental dosage level selected for the paired-feeding
study should be one that definitely produced inanition or other toxic manifestation in a
shorter-term toxicity study. In the paired-feeding study, food consumption is determined daily,
and the contro! animal is fed an amount of food equal to that which the paired experimental
animal ate on the preceding day. If the test substance is non-nutritive, the control animal
should be fed an amount of food that is nutritionally equivalent to that which the paired
experimental animal ate on the preceding day. An ad libitum-fed control group of animals

also should be included in the study.

viii.  Assignment of Control and Experimental Animals:

Animals should be assigned 10 control and experimental groups in a stratified random manner;
this will help minimize bias and sssure comparability of pertinent variables across experimental and
control groups {for example, mean body weights and body weight ranges) for statistical purposes.

. Mortality:

Excessive mortality due to poor animal management Is unacceptable and may be cause to
repeat the study. For example, under normal circumstances, mortality in the control group should
not exceed 10% in short and intermediate length (not lifetime) toxicity studies.

x. Avtolysis:

Adequate animal husbandry practioss should result in considerably less than 10% of animals
and tissues or organs lost to a study because of autolysis, Autolysis in excess of this standard may
be cause 1o repeat the study.

_xi. Necropsy:

. Necropsy should be. performed soon after an animal is killed or. found dead, so that loss of

‘tissues duc 1o autolysis &5 minimized. When necropsy. cannot be performed immediately, the animal
should be refrigerated at a temperature that is Jow enough to prevent autolysis but not 50 low as to
cause cell damage. - If histopathological cxamination is 10 be conducted, tissue specimens should be
taken from the animals and placed in appropriate fixatives when the necropsy is performed.
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¢, Test Substance
i.  Composition

The specific substance or mixture of substances to be tested should be determined in
consultation with the Agency. The composition of the test substance should be known: Information
should include the name and quantities of all major components, known contaminants and
impuritics, and the percentage of unidentifiable materials, The test substance in toxicity studies
shovld be the same substance that the petitioner intends to market.

A single lot of test substance should be used throughout the study, when possible.
Alternatively, lots that are similar in purity should be used. The test sample should be stored under
conditions that maintain jts stability, quality, and purity from its production until the studies are

complete.

fi.  Route of Administration

The route of administeation of the test substance should approximate that of normal human
exposure, if possible. The same method of administration should be used for all test animals
throughout the study. Animals in all experimental groups should be placed on study on the same
day; if this Is not possible because of the large number of animals in a study, animals may be placed
on study over several days. 1f the latter recommendation is followed, control and experimental
animals should be placed on the study each day in order to maintain concurrence.

Food additives and color additives used in food should be administered in one of the following
ways: '

= In the diet, if human exposure to the test substance is likely to be through consumption of
solid foods or a combination of solid and liquid foods, If the test substance is added to the
dict, animals should not be able to selectively consume either basal diet or test substance in
the dict on the basis of color, smell, or particle size. If the compound is mixed with ground
food and pelicted, nothing in the pelleting process should affect the test substance (for
example, heat-labile substances may be destroyed during pellet production by a steam process).
When the test substance is administered in the diet, dietary levels should be expressed as mg
of the test substance per kg of food.

n Dissolved In the drinking water, if the test substance is likely to be ingested in liquid form

(for example, in soft drinks or beer), or if administration in the diet is inappropriate for other
reasons. Amount of test substance administered in drinking water should be expressed as mg

of test substance per mi of water. o .

r_oral_intubation {gavage), if the two' previous methods are unsatisfactory

» By encapsulatiol
or if human cxposurc is expected 10 be through daily mgesnon of single, large doses instead of

" continual ingestion of small doses.. If the.test substance. is administered by gavage, it should
be given at approximately the same time each day. The maximum volume of solution that can
be piven by gavage in one dose depends on the test animal's size; for rodents, the volume
should not exceed 1 ml/A00 g ‘body weight (if gavage vehicle is ofl, sez Chapter TV B'S by. If
the test substance must be given in divided doses, all doses should be administered within a 6-
hour period. Doses of test substance administered by gavage should be expressed as mg of
1est substance per mi of gavage vehicle, Finally, the petitioner should provide information,
such as metabolism data, that can allow the reviewer 1o conclude that administration of the
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test compound by encapsulation or gavage is equivalent in all toxicologically important respects
to administration in the diet or drinking water.

iii.  Controls

A concurrent control group of test animals is required. For dietary studies, the control group
should be fed the basal dict; exceptions to this are discussed above and in Chapter VII B. Pair-
feeding may be recommended when an unexplained food rejection and/or growth depression occurs
in animals receiving diets containing the test substance during short-term and/or subchronic toxicity
studies.

A carrier or vehicle for the test substance should be given to control animals at a volume
equal to the maximum volume of carrier or vehicle given to any dosed group of animals. Sufficient
toxicology information should be available on the carrier or vehicle to ensure that its use will not
compromise the tesults of the study. If there is insufficient information about the toxic properties of
the vehicle used to administer the test sut , an additional control group that is not exposed to
the carrier or vehicle should be included, In all other respests, animals in the control group should
be treated the same as animals in dosed groups,

iv.  Selection of Treatment Doses

Tt generally is not acceptable to select doses for toxicity studies based on information unrelated
10 the toxicity of the test substance, For example, the highest dose in a bioassay should not be
selected 50 as to provide a pre-determined margin of safety over the maximum expected human
exposure to the test substance, assuming that the results of testing at that dose will be negative.

In addition to a concutrent control group, at least three dose levels of the test substance
should be used in oral toxicity studics. For all oral toxicity studies except carcinogenicity studies
(sce Chapters IV C 6 and 1V C 7) and reproduction and developmental toxicity studies (see Chapter
IV C 9): 1) the high dose should be sufficiently high to induce toxic responses in test animals; 2) the
low dose should not induce 1oxic responses in test animals; and 3) the intermediate dose should be
sufficicntly high to elicit minimal 10xic effects in test animals (such as alterations in enzyme levels or
slight decreases in body weight gains), No dose used should cause an incidence of fatalities that
prevents meaningful evalvation of the data. Administration of the test substance to dosed groups
should be done concurrently (additional information can be found in Chapter IV B 1 b viii).

d.  Observations and Clinical Tests

Individual records should be maintained for each animial. Animals should be observed at least
twice 2 day throughout the study; the usual interval bétween observations should be at least € hours.
Observations should be sufficiently frequent 10 detect all toxic and pharmacologic effects; the onset
and progression of these effects should be recorded. Tumeor development, particularly in long-term
studies, should be followed: the time of onset, location, dimensions, appearance and progression of
cach grossly visible or palpable tumors should be recorded. During the course of a study, toxic and
pharmacologic signs may suggest the need for additional clinical tests or expanded post-mortem
examinations.
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For shori-term and subchronic toxicity studies in rodents and non-rodents and developmental
toxicity studies in rodents, an expanded set of cage-side tests should be performed 1o detect

neurological disorders, behavioral changes, autonomic dysfunctions, and other signs of nervous system

toxicity. Specific information about these tests is contained in Chapter V C.

ii.  Body Weight and Food Intake Data

Recommendations are described in guidelines for specific toxicity tests (see Chapter IV C).

fii.  Clinical Testing

Ophthalmological examination, hematology profiles, clinical chemistry tests, and urinalyses
should be performed as described in the following sections:

a) Ophthalmological Examination: This examination should be performed by a qualified
individual on all animals before the study begins and on control and high-dose animals during
and at the end of the study. The recommended time intervals for ophthalmological
examination are found in individual toxicity guidelines (sce Chapter IV C). If the results of
examinations subsequent to the initial examination indicate that changes in the eyes may be
associated with administration of the test substance, ophthalmological examinations should be
performed on all animals in the study for that time interval and for all subsequent time
intervals,

b) Hematology: Rodents sampled during and at the end of a study should be the same
animals that were sampled before dosing.  For dogs, two pre-dose samples should be drawn

approximately one week apart. Blood samples should be snalyzed individually, and not pooled.

If animals are sampled on more than one day during a study, blood should be drawn at
approximately the same time each sampling day, The recommended number of animals and
time intervals for hematology assessment are found in individual 1oxicity guidelines (see
Chapter IV C).

The following determinations are recommended: hematocrit, hemoglobin, erythrocyte count,
tolal and differential leukocyte counts, and a measure of clotting potential (such as clotting time,
prothrombin time, thromboplastin time, or platelet count).

) Clinical Chemistry: Rodents sampled during and at the end of the study should be

the same animals that were sampled before dosing. For dogs, two pre-dose samples should be
-drawn approximately onc week apart. Before blood is drawn for clinical chemistry tests, dogs
should be fasted overnight and blood samples should be drawn before feeding. Blood samples

_ should be analyzed individually, and not pooled. If animals are sampled on more than one day

during a study, blood should be drawn at approxlmalcty the same time cach sampiing day.
The recommended number of animals and time intervals for clinical chemistry assessment are
found in individual toxicity study guidclines (sc¢ Chapter IV C).

- Clinical chemistry tests that are appropriate for all test substances include measurements of
clectrolyte balance, carbohydrate metabolism, and liver and kidney function. Specific determinations
should include: '

alanin¢ aminotransferase
albumin
alkaline phosphatase
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aspartate aminotransferase
bilirubin (total)

calcium

chloride

creatinine

-ghutamy} 1ranspeptidase
glucose (in fasted aninials)
ornithine carbamyl transferase
phosphorous

potassium

protein (total)

sodium

urea nitrogen.

However, when adequate volumes of blood cannot be obtained from test animals, the following
detcrminations should be given priority:

atkaline aminotransferase
alkaline phosphatase
chioride

creatinine

r-glutamyl transferase
glucose (in fasted animals)
ornithine carbamy! transpeptidase
potassium

protein (total)

sodium

urea nitrogen.

Additional clinical chemistry tests may be recommended to extend the search for toxic effects
attributable 0 a test substance. The selection of specific tests will be influenced by observations on
the mechanism of action of the test substance. Clinical chemistry determinations that may be
recommended to ensure adequate toxicological evaluation of the test substance include analyses of
acid/base balance, cholinesterases, hormones, lipids, methemoglobin, and proteins.

In spite of standard operating procedures and equipment calibration, it is not vnusual to
observe considerable variation in the results of clinical chemistry analyses from day to day.*
Therefore, clinical chemistry analyses for all dose groups should be completed during one day. 1f
this is not possible, samples from each control and dose group should be anatyzed on each day, with
the process rcpcawd on subsequent days.

)

Urinalyses: Microscopic ¢valuation of urine sedimént and dclermmatlon of specific
2 pec

gravity of urine samplm are recommended for animals and time intervals described in the
individual toxicity study guidetines (sce Chapter IV C).

,c)

Immunotoxicity: For short-term, subchronic and'dcvelopmemal toxicity studies, results

of clinical tests that are included in the list of primary indicators for immune toxicity (see
Chapter V D) should als0 be cvaluated a5 part of an jmmunotoxicity screén,

* Gaylor et al. (1987)!
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e, Necropsy and Microscopic Fxamination

i. Gross Necropsy

All test animals should be subjected to complete gross necropsy, including examination of
external surfaces, orifices, cranjal cavity, carcass, and all organs. The gross necropsy should be
performed by, or under the direct supervision of, a qualified pathologist, preferably the pathologist
who will later perform the histopathological examination (sce below).

ii.  Orpan Weight

Organs that should be weighed include the adrenals, brain, kidneys, liver, spleen, testes,
thyroid/parathyroid, and thymus. Before being weighed, organs should be carcfully dissected and
wrimmed to remove fat and other contiguous tissue. Organs should be weighed immediately after
dissection to minimize the effects of drylng on organ weight.

iii.  Preparation of Tissues for Microscopic Examination

For 28-day, subchronic, and long-term toxicity studies with rodents, the following tissues
should be fixed in 10% buffered formalin (or another generally recognized fixative) and stained with
hematoxylin and eosin (or another appropriate stain) for preparation of microscope slides:

adrenals

aorta

bone (femur)

bone marrow (sternum)
brain (at Jeast 3 different levels)
ceoum

colon

corpus and cervix uteri
duodenum

epididymis

esOphagus

eyes

gall bladder (if present)
Harderian gland

heart

ileum

jejunum

kidneys

tiver

lung (with main-stem bronchi)
lymph nodes (representative)
mammary glands

nasd] turbinalcs

ovarijcs ‘and faliopian tubes
pancreas

pituitary

prostate

salivary gland

scialic nerve
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seminal vesicle

skeletal muscle

skin

spinal cord (at least 2 different locations)
spieen

stomach

testes

thymus (or thymic region)
thyroid/parathyroid

trachea

urinary bladder

vagina

Zymbal's gland

all tissues showing abnormality

For subchronic and one-year toxicity studies in dogs and other non-rodents, the following
tissues should be fixed in 10% buffered formalin (or other generally recognized fixative) and stained
" with hematoxylin and cosin (or other appropriate stain) for preparation of microscopic slides:

adrenals

aoria

bone

bone marrow '
brain (at least 3 different levels)
cecum

colon

corpus and cervix uteri
duodenum

epididymis

esophagus

cyes

gall bladder

heart

ileum

jejunum

kidneys

liver

lung (with main-stem bronchi)
lymph nodes (representative)
mammary glands

ovarics and fallopian tubes
pancreas

pituitary

prostate

rectum

salivary gland

sciatic nerve

seminal vesicle

skeletal muscle

skin

spinal cord (at least 2 different locations)
spleen

stomach
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Lesies
thynius (or thymic region)
thyroid/parathyroid

trachea

urinary bladder

vagina

all tissues showing abnormality

iv.  Microscopic Evaluation

All gross lesions should be examined microscopically. In addition, organs and tissues listed
above from all animals in the study shou!d be examined microscopically.

v.  Histopathology

Histopathology evaluation of the lymphoid organs should be performed as described in the
section on immunotoxicity testing (see Chapter V D) for all animals in short.term and subchronic
toxicity studies and developmental toxicity studies.
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IVE2  Semmary Guidelines for Reporting the Results of Toxicity Studies

Summary guidelines for reporting the results of toxicity studies are contained in this section,
More complete information can be found in Chapters IV B 3 ¢ and IV R 4 a and in sections
describing guidelines for the conduct of specific toxicity studies (se¢ Chapter IV C). Guidelmcs for
submitting machine-readable data are presented in Chapter IT B,

a.  Identification
Each test report should be signed by the persons responsible for the test, and should identify:
s (he laboratory where the test was performed by name and address; '

u the inclusive dates of the test; and

o each person primarily responsible for separate components of the test, including: 1) conduct
of the test, 2) pathology, 3) analysis of the data, 4) writing the report, and 5) any other
information contained in the report,

b Good Laboratory Practice for Nonclinical Laboratory Studies

The Good Laboratory Practice Regulations (GLP’S) were designed to establish basic standards
for conduct and reporting of nonclinical safety testing and are intended to assure the quality and
integrity of safety data submitted to the FDA. Each nonclinical toxicity study submitted to the
Agency should include either a statement that the study was conducted in compliance with Good
Laboratory Practice Regulations, as specified in Section 21 of the CFR 58, oy, if the study was not
conducted in compliance with GLP's, a statement of the reason for the noncompliance. In the latter
case, the petitioner should list the specific areas of noncompliance. Each study report should also
include a record of periodic inspections conducted by the Quality Assurance Unit (QAU) showing
the date of the Inspection, the phase or segment of the study inspected, the date the findings were
reported 10 management and properly signed by the appropriate individuals within the QAU.

3 Body of Report

The test report should include all information necessary to provide a complete and accurate
description and evaluation of the test procedures and results. The following sections should be

included:

i Protocol and Amendments

A written protocol that clearly indicates the objectives and methods for the conduct of the
study. The protocol-should fulfil} all the requirements set forth in Section 21 of CFR § 58.120,
including the inclusion of all changes in or revisions of the protoco! and the reasons for those

changes.
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fi.  Summary and

nclusions

This section of the test report should contain & brief description of the methods, summary of
the data, analysis of the data, and a statement of the conclusions drawn from the analysis.

The summary should highlight all positive data or observations and any deviations from
control data which may indicate toxic effects of the test substance.

Neurotoxicity and immunotoxicity screens should be performed on rodents and non-rodents in
short-term and subchronic toxicity studies and on the offspring in reproductive toxicity studies (see
Chapters V C and D). Reports of these studies should contain a summaty statement about the
ncurotoxic and immunotoxic potential of the test substance.

The summary should include & description of all circumistanices that may have affected the
quality or intcgrity of the data.

it  Materials
The materials section of the test report should include, but not be. limited to, the following
information:

w Identification of the test substance:

i) Chemical name, Chemical Abstracts Service (CAS) registry number (or code
number), molecular structure, and a qualitative and quantitative determination of its
chemical composition, including names and quantities of known contaminants and
impurities and the percentage of unidentifiable materials;

iiy Manufacturer and lot number of the sub ¢ tested, and such information as
physical state, pH, stability, and purity; and

iiiy Exact identification of diluents, suspending agents, emulsifiers, cxcipients, or other
materials used in administering the test substance.

» Animal data:

i) Species and strain used and, particularly if a strain other than a common laboratory
strain is used in the study, rationale for selection of the strain;

ii) Source of supply of the animals, diet (including lot number, composition, ezc.) and
water; o Co :

iify Description of any pre-test conditioning (such as quarantine procedures);

iv) Description of the method used to randomize animals to test and control groups;
and

v) Numbers, age, and condition of animals of each sex in all test and control groups
at the beginning of the study,
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vi) Data on and fate of, each individual animal in the study.

« Data on experimental facilitics;

i) Descriptions of the caging condition, diet, bedding material, ambient temperature,
humidity, and lighting conditions.

v.  Methods
The methods section of the test report should include, but not be limited to, the following

information:

« Deviation from puidelines: This section should indicate all ways in which the test
procedure deviates from these guidelines and should state the rationale for each deviation.

experimental design and procedures, the length of the study, and the dates on which the study
began and ended.

» Statistical analyses: All statistical methods used should be fully described or identified by
reference. For a complete discussion of the information that should be contained in this
section of the study report, sce Chapter IV B 4,

s Data on dosage administration:
i) All dose levels administered, expressed as mg/kg body weight;
- ii) Method, frequency, and time of day of administration; and

iily Total volume of dose plus vehicle administered 1o each animal, if the test
substance is administered by gavage.

» Data_on observation methods:

i) Duration; and

if) Method and frequency of observation of the test animals,

v.  Resulis

Presentation of individual results and tabulation of data must sccompany each report in
sufficient detail to permit independent evaluation of the results,

The following information should be included for each test animal:

a Time of first observation of each abnormal sign and its subsequent course; [Toxic response
data should be organized, when appropriate, by litter.)

» Time of death during the study for each test animal, [For those animals that are not
sacrificed on schedule, cause of death should be determined and reported, if possible.}
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» Food consumption data (and water consumption data, if the test compound is administered
in the drinking water) for cach animal;

» Body weights and body weight changes;

a Hematology, clinical chemistry, and other clinical findings;

» Results of nevrotoxicity and immunotoxicity studies, as appropriate;
s Gross necropsy findings; and

» Microscopic findings,

Each test animal placed on the study should be accounted for; for animals found dead or
moribund during the study, the cause of death should be indicated.

Data also should be summarized in tabular form, organized by sex and dose group; when
appropriate, data also should be organized by litter. When numerical averages are presented, they
should be accompanied by an appropriate measure of variability, such as the standard error. For
each summarized parameter, the following information should be included:

» The number of animals at the beginning of the study,

» The number of animals-evaluated for each parameter;

» The time when animals were evaluated for each parametér. and

a The number and percentage of animals positive and negative for each parameter.

All numerical results should be evaluated by an appropriate statistical method; for detailed
guidelines about statistical considerations in toxicity studies, sce Chapter IV B 4.

# Evaluation of the results should include:
i) Statements about the relationship, if any, between exposure to the test substance
and the incidence and severity of all gencral and specific. toxic effects (such as lesions
and tumors, organ weight effects, and mortality effects),

ii) Statements about the relationship between clinical observations made during the
course of a study and post mortem findings.

iii) An indication of the dosage level at which no toxic effects attributable to the test
substance were obscrved,
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This section of the study report should include the following information:

» Availability of original data, specimens and samples of the test substance; location of all
original data, specimens, and samples of the test substance.

» Litcrature or references, including, when appropriate, references for: test procedures;

statistical and other methods used 1o analyze the data; compilation and evaluation of results;
and the basis upon which conclusions were reached.

7
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Pathology data make up an essential part of the toxicology information submitted to FDA in
support of the safe use of food additives, color additives used in food, and other products regulated
by FDA. The interpretation of pathology data and other safety data forms the basis for judgement
about the safety of a product,

Specific recommendations concerning necropsy of test animals and microscopic examination of
organs and tissues for shori-term toxicity tests with rodents and non-rodents, subchronic toxicity tests
with rodents and non-rodents, one-year toxicity tests with non-rodents, carcinogenicity studies with
rodents, combined chronic toxicity/carcinogenicity studies with rodents, reproduction studies, and
developmental toxicity studics can be found in Chapter IV B 1 ¢. In general, these guidclines
recommend that all animals in 1he Studies be subjected 10 complete gross necropsy, all gross lesions
should be examined microscopicatly, and tissues and organs (se¢ Chapter IV B 1 ¢ {ll) from all
animals in the study should be examincd microscopically.

This section on pathology considerations in toxicity studies describes the review process for
pathology data, identifics common problems reviewers encounter In reviewing such data, and presents
general guidelines for reporting pathology data,  Although not addressed in this chapter, CFSAN
pathologists also review and provide advice to petitioners on protocols for proposed toxicity studies;
requests for such review should be direcied 10 the CSO assigned to the petition (see Chapter II A),

8. Description of the Process for Review of Pathology Data

Review of pathology data may begin with a request for pathology evaluation from regulatory
review scientists or from the CAC. This happens when questions about the interpretation of
pathology data arise during the scicntific review of the toxicology information submitted in support
of the safety of food additives and color additives used in food. Requests for review are generally
limited to specific interpretative questions, directing the reviewing pathologist's attention to findings
in a particular organ or tissuc. Occasionally, a reviewing pathologist is asked to examine all the
pathology findings in a study. ’

The pathology portion of the study report usually contains mean and individual organ weights,
¢linical chemistry results, hematological measurements, summary incidences of observed pathological
changes, and gross and microscopic pathology observations for individual animals. An evatuation
memorandum from the regulatory Teview scientist may accompany the material; the memorandum
contains summarics of toxicology information, including the results of previous toxicity studies and
information from relevant scientific literature.

The pathologist usually begins his/her review by examining the experimental design and
methods. Hefshe carefully reviews gencral indices of toxicity in test animals (for example, body
weight gain, food consumption, clinical or hematologic findings, and organ weight changes);
particular attention is paid 10 the survival of the animals and the number of animals alive at
termination. This knowledge helps the reviewing pathologist evaluate the relation of observed

. palhology hanges 10 treamment.
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Although the pathology review is not performed in any strict order, the clements listed below .
are considered in all reviews. The reviewing pathologist:

» Determines how the pereentage of animals with lesions in summary incidence tables has
been calculated; for example, was the denominator the total number of animals in the study,
or was it the number of animals for which a particular tissue or organ was examined
microscopically.

» Compares gross and microscopic findings to ensure that all gross observations are accounted
for by microscopic findings or by suitable explanations;

» Examines the dlagnostic terminology applied to lesions to determine whether it is
contemporary and conventional;

» Checks to see that individual animal data provide adequate information on the location,
size, and distribution of reported lesions;

n Considers the qualitative characteristics, severity of lesions, and the incidence figures in
cvaluating treatment-related differences among groups of experimental animals;

s Carefully cvaluates control data before interpreting findings;

& Evaluates the dlSC\lSS]Ol’l or s:gnlﬁcant palhologieal findings prepared by the study
pathologist; and

» ‘Trics to correlate pathology findings with other observations about treatment-related effects
on test animals during the study. |

When the pathology 1eview is completed, a formal written teport to the collaborating
regulatory review scientist is submitted. The teport discusses the pathological findings based on
review of submitted material and the relationship of pathological findings to treatment. If questions
about the pathology data remain, the report may contain recommendations for requesting additional,
clarifying material,

A follow-up pathology review requires additional data, The additional information most often
requested by the Agency is clarification of the diagnostic criteria used and historical control data on
a specific lesion. The Agency may ask to review the existing microscope slides; in some cases, the
petitioner will be asked to prepare new slides from paraffin blocks or wet tissuc for FDA review.
The Agency's review of slides from a toxicity study provides an independent characterization of the
lesions and enables the incidence of lesions to be verified.,

In reviewing the microscope slides, the pathologist initially examines the slides without
knowledge of the group or dosc levels of the compound administered.  Having earlier reviewed the
pathology data, it is not possible for the pathologist to be completely unaware of the type and
incidence of the lesions of concern. However, the pathologist reviews the slides without referring to
previous observations, Le., diagnoses initially are made without specific knowledge of earlier findings.

When microscope slides and other materials are requested by the Agency for a follow-up
review, the Agency provides instructions for their submission. Usually, microscope slides from an
organ or tissuc site should be arranged by treatment group, sex, and in the order of pathology
accession numbers.  1f mictoseope slides are submitted according o the Agency’s directions, and the
reviewing pathologist does not have 1o rearrange the slides before his/her review, the follow-up
review will be expedited.
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b C Problems E ed during Review of Pathology Data

The timely review of pathology data is sometimes hindered by missing, inaccurate, or
incomplete information, These problems are often encountered in submissions 1o the Agency; a
general discussion of problems resulting from information deficiencies is presented below. A more
detailed discussion of this subject is available in a recent publication.®

i. Lack of Morphologic Descriptions of Lesions

One of the most common problems causing delay in the review of pathology data is the lack
of adequate morphologlc dcscnptions of lesions. Usually, only the diagnoses and numeric incidence
data are avaflable for initial review by FDA's toxicologists and pathologists. It is difficult to assess
the significance of reporied lesions without information on thelr diagnostic criteria, distribution, and
sevetity. This is a particularly important problem when the terminology for lesions is controversial.

il.  Incongsistency in Applying Diagnostic Terminology

Tne use of multiple diagnostic terms without explanation for describing a single type of lesion
can present problems for the reviewing pathologist. Further clarification is needed to indicate
whether two or more terms are being used interchangeably or the results of the study have been
evaluated by more than one pathologist, each using different terms for the same diagnosis. For
example, in one study the terms "hepatocellular carcinoma® and *hepatoma, malignant® were used in .
the samie set of diagnoses. In another report, four different terms--"c-cell,” *clear cell,” *light cell,"
and “parafollicular cell™--were used to describe rat thyroid lesions. In both reports, reasons for using
multiple terms for the same diagnosis were not provided.,

Differences in the use of diagnostic terms have been encountered when more than one
pathologist has examined slides: for example, a study was submitted fn which tissues from about one-
third of the animals were reviewed by the study pathologist and the rémainder were reviewed by a
consulting pathologist. The diagnostic terminology was not consistent between pathologists and no
attempt was made to explain the inconsistencics in the study report.  Although the data appeared to
show treatment-related effects, these were subsequently attributed to the way different categories of
lesions were summarized.

iii.  Incomplete Descriptions of the Results of Gross Pathology Examinations

Incomplete gross descriptions have made it difficult to correlate gross pathology findings with
microscopic diagnoses. When microscopic findings do not correlate with ‘gross descriptions, the
reviewer must attempt to determing if important information is missing. The report should describe
steps taken 10 resolve discrepancies between gross findings and mia‘oscoplc dxagnoscs ({or cxamplc
recuts of paraffin blocks or additional samples taken from wet tissues). - :

* Dua and Jackson (1988)’
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iv.  Inaccurate Summaries of Data

Inaccurate summary numbers resulting from incorrect counts or calculations have caused
gifficulty in reviewing pathology data. When pathology data arc summarized, all experimental
animals should be accounted for and incidence figures should be based on the numbers of animals,
orpans, and tissucs actually examined.

v.  Failure o Adequately Discuss the Resulis of Pathology Examinations

Ofien, submissions fail to adcqualcly discuss the significance of the results of pathology
evaluations. Some reports summarize conclusions but do not explain how the conclusions were
deduced from the avaffable pathology data. Some reports base conclusions solely on the results of

statistical analyscs of data, ignoring broader conclusions that may be discerned from considering all
relevant biological information from a study.

¢, General Recommendations for Reporting Pathology Data

The palhology section of the report of a toxicity study generally includes an introductory
statement and sections on materials and mcthods results and discussion, and summary and
conclusions,

When pathology data are reporied separalely from the 1oxicity study, some brief information
about the experimental design and methodology of the toxicity study should be included. This
information should include the species and strain of the experimental animals, details about the
administration-of the test compound, number of experimental and control groups, number of animals
in cath proup, type and frequency of in-life observations including clinical chemistry measurements
and hematological examinations, and the scope of gross and microscopic evaluation of tissues, In
general, information provided should be sufficient to enable a reviewer 10 evaluate the quality of the
pathology datz and to identify its strengths and weaknesses,

Deviations from the original protocol should be explained. For example, if tissues from low-
and mid-dose groups were not scheduled for microscopic examination but were examined, the reason
for ‘this deviation should be given.

i Arranging Tabular Data_and Morphological Observations

The arrangement of tabular information jn an easily comprehensible format is especially
important for facilitating review. Table titles and row and column headings should be brief but
informative. In the tables showing the individual animal findings, descriptive diagnostic categories
should be informative. Redundancy of categories of lesions should be avoided. Morphologic
diagnoses should refiect carrently accepied criteria.  Whenever muliiple categories of lesions are
grouped under a common “diagnosis,” the rationale for grouping should be provided. When multiple
diagnoses are not grouped under a common diagnosis, it will be assumed that morphologic
differences preclude grouping. Severily grades as well as information on the distribution of a lesion
within an organ of tissue should be provided; these observations are particularly important when
progression of lesions and effects of different dosages are being studied. In paired organs such as
adrenal glands, gonads, and kidneys, lesions should be listed as unilateral or bilateral.  All gross
lesions should be accounted for by microscopic findings or a written explanation.
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ii.  Summary Tables

Summary tables in the results section of a report should clearly indicate the number of
animals, organs, and tissues actually examined. Unless the number of tissues examined in animals of
cach group is known and indicated, the incidence figures or mean values indicating effects are
subject to question. Summary tables should be free of double counting, In determining incidence,
the denominators should reflect actual numbers of animals whose tissues were examined, not just the
starting number of animals in each group. The figure for the number of tissues examined should
clearly show any adjustments that refiect Joss, autolysis, or missing tissue: For example, the accurate
incidence of lesions involving the adrenal medulla should be based upon how many adrenal sections
(for an animal) from both adrenal glands contained sufficient medullary tissue for microscopic
examination. In summarizing lesions that ate disseminated, e.g., tumors of the lymphoreticular
tissue, the incidence figures should reflect the number of animals with these lesions, not just the
presence of the discase in individual organs.

iti.  Cross-Reference Table

A cross-reference table that lists individual lesions on the vertical axis and individual animal
numbers along the horizontal axis should be included, if possible. This is convenicnt both for
reviewing lesions within an animal and for comparing lesjons across animals in a group or among
different groups. With the increasing use of computer programs for manipulating pathology data,
cross-reference tables can be gencrated easily.

iv.  Animal Disposition Table

‘The report should generally contain an animal disposition table that provides the pathology
accession number, sex, group designation, number of days on the study, and fate of the animals (for
example, interim sacrifice, moribund sacrifice, found dead, or terminal sacrifice). This scrves as a
ready reference for the Apency’s scientific reviewers and eliminates the need to develop this
information from individual animal data,

v.  Pathologist’s Narrative

Finally, the report should include a section that specifically discusses the pathology data. This
pathology natrative should provide an overview of the pathology findings from the study pathologist's
perspective. A discussion that includes qualitative description of lesions and that highlights
differences among treated and control groups is an essential part of the interpretation and evaluation
of pathology data. The description of morphologic characteristics of lesions is particularly important
where terminology may be controversial or misunderstood, Remarks about possible pathogenesis,
strengthened by references to the scientific literature, could be an important part of the pathologist’s
narrative. Significant events, such as a disease outbreak during the study, and the impact of such
events on the study outcome should be discussed. If microscope slides have been evaluated by more
than one pathologist, any diffcring diagnoses in the report should be addressed in the narrative.
Differences in the incidence of key histopathologic findings among groups should be discussed; if
observed differences are not regarded as treatment-related, then the basis for this conclusion should
be provided.

i
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IVER 4. Statistical Considerations in Toxicity Studies

The regulations governing approval for marketing new color additives used in food (21 CFR
Part 71) and food additives (21 CFR Part 171) imply that petitions should contain both statistical
analyses of toxicology data presentcd in the petition and documentation of the analyses, The
purpose of this sectjon is 1o guide the petitioner in documenting statistical aspects of toxicity studies
contained in direct food additive and color additive petitions so that CFSAN reviewers can evaluate
these studies efficiently. Additional advice in the form of Standard Operational Procedures (SOPs)
prepared by the Division of Mathematics of CFSAN's Office of Toxicological Sciences is available
upon request from the CSO assigned to the petition (s¢¢ Chapter IT A).

To ensure the validity of safety assessments of a food or color additive obtained from
well-conducted toxicity studies, statistical expertise should be used routinely in the planning, design,
execution, analysis, and interpretation of results. This guideline highlights factors that are of primary
importance in assessing the validity of evidence from toxicity studies. These factors are 1) study
protocol and design, 2) presentation of collected data (individual animal data), 3) presentation and
interpretation of analytical results (including tables of summary data), and 4) other considerations.

FDA emphasizes that communication between statisticians and the scientists conducting a
particular toxicity study can help ensurc that the statistics used are relevant to the biology of the
toxicity test. For example, statistical outliers are not atways biological outliers, and a *significant®
statistical test (p < 0.05) does not always indicate biological significance. FDA encourages
petitioners to consult with Agency statisticians during the design and conduct of the study and the
interpretation of data from the study, as appropriate.

The following recommendations offer general guidance to the petitioner in organizlng and
documenting the results of toxicity studies:

s Data should be submitted in a form that will enable FDA seviewers to easily verify the
results by duplicating the analysis or, if necessary, performing an alternative anatysis. The best
way to accomplish this s to submit the data in tabular form ir the petition and, at the same
time, in a machine-readable form (see Chapter II B for additional information about

submission of machine-readable data).
» Summary tables of the data also should be submitted.

s The submission should be organized end documented so as to enable Agency reviewers to
move easily between the data and the summary tables.

For example, if the report of a bioassay involving 50 rats in a dose group includes a summary
table indicating that the incidence of a given tumor is 3/40, there should be auxiliary tables
showing which three rats had the tumor, which 37 rats were examined but did not have the
tumor, and which ten 1ats were not examined for the tumor,

» When outliers are removed for statistical reasons, the statistical test upon which the
decision to remove them was based should be specified,

+ Dubcy (1985)
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IVB 4 . Statistical Considerations in Toxicity Studics Continucd

» The description of a statistical inferenoe should include a statement about the model used,
summary data appropriate for the model, analysis of the data with estimates of treatment
effects, and reasonable statistical checks on the adequacy of the model,

» In presenting tables of summary data that reference statistical tests of hypotheses, a
statement should identify the null and alternative hypotheses, the statistical test, the sampling
distribution of the test statistic under the null hypothesis, the value of the test statistic, the
degrees of frecdom of the test statistic (when appropriate), and the p-value, and whether the
test is one or two tailed.

» Statistical analyses should be directly linked to specific questions regarding the safety of the
additive (ie. comparing results for treated groups with results for a control group and
cvaluating the effects of various animal charactcris!ics [sex, species, age, ecc.] on the results of
an experiment).

s Results of the statistical analyses of all toxicity studies (e.g., p-values, confidence intervals)
should be tabulated. Additionally, an effort should be made to explain how these results
contribute to resolving questions about the safety of the direct food additive or color additive.

u The submission should cross-reference related information (e.g. data tabulations, statistical
hypotheses tested, models used, erc.) that will facilitate FDA's statistical review of the study.

a.  Specific Statistical Issues

i Study Protocol and Design

The submitted petition should contain the original protocol and & complete account of
protocol modifications made during the course of the study. The protocol is a critical document in
the evaluation of a bioassay, shaping both the conduct of the study and the ultimate analyses, It sets
forth the objectives of the study and relates these objectives 1o the statistical hypotheses that are
tested. It describes critical features of the study’s design and execution, such as the purpose of the
study, experimental design (subchronic, short-term, multi-generation), selection of species, selection
of parameters to be assessed, planned interim analyses of data, planned interim and final sacrifices,
events that would trigger early termination of the study, roles and responsibilities of data monitoring
boards or quality assurance boards, and proposed statistical methods. By designating in advance the
treatment groups and the variables that will be considered to be primary endpoints for statistical
analyses, the protocol appropriately defines and limits the hypotheses that the study is able to test.

A well-designed experimental protocol will normally contain, as a minimum, the following
items:

» Statement of object In addition to the primary ob]ecuve(s), secondary objective(s)
should be stated mplnatly The precise hypothm Ihat the study is auemptmg 10 prove or
disprove also should be stated explicitly.

test animals in the sludy and How animals are screcned from the smdy (i.e. will “runts” be
climinated; why?).
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IVE 4 Statistical Consndcratlons in Toxxcny Studles Continued

= Experimental desipn: This should include information about initial baseline periods (if
any), the study configuration (short-lerm, lifetime, etc.), the treatment levels, the control
group(s), the nuraber of animals in cach group (sample size), and the criteria for terminating
the study.

= Randomization procedures: A description of the randomization procedure(s) used to assign
animals to experimental groups. Generally, a computer-driven procedure using a random
number generator is better than a 1able of random numbers.

= Route of administration: A statement about the route of administration and frequency of
administration of the test compound.

» Dicts: A complete description of any diets vsed in the study,

» Experimental parameters minimized: A statement about how the effects of confounding
response variables interest (e caging effects) were minimized,

s Experimental parameters measured: A description of the parameters that will be measured
and a statement about how frequently they will be measured.

v Power analysis: A powcr analysis or a statement about the differences in study parameters
between compared groups that the study should detect.

x Quality control: A description of the steps taken 1o ensure accurate, consistent, and
rcliable data (e.g. training sessions, standard operating procedures, instruction manuals, data
verification, cross-checking or audits),

s Data analysis: A description of planned interim analyses of the data, including monitoring
procedures, variables to be analyzed, statistical analyses to be used (including the choice of
significance level for each interim analysis), and frequency of analysis.

» Statistical Methods: A description of the statistical methods to be applied to the data.
Here, specific questions that the statistical analyses will address in support of the study
objectives are identified. For example, a description of the methodology that would be used to
detect outliers may be important. The major end-points for analysis should be identified, If
multiple comparisons are to be made, they should be pre-planned.

Presentation_of Collected Data

Information on every animal in the study should be presented. Data should be organized so

that the reviewer can casily find all information about any animal used in the study. For example,

" data should be organized 50 that the reviewer can view all Study paramieters for a” single ahimal and
a single parameter for all animals. Individual animal records can be presented or data can be
tabulated, depending on the study and the type of data collected. The liberal use of data tables and

‘submission of machine-yeadable data is strongly encouraged (see Chapter TFB)." Steps taken to

assure the numerical accuracy of the coliccted- data should be documented in detail sufficient to
permit the revicwer to judge their accuracy.
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IVR4  Statistical Considerations in Toxicity Studies Continued

As described previously, the identifying number, age upon entry into the study, dose level, sex,

initial body weight, and cage identification should be presented for each animal in the study. There
also should be a table showing how animals were randomized into their respective dose groups,
Other information should include:

iii.

» For cach animal, length of time in the study, date of death, type of death (eg scheduled
sacrifice, moribund sacrifice, animal found dead, efc.), and reason for early withdrawal from the
study, if this occurred (eg escaped from cage).

" Fodd, water, and test compound consumption at each interval specified in the protocol.
» All measured values for defined parameters and the times at which these measurements

were taken. If deviations from standard opcrating procedures occurred in taking the
measurements, the nature of the deviation, the reason for the deviation, and its impact on the

study should be discussed.
» For all lesions: Identification of the type of lesion, the organ where the lesion occurred,

and whether the lesion was metastatic; the time the lesion was observed; and the severity of
the lesion (e.g. mild, moderate, severe).

Presentation and Interpretation of Analytical Results

Presentation of results of statistical analysis should include a description of, and rationale for,

all statistical methods used. Unless the method is well-known {e.g. analysis of variance), references
should be provided. A thorough discussion of the statistical analysis, including reasons for the vse
of a particular analysis, assumplions, conduct of the analysis, and validity of the conclusions, will
puide FDA, in deciding whetlier re-analysis of the data is needed. For each analysis of a relevant
variable that is submitted, the following information should be provided:

» Specific variables and analysis of variance: A statement jdentifying the specific variable; if

not obvious, a discussion of its relevance to the objectives of the study should be included.

» Statistical model: The statistical model underlying the anatysis; references should be
provided, if necessary.

