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Preface 
l ~ - ;(,.d), ~,,J,_ 

r0A' ,411-J.. 

This document L~ the first revision of the Food and Drug Administration's 1982 'Redhook I' 
(Toxicological l'rinciples for the Safety Assessment of Direct Food Additives and Color Additives Used in 
Food). The rcvi~ed 'Redbook 11' is intended 1) to provide guidance regarding criteria used for safety 
assessment of direct food additives and color additives. used in food and 2) to assist petitioners in 
developing and submiuing for Agency review data for the safety assessment sections of petitions for 
these food additives under Section 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 sufficient scientific. information to 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 ci>lor additives used in food. In revising 'Redbook I' 
the Agency is taking into acwunt developments in toxicity testing since 1982 and comments received 
from the scientific community and public concerning the 1982 'Redbook !. • As with the 1982 
'Redbook I,' the tiered system for determining concern levels and minimum sets of toxicity tests for 
compounds assigned to each concern level are discussed in thls document In addition to 
conventional types of toxicity tests, new or significantly expanded sections include metabolism and 
pharmacoklnetics, lmmunotoxicity, neurobehavioral toxicity, alternatives to whole animal testing, 
emerging l~ues in toxicity 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 ~ntitled 'Priority-Based Assessment of Food Additives (PAPA)' was 
established. The PAFA program maintains a database of administrative, chemical and toxicological 
information on 'Everything Added to the Food in the United States' (EAFUS), 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 PAPA, or to provide a complete description of the procedures now 
used to evaluate data prior to inclusion in the database. This information will be available to the 
public by rC{juesting a supplemental document to 'Redbook II' entitled 'FDA!CFSAN's Priority· 
Based Assessment of Food Additives Database•. 

Redbook JI 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 'Rtdbook 11,' or 
may choooe to use alternative procedures. If a petitioner chooses to use alternative procedures, 
however, he/she should discuss the procedures informally with the Agency to prevent expenditure of 
money and effort on activities that may later be determined to be unacceptable to the FDA 

• A notice of availability of the document entitle,! 'FDA/CFSAN's Priority-Based Assessment of Food 
Additives Database' will be published, and information concerning the document may be requested by 
contacting the Division of Health Effects Evaluation (HFS-225), CFSAN, FDA, 200 C Street S.W., 
Washington, D.C. 01 
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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 generally, the Agency has fdrther divided the universe of food additives into dlreet 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.• 

Under the Food, Drug. and Cosmetic Act, the safety of food additives and color additives 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 evaluated prior to marketing. 

PDA 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 to 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 Bureau of Foods published !ts guidelines: Toxicological Principles for rhe 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 structure/aelivity relationships 
into initial Concern Level, 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 toxirological safety evaluation criteria that FDA 
uses in judging the safety of additives. 

This document i~ the· Agency's first published revision 'of the 1982 gtiidelines. 'A submission 
ronforming to these recommendations would normally provide sufficient scientific information to 
evaluate safety. However, these guidelines are not intended as rigid rules and they do not preclude 
the petitioner from demonstrating safety by using other types of toxirological data and information. 
The flexibility of FDA recommendations contained in thi~ document is discussed in Chapter I R. 

• Committee of Labor and Public Welfare (1988)' 

' Committee of l.abor and Public Welfare (1988);1 Code of Federal Regulations (1992);1 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 summarii.es major changes in this revision of the 1982 Toxicological Principles for 
the Safety Assessment of T>ir,ct Food Additives and Color Additives Used in Food.• 1n general, these 
changes derive from thrw major sources: 1) Changes in the purpose of the publication; Z) comments 
received on the 1982 publkation; and 3) increased scientific knowledge and technological advances 
since 1982. Attempts al<;<> have been made to achieve consistency with guidelines published by other 
agencies, countries, and International organizations, when such consistency does not compromise 
FDA's ability to ensure 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,bascd assessment of food additlves (PAFA), For example, the 1982 publication described in 
addition to the 'current' guidelines, 'core standards' for toxicity studies. Core standards define 
standards to be used in determining whether previously conducted toxicity studies provide 
information that would be a useful addition to the PAFA database. There has been some confusion 
about whether core standards represent minlmally acceptable protocols for conducting toxicity studies 
to support the safety of newly petitioned food and color additives used in food; in general, they do 
not. While FDA will continue to 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 database.• 

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, 
guidelines on how to submit machine-readable data for review by FDA (see Chapter Il B), and 
information about how the Agency IIS.5esse.l the safety of food and color additives used in food (see 
Chapter II C) have been Incorporated into the revised guidelines. 

After publication of Taxico/bgical PrincipkJ for IM Safety Alsessment of Direct Food Additives 
and Color Additives Used in Food in 1982, tlie Agency received thoughtful comments about its 
recommended guidelines from scientists, consumer interest groups, health agencies in other countries, 
companies in the food Industry, and manufacturers associations. These comments concerned such 
thing.~ as the appropriate balance between exposure and structure/activity information in assigning 
chemicals to Concern Levels, assessing the safety of food additives that are expected to be consumed 
in large 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 increased 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 to the humane and economically efficient use 
of laboratory animal~ in scientific re.search. ·· 

• F))A (1982)1 

• A notice of availability of the document entitled 'FDAJCFSAN's Prioriiy-Based Assessment of Food 
Additives Database' will be publi_shed, and information concerning the document may be requested by 
contacting the Divilion of Health Effects Evaluation (HFS-225), CFSAN, FDA, 200 C Street S.W., 
Washington, D.C. 

2 
(X> .... 
I\) 
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I A Mnjor Changes in the Revised Guidelines Continued 

2. Changes in I>ctcnnining Concern Levels and Rcrommendcd Toxicity Tests for 
Food Additives and Color Additives Used in Food 

• Estimation of Human faposure 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 (see Chapter m B 3) in this document. 

• Structure Category A~ignments: 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 to Structure Categories A, B, and C (see Chapter III B 2). 

• Minimum Sets of Toxicity Tests: Changes have be-On made to the recommended minimum 
set of toxicity tests for additives assigned to each Concern Level (see Figure 3 in Chapter m 
B I); these changes are listed below: 

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

ii) Concern Level II: Metabolism· and pharmacotlnetic studies now are recommended 
for these substances. Screens for neurotoldcity and lmmunotoxicity have been added 
to the recommended subchronic toxicity testa with rodents and non·rodents and the 
reproduction study with a teratology phase. The recommended reproduction study 
now consists ol two generations, with one litter per generation. 

iii) Concern ~tll!.!: Metabolism and pharmacoklnetic studies now are 
recommended for these substances. Screen! for neurotoxicity and immunotoxicity have 
been added to the recommended subchronlc toldcity test with rodents and the 
reproduction study with a teratology phase. The recommended reproduction study 
now consists of two generations, with one Utter per generation. 

• Subchroni~_Toxleity Test with Rodents: For C-Oncem Level Ill substances, 'f'DA now 
recommends that a subchronic feeding study with rodents be completed before carcinogenicity 
bioassays are begun. 