» Hypothesis: A statement of the hypothesis being tested and of the alternative hypothesis,

» Power calculation: A power calculation for tests that failed to reject the null hypothesis,
particularly to justify the adequacy of the sample size.

» Confidence intervals: The statistical methods used to estimate effects, construct confidence
intervals, etc; literature references should be supplied when appropnatc

n Oulhcrs 'I‘he mclhods uscd 10 detw ounymg data pomts (omhers) and thc reas.ons why
particular methods were selected. dentified outlicrs should be studicd in an attempt to
dclcrxmne lhc reason fof thcu dcvnauon from othcr data in_ lhe scL

slausumlly rcasanablc, the data sausry crucial assumpuons, ‘especially when such assumptions
are necessary 1o confinm the validity of an inference. For example, in deciding whether to use
parametric or non-parametric methods, tests for normality and for equality of vananccs should
be conducted.
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VBY . Statistical Considerations in Toxicity Studies Continued

s Survival analyses: Such analyses will address the question of whether treated animals died
earlier than control animals and will help determine if treated animals lived long enough to
enable treaument-related tumors 10 be detected. Animals that were killed or died accidentally
100 soon for the animal to have been at risk for a tumor should not be included in the
survival analyses.

» Analysis of lumors: Analysis of tumors (benign and malignant) and other lesions for each
group of test animals. Whether the tumor is an incidental finding upon death or a cause of
death should dictate the method of analysis used. The major theoretical difference between
these analyses is the manner in which the number of animals at risk in each time interval is
defined. This needs to be taken into account in performing tests such as the standard Cox
Life Table test.

w Trend test: A trend test, when appropriate. This includes not only a test for linearity, but
a 1cst for lack of fit as well.

» Plots or praphs of summary data: Care should be taken 10 generate plols that will convey
the most information: For example, in studies with many animals in each dose group, it may
be better to plot the mean and confidence limits or 41 standard deviation than to attempt to
plot individual data.

The following points are also important in the presentation of collected data:

» Transformation of data: Unnecessary data transformations should be avoided. If data
transformation has been performed, a rationale for the transformation and an interpretation of
the estimates of treatment effects based on transformed data should be provided.

» Parametric and non-parametric analyses of data: Parametri¢ and non-patametric analyses of
the same parameler at different time periods should be avoided. For example, if equality of
variances in a parameter measured over time is tested, and some tests turn out significant and
others do not, the statistician should arrive at a consensus (i.e. does the preponderance of
cvidence point to equality of variances or not), We recommend that this be done by
converting p-valucs obtained 1o standard normal deviates (z-scores) and obtaining the p-value
for the average score times the square root of the number of p-values,

» Litter and caging effects: Litter and caging effects should be taken into account in
determining the statistical model. M this is not possible, -that fact should be stated along with
the reason for the inability to account for these effects and its possible impact on the study.

w Repetitive measurements: For parameters that are measured across time, a repeated
measures analysis should be considered.

u Dependent experimental patameters: If a given parameler depends biologicatly on another
parameter (ie. organ welght depends on body weight), then the dependent parameter should
be adjusted, as in analysis of co-variance,

cxamplc, ifa sxudy begins on January 1, 1990 and the animal dies on January l 1992, !hen the
__animal, died on Day 730. . .

» Reproduction studies; In reproduction studies, if a dam continues in the study after all

pups have died, the numbet of pups in her litter should be counted as 0.
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IVE 4 Statistical Considerations in Toxicity Studies Continued

» Statistical comparisons: When statistical comparisons of data were not pre-planned, a
statement on how bias was avoided in choosing the particufar analysis should be included.

» Statistic: The statistic, the sampling distribution of the test statistic under the null
hypothesis, the value of the test statistic, the significance level (ie. p-value), a statement of
whether the test used was onc or two tailed, and intermediate summary data should be
presented in & format that will enable the reviewer 10 verify the results of the analysis quickly
and casily. In most cases, a copy of the computer output will provide the necessary
information. For ¢xample, documentation of a two-sample t-test should include the two
sample sizes, the mean and variance for each of the samples, the pooled estimate of variance,
the value of the t-statistic, the associated degrees of freedom, and the p-value.

» Computer programs: . When possible, commonly available computer programs should be
used; please consult with FDA statisticians about appropriate programs. If it is necessary to
use a program writlen by the petitioner ftself, the program should be fully documented,
including:

i) the source code;
i) test runs against "known® results; that is, textbook examples, examples worked by
hand, or examples run with packaged prograras. These test runs should cover every

case that could arise in connection with the data in the petition. Test cases should be
tun both before and after the program is used for the submitted data.

iv.  Support from CFSAN Statistical Reviewers

In the case of & complex toxicity test or carcinogenicity bioassay, the petitioner is encouraged
to consult with CFSAN before submitting the petition to discuss relevant statistical considerations.
Requests for comments by statistical reviewers on protocols for proposed toxicity studies can be sent
to the CSO assigned to the petition (se¢ Chapter IT A).

If unusual concerns arise during the conduct of a study, the petitioner may submit preliminary

tabulations of the data and materials pertaining to the statistical analysis to CFSAN for advice and
guidance.
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IVB S Diets for Toxicity Studies

‘The effects of diet composition on the responses of experimental animals to xenobiotics have
been reviewed.* Some of the most important effects include: ©

& Diet composition may influcnce experimental results through effects on background rates of
toxicology parameters, such as tumor incidence®

s Unrecognized or inadequatcly controlled nutritional and other dictary variables may alter
the outcome and reproducibility of long-term toxicity studies.©

» A number of nutrients and non-nutritive dictary components have been shown to enhance
or inhibit carcinogenesis; these include calories or energy, fat, protein, fiber, vitamins C and E,
sclenfum, and lipotropes (methionine, choline, folacin, and vitamin By, Dietary fibers have
been shown 10 reduce, enhance, or have no cffect on the toxicity and carcinogenicity of
chemicals.! Detailed reviews of the interactions of nutrients and carcinogens have been
reported.t

& Types of Dieis
i. Nalural Ingredient Diets

Natural ingredient diets are the most widely used diets in toxicology research. They are
prepared from unrefined plant and animal materials such as wheat, corn, oats, fish meal, soybean
meal, or wheat bran and are characterized as open formula or closed formula diets. The percentages
of ingredients in open formula dicts arc known, but the composition of closed formula dicts is
proprictaty information.! Natural ingredient diets support growth and reproduction and are
cconomical, commercially available, and satisfactory for studies involving additives that will not affect
nutrient balances. .

* Belinsky ef al. (1987);'  Clayson (1975) Conner and Newberne (1984); Meydani (1987);¢
National Research Council Report (1982); Park and loannides (1981)¢

¢ Mitchell er al. (1987);7 Rader (1989)*

< Rader (1989)¢

¢ Kritchesky ef al (1986);' Omaye (1986)"

« Conner and Newbcrne (1984);> Ip (1987);" Kritchevsky er al (1985);2  Newbcrne and Rogers
(1986);%  Rao (1988);1  Reddy er al (1980)¢

t American Institute of Nulrition Report (1977)%
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"IVB5 Diets for Toxicity Studies Continued

Limitations of natural ingredient dicts for toxicity studies include:

= Variations in types and quantitics of nutrients and other dietary components are due to
several faciors; for example, the composition of fibers may vary with their sources,' the mineral
content of natural ingredient dicts can vary significantly among production batches, and
specifications for essential dictary elements are not always met.b

» Dict composition cannot be altered to study the effects of varying a particular nutrient,
which makes naturat ingredient diets poor choices for research protocols in which nutrition

may influence outcome.

w Nutrient excesses well beyond thelr requi ts, and the p of other non-nutricnts
substances in natural ingredient dicts support rapid weight gain, pregnancy, and lactation in
experimental animals and decrease the effects of many xenobiotics.

» Finally, common contaminants of natural ingredient dicts that can alter the response of
laboratory animals to experimental treatment include pesticides and mycotoxins.¢

iil.  Porified Diets

The use¢ of purified diets has been recommended 10 avoid some of the limijtations associated
with the use of natural ingredient diets. Purified diets usually contain refined proteins,
carbohydrates, and fat. Vitamin and minera!l mixtures including highly purified vitamins and
inorganic salts also are added to purified dictse AIN-76A, the most commonly used purified diet,!
was formulated to provide & diet of known composition that was intended to meet the known
nutrient requirements of rodents; it supports growth, teproduction (generally, one or two
gencrations), and lactation jn & manner similar to natural ingredient diets.s

Advantages of using purified diets for toxicity studies include:
n Ability to rcproduce nutrient concentrations from batch 1o batch,

10 maintain the nutrient compasition of a diet within a narrow range, and to alter the type
and composition of dietary components.®

* Wise and Gilburt (1980)"
¢ Rader er al. (1584)
¢ Newberne and Rogers (1986 Fox et al (1976)

¢ Newberne and Rogers (1986)®  National Research Council Report (1978)# Ross ef al
{1980y

¢ American Institute of Nutrition Report (1977)%
* Rao (1988)" ‘ ‘
t American Institute of Nutrition Report (1977)%

® National Research Council Report (1978)
8s
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IVB 5 Diets for Toxicity Studies Continued

» Usc of purificd dicts usvally decreases dietary intake of
contaminants such as pesticidc residues, heavy metals, enzyme inducers and other agents that
may alter the responses of test animals to experimental treatment.®

Disadvantages of using purificd diets for toxicity studies include:

n Difficulty in asscssing the impact of purified diets on animal survival and toxicology
endpoints because adequate historical data regarding the us¢ of such diets is lacking;

» Lack of information about the suitability of purified diets for long-term studies, although
some researchers have used purified diets successfully for up to 56 weeks;®

® Errors that may occur in the preparation of purified diets may be more critical than similar
ctrors in the preparation of natural ingredient diets because, in purified diets, each ingredient
may be the sole dietary source of an essential nutrient. In general, practical experiences with
purificd dicts in long-term studies have not been satisfactory.¢

b, Yssues to Conslder when Selecting and Preparing Dlets for Animals In Toxicity Studies

The following are important issues to consldcr when sclecting diets for animals in toxicity
studies:

w Protein requirements for maintenance and growth of laboratory animals are well
characterized,* but this is not true for most nutrients. Nutrient necds' and metabolism of
xenobioticst change with age. Hence, the general practice of feeding 2 single dict throughout
the life cycle of experimental animals may be inappropriate--nutritional deficiencies may occur
during phases of rapid growth and development in young animals and nutrient excess may
oocur in older animals.

© Individual ingredients in putified dicts may cause problems in long-term studies. For
cxample, purified diets high in ingredients such as casein and sucrose may stick to the hair of
rodents and cause excessive grooming. Purified sugars as the sole source of carbohydrates in
dicts that are low in dictary fiber may cause diarrhea, rcsultmg in problems of digestion and
absorption of other nutrients.

* Rao (1988);" National Research Council Report (1978),® Ross et al (1980)
b Cruse ef al (1998)%  Cruse et al (1978)7 '
¢ National Rescarch Council Report (1978)™

4 Mitchell ef al. (19877 Hamm er al (I982;% Nguyen and Woodard (1980 Harwood
(1962)%  Medinsky et al. (1982)" 8 . v

* National Research Council Repont (1978)

 Munro (1985)%

* Garattini (1985) Welling (1985)®
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IVB 5 Diets for Toxicity Studies Continued

» For reasons that are incompletely understood, animals may not reproduce well when fed
purified diets. The components in natural ingredient diets that are required to support
reproduction have not been defined.

« Toxic chemicals in the diet and induced nutrient deficiencies can lead to decreased food
intake by experimental animals and reduced rates of growth and development. When such an
effect is expecied to occur In a Jong-term study, pair-feeding can be used to eliminate
differences in food intake among experimental groups; this is the preferred method for
ensuring that differences in energy or nutrient intake have not caused the observed
experimental results or complicated thefr interpretation. For example, a moderate restriction
of energy intake may increase the life-span, decrease the background cancer rates, and decrease
the potency of carcinogens in rodents, thereby potentially modulating the action of a chemical
carcinogen. When pair-feeding studics are recommended to eliminate differences in food
intake among experimental groups, animals should be single-caged and food consumption
should be carefully and accurately determined for cach animal in the study.

a When the test substance is added to the diet, accurate records of food consumption must be
maintained to determine the administered dose and food intake must be equalized across
control and experimental groups of animals. When the test substance is a carbohydrate,
protein, or fiber that will be added to the diet in large quantitics, it must replace a dietary
ingredient or the nutrient and energy contents of the dict will be significantly diluted (see
Chapter VIT B I). The nutrient and energy contents of control diets also must be adjusted 1o
match those of experimental diets. Oné recommended strategy is to make the control and test
diets isocaloric. If food consumption among groups of experimental animals has been
equalized, then equal densitics of metabolizable energy in the diets will equalize nutrient
intake across the groups.s

» When oil is used as the gavage vehicle for fat-soluble test substances, the necessity of .
including & vehicle-control group in the study may introduce some problems. If the quantity
of of! administered daity by gavage contributes significantly to the tota] dietary energy of the
animals, results for experimental and vehicle-control groups may be significantly different than
results for the untreated control group. If a decision is made to administer a test substance by
gavage, the volume of oil given as a vehicle should be limited to 0.3 10 0.4 ml/100 g of body
weight and the use of a low-fat diet should be considered.

a Related issues are discussed in the following chapters: 1) control diets for test animals in
Chapter IV B 1 b-c; 2) survivorship and recommendations concerning the duration of
carcinogenicity bioassays in Chapter IV C € a; and 3) nutritional concerns for food substitutes
(macro-additives) in Chapter VI B.

* Leveille and Cloutier (1987)"
* Nutrition Foundation Report (1983)%
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IV C.  Guidelines for Recommended Toxicity Studies

1. Short-Term Tests for Genetic Toxicity

FDA tecommends the use of a variety of short-term genetic toxicity tests for all chemicals that
arc direct food additives or color additives used in foods, including chemicals associated with
Concern Levels 1, 11, and 111 (see Figore 3 in Chapter 1IF B 1). The Agency uses the data from
genetic toxiclty assays to assist in the evaluation of animal carcinogenicity data, It is also recognized
that genctic toxicity assays can be used for determination of heritable effects of chemicals (refer to
Chapter VII G entitled "Short-term Tests for Heritable and Somatic Genetic Toxicity").

2. Definltion of Genetic Toxicity Testing

Genetic toxicily tests are used to determine the ability of ch¢micals to cause molecular changes
in the DNA or structural or numerical changes in chromosomes of cells. These tests are performed
for two distinel reasons: 1) to test chemicals for potential carcinogenicity or 2) 10 assess whether or
not a chemical may induce heritable genetic damage.

Tests used to evaluate genetic toxicity are diverse and include in vitro tests using
microorganisms and cells from multi-cellular animals, as well as in vivo tests using insects, plants,
and mammals. Both in vitro and in vivo tests can be further characterized and grouped on the basis
of the endpoint detected. Presently, genetic toxicity assays can be divided into three major groups:
1) forward and reverse mutations [e.g. point mutations, deletion mutations, erc.}; 2) clastogenicity
assays detecting structural and numerical changes in chromosomes [e.g. chromosome aberrations,
mictonuclei, erc.); and 3) assays that identify DNA damage fe.g. DNA strand breaks, unscheduled
DNA synthesis, efc.]. ’

b.  Rationale for Selectlon of Specific Genetic Toxiclty Endpoints

Increasing evidence indicates that, although mechanisms that do not directly involve changes in
the DNA are also possible, multiple genetic events including suppressor gene loss or inactivation and
oncogene activation can contribute to the neoplastic transformation of cells. Studies in several
rodent models imply that oncogencs are activated by chemical carcinogens and that this activation
process can be a significant early step in tumor induction. Although the mechanism of carcinogen-
induced oncogene activation is not understood, activation of members of the ras family of oncogenes
has been shown to involve a single point mutation, Other genetic alterations that result in oncogene
activation include chromosomal rearrangements and gene amplification. Which of these changes is
imponant in neoplastic transformation is not known, but it is now generally accepted that multiple
events must oocur in a cell before it becomes malignant. Taken together, these studies provide
support for the use of genetic toxicity tests, and they corroborate the significant association between
the carcinogenicity and mutagenicity of many chemicals.

Over the past 15 years, considerable effort has been directed to the development of genetic
toxicity tests and to evaluating their ability to identify chemical carcinogens. Although recent
analyses have shown that overall correlations between carcinogens and mutagens are imperfect,®
promising alternative approaches are being developed. Because of the complexity of chemical
carcinogenesis, which involves activation, detoxification and other complex interactions within the
host, as well as the stages of initiation, promotion and progression through which onoogenesis is - -
generally agreed to proceed, there will probably never be complete agreement between the results of

* Tennant er al. (1987);  Ashby and Tennant (3988);2 and  Ashby and Teanant (1991)
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=JV.C1 - Short-Term Tests for Genetic Toxicity - Continued - ..

in vivo carcinogenicity tests and those obtained in genetic toxicity tests. Since some chemical
carcinogens do not induce all types of genctic toxicity endpoints, and many others do not interact
directly with cellular DNA, genctic toxicity tests will result in some "false negative® results, This
indicates that the uscfulness of such tests is limited to detection of those carcinogenic agents that are
directly active at the genetic level. Because of this, the particular battery of tests used always should
be chosen knowledgeably.

¢ Test Battery for Genetic Toxicity Testing

Multiple tests are recommended by FDA to provide an adequate perspective on the genetic
toxicity activity of a chemical, unless information to the contrary is available. Several tests are
needed because it is important to have parallel evaluation for different molecular mechanisms, ie.,
gene mutations and chromosomal aberrations.  Additionally, no single test can detect the activity of
all chemicals, and it is known that cortain substances that are not responsive in prokaryotic systems
induce responses in eukaryotic cells.

In the evaluation of the genetic toxicity of any substance, FDA considers assays with endpoints
for point mutation and chromosomal aberrations to be particularly useful. These endpoints reflect
different underlying molecular events, and certain chemicals may cause one or more of these effects,
In the absence of information that would indicate that these tests are inappropriate, or not useful
for a particular test substance, the Agency recommends the use of a routine battery of three types of
genetic toxicity tests:

» gene mutation in Salmonella typhimurium;

+ gence mytation in mammalian cells in vitro*; and

» cytogencetic damage in vivo!

i Gene Mutation in Salmonella typhimurium

a) Endpoint Description: The Salmonella typhimurium mutagenicity assay m

teversion {tom histidine dependence (his') to histidine independence (his*) in several strains of
bacteria. The changes are induced by agents that cause base-pair substitutions or frameshifts in
genes of the histidine operon.

* FDA recomniends the use of cither the L5178Y mouse lymphoma cells {thymidine kinase locus
[TK*")} or another cell line with an autosomal locus that has a documented high sensitivity to
mutagenic chemicals {e.g. Chinese hamster ovary [CHOJ ASS2 celts}.

* CFSAN highly recommends the concurrent detection of micronuclei and chromosome aberrations
in the mouse bone marrow; however, it will consider data from a mouse micronucleus test alone, or a
chromosome aberration test using mouse (or rat) bone marrow.
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typhimurium reverse mutation assay is the plate incorporation method described by Ames and
co-workers;* however, data from the pre-incubation and suspension method will also be
considered.*

b) Test Procedure: The recommended procedure to be used for the Salmonella

The recommended Salmonella typhimurium tester strains for the mutation assay are TA98,
TA100, TA1535 and TA1537. TA98 and TA100 should contain the R-factor plasmid (pKA-101)
which enhances sensitivity to some mutagens, presumably by modifying an endogenous bacterial
DNA repair polymerase complex involved with mismatch-repair processes. In addition, strains TA9S,
TA100, TA1535, and TA1537 should contain the rfa and uvB mutations which enhance their
sensitivity 1o mutagens. The rfa mutation results in the loss of one of the cnzymes responsible for
the synthesis of part of the Hposaccharide barrier of the bacterial cell wall which in turn results in
increased permeability to certain classes of chemicals, The uvrB mutation results in a deficient DNA
excision repair system. The use of strain TA1538 is not considered to be generally necessary if
strain TA98 is used. The use of other strains (Le. TA97, TA97a and TA102) should be justified, and
experiments with these strains are subject to the same controls and considerations of the
recommended four strains in the test battery.

The Salmonella typhimurium mutation assay can be petformed as a direct plate incorporation
assay, a preincubation assay, or a suspension assay. The direct plate incorporation Salmonella
typhimurium mutation assay involves mixing the test chemical dose, bacteria and molten agar (: 59)
and overlaying the mixture on a basal agar layer followed by an incubation of the cultures for 48
hours at 37°C. In contrast, in a suspension assay the bactetia are exposed to the test chemical (¢
§9) in a liquid suspension, washed free of the test chemical, and plated on selective medium;
bacteria from the same suspension are diluted and plawd on a similar medium containing biotin and
histidine to determine viable counts*

In the preincubation assay the bacteria and test chemical are mixed in a tube (¢ S9) and
incubated at 30-37°C for 20-30 minutes. The test chemical is added after the bacteria (+ S9) to
cnsure that the bacieria are not subjected to excessively high, and possibly toxic, concentrations of
the chemical. To ensure the integrity of the 89, the reaction tube should be kept on ice one minute
or less prior to addition of the test chemical. The top agar with the test chemical is added to the
tubes after the preincubation, the contents are mixed, and the mixture is poured immediately into
the Petri dish containing the base agar.

ii.  Gene Mutation in Mammalian Cells Jn ¥itro:

a) Endpoint Description: FDA currently recommends the use of an in vitro mutation
assay that employs a cell Jine capable of measuring single gene point mutations, frame-shift
mutations, and chromosomal mutations (i.e. mutations that affect or involve more than one
gene or multiple loci). In contrast, the Agency does not recommend mutation assays that

. measure the recovery of mutants at one specific gene, but do not permit recovery of
chromosomal mutations which may include neighboring essential genes (ie. systems that select
for mutations at the hgprt locus which is located on a sex chromosome).

* Ames et al. (1975); Maron and Ames (1983)°

b Refer to Code of Federal Regulations at 40 CFR §798.5265 (1990).

« Mitchell (1978)¢
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To satisfy these criteria, FDA recommends the use of the mouse lymphoma (ML) mutation
assay which measures the conversion of LS178Y cells from thymidine kinase independence (1k*) 1o
thymidine kinase dependence (tk). The marker generally used in L5178 cells to detect the
mutagenic event is resistance to trifluorothymidine (TFT) which results from a loss of thymidinc
kinase (TK) activity. The ML assay was selected over other assays because it detects both specific
gene and chromosome mutations, it has a large database* and it had been chosen by the National
Toxicology Program (NTP) testing program 1o evaluate the mutagenic aclivity of chemicals that had
been tested in rodent bioassays.t

Nevertheless, FDA will consider data from other in virro mammalian cell mutation tests which
detect both site specific and chromosome mutations. For example, the Agency believes that the
mutation assays using CHO-AS52 cells (gpf locus)® and the parental and transgenic human
tymphoblastold celt line AHH-1 (tk** locus)Y, or any of its 1ransgenic sublines containing human
cytochrome p450 cDNA. have been sufficiently developed and validated. If a petitioner uses the Agprt
locus in Chinese hamster ovary (CHO)* or V79 cells', then hejshe should also submit data from a
second system measuring mutations at an autosomal locus (ie. CHO-AS52 cells). Likewise, if the
pcmioner wishes 10 submit data from another system entirely, this test system should have a
sensitivity for detecting mutagens comparable to the ML system, the system should have a large and
validated database, and the data should be accompanicd by a scientific justification for use of the
alternative test procedure.

b) Test Procedure: General guidelines for detection of gene mutations in somatic cells in
tissue culture have been reporieds In the ML assay, exponentially growing cells in suspension
are exposed-to the test substance both in the presence and absence of an exogenous metabolic
activation system. [If 2 transgenic cell line transfecied with a specific P450 cDNA is used,
justification for testing in the absence of exogenous metabolic activation should be supplied by
the petitioner) After removal of the test substance, cytotoxicity is determined by measuring
growth rate or cloning efficiency. The remaining treated cells are cultured for sufficient time,
depending on the selective marker, to allow for phenotypic expression of induced mutants,
Cells are then seeded into both selective and non-selective medium to determine the mutant
frequency por surviving cell. Generat procedures for testing are described for the L5178Y
system by Clive and coworkers®

* Refer to Dr. W. Caspary, NTP Chemtrack System, Division of Toxicology Research and Testing,
National Institute of Environmental Health Science (NIEHS)

v McGregor ¢f al. (1987); McGregor ef al. (1988); McGregor ef al. (1988); Mitchell er al.
(1988);® Myhr and Caspary (1988)" Myhr er al. (1950)%

¢ Tindall er al. (1984);° Stankowski and- Tindall (1987); Tindall and Stankowski (1987)"

¢ Crespi and Tilly (1984);% .Crespl er.al. (1989),". .Liber and Tilly (1582)* ...
© Hsic et al (1981);¥  Li er al (1990)®
( Bradley ef al (1981)%
s Refer 10 Code of Federal Regulations at 40 CFR §798.5300.
b Clive and Spector (1975)2  Clive e al. (1979)®  Clive et al (1950)
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Cytogenetic Damage in Mammalian Cells:

a) Endpoint Descriptions: Cytogenetic damage can be evaluated in vivo using several
different endpoints, including: chromosome aberrations, micronuclei, sister chromatid
cxchanges, and non-disjunction events (ie. aneuploidy/polyploidy). FDA recommends the use
of assays which detect micronuclei or chromosome aberrations for the assessment of
cytogenetic damage. Structural chromosomal aberrations include 2 variety of cytogenetic

damage such as breaks, terminal and interstitial deletions, rings, transiocations and dicentrics.

To meet these criteria, FDA recommends the concurrent detection of micronuclei of

circulating erythrocytes and chromosome aberrations in marrow cells of the mouse. Nevertheless,
the Agency will consider data from only one of these two assays, or & test for chromosome
aberrations using ret marrow. While chromosome aberrations can be detected in many mammalian
species, and detection of micronuclei is not limited to the mouse, the above mentioned assays were
selected because they have large databases and standardized protocols have been developed.

assay, but decided against this based on the results and analysis of data from the NTP study of 73
compounds. ‘The results indicated that responses in the in vitro SCE assay using CHO cells were

b) Test Procedures: In in vivo cytogenetic assays for chromosome aberrations,® the
animals sre treated with the test substance and, prior to harvesting, the marrow cells are
treated with a spindle inhibitor to arrest the cclls in metaphase. Chromosome preparations
are made, stained, and anatyzed for chromosome aberrations® In the micronucleus assay,s
DNA-containing micronuclei are detected in polychromatic erythrocytes through special
staining techniques.¢ The implicit advantage of both of thess in vivo assays over i vitro assays
is that cclls within a whole living animal are given the opportunity to metabolize the test
substancc under natural conditions.

The Agency also considered reoommcndmg the use of the sister chromatid exchange (SCE)

cssentially independent of exogenous metabolic activation requirements.*

" *Piesiohi er al. (1981 Preston er al {1987)% " "+

* The recommended procedure for testing for the induction of chromosome aberrations is described

in the Code of Federal Regulations at 40 CFR §798.5385.

¢ Hcddlc et al (1983),” McGregor et al (1987)%

¢ The recommended procedure for the mouse micronucleus assay can be [ound in the Code of

Federal Regulations at 40 CFR §798.5395.

* Tennant ¢f ol (1987)
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d.  Additional Scicntifically Justified Genetic Toxicity Tests

FDA recognizes the necessity of taking into account structure/activity information before
sclecting specific genctic toxicity tests,” and acknowledges the existence of non-genotoxic carcinogens
which should be dealt with separately.t Furthermore, the Agency acknowledges that additional,
scientifically justifiable, short-term in vitro tests may be needed to fully evaluate the genetic toxicity
of & test substance. Thus, FDA may recommend expanding the recommended test battery, on a
case-by-case basis, 10 include either variations of tests described above, or different tests to cvaluate
the genetic toxicity of test chemicals,

There are a number of genctic toxicity tests being developed that can provide information
about the potential carcinogenicity/mutagenicity of a substance. These assays are considered to be
uscfut and data from them can supplement the information obtained from the recommended baticry
of tests. Two such tests are described briefly below.

i InViro Mammalian Cell Transformation Assay

a) Endpoint Description: A morphological change (ie. transformation) is observed in a
colony of wild type cells within a contact-inhibited monolayer of normal cells. The
morphological change is characterized by piling of the cells in an irregular, criss-cross pattern
that represents a loss of normal growth Inhibition and cell-cell orientation.

b) Test Procedure: The methodology for BALB/c-3T3 cell transformation assay (- S9)
was first describcd by Kakunaga® and revisions of that procedure were recommended by an
IARC/NCI/EPA Working Group? and a recent NTP program.* In the BALB/c-3T3
transformation assay, rapidly growing cells are seeded and grown &s a monolayer tissue culture.
These cultures are exposed 10 the test substance for 48-hours (days 2-4 after seeding), washed
to Temove the test chemical, and refed bi-weckly for a total culture period of 28-days.
Cytotoxicity of the test chemical is measured in a co-culture clonal survival assay.

FDA currently recommends use of the BALB/-3T3 cell transformation assay over other
transformation assays because this assay has been performed on >200 chemicals tested under
identical experimental conditions. In addition, this assay has been shown to be capable of selectively
detecting non-mutagenic carcinogenss  Finally, this is the only transformation assay for which a

* Refer to Chapter I¥ C in the 1992 Agency Guidelines; Ashby and Tennant (1991);* Klopman
er al. (1990);® Rosenkranz and Ennever (1988);® Rosenkranz and Klopman (1990);*! Rosenkranz
and Klopman (1990);® Rosenkranz es al (1950)®

. * Ashby and Tennant (1988);? Ashby and ’i‘cnnant (1991)

¢ Kakunaga (1973)%

¢ JARC/NCURPA Working Group (1985)*

¢ Maufucws (1986);% Matthews ef al. (1'9493)’7

f Matthews (1993)*

¢ Matthews ef al (1993)""  Matthews er al (1993)"
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structure/activity relationship model has been developed to interpret the transformation responses of
genotoxic and non-genoloxic chemicals.®

The Agency acknowledges that 8 number of different cell transformation assays are available
for measuring chemically-induced morphological transformation of cells; however, the Agency
belicves that these systems have not been sufficiently developed at this time, Such additional cell
transformation assays use continuous celi lines (e.g. the C3H10T), assay), 2) primary or early passage
cells (e.g the Syrian hamster embryo [SHE] colony assay) and 3) virus-infected cells {e.g. the SHE
infected with Simian adenovirus SA7 assay).

it.  DNA Damage in Mammalian Cells (Unscheduled DNA Synthesis)

a) ndpoint Description Unscheduled DNA synthesis (UDS) occurs during the repair of
DNA damage induced by a variety of agents in non-S-phase cells. It involves excision of DNA
adducts followed by strand polymerization and ligation to restore the original DNA structure.

b) Test Procedure  In the standard hepatocyte/DNA repair assay,® primary rat hepatocytes
are exposed 10 the test substance in medium containing *H-thymidine. At the end of the
treatment period, the cells are fined and exposed to autoradiographic emulsion to determinate
the amount of labeled thymidine incorporated into the DNA. At the end of the exposure
period, the slides are developed and the cells are stained. Nuclear and cytoplasmic grains are

- then counted and used to calculate net ituclear grains.

The Agency recognizcs that the standard in vimo UDS assay is insensitive to some
hepatocarcinogens and other species- and organ-specific carcinogens, and has a high false-negative
rate, as determined in an evalugtion by the NTP.* More recent studies, however, indicate that the
sensitivity of this assay can be enhanced by pre-treatment of the animals with mixed-function oxidase
(MFO) inducers.t Accordingly, if a chemical gives a nepative response with hepatocytes from un-
induced animals, the test should be repeated with hepatocytes from induced animals.

An in vivolin vitro variation of the UDS essay also has been developed and can be used as an
altcrnative teste In this procedure, young animals are pre-treated with the test substance and, after
an appropriate period of time, the liver is perfused and the liver cells are placed into culture,
Uptake of *H-thymidine is determined by autoradiography, as in the standard in vitro procedure.

' Matthews ef al (1993)%

b Williams, G.M. et al. (1982);" Butterworth, B.E. er al. (1987);2 Butterworth, B.E. et al. (1987)°
¢ Tennant, RW. er al. (1987) ' . B

¢ Shaddock, J.G. ef al. (1989);% Shaddock, J.G. et al. (1990)¢

¢ Butterworth, B, ef al. (19870)°
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Standacds for Acceptability of Test Results

FDA has minimum standards of acceptability for short-term genetic toxicity tests. Tests which

do not meet these standards may be unacceptable for evaluating genetic toxicity of the test
substance.

Experimental Parameters

a) Replicate Experiments: For in vifro tests, the test substance should be tested in
independent (ie. different times), replicate experimental trials; the repeat experiment shoutd
use the same method but with fresh reagents and cells. In addition, FDA recommends that
the replicate experiment use doses of the test chemical that are adjusted from the first
experiment to optimize detection of genetic toxicity. The Agency recommends that the test
substance be evaluated in replicate experiments whether the substance s considered 1o be
active, inactive, or cquivocal in the first experiment.

b) Replicates of Treatment Doses: The Agency recommends that substances evaluated in
the in vitro assays use the current recommended number of replicates of cach dose (e.g.
triplicate doses for the Salmonella typhimurium assay and triplicate doses for the ML assay).

In the in vive chromosome aberration assay, it is recommended that the study evaluate at least
100 cells in mitosis; in the mouse micronucleus test, it is recommended that the study evaluate
at [east 1000 erythrocytes.

<) Negative Control: Acceptable concurrent negative control data should be submitted
for each test. Negative control data should be obtained from animals or cuitures treated with
the solvent used 10 solubitize the test compound. The solvent should be vsed at the maximum
concentration used in experimental groups; this concentration should have no effect on
animals, or cell growth, celt survival, or mutagenic response. To ensure that 8 non-aqueous
solvent is not having an adverse effect on mammallan cells in culture, an aqueous medium
control should also be included.

d) Positive Control: Acceptable, concurrent positive control data should be submitted for
each test. Dose levels for positive control chemicals should be selected so that they are high
enough to elicit a significant response, but low enough to fall on the rising portion of the dose
response curve. In the absence of an exogenous activation system, a positive control chemical
must either directly induce genetic toxicity, or the target animal or cell must be capable of
using the chemical to induce genetic toxicity. In contrast, the positive control in an
experiment which uses an exogenous activation system should employ a chemical which is
inactivate when the exogenous activation system is not included in the experiment and active
only when the exogenous activation system js present,

¢) Treatment Duration: The Agency recommends that duration of treatment with the
test chemical in gcnclic toxicity assays be consistent with current optimal trealment time (e.g.
48-hours for the direct plate incorporation method of the Salmonella typhimurium reverse
mutation assay).

)} Exogenous Activation System: In in vifro assays detecung chemical-induced mutations

in procaryotic and eukaryotic cells, the test substance should be tested in the presence of an
cxagenous activation system. The most common exogenous activation systcm is Aroclor 1254-
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induced rat liver.* While other types of 5-9 may be acceptable, their use should be justified in
the report. When the chemical being tested is known to be activated more effectively by a
different type of $-9, then that S-9 should be used in addition to the Aroclor 1254-induced rat
liver $-9. For chemicals likely to be metabolized extensively by pathways that do not occur in
the liver S-9 activation system, additional modifications may be necessary.

Filtration of the S-9 or -9 mix may lead to loss of enzyme activity.* Therefore, liver $-9
should be prepared vsing aseplic techniques so that subsequent filter-sierilization is not required.
Each batch of S-9, whether produced by the testing laboratory or obtained commercially, should be
tested for sterility and discarded if contaminated.

The composition of the $-9 mix used should be described completely in the report rather than
exclusively by reference to published literature. It is particularly important to specify the amount of
S-9 used in the S-9 mix since this valuc is not specified by Ames e al* or by Maron and Ames®. In
general, the amount of 8-9 in the S-9 mix should be in the range of 4% to 10%, corresponding to
20-50 ul per plate. Amounts outside of this range should be justified in the report, for example, by
documenting that chemicals of a particular class are more readily detected as mutagens at another S-
9 concentration.  Also, any deviations from cofactor mix components or concentrations specified by
Maron and Ames® should be justificd.

iil.  Test Substance Parameters

a) Selection_of the Solvent Control: Whenever possible, the solvent vehicle control
should be an aqueous buffered solution. When a8 chemical is insufficiently soluble in aqueous
solvents, then an appropriate’ solvent vehicle should be used to maximize solubility of the test
compound in culture medium. The solvent vehicle could be an organic solvent such as
acetone, dimethyl sulfoxide, or ¢thanol or a ‘non-jonic surfactant such as pluronic F68. In
some cases, experiments with and without the solvent are necessary to document that the
solvent itself has no mutagenic effect, In addition, positive control chemicals should be
dissolved in alternative solvents other than a buffered aqueous solution to show that the
solvent does not affect results obtained from positive control chemicals.)®

b) Range-finding Experiment: Preliminary toxicity tests should be performed to assist in
selecting the highest dose used in mutagenicity and cytogenelic assays. Such tests should be
cxecuted using precisely the same protocol that will be used for the standard assay; however,
the recommended number of replicate doses (or Salmonella typhimurium tcster strains) may be
reduced. In the in vitro assay, cytotoxicity is usually manifested by a significant decrease in the
numbet of spontancous colonies of cells (or revertants) per plate. In the in vivo cytopenetics
assay, toxicity is measured in terms of a demonstrable effect on rodent marrow (e.g. cell cycle
delay).

* The Agency is aware of the current safety and disposal considerations with aroclor; thus, other
inducing.agents are under consideration-and may become more widely accepted in- the near future.
Critical to the acceptance of other inducing agents will be the existence of appropriate validation studies
and sufficicnt data 1o compare their cffectiveness with the aroclor $9. Please consult with CFSAN
scicntists before selecting an alternate to aroclor.

* Maron and Ames (1983)°

8061 ¥Sves



Draft
IV C 1 " Short-Term Tests for Genetic Toxicity Continued -
c) Sclection_of Treatment Doses: Test substances should be tested using five or more

treatment doses in in viro mutation assays using procaryotic or eukaryotic cells. Furthermore,
when possible, one or more dose levels should be clearly cytotoxic to the target organism.

In the in vivo cytogenetics assays, the highest treatment dose (HTD) should be either the HTD
10 a maximum of 25 mM, or a dose producing some indication of cytotoxicity (e.g. partial inhibition
of mitosis). Toxic chemicals should be tested in at least one experiment with three or more doses in
which a dose-related change in cytotoxicity induced by the test substance can be detected, In
contrast, a single dose utilizing an acceptable number of animals may be used in either a preliminary
study or in a study with a non-toxic chemical tested at the HTD.

In all of the recommended genetic toxicity tests, as well as additional scientifically justified
1ests, 1est chemicals should be tested using a dilution scheme which includes more than two doses
per 10-fold dilution of the test chemical (i.e. 1:2-fold dilutions of 1000, 500, 250 ug/mi, erc.). In
general, doses should be approximately evenly (geomcm'mlly) spaood Tmtlng at 10-fold intervals
between doses, or using other dilution schemes, incurs the risk of missing a crucial intermediate
dose.

d) Highest Treatment Dose: Test substances which are relatively non-cytotoxic to the
target cell should be tested at the highest, scientifically justified, treatment dose (HTD). Since
test substances have a wide range of molecular weights, we recommend a HTD of 25 mM, in
the absence of solubility problems. Thus, a solid, non-cytotoxic chemical with a molecular
weight of 200 and no solubility problems would have a HTD of § mg/ml in vitro (or 5 mg/kg
bw in vivo), This dose can be lowered If the test substance elicits one or more of the
physicochemical problems listed below. This HTD rule is based upon the Agency’s concern
that some chemicals may be tested at concentrations that could significantly affect the
osmolarity of the culture medivm, If the highest dose used is lower than the HTD, then the
highest dose used should be clcarly toxic to the cells in cach test (as shown by decreased
colony counts) or it should be at, or close to, the limit of solubility of the chemical In the
solvent used,

When a chemical mixtute Is being tested, the composition of the mixture should be stated as
completely as possible. The mixture should be tested at doses such that 25 mM of the principal or
active ingredient in the mixture is added 10 each plate, unlc:»s this is not possible because of toxicity
or limited solubility.

iii.  Additional Concerns

a) Criteria for a Valid Experiment: The study should describe the criteria that were used
1o determine whether the expcrimenl is valid. For example, the Salmonella yyphimurium
mutation assay usually has six or more criteria for a valid cxpcnmcnt.
. agar culture vwsels were tested and shown lo be slen]e.

« tester strains with the rfa cell wall mutation were sensitive to crysxal vnolcl,

« TA98 and TA100 were tested and found resistant to ampicillin; .

« adequate tiiers of tester strains were used in the study (e.g SKI0¢ cells);

«all posuive controls induced » 3-fold increase in revcrtams/plale, and

+ 8-minimum-of 3 non-toxic dose levels were-usod. o B

b) Mycoplasma _and Microbial Contamination: All continuous cell lines used for genetic

toxicity tests should be checked routinely for mycoplasma contamination. Documentation
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should be provided to show that cells used in the assays for which data arc submitted have
been checked for mycoplasma contamination.