3. Changes In Toxicity Tesllng Guidelines 

&. General Rerommendatlons ror Toxicity Tests 

General recommendatioM for toxicity teslS are discussed In Chapter IV B, 1bese include 
guidelines for test animals and test substances (see Chapter IV B 1) and for reporting the results of 
toxicity studies (see Chapter IV B 2); recommendations for pathology and statistical considerations in 
toxicity tests (see Chapters IV B 3 and 4, respectively); and recommendations concerning the use of 
various types of animal diets for toxicity studies (see Chapter JV B S). 

()l 
I\) 
.p. 
01 
.i,. 
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I A Major Changes in the Revised G11idclh1cs Continued 

h. Short-Term Tests for Genetic Toxicity 

This guideline recommends a modified battery of short-term tests for genetic toxicity that 
includes: 1) Salmonella typhimurium reverse mutation assay, 2) in vitro mutagenicity assay in 
mammalian cells, and 3) in vivo cytogcnetics assays (chromosomal aberrations in mouse or rat bone 
marrow and the mouse micronucleus test) (see Chapter JV C 1 c). Additional, scientifically justified 
genetic toxicity tests are also discussed in the chapter (see Chapter IV C 1 d). 

c. Acute Toxicity Tests 

Guidelines in Chapter IV C 2 stress that acute toxicity data are not required for making the 
final decision on the safoty or direct food additives and color additives used in food. If petitioners 
decide to conduct acute toxicity studies for new materials that may be added directly to food, this 
guideline recommends alternatives to the classic LD50 le.It 

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 (see Chapter IV C 3). In addition, FDA recommends that rodents be single-caged 
(instead of gang-caged) and that a complete histopathology evaluation be performed for all animals 
in the study (see Chapter IV B 1). 

e. Subchronlc Toxicity Tests with Rodents and Non-Rodents 

The guideline for this test has been modified to include screens for neurotoxicity and 
immunotoxicity (see Chapter IV C 4). In addition, FDA recommends that rodents be single-caged 
(instead 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 
single-caged (instead of gang-caged), that bioassays begin With at least 50 animals or each sex per 
experimental and control groups, that rodent bioassays be terminated after 104 weeks or exposure to 
the test substance, and that microscopic examination of recommended tissues and organs be 
performed on an animals ln. the study (see Chapter IV c 6). 

g, Combined Chronic Toxicity/Carcinogenicity S.tudles with Rodents 

Changes In the guideline for this study are similar to changes in the guideline for 
c;ircinogcnicity bioassays with rodents, and include recommendations that rodents be single-caged 
(instead of gang-caged), that bioassays begin with at least SO animals or each sex per experimental 
and control groups, that the carcinogenicity segment of the study be terminated after 104 weeks of 
exposure to the test substance, and !hat microscopic examination of recommended tissues and organs 
be performed on all animals in the study (see Chapter IV C 7). 
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I A Major Changes in the Revised Guidelines Continued 

h, Rcproduclion and Developmental Toxicity Studies 

Two generations, with one litter per generation, arc recommended as the minimum 
reproduction study (sec Chapter IV C 9). If results Crom 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 generation, additional generations, a test for 
teratogenic effects, and reproductive assessment by continuous breeding. Guidelines for reproduction 
and developmental toxicity studies have been modified to include an expanded asstsSment of the 
effects of the test compound on males and to provide a screen for neurotoxicity and immunotoxicity. 

4, Other Changes 

•· Special Toxicity Studies 

FDA now recognizes that inform&iion about metabolism and pharmacoklnetics, neurotoxlcity 
and immunotoxicity arc 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 D, C and I>, respectively. 

b. Human Clinical Studies 

FDA does not require petitioners 10 conduct human clinical studies .10 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 
Chopter VJ D. 

c. Emerging Issues In the Assessment of the Safety of Dlrttt Food Additives and Color Additives 
Used In Food 

Chapter VII discusses special tests or approaches to testing that may be useful in assessing the 
safety or additives intended for use at high levels of exposure (rnacro-addilives), bioenginccred 
additives, additives that are enzymes, and microbiologically-dcrived additives. In addition, this 
chapter dLscusses 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 t>e useful in evaluating the safety of food and color additives used in food 
in the future. 

d. Glossary 

A glossary (sec Chapter VIII) has been provided in this document. 

(X) ... 
01 
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I B. Flexibility and Consistency in Guidelines for Toxicity 
Testing 

Although many different agencies regulate the same chemicals (for eKample benzene may be 
regulated [or different uses by FDA, the Environmental Protection Agency and the Occupational 
Safety and Health Administration), the tolCicity testing guidelines developed separately by the various 
health regulatory agencies arc not always uniform. Differences among guidelines can result in 
unnecessary duplication of effort and inefficient use 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 
testing and the guidelines presented in ibis section continue to reflect such needs. Thus, we have 
retained the recommendation that ill utero exposure be added to one of ·two recommended 
carcinogenicity bioassays (see Chapters IV C 6,7, and 8). 

Changes occurring in the global 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 European 
Economic Community is expected to unite under new legislation that promises to reduce trade 
barriers 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 {NAFfA), A goal of these agreements is to harmoni1.e regulatory 
requirements and, where possible, to reduce or eliminate trade barriers between the signatory 
nations. Food and food chemicals clearly constitute an important area or trade likely to be affected 
by these agreements. · 

Much work needs to be done to harmonize international rood chemical regulation. Nations 
have different regulatory schemes and often 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. 

rDA's guidelines for toxicity tests for direct food additives and color additives used in food 
continue 10 emphasize that there is no substitute ror sound scientific judgement These guidelines 
arc recommendations--not hard and fast rules. If an investigator believes that he/she can provide the 
Agency with userut toxicological information by modifying a recommended study protocol, and is 
able 10 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)1 

' Orignolo (1989);' Schneebaum (1989)' 

6 
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I C. Applicability of These Guidelines lo 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 does not apply to indirect food additives. Indirect food additives are not 
intentionally added to food; they are subscanccs used as articles or components of articles chat are 
intended for use in packaging, transporting, or holding food. As such, indirect food additives are not 
intended to become components o[ the food itself; their pocential presence in food may be a result 
o[ migration or inadvertent extraction from the food contact surface. 

1ne indirect additives comprL1e a wide diversity of food-contact situations •• long,tcrm 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 
biocidcs, to inert polymers used for food containers. Thus, indirect food additives present problems 
for estimating consumer exposure which are different from those associated with substances added 
directly to food. 

FDA traditionally has applied a separate system of tiered information recommendations for 
indirect food additives that differ somewhat in scope and substance from those for direct additives. 
The outline 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 lie required to demonstrate 
sa[ety of an indirect food additive, the guidelines outlined in this document for conduct of these 
studies will be applicable. 
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Chapter II 
Agency Review of Toxicology Infonnation 

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 Pood Additives Amendment• to the Federal Food, Drug, and Cosmetic Act (the Act).' This 
Amendment creates a pre-market safety evaluation pro= 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 ~tion 201(1} o! the Act; '{Doll additive' Is defined in section 20l{s) or 
the Act. 

Since 1958, before a food additive may be used, an authorl,Jng regulation must be in effect. 
Approval of a petition for an additive and issuance of an authorufog regulation require that the 
Agency conclude that the additive is safe for Its intended conditions of use. This safety requirement, 
embodied in section 409(e)(3)(A), Is often referred to as the general safety clause for food additives. 
When the proponent of the proposed use of the additive bas shown that the additive is safe for its 
intended use, the Agency publishes a regulation in the Federal Register establishing permitted 
conditions for the use of the additive. 

When a 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 to meet with other individuals in the 
Agency to discuss specific Issues or problems that arlse during review of the petition. All 
communication 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)1 

'Federal Food, Drug, and Cosmetic Act (1958);2 Committee of Labor and Public Wlefare (1988)' 

' Color Additive Amendment (1960)' 

' Rulis (1990)' 

8 
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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 studies. ToxicologL~ts. pathologists, and mathematicians evaluate any to;,;icity studies 
included in the petition. If appropriate, toxicologi.1ts can recommend that carcinogenicity studies be 
evaluated by special CFSAN committees: the Caneer Assessment Committee (CAC) and the 
Quantitative Risk Assessment Committee (QRAC); for more information on these committees, see 
Chop!er Il C 5 I and Ii. 

Review of toxicity studies and other to;,;icology 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 studies that was shown to cause no 
adverse effect, multiplied by an appropriate safety factor (often 1/100; see 21 CPR 170.22). Chronic 
ingestion of the additive at the ADI b considered consistent with a 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 early in the planning stages. For 
example, before the petition Is submitted, petitioners can submit toxicity study protocols to FDA for 
review by Agency scientists. This can help the petitioner perform to;,;icity studies and prepare data 
in a form that will expedite the Agency's review of the information in the petition (for more 
information on expediting review, see Chapter n B). 

· Thi~ document delineates the toxicology information deemed appropriate for assessing the 
safety of direct food additives and eolor additives used In food. However, guidelines contained In 
this document are only one possible approach among many to providing the toxicological basb for 
an assessment of safety. We urge petitioneis to discuss alternative approaches and toxicity test 
protocols with the Agency before toxicity tests are begun. 

• USCFR (1992)' 
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II B. Expediting 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: 

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

• Initiate Interactions between petitioner'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 
recommended to 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 oolor additive used in food, it may be necessary for scientific reviewers to 
re-analyze some of the data In a submission. A large proportion of the work In such a 
re-analysis is computer entry and verification of data. Therefore, much time would be saved if 
data arc submitted in a machine-readable form (magnetic tape for the IBM mainframe 
standard or floppy disks for IBM personal oomputers. Please note that the Agency no longer 
has the capability to read punched cards). General guidelines for submluing machine­
readable data follow, but petitioners are urged to contact the Agency before submitting 
machine-readable data to discuss modifications to these guidelines. 

• Enclosed with the machine-readable data should be: 

i) the name of a oontact person; 

Ii) a printout of the first 100 to 200 records; and 

iii) 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. 

• Magnetic tape format needs to be 9-track, with 6250 bpi preferred (although 800 and 1600 
bpi are also readable). Data should be recorded in IBM-EBCDIC or ASCII, or should be In 
IBM· TSO or statistical package datasets; please consult with the Agency stati~ticians about 
appropriate data.,;ets. Interior labels should be IBM standard with volume number and dataset 
names. Unlabeled tapes should be accompanied by the reoord format, record length, blocking 
factor, and the name of the program that created the tape. 

• Floppy .disks should be su~~itted lo duplicafe; these sh.ould be copy-protected because 
accidental erasure and destruction of disks can occur. The data should be submitted in a form 
readable by software programs to which the Agency has access;· please consult with Agency 
statis1icians about acceptable software. 

10 
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II C. Evaluating Toxicology Information 

I. 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
tcrm or acute studies were con.~idered adequate even for major food additives several decades ago, 
today's recommendations generally include eomprehen.~ive, Jong-term toxicity studies. CFSAN 
toxicologists exercLw their best scientific judgement in determining what toxicity studies are needed 
for the Agency to adequately assess the safety of a direct food additive or color additive used in 
food. ln making these decisions, the toxicologists take into account what is already known about the 
properties or 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 summari1.ed below. 

2. No.Observed·Effect l.evcl (NOEL) 

Non·trcatment·related variations in the incidence of toxic endpoints oo;:ur 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 scientL~ts determine the most sensitive treatment·related toxic endpoint 
(adverse effect) from the data submitted in support of the petition. This endpoint is the adverse or 
roxic cffccc thac occurs in test animals at the lowest exposure to the test substance. The highest 
exposure that does not produce this adverse effect L, called the no-observed-effect level (NOEL) or 
1he no-observed-adverse-effect 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 to provide an adequate margin ol 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) or the additive for humans. The selection of a safety factor 
is based on the biological significance of the endpoint, uncertainties inherent in extrapolating 
information about adverse effects from toxicity 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 general rule in applying animal test data to man. However, 
exceptions to a safety factor of l(X) ate permitted In accordance with the nature and extent ol data 
available and the circumstances of use or the food additive. For example, safety factors may be 
modified bwiuse of potentially sensitive sub-populations such as children, geriatrics, individuals with 
deficiency s1a1cs, and lack or developed enzyme metabolic systems. 
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II C Evaluating Toxicology Infom1ation Continued 

II C 4. Acceptable J)aily Intake (ADI) 

The acceptable daily intake (ADI) is generally estimated by dividing the no-observed-effect 
level (NOEL) of a test substance by the safety factor. The NOEL may be expressed as mg test 
suvsrnncc 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 leg body weight of humans. A 
food additive generally i1 considered safe for its intended use if the estimated daily intake (EDI) of 
the additive is less than, or approximates, the ADI. 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. 

S. Carcinogenic Risk Assessment 

FDA has found risk assessment IO be useful for estimating the risk from carcinogenic 
contaminants of food or color additives used in food, (or 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 ri1k 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 to 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 or risk could adequately be estimated from animal data and extrapolated to humans. Although 
FDA continues to be concernoo about carcinogenic contaminants in the food supply, the Agency 
believes that this approach can be used, where· appropriate, without compromising FDA's mandate to 
protect th~ public health. 

a. O'SAN's Cancer Assessment Committee (CAq 

The Cancer Assessment C-Ommittce (CAC) is comprised of CFSAN experts in such fields as 
pathology, toxicology, mathematia;,'rood chemistry and technology, epidemiology, and nutrition. 
These experts are charged with ensuring a uniform and consistent scientific approach for dealing 
with diverse problems of carcinogcnfcity 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 or 
possible carcinogenicity. Ir the CAC determines that a substance is a carcinogen, and if it is believed 
that a quantitative risk assessment may have impact on the regulation or the substance, the CAC 
informs the Quantitative Risk A~cssment Comminee (QRAC, see Chapter n C 5 b) of this 
decision. 