<) Experimental Losses due to Contamination: The loss of experimental samples because
of microbial contamination and other accidental causes should be minimal. Assays having too
many doses or replicates missing because of contamination or other technical errors may not

be considered acceptable. In gencral such assays should be repeated,

d) Additional Protocol Deviations: The experimental methods actually used in genetic
toxicity tests may vary somewhat from laboratory 10 laboratory and from the recommended
guidelincs. Such variations may be acceptable as long as they are described fully in the study.
For example, aliernative tester strains have been developed for use in the Salmonella
typhimurium teverse mutation assay. Likewise, the medium in which cells were grown
(including the manufacturer of the medium) should be declared. An other example is that
Maron and Ames* recommend oxoid nutrient broth No, 2 (CM 67) as the growth medium for
cells; if another growth medium was chosen for the study, its use should be scientifically

justified,

f. Data Collection and Evaluation

Genetic toxicity data can be obtained by hand or automatic colony counters, but the method
used should be specified in the report. 1f an dutomatic counter is used, the type of counter should
be specified.  The report should state whether the reported data are uncorrected counts taken
directly from the automatic colony counter or whether some method of calibration was used. If the
colony counter was calibrated to correct for the decrease in apparent counts as the number of
colonies per plate Increased, then the method used for the calibration should be explained in the
report. A calibration curve (hand ‘counts vs. uncorrected automatic colony counts) should be
included in the report if corrected counts are submitted.

Test substance cytotoxicity sometimes results in the appearance of relatively small colonies of
revertant cells in the Salmonella typhimurium and ML mutagenesis assays. Since the biological
meaning of these small colonies is ambiguous in both assays, the Agency recommends that studies
using these procedures carefully describe the criteria used to accept or reject small colonies as part
of the 1¢st substance activity. If unusually small colonies are considered to be significant
observations, then a number of the small colonies should be isolated and analyzed for stability of
this phenotypic change. Only true revertants should grow under the standard selection conditions.

There is no single, generally accepted method for distinguishing a positive from a negative
result in the Salmonella typhimurium or ML mutation assays. Fortunately, results are usually clearly
negative or a chemical induces a clear dose-related increase in activity. However, some chemicals
induce weak or marginal responses that are not completely reproducible. The most widely used
criteria for detérmining whether or not'a result is positive include: 1) an increase of at least 2-fold
over the spontancous level at two or more corisecutive doses or at the highest non-toxic dose tested
and 2) a reproducible dose-dependent response. The so-calied *2-fold rule” is often modified to a *3-
‘{old rule" when 1he"spon'taneous count is_ low, for example 10°or Jess.

Thesc criteria are only gencral guldclmm When only a single dose appears to give a positive
response, it is important for repeat 16s1s 16 be pérformied at smaller dose intervals to see if the -
response s reproducible and if a dose-dependent response can be seen. When marginal of not

* Maron and Amcs (1983)’
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completely reproducible results are obtained, it may be useful to vary the protocol somewhat, for
example by alicring the amount or type of S-9 or by using a preincubation protocol. In some cases
it is not possible to decide, without reservation, whether or not a chemical induced genetic toxicity;
in such cases it is necessary to conclude simply that the activity is weak, marginal, equivocal, or not
completely reproducible.

2. Reporting Requirements

Reports of genetic toxicity tests submitted to the Agency should be as complete and detailed
as possible so that FDA reviewers can be assured that the assays were performed appropriately (see
Chapter IV B 2). The report should include:

w 2 detailed protocol that contains the information required by Good Laboratory Practice
regulations for Non-clinical Laboratory Studies;

w scientific justification(s) for deviations from recommended guidelines;

« an adequate description of the test system [For example, information should be included on
the source of the bacterial tester strains and mammalian cell lines, as well as the methods used
for their storage and for the preparation of cultures for testing);

» all raw data (individual counts), in addition to the mean counts, for any transformed data
submitted;

w historical negative and positive control data for a recent sequence of experiments, in
addition to concurrent negative and positive control data [These data will be used to
determine the acceptability of the concurrent solvent and positive controls; the solvent control
values should be within the historical range established by a particular laboratory and should
be consistent with published values for each particular system};

u a statement by the petitioner as 10 why he/she feels that the tests that were done are
capable of detecting genetic toxicity In the specific chemical(s) tested; and

» a description of physicochemical properties of any test substance that could cause technical
difficulties in testing the compound, as well as any problems incurred in the test experiments.

Physicochemical propettics that can cause technical difficulties may include, but are not limited to;
= volatility (for liquid test substances);

s acidity and alkalinity (these compounds could alter the normal physiologic pH of the
culture medium);

» solubility in culture medium, organic solvents, and/or non-ionic surfactants (e.g. pluronic
F68); and

s reactivity {Reactivity problems may include reaction of the test substance with the plastic
culture vessel, with functional groups on biochemicals in the medium (or cells), light and
temperature sensitivity, sensitivity 1o air (ie. oxygen), and other problems that could affect the
activity of the test substance in the genetic toxicity assay.).
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IVC2  Acute Oral Toxicity Tests

Acute toxicity tests can provide preliminary information on the toxic nature of a material for
which no other toxicology informatian is available. Such information can be used 10:

s deal with cases of accidental ingestion of a large amount of the matetial (e.g, for poison
contro! information);

» determine possible target organs that should be scrutinized and/or special tests that should
be conducted in repeated-dose toxicity tests;® and

» select dases for short-term and subchronic toxicity tests when no other toxicology
Information is available.

In most acute toxicity tests, each test animal is administered a single (relatively high) dose of
the test substance, observed for 1 or 2 weeks for signs of treatment-related effects, then necropsicd.
Some acule toxicity tests (such as the "classical® LDy, test) are designed to determine the mean lethal
dose of the test substance. The median lethal dose (or LDs) is defined as the dose of a test
substance that is lethal for 50% of the animals in a dose group. LDy, values have been used to
compare relative acule hazards of industrial chemicals, especially when no other toxicology data are
available for the chemicals, However, many important observations of toxicity are not represented
by LDy, values or by slopes of dose-response curves for lethality. For example, information about
morbidity and pathogenesis may have more toxicological significance than mortality, and these
endpoints also should be cvaluated in short term toxicity tests.

The Agency does not recommend that petitioners determine the median lethal dose (or LDy)
for direct food additives or color additives used In food, However, if a petitioner decides to conduct
2n acute oral toxicity test, alternative test protocols can provide useful information about the acute
toxicity of a substance. These protocols generally usé fewer animals, and are thus more cost
cfficient, than tests designed to determine LDys.¢ The following guidelines should help the
petitioner design acute oral-toxicity tests when the petitioner has decided that such information is
useful: :

# The main focus of the acute toxicity test should be on observing the symptoms and recovery
of the test animals, rather than on determining the median lethal dose (LDs) of the substance.

s The rat often is used as the animal model in acute toxicity tests, but other species also may
be used, ) ‘

» Often only one sex is studicd in an acute toxicity test; generally, the female is assumed to
be more sensitive 1o the acute toxic effects of chemicals than the male.d

[V}

* Gad and Chengelis (1988)%
't Litchfield- and Wilcoxon (1949)
¢ FDA LDy, test policy (1988)?

¢ Gad and Chengelis (1988)%
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. TWC2  .Acute Oral Toxicity Tests Continued .

= Before deciding on the dose of a test compound that will be used in Studying its acute
1oxicity, the compound's chemical and physical characteristics (including molecular weight,
partition coefficient, and the toxicity of related chemicals) should be considered; otherwise,
oral toxicity--including lethality--caused by relatively large doses of a chemica) may have no
biological relevance to the chemical's effects at lower doses.®

The following brief descriptions of oral toxicity tests may help the petitioner choose a test that
meels his needs; detailed information about each type of test is available in the referenced material.

a, Limit Tests

To determine the acute toxicity of a new food additive that is not expected to be particularly
toxic, 5 gm (or ml) of the compound/kg body weight of the test animal should be administered orally
by gavage 1o several (perhaps 5) animals that have been fasted (overnight for rats, 4 hours for mice).
Test animals should be observed closcly for up 1o 14 days; symptoms of toxicity and recovery should
be noted. Gross and histopathological examination of the test animals at the end of the study may
help identify toxic effects on target organs. If no animals die as a result of this dose, there is no
need 1o test higher dosages. The acute toxicity of the compound can then be expressed as being
greater than 5 gm (or ml)/kg body weight of the test animal. This method is called the "limit test.”
{n general, § gm or § ml of the test substance/kg body weight is the practical upper limit for the
amount of test material that can be administered in one oral gavage dose to a rodent.

If there are deaths following administration of an acute dose of 5 gm/kg body weight, then a
lower dose should be administered to several (perhaps §) animals and the results evaluated as
discussed above. For compounds expected 10 be acutely toxic at 5 gmykg body weight, it would be
wise to select a lower initial "limit" dose.

b, Dose-Probing Tests

Dose-probing acute toxicity protocols may have value when the petitioner has no preliminary
information about the test substance that would help him select appropriate doses for toxicity
studies. In a dose-probing acute toxicity test, one animal per each of 3 widely spaced dosages should
be used and a sufficient observation period should follow administration of the doses. Subsequent
toxicity studies may be based on the results of the dose-probing study.* Variations of dose-probing
acute toxicity studics are described in the literature.t Other methods of determining appropriate
doses for longer-term toxicity studics include a simple test wherein 3 or 4 doses are each
administered to 1 or 2 test animals and the animals are observed for up to 14 days. If some of the
animals dic, one can estimate an approximate median lethal dose, termed ALD.Y

* Gad and Chengelis (1988);  Zbinden and Flury-Roversi (1981)
* Gad and Chengelis (1988)'
< Lorke (1983);¢ Schutz and Guchs (1982)?

¢ Deichmann and LeBlanc (1943)¢
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v .C 2' Acute Oral Toxicify Tests Continued

¢ Up-and-Down Tests

The *up-and-down" procedure involves dosing animals one at a time: First one animal at one
dose, then another animal one or two days later at a higher doge (if the first animal survives) of a
lowet dose (if the first animal dles). This process continues until the approximate LDy bas been
determined. One disadvantage to this test is the length of the study. Each animai should be
observed for at least seven days after dosing so that delayed deaths can be recorded. However, this
method usually requires only six or eight test animals as compared with the 40 10 50 test animals
that may be used in the *classical® LDy, tests

d.  Pyramiding Tests

Pyramiding studies involve a minimum number of animals: Two animals are given successively
increasing doses of the test substance on alternate days until an acutely toxic dose or some practical
upward 1imit is reached. This test does not yield a lethality curve and often is used 10 assess acute
toxicity in non-rodents. This test, although more like a short-term, repeated dose toxicity study than
a ruc acute toxicity study, can provide useful preliminary information on the toxic pature of a new
material for which no other toxicology information is available.

* Bruce (1985); Gad er al (1984);* Muller and Kley (1982)1
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IV.C3.  Short-Ferm Toxicity Tests with Rodents and Nou-Rodents -

Short-term toxicity tests with rodents are recommended for sub es in Concern Level 1.
Short-term toxicily tests with rodents and non-rodents are gencrally conducted for 14 or 28 days
(one month). Results of these tests (1) can help predict appropriate doses of the test substance for
future subchronic or chronic toxicity tests, (2) can be used to determine NOELs for some toxicology
endpoints, and (3) allow future tests in rodents and non-rodents 10 be designed with special
emphasis on identified target organs.

Unless specific exceptions are noted below, gencral recommendations for toxicity studies (see
Chapter IV B 1) and for reporting the results of toxicity studies (se¢ Chapter IV B 2) apply to short-
term toxicity studies with rodents and non-rodents,

a Experinienlal Animals

i Species and Age

This guideline is for use with rodents (usually rats) and non-rodents (usually dogs); if other
species are used, modification of the guidcline may be necessary,

Testing should be performed on young and healthy laboratory animals. Dosing of rodents
shouid begin as soon as possible after weaning and acclimation and before the rodents are 6 weeks
old. If dogs are used, dosing should begin at 4 to 6 months of age.

fi.  Number and Sex

Equal numbers of males and females of each species and strain should be used for the test,
For short-term toxicity studies of 30 days duration or less, experimental and control groups should
have at least 10 rodents per sex and at least 4 dogs per sex. If the study will be used to determine
appropriate doses for longer-term dog studies, but will not be used to determine a NOEL for the
test substance, experimental and control groups may have 2 dogs per sex. The number of animals
thal survive until the ¢nd of the study must be sufficient to permit a meaningful evaluation of
toxicological effects.

b.  Administration of the Test Substance
i Duration of Testing

Animals should be exposed to the test substance 7 days per week for the duration of the study
(from 2 10 4 consecutive weeks).

il ,.ﬂgmbcrorgpﬂsg_ e e

At least three dose levels of the test substance should be used per sex (one dose Ievel per
_group); ideally, 4 or 5 dose levels of the test substance should be used. A concurrent control group
should be included, Information from acute toxicity studics can help determine appropnate doses
for sub-chronic toxicity studles,

N
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IVC3  Short-Term Toxicity Tests with Rodents aﬁd
Non-Rodents Continued

¢ Observations and Clinical Tests
i. Observations of Test Animals

Food consumption (or water consumption if the test substance is administered in the drinking
water) should be measured every week during the shor-term toxicity test. Petitioners should also
attempt 1o quantify spillage of food by test animals, and to determine if spillage is greater with test
diets than with controt diets. Test animals should be weighed at least once a week. Petitioners

_should use this information to calculate intake of the test substance during each week of the study.

ii.  Neurotoxicity Screening

Screening for neurotoxic effects should be routinely carried out in all short-term toxicity
studies with rodents (preferably rats) and non-rodents (preferably dogs or miniature swine). The
neurotoxicity screen should include: (1) a specific histopathological examination of tissue samples
representative of major arcas of the brain, spinal cord, and peripheral nervous system (see organs
and tissues listed in Chapter IV B 1 ¢) and (2) a functional battery of quantifiable observations and
manipulative tests sclected 10 detect signs of neurological, behavioral, and physiological dysfunctions.
References to published literature that can guide the petitioner in selecting an appropriate battery of
observations and tests for the neurotoxicity screen are included in Chapter V C.

Reports of short-term toxicity tests should include an assessment of the potential for the test
substance to adversely affect the structural or functional integrity of the nervous system. This
assessment should evaluate data from the neurotoxicity screen and other toxicity data from the study,
as appropriatc. - Based on this assessment, the petitioner should make an explicit statement about
whether or not the test substance presents & potential neurotoxic hazard which requires further
neurotoxicity testing. Additional neurotoxicity tests are discussed in Chapter V C but should not be
undertaken without first consulting with the Agency.

iii.  Clinical Testing

Ophthalmological Bxamination: This examination should be performed on designated animals
before and at the end of the study.

Hematology: For rodents, hematologic tests should be performed on 10 animals of each sex
per group before dosing and at the end of the study. For dogs, hematological tests should be
performed on all animals in (he study before dosing and at the end of the study.

Clinical Chemistry: For rodents, clinical chemistry tests should be performed on 10 animals of
" cach sex in each’ group before dosing and at the end of the study. For dogs, clinical chemistry
tests should be performed on all animals in the study before dosing and at the cnd of the
study.
Urinalyses: Microscopic evaluation of urine sediment and deiermination of specific gravity of
urine samples are reccommended before dosing and at the end of the study. For rodents, these
1ests should be performed on 10 animals of each sex in each group; for dogs, 1he tests should
be performed on all animals in the study.
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IVC3.  Short-Term Toxicity Tests with Rodents and
: C Non-Rodents” Continued : .

Immunotoxicity Screening: Results from tests that are included in the list of primary
indicators of immune toxicity (se¢ Chapter ¥ D) should also be cvaluated as an

immunotoxicity screen.

Reports of short-term toxicity tests should include an asscssment of the potential for the test
substance 1o adversely affect the immunc system. This assessment should evaluate data from the list
of primary indicators included in the immunotoxicity screcn and other toxicity data from the study,
as appropriate. Based on this assessment, the petitioner should make an explicit statement about
whether o not the test substance presents & potential immunotoxic hazard which requires further
immunotoxicity testing. Additional immunotoxicity tests are discussed in Chapter V D but should

not be undertaken without first consulting with the Agency.

d.  Necropsy and Histopathology Examination

See Chapter TV B 1 e for appropriate tissues and organs.
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IV Ca. Subchronic Toxicity Tests with Rodents and Non-Rodents

Subchronic toxicity tests with rodents are recommended for substances in Concern Levels 11
and 111; subchronic toxicity tests with non-rodents are recommended for substances in Concern Level
1. Thesc tests are gencrally conducted for 90 days (3 months), but they may be conducted for up to
12 months. Results of subchronic toxicity tests (1) can help predict appropriate doses of the test
substance for future chronic toxicity tests, (2) can be used to determine NOELs for some toxicology
cndpoints, and (3) allow future long-term toxicity tests in rodents and non-rodents to be designed
with special emphasis on identified target organs. However, subchronic toxicity tests usually cannot
determine the carcinogenic potential of a test substance.

Unless specific exceptions are noted below, general recommendations for toxicity studies (see
Chapter IV R 1) and for reporting the results of toxicity studies (see Chapter IV B 2) apply 1o
subchronic toxicity tests with rodents and non-rodents.

a,  Experimental Animals

i Species and Ape

The guideline is for use with rodents (usually rats) and non-rodents (usually dogs); if other
species are used, modification of the guideline may be necessary. '

Testing should be performed on young laboratory animals. Dosing of rodents should begin as
soon as possible after weaning and acclimation, and before they are 6 weeks old. If dogs are used,
dosing should begin at 4 to 6 months of age.

iil.  Number and Sex

Equal numbers of males and females of each species and strain should be used for the test,
At the beginning of the test, experimental and control groups should have at least 4 dogs per sex
and at least 20 rodents per sex. These recommendations will help ensure that the study can provide
a meaningful evaluation of toxicological effects.

If interim necropsies are planned, the number of animals per sex per group should be
increased by the number scheduled 10 be killed before completion of the study; for rodents, at least
10 animals per sex per group should be available for interim necropsy.

b, Administration of the Test Substance

i.  Duration of Testing

Animals should be exposed 1o the test substance 7 days per week for at least 90 consecutive
days (3 months),

ii.  Dosed Groups

At least three dose levels of the test substance should be used (one dose level per group per
sex). Information from acute (sec Chapter IV C 2) and short-term (se¢ Chapter IV C 3) toxicity
studics can help determine appropriate doses for subchronic studies.
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IVCd4  Subchronic Toxicity Tests with Rodents
and Non-rodents Continued

c Observations and Clinlcal Tests

i. Observations of Test_Animals

Food consumption (or water consumption if the test substance is administered in the drinking
water) should be measured every week during the subchronic toxicity test. Petitioners should also
attempt to quantify spillage of food by test animals, and to determine if spitlage of test diets is
greater than spillage of control diets. Test animals should be weighed at least once a week.
Pctitioners should use this information to calculate intake of the test substance during each week of

the study.

ii.  Neurotoxicity Screening

Screening for neurotoxic effects should be routincly carried out in all subchronic toxicity
studies with rodents (preferably rats) and non-rodents if appropriate tests are available. The
neurotoxicity screen should include: (1) a specific histopathological examination of tissue samples
representative of major areas of the brain, spinal cord, and peripheral nervous system (see organs
and tissues listed in Chapter IV B 1 ¢) and (2) a functional batiery of quantifiable observations and
manipulative tests selected to detect signs of neurological, behavioral, and physiological dysfunctions.
References 10 published literature that can guide the petitioner in selecting an appropriate battety of
observations and tests for the neurotoxicity screen are included in Chapter V C.

Reports of subchronic toxicity tests should include an assessment of the potential for the test
substance to adverscly affect the structural or functiopal integrity of the nervous system, This
assessment should evaluate data from the neurotoxicity screen and other toxicity data from the study,
as appropriate. Based on this assessment, the petitioner should make an explicit statement about
whether or not the test substance preseats & potential neurotoxic hazard which requires further
neurotoxicity testing. Additional neurotoxicity tests are discussed in Chapter V C but should not be
undertaken without first consulting with the Agency.

iii.  Clinical Testing

Ophthalmological Fxamination: This examination should be performed on designated animals

before and at the end of the study.

Hematology: For rodents, hematology tests should be performed on at least 10 animals per
sex in each group before dosing, on days 30 and 60, and at the end of the study. For dogs,
hematology determinations should be made on all animals in the sludy before dosmg, on days
30-and 60, and at the end of the study. .

animals pcr sex in cach group berore dosing, on days 30 and. 60, and at the ¢nd of the study,
For dogs, clinical chemistry tests should be perforimed on all animals in the study before
dosing, on days 30 and 60, and at the end of the study.

Urinalyses: Microscopic cvalvation of urine sediment and determination of specific gravity are
recommended before dosing, at 30 and 60 days, and at the end of the study. For rodents,
these tests should be performed on at least 10 animals of each sex in each group; for dogs, the
tests should be performed on all animals in the study.
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JV.C4 - Subchronic Toxicity Tests with Rodents
and Noan-rodents Continued

Immunotoxicity Screening: Results from tests that are included in the list of primary
indicators of immune toxicity (se¢ Chapter V D) should also be evaluated as an
immunotoxicity screen.

Reports of subchronic toxicity tests should include an assessment of the potential for the test
substance 10 adversely affect the immune system, This assessment should evaluate data from the list
of primary indicators included in the immunotoxicity screen and other toxicity data from the study,
as appropriate. Based on this assessment, the petitioner should make an explicit statement about
whether oF not the test substance presents a potential immunotoxic hazard which requires further
immunotoxicity testing. Additional immunotoxicity tests are discussed in Chapter V D but should
not be undertaken without first consulting with the Agency.

d.  Necropsy and Histopathology Examination

Sce Chapter IV B 1 ¢ {or appropriate tissues and organs.
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wCs, One-Year Toxicity Tests with Non-Rodents

Long-term one-year toxicity (ests with non-rodents are recommended for substances in Concern
Tevel 111 and should be conducied for a minimum of 12 months (One year). Results of these tests
can be used to (1) characterize the toxicity of the test substance in non-sodents and (2) determine
the dose of the test substance that produces no observed adverse effects (NOEL or NOAEL). One-
year 1oxicity tests are not conducted for the purpose of assessing carcinogenicity, although data from
these tests may reveal information about the carcinogenicity of the test substance.

The foliowing guideline is writien for dogs; if other non-rodents are used, modifications 1o the
guidcline may be necessary.  Unless specific exceptions are noted befow, general recommendations
for toxicity studies (see Chapter IV B 1) and for reporting the results of toxicity studies (s¢e Chapter
TV B 2) apply to one-year toxicity tests with nop-rodents,

a.  Fxperimental Animals

i Age
Dosing of dogs should begin at 4 to 6 'months of age, at which time they should have reccived
the appropriate vaccinations.

ii. umber and Sex

Equal numbers of malcs and females should be used for one-year toxicity studies; at the
beginning of the study, experimental and control groups should have at least 4 dogs per sex. If
interim necropsies arc planned, the total number of dogs of cach sex per group should be increased
by the number scheduled to be kitled before completion of the study, The number of animals that
survive until the end of the study should be sufficient (o permit a meaningful evaiuation of the
toxicological effects of the test substance.

b, Administration of the Test Substarice

i. Duration of Testing
Animals should be exposed 10 the test substance 7 days per week for at least 52 weeks (one
year).

fi.  Dosed Groups

Alleast three dose levels should be used (one dose level per group per sex). Information from .

90-day toxicity studies in non-rodents can help determine appropriate doses for the one-year toxicity
study in non-rodents (se¢ Chapter IV C 4).
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IVCS  One-Year Toxicity Tests with Nen-Rodents Continued

[ Observations and Clinical Tests
i Observation of Test Animals

Food consumption (or water consumption if the test substance is administered in the drinking
watcr) should be measured every week during the one-year toxicity test. Petitioners should also
attempt to quantify spillage of food by test animals, and to determine if spillage of test diets is
greater than spillage of control diets. Test animals should be weighed at least once a week,
Petitioners should use this information to calculate intake of the test substance during each week of
the study.

Ophthalmological Examination: This examination should be performed on designated animals
at the beginning of the study, every three months thereafier, and at the end of the study,

Hematology: Hematology tests should be conducted on all animals before dosing begins, at
3.month intervals during the study, and at the end of the study.

Clinical Chemistry: Clinical chemistry tests should be conducted on all animals in the study
before dosing begins, at 3-month intervals thereafter, and at the end of the study.

Urinalyses: Microscopic evaluation of urine sediment and determination of specific gravity of
urine samples are recommended before dosing, at three month intervals during the study, and
at the end of the study. These tests should be performed on all animals in the study.

d.  Necropsy and Histopathology Examination

See Chapter IV B 1 e for appropriate tissues and organs,
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IVC 6 Caréiogenicity Stidiés with Rodents

Carcinogenicity studies (bioassays) in two rodent species (usually rats and mice) are
recommended for substances in Concern Level HI. One of the carcinogenicity studies (preferably in
rats) should be combined with a chronic toxicity study (se¢ Chapter IV C 7); one of the
carcinogenicity studics (also preferably in rats) should include an in utero exposure phase (sce
Chapter IV C 8). These studics arc designed to determine whether a substance possesses
carcinogenic activity when administered to rodents in regularly repeated oral doses for the major
portion of the lifetime of the test animal. For additional information on carcinogenicity studies the
Agency refers the petitioner to several recent reviews.

Unless specific exceptions are noted below, general recommendations for toxicity studies (see
Chapter IV B 1) and for reporting the results of toxicity studies (see Chapter IV B 2) apply to
carcinogenicity studies with rodents,

a.  Experimental Animals

i Age

In carcinogenicity studies without in ufero exposure, dosing of rodents should begin as soon as
possible after weaning and acclimation, and before they are 6 weeks old. In carcinogenicity studies
with in urero exposure, dosing of rodents should begin'at weaning.

In selecting rodent species and strains for carcinogenicity studies, it is important to consider
the test animals’ general sensitivity 10 carcinogenic chemicals and the responsiveness of particular
organs and tissues of test animals 1o carcinogens. Preference should generally be given to species
and strains with low incidences of spontaneous tumors.

At this time, there is no scientific basis for selecting among inbred, out-bred, or hybrid rodent
strains for carcinogenicity studies. Instead, the important consideration is that test animals come
from well-characterized and healthy colonics. A thorough understanding of the normal patterns of
tumor development (background tumor incidence) throughout the lifespan of untreated test animals
(historical and concurrent controls) is critical to the evaluation of the results of carcinogenicity
bioassays. It should be noted that strains that are not inbred often have unpredictable background
tumor incidences. Because recent information suggests survivability problems exist for some straing
of rats (se¢ Chapter IV C 6 a), test animals should be selected that are likely to achieve the
recommended duration of this study,

jil.  Number and Sex

1deally, éxperiméntal and control groups should have a sufficient nufiiber of anifials at the
beginning of the study to ensure that at least 25 rodents per sex per group survive to the end of the
study.

* Apostolou (1990);!  Clayson and Clegg (1991);> Goodman and Wilson (1991);® Parodi ef a!.
(1991);* Parry (1992);% Percra (1991);¢ Tomatis e al. (1992);7 ‘Travis (1988); Travis er al. (1991);*
Vainio and Cardis (1952)"
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VCe6 Carcinogenicity Studies with Rodents: Continued -

However, an issue that has auracted considerable recent attention concerns the proportion of
test animals surviving until the end of chronic studies, gencrally referred to as survivorship. Many
toxicological guidelines (including the 1982 edition of these guidelines) have standards for valid
negative carcinogenic bioassays that require 50% survival of rats until 24 months of age.* This
standard helps assure regulatory agencies that, when a substance is tested for
carcinogenicity, it is 1ested for a sufficient period of time so that the tumorigenic potential of the
substance can be adequatcly assessed from the results of the study.

Until recently, there was little or no indication that commonly used rat strains presented any
problem in meeting the guidelines for survivorship. Within the past year or $0, however, industry®
and the National Toxicology Program¢ report difficulty in reliably achieving 50% survival at 24
months, It is not known whether the sensitivity of rats to chemical carcinogens has changed as
survivorship has decreased.

FDA will be closely watching developments in this area of toxicity testing. If this is a
continuing trend actoss time rather than a short-term problem, serious consideration will have to be
given to developing means of addressing this problem. Tn that case, possible future
recommendations for increasing survivorship include recommending diets for chronic studies that
promote longevity (sce Chapter IV C 6 v), recommending dietary restriction, and advising animal
breeders to include adequate longevity as one characteristic for selecting future generations of rats
(many breeders mainly sclect for fecundity and rapid growth in their breeding stocks).

Because survivorship of rats continues to change, FDA guidelines no longer require 50%
survival (25/50 animals per sex per group) for-carcinogenicity bioassays. However, the Agency
recommends that petitioners carefully consider their choice of rat strains for carcinogenicity
bioassays, since some strains have more serious problems with survivorship than other strains,. FDA
recommends that carcinogenicity studies begin with at least 50 animals per sex per group; the
petitioner is encouraged 10 begin bioassays with more than S0 animals per sex per group if )
survivorship Is expected 10 be a problem with the rat strain under study. If fower than 25 animals
Per sex per group are expecied to survive 10 the end of the study (24 months), petitioners should
take particular care to ensure and document eatly detection of dead animals through attentive and
frequent cage-side observations, thus minimizing the 1088 of animals to the study through autolysis.
In addition, petitioners should consult with toxicologists and statisticians in the Agency as soon as a
problem with survivorship in a carcinogenicity study is noticed.

It interim necropsies are planned, the total number of rodents of each sex per group should be

increased by the number scheduled to be killed before completion of the study; at least 10 rodents
per sex per group should be available for interim necropsy.

* FDA (1982)"
b Burek (1990)2
< Rao (1990)®
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JVC 6  Carcinogenicity Studies with Rodents Continued

b, Administration of the Test Substance
i. Duration_of Testing

Rats, micc and hamsters should be exposed 10 1he 1est substance 7 days per week for 104
consecutive weeks (two years). If an in utero phase is added 1o this study, duration of dosing should
be 104 consecutive weeks (two years) post-weaning.

In general, FDA docs not recommend early termination of carcinogenicity studies due to
decreased survivorship. Carcinogenicity bioassays should be conducled for a major portion of the
1est animal's lifetime. While it is desirable to have an optimum number of animals survive to the
end of the study, the Agency believes there is more benefit, 88 well as added sensitivity, to be gained
by conducting carcmogcmcny bioassays for as long as possnblc, or for the full 24 months that is
recommended in these guidelines.

ii.  Dosed Groups

Information from subchronic toxicity studies should be used to identify dose levels of the test
substance for carcinogenicity studies. At least three dosc levels should be used (one dose level per
group). No dose used in a carcinogenicity study should cause an incidence of fatalities high enough
to prevent meaningful evaluation of the data from the study,

High Dose: The high dose should be the maximum tolerated dose (MTD).

H is not acceptable 1o select doses for carcinogenicity bioassays based on information unrelated
to the toxicity of the test compound, For example, the highest dos¢ in a carcinogenicity study
should not be selecled s0 as 10 provide a pre-determined margin of safety over the maximum
expected human exposure 1o the test substance, assuming that the results of testing at that dose will
be negative.

These guidelines recommend that the highest dose in carcinogenicity bioassays should be the
MTD. In cvaluating the results of carcinogenicity bioassays of direct food additives and color
additives used in food, Apency scientists will consider the question of whether the substance was
tested at the MTD as one of several factors that may affect interpretation of the results of the
bioassay. The final report of the bioassay should include a description of the process used to select
the MTD for the study.

The MTD is defined by the National Toxicology Program (NTP) as “that dosc which, when
given for the duration of the chronic study as the highest dose, will not shorten the treated animals®
longevity from any toxic effects other than the induction of neoplasms®, The Office of Scicnce and

-Technology Policy provides similar. advice, "The highest dose should be..... consistent with predicted
minimal target ofgan toxicity and normal life span, except as a oonsequence for the possible
induction of cancer.™ In addition, the NTP cautions that the MTD should not cause morphologic
cvidenes of toxicity of a severity that would interfere with the interpretation of the study.

* National Toxicology Program Board of Scicntific Counsclors (1984)™
® Anonomous (1985)*
¢ National Toxicology Program Roard of Scientific Counselors (1984)'
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IVC6  Carcinogenicity Studics with Rodents Continued

In general, the MTD is estimated following a careful analysis of data from appropriate
subchronic toxicity 1ests.  As the scientific community’s experience with toxicity 1¢sting has
accumulated, the need to consider a broad range of biological information when selecting the MTD
has become increasingly clear. For example, data concerning changes in body and organ weight and
clinically significant altcrations in hematologic, urinary and clinical chemistry measurements, in
combinalion with more definitive toxic, gross or histopathologic endpoints, can be used o estimate
the MTD.*

Although the high dose in a carcinogenicity study should be selected to achieve the MTD, the
Agency recoghizes that this goal may not always be met® There are uncertainties in predicting the
M1D for long-term bioassays from the results of pre-chronic studies. Because working definitions of
the MTD require the use of scientific judgment, it is sometimes possible for competent investigators
looking at the same set of data to arrive at significantly different estimates of the MTD. Such
disagreement may be based on different interpretations of the results of metabolic studics or
different conclusions about whether an organ alteration is adaptive or toxicological. In sitvations
such as these, when it is unclear what dose of the test substance is the MTD, petitioners should
consult with the Agency to dcterminc an appropriate high dose (MTD) for the carcinogenicity
bioassay.

The Agency recognizes that use of the MTD in carcinogenicity bioassays has several
advantages; these include:

» Compensating for the inherent Jack of sensitivity of the bioassay, including the relatively
small number of rodents used in the study,

= Providing consistency with other models used in toxicology (high enough doses must be
used in order 10 clicit evidence of the presumed toxicity); and

« Permitting comparison of carcinogenic potencies of substances tested at the MTD, even
when the data arc collected from different studics.c

However, the Apency acknowledges that its recommendation 1o conduct carcinogenicity studies
at the MTD may result in the use of doses that are so high as to be untepresentative of the toxlcity
of the test substance at Jower doses in animals or humans (for example, cxcessively high doses of a
test substance can saturate enzyme systems involved in detoxification of the test substance),
Although other approaches to selecting the maximum doses for carcinogenicity studies are under
consideration at the Agency, al the present 1ime there is no awcpxablc alternative 10 the use of the

MTD for the highest dose in these studics,

Low Dose: The Jow dose level should not interfere with the normal growth, development, and
lifespan of test animals, nor should it produce any other signs of toxicity. In general, the fow
dose should not be less than 10% of the high dose.

Intermediate Dose: ~The exact-dose sclected s the mlcrmednatc dose may depend on the
pharmacokinetic propertics of the test substance.

* Schwotz (1983)17

b Schwetz (1983)"
¢ McConnell (1989)*
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vCé Caféinogcniciiy Studics with Rodents ‘Continied

metabolic profiles of the test substance administcred at high and low doses, an optional
(fourthy dose level may be included in the study. This dose level should be the highest dose
that produces a pharmacokinetic or metabolic profile similar to profiles obtained at lower
doscs. The number of test animals in the optional group should be selected 1o provide
approximately the same sensitivity for the detection of the carcinogenic effects of the test
substance as the high-dose group provides,

Obscrvations and Clinical Tests

Body weight should be recorded weekly for all test animals throughout the study. Food

consumption (or water consumption i the test substance is administered in the drinking water)
should be measured every week during the carcinogenicity study; petitioners also should attempt to
quantify spillage of food by test animals, Petitioners should use this information to calculate intake
of the test substance {or cach week of the carcinogenicity study,

Clinical Testing

Hematology: Erythrocyte counis and total and differential leukocyte counts for all test animals
should be made before dosing, at.3, 6, 12 and 18 months during the study, and immediately
prior to terminal necropsy. :

Clinical Chemistry: Clinical chemistry tests should be performed on at least 10 animals per
sex in cach group before dosing, at 3, 6, 12, and 18 months during the study, and at the end of
the study,

Urinalyses: Microscopic analysis of urine sediment and determination of specific gravity of
urine samples ar¢ recommended before dosing, at 3, 6, 12, and 18 months during the study,
and at the end of the study. These tests should be performed on at least 10 animals of cach
sex in each group of the study.

Necropsy and Histopathology Examination

Sce Chapter IV B 1 e for appropriatc tissues and organs.

115

cg6l vsbes




Draft

vcCao. Combined Chronic Toxicity/Carcinogenicity Studies with Rodents }

Carcinogenicity studies (bioassays) in two rodent species (usually rats and mice) are
recommended for substances in Concern 1evel 11I (see Chapter IV C 6). One of the carcinogenicity

studies (preferably in rats) should be combined with a chronic rodent toxicity study into a single,
effcctive long-term study. Guidclines for the combined study are described in this chapter.

The Agency acknowledges that it is sometimes difficult to set appropriate dose levels for a
combincd chronic toxicity/carcinogenicity study with rodents. However, when pre-chronic studies
permit reasonable estimates of toxicity in tonger-term studies, the combined approach is
recommended,

Unless specific cxeeptions are noted below, general recommendations for toxicity studics (sec
Chapter IV B 1) and for reporting the results of toxicity studies (see Chapter IV B 2) apply to
combined chronic toxicity/carcinogenicity studies with rodents.

a Experimental Animals

L Age

In carcinogenicity studies without in urero exposure, dosing of rodents should begin as soon as
possible aficr weaning and acclimation, and before they are 6 weeks old, In carcinogenicity studics
with in utero exposure, dosing of rodents should begin at weaning.

In selecting rodent specics and strains for combined chronic toxicity and carcinogenicity
studies, it is important to consider the 1est animals’ general sensitivity to carcinogenic chemicals and
the responsiveness of particular organs and tissues of test animals to carcinogenic stimuli.
Preference should generally be given to species and strains with low incidences of spontancous
tumors.

At this time, there is no scientific basis for selecting among inbred, out-bred or hybrid rodent
strains for carcinogenicity studics. Instcad, the important consideration is that test animals come
from well-characterized and healthy colonies. A thorough understanding of the normal patterns of
tumor development (background tumor incidence) throughout the lifespan of untreated 1est animals
(historical and concurrent controls) is ctitical to the evatuation of the results of combined chronic
toxicity and carcinogenicity studics in rodents, It should be noted that straing that are not inbred
often have unprediclable background tumor incidences. Because recent information suggests there is
decreased survivability for some strains of rats (see Chapter IV C € 8), test animals should be
selected that are likely to achieve the recommended duration of this study.

Rats gencrally are used for combined chronic toxicity and carcinogenicity studies; however,
other 1odent species may be used. If possible, the strain selected for this study should be susceptible
to the carcinogenic or toxic effects of the class of substances 1o which the test compound belongs,
unless the background tumor incidence in that strain is so high that a meaningful assessment of the
effects of the test substance could not be made.
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IVC7?  Combined Chronic Toxicity/Carcinogenicity Studies
with Rodents Continued

fi.  Number and Sex

Ideally experimental and control groups should have a sufficient number of animals at the
beginning of the experiment 10 ensure that at least 25 rodents per sex per group survive to the end
of the study. [Additional information on the subject of survivorship is contained in Chapter IV C 6
a]

Satellite groups of test animals should be used to cvaluate the chronic toxicity of the test
substance; satellite experimental and control groups should consist of at least 10 rodents per sex.

If interim necropsics (other than those involving satellite animals) are planned, the total
number of rodents of each sex per group should be increased by the number scheduled to be killed
before completion of the study; at lcast 10 rodents per sex per group should be available for interim
RECrOpSy.

b, Administration of the Test Substance

i Duration of Testing

Animals should be exposed to the test substance 7 days per week for 104 consecutive wecks
(two years)., 1f an in utero phase is added to this study, duration of dosing should be 104 consecutive
weeks (two years) post-weaning.

Satellite groups of test and control animals used to assess the chronic toxicity of the test
substance should be retained in the study for at Icast 12 months (one year).

ii.  Dosed Groups

Information from subchronic toxicity studics should be used to identify dose levels of the test
substance for combined chronic toxicity and carcinogenicity studies. At least three dose levels should
be used (one dose level per group). No dose used in these studies should cause an incidence of
fatalitics high enough to prevent meaningful evaluation of the data from the studies.

a) Assessment of the Carcinogenicity of the Test Substance:

High Dose: The high dose should be the maximum tolerated dose (MTD). [Additional
information on the selection of the MTD is discussed in Chapter TV C 6 b.

Low Dose: - The low.dose Ievel.shonld not interfere. with normal growth, development, and
lifespan of test animals, nor should it produce any other signs of toxicity. In general, the low
dose should not be less than 10% of the high dose.