Figure I is a now chart depicting in schematic fashion the groups involved in the risk 
assessment process at CFSAN. f'igure 2 identifies the steps involved in risk assessment at CFSAN; 
each of the steps in Figure 2 is associated With a particular group or set of groups in Figure l. 

' l.orcnlzcn (1984) 1 
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Figure 1 

Mow Chart Depicting the Various Groups Involved in 
the Assessment or Caneer Risk at the 

Center for Food Safety and Applied Nutrition (CFSAN) 
of the Food and Dnig Administration 

l'~~::~; I I 

[
'l'oxic<?logy I -: cancer 

Rov1ow Assessment 
.. Col!ll!littee 

[:--~~-~rn~tiy,l~. ..~-.. 
Analysis 
-------· 

Chemistry 
Review 

----~---~ 

' -·-···--------=1--Exposure 
Estimate 1> 

------

Quantitative 
Risk Assessment 

Co1111ittee 
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Figure 2 

Pour Steps in the Risk Assessment of Additives in Food 
at }?))A's Center for Food Safety and Applied Nutrition 

J, Toxicological Evaluation 

• Input Obtained trom Internal Experts J 
- Toxicologists - Pathologists · 
- Chemists - Biostatisticians 
- Other Experts - Epidemiologists 

• Input Obtained trom External Experts (where need is 
indicated) 

2. Cancer Assessment Committee (CAC) Evaluation 

• CAC Reviews input trom Internal and External Experts 
Is the substance a Likely Carcinogen? 
If Yes: CAC recommends the studies, tissue sites, 
species, and sex suitable for quantitative 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) Evaluation 

• QRAC Reviews Pata and Exposure Potential ~ 
• QRAC Chooses Risk Assessment Hodel and Procedure 
• QRAC Estimates Magnitude ot Potential Human Risk 

- Calculate the Upper Bound Lifetime Risk 

4. Action Taken by Director of CFSAN, FDA 

~ Makes Risk Management and Poli.cy .Recomm .. end. a·t·i·o· n~ 
to the Commissioner -~_J 

. _____ ..,..._ 

14 co 
r>) 
~ 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Draft 

II C Evaluating Toxicology Inronnation Continued 

1J C 5. Carcinogenic Risk Assessment Continued 

As indicated in }1gure I, the CAC plays a central role in the rL~k assessment process at 
CFSAN. This standing committee, which was established In 1978, is made up of 10 CFSAN 
Individuals with expertise In the various scientific disciplines related to chemical carcinogcnesL,: 
pathology, toxicology, mathematics, and food chemistry and epidemiology. The decisions of the CAC 
with respect to issues of science are authoritative and invariably !onn the basis for CFSAN's 
recommendation.~ to the Commissioner. 

In addition to reviewing Information presented by the disciplines Indicated in Figure l, the 
CAC may request additional information from internal and external experts, such as a 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 re;iuest that CFSAN 
pathologists 1cview microscope slides from an animal bloassay. 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 Carcmogms; A &view of tM Science alUI ill Associated 
Principles'.' 

There are no universally agreed upon ways of evaluating carcinogenicity data. It is neccssa,y 
that there be Interaction between pathologist, toxicologist and statistician. The role of the 
pathologL~t l~ to decide whether an observed lesion ls cancerous or noncancerous.' The role of the 
toxicologist Is to determine whether the lesion is related to the treatment. The statistician's role is 
to analyze the mathematical probability of occurrence of the tumors by chance or as a 1esult of 
treatment. 

Some suggested approaches to the assessment of the evidence or carcinogenicity or a substance 
are di~u.~ in the following sections. 

i) Evaluatlo.l) of the Adequacy of the Design and C.Onduct of the Bioassa__y. The first step 
in the analysis l~ 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 
example: Was the test chemical properly identified and characterized? Were an adequate 
number of animal~ of each sex used per group? Was the test chemical administered for the 
major part oLthe life span of the animals? Did sufficient numbers of animal~ 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 utiliw adequate matched control animals for statistical 

· comparL~n? Were detailed pathological examinations performed for every tissue? 

• National Research Council (1983)' 

• U.S. Office of Science and Technology Policy report (1985);' Anonymous (1986)' 

' Dua and Jackson {1988)' 
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II C Evaluating Toxicology Information Continued 

II C 5. Carcinogenic Risk Assessment Continued 

ii) Evaluation of th~ Possible Increase in Tumor Incidence: Since it is generally believed 
that cancers ari~ independently in various parts of the body, it has become customary to treat 
each potential target site (e.g., brain, lung, liver, kidney, urinary bladder) separately for 
evaluation. One general 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 neurofibrosarcomas. In general, tumor incidence is 
defined as the number of tumor-bearing animals having tumors at a specific organ site divided 
by the total number of animals With that organ examined hlstopathologkally. 

Judgment of an experienced pathologist is Important for proper diagnosing and grouping of 
lesions for statistical analysis ro determine whether or not ooservc;d inaeasei In rumor incidence 
implicate a compound as a carcinogen. The grouping of tumors for statistical evaluation should be 
based on commonality of hL~togenic origin, Because it is frequently a matter of arbitrary definition 
and expert pathologists may disagree about how to dcsignate tumors 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 tumors occurring in the same tis.sue and organ for statistical 
evaluation. 

Having recorded the tumors present for each animal, the statistical analysis can be undertaken 
to evaluate the Internal consistency of the data, the reproduclblllty of the test rcsults, the level of 
statistic.al significance, the increase In tumor Incidence, the evidenoe for dose-response relationship or 
shortened latency period, tic. Methods of statistical analysis for carcinogenicity are available.• 

iii) Evaluation of the Extent of Evidence for Carcinogenicity: Because the power of 
vircinogenesis bioassays that use groups of a few do1,en 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 diagnoois, sensitivity of the bloassay, and variability of the background 
tumor incidence. For these reasons, other correlative information may be necessary to add 10 
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: 

• 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; 

• the degrees of tumor response (incidence, site, type, multiplicity, etc.); 

• evidence of structure-activity relationship; 

• prevalence of dose-response relationship; 

, the results of short-term tests for genetic toxicity; 

• the presence of prencoplastic lesions; and 

' l'rto el al. (1980); 7 Dickis and Krcwski (1985);' McKnight (1988)' 
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II C Evaluating Toxicology Information Continued 

Carcinogenic Risk Assessment <xintinued 

• a reduced latency for tumor development or increase in the severity (malignancy or 
the ncoplasia. 

Other in[ormation, such as whether there was a shonened survival due to the toxicity or the 
test substance or whether the chemical is tested at or near the M1D, can also add weight to or 
confound the evidence of carcinogenicity. Information on dose~ependent or nonlinear kinetics from 
metabolic and pharmacokinetic studies in experimental animals and humans can supplement the 
assessment or the potential carcinogenic hai.ard of the additive to humans. 

It should be noted that, although general approaches to animal carcinogenesis bloassays are 
well accepted by the scientific community, opinions about the design, conduct, and interpretation of 
such test results are not always in agreement and are often the source or scientific debate. This may 
be due, ln large degree, to our laclc of knowledge about the mechanl~ms of cancer induction and 
progression. Bc<:ause the Act prohibits the use of carcinogenic food and color additives, the 
interpretation or carcinogenicity test results has enormous potential societal and economic Impact. 
Consequently, proper assessment of carcinogenicity data has be.come an extremely critical function o[ 
CPSAN. 

h. CFSAN's Quantl!Mlve Risk Assessment Committee (QRAC) 

The QRAC was formed In 1983. Although quantitative risk as.sessments were performed 
under the auspices of the CAC prior to this, the QRAC was formed beeause of the need for an 
increasing number of quantitative risk assessments related to food and color additive petitions. 
nased on its evaluation or all relevant data on a substance, the CAC rccoll)lltends to the QRAC the 
bioassays and epidemiological studies most appropriate for low~ose extrapolation. The CAC al~o 
recommends to the QRAC the tissue site(s), species, and sex most suitable for quantitative 
evaluation. 

The QRAC then performs a quantitative risk assessment. This portion of the rL~k assessment 
process is often controversial, even among expens. Currently, the QRAC uses a linear-at-low-dose 
approach, similar to that describro by Gaylor and Kodcll.• The QRAC cannot determine the most 
probable expected human risk (or almost any case because of the uncertainties and sources or error 
inherent in quantitative risk assessment using high-dose animal data. However, the QRAC believes 
that, in cases where dose-response data are suirable, it can predict a lifetime upper limit of riSk with 
some degree or confidence. 

• Gaylor and Kodcll (1980)' 
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Chapter III 

Concern Levels and 
Recommended Toxicity Tests 

A. Introduction 

This chapter describes how FDA determines which toxicity tests are recommended to assess 
the safety or fOOd additives (direct food additives and rolor addltlves used In food) 1ba1 are proposed 
for new or expanded use. Chapter Ill B explains how these additives are assigned to levels of 
concern {see Chapter Ill B l) that Indicate their potential for posing significant health risks to 
humans, If approved. A substance Is assigned 10 a Concern Level l>ased on avallal>le toxicology 
information or on the substance's structural similarity to known toxlcants {see Chapter m B 2) and 
on the estimated human exposure to the substance from its proposed use (see Chapttt Ill B 3). As 
in the previous edition or these guidelines {1982), exposure is weighted more heavily than structure 
in assigning substances to Concern Levels (see Figure 3). 

Chapter III C describes the toxicity lt)8ts recommended for assessing the safety of additives 
(direct food addftives and color additives used in food) assigned to each Concern Level. Different 
minimum testing levels are recommended for compounds assigned to Concern Levels I, II and III 
(see Figure 4 in Chapter Ill C l), Because Concern Level Ill 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 or Concern Level III substances. 
{Note that some tests in the minimum set of toxicity tests recommended for compounds assigned 10 

Concern Levels I, I! and Ill have been changed Crom those recommended in the 1982 publication; 
these changes are summarized in Chapter I A 2.} Chapter Ill C 2 explains how the Agency 
develops additional testing recommendations for assessing the safety or direct food additives and 
color additives used in food proposed for new or expanded use. These tests augment the minimum 
se1 of toxicity tests, as appropriate; examples are provided. 

Detailed guidelines for specific toxicity tests are not included in this chapter. However, 
guidelines for the conduct of abort-term tests (or genetic toxicity, acute toxicity tests, short-term 
toxicity tests with rodenu and non-rodents, subchrooic toxicity tests with rodents and non-rodents, 
one-year toxicity tesu with non-rodents, carcinogenicity studlc.5 with rodents, combined chronic 
toxicity/carcino8enicity atudita with rodents, and reproductlon and developmental toxicity studies, can 
be found In Chapttr IV C. Ouldellnes to assist the petitioner in developing strategies for assessing 
the metabolism and pbarmacol::lnelics, immunotoxicity and neorotoxiclty of food additives and color 
additives .used In food can be found In Chapter V and recommen~ed . .sirategi~ for i;ondueting_ human 
clinical trial~ with direct food additives and wlor additives used in food can bo found in Chapter VI 
n. 

18 
..J. 

00 
I\) 
00 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Draft 

III B. Concern Levels 

I. 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 i~ based on 
the assumption that the degree of effort expended to reduce uncertainty about the safety of a direct 
rood additive or color additive used in food should relate in some logical way to the likelihood that 
the additive poses a health risk to the public. 

ln evaluating the toxicological safety of direct food additives and color additives used in food, 
two factors are of primary importance: the extent of human exposure (dose) and the toxicological 
effects 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 potentlal 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 (su Chapter m B 2). Information 
about a compound's potential toxicity and t.Stimated human exposure from a designated use (see 
Chapter Ill n 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 compo1md being assigned a high initial 
Concern Level (Lt. Concern Level JII), and low toxic potential and low exposure would result In a 
compound being assigned a low initial Concern Level (ie. Concern Level D· Thus, Concern Levels 
are relative measures of the degree to which the use of an additive may present a ha111rd to human 
health. 

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

The minimum set of recommended toxicity tests for each additive (Le. direct food additives and 
color additives used in food) b determined by the initial Concern Level to which it Is assigned (see 
Chapter DI 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 reooun:es to be concentrated on 

· additives that present the highest probable risk to. human ll~llh .. (i.t Concern Level Ill substances); 
fewer resources per additive can be expended on additl= where use levels and potentlal toxicity are 
minimal (ie. Con~,rn Level I substances). Such a system for development of toxicology information 
is expected 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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III B l Determining Concern Levels Omtinued 

In general, the prowlure for determining the initial Concern Level for a direct food additive 
or color additive used in food Is as follows: 

• On the basis of Information about ILi molecular structure, an additive will be placed in one 
of three broad categories: Ca~ C Is for additives whose toxicological potential Is 
considered to be high; Catceoq A is for additlvc8 whose toxicological potential Is considered 
10 be low; and Ca~ B Is for additives whose toxicological potential Is likely to be 
intermediate between Categories A and C (see Cbtpter m B 2). 

• Human exposure to each additive will be estimated (see Chapter III B 3). 

• Within each structure category (A, B, and C), estimated human exposure will detennlne the 
Initial Concern Level to which each additive Is assigned (see Fl&Ure 3 below). 

The choice or three broad Concern Levels reflects the tradltiollal division of toxicity studies 
Into .three broad classes based on duration or expo«ure to tM tell compound: Shon-term, 
subchronic, and chronic. A5 the duration of the exposure Increases, the lowcst-eft'ect dose and the 
type! of effects observed ~ually are determined with Ina-easing sensitivity. Similarly, u the Concern 
Level to which an additive has been assigned increases from I to m, the recommended duration of 
toxicity studies and exposure to the test eompound also Increase (see Cbtptu m C 1 and FJrure 4). 
As data from the minimum set or ~oxiclty 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 
or an additive's toxicity. 