Intermediate Dose: The intermediate dose level should be between the high and low doses of
the test substance. The exact dose chosen as the intermediate dose may depend on the
pharmacokinctic ‘propertics of the test substance,

17
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wceC? Combined Chronic Toxicity/Carcinogenicity Studies
with Rodents Continued

Optional Fourth Dose: 1f significant differences exist in the pharmacokinetic or metabolic
profiles of the test sybstance administered at high and Jow doses, an optional (fourth) dose
level may be included in the study. This dose level should be lhc highest dose that produces a
pharmacokinetic or metabolic profile similar to profiles obtained at low doses. The number of
test animals in the optional group should be sclected to provide approximately the same

sensitivity for the detection of carcinogenic effects as the high-dose group provides,

groups are included in the study to assess the chronic toxicity of the test substance. The
highest dose for satcllitc animals should produce toxicity so that a toxicological profile of the
test substance can be obtained. The lowest dose level for satellite animals should not cause
any toxicity.

b) Assessment_of the Chronic Toxicity of the Test Substance: Satellite control and dosed

[ Observations and Clinical Tests

i Obscrvations of Test Animals

Body weight should be recorded weekly for all test animals throughout the study. Food
consumption (or water consumption if the test substance is administered in the drinking water)
should be measured every woek during the combined chronlc toxicity/carcinogenicity study;
petitioners also should attempt to quantify spillage of food by test animals. Petitioners should use
this information to calculate intake of the test substance for each week of the combined study.

Hematology: Erythrocyte counts and total and differential leukocyte counts for all test animals
in the principal experimental and control groups should be made before dosing, at 3, 6, 12,
and 18 months during the study, and immediately prior to terminal necropsy.

Hematology tests also should be conducted on all rodents in the satellite groups of
experimental and control animals. Hematology samples should be takén before dosing, at 3-month
intervals during the study, and immediately before interim necropsy.

Clinical Chemistry: Clinical chemistry tests should be performed on at Icast 10 animals per
sex in each principal experimental and control group before dosing, at 3, 6, 12, and 18 months
during the study, and at the end of the study.

. - Clinical chemistry tests also should be-conducted.or all rodents in the satcllite groups of
cxpcnmcmal and control animals. Blood samples should be taken before dosing, at 3-month
intervals during the study, and immediatcly before interim necropsy.

Urinalyses: ‘Microscopic analysis of urine sediment and determination of specific gravity of
urine samples are recommended before dosing, at 3, 6,9, 12, and 18 months during the study,
and at the end of the study, These tests should be performed on at least. 10 animals of cach
scx in cach principal experimental and control group in the study.
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IVC7  Combined Chronic Toxicity/Carcinogenicity Studies
with Rodents Continued

Urinalyses should also be conducied on all rodents in the satellite groups of experimental and
control animals. Urine samples should be collected before dosing, at 3-month intervals during the
study, and immediately before interim necropsy.

thal ) gt

d.  Necropsy and Ilistop gy F

Sce Chapter IV B 1 e for appropriate tissues and organs.
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IV C8  In Utere Exposurc Phase for Addition to Carcinogenicity Study with
Rodents

An in utero exposure phase should be added to one of two recommended carcinogenicity
studies with rodents (sec Chapters IV C 6 and 7). In general, the in utero phase should be added to
the carcinogenicity bioassay with rais, because the rat is the recommended species for reproduction
studics (scc Chapter 1V C 9) and the Agency has a Jarger database on carcinogenicity bioassays with
in utero exposure jn rats than in mice. The Agency recommends including an in utero exposure
phase in carcinogenicity bioassays for direct food additives and color additives used in food because
human fetuscs will gencrally be exposed (o these additives during in urero development,

A, Experimental Animals

i Species and Strain Selection

This guideline is for use with the rat or mouse; if other species are used, modifications of this
guideline will be necessary. Strains selected should not have low fecundity and should be sensitive 10
teratogens and cmbryotoxins.

i Age

All test and control parental animals should be weaned and acclimated before treatment
begins.

ifi.  Number

The number of animals per sex recommended in the guideline to which the in utero phase is
10 be added should serve as & guide for determining the number of animals/group for mating. One
male and one female per litter is preferred; no more than two males and two females per litter
should be included in any group. For example, if the petitioner decides that cach group in the
combined chronic toxicity/carcinogenicity bioassay should contain 70 animals per sex, at Jeast 70
litters/group should be produced in the in utero phase. Thus, for this example the number of
parental animals per sex for the in utero phase should be sufficient 1o ensure at least 70 litters per

group.

iv.  Caging and Animal Maintenance

Animals should be single-caged for this phase, except during mating and lactation. Food and
water should be prmndw ad libilum. The animals® dict should meet all nutritional requircments to
supporl pregnancy in the test specics. Special attention should be paid to diet composition when
the test material jtsell i5 & nutricnt, becadse such matérial may have 10 be incorporated into the diet
at levels which may interfere with normal nutrition. Under these circumstances, an additional
control group fed basal diel may be necessary.
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IVCS8  In Utero Exposure Phase for Addition to ACarcinogcnicity Study
with Rodents Continved

b, Dose Selection, Treatment Peried, and Method of Dosing

i Duration of Treatment

The parental animals (P) should receive the test substance for a minimum of four weeks prior
to mating. Exposure should be continued throughout pre-mating, mating, gestation, and lactation
until weaning of the I animals,

ii.  Route of Administrat

The test compound or vehicle should be administered using the route which most closely
approximates the patters of hunian exposure (diet or drinking water). Oral intubation (gavage) may
be appropriate in instances where human exposure is via a bolus dose or when it is essential for the
animal o receive a specificd amount of the test compound. The use of gavage may also be required
when analysis of the agent in the diet is not possible, when the agent is not stable in the diet, or
when the agent is not palatable. The maximum volume of solution that can be given by gavage In
one dose depends on the test animal's size; for rodents, this should not exceed 1 mI/100 g body
weight, If the test substance must be given in divided doses, all doses should be administered within
a 6-hour period.

iii.  Selection of Dose Levels

In general, the doses selected should be those that are recommended in the guideline to which
the in utero phase has been added. However, as a result of maternal-or fetal toxicity, it may be
necessary to use lower doses during the in utero phase of chronic feeding studies in order to produce
sufficicnt offspring for the post-weaning phase. Data justifying this protocol modification should be
provided; it is strongly rccommended that selections of doses for in utero phases of chronic feeding
studies be based on the results of pilot studies. Results from metabolism and pharmacokinetic
studics should also provide guidance in selecting an appropriate dosage regimen.

iv.  Mating Procedures

For cach mating, one or two females should be placed with one male, The following morning,
cach female should be examined for the presence of sperm in the vaginal lavage or the presence of g
sperm plug, The day when sperm are found is considered day 0 of gestauon Sibling matings should
be avoided.

v.  Standardizing the Number of Pups per Litter

Standardization of the number of pups per litter through culling is optional. Litters may be
standardized lo 10 or 8 based on historical litter size for the strain. It is recommended that
standardization be performed on postnatal day 4 by reducing all litters of more than 10 (or 8) to 10
(or 8) in a random manner. If possible, the retained litter-mates should consist of equal numbers of
males and females; excess males or females should be randomly selected out. Random selection is
important to guard against the human tendency 10 keep the most fit animals in the study.
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IVC8  In Utera Exposure Phase for Addition to Carcinogenicity Study
with Rodents Continued '

vi.  Sclection_of Fi Animals

Onc animal per sex per litter should be randomly selected.

[ Clinical Observations

i, Pareatal Animals

Parental animals should be obscerved carcfully at least twice daily, Relevant behavior changes
and all signs of toxicity, including mortality, should be recorded. Dams should be weighed
immediately before the first dose of the test compound is administered, and weekly during gestation

and lactation,

Optimally, animals should be weighed daily if the test compound is administered by gavage.
Weekly measurements of foed consumption should be made.

ii.  FiAnimals

These animals should be observed carefully at least twice daily. Obscrvations of general
appearance and the presence of dead pups should be recorded, Pups should be counted on days 0
(birth), 4, 7, 14, and 21 of lactation. -Pups should be weighed as a litter on days 0 (birth), 4 (before
and aftcr culling, if appropriate), 7, and 14, but should be weighed individually on day 21, Number
of pups per sex should be recorded on days 4 (before and afier culiing, if appropriate), 7, and 14;
the sex of individual pups should be recorded on day 21,

d.  Other Recommendations

i Termination of P and Fy Animals not Sclected for the Post-Weaning Phase

These animals should be killed afier weaning of the Fy animals. - If toxic signs or teproductive
1oxicity are obscrved, these animals should be subject 10 a complete gross necropsy.

ii.  Data Reporting

Litter mates should be identificd. Other data should be recorded as described for the toxicity
test guideline used for the post-weaning phase (see Chapter IV C 9).
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wCo. Reproduction and Developmental Toxicity Studies

The following guidelines for reproduction and developmental toxicity studics are presented in
two parts, the first dealing with reproduction studies and the second with developmental toxicity
(1eratogenicity) swdies. Reproduction studies evatuate adverse effects of agents on the reproductive
systems of both males and females as well as the postnatal maturation and reproductive capacity of
offspring. In addition, the cumulative cffects of the test substance through two or three generations
may be cvaluated.

Developmental toxicity studies evaluate the effects of test compounds on a developing
organism that fesult from exposure of either parent prior to conception, during prenatal
development, or postnatally. The adverse cffects are expressed as one or more end points that may
be used 10 evaluate the toxic potential of an agent. The four major manifestations of an effect on
the developing organism are: death, structural anomaly, altered or retarded growth, and functional
deficiency. For many compounds, these manifestations are related to dosage, While high doses
produce death, low doses that permit survival may produce malformed, retarded, or functionally
dcficient offspring.

a.  Guideline for Reproduction Studies

This guidcline for reproduction studics is for use with substances given orally to rodents, It is
designed to provide information concerning the effects of a test substance on gonadal function,
cstrous cycles, mating behavior, conception, parturition, neonatal morbidity, mortality, lactation,
weaning, and the growth and development of the offspring. The end points evaluated and the
indices calculated must provide sufficicnt information and statistical power to permit the Agency to
determine whether the chemical is associated with changes in rcproducuon and fertility. Additional
information is found in the referenced material®

Two generations, with one litler per gencration, are recommended as the minimum
reproduction study (scc Figure 5). 1f results of developmental and other toxicity tests indicate that a
1¢st compound may be associated with developmental toxicity, the minimum reproduction study
should be expanded, This guideline contains optional procedures for inclusion of additional litters
per generation, additional generations, 2 xcst for teratogenic cffects, and reproductive assessment by
continvous breeding.

Unlcss specific exclusions are noted below, general recommendations for toxicity studics (sce
Chapter TV R 1) apply to reproduction studies. Recommendations that are unique to, or are
particularly important for, reproduction studics are listed below.

i. Experimental Animals:

Species and Strain Selection: Consideration should be given to the use of the most sensitive
species based on the fact that, for the majority of known developmental toxicants, humans are
as sensitive or more so than the most sensitive animal species. Because of the length of time
and concomitant cxpense of multi-gencration studics, the species selected for a reproduction

study should be one that will yield the greatest amount of information per unit cost.

* Collins (1978),' Francis and Kimmell (1988);2 EPA (1988 ab)>* EPA (1991)°
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2.Generation Reproduction and Teratology Study

HM;W:m;arenta;v;;E;;ls "

Fh
I

A

Wean
gelect the F, Parental Aniwals

L

v v
Fa Fa
I |
v ) Y
Wean tUse for Optional

Teratolegy Sstudy

124

te6L vS¥es




I_)ran

AI'V c9 iiqirodﬁction and l)circlopm'cnial Toxi_ciiy'Stu‘dics Continucd

Rodents, such as rats and mice, are usually selected for use in multi-generation studies because
they are relatively small animals, gestation time is approximately three weeks, fertility rate is high,
ovulation is spontancous, litiers are large enough to allow for inter- and intra-litter comparisons, and
the animals are relatively easy to maintain under laboratory conditions, Strains with low fecundity
should not be used.

Pedigrees for animals used in reproductive studies should be obtained from the supplicr;
parents (P or Fy) of the first generation animals should not be litter mates,

Number, Sex, and Age: Al test and control animals should be weaned and acclimated to the
study conditions before treatment begins, Each test and control group of animals should start
with a number of animals sufficient 1o contain at least 20 males and 20 preghant females near
term. In order to achicve this number, it is usually necessary to start with 30 animals per sex
per group in the first parental group (P or F,) and 25 animals per sex per group in the
parents (Fy) of the second generation. If a third generation is to be included in the siudy,
there should be 25 animals per sex per group in the parents (Fy) of the third generation.

ii.  Dose Selection, Treatment Period, and Method of Dosing:

Dose Sclection:  Several doses of the test compound should be used to facilitate the

scparation of dose-related responses from experimental variation. A minimum of three dose
levels should be tested: a high dose, a low dose, and an intermediate dose. The high dose
should producc some maternal toxicity (such as reduced body weight or weight gain) but no
more than 10% maternal mortality. The lowest dose should not induce observable advetse
maternal cffects. The low dose may be a dose to which humans are expected to be exposed or
a dose that gives measurable tissue levels but no measurable toxicity, Because the effects often
vary lincarly when plotted against the logarithm of the dose, the intermediate dose(s) should
be evenly spaced, on a logarithmic scale, between the high and low doses.

Duration_of Testing:  Animals should be cxposed to the test substance during the entire study.
Exposure to the agent typically begins when the rats are 5 1o 8 weeks of age.  Generally, the
first parental females (P or Fy) are exposed during two estrous cycles (two weeks before
mating), through mating and pregnancy, 10 the weaning of the Fy, litter. Males of the first
parental group should be dosed for at least one complete spermatogenic cycle (8-11 weeks)
before mating and throughout the mating period, in order to detect adverse effects on
spermatogenesis by the test substance. Litters (usually Fy, and Fy,) should be exposed from
the prenatal period throughout their entire postnatal fives. If a third generation is planned,
these litters also should be exposed from the prenatal period throughout their entire lives.

Route of Administration: The test substance may be administered to rodents in the diet, by
stomach tube (gavage), or in drinking water; the same method of administration should be
used for all test animals throughout the study.

dose group until pregnancy occurs or three weeks have elapsed.  Each morning, all females
should be examined for the presence of sperm in the vaginal lavage or the presence of a
vaginal plug; the day when semen is confirmed is considered day 0 of gestation. Near
parturition, pregnant females should be caged separately in delivery or maternity cages and
may be provided with nesting materials.
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IVCY9  Reproduction and Developmental Toxicity Studies Continued

For mating F, animals, 2 maximum of 2 males and 2 females are selected from each litter,
‘Ihe animals should be selected by randony procedures or on the basis of the mean litter weight for
cach sex. Each Fy female is mated with one Fy male from the same dos¢ group until pregnancy
occurs or 3 weeks have elapsed. Sibling matings should be avoided. F, males and females not
sclected for mating should be sacrificed upon weaning.

I there is any indication that the test compound may be a reproductive toxicant in males,
provisions for cross-mating treated males with untreated females should be made before the study
begins. ‘

Standardizing the Number of Pups per Litter:  Standardization of the number of pups per
litter through culling is optional. Litters may be standardized to 10 or 8 based on historical
litter sizc for the strain. It is rec ded that standardization be performed on postnatal
day 4 by reducing all litters of more than 10 (or 8) to 10 (or 8) in a random manner, If
possible, the retained litter-mates should consist of equal numbers of males and females; excess
males or females should be randomly sclected out. Random selection is important to guard
against the human tendency 10 keep the most fit animals in the study,

Control Group(s): A concurrent control group is tequired. Control animals should be
housed, fed, and handied the same as dosed animals and should be caged to preclude airborne
or other o {nation by the test sub €

For dictary studies, the control group should be fed the basal dict. When a carrier vehicle for
the test substance is used, the vehicle should be given to control rats at a volume equal to the
maximum amount of vehicle given 1o any doscd group. If there is insufficient information on the
toxic and carcinogenic propertics of the vehicle used to administer the test substance, an additional
control group that is not exposéd to the vehicle should be included in the study.

Dosed Groups: Several doscs of the test compound should be used to facilitate the separation
of dose-related responses from cxperimental variation, A minimum of three dose levels should
be tested: a high dose, a low dosc, and an intermediate dose. The high dose should produce
some maternal toxicity (such as reduced body weight or weight gain) but no more than 10%
malernal mortality, The low dose should not induce observable adverse maternal effects. The
low dose may be a dose 10 which humans are expected to be exposed or a dosc that gives
measurable tissue levels but no measurable toxicity. Because the effects often vary lincarly
when plotted against the logarithm of the dose, the intermediate dose(s) should be evenly
spaced, on a logarithmic scale, bewween the high and low doses.

Optional Third Generation: If overt effects of a test substance on ofispring are observed
during the two-gencration reproduction study, the study should be extended to a third
gencration-1o determine cumulative effects of the substance (see Figure 6 below). Selection of
animals for mating and mating procedures for an additional generation should be carried out
in the same manner as for the first generation: Randomly mated animals from Fy, should be
mated to produce the third generation. Fy, animals are weaned and either necropsied or used
for a tonger-term toxicity study. F,, animals are produced in the same manner as I, animals.
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Figlli'é 6

3.Generation Reproduction and Teratology Study
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IVC9  Reproduction and Developmental Toxicity Studies Continued

Optional Teratology Phase: Lither the Fy, or the Fy, litter can be used to determine fetotoxic
effects of the test substance. If & teratology phase is 10 be performed, pregnancy should be
timed by the vaginal smear method. Approximately 24 hours prior to delivery, the dams are
killed and caesarian sections are performed. The uterus is opened and cxamined for the
presence of carly and late deaths; corpora lutea are counted. The live fetuses are removed,
weighed, sexed, and examined for gross malformations. Te dlsocover visceral abnormalitics, half
of the fetuses should be freshly dissccted® or should be preserved in Bouin’s solution and
sectioned by the Wilson technique® The remaining half of the fetuses should be stained for

the detection of skeletal anomalics.

Optional Reproductive Asscssment by Continuous Breeding: A test of fertility and total
reproductive capacity that may be recommended in certain situations is that of feriility
assessment by continuous breeding (see Figure 7 below). In this procedure, one male and one
female per cage are housed as breeding pairs after one week of exposure 10 the test
compound, The test compound is administered throughout the duration of the study, as it is
in the multi-gencration test. ‘The offspring are removed from the cage when delivery has been
completed, and the females can be re-Impregnated immediately. Breeding continues for 14
weeks, after which time the pairs arc separated for up to 3 weeks, and pregnant females are
allowed to deliver their final litter. The offspring from the last litter are generally kept and
bred once for evaluation of the sccond generation. The first Jitter of each mating pair also
may be saved to ensure that a sufficient number of animals exist to perform follow-up tests in
casc fertility decreases in the parental animals. In that case, cross-over mating may be
performed where treated animals are mated with untreated control animals in order to
determine the affected sex. Treatment is discontinved during the cross-over mating period and
resumed 7-days later. Parental animals are necropsied if an effect on that sex is observed.
Continuous breeding permits the evalation of approximately five litters per pair, If the
compound affects only the early stages of spermatogenesis, toxic effects will be observed only
in the Tast litters of the continuous breeding protocol, because the earliest matings of the
males take place with sperm that have not been exposed to- the test compound throughout all
stapes of spermatogenesis.  Additional information is found in the referenced material.s

fii.  Clinical Qbservations and Histopathology Examination

be selected 10 permit detection of the onset and progression of all toxic and pharmacologic
cffects of the test substance and to minimize the loss of animals and organsftissues 10 the
study because of management problems.

Individual records should be maintained for cach animal. Toxicological and pharmacological

symptoms and signs, including behavioral abnormalities, should be recorded daily; records should
include the time of onset, duration, and intensity of symptoms and signs.

* Staples (1977),¢ Barrow and Taylor (1969)
® Wilson (1965)8
< Lamb (1989); Reel et al. (1985)"
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Figure 7

Continuous Breeding Protocol
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Dams should be weighed imincdiately before the test compound is administered for the first
time, weekly until necropsy, and at necropsy; food and water consumption also should be recorded.
For animals In the F, and F; generations selected for mating, the following determinations should be
made at appropria!c intervals: White blood cell counts, differential white blood cell counts, and
levels of protein, albumin and globulin in scrum; evaluations of these parameters are discussed in
the scction on immunotoxicity testing, (see Chapter V D).

Any dam showing signs of imminent abortion or premature delivery should be necropsied on
the day such signs arc obscrved. Pregnant females in test and control groups should be allowed to

litter normally.

The duration of gestation should be calculated from day 0 of pregnancy. Each litter should be
cxamined as s00n as possible after delivery for the number of pups, stilibirths, live births, and the
presence of gross anomalics. Dead pups should be preserved and studied for possible defects and
causc of death. The nconates should be carefully observed, sexed, and weighed on postnatal days 0
(the day of birth) and 4, and weekly thereafter (postnatal days 7, 14, 21, etc.).

Resuits from tests that are included in the list of primary indicators of immune toxicity (see
Chapter V D) should also be evaluated as an i stoxicity screen.

for lcsung oompounds for pownllal neurotoxic effects. A neurolmdcity sereening banery of
1¢5ts, appropriate to the age of the test animals, should be conducted to detect nevrological
disorders, behavioral changes, aulonomic dysfunctions and other signs of nervous system
toxicity (s¢¢ Chsp!cr V ©). Testing should be applied both to the dams and to the developing
offspring (pre- and post lings) and conducted at ive intervals throughout the
duration of the study. For the nconates, the screen could include recording of physical
landmarks of development (such as the appearance of fur, ¢yc opening, genital development J
and incisor eruption) and functional measures of development (such as development of the
righting reflex, the starle response and motility). Al daily observations and all data derived
from the neurotoxicity screcning battery of 1ests, including positive and negative findings,
should be recorded, analyzed using appropriate statistical procedures, and reporicd.

Gross Mecropsy and Microscqugj:}@miﬂ@li_ég: All test animals should be subjected to
complete gross necropsy, including examination- of external surfaces, orifices, cranial cavity,
carcass, and all organs. The gross necropsy should be performed by, or under the direct
supervision of, a qualified pathologist. Ideally, the pathologist who performs or supervises the
gross necropsy should preferably perform the histopathological examination.

At necropsy, the uterus should be examined' for the presence of implantation sites and
resorptions.  Reproductive organs, lymphoid tissuc-and organs (bone marrow, representative lymph
nodes, Peyer's patches, splecn, stomach, and thymus) brain, peripheral nerve tissue, and target organs
from al) animals in a reproduction study should be preserved for future histopathological analysis.
Microscopic examination should be made of all organs and tissués that show gross pathological

changes.

Brain (at fcast three different levels), epididymides, ovaries, peripheral nerve, pituitary,
prostate, seminal vesicles, spinal cord (at least two diffcrent locations), testes, uterus and vagina
should be preserved for all dose levels. Histopathology should be performed on animals in all dose
groups and for P and F, animals sclected for mating, Histopathology on lymphoid organs and
tissucs should be performed for F, and F, animals selecied for mating, as described in the section on
immunotoxicity testing (sce Chapter V 1)), Dead or moribund pups should be cxamined for defects.
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Results from necropsy examination and histopathology evaluation that are included in the list
of primary indicators of immune toxicity (sce Chapter V D) should also be evaluated as an
immunotoxicity screen,

iv.  Endpoints of Reproductive Toxicity

Because the maternal animal and not the developing organism is the individual treated during
gestation, data gencrally should be calculated as incidence per litter or as number and percent of
litters with particular end points. End points of reproductive toxicity are usually expressed as indices
that encompass the animals’ responses to the test compound from conception 10 weaning, The
following indices should be calculated for each reproduction study: the female fertility index, two
gestation indices, the weaning index or the lactation index, the sex ratio, and viability and growth
indices at days 4, 7, 14, and 21 following birth. Supplemental end points of male reproductive
toxicity may also be assessed if there is evidence of male-mediated effects on developing offspring.

Female Fertility Index: The fomale fertility index represents the percent of matings that result
in pregnancies. It is calculated as follows: [number of pregnancies/number of matings) X 100.
This index reflects the total number of dams that have achieved pregnancy, including those
that deliver at term, abort, or have fully resorbed litters, An accurate determination of the
index tequires a careful evalvation of the uterus at necropsy for the presence of implantation
sites and resorptions. In a reproduction study with two litters per generation, calculations of
this Index should be performed only for the second litter, This index depends on male libido
and fertility, Fach female may be mated with up to two males; if a question arises about the
fertility of the first male, a sccond male should be mated with the female.

Gestation Index: The gestation index cvaluates the efficiency of pregnancy resulting in at least
one live offspring. In this index, livters with only one live offspring are counted the same as
those with more than one live offspring. The index is calculated as follows: [number of litters
with live pups/number of pregnancies] X 100. A related index, the live-born index, [number of
pups born alivefotal number of pups born] X 100, is a measure of the total number of
offspring lost, regardless of litter,

Weaning Index: The weaning index represents the ability of pups to survive from day 4 to day
21. Tt is calculated as follows: [number of pups alive at day 21/number of pups alive and kept
on day 4] X 100. This index corrects for the reduction of pups on day 4. If the pups are not
reduced, a related index, the lactation index, is calculated: {number of pups alive on day
21/number of pups alive on day 4] X 100. Regardiess of the ctiology, a decrease in the
weaning index is considered to be indicative of adverse reproductive effects.

Sex Ratio: Determining the sex of pups at birth and verifying thelr sex at cach weighing
permits the relative fitness of cach sex 10 be calculated as the offspring mature. The sex ratio
is g particularly important paramcter when one sex is expected to be affected by the test
substance more than the other sex. This parameter is usually calculated as follows: [number of
males/number of females). The calculation [number of females or malesfotal number of
animals] x 100 yields the percentage of total animals that are male or female.
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3 ty_Indices: The viability indices are measures of the offsprings’ ability 1o survive during
specific intervals of their lives, from birth (day 0) o day 4, day 4 10 day 7, day 7 to day 14,

and day 14 to day 21. For example, the day-7 viability index is calculated as follows: {number
of pups alive on day 7/number of pups alive and kept on day 4] x 100. The pups’ ability to
survive is important in reproduction studies because it may reflect the adequacy of postnatal
nourishment, maternal neglect, and postnatal absorption of a toxic substance that is cxcreted
in the mothers’ milk. Regardless of eliology, decreases in viability indices are considered to be
indicative of adverse reproductive effects.

Growth Indices: Growth indices are measures of the general physiological status of the pups.
They are calculated for postnatal days 4, 7, 14, and 21 as follows (illustrated for postnatal day
7): [average weight of males or females in a test or control group on day 7/average weight of
same animals on day 4] X 100. * Growth indices can be cormpared with viability indices for the
same postnatal time: If pups cxposed 10 a test compound show high survival at weaning but

have a deceeased averape weanling weight, that may indicate lmpaxrment of nutrition or
metabolism by the test compound.

provndc cvndcnoc ofa polcnual for ncurotoxicity, it may be recommended that more
quantitative evaluation of the functional integrity of the developing nervous system be carried
out. Such an evaluation may include, for example, quantitative measures of motor activity,
sensorimotor reactivity, and cognitive function and a neuro-histochemical examination of in situ
fixed nervous system tissue.

Maternal Toxicity: Sec the discussion of matérnal toxicity and its significance in Chapter TV C
9b 2

Reproductive Endpoints for Malcs: Sperm evaluations may be recommended when reduced
fertility rate or other Information suggest that the test substance may be a reproductive
toxicant in males. A sperm evaluation should include measures of sperm count, sperm
motility, and sperm morphotogy.

Sperm counts from test species may be derived from ¢jaculated, epididymal, or testicular
samples, Efaculated sperm counts arc influenced by several variables, including Iength of abstinence
and the ability to obtain the entire ejaculate. If a pre-exposure baseline can be obtained for each
male, then changes during exposure can be better defined, Epididymal sperm evaluations usvally use
sperm from the cauda portion of the cpididymis. If sperm count is expressed on the basis of the
weight of the cauda epididymis, absolute sperm count should also be reported in order to provide
clarification of declines in sperm number. This is necessary because sperm contribute to the weight
of the cauda, Sperm production may also be determined by enumerating ¢longated speriatid nuelei
following homogenization of testes in a detergent-containing medium.

Sperm motility can be useful in identilying the changes that have occurred in the biochemical
environment in the testes and epididymis. Motility estimates may be obtained on cjaculated, vas
deferens, or cauda cpididymal samplcs. Motility is influenced by many variables, including
abstinence, the elapsed time between obtaining the sample and ¢valuation of motility, and the
medium used 1o ditute the sample. Historical measures of motility have been obtained by using
subjective, microscopic techniques. Recently introduced automated image-analysis techniques are
more objective, provide a permancnt reeord, and allow additional data to be obtained, such as
swimming speed and swimming patierns,
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Sperm morphology refers 10 (he structural aspects of sperm. In most studies on test animals,
only the head shape has been evalvated, but additional information may be gained from an
cvaluation of midpicce and tail morphology. The traditional approach to characterizing morphology
has relied on subjective catcgorization of sperm shape from examination of stained slides. Individual
sperm morphology profiles are stable over time. An increase in abnormal sperin morphology should
be considered supportive evidence that the test compound has gained access to the germ cells,

v Reporting the Results of Reproduction Studies

Reports of all reproduction studics should contain, in addition to the information required by
the Good Laboratory Practice Regulations (se¢ Chapter IV B 1 a), absolute values for all
paramcters, complete data (individual pups) and tables of data summarized and analyzed by litter.
All major indices, discussed in the previous section, should be calculated, The dosage rate of test
substance (doses) should be reported as mg/kg/day (milligrams of test substance per kilogram of
body weight per day).

Problems commonly encountered in the review of multi-generation reproduction studies and
developmental toxicity studies, include: Insufficient numbers of pregnant animals per coatrol or
trcatment group, non-random selection procedures, and statistical analyses of data on a per-feius
basis instead of a per-litter basis, Careful consideration of recommended guidelines and the
submission of protocols for review by the Agency prior to conducting the studies would help
climinate such problems. '

In addition to the various indices in reproduction studies, data should also be examined as
average number surviving to a given time period, such as average number surviving to day 4 or
average number weaned. This analysis considers the total effect of the compound at all stages to
that point and is a more sensitive indicator than each index separately.

b.  Guideline for Devel tal Toxicity Studi

Ly

The purpose of developmental toxicity studies is to provide data that can help determine if a
test substance is embryotoxic or teratogenic. Treatment must begin early enough in gestation and
continue long enough to include the major portion of organogenesis for the species used. This
guideline may be used with substances given orally to the rat, mouse, hamster, and rabbit,

A developmental toxicity study may be combined with a multi-generation reproduction study,
or it may be performed as a separalc study. When combined with a reproduction study, the
teratology assessment js usually performed on the last litter of the last gencration, o as to maximize
cxposure to the test agent. If the test substance is believed to have the capacity to alter the rate of
its own metabolism through production of metabolizing enzymes or as a result of damage incurred
by the liver, then consideration should be given 10 evaluating the teratogenic potential of the
compound using & separate study. If the results of a developmental toxicity study are positive, a
second species may be tested in order to determine if the toxic effects of the test substance are
limited 1o one species.  Additional information is found in the referenced material.*

Unless specific exclusions are noted below, general recommendations for toxicity studies (see
Chapter TV B 1) apply to devclopmental toxicity studies. Recommendations that are unique 1o, or
are particularly important for, teratogenicity studics are listed below,

+ BPA (1985)!
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i Experimental Animals

Species and Strain Selection: When pharmacokinctic and metabolic data or other information
sugpest the most appropriate specics for developmental toxicity testing, that specles should be
used. In the absence of such data, the most sensitive species should be used, based on the fact
that for the majority of known human develop t toxicants, h arc as sensitive or
more so than the most sensitive animal species. Commonly used species are the 1at, mouse,
hamster, and rabbit; preferred species are the rat and rabbit. Strains selected should not have
low fecundity and should be sensitive to teratogens and embryotoxins,

Animals should be single-caged for this test, except during mating, Food and water should be
provided ad libitum. The animals’ dict should meet all nutritional requirements to support
pregnancy in the test species. Special attention should be paid to diet composition when the test
material itself is a nutrient, because such material may have to be incorporated into the diet at
levels which may interfere with normal nutcition. Under these circumstances, an additional control
group fed basal diel may be necessary.

Animals should be assigned 1o test and control groups in & stratified random manner to
minimize inter-group weight differences and assure statistical comparability of relevant variables.

Number, Sex, and Age: All test and control animals should be young, mature, pregnant
females of uniform age and size.

A sufficicnt number of females should be used so that each test and control group consists of
al Icast 20 pregnant rats, mice, O hamsters, or 12 pregnant rabbits, at or near term. These arc the
minimum numbers of pregnant animals for developmental toxicity testing. The objective is to insure
that cnough litters are produced to permit effective evaluation of the teratogenic potetial of the
test compound.

ii.  Dosc Selection, Treatment Period, and Method of Dosing

Duration of Testing: The test substance should be administered daily throughout the
treatment period. The minimum treatment period recomniended for developmental toxicity
studies includes the period of organogenesis of the species used. In rats and mice, this period
includes days 6 through 15 of gestation; in hamsters, days 4 through 14; and in rabbits, days 7
through 18. Day 0 of pestation is considered as the day of finding & positive indication of
mating. Altcrnatively, treatment may be extended 10 include the entire period of gestation,
from fertilization 10 approximatcly one day before term. )

1f the developmental toxicity test is being conducted as part of a miulti-generation reproduction
study, the animals arc dosed from before conception until they are necropsied.

Route of Administration: The test compound or vehicle should be administered using the

route which most closely approximates the patiern of human exposure (dict or drinking water).

Oral intubation (gavage) may be appropriate in instances where human exposure 1S via a bolus
dose or when it is essential for the animal 1o receive a specified amount of the test compound.
The use of gavage may also be required when analysis of the agent in the dict is not possible,
when the agent is not stable in the diet, or when the agent is not palatable, The maximunt
volume of solution that can be given by gavage in onc dose depends on the test animal's size;
for rodents, this should not exceed 1 mi/100 g body weight. If the test substance must be
given in divided doses, all doses should be administered within a 6-hour period.
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The following morning, each female should be examined for the presence of sperm in the
vaginal lavage or the presence of a sperm plup. The day when sperm are found is considered
day 0 of gestation (day O of gestation in rabbits is the day insemination is performed). Sibling
matings should be avoided.

Mating Procedures: For ¢ach mating, one or two females should be placed with one male.

Pitot Study: To select appropriate doses of the test substance, 2 pilot or trial study is

red ded, unless suitable information is available from other studies. It is not always
neeessary o carry out a trial study In pregnant animals. Comparison of the results from &
trial study in non-pregnant animals and a main study in pregnant animals will cstablish
whether the test substance is more toxic in pregnant animals. If & trial study is carried out in
pregnant animals, the dose producing embryonic or fetal lethalities should be determined.

Control and Dosed Groups: Al least three test groups and one control group should be used
in the primary developrental toxicity study. When the test substance is administered in a
vehicle, the vehicle without the test substance should be administered to the control group, If
there are insufficient data on the toxic propertics of the vehicle used in administering the test
substance, a sham control group should also be included. If no vehicle is used, then the
controls should be sham treated. In all other respects, the control must be handled and

maintained in a manner identical to that used with the groups given the test substance,

Unless limited by the physical or chemical nature or biological properties of the substance, the
highest dose should ideally induce some overt maternal toxicity such as a statistically significant
reduction in body weight, and yeu still support reproduction. The highest dose should not cause a
significant reduction in average litter size as compared to untreated controls, should not cause more
than 10 percent maternal deaths, and should not exceed § percent of the diet. The low dose level
should riot induce observable effects attributable to the test substance, The intermediate dose(s)
should be located logarithmically between high and low dose levels, The dosage administered by
pavage should be based on the individual animal’s weekly (preferably, the animal's daily) body
weight. .

Maternal Toxicity and its_Significance: End points which may serve as indicators of maternal
toxicity include mortality, body weight, body weight gain, gestation length, organ weights, food
and water consumption, clinical signs of toxicity, gross necropsy data and histopathology. The
calculation of a corrected mean maternal weight gain (difference in an initiat and terminal
maternal body weight less the pravid uterus weight) may also be used as an index of maternal
toxicity,

A varicty of agents are known to have a sclective toxic effect on the male, the female or on
the offspring, while other chemicals exhibit a non-specific effect. ' When mother and offspring are
adversely affected by a given agent, it can be very difficult 10 determine if the developmental toxicity
is mediated by maternal toxicity or occurs independently of it. The sensitivity of the maternal
system can vary significantly from that of the fetus due to differences in metabolism, distribution and
climination of agents.

At the same time, the response of the fetus can differ markedly from that of the mother, due
to the sensitive developmental processes taking place in the offspring that have no counterpart in
the adult.

Developmental effects in the absence of maternat toxicity are commonly regarded as the most
serious manifestation of toxicity, duc to the apparent increased sensitivity of the developing
organism, as compared with the adull, When developmental effects are found in the presence of
maternal toxicity, the primary cause of the cffect is often left open to question. However, since
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there is insufficicnt evidence to suggest that developmental toxicity is always a secondary toxic effect
in the presence of maternal toxicity, 8 default assumplion must be employed. It is assumed that
developmental effects which occur in the presence of minimal maternal toxicity are considered to be
evidenee of developmental toxicity, unless it can be established that the developmental effects are
unquestionably secondary lo the maternal effects. In situations where developmental effects are
observed only at doses where there is a substantial amount of maternal toxicity, then the possible
relationship between the maternal toxicity and the developmental effects should be evaluated in
order 10 make a8 proper asscssment regarding the toxicity of a test compound.

The point at which a dose level would become unacceptable for evaluation due to the degree
of matcraal toxicity would vary on & casc-by-case basis and such a determination would require
scientific judgement. One generally accepted condition has been greater than 10% maternal
mortality at the given dose level,

Clinical Observation and Pathological Examination of Dams, Fetuses, and Neonates:
Throughout the study, cach animal should be observed at least twice daily. Relevant
behavioral changes and all signs of toxicity, including mortality, should be recorded. Dams
should be weighed immediately before the first dose of the test compound is administered
(usually, day 6 or 7 of gestation), weckly until necropsy, and at the time of necropsy.
Optimally, animals should be weighed daily if the test compound dose i$ administered by
gavage. Weekly measurements of food consumption should be made; fluid consumption
should be measured as appropriate. Any dam showing signs of imminent abortion or
premature delivery during the study should be necropsied on the date such signs are observed.

The test should be terminated approximately one day before term, when the dams should be
nccropsux! and cxamincd mlcroscopncally for structural abnormalitics or pathological changes that
may have infl 4 preg: diately after the dams are killed, fetuses should be delivered
by hysterotomy. Care should be taken to msure that all fetuses (except thase sacrificed before the
end of the study) are delivered at approximately the same stage of fetal development. The uterus
should be removed and the contents cxamined for embryonic or fetal deaths and for the number of
live fetuses. For dead fetuses, it is usually possible to ‘estimate the time of death in utero. In rats
and rabbits, the number of corpora lutca should be determined. For dams that do not appear 10 be
pregnant, a sodivm sulfide or ammonium sulfide solution may be used to enhance the visibility of
resorplion sites, Evaluation of the females during ccsarean sections and subsequent fetal analyses
should be conducted blind in order to minimize unconscious bias.

Following removal from the ulerus, cach fetus should be examined externally, and all
deviations from normal should be noted. The sex of each fetus should be determined. Each fetus
should be weighed individually, and the mean fetal weight per sex per group should be calculated.
Additional end points may be measured, such as the crown-to-rump distance on each fetus,

For rats, mice, and hamsters, onc-hall of each litter should be prepared and examined for
skelelal anomalies (Alizarin Red singic staining or Alizarin Red/Alcian Blue double staining are
recommended). The temaining pare of the litter should be prepared and examined for soft-tissue
anomalics (Wilson seclions or fresh-gissection techniques are recommended*). The percentage of
fetuses designated for skeletal and soft-tissue analyses may be modified if the fresh dissection
1cchnique is used or if there is prior knowledge about the effects of the test compound indicating
that toxic effects may be best identified by 4 particular technique. Each rabbit fetus should be
carcfully dissected and examined for visceral anomalics, then examined for skeletal anomalies.

* Wilson (1965),e §laplcs (1977);* Batrow and Taylor (1969)
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Reproductive organs, lymphoid otgans and tissues (bone marrow, representative lymph nodes,
Peyer's patches, spleen, stomach, and thymus), the brain, peripheral nerve tissue, and target organs
from all animals in a developmental toxicity (teratogenicity) study should be preserved for future
histopathological analysis, as necessary.

End Points Measured: Because the maternal animal, and not the developing organism, is the
individual treated during gestation, data gencrally should be calculated as incidence per litter
or a5 number and pereent of litters with particular end points. Maternal toxicity is useful in
assessing the validity of the high-dose level and the possibility that maternal toxicity is involved
in subscquent developmental events. Parameters used 10 measure maternal toxicity include
body weight, food and fluid consumption, daily clinical observations, and necropsy data, such

as organ weights.

If treatment is given throughout gestation, implantation may be affected. If, however,
treatment begins after implantation, conecption and implantation rates should be the same in
control and rcated groups.. End points 1o be measured per litter should include the number of
implantations, corpora lutea, live fetuses, dead fetuses, and resorbed fetuses. For litters with live
fetuses, mean male and female body weights and the incidence per litter of all divergences from
normal fetal development should also he reported.

Analysis of Data: Values from control and test groups of animals should be compared
statistically. The following techniques are recommended, but others may be substituted if they
are appropriate. Maternal body weights should be compared by analysis of co-variance,
adjusting for initial body weight, and then analyzed by protected least significant difference
(LSD) tests. Fetal body weights should be cvaluated using nested analysis of variance.
Anomalies in litters should be compared by Fisher's Exact Test. Fetal survival and incidence
of abnormalities per litter arc compared by analysis of variance after transforming the data
using the Frecman-Tukey Arc-Sine Transformation. When possible, the litter should be
considered the statistical unit ol measure.
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Additional Recommended Studies

A. Introduction

The Agency recognizes that information about metabolism and pharmacokinetics, neurotoxicity,
and immunotoxicity are significant endpoints in assessing the safety of direct food additives and color
additives used in food. Recommended strategies for improving the ability to determine metabolism
and pharmacokinctics and the neurotoxic and immunotoxic potentials of test substances are described
in Chapters V B, C, and D, respectively. Because this chapter addresses toxicity studies that are
recommended for the first time by FDA for assessing the safety of direct food additives and color
additives used in food (sce Figure 4, Chapter I C 1), they are discussed m greater detail than other
recommended toxicity studics (scc Chapter 1V C),

1. Metabolism and Pharmacokinetics

FDA belicves that data from studies on the adsorption, distribution, metabolism, and excretion
of a chemical can provide insight-into mechanisms of toxicity and are essential-in the design and
evaluation of results from other toxicity studies. Such data should be provided for all direct food
additives and color additives used in food that are assigned to Concern Levels 11 or 1.
Recommicndations for obtaining data on the metabolism and pharmacokinetics of these substances
arc presented in this document. In gencral, the Agency recommends that this information be
obtained before subchronic and chronic toxicity tests are begun. ’

2. Neurotoxicity

It is recommended that the assessment of neurotoxic potential be. carried out according to a
process of ticred testing progressing from the identification of chemicals associated with neurotoxic
effects (screcning), through a characterization of the scope of nervous system involvement
(characterization of effects), to the determination of dose response kinetics which includes the
definition of the no-observed adverse effect level (dose-response). Screening for neurotoxic effects,
which is considered to be one of the most -critical steps in this tiered process, should be routinely
and systematicaily carricd out in short-term (sec Chapter TV C 3), subchronic (see Chapter IV C 4),
and reproductive and developmental toxicity (see Chapter IV C 9) studies. The neurotoxicity screen
should include a specific histopathologival examination of represcntative tissue samples of all major
areas of the brain, spinal cord, and peripheral nervous system in conjunction with a functional
cevaluation battery of quantifiable obscevations and manipulative tests selected to detect signs of
neurological, behavioral, and physiological dysfunctions. References to published literature that can
guide the petitioner in selecting an appropriate neurotoxicity sereen are included.
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Study reports should include an intcgrated assessment of the potential for the test chemical 1o
adverscly affect the structural or functional integrity of the nervous system. This assessment should
include results of the neurotoxicity serecn and other toxicology data, as appropriate. Based on the
assessmient, an cxplicit statement should be made as 10 whether or not the test chemical represents a
potential neurotoxic hazard which requires special testing. Recommendations about further
neurotoxicity testing, if the results of the initial screcns indicate the need for such testing, are
included. However we urge pelitioners 10 consult with Center scientists before undertaking
additional neurotoxicity tests.

3. Immunotoxicity

An immunotoxicity screen should be routinely, carried out in short-term (sec Chapter IV C 3),
subchronic (see Chapter 1V C ), and reproductive and developmental toxicity studies (see Chapter
IV C 9). This screen consists of primary_indicators of immunotoxicity described in Chapter VD 3;
these indicators arc a set of hematological, scrum protein, histopathological, and body and organ
weight endpoints that are routinely evaluated in standard toxicity tests.

Study reports should include an integrated assessment of the potential for the test chemical to
adversely affect the immune system. This assessment should be bascd on results of the
immunotoxicity screen (primary indicators of immunotoxicity) and other toxicology data, as
appropriate. Based on the results of this asscssment, an explicit statcment should be made as to
whether or not the test chemical represents a potential immunotoxic hazard which requires
additional immunotoxicity testing (sce Chapter VD 4 and §),

If results of the immunotoxicity screen indicate the need for further testing, information that
will help the petitioner choose additional immunotoxicity-tests is provided. However, we urge
petitioners to consult with Cenler scientists before undertaking additional immunotoxicity tests,
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VvV B. Mélabolism and Tharmacokinetic Studies

Results from animal toxicity studies are used by FDA to determine dose-response
characteristics for any effects observed in the cvalvation of the safety of food and color additives.
Since the delivered dosc of a substance 10 any affected tissue or organ is determined by the
pharmacokinetics and metabolism of the substance in the test animal, toxicity studies are more easily
interproted, likely to achieve target doses, and avoid excessive toxicity if data from metabolic and
pharmacokinctic studies are availablc during the planning of short-term, subchronic andfor chronic
toxicity studies. Early determination of metabolic pathways and the rates of metabolism in different
1cst species may provide explanations for specics differences in any effects which are observed, and
suggest biochemical or pharmacologic experiments which might be used to test explanations of such
phenomena,

The Agency recommends that petitioners submit data that will enable our scientists 1o
evaluate; 1) the extent of absorption, 2) tissue distribution, 3) pathways and rates of metabolism, and
4) rate(s) of climination of the parent substance and any metabolites formed for all Concern Level 1}
and 11 substances (see Figure 3). The Apency may recommend submission of additional metabotic
and pharmacokinetic data based on the cxtent to which a chemical is metabolized, the potential
toxicity of the metabolites, and the cxient 1o which observed toxic effects seem 1o correspond 10 the
presence of the parent substance or its. metabolites.

1. Considerations in the Design of, Analysis of, and Use of Data from Metabolic
and Pharmacokinetic Studies

Pharmacokinetic data can be used 10 predict plasma concentrations, target tissue doses, and
the fate of the administered dose. This information can then help the petitioner and/or the Agency:
1) decide which toxicity studies should be conducted, 2) select doses for chronic toxicity and
carcinogenicity studics, 3) determine the mechanism of toxicity and assist in the interpretation of
toxicity data, and 4) improve the risk asscssment process.

a, Design and Analysis of Metabolic and Pharmacokinetic Studies

Pharmacokinetic studics are most useful when they are performed early in the process of
cvaluating the toxicity of a chemical. However, additional metabolism and pharmacokinetic studics
may be recommended after target organs have been identified in toxicity studies.

Whole animal (oral dosing) studics should be performed to determine gastrointestinal
absorption and overall climination rates for a compound. However, it is often most efficient to
perform in vitro studies of metabolism before whole animal (oral dosing) studics 1o determine
whether enzyme -kinetics may-explain known dose response curves.or-predict -non-finear dose - -
TCSPONSE CUIVeS. The results of carly in vitro studics also can be used to optimize the choice ‘of
doses in whole ammal pharmacokmcnc studies,

) Addluonal rccommcndauons conéerning the dcsngn and analysxs ot‘ meta‘bohsm and
phannacokmcuc studncs are dcscnbcd bclow
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VR Metabolism and Pharmacokinetic Studies Continucd

i. Test Compound

In sclecting the dosage form of a test compound to be administered in metabolic and
pharmacokinctic studies, the chemical characteristics of the compound and its route of administration
should be considered. The formulation of the test substance used for metabolic and pharmacokinetic
studics should cxhibit similar patierns of disintegration and/or dissolution as formulations uscd for
toxicity studies. Chemical purity of the test compound should be established; impurities that may
affect absorption, distribution, metabolism and excretion of the test compound should be identified.
Stability of the compound in its carricr (i.c., food, water, or solvent) also should be determined.
Chemical characteristics of the compound (i.e., low solubility, volatility) may make certain routes of
administration impossible. 1t js critical that the dose absorbed into tissues be determined especially
in studics where the test substance is added 1o the feed or water and is ingested ad libinm.

Usce of radjoactive substances facilitates mass balance determinations because radio-labels are
rclatively casy to detect in samples of tissues and body fluids. Determining the disposition pattern of
the radio-label may be adequate for predicting doses that should be used in toxicity studies where
the results of a test animal’s overall exposure 10 the substance (parent compound and metabolites) is
of concern. The radio-label should not be biologically labile; when a radioactive element s present
at more than onc position of the test compound, the radio-label should be uniformly distributed in
the molecule,

The radiochemical purity of the test substance (radioactivity actually associated with the
-compound being tested) is another important consideration. If the test compound is not
radiochemically purc and radio-labeled impurities are not identified, and if only the distribution of
the radio-label in tissucs and body fiuids is determined, interpretation of the results may be difficult.
For example, for a compound that is 95-96% radioactively pure and minimally absorbed (ie.,
approximately 29 absorbed), it is impossible 10 uncquivocally differentiate between 2% absorption of
the test compound and 100% absorption of a radioactive impurity present at 2%.

ii.  Animals

Metabolic and pharmacokinetic data from two rodent species (usually the rat and mouse) and
a non-rodent species (usually the dog) are recommended. If a dose dependency is observed in
metabolic and pharmacokinetic or toxicity studies with one species, the same range of doses should
be used in metabolic and pharmacokinetic studies with other species. If human metabolism and
pharmacokinetic data also are available, this information should be used to help sclect test spccics
for the full range of toxicity tests, and may help to justify using data from a particular species as a
heman surrogate in safety assessment and risk assessment, (Human mclabohsm studies should bc
conducted according to the. guldclmcs in Chapter VI By :

Metabolism and pharmacokinetic studies have grealer relevance when conducted in both sexes
of young adult animals of the same specics and strain used for othicr foxicity tests with the 163t
substance, The nurber of animals used in metabolism and pharmacokinetic studies should be

- sulficient 1o reliably estimate population variability (se¢ Chapter V. B 1 e). . A single set of
intravenous and oral dosing results from adult animals, when combined with some in vitro kinetic
results, may provide an adequate data sct for the design and interpretation of short-term, subchronic
and chironic toxicity studies.

Studies in multiple species may clarify what appear 1o be cantradictory findings in toxicity
studics (i.e., equal mg/kg bw doses having less cffect in one species than in another). If disposition
and metabolite profiles are found 1o be similar, then differences in responses among specics could
more rcliably be attributed to factors other than differences in metabolism. Studies of the
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V B. Metabolism and Pharmacokinetic Studies Continued

pharmacokinctics and metabolism of a substance in neonatal and adolescent animals provide
information about any changes in metaboiism associated with tissue differentiation and development.
Animals with fetuses of known gestational age should be used for determining the disposition of the
test substance in the fetus.

iii.  Route of Administration

‘The most critical parameters required in assessing human exposure and target tissue dose are
the gastrointestinal absorption rate and internal elimination rates (renal and hepatic) for the test
compound. Without an intravenous (1V) dosing study, it is very difficult to determine what
percentage of a chemicat is absorbed, because the material excreted in the foces is composed of
unabsorbed dosc plus biliary and non-biliary (mucosal) elimination.

An intravenous study can provide accuraie rates of metabolism-- without interference from
intestinal flora--plus rates of renal and biliary elimination, if urine and bile are collected. This route
also avoids the variability in delivered dosc associated with oral absorption and ensures that the
maximum amount of radiolabel is excreted in the urine or bile for purposes of detection. Once IV
data and parameters-are available, they can be used with plasma concentrations from limited oral
studies to compute intestinal absorption via the ratio of Areas Under the (plasma and or urine)
Curves or via simulations of absorption with gastromtcstmal absorption models.

In singlc-dose pharmacokinetic studics of oral absorption, the primary concerns are with the
extent of absorption and peak plasma or target tissue concentrations of the test substance. If the
test vehicle affects gastric emptying, it may be necessary 10 use both fasted and non-fasted animals
{or pharmacokinetic studics.

iv.  Dosage Repimen

Selection of the dosing regimen for metabolism and pharmacokinetic studies depends on the
type of information that is necded. Metabolic and pharmacokinetic parameters are usually
determined following a single administration of the test compound. Comparing parameters obtained
from studics in which a range of single doses have becn administered can be used to determine the
doses at which saturation of absorption, distribution, metabolism or excretion occurs. Multiple
dosing studics can be used 10 determine the potential of a compound to induce or inhibit its
absorption, distribution, metabolism or excretion, Identification and quantification of the major
metabolites fotlowing administration of single and multiple doses may indicate whether saturation or
induction of a particular biotransformation pathway can occur.

"I vitro exporiments may b uscful in screcning for dose dependencies, and provide more
accurate descriptions of the enzyme Kinctics or other processes underlying dose dependencics
observed in the whole animal. In viro studies usually indicate identical metabolic pathways and

metabolism rates comparable 10 those obtained from whole animal studics but rcquue fcwcr animals
10 pc;[orm and can be complclcd in less time with fewer resources.*

*Bsarnhiclm er al. (1986);!  Green ef al. (1986);2  Lin et al. (1982)
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VvV B. Mectabolism and Pharmacokinetic Studies Continucd

v.  Sampling

Blood (RBCs, plasma, and scrum), urine, and feces are the most commonly collected samples,
In addition, a few representative organ and tissue samples should be taken, such as tiver, kidney, fat,
and suspecied target organs. Sampling times should depend on the substance being tested and the
route of administration. In general, an cqual number of blood samples should be taken in cach
phase of the concentration-versus-time curve, Intravenous (IV) studies usually require much shorter,
and more frequent, sampling than is required for oral dosing. Time spacing of samples will depend
on the rates of uptake and climination. In a typical IV study, blood and tissuc samples are taken in
a "powers of 2" scries, Le. samples at 2, 4, 8, 16, and 30 (32) minutes, 1, 2, 4, 8, and 16 hours.
Similar coverage could be obtained with only 7 time points by using a "powers of 3" scries: 3, 9, and
30 (27) minutes, 1, 3, 9, and 24 (27) hours, Oral dosing studies usually extend 1o at least 72 hours,
or 5 plasma half-lives, ensuring the excretion of 95% of the absorbed dose. The sampling schedule
for an oral dosing experiment might be: 15 minutes, 30 minutes, 1, 2, 4, 8, 24, 48, and 72 hours.
Such a satupling scheme would provldc data coverage for evaluation of absorpuon, elimination,
enterohepatic recirculation and excretion processes.

Whole Body Autoradiography (WBA) has been used with increasing frequency as a means of
identifying tissues which concentrate test substances. This technique aliows a small number of
animals (5 - 10) to be used for screening purposes with 8 minimal investment in manual labor,

FDA encourages the use of WBA with 1V dosing, as a means of screening and selecting tissues of
preatest relevance for later oral dosing studies. Animals used for WBA should be sacrificed during
the elimination phase, between 1 and 5 plasma half-lives, since bioaccumulation at steady-state is the
primary consideration in sclecting specific tissues.

The number of animals used in metabolism and pharmacokinetic studies should be large
cnough to reliably estimate population variability. In the case of rats and mice, tissue andfor blood
sample size is usvally the limiting factor: analysis of the substance may require 1 m! or more blood,
but it is difficult to obtain multiple blood samples of this size from one animal. As a consequence,
a larger number of animals is required (3 - 4 per time point, 7 - 9 time points) when small rodents
are used. Such an approach has the advantage of allowing limited sampling of critical tissues (e.g.
liver, fat) at cach time point, an option.which is usually unavailable with large animals. The use of
humans and large animats generally permits collection of multiple (serial) blood samples. For
outcrossing populations like humans and large animals, individual differences’in the rates of
viotransformation are likely to be greater than those of inbred rodent populations; under these
circumstances, more samplesfsex/group may be needed to reliably estimate variability.

Individual metabolism cages are recommended for collecting urine and feces in oral dosing
studics, Excreta should be collected for 4t least § cliniination half-lives of the test substance. - When
urine concentrations will be used to determine elimination rates, sampling times should be less than

- one-climination half-life (taken dircctly from-the’ bladder in- IV studies); othcrwnsc, samples should
be taken at equal time intervals.

vi.  In Vine studies

It Vino measurements employing cnzymes, subcéilular organclles, isolated cells and perfused
organs may be used to augment the dosc response information available from less extensive
metabolic and pharmacokinctic studics. Because in vire systems generally are less complex than
whole animals, elucidation of a test compound’s metabolic pathways and the pathways' kinctic
characteristics may be {acilitated. Such systems can be used 10 measure bmdmg, adduct and
conjupate formation, transport across ccll membranes, enzyme activity, cn7ymc substrate specificity,
and other singular objectives. Biochemical measurements that can be made using in vitro systems
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V B. Metabolism and Pharmacokinetic Studies Continued

include: Intrinsic clearances of enzymes in an organ of tissue, kinetic constants for an enzyme,
binding constants, and the affinity of the test compound and its mctabolites for the target
macromolecules. The activity of a hepatic drug-metabolizing enzyme in vivo may be approximated by
kinctic constants that arc calculated from in vitro studies; when a first-order approximation is used,
the ratio of V,,, 10 K,, is cqual to the intrinsic clearance of the drug® In vitro measurements made
using readily accessible tissues and body fluids from animals and man may also be useful in
clucidating mechanisms of toxicity,

vii.  Analysis of Data

Data from all metabolism and pharmacokinetic studics should be analyzed with the same
pharmacokinetic model and results should be exptessed in the same units, Concentration units are
acceptable if the organ or sample size is reported, but percent of dose/organ is usually 2 more
meaningful unit. In general, all samples should be analyzed for metabolites that cumulatively
represent more than 1% of the dose.

A varicly of rate constants and other parameters can be obtained from IV and oral dosing
data sets, provided that good coverage of the distribution, elimination, and absorption (oral dosc)
phases is available. Typical parameters calculated to characterize the disposition of a test substance
are: half-lives of ¢limination and absorption; arca under the concentration-versus-time curve (AUC)
for blood; total body, renal and metabolic clearances (Cl); volume of distribution (V,); bioavailabitity
(F); and mean residence and absorption tinics (MAT, MRT). Some of these parameters, such as
half-lives and climinatiot rates, are easily computed {rom one another; the half-life is more easily
visualized than the raie constant.

Computation of oral absorption (k,) and elimination (E) rates is often complicated by the
"flip-flop" of the absorption and climination phases when they differ by less than a factor of 3.
Because of these analysis problems, computation of absorption and elimination rates should not be
attempted on the basis of oral dosing results alone.

Blood-tissuc uptake rates (k;) can ofien be approximated from data at carly (t < 10 minutes)
time points in IV studies, provided that the blood has been washed from the organ (e.g. liver) or the
contribution from blood to the tissuc residuc is subtracted (fat). High accuracy is not usually
required since these parameters can be optimized to fit the data when they are used in more
complcx models, Tissue-blood recycling rates (ky) and residence times can be wmputed from
partition cocfficients if csumalcs of uptake ralcs are available.

Tissuefblood partition cocfficients (Ryy) should be determined when steady-state has been
achicved... Estimates based on samples obtained during the climination phase following & single dose
of the test substdnce may lead to underestimates of this ratio in both eliminating and non- ’
climinating tissues unless its half-life is very long. Correction of these values for elimination has
been described. by-several authors.® . .

* Ranc ef al. (1977), Gillette (1986)°
*Wagner and Nelson (1963);¢  Gibaldi and Perrier (1982)"
Notari (1987)%

$Chen and Gross (1979);*  lam et al. (1982)"
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It may be important to determine he degree of plasma protein and red blood cell binding of
the test substance; calculation of blood clearance rates using plasma or scrum concentrations of the
substance that have not been adjusted for the degree of binding may under- or over-estimaic the
true rate of clearance of the test substance from the blood. This is usually done through
experiments in vitro,

Two classical methods used in the analysis of pharmacokinetic data are the fitting of sums of
exponential functions (2- and 3-compartment mammillary modcls) to plasma and/or tissue data, and
less frequently, the fitting of arbitrary polynomial functions to the data (non-comparimental
analysis).*

Non-compartmental analysis is limited in that it is not descriptive or predictive; concentrations
must be interpolated from data. The appeal of non-compartmental analysis is that the shape of the
blood concentration-versus-time curve is not assumed to be represented by an exponential function
and, therefore, estimates of metabolic and pharmacokinctic parameters are not biased by this
assumption. In order 0 minimize errors in parameter estimates that are introduced by interpolation,
a large number of data points that adeguately define the concentratjion-versus-time curve are needed.

Analysis of data using simple mammillary, compartmental models allows the estimation of all
of the basic parameters mentioned above, if data for individual tissues ate analyzed with 1 or 2
compartment models, and combincd with results from 2 - 3 compartment analyses of blood data,
"Curve Stripping” analysis can be applicd to such simple modcls through the use of common
spreadsheet programs (Le. LOTUS 1-2-3), as long as a linear regression function is provided in the
program. Optimization of the cocfficicnts and exponents estimaled may require the use of mote
sophisticated software: a number of scicntific data analysis packages such as RS/l and SigmaPlot

- have the necessary capabilitics. Specialized programs such as NONLIN®, CONSAM,¢ or

SIMUSOLV! will be needed when more complex models must be analyzed, Coefficients and
exponents from mammillary models can be vsed 1o calculate other parameters; however, they should
not be taken too literally, since mammillary models assume that all inputs are to a central pool

~(blood), which communicates without limitation into other compartments.© This approach docs not

include details such as blood flow limitations, anatomical volumies or other physiological limits in the
animal.

Physiologically based pharmacokinetic models (PB-PK) were developed to overcome the
limitations of simple mammillary modcls. Physiologically based models describe the disposition of
test substances via compartmental models which incorporate anatomical, biochemical and
physiological features of specific tissues in the whole animal. The types of information added
include organ-specific blood flows, volumes, growth models and metabolism rates. Motabolic

. parameters often are obtained from in vitro studies (ie., cnzyme reaction rates in cultured

hepatocytes, plasma prolcm bmdmg. e, 3N while other paramclcrs are bwommg “available a3 standard
parameters in' the literature, Parameters from mammillary models can be used to compute the value
of parameters used in physiological pharmacokinetic models, using tissue-specific blood flows,

*Notari (1987)' Benet (197?) 7' Vaughn and Trainor (1975)2- -
*Pedersen (1977)%

‘Boston er al. (1988)

Steiner er al. (1990)¢

‘Rescigno and Segre (1966);"  Fagarasan and DiStefano (1989)7
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anatomical volumes, and other information (literature values). Estimation of parameters for a
simple mammillary model is often the first data reduction step in creating a physiological model.s

Because PB-PK models are bascd on physiological and anatomical measurements and all
mammals are inherently similar, they provide a rational basis for relating data obtained from animals
to humans. Estimates of predicted disposition patierns for test substances in humans may be
obtained by adjusting biochemical parameters in models validated for animals; adjustments are based
on experimental results of animal and human in vitro tests and by substituting appropriate human
tissue sizes and blood flows. Development of these models requires special software capable of
simultancously solving muitiple (often very complex) differential cquations, some of which were
mentioned above.  Several detailed descriptions of data analysis have been reported.®

h, Use of Data from Metabolism and Pharmacokinetic Studies

Information from metabolism and pharmacokinctic studics can be used in the design and
analysis of data from other toxicity studics, Some examples are described below,

Design of Toxicity Studies: The concentration-versus-time curve, peak, and steady-state
concentrations of the test substance in blood or plasma provide information on the
distribution and persistence of the substance in the animal which may suggest essential
clements in the design of toxicity studics.” For example, when metabolic and pharmacokinetic
studics indicate that the test compound accumulates in the bone marrow, long-term toxicity
tests should include evaluation of the test compound’s effect on hematopoictic function and
morphology. If a test compound is found 10 accumulate in milk, an investigator should plan
to perform reproductive toxicity studies with in urero exposure and a nursing phase (cross-
fostcring study; scc Chapter IV C 8). In addition, information from metabolic and
pharmacokinetic studics can be used to predict the amount of test compound that enters
biological compartments (tissues, organs, esc.) that may not sulfer a toxic insult but may serve
as depots for indirect or secondary exposure.

Seuting Dose Levels: There is considerable debate about the use of metabolic and
pharmacokinetic data in sctting doses to be used in loxicity studies, particularly chronic toxicity
and carcinogenicity studies. Current NTP policy for selecting the highest dose in
carcinogenicity bioassays is described in Chapter IV C 6 b. In 1984, the NTP Ad Hoc Panel on
Chemical Carcinogenesis Testing and Evaluation also recommended that pharmacokinetic data
be considered along with subchronic Loxicity data in setting all dose levels except the
maximum-tolcrated dosc (MTD) in the carcinogencsis bioassay of chemicalse FDA agrees
.with these statetients and recommends that pharmacokinetic data be used in conjunction with

- the results of short-term and suhchronic toxicity studies to set appropnate dose levels for
chronic toxicity, rcproductlon and Icratology studics, and for scmng dose levels below the

. ,MlD (hlghcsl dosc) in carcmogomcny sludxcs

‘lelcuc (1986)s O F Iahrcly (1999)'8

* Gibaldi and Pcrricr (1982)"  Gerlowski and Jain (1983);"*
¢ NTP Report (1984)%
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VB. Metabolism and Pharmacokinetic Studies Continued

Determining Mechanisms of Toxicity: Information from metabolic and pharmacokinetic studics

can be uscd to supplement conventional toxicology data in clucidating mechanisnis of toxicity.
Metabolites identificd by a pharmacokinetic study can suggest mechanisms underlying a toxic
response.  Biologically reactive intermediates are often implicated in a toxic response; however,
such metabolites are usvally shorl-lived, reacting in the vicinity of their formation, The
presence of potentially reactive intermediates can be deduced indirecily by measuring the
formation of characieristic macromolecular (DNA, RNA, protein) adducts and mietabolic
conjugates, Mcasurement of metabolic conjugate vs adduct formation and the affinity of a
compound and/or its metabolites for the target molecule may help identify mechanisms of
toxicity and cffective routes of detoxification.

Information from in vitro 1€t systems concerning the formation of critically reactive
metabolites may be used to establish the relationship between the formation of the reactive
metabolite in vivo and duration of exposure to the test compound. This relationship is important in
circumstances where critically reactive metabolites are only formed when the capacities of normal
metabolic and other defensive or adaptive mechanisms are exceeded, Determining the concentrations
of the test substance at which saturation of binding occurs may indicate at what concentration a
compound is likely to deplete detoxifying conjugation pools and become avallable to react with
target macromolecules.

Improving the Risk Assessment Process: Information from metabolic and pharmacokinetic
studies increasingly is being incorporated into risk assessments. Conventional risk assessments
typically involve lincar -extrapolation of external dose and an inter-specics scale factor based on
body weight or body surface arca. Risks calculated by this approach may be under- or over-
estimated. Many of the biological processes involved in the absorption, distribution,
metabolism and excretion of a compound are dose dependent and, therefore, the toxicity
observed may not be a simple function of administered dose. Development of appropriate
pharmacokinetic models may enhance our ability to use metabolic and pharmacokinetic
information in risk assessment.

2.  Recommended Metabolism and Pharmacokinetic Studies

FDA belicves that data from studics on the absorption, distribution, metabolism, and excretion
of a chemical can provide insight into mechanisms of toxicity of chemicals and are essential in the
design and cvaluation of results from other toxicity studies. FDA believes that a set of basic
pharmacokinctic and metabolism studics should be performed for all Concern Level It and 111
Substances, but that additional studjes may, be rcoommcndcd for a pamcular additive. Recommended
studics should be performed with two- rodent _species (usually the tat and mouse) and one.non-
rodent species (usvally the dog). In general, what constitutes an appropriate set of metabolism and
pharmacokinetic studies will depend on the anticipated -degree and type of toxic responise 10 a test
compound and by the estimated magmludc of human cxposure 10 the compound The recommended
sct of basic studics arc:

» Intravenous studies using a tracer level dose should be conducted in adult male and female
animals of specics in which toxicity studies have aiready been conducted or in which chronic
woxicity studies are contemplated. Blood, liver, and fat samples.should be taken at all time
points. The size and timing of urine and bile samples will depend on the dose of tracer and
rate of excretion by each of these routcs. Samples taken over periods of 30 min 10 2 hours, at
2 or 3 time points, should be sufficient for computation of the cumulative excretion by these
routes. Plasma, urine and bile should be analyzed for metabolites of the test substance that
cumulatively represent more than 1% of the dose. Estimates of uptake and climination rates
should be made for each tissuc sampled, vsing 2-compartment models.
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» Studies of the rate of metabolism (of the parent compound) as a function of dose (or
concentration) should be conducied in vivo or in vitro, guided by results of metabolite analyses
from the intravenous studics and available toxicology information. Hepatocytes ot perfused
livers will normally be used for such studics, but an examination of the distribution of
metabolites between the plasma, bile and urine after IV dosing may indicate that the kidney is
important in the metabolism of some chemicals, Enzyme kinetic parameters resulting from in
vitro studies may be scaled up 10 whole organ rates and used to predict rates of metabolism in
the whole animal as a function of dose.

» Oral dosing studies should be conducted in ad libitum fed animals, to determine the rate
and cumulative absorption of the substance, Dosage and sampling times should be selected on
the basis of resulls from toxicity tests, metabolic dose responsc data (i, above), and
climination rates determined from 1V dosing studies. Bioaccumulative tissues should be
sampled in addition to blood, urine and feces, A tissuc that does not accumulate the
substance should also be included for reference purposes. Whole Body Autoradiographic
studics are recommended as a method for identifying bioaccumulative tissues prior 10 the
initiation of oral dosing studics.

3. Additional Studies

Studics of enzyme induction and potential pharmacological adaptation should be conducted
whenever chronic studies are recommended. The resulting information can be incorporated into
multiple or continuous dosing models to simulate the plasma and tissuc lcchs of test substance
expected for a variety of doscs in chronic studies being planned.

In cases where reproductive studics are recommended, pharmacokinetic experiments evaluating
the distribution of the substance in the fetus, mother’s milk, and neonates should be performed as
an aid in sclecting doses and designing reproductive toxicity studies. If the metabolic potential of
the fetal andjor neonatal liver can be assessed in a preliminary in vitro study, this step is highly
recommended,

Assuming that IV and oral dosing studics have already been completed for both male and
female adult animals prior 10 the reproductive pharmacokinetic studics, sampling can be more
limited, ic. excretion studies combined with limited sampling of maternal blood, fetuses, milk, and
nconatal tissues may be sufficient for characierization of the metabolic and pharmacokinetic
processes of interest in pregnancy. o ’

“Depénditig o' the types of toxic effects observed and' the iportance of understanding the
mechanisms of these ceffects to the safcty assessment of a direct food or color additive used in food,
additional biochemical or in vitro cxperiments may be submitted by the petitioner in support of any
mechianism proposed. “Such studies should be substance-specific, and should be based on
consultation with CFSAN, as appropriate, .
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The nervous system regulates and maintains diverse biological processes that are essential not
only for survival but also for maintaining an acceptable quality of life. The proper functioning of
the nervous system cnables an organism 10 receive information from its internal and exterpal
cnvironments and o orchestrate appropriate adaptive physiological and behavioral responses. An
extensive body of data demonstrates that diverse chemical substances can alter the structure and
function of the nervous system in a varicty of ways. Alterations which compromise the organism’s
ability to function appropriately in its environment are considered adverse. Neurotoxicity refers to
any adverse effects of exposure to chemical, biological or physical agents on the structure or
functional integrity of the developing or adult nervous system. The onset of ncurotoxicity can vary
from immediate to delayed following cxposute 10 & toxic substance, and duration can vary from
transicnt 10 persistent. Neurotoxicity may result from effects of the toxic substance directly on the
clements of the nervous system or from effects of the toxicant on other biological systems which
then adverscly affect 1he nervous system.  Neurotoxic effects are generally assoclated with a spectrum
of biochemical, morphological, behavioral, and physiological abnormalities. Depending upon their
severity, some of these abnormalities may have life-Lhreatening conscquences; more commonly, they
result in diminished quality of life.

In 1985, FDA commissioned the Federation of American Societies for Experimental Biology
(FASEBY) to assess the ability of current FDA guidelines for toxicity testing of food and color
additives uscd in food 1o detect neurotoxic hazards.* One conclusion of the FASEB report was that
information derived from conventional loxicity studies is so non-specific that it basically limits the
detection of neurotoxicity to those disorders in which nervous system deficits arc clearly -evident.

- This type of approach minimizes the detection of subtle nevrotoxic hazards and precludes an
adequate assessment of the spectrum of polcnual neurotoxic effects on the structural and functional
integrity of the nervous system.

Uniil rcccmly, ncuromx.chy was cquated with neuropathy involving frank neuropathological
lesions or overt neurological dysfunciions, such as scizure, paralysis or tremor, Examples of
chemically induced neuropathy in humans (for example, from exposure to lead, organic mercury,
hexane, carbon disulfide, and tri-ortho-cresylphosphate) emphasize the need for assessing the
neurotoxic potential of chemicals 10 which humans may be exposed.® Although neuropathy is
appropriately recognized as 2 manifestation of neurotoxicity, it is now clear that there are numerous
other signs of nervous system toxicity.s Motor incoordination, sensory deficits, learning and memory
dysfunctions, changes in cmotion and altered states of arousal are also recognized as indices of
neurotoxicity, Continued reliance on neuropathy as the primary criterion of neurotoxicity is overly
simplistic and may significantly undcrestimate the ncurotoxic polcmial of a chemical in adult or
developing organisms.

* Federation of American Socictics for prcnmcmal Blology Report (1986);1 " Leukioth (1987)!
b Federation of American Societics for Experimental Biology Report (1986);!  Leukroth (1987)t
¢« McMillan (J987); Vorhees (1987);  U.S. Office of Technology Asscssment (1990)°

¢ US. Office of Technology -Asscssment Report (19%0);5  World Health Organization Report
(1986),¢  Spencer and Schaumburg (1980);

< Tilson (1987)*
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Ongoing research on nervous system 10xicity continues to reveal the broad spectrum of
biochemical, structural, and functional abnormalitics that toxicants can elicit, both dircctly and
indircctly.? Neurotoxic chemicals invariably initiate their effects at the molecular level, altering
ncurochemical processes. These changes may be of sufficient quality or sufficient magnitude 1o
induce neuropathology. Neurochemical changes may also result in altered nervous system function
and may be expressed as physiological or behavioral abnormalities.t Significant physiological or
behavioral dysfunctions ¢an occur prior to, or in the absence of, cvident ncuropathology or other
signs of toxicity.s This is exemplified by the marked behavioral dysfunctions associated with exposure
10 such neuroactive chemicals as barbiturates, amphetamines, ethanol, lead, and carbon monoxide at
exposure levels that clicit no signs of ncuropathy. This disassociation of neuropathology and
functional changes may involve a number of factors, including the intrinsic toxicity of a chemical and,
particulatly, the dosc and regimen of exposure.

Among the various approaches that can be used for asscssing neurotoxicity, behavioral testing
represents & practical means of obtaining a relatively comprehensive assessment of the functional
development and integrity of the nervous system within the context of a standard toxicity study.
Behavior is an adaptive response of an organism, orchestrated by the nervous system, to some set of
internal and external stimuli, A behavioral response represents the integrated end product of
multiple ncuronal subsystems including sensory, motor, cognitive, attentional, and integrative
components, as well as an array of physiological functions.! As such, behavior can serve as a
measurable index of the status of multiple functional componcnts of the nervous system.

Bchavioral testing typically is non-invasive and can be used repeatedly for longitudinal
assessment of the neurotoxicity of a test compound, including persistent or delayed treatment-related
cficcts.s Furthermore, since ncuronal function can be influcnced by the status of other organ
systemis in the body (¢.g. cardiovascular, endocrine, and immunologic Systems), certain types of
behavioral changes may indirectly reflect significant toxicity in other organ systems,

Behavioral testing has been established as a reliable toxicological index in safety asscssment.
Considerable progress has been made in the standardization and validation of neurobehavioral and

* Federation of American Societics for Experimental Biology Report (1986);!  Leukroth (1987);
World Health Organization Report (1986);¢  Spencer and Schawmburg (1980);7 * Buelke-Sam ef al
(1985)"  Reiter (1587)*

¥ Federation of American Socictics for Experimental Biology Report (1986);'  Leukroth (1987);
Spencer and Schaumburg (1980),7 Reiter (1987);*  Anger and Johnson (1985)"

 Yederation of: Aﬁ\crim'n'Sociclics for- Expcﬁmcnml Biology. Report (1986');1 World Health
Organization Report (1986);¢  Reiter (1987);  Riley and Vorhees (1986)2

¢ Hutchings er al (1987)?
< Federation of American Socictics of Experimental Biology Report (1986);1 Vorhees er al. (1984)"
¢ Mitchell and Tilson (1982)%

¢ Leukroth (1987)
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neurodevelopmental testing procedurcs.t As a result, a variety of behavioral methodologics is
available for use in determining the potential of chemical substances 1o affect adversely the
functional integrity of the nervous system int adult and developing organisms.® Behavioral testing can
be readily incorporated into toxicity testing protocols and can improve and expand current
approaches 10 assessing neurotoxic hazard.

Because of the impact that nervous system toxicity can have on human health, assessing the
neuroloxic potential of a chemical proposed for use as a food or color additive should be an
cssential clement in that chemical’s toxicological profiles As information from research in
neurotoxicology continues to ¢volve, our understanding of the processes underlying neurotoxicity will
become increasingly clear. This will enhance our ability to utilize more effectively the information
about the neurotoxicity of test substances in support of regulatory decisions.®

1. Evaluating Neurotoxicity

The reliability of assessing the neurotoxic potential of a test substance is directly related to the
extent to which the detection and evaluation of neurotoxicity is included as a specific, defined
objective of routine toxicity testingt A number of scientific panels and health-related organizations
have recommended that the assessment of neurotoxic potential be carried out according to a
structured process of tiered testing! Each tier would focus on a different objective. Testing should
progress from the initial identification of chemicals that may be associated with neurotoxic effects
(screening), through the subsequent characterization of the scope of nervous system involvement
(characicrization of effects), to the determination of dose response kinetics, including the no-
observed-cffect level (dose-response).

A ticred approach to neurotoxicity testing and evaluation allows for multiple decision points at
which scientifically based decisions can be made about the adequacy of available information-and the .
need for additional testing, To facilitate such decisions, specific summary statements regarding the
neurotoxic potential of the test compound should be included in the evaluation of the results of cach
level of testing,  Since toxicity to the netvous system should be evaluated within the context of a
comprehensive assessment of all sigrificant forms of toxicity for a test corapound, the ncurotoxicity
summary statements shovld integrate all relevant toxicology data which arc available. This includes
information derived not only from tests specifically focused on the detection of nervous system

_ * Federation of American Socictics of Fxperimental Biology report (1986);! Leukroth (1987);
World Health Organization report (1986);¢ Buclke-Sam et af. (1985); U.S. EPA report (1985);%
U.S. EPA report (1991);"  Kimmel er al. (1990)*

¥ Leukroth (1987)

¢ Leukroth (1987)2  U.S. Office of Technology Asscssment 1eport (1990)  Reiter (1987); -
Nation Rescarch Council, National Academy of Scicnces.report (1984);%. . Sobotka (1986)%.. .

¢ Reiter (1987 U.S. House of Representatives Committes on Science and Technology repoit
(1986)8

¢ Federation of American Socictics of Experimental Biology report (1986);  Sobotka (1986)%

! Federation of American Societies of Experimental Biology report (1986);‘ World Health

Organization rcport (1986);¢ National Rescarch Council, National Academy of Sciences report (1984);1
Nationa) Rescarch Counci), Nationa) Academy of Sciences report (1975)%
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toxicity (e.g. neuropathology, behavioral dysfunctions, neurochemical alterations or physiological
changes), but also from the more conventional testing that focuses on other toxic effects of the test
compound, {or example, adverse changes in growth, development, food or water intake, or endocrine
status.

The neurobiological implications of some conventional toxic effects are certainly more evident
than others. For example, a compound that induces specific teratogenicity of the nervous system,
even at high dose levels, would be suspect for adversely affecting the development of nervous system
function at lower doses. ‘The neurotoxicological significance of other types of toxicity, however, may
be less obvious, For instance, chemicals found to alter hormonal balance might also be suspected of
affecting the structural or functional integrity of the nervous system, since endocrine status and the
nervous system are interrelated. Altered growth, which is considered an index of general toxicity,
may also signal the presence of neurotoxicity. In the developing organism, abnormal growth may
reflect a treatment related neurotoxicity of the mother involving poor care of the nursing offspring,
In the adult, altered growth stemming from changes in food or water intake may reflect underlying
nervous system dysfunction, since both eating and drinking are consummatory behaviors with
neuromuscular and physiological components under neurcnal control. It should be clear, however,
that such types of toxicology endpoints, by themselves, are not evidence of neurotoxicity. Rather,
when viewed in conjunction with other available data, such effects may serve to indicate the
possibility of trcatment related effects on the nervous system.

a.  Screening

The first stage in asscssing neurotoxicity involves a process of screening to identify those
chemicals that exhibit any potential for adversely affecting the nervous system. It should be clear
that the primary objective of screening is detection. The information derived from screening is not
intended, nor is it sufficicnt, to be used as the basis for determining the no-cffect-level (NOEL) for
neurotoxicity,. The NOEL is more appropriately based on information derived from the later stage
of dose-response testing.