Levels of exposure that define which substan~ in each Structure Category are assigned to 
Concern Levels I, II, and Ill (see FJrure 3) were selected In 1982 on the basis of recommendations 
by experienced toxicology experts within CFSAN. While Cllpo&ure& may range over approximately 6 
orders or magnitude, the structure category of the substanoe bas the effect or only having the 
breakpoints tor determining Concern Level assignments betwun structure categories A or B or 
between structure categories B or C. Structure category la allowed only this limited Influence in 
determining minimum testing levels partly because of the considerable unccnainty still surrounding 
the use of chemical structure to estimate potential toxicity.• 

As noted previously, a food or color additive 1.1 considered safe if there Is a reasonable 
certainty that no harm will result from Its use (see CbJopter D C). The level of Cllpo&ure for which 
there is a reasonable certainty of no harm wually can be extrapolated from data obtained from 
toxicity studies. Thus, for each toxic circa associated with a food or color additive, the degree of 
concern can be defined as the extent 10 which actual Cllpo&Ure 1.5 expected t_o exceed the acceptable 
daily intake (acceptable Cllpo&Ure) detennined from toxicological information. Bwiuse the degree of 
concern Is also a function of the nature of the toxic eft'oct, Information that indicates a more severe 
toxic effect (for ex.ample. Irreversible and life-threatening elfe.cu) may Increase the Concern Level of 
a substance, regardless of exposure. 

' RulL< rt a/. (1984)1 
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Figure 3 

Concern Levels as Related 
to Chemical Structure and Exposure 
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Ill B 2. Structure Category Assignment 

a. Introduction 

The toxic action of a compound is a consequence o[ the physical and chemical interaction of 
the compound or its active form with a critical molecular target--receptor, enzyme, DNA or other 
cellular constituent--witltln the living organism. Thus, it is reasonable to expect that the structure 
and associated physicochemical properties 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 approacbe1; developed over the years in attempts to estimate the toxic potential of untested 
chemicals or to prioritize chemicals [or toxicity testing', 

In recent years, a number of computer-assisted, structure-activity relationship (SAR) models 
have ~n developed for predicting or estimating the toxicity of untested compounds. A general 
approach to developing such a mode! is to derive a correlation equation that relates structural 
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 a set or heterogeneous structures.' The parameters (or variables) commonly used In 
SAR modelling fall into four major categories: topological, geometric, electronic and pbys!­
cochemical,' as Illustrated below; 

• Iopologlcal parameters: counts of atoms and bonds, molecular weight, counts of rings and 
ring atoms, presence or absence of selected functional groups and substructural fragments; 

• Gcomct~arameters: molecular size and shape; 

• Electronic parameters: partial charge, dipole moments and bond strength; and 

• physieochemical parameters: partition coefficient. 

Using thi~ general approach, Enslein and co-workers,• Jurs and co-workers,• and Klopman and 
Rosenkranz' have constructed SAR models for a number o( toxicological endpoints, such as acute 
toxicity In rodents (it. LD,.), carclnogenicity, mutagenidty In Saimcme/Ja l)phimurium, and 
teratogenic!ty. 

• Dehn and Helmes (1974);1 Gori (1977);1 Cramer et al (1~8);1 . Lutz (1~);' Woo et al 
(1985)' . 

• J,nslcln (1984)' 

' Rammer (1984)1 

• En.~lcin and Craig (1978);1 Enslein and Craig (1982);' Enslein er aL (1983);10 EL~lein et al 
(1983);11 En.~lcin ti al. (1987);12 Enslein tt al (1987),., 

• Chou and Jurs (1979);" Jurs tt al (1979);" Yuan and Jurs (1980);" Tinker (1981);11 Yuta 
and Jurs (1981 );11 Stouch and Jurs (1985);" Rohrbaugh ti al (1988);io Randie and Jurs (!989)21 

r Klopman (1984);'-' Klopman and Rosen\.:ran1. (1984);" Rosenkrantz tt al (1984);" Klopman 
e1 al. (1985a);" Klopman et al. (198Sb);"' Rosenkranz er al (1985);" Rosenkranz and Klopman 
(19'Xl)"' CD 

(,) 
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III n 2 Structure Category Assignment Continue-0 

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 to several major limitations at this time. Beaiuse of these limitations, the Agency believes 
that information about such relationships should be USM only to guide recommendations about the 
acquisition of toldeological 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 USM 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 Quegory based on substructural features--speclJlcaUy, 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 initial 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, usuaUy temporary, Concern Level to which a 
substance has been assigned ls based on its structure category assignment (see Chapter rn B Z b 
below) and the estimated human C,q>OSUre lo the substance from its petitioned use (see Chapter III 
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 or known or predicted metabolites or 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 1hat the additive is poorly or not absorbed; or 4) qualitative or quantitative infonnation is 
available on secondary component(s) or contaminants. 

b. Structure Category Asslcnment or Addlllves 

The initial step in assigning a proposed direct food or color additive to its correct Structure 
Category 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 
that is t 90% pure), or a compound that ls a mixture of two or more chemicals. Each chemical 
component in an additive ls 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 Category. Structure Categories are divided into three classes of potential for to,deologicai 
significance (eg. Categories A, B, and C), with Categocy A having the least potential for to,cicity and 
Category C having the highest potential for toxicity. 

Thi.s Cha.Pier is ~n u~ted version.of_the. 'Clle01icalStructure. Oltegory Sec.tioo'_in t.he 1982 
Agency guidelines. While the major groups of chemical structure categories presented In 1982 
Agency guidelines have remained unchanged, the majority of these categori~ have been subdMded 
inm 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 entitled 'Structurt Cllttgory Assignnunts of Chtmica/s in rhe 
Priority-Based Assessment of Food Addirivt Darabrut' available upon request. 

()'.) 
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Ill B 2 Structure Category Assignment Continued 

Structure Category A 

In general, Structure Caltgory A includes compounds with chemical structures (substruclural 
fragments and functional groups) l>clleved to be of low tolCic potential. It Includes substances that 
are normal cellular constituents (t.g. certain fats and carbohydrates), but it excludes amino acids, 
proteins and certain intermediates of lipid and carbohydrate metabolism. The aliphatic organic 
chemicals In this category have relatively simple structures that are saturated.• Inorganlc chemicals 
in this category are certain endogenous salts of alkali metals (t.g. sodium and potassium) and 
alkaline-earth metals (t.g. calcium and magnesium). 

Chemicals in Structure Category A can be divided into three general groups, including: 1) 
aliphatic hydrocarbons' (satwattd + un-junclU>llllliwl' or tnDM-fUIICtionat'), 2) fats and 
carbohydrates, and 3) Inorganic chemicals. 

Aliphatic Hydrocarbons 

• Allphttlt h)'droctrbons: llD·fll~lllt,d 11\d ~ {C•2 to 30): Group 
includes saturated straight· and l;>ranched-chain alkanes. 

alkanes: Cilr(CHi)0-CH, 

• Hydrocarbons with only single bonded carbon atom,q 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 hydrocarbon.~. 
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 
ato(l1S. In contrast, aromatic chemicals include benzene and chemicals with substituted l>cnzene ring 
structures. 