“There are basically three sources 'of neurotoxicity screening information. One involves the use
of structure activity relationships (SAR), the second relies on published literature and other sources
of documentation, and the third involves empirical testing. The uscfulness and reliability of SAR for
identifying potential ncurotoxicants is, at the present time, rather limited due to the fact that SAR
databases for neurotoxicity arc still being developed. The use of published literature or other types
of documented information, to the extent that this type of information is available and appropriate
for 1cgulatory application, can be of significant value in identifying chemicals that may affect the
nervous system. However, this type of information is usually scatiered and typically not available for

- many food-related chemicals. At the ‘present time, the primary means of obtaining neurotoxicity -
screehing data is through empirical testing. The experimental data needed to screen chémicals for
potential adult and developmental nevrotoxicity should be routinely obtained as part of standard
general and dcvclopmcmal toxicity studies used for entrance-lovel testing of proposed food chemicals
across the various levels of concern. Mot appropriately, this would include both short-term (28
day) and subchronic (90 day) studies to screen for potential adult neurotoxicity following short- term

“and morc prolonged exposiires, and reproduction/iératfology studics to screen for potential *
developmental neurotoxicity in the developing and mature offspring.

Screening for neurotoxicity involves the use of valid, cost-cffective procedures which can be
carried out rapidly and routinely on Jarge numbers of chemicals to detect the presence or absence of
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immediate or delayed adverse cffects on the nervous system.* Neurotoxicity can appear as a wide
range of morphological and functional abnormalitics involving the nervous system at very specific or
multiple levels of its organizationb Under the previous guidelines for toxicity testing of proposed
food and color additives used in food the identification of neurotoxic effects was based on
information derived from a gencral pathological evaluation of a few scclions of neuronal tissuc and
an unstructured casual obscrvation of test animals in theit cages for overt signs of toxicity. This
approach limited the ability to detect anything but the most severe forms of neurotoxicity. To
maximize the probability of detection, screening should be sufficiently comprchensive to cnable the
detection of a representative variety of pathological changes and functional disorders of the
peripheral, central and autonomic segments of the nervous system.?  In developmental studics,
neurotoxicity screening should enable the detection of treatment related effects not only in the
immature developing offspring, but in the mature adult offspring as well.

An cffective and comprehensive basic neurotoxicity screen would include both (1) a specific
histopathological examination of tissue samples representative of all major areas and cellular
clements of the brain, spinal cord, and peripheral nervous system, in conjunction with (2) a
systematic examination of experimental animals inside and outside of theit cages using a clearly
defined functional evaluation battery of clinical tests and observations to provide a gencral
asscssment of the primary neurological, behavioral and physiological functions of the nervous system.
Typically, a functional evaluation battery would include a variety of indices to detect significant
behavioral changes (for example, in the level of activity and arousal, reactivity, motor coordination,
gait, ncurosensory function, and reflexes); physiological functions (including feed and water intake,
body weight and autonomic sipns); neurological disorders (such as paralysis, scizure, or tremor); and
any other sigas of abnormal behavior or nervous System toxicity, ’

To help ensure the complete and consistent application of the neurotoxicity screen throughout
a particular study, each study protocol should include a detailed description of the particular screen
10 be used in that study, including its composition, the test procedutes to be followed, the time
periods at which the screen is to be carried out, the neuronal structures to be examined, the
cndpoints to be used, and the methods for 1ecording and analyzing the data. Since neurotoxicity
screening is intended to be a routine part of both general and developmental toxicity studies, the
specific composition of the screen and the endpoints to be recorded should accommodate the focus
of the different protocols and, specifically, be appropriate for the age of the animals to be tested.
For example, when testing immature developing animals, it would be appropriate to include indices
of the ontogenetic development of representative ncuroanatomical, physical, and functional
milestones as part of the neurotoxicity screen. There are a number of available publications to guide
the design and conduct of neurotoxicity screens appropriate for the adult organism¢ and for

* Mitchell and Tilson (1982)5

» Leukroth (1987);1 . Spencer and Schaumburg (1980);.. Reiter (1987);% . Anger and Johnson

(1988 Tilsoh and Mitchell (1992)2

CUS.EDA (2982)8-+ -
* Yederation of the American Socictics of Fxperimental Biology report (1986);!  Nelson (1991)

¢ Leukroth (1987);2  Vorhees (1987);¢  U.S. Office of Technology Assessment 1eport (1990);F
World Fealth Organization rcport (1986);° Buclke-Sam e al. (1985);*  U.S. EPA report (1985);% U.S.
FPA report (1991);"  National Academy of Sciences report (1984);  Tilson and Mitchell (1992)*
Tupper and Wallace (1980%% Deuel (1977);7 Gad (1982)® Gad (1989);® Marshall er al. (1971)%
Spencer er al. (1980);%  O’Donoghuc (1988);  Moser (1988);*  Wier er al. (1989);* U.S. EPA
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developing and adult offspring As apprapriate, more sensitive and objective indices of
neurotoxicity, such as tests of cognitive function and automated mcasures of locomotor activity, could
be included 1o supplement the basic neurotoxicity screen.®

b, Characterization

When a chemical is presumptively identified by SAR, empirical screening, or other sources of
information as producing ncuroloxicity, that chemical becomes a candidate for additional
neurotoxicity testing. Chemicals not identificd as having neurotoxic effects during screening will
generally not be recommended for subsequent neurotoxicity testing, although exceptions may occur,

The next level of testing after screcning focuses attention on determining the nature and extent
to which the nervous system is affecied by that chemical (Characterization). At this level the
ncurotoxic effccts found during screening are further characterized and studies are conducted to
determine whether the test chemical has any other, possibly more subtle, cifects on the structural
and functional integrity of the nervous system in mature and developing organisms. The
characterization of neurotoxicity should include information about the severity of cffects, the
temporal pattern of onset of effects (particularly when delayed neurotoxicity occurs), and the
duration of cffects. Neuropathological investigations should include in sitw porfusion and a detailed
histopathological examination (more detailed than the histopathology examination performed during
screening) involving the use of spccnal stains to highlight rclcvam neural structures.s -

The neurofunctional assessment at this level should routinely include a core battery of
behavioral and physiological tests designed (o detect adverse changes to the primary subfunctions
(e.g. cognitive, sensory, motor, and autonomic) of the nervous system in mature and developing’
nervous systems.® The need for additional special tests may logically follow from information
obtained during screening; for example, if a chemical is observed to induce convulsions during
screening, the seizure potential and pro-convulsant properties of that chemical should be more
specifically characterized during the sccond level of testing.

In concert with conventional toxicity testing protocols, routine neurotoxicity evaluation should
generally be carricd out using rodents as the primary species of choice. However, as part of the
characterization level of-testing for neurotoxicity, cross-species comparisons of the neurotoxic
potential of the test compound should also be carried out if appropriate test systems are available.
For such studics, alternate specics should be non-rodent.

* Vorhees (1987);¢  World Health Organization report (1986);¢  Buclke-Sam er al. (1985);*
Vorhees er al (1984),% U.S. FPA rcpor! (1991)7 Kimmel et al. (1990);1* US EPA rcporl (1988),”
Vorhccs etal: (1979)* - -

b \Vorld Health. Orgammuon rcporl (1986) ¢ US. I_‘PA feport (1985),“ Nalional Academy of

Scicices report (1984);% ULS, FDA report (1982)% ™

< World Health Organization report (1986):6 U.S. EPA repont (1985);% U.S. EPA report (199137
Spenceer ef al. (1980)%

¢ leukroth (1987);7  U.S. Office of Technology Assessment report (1990y  Woild Health
Organization report (1986);¢ U.S. EPA rcport (1985);  U.S. EPA report (1991);,Y  Wier er al.
(1989%™  Vorhees er al (1979, Geller et al (1979)%
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[ Dose-Response

A critical element in defining a chemical’s neurotoxic hazard is determining the no-observed.
effect leve) (NOEL). The NOEL should be based upon an accurate and reliable determination of
the dose-response and dose-time relationships derived from repeated exposure studies, eg.
intermittent and continuous exposurc regimes, typically using the most relevant and sensitive
cndpoint(s) identificd in previous testing. As part of the definition of neurotoxic hazard, attempts
should also be made to identify any unique factors that may affect the sensitivity of the experimental
animals 1o the test compound and may help to identify uniquely susceptible human sub-populations.
Any additional experimemal information about ncwrochemical changes that may underlie weatment
related structural and functional altcrations or about the metabolism and physiologicaily based
toxicokinetics of the 1est-conpound will help minimize the uncertainties involved in predicting
human risk from neurotoxicity information derived from animal studies.

2. Recommended Criteria for Designing a Neurotoxicity Screen

In developing any protocol for subacute (28-day), subchronic (90-day) or developmental toxicity
studies, a specific design element of these studics should describe the collection of neurotoxicity
screening data 10 detect any neuropathological or funcional disorders of the central, peripheral or
autonomic components of (the nervous system. The newrotoxicity screen, at 4 minimum, should
include both neurological and ncurofunmional apalysis.

s A specific histopathological cxamination should be made of tissue sampies representative of
all major areas and clements of the brain, spmal cord and peripheral nervous system.

» A functional cvaluation baticry of quantifiablc observations and manipulative tests should
be sclected 1o deleet signs of neurological, behavioral and physiological dysfunctions. In
addition to the animal's appearance and body posture, a battery to screen for nervous system

_ dysfunction would include sulficicnt information. 10 assess such endpoints as the incidence and
severity of seizure, tremor, paralysis or other signs of nevrological dysfunction; the Jevel of
motor activity and arousal; the animals' level of reactivity to handling or other general stimuli;
motor coordination and strenfih; ait; sensorimotor response 10 primary sensory stimulfi;
excessive lacrimation or salvation; pilocrection; diarrhea; polyuria; ptosis; and any other sign of
NCUTQLOXicity.

In carrying out the functional evaluation screen, animals should be initially observed in their home
capes and then removed-10. an open arena for the wmplmon of lhc obscrvauom and (cs(mg

To hclp cusure the complc(c and cansistent application of the ncurotoxxcxty screen- throughout
a pamcular study, cach proloool should include a detailed description of the particular screen (o be
used in that ctudy, including its composition, the 1est procedures 1o be followed, the time_periods at
which (he sereen is (o b carricd out, the newronai structures (o be examined, the endpoints to be
used, and the methods for recotding and analyzing the data generated. Since neurotoxicity screening
is intended to be a routine part of both gencral and dcvclopmcnlal 1oxicity studics, the specific.
composition of the screen and the endpoints 10 be recorded should accommodate the focus of the
different protocols and, specifically, be appropriate for the age of the animals to-be tested. For
cxample, when testing immature develaping animals, it would be appropriate 10 included indices of
the ontogenctic development of representative neuroanatomical, physical and functional milestones as
part of the ncurowoxicity screen.

_a:mmmmmmm L.
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There arc a number of available publications to guide the design and conduct of neurotoxicity
screens appropriate for the adult organism® and the developing and adult offspring. The petitioner
is encouraged to consider developing such protocols in consultation with FDA. The following points
are of particular concern (0 the FDA:

» The neurotoxicity screen should consist of valid test methodology administered by trained
personnel. Each testing laboratory should have demonstrated competence in the conduct of
neurotoxicity cvaluations. The testing laboratory should demonstrate the reliability and
sensitivity of the screcn 1o detect neurotoxic ¢ffects by the submission of historic or concurrent
positive control data.

x The screen should be carried out with the experimenters blind to treatment condition, as
appropriate, and should be applied to a sufficicnt number of male and female animals from
cach experimental and control group of the toxicity study to ensure valid statistical analyses.
The latter involves consideration of the variability of the endpoints being measured, At the
discretion of the test laboratory, satcllite groups of animals may be used to carry out the
neurotoxicity screen, ’ :

» During the conduct of the studies, the functional evaluation battery of observations and
tests should be carried out systematically, using a prepared checklist when appropriate,  All
data should be recorded. Testing should be carried out at representative intervals throughout
the duration of the study to provide information about the consistency of the neurotoxic
effect(s), as well as their onset, duration and reversibility. The experimental design should
appropriately control for potentially confounding variables, such-as housing conditions, diet
and nutritional status, circadian cycles, test to test interactions, handling, and environmental
conditions.

= All of the data developed in the nevrotoxicity screen, including positive and negative
results, should be recorded, reported, and analyzed using appropriate statistical procedures.
This information, together with any other pertineat toxicology data, should be incorporated
into an intcgrated assessment of the potential for the test chemical to adversely affect the
“structural or functional integrity of the nervous system. Based on this assessment, an explicit
statement should be made as to whether or not the test chemical represents a potential
neurotoxic hazard which may require special neurotoxicity testing. Study protocols for
additional ncurotoxicity testing should wtilize valid state-of-the-art methodology and should be
developed in consultation with appropriate FDA personnel.

* Leukroth (1987);2  Vorhees (1986);'  U.S. Office of Technology Assessment report (1990);
World Health Organization report (1986%;¢ Buelke-Sam er al (1985);# U.S. EPA feport (1985); U.S.
EPA 1eport (1991);7  National Research Council, National Academy of Scicnces report (1984),"
Tilson and Mitchell (1992); Nelson (1991)%  Tupper and Wallace (1980);%* Dcuel (1977);” Gad
(1982);%  Gad (1989);® Marshall er al (1971)® Spencer er al (1980)*  O'Donoghuc (1988)%
Moser (1988);*  Wicr er al. (1989)* U.S. EPA (1988);* Schulz and Boysen (1991);%

® Vorhees (1987);'  World Iealth Organization report (1986);¢  Buclke-Sam er al (1985)
Vorhees ef al (1984, USEPA 1eport (1991);7  Kimmel er al (1990);® U.S. EPA report (1988),*
Vorhees et al. (1979)7
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VD, Immunotoxicity Studies

Fxposure to various chemicals has been associated with toxicity of the immune system in
animals; these include environmental contaminants, chemicals in the occupational environment, and
direct and indirect food additives. Regulatory agencics, including FDA,* have recognized the
importance of these types of effects for assessing the safety of chemicals 10 which humans may be
exposed. Because of the rapid emergence of the field of immunotoxicology during the past two
decades and the abundance of information that has accumulated with regard to the immune system
as a target organ, various federal agencies and international organizations are preparing guidelines
for the conduct of immunotoxicity studies.® In addition, various testing approaches have been
proposed by rescarchers in the field.c

1. Tmmunity: A Brief Review

The immunc system has been described in detail in a number of excellent reviews.® Thus, only
those aspects of immunity which are particularly relevant to immunotoxicity testing will be reviewed
in this scction. Immunological function ecncompasses a complex array of participating cell types and
organ systems. Immunity may be defined in relation to the function of the various cellular
components.

a.  Jumoral Immunity

Humoral immunity is defined in terms of the B-lymphocytes (B-cells), the antibody producing
cclls of the immune system. The B-cells, named because of their functional similarity to antibody-
producing cells derived from the Bursa of Fabricius in birds, are found primarily in the spleen, .
lymiph nodes, Peyer's patches in the gut, peripheral blood and bone marrow. The bone marrow is
also the site of origination of B-c¢ll precursors, the stem progenitor cells.

Immunoglobulins (Igs), the class of proteins that is comprised of the antibodies, are further
classificd with regard to particular peptide regions found on the light and heavy chains. At least five
major classes of imnwnoglobulins have been defined for man and animals: IgA, IgD, IgE, IgG, and
IgM. Antibodies function in concert with complement proteins that are produced in the liver and by
macrophages 1o provide protection against bacterial and viral infections. Antibodies also help
protect man and animals from agents that cause tumors and from some spontancously occurring
tumor cells.

Humoral immunity can be further classified with regard to the dependence of antibody
production on T-lymphocyte help: T-cell dependent and T-cell independent immunities.

* FDA (1978)!
® Luster er al. (1988) U.S. EPA (1982) Sjoblad (1988);* Tryphonas (1990) WHO (1986)¢

< Bick (1982)7 Decan er al (1982);* Whitc of al. (1985);° Exon ef al (1984, Vos ef 4l
(1982);"t  van Loverern er al (1988);%  Schocntal (1988)"

< Iean and Thurmond (1987);  Descotes and Mazuic (1987);%  Koller (1987);  Irons (1989);"
Dean et al. (1986)*
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L. Cell-Mediated Tmmumity (CMI)

CMI derives its name from classical studics that demonstrated adaptive celt transfer of
immunological function, gralt v. host reactivity, eic. CMI is associated with the T-lymphocytes or T-
cells (thymus-derived). Various classes of T-cells have been described, such as suppressors, helpers,
inducers, and cytotoxic cells. Some of these T-cell types are involved in B-cell immunoregulation.
T-cells scerete various peptide factors, teferred o as lymphokines or cytokines, that modulate the
activity of B- and T-cells, Cytotoxic T-cells participate in direct killing of invading microorganisms
and tumor cells. T-cells arc now commonly defined in terms of various membrane "antigens®, such
as T-4 (or CD4) for helper/eytotoxic cclls and T-8 (or CD8) for suppressor/cytotoxic cells.

¢ Non-Specific Immunity

Non-specific immunity is derived from other cell types that participate in the immune process.
Natura] killer (NK) cells are a group of cclls that share certain propertics with T-cells, but probably
arise from different stem progenitor cells.t  These cells are known to play an important role in
immune surveillance against spontaneous tumor formation. They also serve as a first line of defense,
in cooperation with other phagocytic leukocytes (phagocytes or granulocytes), in the destruction of
invading viruses and bacteria, Macrophages (activated monocytes) play a key role in antigen
processing and presentation to lymphocytes; they interact with the T- and B-cells to facilitate
antibody production. These cells also secrete cytokines, such as interleukin-1, which modulate
certain T-cell functions. .

Modulation of host resistance to infectious organisms can be the result of either direct or.
indirect effects on variows ccll components. Reduction in host resistance, is referred to as
immunosuppression. Severe or prolonged immunosuppression, as manifested in acquired
immunodeficiency syndrome (AIDS), can result in an overwhelming number of infections, tumor
formation, and death. Immune enhancement or hyperactivity of the immune system can result in
hypersensitivitics, such as allergic disorders and autoimmune diseases, The mechanisms of these
disorders and diseases arc complex and are dependent on factors such as genetic predisposition, age,
medical condition, and environment, The development of autoimmunity, which has been associated
with the use of various drugs® can have a pronounced toxic effect on a number of organ systems.

True allergic reactions, which are mediated mainly by IgE in man and certain animals, tan
result in a life-threatening condition known as anaphylactic shock. Certain food additives, such as
sulfites, have been restricted in wse because of their high sensitizing potentials  Other food
chemicals have been associated with hypersensitivity-like conditions such as the toxic oil syndrome?
and tryptophan-induced cosinophilia myalgia.¢

V' Hcrbcrmdn and Holden (1978)¥
b Bipazzi (1988)%

< Jacobsen and Gunnison (1987)"
¢ Kammuller ef al (1988)2

< Belonghia er al. (1990)”
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2. Key Concepts in Immunotoxicity Testing

These guidelines relate 10 the safety assessment of direct food additives and color additives
used in food; such assessments arc donc on & case-by-case basis. The recommendations for
immunotosicity testing of food and color additives used in food presented in this section may or may
not be selevant 10 those of other agencics and organizations. However, certain concepts from which
these recommendations derive are shared by various others,® including the World Health
Organization! Other concepts may be unique to FDA, since these guidelines have been developed
within the toxicity testing framework sct forth in this book. These concepts are:

» Two types of immunotoxicity tests/procedurcs are defined: Type 1 Tests are those that do

not require any perturbation of the test animal, such as immunization and challenge with an
infectious agent.

i) Primary indicators of immune toxicity arc derived from Basic Type 1 Tests, such as
hematology and scrum chiemistry profiles, routine histopathology cxaminations, and«

organ and body weight measurements from standard toxicity studies described in other
sections of this book, Additional prooedures, such as measurements of thymus weights

and performance of more definitive histopathological cvaluations of immunc-associated
organs and tissues, have been added,

i) Indicators of immune toxicity can also come from Expanded Type 1 Tests. These
tests are logical extensions of Basic Type 1 tests; for example, Expanded Type 1 tests
may extend the hematology, serum chemisiry, and histopathology evaluations of
standard toxicity studics. Many of these expanded tests can be performed with the
same blood and tissue samples collecied for the Basic Type 1 tests; in addition, many
of the expanded tests can be performed retrospectively.

w - Jype 2 Tests include injoctions or cxposure to test antigens, vaccines, infectious agents or
tumor cells, Jf Type 2 tests are 1o be performed concurrently with a standard toxicity study, a
satellitc group of animals should be added to the recommended number of test animals in the
study, Protocol designs for standard toxicity studies that include a satellite group of animals
for Type 2 immunotoxicity tests will be recommended when available information indicates
that a test compound may present an immunotoxic risk.

- Sets of Basic and Expanded Type 1 Tests are defined as 1.evel 1 Immunotoxicity Tests.

Some Level T tests screen for immunotoxic effects in test animals; others focus on defining an
immunotoxic effect more specifically, such as determining the mechanism or cell types

involved. Anglogously, sets of Type 2 tests arc defined as Level 11 Immunotoxicity Tests; 1.evel
11 1csts also can be wsed to screen for, or more specifically define, immunotoxic effects of food
and color additives used in food.

* Bxon er al. (19841 Vos ef al (1982);"' van Loveren ef al. (1988);%  Koller and Fxon (1985)%
* WHO (1986)¢
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3. Indicators of Possible Immune Toxicity

Basic Type 1 Tests: Primary Indicators

The primary indicators of possible immunc toxicity are derived from routine measurements and .

cxaminations performed in toxicity studics recommended in other sections of this publication (Basic
Type 1 tests). Indicators derived from short-term and subchronic toxicity studics, and developmental .
Loxicity studics with rodents are listed below. If a substance produces one or more of these primary*
indicators of immune toxicity, morc definitive immunotoxicity tests (Fapanded Type 1 tests or Type 2
1ests) may be recommended; such decisions will be made on a casc-by-case basis,

a,  Indicators from Short-Term and Subchronic Toxicity Studies

differential WBC counts; lymphocytosis and lymphopenia; and eosinophilia.

» Clinical Chemistry Indicators: Elevated or reduced total serum protein in combination with
an abnormal albumin-to-globulin (A/G) ratio. Other indicators often associated with
immunologic dysfunction include abnormal levels of liver proteins and enzymes, such as
albumin and the transaminases.

» Histopathology Indicators: Abnormalitics found during gross and routine histological
cvaluation of the lymphoid tissues, e.g. spleen, lymph nodes, thymus, gut-associated lymphoid -
tissue (GALT, in particular Peyer’s patches), and bone marrow. Morphologic abnormalities
such &s scatiered, focal mono-nuclear ccll infiltrates in non-lymphoid organs (e.g. kidncy and -
liver) may be selevant to autoimmune disease. If differences are seen in any lymphoid tissue,
attention should be given to *cellularity” and prevalence of activated macrophages. The
description could include? in sty descriptions of the types of cells, density of the cell
populations, lymphocyte distribution relative 1o distinguishing structures or defined areas of
the organ. The histopathological analysis of routinely stained (hematoxylin and eosin) samples
of the spleen should include descriptions of lymphocyte distribution and proliferation in known
T- and B-ocll arcas, such as the germinal centers (for B-cells) and the periarteriolar
lymphocyte sheath (PALS) for T-cells if abnormalities are observed. The histopathologic
analysis of the lymph nodes and Peyer's patches should include a description of the immune
activation (L.e. the relative number of follicles and-germinal centers) when abnormalities or
lesions are observed in these organs. When abnormalities of the thymus are observed,
histopathologic analysis should be descriptive and quantitative as possible with regard 10
atrophy and necrosis and other observations. If the test compound is shown to either
stimulate ccll proliferation, or to cause atrophy and cell depletion in any lymphoid organ, the:
cffect is likely to be viewed as a potentially immunotoxic effect requiring more definitive
testing.

* In these instances, the effect docs not need 1o be defined rigorously for cach animal. ‘The number
of animals observed, however, should be & statistically significant sample size.
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» Organ and Body Weight Indicators: Elevated or depressed spleen and thymus weights;
clevated or depressed orpan-to-body-weipht ratios for the splecn and thymus (statistical
treatment of the organ-to-body-weight ratios should include an analysis of co-variance, with
body weight as the co-variant). Elcvated or depressed body weights, although primarily an
indicator of endoctine function, may also indicate indirect immunotoxic effects, since endocrine

function can significantly effect the immunc system.

Indicators from Developmental Toxicily Studies

» Morbidity and Mortality Indicators: Unusual incidence of maternal infections.

» Histopathology Indicators: Abnormalitics found during gross evaluation of the fetal liver,
spicen, and thymus,

» For animals in the F, and Fy gencerations:

i) Hematology Indicators: Elevation or depression in white bleod cell (WBC) counts;
altered differential WBC counts; lymphopenia and lymphocytosis; and cosinophilia.

ii) Clinical Chemistry Indicators: Elevated or reduced total serum protein in
combination with an abnormal albumin-to-globulin (A/G) ratio.

iif) Histopathology Indicators: Abnormalitics found during gross and routine
histological cvaluation of the lymphoid tissues, e.g. spleen, lymph nodes, thymus, gut-
associated lymphoid tissue (GALT, in particular Peyer's patches), and bone marrow,
Morphologic abnormalities such as scattered, focal mono-nuclear cell infiltrates in non-
lymphoid organs (e.g. kidney and liver) may be relevant to autoimmune disease. If
differences are seen in any lymphoid tissue, attention should be given to "celtularity
and prevaience of activated macrophages. The description could include® in situ
descriptions of the types of cells, density of the cell populations, lymphocyte
distribution relative 10 distinguishing structures or defined areas of the organ. The
histopathological analysis of Toutinely stained (hematoxylin and cosin) samples of the
splecn should include descriptions of Jymphocyte distribution and proliferation in
known T- and B-ccll arcas, such as the germinal centers (for B-cells) and the
periarteriolar lymphocyte sheath (PALS) for T-cells if abnormalities are observed. The
histopathologic analysis of the lymph nodes and Peyer's patches should include a ’
description of the immune activation (f.e. the rclative number of follicies and germinal
centers) when abnormalities or lesions are observed in these organs. When
abnormalitics of the thymus are observed, histopathologic analysis should be
descriptive and quantitative as possible with regard to atrophy and necrosis and other
obscrvations. If the 1est compound fs shown to either stimulate cell proliferation, or -
to cause atrophy and cell depletion in any lymphoid organ, the effect is likely 1o be
viewed s a potentially immunotoxic effect requiring more definitive testing.

' In these instances, the effect does not need 10 be defined rigorously for each animal. The number

of animals observed, however, should be a statistically significant sample size.
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iv) Orpan and Body Weipht Indicators: Flevated or depressed spleen and thymus
weights; clevated or depressed organ-10-body-weight ratios for the spleen and thymus
(statistical treatment of the organ-to-body-weight ratjios should include an analysis of
co-variance, with body weight as the co-variant). Elevated or depressed body weights,
although primarily an indicator of endocrine function, may also indicate indirect
immunotoxic effects, since endocrine function can significantly effect the immune
system.

4. Expanded Type 1 Jmmunotoxicity Tests

Assessing the safety of food and color additives used in food usually requires the completion
of various toxicity studics. In addition to the screen of primary indicators of possible immune
toxicily provided by these toxicity studics and summarized above, additional tests for further
cvaluation of the immunotoxic potential of a test substance may be recommended by the Agency.
‘The additional tests can be Expanded Type 1 Tests, discussed in this section, or Type 2 Tests,
discussed in the next section, The Agency’s rcoommendation that specific immunotoxicity tests be
performed on test substances will be made on a case-by-case basis. Expanded Type 1 immunotoxicity
1ests include:

» Jiematology Tests: Flow cytometric analysis of B-lymphocytes, T-lymphocytes, and T+
lymphocyte subsets (TH 4 TS or CD4 and CD8); immunostaining (immunoperoxidase or
immunofiuorescence) of B-lymphocytes, T-lymphocytes and T-lymphocyte subsets from
peripheral blood or single ccll suspensions from the spleen.*

i) Hematology Indicators: Decrcased or clevated percentages of any of the various
lymphocytes relative 1o controls and abnormalities in the B-cell/T-cell and the TH/TS
(CDA/CDB) cell ratios; these should be determined from differential counts of the
immunostained preparations or from cytometric analysis.

s Serum Chemistry Tests: Electrophoretic analysis of serum proteins to permit separation
and quantification of the relative percentages of albumin and the e-, 8-, and +-globulin
fractions; quantification of r-globulin fractions (IgG, IgM, IgA, and JgE); analysis of total
serum complement and components of complement (such as C3) from CH-50 determinations;
immunochemical assay of serum cytokines, such as IL-2, IL-1, and s-interferon; quantification
of serum auto-antibodies, such as anti-nuclear, anti-mitochondrial, and anti-parietal cell
antibodics.

i) Scrum Chemistry Indicators: Statistically significant variations between
cxperimental and control groups of animals for any of the paramcters listed above.

using polyclonal antibodics to IpG of the test animals;® immunostaining of T-lymphocytes and
T-lymphocyte subsets in the spleen, using monocional or polyclonal antibodics to various ccll
markers; micro-metric measurements of germinal centers and PALS of the spleen and the
follicles and germinal centers of lymph nodes; morphometric analysis of the relative arcas of
the cortex and medulla of the thymus, using routincly stained histopathology sections.

v Lovett er al (1984);*  Mudson ef al. (1985);%  Burchicl ef al (1987);7" Hinton er al (1973),%
Falini and Taylor (1983)?

b Hinton et al. (1987);® Ropinski and Hinton (1987)%
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and control groups of animals for any of the parameters listed above, using both
analysis of variance (ANOVA) and a multiple comparison T-1est, such as Dunnett's®

w - Tests for In Vire Analysis of the Functional Capacity of Specific Cell Types:

i) Activity of Natural Killer (NK) Cells: The functional capacity of NK cells can be
measured using the classical #Cr chromivm relcase assay;® this assay is well
standardized and has been used successfully with both mice and rats in various
immunotoxicity studics. Of particular concern is reduced NK cell activity, which may
be correlated with increased tumorigenesis and infectivity.

ify Mitogenic Stimulation Assays for B- and T-Lymphocytes: Certain plant lectins
stimulatc blastogencesis and DNA synthesis of T- and B-lymphocytes: concanavalin-A
(Con-A) and phytohemagglutinin (PHA) arc known to preferentially stimulate T-
lymphocytes, and an extract from pokeweed (PWM) as well as certain bacterial
lipopolysaccharides (LPS) and protcin extracts are known to preferentially stimulate B-
lymphocytes in vitro. Since these assays arc carried out ex vivo, they ¢an be performed
on preparations of peripheral blood. The assays are well characterized for use in
various animals specics (including man®), can be performed on cither peripheral blood
or spleen-cell suspensions, and have been used in 2 number of immunotoxicity studies.t
Both reduced and clevated levels of blastogencsis or *H incorporation into DNA arc
of interest in the cvaluation of the immunotoxic potential of food and color additives
used in food. .

iii) Phapocytotic Index of the Macrophage: Various assays to determine the
phagocytotic ability of macrophages have been described! These assays measure the
ability of a macrophage to ingest particulate substances, such as plastic beads or iron
filings, and can be performed on peripheral blood or single cell suspensions of
lymphoid organs, such as the spleen. Other assays measure the capacity of the
macrophage to destroy live bacteria through Jysosomal enzyme activity.s

* Dunnett (1955)%

* Herberman and Holden (1978)*

¢ Gorelik and Herberman (19813 Smialowicz ef al. (1989}  Holsapple er al. (1988)%

¢ Oppenheim and Rosentrich (1976)%

< Luster ef al (1988) Dean er al. (1982) White ef al. (1985)° xon er al (1984);" van
Loveren (1988);  Schoental (1988)"  Nolsapple ef al. (1988);%  Cornacoff ef al. (1988)”

 Kolter and Ixon (1985)  J.oose et al. (1981);* l.ewis and Adams (1985)*

¢ Keller (1978)*
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iv) Stem Cell Assays: Bone marrow preparations can be used to investigate the
pluripotent population or specific progenitor populations.* Although these assays have
not been used extensively in immunotoxicity evaluations, they may be recommended
when histopathological ¢valuation indicates that the test substance may have caused

changes in bone marrow.

5. Type 2 Immunofoxicity Tests

Bvaluating the functional capacity of the immune system requires injecting a substance that
clicits immunological reactivity in a test animal.  Various antigens provide information about the
types of immunity or cells that may be involved in an immune response. For example, protein
antigens usually elicit T-dependent immune responses with subscquent production of antibodies to
the protein. Polysaccharides elicit T-independent immune 1esponses. Some antigens elicit cell-
mediated immune Tesponses, while immunogens such as complex bacleria and viruses may elicit
humoral and cell-mediated responses. All of the antigens listed below have been tested in rodents;
when an antigen has been used prefercntially with a particular rodent species, this is noted.

rodents is sheep red blood cells (SRBC).© For example, SRBCs have been widely used in mice
in the Plague-Forming Cel) Assay:® antibody-producing spleen cell suspensions are mixed with
SRBCs, placed on covered slides, and incubated; cach antibody-producing cell causes a small,
clear arca (plaque) to form on the slide; the plaques are then counted. Other T-dependent
test antigens that have been widely used include keyhole limpet hemocyanin® and bovine serum
albumin.

» T-Dependent Test Antigens: One of the most widely used antigens for rodents® and non-

» T-Independent Test Antipens: Ficoll, a branched chain polysaccharide, haptenated ficoll,
polyvinylpyrrolidone, and bacterial lipopolysaccharides have been used as T-independent test
antigens with mice and ratst

* Harigaya e al. (1982)%

® Luster e al. (1988); Bick (1982)7 Dcan er al. (1982);® White er al (1985); Exon ef al
(3984);®  Koller and Exon (1985);%* Hinton ef al. (1987);® Pestka er al (19870;2  Reddy er al

@198n¢e

<KDA, (1978)' Sjoblad (19%0);* Tryphonas (1990) WHO (1986);¢ Bick (1982); Dean er
al. (1982) Whitc er al. (1985);* Hinton ef al (1987); Smialowicz et al. (1989);* Holsapple er
al. (1988);% Testka er al. (1987);2  Baccher-Steppan ef al. (1989)4

4 Jerne and Nordin (1963);¢  Cunningham (1965)%

¢ Fxon and Koller (1984)%

t Anderson and Blomgren (1971)¢
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» Human Vaccines: Human T-dependent vaccines, such as tetanus toxoid, and the T-
independent vaccine containing pneumococcal polysaccharide antigens have been used in both
rats and mice.* 1t is possible to compar¢ responses of the test species to the vaccines with
human 1esponses, because standard human sera are available from FDA’s Center for
Biolopics.t

u Test Antigens for Cell-Mediated Jmmune (CMI) Reactivity: Contact sensitizers such as
dinitrochlorobenzene (IDNCB) have been used to elicit delayed hypersensitivity (DTH)
responses as a measure of CMI in animals. These assays can be performed in rodente as well
as non-rodent species. The DTH assays are economical and correlate well with decreased CMI
and host resistance to infectious agents in humans as well as animals.c The mixed-lymphocyte
response (MLR) assay, which uses lymphocytes from a different strain, has been successfully
used 10 cvaluate CMI in mice.!

» Host Resistance Assays with Infectious Agents: A number of bacterial strains have been
used to measure host resistance, including Listeria monocytogenes, various strains of
Streptococcus, and Escherichia colis Useful viral models® include influcnza, herpes, and
cytomepalovirus.! A yeast infectivity model using Candida albicans has been described, as well
as parasitic infectivity models using Trichinella spiralis and Plasmodium yoelli)

' Vos (1977);¢  Spiers et al (1979);% Benson and Roberts (1982)%
» Schiffman (1982)

¢ Godfrey and Gell (1978)%

¢ Maclean (1979)%

* Bradley and Morahan (1982)%

" Luster ef al. (1988)

t Bradley and Morahan (1982)*

> Dempsey and Morahan (1985),%  Kern (1982)*

i Selprade et al (1988)"

) Dempsey and Morahan (1985)*  Dean er al. (1982)%*
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» - Host Resistance Assays Using Synpencic Tumor Cells:  Various assays of host resistance
have been described using a number of cultured tumor cell lines.* These assays, unlike those
involving the infectious agents discussed above, do not requirc special barrier facilities 10
prevent infections from spreading throughout an animal colony. Two mouse assays have been
validated: the PYB6 sarcoma assay and the B16F10 melanoma assay.® An assay using a Jung
wmor mode] and the MADBI0G tumor cell line also has been validated for use in
immunotoxicity studies.¢

6. Relevance of Primary Indicators of Ymmune Toxicity to Health

a,  Hemntological Indicators

Hematologic screens recommended for toxicity studics ‘are basically the same as those
performed clinically as human health screens, Depressed of clevated WBC counts may be indicative
of direct or indirect effects of the test substance on cellular proliferation and distribution. Total
WRBC counts are used clinically as a presumptive test for infection; they are also used to cvaluate the
severity of an inflammatory or allergic process. Routine differential WBC counts are used 10
differentiate among some types of infections and inflammatory responscs; they also are used s a
screen for toxicologic or pharmacologic effects: for example, immunosuppressive drugs may cause
lymphopenia. :

Altered lymphocyte counts may be relevant to immunodeficiency. Increased humbers of
polymorphonuclear leukocytes can result from pathogenic infections and from pyrogenic and
inflammatory proccsses. Bosinophilia is often associated with allergenic processes. It may also
indicate an infectious, reactive, or neoplastic process. Altered red blood cell counts and platelet
counts ¢an be associated with avtoimmune processes.

b.  Scrum Protein Indicators

Estimates of total scrum proteins and the albumin/globulin ratio may give useful information
about liver and lymphocyte function. The a- and s-globulins (Le. «- and 8-G) are primarily produccd
in the Jiver; 7-G are a product of the B-lymphocytes. Depressed 8-G levels could Jead 1o decreases
in complement proteins that are required for phagocytosis; this could produce decreased resistance
10 bacterial infections, Reduced levels of 7-G also could mean reduced levels of antibodies necessary
for humoral immunity 1o infcctious agents. Alered levels of -G may indicate an effect on B-
lymphocytes, T-lymphocytes, or simultancous effects on both types of cells.

However, total globulin levels do not give specific information about which immunoglobulin
classes are affecied. Thus, when globulin Jevels are reduced, specific quantitative assays for the r-G
subclasses may be recommended.  Electrophoretic and immunoelectrophoretic analyses of the scrum
-G subclasses or quantitative assays such as Enzyme-Linked Immunosorbent Assay (ELISA),
Radioimmunoassay (RIA), or radial immunodiffusion may be secommended. This information may
be important because reductions in -G and ¢-M may be relevant to infection by opportunistic and

* Dean ef al. (1982);%  Ylerberman (1985)%
* Mursay et al. (1985)%

< Smialowicz er al. (1987)%
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pathogenic organisms, and changes in 7-A may indicate effects of the test substance on secretory
immunity, such as gut-mediated immunity.

¢ istopathology Indicators

Abnormal results from gross and histological evaluation of the lymphoid organs (usually the
splecn, thymus, and lymph nodes) are important indicators of various immunotoxic ¢ffects;
histological evaluation of Peyer’s patches and bone marrow also is recommended in screening for
cffects of a test substance on the immune system.  Atrophy of the thymus gland with associated
depletion of cortical thymocytes could be an indication of immunosuppression. Concomitantly, a
similar effect on the lymphocytes in the periarterial lymphocyte sheath of the spleen (PALS) would
indjcate an cffect of the test substance on T-cells: both cell-mediated and humoral immunity can be
affected. In the spleen and lymph nodes, defined regions are more denscly populated with
B-lymphocytes, with activated, antibody-producing B-cells, or with plasma cclis. Effects on B-cell
regions of these organs could be an indication of immunosuppression or immunocnhancement,
depending on the result obtained.

4. Body and Organ Weights

Body and organ weights arc gencrally recorded during toxicity studies. Splecn weights are
usually recorded in all toxicity studics, but thymus weights may not be-recorded in Jong-term studics.
The thymus gland grows rapidly in young animals but begins to involute as the animals reach sexual
maturity. In old animals, the thymus may be difficult to detect and measure because of the degree
of involution.

Orpan weights by themselves or in relation to body weights can be sensitive measures of organ
atrophy or hypertrophy, but yicld little information about immunotoxic effects. Reduced organ
weights can result from direct effects on lymphocyte proliferation and differentiation and may be
rclevant for assessing immunosuppression. Hypertrophy of the lymphoid organs is usually associated
with increased proliferation of cells (hyperplasia). Increased proliferation of lymphocytes can result
from infections, stimulation by xcnobiotics, altered mctabolic processes, and certain forms of trauma,
reactive, or avioimmune processes. In practice, however, changes in organ weights or organ-to-
body-weight ratios are more relevant to immune toxicity when they are associated with appropriate
histopathology findings.

7. Adequacy and Reliability of Primary Indicators of Immune Toxicity

11 all primary indicators of possible immunotoxicity from toxicity studies are negative for a test
substance, would this effcctively rule out the possibility that the test substance produces significant
immunotoxic effects? The answer to this question is complex; some of this complexity derives from-
the fact that the primary indicators of possible immune toxicity listed above are not sufficicntly
specific or sensitive 10 provide unambiguous answers. For example, it is not possible to differentiate
B-lymphocytes from T-lymphocytes in routinely stained sections of lymphoid tissues, and standard
hematology tests cannot distinguish among subcategories of T-lymphocytes, Special immunochemical
stains, however, permit B- and T-cells to be visvalized in tissue sections and blood smears, making
available more information about the immunotoxic effects of the test substance.

If only short-term toxicity studies arc performed on a particular test substance, concern about
the adequacy and reliability of the immunotoxic indicators from these studics may be high. Subtle
immunotoxic effects or immunc toxicitics that develop only after prolonged administration of the 1est
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substance may not be detected in short-term toxicity studies. Conditions of the longer-term toxicity
studics, however, may make it difficult to detect some immune toxicitics: the use of barrier facilitics
is common in carcinogenicity studics; because barrier facilitics limit exposure of test animals 1o
exogenous infectious microorganisms, detecting possible innmunotoxic effects of a test substance in
carcinogenicity studics may be compromised because spontancous infection rates and mortality arc
cvaluated as primary indicators of possiblc immunotoxicity in such studics.

Even with this disadvantage, many jnvestigators and regulatory authoritics recommend specific
tests to identify and characterize immunc system toxicities only when screening tests or indicators are
positive  Additional rationale for this approach comes from the fact that most short-term toxicity
studics incorporate at least one dosc in the potentially highly toxic dose range, Additional tests for
immunotoxicity should be performed to verify positive immunotoxic ¢ffects noted during screening
studics or to determine if the positive result obtained for a primary indicator was a false positive
indication of immunotoxicity. For cxample, certain test substances may cause increased or decreased
food intake; nutritional deprivation from significantly decreased food intake has been shown to cause
thymic and splenic atrophy.? Lffects on the endocrine system, such as stimulation of the production
of growth hormone® or prolactin?® and decreased levels of adrenocorticosteroids,® can stimulate growth
of the thymus. In response to such stimuli, involution of the thymus may proceed at a different ratc
in animals exposed 1o the 1¢st substance than in control animals. Therefore, measuring thymic
weights at one specificd time in a short-term toxicity study could give false positive or falsc negative
indications of the test compound’s immunotoxic potential. For this reason, the Agency recommends
that a study of the cffects of a test substance on thymic growth and involution be conducted at two
or morfe time points during the study (such as midterm and final sacrifice). Becausc sex differences
have been demeonstrated for various immunologic studies,! both sexes should be included in
immunotoxicity cvaluations.

There are data which suggest that the primary indicators do not cvajuate toxic cifects on all
types of immunc-related cells. Recent studies have shown that NK cell function may be affected
without concomitant effects on cither B- or T-lymphocytes.t Other studics have shown that
functionat defects of specific lymphocytes can occur without apparent changes in the proliferation or
morphology of the cells as observed in standard histopathology preparations:® the morphology of the
cells is normal and a false negative result would be obtained in these instances.

b Kata, (1978)%

¢ Pierpaoli and Sorkin (1969)°

4 Rerezi (1986)

¢ Claman (1975)%

"1inton er al (1987);*  Weimer and Roberts (1972)%

£ Smialowicz er al (1987)¢

 Vos er al. (1982)," Vos er al. (1983);%  House er al. (1985)%

168

86! vStEs




_Draft

VD  Immunotoxicity Studies Continued

8. Recommendations for Further Immunolexicity Testing when Primary
Indicators of Immunotoxicity arc Positive

Assessing the safety of food and color additives used in food usually requires the completion
of various toxicity studies, In addition to the screen of primary indicators of possible immunotoxicity
provided by these toxicity studies and summarized above, additional tests for further evaluating the
immunotoxic potential of a test substance may be recommended by the Agency. In the sections that
follow, the adcquacy of primary indicators of immunotoxicity for test substances that have been
assigned 10 cach Concern Level will be discussed. The Agency's recommendation that specific

immunotoxicity tests be performed on test substances that have been assigned to Concern Levels J,
11, and_III will be made on a casc-by-casc basis.

a.  Tmmunotoxicity Studics for Compounds that have been Assigned to Concern Level IIT

Test compounds that have been classificd as Concern Level 111 substances present the highest
level of concern about their safe use as direct food additives and color additives used in food. When
these substances undergo toxicity testing, primary immunotoxicity indicators may be negative,
marginal, or positivc. Jmmunotoxicity tests suitable for each of these sitvations will be discussed
below.

i. Immunological Tests when Primary Indicators of Immunotoxicity are Negative or Marginal

I the primary immunotoxicity indicators from recommended toxicity tests are not positive,
then no additional tests for the immunotoxic potential of the Concern Level 111 test compound
would be recommended unless there were special circumstances. Such circumstances may include: 1)
the rodent strains employed in toxicity testing were highly inbred and are know to be resistant to
immunotoxic cffects; 2) barrier or other facilities were used for long-term and short-term toxicity
studics, which may have precluded exposure of the test animals to normal infectious agents present
in the environment; and 3) omissions from the recommended guideline for standard toxicity tests,
such as not measuring thymus weights during the growth phases of the test animals or omitting
histopathological analysis of certain lymphoid organs. In these situations, some Type 1
immunotoxicity tests and 2 Type 2 immunotoxicity study of host resistance may be recommended,
particularly if specific tests for immune toxicity had not been incorporated into subchronic toxicity
studics.

il.  Immunological Tests when Primary Indicators of Immunotoxicity are Positive

When any of the primary indicators suggests that a Concern Level 11T test substance has an
immunotoxic cffect, additional testing will be recommended in order to assess the extent of risk to
the imamune system.  In addition, positive effects on other target organs may indicate the need to
assess the autoimmune potential of the compound.

Certain indicators may derive from effects on either B-cells or T-cells, or may be derived from
effects on both types of cells. 1Jowever, most of the primary indicators of immune toxicity are
nondiscriminating, with respect to spegific lymphocytes involved and specific immune functions
affected. Standard histopathology evaluation may provide some clues if there is an effect on the
thymus o1 if areas in the spleen or lymph nodes arc associated with specific types of lymphocytes.
The objectives of expanded Levels T and 11 immunotoxicity 1ests are 1o delincate the specific cells
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type(s) which are affected, to cvaluate the extent 1o which specific immune functions are impaired,
and to relate these effects to risks such as infection, hypersensitivity, and carcinogenicity.

The immunotoxicity tests described in the following sections are for use with rats, and all tests
should be conducted on cach test animal. However, tests have been, or can be, adapted for use with
mice or non-rodent specics,  When mice arc vsed as test animals, serum from animals in cach
experimental group may necd 1o be pooled if there is an insufficicnt quantity of serum from cach
animal to perform rocommended hematology tests.

4) Retrospective 1evel 1 Tests: No additional animals arc needed for Retrospective Level
1 immunotoxicity tests when at least 10 animals of cach sex are used in a standard toxicity
study and appropriatc samples of blood and tissues are properly treated and preserved. After
removing blood cells, scrum samples should be prepared by high-speed centrifugation,
sterilized by filtration, and stored at 4-5°C in scaled containers. At least half of each lymphoid
tissue/organ should be fixed briefly in Bouin®s fixative (or other fixative shown to be
appropriatc) and stored in alcohol; sections from the tissuc/organ can be processed for
histopathological analysis by routine staining or by immunostaining.

If the standard toxicity study was & subchronic or chronic study (with ¢xposure to the test
substance for 90 1o 120 days), and primary indicators suggested that the test material may be
immunotoxic, the following Retrospective Tevel | tests should be performed on serum samples from

the study:
i) Electrophoresis of serum proteins.
if) Quantification of scrum immunoglobulins (1gG, IgM, IgA, IgE).

if) Immunostaining for B- and T-lymphocytes in spleen and lymph nodes and
micrometric analysis of the number of stained cells in specific regions of these organs.

iv) Screening for serum autoantibodics 10 DNA, mitochondria, and other ccll
componcents in one or more tissues, such as liver and smooth muscle! These tests
should be performed when there is an indication that the test substance may affect B-

or T-Jymphocytes.

v) Immunostaining for bound IgG may be reccommended 1o determine if non-
Iymphoid organ toxicitics noted during the standard toxicity study (particularly a long-
term toxicity study) are due to an autoimmune reaction.

If the results of these Retrospective Level 1 tests demonstrate that the primary indicators of
immune toxicity were false positives, then no further immunotoxicity testing would be recommended.
However, if the results of these tests are inconclusive or confirm an immunotoxic effect of the test
substance, additional testing would be recommended,  The additional testing may include Type 1 and
Type 2 immunotoxicity tests.

* Hinton (1993)®
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b) Additional 1.¢vel 1 Tests: Additional Level 1 immunotoxicity tests cannot be
performed retrospectively, but must be incorporated into the protocol of standard toxicity
studies. However, all of the tests described in this section can be performed on the same
animals that are vsed in 1he standard toxicity study, provided that samples are processed
appropriatcly. For example, half of the spleen can be used 10 make a cell suspension for
cellular analysis immediately following sacrifice of the test animal; the remaining half can be
processed for histopathology evaluation. Additional (non-retrospective) Level 1 tests that may
be recommended include:

i) Quantitative analysis of the B-cell 10 T-cell ratio (B/T) using either whole
blood cells and spleen preparations or splecn preparations only.

i} Determination of spleen cellularity (the total number of white blood cells and
lymphocytes per gram of wet tissuc) and the total number of viable cells per gram of
wet tissuc or per million white blood cells.

iif) Assay of mitogenic stimulation for B- and T-lymphocytes:
iv) Analysis of NK cells using a suspension of spleen cells:
v) Determination of the phagocytotic index of macrophages:

vi) Electrophoresis of serum proteins:  Although this test can be performed
retrospectively, it is listed here because it is particularly useful for cvaluating toxic
immune cffects on liver, macrophages, and lymphocytes.

c) Level 11 Tests: If primary indicators of immunotoxicity from standard toxicity studics
suggest that a test compound may be immunotoxic, Level IT tests may be recommended 1o
identify specific functional immune defects. These tests may be performed on satellite groups
of test animals in conjunction with a standard toxicity study or they may be performed on test
animals in a scparate immunotoxicity study. In the latter case, Level 11 tests should be
performed with the same specics, strain and age of test animals and the same doses of test
substance used in the standard toxicity study of comparable duration. In addition, separate
Level 11 immunotoxicity studics should be 3 to 6 weeks in duration so that test animals will be
exposed long enough 1o enable primary and secondary immunc cffects to be identified. An
additional period of time at the end.of the study during which the test substance is not
administered would permit evaluation of the reversibility of observed immune effects.

'Ihc‘foll('ywi'n'g Lovel I tests may be rccommendcd
i) Kinetic evalvation of primary and secondary immune responses of test animals 10 a

T-dependent antigen, such as SRBC, tetanus toxoid, or KLH; serum antibody titers
should be measured following initial and scwndary mjccuom of the antigen.

if) Evalvation of the primary humoral rcsponsc to a T-mdcpcndem anugen such as
pneumaococcal polysaccharides; choice of the optimum challenge dose should be
justified.

iii) livaluation of the delayed hypersensitivity response 10 a contact sensitizer during
the second half of the study. Alternatively, evaluation of the mixed lymphocyte
response can substituie for measurement of the DTH response as long as the assay has
boen validated with the particular rat strain used.
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d) Enhanced T.evel I Tests: These tests are designed to determine if a test substance
that produces immune toxicity in Level T or Level 11 tests also affects host resistance to
challenge with infectious agents or tumor cells. Enhanced Level 11 tests may be performed
with cither rats or mice, because many host resistance tests have been validated in mice.

These tests would be recommended in a variety of circumstances; for example:

i) If primary indicators of iramunotoxicity from standard long-term toxicity studies
showed increased mortality associated with administration of the test substance and
cffects on humoral immunity were identificd from Level I and Level 1 tests, then
bacterial {e.g. Listeria monocytogenes)t or viral (e.g. Influenza)® chalienge tests
associated with humoral immunc protection would be recommended for cvaluation of
host resistance,

if) 1If there are indications that consumption of the test substance is associated with
increased tumorigencsis and effects on phagocytosis, tumor challenge tests with PYB6
sarcoma, which tests cytolytic activity of T-cells and NK cells in mice,* would be
appropriate; a similar test for rats uses the MADB106 tumor line.

iiiy Finally, for test materials that have demonstrated T-cell or cell-mediated immune
cffects, challenge tests that use certain strains of Streptococcus® or Plasmodium yoeliit
would be appropriate.

b, Immunotoxicity Studies for Compounds that have been Assigned to Concern Level 1T

Specific immunotoxicity 1ests generally are not recommended for test compounds that have
been assigned to Concern Level 1. However, if primary indicators of possible immunotoxicity from
toxicity studics conducted on Concern Level II test substances are positive, additional Level T and
Level 1§ immunotoxicity tests may be recommended; such recommendations will be made on a case-
by-case basis.

¢, Jmmnnotoxicity Stadies for Compounds that have been Assigned to Concern Level I

Usually, short-term acute exposure studies (up to 30 days) are performed to assess the safety
of Concern 1evel 1 compounds.  Although guidelines for these studies (sec Chapter IV C 3) do not
recommend specific immunotoxicity tesis, if primary indicators of possible immunotoxicity from
short-term toxicity studics are positive, additional Level 1'and Level 1T immunotoxicity tests may be

- recommended.  Such 1ccommendations will. be made on a.case-by-case basis... One immunotoxicity
test which measures the primary humoral response’to the T-dependent antigen SRBC has been

* Dean er al. (1982)%

b Dempsey and Motahan (1985)% »
© Mutray et al. (1985)¢ ‘
¢ Smialowicz et al. (1987)

¢ Sclprade ef al. (1988)7

! Dean er al (1982)%*
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described for usc with both rats® and mice® and has been recommended for use in shorl-term
screcning studies.t

9. Animal Models for Tmmunotoxicity Tests

a.  Rodent Models

These guidelines have focused on tests designed to assess jmmune toxicity in the rat. Specific
strains have been used and validated by the Agency, including Spraguc-Dawley, Spartan,? and
Osborne Mendel:¢ the Fisher 344 rat has been recommended by otherst for studies with
cnvironmental compounds. Other strains of rat, such as the Buffalo strain, have been used in special
studics 10 evaluate autoimmune discase potentiation.s In addition, several mouse strains (mainly
inbred strains) have been used 1o assess immune toxicity.

b, Non-rodent Models

Usc of the dog for various immunopharmacologic studies has been described in the scientific
literature.b Level I fmmunotoxicity tests described in these guidelines can be performed on most
Jarge animal species; Level IT immunotoxicity tests in other non-rodent models also may be
accoptable, if validated: usc of primates has been desceibed.! Also, miniature swine have been shown

10 be an excellent non-rodent species for cvaluation of various immune functions) The Agency has
validated a number of immune function assays for use with this model,

: Smiallnowicz. et al. "(1989)17‘

® Luster er al (1988) Dean er al. (1982)

< Luster ef al. (1988)

¢ VHinton ef al. (1967

¢ Hinton (1991)%

! Smialowicz ef al. (3987)%

¢ Weening ef L. (1978),™ Mi.chacLson e al (1981,  Silverman an& Rose (1975)™
® Thicm er al. (1988)”

Tryphonas ef al. (1989)"

i Siepel (1984)%  Glocklin (1987);% Hinton and Kahn (1987  Hinton and Kahn (1989);®
linton er al. (1993)
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Immunomodulation of porcine as well as other food animals have been reviewed.* Other
perspectives on animals selection have been reviewed b

10, Recommended Strategy for Assessing the Immunotoxic Potential of Direct
Food Additives and Color Additives Used in Food

» Primary indicators of immunotoxicity should be evaluated for short-term (28-day) toxicity
studics, subchronic (90-day) toxicity studics, and developmental toxicity studies, Results of
these evaluations should be incorporated into an integrated assessment of the potential for a
test chemical to adverscly affect the imniune system. Bascd on this assessment, an explicit
statement should be made as 10 whether or not the test chemical represents a potential
immunotoxic hazard which requires further testing.

» Additional studics to assess the immune toxicity of food and color additives used in food
will depend on the results of the evaluation of primary indicators of immune toxicity, the
Concern Level 10 which the additive has been assigned, and other information available
concerning the immunotoxicity of the additive.

11, Conclusion

The hicrarchical grouping of recommended immunotoxicity tests by specificity and mechanics
(e.g. tests that use injectable substances) can facilitate including immunotoxicity testing in standard o
toxicity studies. Ixpanded testing on existing samples is possible, and allows for a more definitive
identification of potential immunotoxic effects. Such expanded testing may be necessary when
additional information about a possible immunotoxic effectis important for the safety assessment of
a direct food additive or color additive used in food. Immunotoxicity tests recommended in this
section are summarized in Table 2 below.

* Sicpel (1984)™

* Glocklin (1987)
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Table 2

Summary of Immunotoxicity Testing Recommendations for Direct Food Additives

Basic Testing (Rat Model)

* CBC, WBC differential

* Total scrum protein, albumin-to-globulin ratio (A/G)

* Histopathology, gross and microscopic (spleen, thymus, lymph nodes, Peyer's patches, and
bone marrow)

* Lymphoid organ and body weights

Retrospective Level I Testing: Included as a Possible Requirement in Standard Toxicity Study

* Electrophoretic analysis of scrum proteins® (when positive or marginal effect noted in basic
testing)

* Immunostaining of splecn and lymph nodes for B and T cells* (quantification of total Ig)

* Serum autoantibody screen and deposition of Ig (micrometry for semi-quantitation of the
proliferative responsc)

Enhanced Yevel I Testings  Included as a Possible Requirement for More Complete Screening in
the Standard Toxicity Study Core Group, with a Satellite Animal
Group, or in a Follow-Up Study

* Cellularity of spleen (lymph nodes, thymus when indicated)

- Quantification of total B and T cells (biood and/or spleen)

- Mitogen stimulation assays for B and T cells (spleen)

- NK functional analysis (splecn)

- Macrophage quantification and functional analysis (spleen)

- 11-2 functional analysis (spleen)
* When indicated or for more complete analysis, other endpoints such as total hemolytic
complement activity or CH-50 assay with serum

Level 11 Testing: Includes a Satellite Group or Follow-Up Study for Screening of
Functional Immune Effects

* Kinetic evatuation of the humoral response to a T-dependent AG (primary and secondary
responses with either SRBC, TT, or other)

* Kinctic evaluation of the primary humoral response to a T-independent AG such as Pvax,
TNP-LPS, or other recognized AG

* DTH response 1o known sensitizer of known T-cell affecter

* Reversibility evaluation

Enhanced Level 11 Testing‘ Includes a Satellite Group or Follow-Up Study For hvuluuhon ot‘
: ©oe oo se o o Tolential Immunotoxdc: Risk

° Tumor challenge (MADB10G or other with the rat; PYB6 sarcoma with a mouse model)
* Infectivity challcngc (mhmella Candlda or, othcr wuh thc 1at; Lmena or other wuh thc
niouse)

Abbreviations: CBC = complete blood count; WBC = white blood count; Ig = immunoglobulin; NK
= natural killer; IL-2 = interloukin- 2, SRBC = sheep red blood cells; and TNP-LPS
=+ trinitrophenol lipopolysaccharide.

* Recommended for inclusion in basic testing,
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Chapter VI

Human Studies:

This chapter presents general guidelines for the conduct of human clinical studies on foods
and food ingredicnts. It also describes the types of human epidemiology data that may be useful to
the Agency in asscssing the safety of direct food additives and color additives used in food. Because
human clinical studics were not included in the 1982 guidelines for direct food additives and color
additives used in food, important issucs related to these studies are discussed at length in this

chapter.

‘The Agency docs not require petitioners 1o conduct human clinical studies to support the
safety of direct food additives and color additives used in food. However, petitioners may elect to
perform such studics in certain circumstances, such as when the proposed additive will be consumed
by humans at relatively high levels (see Chapter VII B). When petitioners conduct human clinical
studics on substances intended for use as direct food additives and color additives used in food,
however, the Apency rccommends that the studies conform o the guidelines presented in this
section.  As usual, the Agency strongly recommends that petitioners planning to conduct human
studics in support of the safety of direct food additives and color additives vsed in food consult with

the Agency before the studics begin.
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A major objective in the clinical testing of food and food additives is to assess aspects of
safety that cannot be addressed adequatcly by non-human studies or by existing data on population
exposure. For example, the Agency is now reviewing petitions for direct food additives that are
intended to substitute for major nutrients such as fat and sugar. Because segments of our
population may be exposed to large quantities of these additives for long periods of time, traditional
methods of evaluating the safety of these substances may not be adequate. Testing these substances
in animals at doscs that greatly exaggerate their anticipated human exposurcs may not be possible.
For these substatices, human clinical studies may provided additional confidence in the safety of the
food or food additive,

A food or food additive penerally will be considered suitable for clinical testing if the
substance is unlikely to produce significant toxic effccts at the levels to which the subjects of the
clinical study will be exposed. This usually is determined from the results of toxicity studies in
animals or by cxamining existing data on population exposure. However, in cases where the type of
toxic response associated with the consumption of a food or food additive by experimental animals is
judged 1o be severe, exposure of subjects in clinical studies to the additive may need to be
significantly below the level found to produce no toxic effects in an appropriate species.

Unlike patients participating in clinical trials of new drugs, no health benefit is anticipated for
most test subjects in clinical studies of foods and food additives. Thus, the nature and weight of
cevidence required to establish the safety of these products for humans before clinical studices can
begin may differ from that required to support testing under guidelines for investigational new drugs.
Clinical studics of foods and food additives will focus on demonstrating safety; for example, the
safety of an additive that may interfere with absorption of nutrients, whose staws in the population
is uncertain, may need to be evaluated in a clinical study.

1. General Considerations for Clinical Studies of Foods and Food Additives

Principles for the conduct of clinical trials arc contained in the February 22, 1985 Federal
Register* and codified in 21 CFR 314.126. The following guidclines identify gencral considerations
for clinical studies of foods and food additives. Each consideration should be explicitly addressed in
the clinical study’s protocol,

» Before undertaking costly and time-consuming clinical studies as part of the safety
assessment of a food or food additive, the investigator necds to formulate a defensible
rationale for conducting human clinical studics and a clear set of objectives.

. 0 Adequate preclinical investigations (including toxicity tests in animals) must have been |
completed. * Results of these tests must establish that there is no expected toxicity to man at
doses 10 be used in clinical studics. A clear, concisc description of the design of pre-clinical
studies and their results should be presented 10 FDA.  Information about the history of use of

" “the food or food additive outside the United States and documentation of the results of -
foreign clinical studics involving the food or food additive should also be prescnted for review.

* Anonymous (1985)!
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» In designing protocols for clinical studies, the following should be considered: 1) the results
of pre-clinical studies (including toxicity tests in animals) and forcign clinical studies; 2) the
chemical nature of the proposed additive; and 3) all organs and organ systems that may be
affected in man by consumption of the food or food additive under investipation.

s The sequence of clinical tests should be designed to maximize the safety of the rescarch
subjects.

n Guidelines for clinical trials of investigational new drugs should be followed in evaluating
the qualifications of the principal investigator and investigating institution. In particular,
careful consideration must be given 1o the qualifications of the investigator and the suitability
of the investigating institution’s facilitics for conducting short- and long-term clinical trials,

FDA recognizes the need for the investigator 1o exercise sound clinical judgement based on

hisfher experience in an appropriate ficld of study. Studics involving healthy volunteers should be
performed by investigators skilled in the evalvation of the safely of a variety of compounds. When
subjects of a clinical study have a specific disease, as may be the case for clinical evalvation of foods
for special dictary uses or special medical purposes, the mvcsugalors should be clinicians expert in
the disease and discase process.

» The investigator should have high regard for the rights and safety of the test subject(s).
The investigator is responsible for the administration of the food additive; thus, he/she must
bear the ultimate responsibility for the welfare of the test subjects. Al aspects of a clinical
study generally arc described in the study’s protocol; however, because actions that have been
identified as being in the best interests of the subjects at the beginning of a clinical study may
change during the study, all aspects of the study must remain flexible and subject to
modification. Aspects of the clinical study protocol subject to such modification include: 1)
The nature and frequency of laboratory tests, 2) the duration of consumption of the food or
food additive, and 3) the interval between test subjects’ visits to the investigator.

Institutional review of research involving human subjects and the requirement for informed

consent will provide additional safeguards for test subjects. Principles of institutional review and
informed consent were set forth in the Januvary 27, 1981 Federal Register;* codified in 21 CFR 50;
and are summarized in Appendix A (see section VI A 5 below).

w There is some finite risk associated with the administration of every unapproved food and
food additive to subjects of a clinical study, despite strict adherence to guidelines, the safety of
subjects in the study cannot be guarantecd. Before beginning a clinical study, the investigator
should consider what procedures will be used to deteet adverse reactions to the test substance
during the study. The investigator should establish criteria that will be used to decide when to
. discontinue. the, elinical study; thege criteria may be changcd during the, s(udy if the change is
- .required 1o support the safcty of the subjects.

* Anonymous (1981)?
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To further protect the safety of subjects of a clinical study, the sponsor of the study should
provide appropriate follow-up after the study has ended. Such follow-up should be conducted or
supervised by the investigator of the clinical study.

» Before a clinical study begins, the investigator should consider ways in which quality control
of the study will be documented. Effective documentation of quality control will facilitate
Agency review of the completed clinical study.

w FDA recommends that investigators use statistical expertise in the planning, design,
execution, and analysis of pre-clinical and clinical studics. Such expertise will help ensure that
the planned studies will provide the necessary information while minimizing the number of
subjects (sample size estimation) and will strengthen the validity of estimates of safety obtained
from the studies.

2. Specific Considerations for Clinical Studies of Foods and Food Additives

This scction describes specific considerations concerning the protocol design, definition of
study population, and statistical analysis of the results of human clinical studies with foods and food
additives. Thesc considerations should be explicitly addressed in the clinical study protocol.

& Protocol Design

Protocols for clinical studies of foods and food additives should be described clearly and in
sufficient detail to permit effective review and cvaluation by CEFSAN. In general, the protocol
should be strictly adhered to throughout the clinical study; if the protocol is not adhered to,
documentation of necessary modifications should be made (sec item 7 in section 1 above). While it
is rational and desirable to design studies to obtain specific information about the test substance, the
gencration of data justifying conclusions other than thosc originally anticipated can be a valuable
result of clinical investigation.

The following arc additional reccommendations for the design of clinical study protocols for
foods and food additives:

u A clear statement of objectives should be provided for each protocol. Good planning
usually produces research questions that can be answered by direct inference from the study
data, Since studies arc frequently designed to answer more than onc question, it is useful to
list the questions to be answered in order of their priority.

» The Tationalc fof conducting a clinical siudy should b prcscmcd In &ddition, pre-clinical
and clinical data relevant 1o the compound being studied and to the proposed protoco! should
o be rcvncwcd

] A statement cxplammg 1hc reasons for dccndmg ona pamcular lcnglh for xhe cllmcal sxudy

should be included in.the protocol.. In general, a clinical study should. be of sufficicnt Jength
to permit the demonstration of the safety (or lack of safety) of a food or food additive.

» A stateraént éxplaining the teasons for sclecting particular dictary Jevels (dosages) of the
food or food additive being tested should be included.

s Fxperimental design should include appropriate controls, When feasible, studics should be
petformed blind to avoid selection bias and bias in patient and physician responses.
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» Investigators should describe proposed methods of randomization and should present
analyses that demonstrate the cffectiveness of these methods,

» Objective observation methods should be used when possible and appropriate, observational
cndpoints should be rigorously defined, and methodology that will be used 10 quantify
endpoints should be described. A statement describing quality control and frequency of data
collection (endpoint monitoring) also should be included.

w Limitations that may be imposed on the clinical study because of protocol design or the
faflure of subjects to comply with the written protocol (such as withdrawals from the study,
failure to randomize subjects effectively, technological limits of observations, efc.) and the
possible effects these limitations may have on the outcome of the study should be addressed.

b, The Study Population

Clinical studies identify physiological responses to test substances in well-defined, smalt
populations. These results are used 10 make inferences about responses 10 the test substance in
larger, target populations. Study protocok should specify how subjects will be selected, their
assignment 10 alternative test regimens, the specific conditions under which the trial will be
conducted, and the nature of the target population to which the subjects’ responses will be
extrapolated. The following are addmonal recommendations for defining and selecting subjects for
the clinical study:

s Each study protocol must be reviewed and approved by the appropriate Institutional Review
Board; written, informed consent must be obtained for cach subject in the study (se¢ Appendix
A in section VI A 5 below).

u Protocols should clearly define the selection criteria for subjects, including diagnostic
criteria and reasons for exclusion from the study, and should compare and contrast the study
population with the larger population likely to consume the food or food additive.

.

» Criteria for discontinuing the study should be stated clearly.

» Doscs of the test substance should be selected so that a range of subject responses 1o the
substance can be observed and the highest safe dose of the proposed additive can be
determined. When individual subjects’ responses are expected to be quite variable, testing at
multiple doses in a double-blind, placebo-controlled study is recommended.

‘A _.sdﬂous problém in clinical stidies is determining _thé'dégr‘éc of subjéct adhierericd 1o the =

assigned protocol. Careful atténtion to subject compliance with the protocol is particularly
important in outpatient studies. Protocols should state clearly how subjects’ compliance will

- be monitored and should indicatc when noncompliance will result-in discontinuing the subject .

in the study. . In general, data on sub)ect compliance and noncomphanoc enhance. the
‘acdntn]ny ofa study e e et

If it beconies apparent during the study that subjects are not complying with the study
protocol, reasons for their noncompliance should be determined. All subjects initially included in a
study must be 1eporied on in the study’s results, regardless of the degree of their compliance. Some
noncompliance may necessitate identifying subgroups for evaluation, such as subjects who fail to
consume foods containing the additive and subjects who report excessive use of alcohol or
medication.
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» The number of subjects 10 be included in the study should be sufficient to be able 1o
determine the safety of the test substance. Statistical eslimates of the required number of
subjects will depend upon: 1) The desired limit of detection of subjects” responses 10 the test
substance; 2) the desired assurance against a false positive result; and 3) the acceptable risk of
a false negative result.

» While it is desirable that placcbo groups be included in early clinical studies of proposed
foods and food additives (sce page 17), this is not a requirement, Goals of eatly clinical
studics may be 1) to gradually increasc the dose of the test substance until physiological effects
arc observed or 2) to determine absorption and metabolism in humans in an cffort to assess
the adequacy of animal models used in safety assessments of the 1est compound. Therefore,
subjects must be under careful observation during these studies,

The goals of catly clinical studies often can be achicved effectively with an open (non-blind)
study protocol. When clinical studies using blind comparisons of the test substance and a placebo or
positive control substance should begin varics with the nature of the test material. During all phases
of clinical investigation, the objective in vsing a placebo is to provide an adequate control for the
compound under study. However, other methods of adequately controlling clinical studics exist. For
cxample, the vse of an active control compound or demonstration of a positive dose response to the
food or food additive may constitutc adequate control in some studies. For situations in which the
natural course of a discase or condition is predictable and for which objective measurements of
therapeutic or prophylactic response to the test compound can be made, results of carefully executed,
open (non-blind) studics may be compared to historical data.

n Food additives should be studicd in all age groups that may be significantly exposed,
including, as appropriate, children, women of childbearing potential, older populations, and
populations with specific disease conditions. The latter category inciudes populations that may
be particularly exposed to, positively affected by, or at risk from a particular food or food
additive.

Pregnancy tests should be administered to women of childbearing potential before the
introduction of the test substance and the subject should be advised about suitable contraceptive
mcasures. In general, women of childbearing potential should be excluded from the earliest clinical
studies of a test substance. Once an adequate baseline of clinical information about the safety of a
food or food additivc has been obtained, however, women of childbearing potential may be included
in clinical studics. For example, women of childbearing potential may participate in clinical studies
when the teratogenic potential of the test substance has been determined to be negative in apimals.

Follow-up 10 detect possible effects of the test substance on the fetus should be provided to

women who become pregnant while on the study. Under these circumstances, transplacental passage
of the substance and its scerction in milk should be assumed until proven otherwise,
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w If the proposed food or food additive has a significant poiential for use in children, its
safety should be evaluated in children. Usually, studics in children are not attempicd until
there has been considerable clinical experience with the additive in adults. For certain
proposcd food additives, however, carly clinical study in children may be warranted; in such
cases, it is preferable to begin with older children, followed by youriger children, infants, and
premature infants. Detailed comments on pediatric studics are contained in "General
Considerations for the Clinical Evaluation of Drugs in Infants and Children.™ Additional
cxamples of guidclines concerning the clinical testing of foods or food additives in children are
provided by the Amcerican Aczdemy of Pediatrics.

n Generally, physical examinations and laboratory tests should be performed to screen
individuals with medically significant abnormalitics from the clinical study, Laboratory tests
should include the following: 1) Electrocardiograph; 2) vrinalysis; 3) various tests on blood
samples (for example, complete blood counts including platelet estimates, blood urea nitrogen,
scrum creatinine, tests of liver function, fasting blood sugar or 2-hour postprandial blood
sugar, clectrolytes, protein, and albumin); and 4) other tests that may be indicated by the
nature of the test compound or from the results of previous animal and human clinical studies
(for example, tests of vitamin status, prothrombin time, and blood lipid profiles).

w In carly clinical studics, when feasible, atl subjects should refrain from taking medication
(including over-the-counter drugs) for at least two (and preferably four) weeks before the study
begins, unless interactions of the test substance with medication are the focus of the study. In
some cascs, a longer “washout* period will be required for return to a pormal physiologic state
before the clinical study begins. In later clinical studies, it may be desirable to examine the
safety of combinations of the 1est substance and medication(s).

w Post-study physical examinations for subjects of clinical studies often are necessary 10 ensure
the subjects’ safcty, The results of these examinations should be fully documented.

Statistical Analyses

The following are general recommendations for statistical analyses in clinical studies of foods

and food additives. Additional recommendations arc contained in Chapter IV B 4,

» Investigators arc encouraged to scek expert biostatistical assistance prior to formulating the
study design.

» A priori description of the statistical methods to be used in- analyzing data from a clinical
study should be provided in the study’s protocol.

» Estimates of statistical power should be used to help determine the optimal number of
subjects for a clinical study.

* Reference (1977

b Amcrican Academy of Pediatrics Committee on Nutrition report (1988);  American Academy
of Nutrition report (1987)°
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3. Scquence of Clinical Studics for Foods and Food Additives

‘The rationalc behind serially conducted studics is that results of cach study may influence the
plan of succceding studies. Investigators are cncouraged to discuss data from animal studics and
carly clinical studics with CFSAN before conducting additional clinical studics,

a.  Farly Clinical Studics

The purpose of these studics is to determine the metabolism and the level of the food or food
additive that gives an adverse Of toxic response in man, Physiologic processes that are of primary
interest in eatly clinical studies include: 1) Disposition (absorption, biotransformation, and cxcretion)
of the food or food additive and its metabolites; 2) the potential of the food or food additive to
induce enzyme levels or increase activity; 3) interactions between the food or food additive and
nutrients that may necessitale balance studies; and 4) interactions between the food or food additive
and medications that may neccssitate drug bioavailability or drug metabolism studics. Information
about the potential use of the test substance and all preclinical information about the test substance
should factor into decisions about the appropriate scquence of early clinical studics.

For both ethical and scientific reasons, the initial introduction of a food or food additive into
humans should be done with carcfully selected subjects. Subjects for early clinical studies should be
"normal” voluntecrs. "Normal” gencrally means volunieers who are free from health problems that
would complicate the interpretation of the study or increase the sensitivity of the subject to the toxic
potential of the food or food additive. Children, pregnant women, and women of childbearing
potential usually should be excluded from early clinical studies.

Within the limitations described in the preceding paragraph, subjects of carly clinical studics
should be selected to accurately 1eflect the general population. Thus, individuals with mild but
stable illnesses such as uncomplicated hypertension or arthritis may be considered for inclusion in
initial clinical studics on & food or food additive. It also may be permissible--and even desirable--10
include subjects with abnormalities for which consumption af the food or food additive may be
particularly beneficial. For example, subjects with hyperlipoproteinemia may be included in an carly
clinical study on a food or food additive that functions as 2 non-caloric fat substitute. Additional
examples include: (a) A food or food additive that will be used in the dictary management of organ
failurc should be tested in a population with failure of the organ under study; (b) a food or food
additive designed to be deficient in a particular nutrient should be tested in a population that is
unable to metabolize the nutrient in question (in fact, such a food or food additive may be harmful
to a_population with normal meiabolism),

Most carly. clinical studies are sub-chronic (relatively short-term) and are gencrally less than 4
weeks-in-duration. ~Thesc-studies vary. from single. exposure 10. multiple.cxposures. and examing. a
range of lovels (doses) of the food or food additive. When several doses are being tested in a study,
no rescarch subject should be given the next-higher dose until sufficient exposure has occurred with

- the immediately preceding dose.10 be cortain, that serious adverse ¢ffects have not pocurred.

For cach food and food additive subjected o clinical investigation, it is also important to
consider the appropriate frequency of laboratory tests-and, when-indicated by the-resulis of previous
studies, tests for specific organ or organ system cffects.  Independent of the outcome of clinical
studics, thorough physical cxaminations and blood screcning should be part of the follow-up for all

subjects.

When unanticipated side cffects occur in clinical studies, the investigator should determine the
time required for climination of the compound from the subject’s system and reversal of the effects.
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b, ¥urther Clinical Studies

Additional clinical studics may be desipned 10 determine the safety of the proposed food
additive during chronic intake (relatively long-term) and to gathcr more information about the food
additive's adverse effects in humans, These studies should be performed after the general safety of
the food or food additive in humans has been cstablished in carly, short-term clinical studics, The
duration of exposure 10 the food or food additive in these studies will vaty with the nature of the
additive, Chronic administration in humans usually means continuous consumption for at least § to
12 weeks, unless contraindicated by adverse side-cffects.

Relatively Jong-term clinical studics of food and food additives may emphasize the physiologic
processes of enzyme induction or interaction of the additive with other substances (such as nutrients,
medications, and other food additives). In addition, when designing studies to determine the safety
of chronically consumed food additives, investigators should consider conducting nutrient balance
studies; these studies help determine end-organ (or end-organ system) responses to the additive,
including ncurobehavioral changes.

Finally, clinical studics may be performed to obtain information about adverse effects of the
food or food additive on specific subpopulations. For these studies, appropriate subpopulations may
include children, pregnant women, women of childbearing potential, and older subjects. These
studies may also include subjects with concomitant discases who are undergoing therapy for the
discase, particularly if such subjects Tepresent segments of the popu]anon who are likely to consume

the food or food additive after it has been approved.

Relatively long-term clinical studics should include a limited number of closcly monitored
subjects (rarely exceeding several hundred). In the clinical studies described above, the frequency of
physical examinations and laboratory tests for subjects will depend upon the nature and relative
safety of the food additive. For some subjects, daily supervision may be necessary. Early periods
during & study will typically involve more frequent supervision of subjects than later periods. An
cxample of a graded supervision plan would be one in which a test subject is scen by the investigator
at lcast once a week for 2 to 4 weeks, once cvery other week for 6 t0 8 weeks, at monthly intervals
for 2 to 3 months, and bimonthly until the end of the follow-up period. Routine laboratory tests.
should be performed at frequent intervals; frequency and type of special laboratory 1ests should be
determined by the nature of the food or food additive and its imended usc.

In both carly and chronic clinical studics of food additives, it is particularly important that a
single formulation of the test substances be used throughout the study; in addition, investigators
should test the compounds that will be marketed.” Consideration should be given to relative
cxposures for particular food uscs when such uses may alter the structure or effects of the test

~ substance: A significant thanpe in' the formulation-or- manufacture ‘of thefo0d- or-food -additive--
‘during chronic clinical studies may indicate the need for bioavailability studies on the (prasumably
changed) food or food additive. Results of these studics will enable meaningful comparisons to be
made among-clinical studics performed with different formulations of the test substance. - When-the
petitioner intends to market a family of formulauons and only 2 limited number of the formulations
will be tested in clinical studics, petitioners should be prepared to demonstrate that the test
compounds are fully fepreséntative™of the Tamily of Torimulations inténdéd for matketing, particularly
with respect to questions of safety.
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4. Submitting Reports of Clinical Studies on Foods and Food Additives to
CFSAN

In submitting reports of clinical studies to CFSAN, particular emphasis should be placed on
clear and concise: 1) statement of study objectives, 2) description of protocols, and 3) presentation of
significant findings. Presentation of the results of 2 serics of clinical studies on an proposed food
additive should be scientifically Jogical and should specify the order in which the studies were
conducted. '

Early, relatively short-term clinical studies include tolerance studics. In reporting the results
of tolerance studics, information on dose schedules and range of doses should be included. For
relatively short-term clinical studies, the following questions should be answered in determining the

safety of the proposed additive:

a What arc the absorption, metsbolism, tissue deposition, and major routes of excretion of
the food of food additive?