' Hydrocarbons with exclusively single bonded carbon atom,q are referred to as aliphatic 'un­
funclionaliwl' hydrocarbons (U. 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 atom,q (e.g. a carbon/carbon double bond or 
a carbon oxygen double bond). In addition, ehetnicals containing two or IJ)Ql'C oLJhe sanie 
funq_ic,n_~l_tlQUP are arbitrarily referred to as mono-functional. In contrast, chemicals with two or 
more different functional groups are referred to as 'mu!ti·functiona!". 

' Non-cyclic chemicals have open carbon chain.,. In contrast, cyclic chemicals have closed 
carbon ring structures, and these rings may be saturated or un.saturated. 

24 
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Ill JI 2 Structure C.ategory :Assignment Cohtinued 

Structure Category A 

e.g. cyctohelCllne 

0 
• Allphlllc bydrotllboM: 111()6!).~ Slturtttd ud IIOl\.eyeilc {C-2 to 30}: 

Group includes mono-functional: 

aliphatic acids (R'-COOII ') and alcohol1 (R'-011), 
aliphatic aldehydes (R'·CH=O) and esters (R'·COO-R'), 

aliphatic ethers (R'-CHrO·CllrR') and l.'.etones (R'·CO·R"), and 
aliphatic mercaptaos (R1-SJI). 

Aliphatic bydrowboM: IIIOIIO-fllnctlonal. sat11t1ted ud mooo.cyclk: {C•6 to 20}: 
Group includes mono-functional, mon~lic acids; mono-functional, mono~Uc 
alcohols; mono-functional, mon~ aldehydes; mono-functional, mono-cyclic esters; 
mono.functional, mono.cyclic ethers; moµo-functional, mono.cyclic ketones; and mono· 
functional, mono-cyclic mercaptans. 

Fats and Carbohydrates 

Flt\ latt)' ltlds, fl.ti)' acyl CSltl$ IM tllclr salts: Group includes: fats, unsaturated and 
saturated fatty acids and fatty acyl esters. 

rats (e.g. butter esters, coconut and peanut oil), 
unsaturated fatty acid (e.g. oleic acid: CIIr(CBJ),·CH=CH·(CH,l,-COOH), 

saturated Catty acid (e.g. caprylic acid: CH..-(CJI,),COOH), and 
ratty acyl e,ten (R'·COO-R'). 

• lD.ttrw.dlaleS ud prodllttS of wbobydnte u.d lipid meta'bolhm Ill hull'.IW: 

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

• Cenain letters in the chemical structures ·presented in this chapter represeht codes for 
functional groups that could be placed Within the chemical stn1cture, including: 

R1 includes i!iphatic (open chain hydrocarbons) and alkyl functional groups used in Categories 
A and B, as well as the aryl (e.g. benzyl) functional groups used in Category C; and 
R" includes only the aliphatic alkyl [e.g. -CH,·]. 
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IIIB'1, Structure Category Assignment Continued 

Structure Category A 

• Simpki lM oomplcx <:l!Whyd!ltes: Group includes carbohydrates which are 
components in the human diet, including: saccharides, oligosaccharides, and 
polysaccharides. 
simple carbohydrates (e.g. gluronlc acid: HOOC-(CUOll),CHrOH and 

sucrose) 

CHlOH ~HOCBl O H 

O B30H 

• ' B 
complex carbohydrate (e.g. starch) 

Inorganic Chemicals 

&do~ (IIOflllll celtulu cot1Stltuet1ts) ~ ults: Group Includes alkali 
metals (Na•, K'), alkaline-e.irth metals (Mg", Ca2'), simple ammonium salts (NH,'), 
hydrochloric acid, sodium hydro:tide and anions (Cl·, CO,\ NO;, PO/, and SO/). 

e.g. sodium chloride NaCl 

lne« ,ucs: Group includes certain inert gases [e.g. argon (Ar), helium (He) and 
nitrogen (Ni)]. It also includes carbon dioxide (COi) and elemental carbon. 

ii. Structure Cafilory B Chemicals 

Structure Cattg0ry B includes compounds with chemical structures that have been associated 
with adverse effectS other than mutagenicity and carcinogenicity in animals or humans. Structure 
Category B also includes indeterminate structures and structures believed to have a potential for 
toxicity that is intermediate between structures in Structure Categories A and C. Chemicals in 
Structure Ca~ II can be divided Into four general groups, including: 1) aliphatic hydrocarbons 
(certain mono-functional and saturattd, as well as mono,~tionfll or multi-functional,' unsaturated 
and non-conjugattd chemical.!'); 2) amino acids, proteiru and certain nitrogenous chemicals; 3) 
inorganic chemicals; and 4) mixtures of defined chell\icals (with 0/IJy Cattgory A or B c/wnicals). 

• Multi-functional hydrocarbons are c!:Lssificd as chemicals that have two different functional 
groups in addition to single bonded carbon atoms (t.g. a 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 arc hydrocarborts with alternating double and single carbon bonds 
(e.g. R11-Cl!=Cl!-CH=Cll·R'~; conversely, non-ronjugatc'1 hydrocarbons have more than one single 
t.arbon bond between the double bonded carbon atoms (t.g. R11-CH=CH-CH,-CH,-CH,,CH-R'~· 
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III Jl Z Structure Category Assignment C'.ontinued 

Structure C,ategory B 

Aliphatic Hydrocarbons 

• Altphltlc hydrocartiol'IS: mono-tubCtloN.I hydrowboM IIOt listed Ill o.~ A & C: 
Group includes: 

mono-functional aliphatic acetals [(R'O)rCH·R'); 
mono-functional glycol ethers 

(e.g. ethylene glycol monometbyl ether HO-CHrCHrO-CH,); and 
methyl alcohol (CH,-OH) and methyl esters (R'·COO-CH,). 

Allpbltlc ~ IIIOIIO-f\l11<;tloail ud --tutttt>d: Group Includes both 
cyclic and non-cyclic mono-functional and mono-un.~turated hydrocarbons. 

mono-functional and mono-unsaturated, non-cycllc hydrocarbons 
(e.g. 2·hexene: Cll,-CII:=CH-(CHi)rCH,) 

mono-functional and mono-unsaturated, cyclic hydrocarbons 
(e.g. cydobexene) 

0 
Aliphatic llydrocarboM: IIIOtlG-fulleUOIII.I tad ~turtled (& non-oonJupted) 
{C•6 to 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: IlCi .. Cil-CllrCH=CII2) 

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

0 
Allpllltlc l\ydrocarboM: multl-tunctlonal tnd $llllrltt,d, 111<111<>-111QM1lt<id ot 
r,olyullSllllrtted (11()11-conJutlled): Group inciudes: multi-functional, saturated, non­
cyclic hydrocarbons; multi-functional, saturated, cyclic hydrocarbons; multi-functional, 
mono-unsaturated (or polyunsaturated & non-conjugated), non-cyclic hydrocarbons; 
multi-functional, mono-un.~turated (or polyunsaturated & non-conjugated) cyclic 
hyd.rocarbons. Examples of multi-funciional chemica1sinchided In this group are 
unsaturated carboxylic ethers and anhydrides, polyaldehydes and potyols. 