» What is the half-life of the food or food additive in the human body? (Analysis of turnover
and of other pharmacokinetic parameters of the 1est substance or its metabolites in various
physivlogical compariments may aid in the intcrprctauon of the results of toxicity studies.) (see
Chapter V B);

s How may imeractions between the food or food additive and nutrients or medications
compromise the availability of any of these substances?

n How does the food or food additive affect the function of human organs and organ
systems? )

» What are the possible adverse reactions to the food or food additive in the general
population of individuals who arc likely to use the substance and in special (more sensitive)
populations?

Reports on relatively long-term clinical studies should emphasize specific organ or organ
system sesponses to the food or food additive and nutrient imbalances that occur with chronic use of

the food or food additive,

Finally, the safety of a food or food additive may continue to be monitored after the substance
has been approved. This can be accomplished by further clinical testing or by establishing a
. surveillance system and documenting adverse reactions to. the food additive. The need for such a
system s expected to vary with the nature and use of the ‘approved food additive. Clinical testing
and surveillance also may be uscful in establishing the safety of expanded uses of the food or food
additive or the safcty of an altered food ar food additive; these changes may occur as the result of
~ Changes in patterns of 100d consumption or food processing.
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Appendix A

The following principles are general guidelines for institutional review of, and conformed

consent of subjects for, clinical studies. Additional information can be found in the references for
this chapter.

b,

Principles of Institutional Review

» An Institutiona} Review Board must be composed of no fewer than S persons from various
backgrounds to assure complete and adequate review of clinical research activities commonly
conducted by the institution. In addition to possessing the scientific competence necessary to
review such institutional activitics, the Board must be able to evaluate rescarch applications
and proposals in terms of institutional commitments and regulations, applicable law, standards
of professional conduct and practice, and community attitudes.

» No member of a Board shall be involved in the initial or continuing review of an activity in
which he has a conflicting interest, cxcept to provide information requested by the Board.

» No Board shall consist entircly of persons who are officers, employees, or agents of, or are
otherwise associated with the institution, apart from their membership on the Board,

Principles of Informed Consent
All subjects in a clinical cvaluation are entitled to:

w2 fair explanation of the procedures to be followed and the purposes of the procedures,
including identification of any procedurcs that are experimental;

w a description of attendant discomforts and risks that may be reasonably expocted;

» a description of benefits they may reasonably be expected;

s disclosure of appropriate aliernative proccdures that may be advantageous 1o the subject;
» an Offcr 1o answer any inquirics concerning the procedure; and

a instruction that the subject is free to withdraw his consent and discontinue participation in

_,the project at any time, without prejudice to the subject,:
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VI B.  Epidemiology Studies

Epidemiology is the study of the distribution and determinants of health-related states and
events in specified populations, and the application of this study to the control of health problems.?
The goal of all epidemiology studics is to uncover relationships between exposure to a specific agent
and changes in health status.

Epidemiologic data are important to CFSAN in assessing food additive safcty and have been
used by the Agency as indicators where avenues of research and further human studies would be
most productive. Guidclines for the proper conduct and documentation of epidemiology studies,
such as selection of the study population, selection of appropriate controls, exposure assessment,
methods used to adjust or control for confounding variables, and statistical analyses will not be
discussed here.  Appropriate guidelines have been published elsewhere,® and should be consulted by
the petitioner before submitting epidemiology data for consideration by the Agency.

There are two main categorics of epidemiology studies, descriptive and analytic. Descriptive
studies arc concerned with the existing distribution of variables; they do not test hypotheses or make
inferences concerning causality.  Analytic studics are designed to examine associations, particularly
hypothesized causal relationships, and focus on identifying or measuring the effects of specific risk
factors.

1. Descriptive Epidemiology Studies

Descriptive epidemiology studies are relatively inexpensive to conduct and are usually of short
duration. However, such studics arc limited in their usefulness since no inferences can be made
concerning causality. Generally, descriptive epidemiology studies are sentinel devices used to
gencrate hypotheses or to provide evidence that indicates whether there is sufficient cause for
conducting & lengthier and costlicr analytic study.

a, Correlational Studies

Corrclational studics, also called ecological studies, use grouped population data 1o relate

exposure patterns of whole populations to disease incidence or mortality rates for whole populations.

Because these studics do not cxamine the relationship between exposure and discase among
individuals, the studies have been traditionally regarded as useful for gencerating, rather than
definitively testing, a scientific hypothesis. Thus, the results of correlational studies would be
insufficient to demonstrate a relationship without other types of data to support them.

* Last (1983)!
* Anonymous (1981)
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VIB  Epidemiology Studics Continued

b.  Case Reports

Case reports are a type of descriptive epidemiology study frequently evaluated by CI'SAN.
Strongly suggestive anecdotal or clinical observations may indicate a possible causal relationship.
Analytic epidemiology studics can then be designed to verify and quantify the risks, and 1o determine
the role of confounding factors. Case reports of allergic reactions have been relied upon in safety
cvaluations, for cxample, in requiring Jabel declarations for FD&C Yellow Nos. § and 6.

CEFSAN also maintains the Adverse Reaction Monitoring System (ARMS), which is concerned
with spontancous rcports from consumers and health professionals regarding alleged adverse effects
from food products. It is a form of passive surveillance which was designed as a sentinel system to
identify specific arcas for focused clinical investigations on potentially causal associations. The
ARMS is playing an incrcasingly important role in the post-marketing safety assessment of food-
related products regulated by FDA, including the more ubiquitous food and color additives used in
food, contaminants, vitamin/mincral supplements, and dietary supplements. In addition, the system
has been useful in monitoring cases of infectious diseases transmitted through the food supply.

2. Analytic Epidemiology Studics

Although analytic epidemiology studics aro more informative than descriptive studics, they are
expensive and time-consuming to conduct. The types of analytic epidemiology studies commonly
considered by CRSAN in safety cvaluations include cross-sectional, prospective, and retrospective
studics. Analylic epidemiology studics actually play a lesser role than descriptive studies in assessing
food additive safcty at CFSAN, primarily because well-designed and -condgcted analytic epidemiology
studics arc not available for most products which FDA regulates. However, results from such
studics, when available, are used in the overall safety evaluation of a compound. In addition,
analytic epidemiology studies constitute the scicntific base for the Agency's regulation of health
claims on food and food labeling authorized by the Nutrition Labeling and Education Act of 1990.

8. Cross-Sectional Studies

Cross-scctional studies are thosc in which individuals are observed at only one point in time;
such studies are commonly known as surveys. The presence or absence of disease and the presence
of absence of suspocted etiologic factors are detcrmined in each member of the study population or
in & 1cpreséntative sample at one particular time. The advantages of ¢ross-scctional studies are that
they.are relatively inexpensive to conduct, and can be completed relatively quickly. However, cross-
sectional studics yeveal nothing about the temporal sequence of exposurc and disease, and necessarily
use Current EXpoSure as a surrogate. ror past exposure. Also, cross sm:uonal studlcs can only measure’
discase prevalence rather than incidence.

b, Prospective Studies

In prospective studics, also called cohort or follow-up studies, the investigator selects a study
population of exposed and non-cxposed individuals and follows both groups to determine the
incidence of disease. The group can be characterized by factors thought to influence the
development or course of the disease and by the presence or absence of risk factors (e.g. exposure or
nonexposure 10 some agent).  Prospective studics generally. imply study. of a large. population, study

* Tollefson (1988)’
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VI B  Epidemiology Studies Continved

for a prolonged period of years, or both. This typc of study design is cffective when there is good
cvidence of an association of the discase with a certain exposure (from clinical observations or from
descriptive epidemiology studies), when exposure is rare, but incidence of discase among the exposed
is high, and when the time between the exposure and disease is short. The major advantage of
prospective studics is that the incidence rates of the disease under study can be measured directly;
therefore, absolute and relative risks also can be measured directly. In addition, it is possible to
analyze the association of a particular exposure with several discascs, and a temporal relationship
between exposure and discase can be established.

There arc a number of disadvantages to prospective studies, including: 1) The difficulty and
cxpense of conducting the studies, since both larpe study populations and long periods of observation
are required for definite results; 2) bias may be introduced if every member of the cohort is not
followed; 3) the length of the study may be less than the latency period of the disease; for example,
if the study is stopped before old age, many important diseases such as cancer may be missed; and,
most importantly, 4) prospective studies are very inefficient for studying rare diseases.

Results of prospective studies have been used at CFSAN in assessing the potential
carcinogenic risk of some compounds; for example, occupational cohort studies and studies of human
populations accidentally exposed to a carcinogen have been used in safety assessments of benzene,
dioxin, and methylene chloride. FDA has also provided financial support for prospective studies on
accidental cxposure to PBB’s in a Michigan cohort, and exposure to methylmercury in fish in a
cohort of pregnant women (and their offspring) in the Seychelles Islands.

¢ Retrospective Slu‘dles ) C 1

In retrospective studics, also known as case-control studies, the investigator sclects cases with a
specific discase, and appropriate controls without the discase, and obtains data regarding past
exposurc 1o possible ctiologic factors in both groups. The rates of exposure of the two groups are
then compared. A case-control approach is indicated when studying rare discases, such as most
cancers, since a very large number of individuals would be needed to produce enough cases of
discase 5o that conclusions can be drawn in a prospective study, Although it is possible 1o detect

“the association of multiple exposurcs or factors with a particular disease, retrospective studies are
generally used to study discases that have some unique and specific cause, such as infcctlous agents,
in order to avoid the problem of confounding etiologic factors,

Casc-control studies can not estimate absolute risk or relative risk because the incidence of
discase is not known in cither the exposed or unexposed population as a whole, Howevet, the
relative risk can be estimated in retrospective studies by the odds ratio, which is the ratio of the

-o0dds-of getting-the- disase- 10.the 0dds of 1ot getting-the disease., The.odds ratip.is.a good. ... .
approximation of the relative risk when the subjeet cases are representative of all-cases with rcgard
to cxposure, the controls are representative of all controls with regard to exposure, and the disease
being studied is rare. . ]

Retrospective studics are much less expensive and less time consutning 0 oonduct than are
prospective studics; usually; a elatively sinall populanon is needed for the- study. - Alsg, since the
study selects only cases of the discase of interest, there is no bias incursed in determining the
endpoint. However, bias is frequently incurred during detection and selection of cases, and during
asscssment of exposure. Controls should be identical to the exposed cascs except for the faclor
under investigation, 4 requirement which is often difficult to achieve in practice. As with prospective
studics, problems are frequently encountered in attempting to control for competing risk factors and
confounders. The investigators can adjust for known confounders cither by matching when selecting
controls, statistically by stravification, or by use of regression models.
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Results of casc-control studies have been frequently used in safety evaluations at FDA,
primarily to add further information to the overall assessment of safety. In the past, FDA has
supported case-control studies on compounds of interest, such as the National Bladder Cancer Study
and the use of artificial swectencrs.

d.  Meta-Analyses

Meta-analysis is the reanalysis of pooled data from several distinct epidemiology studics.
Meta-anatyses are conducted 10 compensate for deficiencies in individual studies, particularly those
involving study size, thereby providing a stronger case to prove or disprove a hypothesis. Where
FDA evaluates a meta-analysis, the Agency considers such an analysis primarily as supporting
evidence, rather than as primary evidence, that can confirm the validity of data concerning a
hypothesis. The Agency must carefully scrutinize each meta-anatysis to assess the soundness of its
design and the quality of the data from individual studies to determine the siguificance of the data.
Such scrutiny requires review of the original studies used for the meta-analysis.
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Ch apter VII

Emerging Issues in Safety Assessment
of Food Additives and Color Additives
Used in Food

A. Introduction

This section discusscs approaches to testing that may be useful in assessing the safety of
macro-additives (scc Chapter VI B), bioenginccred additives (sec Chapter VII C), additives that are
enzymes (see Chapter VII D), and microbially-derived additives (sce Chapter VI E). This scction
also discusses the use of alternatives 10 whole (vertebrate) animal testing in safety evaluation (scc
Chapter VIT F) and FDA's recognition of the potential for direct food additives and color additives
used in food 1o cause both heritable and somatic genetic toxicity (see Chapter VII G).

Because the Agency’s approaches to determining the safety of these additives will continue to
evolve for some time, it is not yet appropriate to provide separate guidelines for acquiring toxicology
information on the types of additives in this document. In general, the Agency recommends that
petitioners follow guidelines for toxicity tests presented in other sections of this publication, In
addition, this scction suggests some important issues to consider when planning a program of toxicity

“testing designed to demonstrate the safety of unique additives.  As always, we strongly recommend
that petitioners discuss planned testing programs and protocols for 1oxicity tests with Center
scicntists before tests begin,

B. Macro-Additives

Macro-additives arc a class of food additives that are intended 1o be replacements for
conventional macro-nutrients such as fats, proteins, and carbohydrates and arc intended for use at
relatively hiph levels in food. Macro-additives may be nutritive or non-nutritive; they may be
reasonably pure, well characterized chemicals or they may be complex mixtures whose complete
characterization is not feasible; they may be well absorbed from the gastrointestinal tract or poorly
absorbed; they may be manufactured from unusual or novel food sources of obtained by chemical

synthesis, - :

‘The common characteristic of macro-additives is that they will be consumed. in.farge. quantitics .

compared to conventional food additives and, as a consequence, they will present testing problems
that require "customized” approaches.. For example, it may not be feasible to calculate safety factors

- in the conventional way, that is, as a fraction of the highest oral dose that has no adverse effects, in
animals. ' Other means of providing marfinis of safety for macro-additives will have to be used; these
may include information derived from metabotic, pharmacokinetic, and human clinical studies.
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1. Nutritional Concerns in Animal Toxicological Tests

Beeause of the expected high level of human consumption of these additives, animal test doses
that are orders of magnitude greater than the Expected Daily Intake (EDI) for humans will often
not be feasible. Aticmpts 10 achicve very high doses in the animal studics might result in nutritional
imbalances or caloric deprivation that could confound interpretation of the toxicity studics. In order
1o test the highest dosc feasible and yot avoid nutritional problems, it may be necessary for toxicity
testing 10 be preceded by nutritional studics to determine adequate test diets and appropriate control
diets for animals in toxicity studics.

If appropriate dictary controls include nutrient enhancement, care should be taken to avoid
over-enriching the dict or changing nutrient ratios that would mask toxicological endpoints under
consideration. For cxample, mineral oil as & test material would be mostly unabsorbed in the
intestine where it would solubilize fat-soluble vitamins, leading to deficiencies of these nutrients,
This effect may be climinated by appropriate fortification of the diet with vitamins A, D, E, and K.
Quantitics of nutricnts to be used for fortifying the diet should be determined experimentally, in
relation to the amount of mineral ofl (test substance) used. Under-fortification could fail to protect
against nutrient deficicncics and over-fortification could lead to altered toxicological responses to
xenobiotics and "backpround” pathology rates. Sufficiently great over-fortifications could produce
hypervitaminosis.

Control and test dicts should be of the same caloric density and nutritionally (micronuitients)
cqual to test dicts. Selection of appropriate control diets may present particular problems when
testing non-catoric food substitutes or food substitutes that interfere with absorption of nutrients,
Due to nutricnt variations in chow diets from batch to batch, it is preferable to use a semi-purified
dict base in these studics.

Additional information can be found in Chapter IV B S, Dicts for Toxicity Studies and in
Chapter IV B 1, General Guidelines for Toxicity Studies.

2. Absorption, Mctabolism, Distribution, and Elimination Studies

Studies designed to follow the metabolic path and fate of macro-additives take on particular .
importance in providing assurance of safety if the conventionally caleulated safety factor cannot be
used, Greater understanding of the disposition and pharmacokinetics of the additive should help to
diminish uncertaintics wgardmg sa[cly Qucsuom of the followmg typcs should be answered

vlhrough appropnalc studxcs e S el i e s e s e

" Docs the product or its mctabohtcs altcr or interfere with absorpuon mclabohcm or
- exeretion .of normal nutricnts.or mctabohc mlcmxcdlalcs?

] Docs the product or its mclabolncs alter the action of commonly used drugc‘7

w Is the product absorbed, metabolized, distributed, stored or excreted differently in man lhan
in test animals?

= Docs the product or its metabolites accumulate in tissucs, and what are the toxicological
conscquences if there s accumulation?
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w If the product is poorly absorbed, does the high concentration in the gut affect gut
morphology, physiology, or biochemistry? Are any changes in the gut morphology or
biochemistry associated with the development of ncoplasms of the gut?

w Docs the product alter the composition or nature of the gut flora? If it does, what are
the toxicological consequences of the changes?

3 Impﬁritics and By-products

Because of the anticipated high Kuman consumption levels of macro-additives, there is a
concomitant high potential intake of impurities and by-products. Thercfore, every cffort should be
made 1o identify and quantify the chemical constituents of the product. If any of these raise
particular concems, toxicity testing of the impurity or by-product itself may be recommended. Limits
for impuritics such as heavy metals, natural toxins, and anti-nutrition factors may need to be
specified for the marketed product.

4. Clinical Studies

When animals studics have been completed or when there is reasonable assurance of safety of
the macro-additive from animal studies, clinical studies with human subjects may be useful for
increasing confidence in the safety of the product for human consumption. For example, humans
may suffer subtle adverse effects not detected in animal studies due to differences in physiology or
metabolism between animals and humans; human subpopulations (the old, young, and chronically illy
may cach rcact differently to the food substitute. In addition, human studies may help compensate
for the fact that conventional methods of calculating the Acceptable Daily Intake (ADI) may not be
applicable 1o the results of standard 1oxicity studics on macro-additives.
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VII C.  Safety of Foods and Food Additives Derived from New
Plant Varicetics by Biotechnology

‘The regulatory framework and the FIDA approach 10 assessing the safety of foods developed by
biotechnology is discussed by the Commissioner* and presented in detail in the Agency's "Sratement
of Policy: Foods Derived from New Plant Varieties.™ (It should be noted that the agency’s staiement
only pertains 10 foods derived from new plant varietics, including those developed through
biotechnology; the policy docs not address all food additives developed through biotechnology nor is
it strictly }imited to foods derived from new plants developed solely through biotechnology.)

The following information provides a summary of the safety assessment of foods derived from
new varictics of plants, and the FDA's approach to non-clinical safety testing.

FDA's science-based approach for ensuring the safety of foods from new plant varieties focuses
safcty cvaluations on the objective characteristics of the food: The safety of any newly
introduced substances and any unintended increased concentrations of toxicants beyond the
range of known to be safe in food or altcrations of important nutrients that may occur as a
result of genetic modification. Substances that have a safe history of usc in food and
substances that are substantially similar to such substances generally would not require
extensive pre-market safety testing. Substances that raise safety concerns would be subjected
to closer inquiry. This approach is both scientifically and legally sound and should be
adequate to fully protect public health while not inhibiting innovation.*

Figure 8 summarizes the safety assessment of new plant varieties.

The Agency’s approach to non-clinical safety testing of foods and food additives derived from
new plant varictics has also been described.d

Animal feeding trials of foods derived from new plant varieties are not conducted routinely.
However, in some cases testing may be needed o ensure safety. For example, substances with
unusual functions or that will be new macronutrients of the dict may raise sufficient concern
to warrant testing. Tests could include metabolic, toxicological, or digestibility studies,
depending on the circumstances.

* Kessler et al. (1992)t

* Anonymous (1992)?
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Developers may also need 10 conduct tests on the “wholesomeness” of foods derived from new
plant varictics as a means of ensuting that the food does not actually contain high levels of
unexpected, acutely toxic substances, Such tests may provide additional assurance to
consumers that food developed by new technology is as safe as food derived from varieties
already in their grocery stores, However, animal tests on whole foods, which are complex
mixtures, present problems that are not associated with traditional animal toxicology tests
designed to assess the safety of single chemicals. Potential toxicants are likely to occur at very
Jow concentrations in the whole food, and the tests may therefore be inadequately sensitive to
detect toxicants. Efforts to increase the amount of whole food ingested by the test animals in
order to increase the sensitivity and attempt 10 establish a traditional margin of safety (for
cxample, a 100-fold safety factor) may not always be possible. When tests are contemplated,
careful attention should be paid 10 the test protocol, taking into account such issues as
nutritional balance and sensitivity*

* Kessler er al, (1992)!
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VII D. Enzymes

Commercial enzyme products may be obtained from cdible plants and animals and from non-
1oxigenic, non-pathogenic microorganisms. Questions about the microbial source of the enzyme (sce
Chapter VII E) and the naturc and Jevel of enzyme preparation in the food are of concern in
cvaluating the safety of commercial enzyme products because they influence the type and level of
contaminating impuritics in the food.

In general, enzyme preparations from organisms with a history of safe use do not require the
same level of toxicological testing as enzymes from sources without a history of safe use in food.
The safety of commercial enzyme products from sources without a history of safe use in food usually
is gvaluated on a case-by-case basis, but some generalizations about toxicology tests for these food
additives can be made.

Because of the protein nature of enzymes and their susceptibility to digestion when consumed,
residues of pure enzymes in processed food would be expected to have only Jimited toxic potential.
If highly purified preparations of microbial ¢nzymes arc used in food processing, exposure 10 the
cnzymes is usually reduced to the parts-per-billion range. Such a level of exposure would ordinarily
be 100 low to posc a safely concern, and toxicological testing may not be required. An cxception to
this generalization may occur if review by the Center’s chemists results in concern for the presence
in the enzyme preparation of a toxic material used in the purification process; however, this is
unlikely because of the requirement that food grade chemicals be used in purification.

In most cases, however, commercial enzyme products from microbial sources are only partially
purificd. A varicty of uncharacterized extrancous substances (impurities”) of biological origin may
bo present in the enzyme preparation at levels comparable 1o the active ingredient.  These
substances have no technical effect in food processing, but are allowed to remain in the enzyme
products because the impurities do not interfere with enzyme function, In addition, the enzyme
preparation may contain multiple enzyme activitics that serve a variety of useful functions in
processing food. When the types and levels of impurities in commercial enzyme products from
microbial sources are considered 10 be significant, the Agency may recommend that safety be
cstablished by appropriate toxicity testing. Such a requirement usually can be met by 90-day toxicity
studies in the rat and the dog. However, if review of the safety of the enzyme preparation raises
questions about chemical contaminants, stability of the microbial strain, production of toxic products,
efc., additional studies may be necded.

Enzyme products may be added directly to the food to be processed (e.g., rennet) or they may
be immobilized on an insoluble matrix for use in processing liquid foods. Enzymes are immobilized
by secure bonding (usually by means of a chemical reaction) 10 an insoluble matrix. Liquid food
producls ‘(e.g., COTR syrup) may be prodessed by passage over a column of the immobilized enzyme.
Only negligible amounts of the immobilized enzyme are expected to enter the processed food.

. Depending on the nature of the immobilization matrix, howcver, some potential exists for
- contamination of the-processed food by chemicals used in-the immobilization’ process. -If the Agency.

decides that information about the nature of the fixing agent and jts potential migration to food

.Taise questions. of safety for. foods processed by passage over. an:immobilized microbial enzyme, the

Agency will recommend that the immobilized enzyme be subjected to 90-day toxicity studies in the
rat and the dog or other appropriate study.

As described in the preceding patagraphs, a variety of factors will be taken into account by the
Agency in deciding what information is needed to assess the safcty of additives that arc enzymes.
Before conducting toxicity studics to assess the safety of such additives, petitioners should consult
with Agency scientists. A comprehensive review of the safety concerns relating to additives that are
enzymes will be issued in a scparate publication.
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VII E. Microbially Derived Food Ingredients

Microbially derived food ingredients may be food additives (including enzymes), color
additives used in foods and substitute foods. A unique concern about the safety of microbially
derived food ingredients is the microbial source; except for this concern, the safety of these
ingredicnts will be evaluated as for analogucs, non-microbially derived ingredients. A variety of
factors will be taken into account by the Agency in deciding what information is necded 10 assess
the safety of microbially derived food ingredicnts. Before conducting toxicity studies to assess the
safety of such ingredients, petitioners should consult with Agency scientists. A comprehensive review
of the safety concerns relating to microbial sources will be issued in another publication.
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VII F. Advances in the Development of Alternatives to Whole
Animal (Vertebrate) Testing

Because animal experimentation has become ap emotional issue, it is important to recognize
the growing impact of in virro toxicology on the practice of toxicology. Although the ficld is often
termed "alternative,” experimental models have been applied to the three "R's" of Russel and Burch:
to replace animal models, to reduce the number of animals used, or 10 refing test methods to
minimize stress and suffering to animals.

This section is not intended as & guideline but serves to identify & future direction in
methodology. In the context of this document, “alternatives 10 whole animal (vertebrate)
experimentation” refers to in vitro tests for potential toxicity that substitutc for or replace in vivo
(whole animal) studies. *In Vitro" literally means “in glass®, and is interpreted 1o mean "in a test
tube" or “outside of the body™® Alternative tests include short-term tests using isolated cells, tissues,
and organs and studies involving mathematical modelling, epidemiclogy, or the use of human
volunteers; short-term tests for genetic toxicity (sec Chapter IV C 1) are excluded.

In practice, alternative tests are used to support the planning and interpretation of whole
ahimal toxicity studics and are not yet used as substitutes for toxicity studies using whole animals.
For example, an alternative test may be used 1) to determine the relative biological potency of a
serics of toxicants at the cellular level, 2) to select the animal model in which to conduct an in vive
test by corparing the metabolic propertics of a toxicant at the cellular level in several specics, and
3) to identify mechanism(s) of toxicity by defining the relationship between exposure to a toxicant
and development of various toxicological endpoints at the cellular, subcellular and molecular levels
of organization.

Recent advances that have been made in in vitro studies with isolated cells, tissues, and organs
have directed the scientific community toward developing, validating, and evaluating alternative test
systeras.  The predictive value of a standardized test must be assessed by means of a series of
validation studies. Validation can demonstrate that the use of an in vifro test is cquivalent to the
use of an established in vivo test or that the in vitro test accurately predicts human toxicity.
Anticipating a continued increase in the development and use of alternative in vitro test systems,® the
Agency encourages the development of approaches that can provide information relevant to the
asscssment of human risks.

1. Reasons for Developing Alternative Tests

Several reasons to encourage the development of alternative in vitro tests are listed below:

S e e L e e vt

« Hconomy and efficiency: Once established, in vitro tests may provide toxicity information in
a cost-cffective and time-saving manner. Information gencrated from in virro test systems can
) be used 10 increase the efficiency of whole-animal studies and decrease the number of animals
) used in toxicity testing. The relative simplicity and space-saving characteristics of in vitro

methods also are viewed as advantages.

* Russel and Burch (1959)!
b Schaceffer (1990)?

© Goldverg and Frazier (1989); McKechan er al (1990)
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VII C  Advances in the Development of Alfernatives 1o Whole Animal
(Vertebrate) Testing Continued

w Information about human risk: Human cells, ethically obtained and successfully established
in virre, may provide information about a toxicant that is relevant 10 human risk. For
cxample, a toxicant's mechanism of action or metabolism in human cells can provide the basis
for selecting a suitable animal model for long-term toxicity studics.

2. Possible Applications of Alternative Tests

n Isolated cells, tissues, and organs can be prepared and maintained in cultire by methods
that prescrve propertics characteristic of the same cells, tissucs, and organs in vivo. Using
such in vitro systems will permit data 10 be generated under controlled experimental conditions
and in the absence of many complicating factors characteristic of experiments with whole
animals. For example, the use of cell culture systems will enable the metabolism of a toxicant
that occurs in onc type of ccll (ie, hepatogyte cells) to be studicd separately from a toxic
cndpoint that occurs in a different cell type.

w Scveral toxic endpoints may lend themselves to quantification in an in vifro test system,
Relevant endpoints could be identified by comparing the action of a toxicant at cellular,
subcellular or molecular sites with the toxic effects observed in the target organ or tissue in
vivo, Analysis of a broad spectrum of in vifro cellular events may provide information about
the in vivo progression of a 10xic response as a function of toxicant concentration and time.

» Because in vitro procedures have the potential to yicld reproducible measurcments, they
theoretically lend themselves to standardization. However, interpreting data obtained from a
standardized in vitro toxicity test with a reasonable degree of confidence can only occur after
potential confounding factors, such as intcractions between the test agent and non-cellular
components of the test system, have been identified or eliminated.*

w The process of validation appears to be key to the full acceptance of alternative tests where
the reliability and relevance of procedures are established for specific purposes.® While there
is much discussion about the framework for this process, several components appear cssential
10 the overall coordination of the validation process, including: scientific consensus on the
definition of a validated test, reference chemicals with defined toxicity and general availability,
a central repository for test performance data and protocols, an cstablished network of
Jaboratories with the capabilities of method validation, and scientific understanding of the
mechanistic basis of the toxicological process involved. An impartial and competent group of

" scientisis from tegulatory agéncies’ and' the research communny oould facilitate the™
impleméntation of the validation process. . .

* Frazier and Bradlaw (1989)
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VII C  Advances in the Development of Alternatives to Whole Animal
(Vertebrate) Testing Continucd

3. Limitations of Alternative Tests
Limitations of in vitro tests are well known.  For example:

w In Vitro test systems are not avaitable for all tissues and organs. In addition, normal
systemic mechanisms of absorption, penctration, distribution, and cxcretion are absent from in
vifro test systems. Jn Vitro systems Jack the complex, interactive effects of the immune, blood,
endocrine systems, nervous system, and other integrated elements of the whole animal. Thus,
in vitro tests cannot be used to study the complex nature of systemic toxicity.

w Validation of new methods is time-consuming and expensive; acceptance of in vitro tests as
alternatives to traditional toxicity testing in whole animals is expected to be slow.* While
many schemes have been proposed 10 expedite these processes, no alternative in vitro test
presently can replace an in vivo toxicity study.

4. Current Use of In Vitro Tests

Numerous & diverse in vitro tests have been developed. Their importance and use have been
discussed in many publications.® Many of these tests will be improved over time by the introduction
of new scientific information and technological advances in in vitro toxicology and related fields, such
as molecular biology and biotechnology. The Agency cncourages the development and use of in vitro
test systems for planning and interpreting the results from whole animal toxicity studies.

Significant advances have been made in the development of in vitro alternatives for ocular
safety testings Other in vitro systems have been proposed which measure a broad range of endpoints
and are now in various stages of validation. The Agency is currently part of an interagency
regulatory groups evaluating these proposed alternative test methods.

In Vitro approaches 10 toxicity testing can provide useful data when integrated with other
information about the toxicity of food and color additives used in food. Results of in vitro tests can
be used 10 optimize the design of conventional toxicity tests for a particular test substance by
helping 10 determine appropriate dose levels and by helping to decide which species is the best
model for man. Such improvements in the design of whole animal toxicity tests may reduce the
number of 1cst animals required 1o produoc uscl’ul mformauon about thc safcty of proposcd food

“and color ‘additives' used in food. e

* Yrazier (1990)

* McKecenhan ef al. (1990);*  Yrazicr and Bradlaw (1989); Frazier (1990);" Atterwill and Stecle
(1987)% Balls ef al (1983) Berky and Sherrod (1977),  Bradlaw (1986);11  Goldberg (1983),2
Goldberg (1984);  Goldberg (1985)  Goldberg (1987);*  Grishman and Smith (1984);* Rofc
(1971);""  Rowan and Suatmann (1980);* Rowan and Goldberg (1985);  Stammati et al. (1981);”
Tardiff (1978);2! Zucco and Hooisma (198032 Zucco and Hooisma (1982)

¢ Frazicr er al. (1987);*  Nardonc and Bradlaw (1983);%  Frazier (1988);* Wilcox and Bruner
(1950y?
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VII C  Advances in the Development of Alternatives 10 Whole Animal
(Vertebrate) Testing Continued

In Virro 1ests can help clucidate the nature of the interaction between test substance and
organism at the cellular, subcellular, and molecular levels. Thus, once the critical target organ or
organ system has been identificd in whole animal studies, in vifro tests can focus on the mechanism
of action of the test substance at the target site. Information from these studics can assist the
Agency in making decisions about the safety of proposed food and color additives used in food by
comparing 1¢sponses observed in human and animal cells and by facilitating extrapolation from high-
dosc 10 Jow-dose responses.

At present, in evaluating a petition for the usc of a food or color additive, the Agency
considers in vitro tests to be uscful in helping to identify the mechanism(s) of action of the test
substance and to provide information about subtle effects observed in vitro that may not be observed
in in vivo studics.
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VII G. MHeritable and Somatic Genetic Toxicity

This chapter discusses FDA's interest in direct food additives and color additives used in foods
that can cause both heritable and somatic genetic toxicity. While the FDA currently neither
recommends specific tests to determine somatic and heritable genetic toxicity, nor regulates food and
color additives used in food on the basis of such activities, the Agency has an heightencd interest in

this area,

1. Rationale for Testing for Heritable and Somatic Genetic Toxicity

Heritable genetic toxicity is chemically-induced damage to the DNA of male and female germ-
linc cells that is not correctly repaired, so that the damaged gene(s) can be inherited. The
consequences of this genctic toxicity has been well documented, and a number of different genetic
diseases have been characterized.  Somatic genetic toxicity is chemically-induced damage to the DNA
of dividing and non-dividing somatic cclis (ie. non-germ-line cells). The consequence of somatic
genetic toxicity is that chemicals may alter gene functions in rapidly dividing somatic cells (e.g.
intestinal lining and bone marrow) and in quiescent cells which may be forced to replicate in
ICSponse 10 & regencrative or mitogenic stimulus {e.g GG, peripheral lymphocytes). Genetic
damage 10 these cells can lead to cancer and alteration of critical cellular functions (e.g. altered
hormone and receptor sitc functions). '

2. Rationale for Selecting a Specific Test Battery

Currently the Agency recommends the use of 8 battery of genetic toxicity tests (see Chapter IV
C 1 ¢) for all chemicals that are direct food additives or color additives used in foods, including
chemicals with structures assigned to all three structure categories (see Chapter I B 2), as well as
chemicals associated with Concern 1.evels |, IL, and JII (sce Figure 4 in Chapter IIf B 1). These
tests are recommended to evaluate the genetic toxicity of chemicals in order 10 identify those
chemicals that may be direct acting carcinogens (see Chapter IV C 1).

Short-term tests for genctic toxicily can also be conducted to evaluate the effects of chemicals
on the genctic material of both somatic and germ-line cells, and the tests vsed for these purposes
can overlap those used for predicting carcinogenicity. For cxample, the data obtained from the
Salmonella typhimurium reverse mutation assay is not only useful in predicting the potential
carcinogenicity of test substances,® but it is also an important means of determining whether a
chemical has the potential to damage the genctic material in both germ-line and somatic cells.

“Although-FDA considers the information-obtained:from-the test battery recommended: in Chapter IV
C 1 10 be useful in asscssing & chemical’s potential to cause heritable and somatic genetic toxicity,
the scientific community has not yet reached a consensus that these indicators are reasonably
predictive of human responses.

While FDA does not recommend a unique battery of 1ests for determining heritable and
somatic genetic toxicity, the Agency recognizes that certain types of tests may be useful for this
purpose.

* Tennant er al. (1987);' Ashby and Tennant (1988);2  Ashby and Tennant (1991)
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VII G Heritable and Somatic Genetic Toxicify Continued

Historically, gene mutations in germ line cells have been detected using in vive tests such as
the sex-linked recessive lethal assay in Drosophila melanogaster and rodents.* Unfortunately, the
standard classical assay procedurcs are not completely satisfactory; each of these tests has one or
more of the following Jimitations:

» standard procedures have a very low sensitivity for detecting known mutagenic chemicals,
and the assays fail to detect dose-related increases in chemical activities;

w» standard protocols have many deficiencics (e.g. they frequently lack concurrent positive
controls, multiple test chemical doses arc rarely used, etc.);

= standard protocols for heritable genctic toxicity cannot simultancously measure somatic cell
toxicity in the same animals; and

x standard methods require large numbers of animals and are very time consuming and
cxpensive.

Thus, two groups of tests may provide a sensitive method for detecting heritable and somatic
cell genetic toxicity. First, a battery of tests for germ-line and somatic cell genetic toxicity should
include the same shori-term genctic toxicity tests used 10 predict potential carcinogenicity {e.g.
Salmonella typhimurium reverse mutation assay, in vitro ML mutation assay and an in vivo
cytogenctics assay (sec Chapter IV C 1)}, Sccond, a battery of tests for germ-line and somatic ccll
genetic toxicity also should include the use of transgenic mice. The Agency recognizes that current
genctic toxicity tests using transgenic animals do not directly demonstrate heritable genctic toxicity
effects; howcver, chemical-induced genetic toxicity to gorm cells demonstrates the potential for this
10 occur. Since research with several different experimental rodent models has been progressing
rapidly, and a varicty of transgenic rodents arc now commercially available, it may be possible in the
future to simultancously assess chemically-induced genctic damage to ger line cells and to a varicty
of somatic tissucs. The transgenic test system should have several advantages over classical tests for
heritable genetic toxicity:

» the investigator can casily manipulate the treatment conditions so that tissue-specific
toxicological cffects can be compared for different assay protocols;

» the test requires relatively few animals (Le. 2 or 3 animals per treatment group); and
o the test is relatively inexpensive and can be performed in a matter of days.

“EDA GORMINCS 10 encburage the scichific obmrmanily © dc\)c]op s€nsitive- assays for detecting
germ -linc and somatic cell genctic toxicity.

* Abrahamson ef al (1980);* lcc er al. (1983);* Mason ef al (1987)¢
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Acronym

Act

ABS
ADI
AlG
ANOVA
ARMS

B-cells
BT

CAC
CAS
CFR
CEFSAN
CHO
CMI
CsSO

DNA
DTH

EAFUS
EDI
ELISA
EPA

FAP
FASEB
FASP
FDA

GLP
GRAS
HGPRT
HID

IARC
Ips

LOEL
1.PS

Cﬁapter VI
Glossary

Definition

*the Act®, Le. Federal Food, Drug, and Cosmetic Act (1958)
chromosome aberration(s)

acceptable daily intake

albumin-to-globulin

analysis of variance

adverse reaction monitoring system

B Jymphocytes
ratio of B to T lymphocytes

Cancer Assessment Committee

Chemical Abstract Service

Code of Federal Regulations

Center for Food Safety and Applicd Nutrition
Chincese hamster ovaty [cell(s))

cell mediated immunity

Consumer Safety Officer

deoxyribonucleic acid
delayed type hypersensitivity

cverything added to food in the United States
estimated daily intake

enzyme-linked immunosorbent assay
Environmental Protection Agency (United States)

food additive petition

Federation of American Socictics for Experimental Biology
Food Additive Safety Profile

Food and Drug Administration

good laboratory praclices
Generally Recopnized as Safe

hypoxanthincguanine phosphoribosyl transferase activity
highest treatment dose

International Agency for Rescarch on Cancer
immunoglobulins

lowest obscrved cffect level
lipopolysaccharide
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Acronym

MFO
ML

MILR
MTD

NeI

NIEHS

NK

NOAEL (NOEL)
NTP

QAU
QRAC
QRAS

PAFA
PALS
PB-PK
PHA
PWM

RBC
Redbook

RlA
RNA
R value

SAR
SCE
SHE
sSor
SRBC

T-cells
TK

uns

WBC
WBA

Dralt

IX  Glossary Continucd

Definition

mixed function oxidase
1.5178Y mouse lymphoma cell
mixed lynyphocyte response
maximum tolerated dose

National Cancer Institute (United States)

National Institute of Environmental Health Sciences
natura) killer

no obscrved adverse effect level (no observed effect level)
National Toxicology Program

Quality Assurance Unit
Quantitative Risk Assessment Commitlee
quantitative risk assessments

Priority-Based Assessment of Food Additives
periarteriolar fymphocyte sheath
physiologically based pharmokinctic model
phytohemagglutinin

pokeweed mitogen

red blood cells
Toxicological Pnncij)lcs for thc Safety Asscssment of Direct Food Additives

radio 1mmunoassay

ribonucleic acid

ratio of human consumption (mg/kg bw/day) to the lowest dose producing a
compound-related adverse effect in the Jongest duration, highest quality study
available

structure activity retationship
sister chromatid excharige
Syrian hamster embryo cell
slandard opcrating procedure
sheep red blood cells

T lymphocytes, or 1hymus dcnvcd cells
thymidine kinasc

unscheduled DNA synthesis

white blood cells
whole body autoradiography
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