27 
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III B 2 Structure Category Assignment C-On1inued 

Structure Category B 

multi-functional, saturated, non-cyclic hydrocarbons 
,.g. 2-hydroxypropionaldehyde: CR3-Cll(OU)-CIIO 

multi-functional, saturated, cyclic hydrocarbons 
e.g. 4-hydroxycyclohexanoic acid 

multi-functional, mon().unsaturated {or polyunsaturated and non-conjugated) 
non-cyclic hydrocarbons (t.g. 3-bexenol: CHrCHrCH=CH-CHrCllrOll) 

multi-functional, mono-unsaturated (e.g. 3-cyclobexen-1-ol, center) or 
poly-unsaturated & non-conjugated cyclic hydrocarbons 

{t.g. cyclonona-3,7-dien-1-ol, right) 

6 
Amino Acids, Proteins and Certain Nitrogenous Chemicals 

• Amino tekls: Group Includes amino acids, unless they contain functional groups listed 
in Category C. 

t.g. alanine: CHrCH(NH,l-COOIJ 

• ProtolM IDd ~ 
proteins (t.g. yeMt protein extract) and 
polypeptides (e.g. protein hydrolysate) 

• O>Jt\lla altfOtCIIOUS cbemlcah: Group includes quaternary ammonium salts, alkylated 
ammonium compounds, and urea. 

t.g. quatcrnaiy ain'monium salts ((R').N• X1 and urea (NIIrCO-NH,J 

28 
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III JI 2 Structure Category Assignment Continued 

Structure Category B 

Inorganic Chemicals 

o: loorpD.I<: st.Its o( Fo, Cu, M11, Zn, Ind Sil: Category also includes simple iodide salts 
(e.g. sodium iodide), sulfur dioxide (S01) and silicates (t.g. NaSiO,). Furthermore, this 
category includes organic salts of the same inorganic chemicals, so long as the metal is 
not covalently bonded to the organic substance (and the organic substance is !!.Q! 
Included in Category C). 

e.g. ferric sulfate: Fe2(SO.ch 

Mixtures 

• MlnllttS of ch6ttllelh: Group includes only mixtures of chemicals of defined 
composition, and all of the chemicals In the mixture must be assigned to Category A, 
Category B, or Categories A and B. 

iii. Structure Category C Chemicals 

In contrast to the two previous categories, Structure Category C C()ntalru; compounds or 
metabolites that are structurally related to a reported mutagen or carcinogen, or chemicals that are 
structurally related to compounds demonstrated to produce carcinogenicity In human.~ or laboratory 
animals. A total of SS individual 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 (m11/ti-functiona/ d: conjugated) alkene and alkyne hydrocarbons (with and withou1 
C and O functional groups); 

• aromatic (mOIW- and polycyclic) hydrocarbons (mono- and multi-fanclionaf); 
• aliphatic and aromatic (mono- and mu/li·fwictionaf) hydrocarbons with functional groups 
containing N, P and S atom.,; · · 

heterocyclic chemicals'; 
• inorganic and organometallic chemicats; and 
• mixtures of chemlcah (with Cattgory C and unknown chemicals). 

Structure category wlgnment of chemicals In Category C ls relatiwly straightforward when the 
additive has only one functional group. When the additive has more than one specified functional 
group, a con.~rvative approach· is used by Uie 'FDA. Chemicals with more than one Category C 
functional group are assigned to all of the appropriate Category C functional groups. 

• !leterocyclic chemicals have a closed ring structure that contains one or more atoms within the 
ring that differ from carbon (t.g. nitrogen, oxygen and sul(ur). 
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III n 2 Structure Category Assignment Continued 

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, sulfur and phosphorus functional groups 

• Aliphatic h~rbons: UIISIIU!lwi (& CXllljupwJ) IM IIOll-ll'Olllltlc: Group 
includes conjugated (non-cyclic and cyclic, but not aromatic) alkenes, aldehydes, and 
ketones. It also contains a,i-unsaturated (non-cyclic or cyclic, but not aromatic) 
carbonyl• acids and esters. In addition, all conjugated non-cyclic and cyclic chemical~ 
with an ally! fragment {e.g. CH1aaCH-CHr} are included In this group. 

conjugated alkenes (R1-CH=CH-Cil=CII·ll1; 
conjugated aldehydes [R'·CII=CII-CH=O) and ketooes (R1·CH=CH·CO-R1; 

a,i-unsaturated carbonyl acids (Rl·Cll=CII-COOR) and esters (R'-CH:CH-C0-0-R1; and 
chemicals with an ally! fragment (CH1=Cll·CHr)· 

• Alkyr,es: 
alkynes: R'-C.C-R' 

Aromatic Hydrocarbons 

• Aro1111.tlc hydrocubons: Group includes mono-aromatic hydrocarbons, including: 
mono-aromatic chemicals with or without alkyl functional groups; mono-aromatic 
chemical\ with conjugated alkenes (including the allyl functional group); mono· 
aromatic a,i-unsaturate<l carbonyl acids and esters; mono-aromatic, conjugated 
aldehydes and ketones; mono-aromatic chemicals with the oxy functional group (e.g. 
methoxy, ethOxy, tic.); and mono-aromatic chemicals with one or more hydroxy (·011) 
functional groups. 

mono-aromatic benrene t alkyl functional groups (t.g. benzene) 

0 
mono-aromatic conjugated alkene (e.g. 2-phenyl-2-butene) 

CB;·C6l 

• The carbonyl group has an alpha (•), beta (e) unsaturate<l double bonded carbon and oxygen 
{e.g. R11-CH~CII-C(O)-R1'}. 

30 
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III II 2 Structure Category Assignment Continued 

Structure Category C 

mono-aromatic •• a-unsaturated carbonyl (t.g. benzoic acid) 

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

mono-aromatics with the oxy functional group (e.g. anisolc) 

6!' 
mono-aromatics with hydroxyl functional group (e.g. phenol) 

6 
• Bell!)'llc h)'drowbOM: Group Includes arornatlc hydrocarbons with the benzylic 

functional group, including: benzylic acids, alcohols, aldehydes, and este~. 

benzylic acid (left), benzyl alcohol (ctnur), and benzyl ethers (right) 

phenylacetaldehyde (/efr), benzyl ketones (cell/er) and bcnzylic esters (right) 

31 
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m n 2 Stru<'lure Category Assignment Con1inued 

Structure Category C 

• Po~ U1)Qlltlc hyd~tboM: Group includes: 

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

0-0 
polycyclicaromatic hydrocarbons (e.g. anthracene (centtr) and Ouorene (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 

• Haloaenttcd tben\klls: Group includes: 

aliphatic (R'-CJI(X)-R' '] and aromatic halides (t.g. 1,2-dichlorobenzene); 

&1 
halocarbonyl acids (R'-Cil(X)-COOII) and aldehydes (R'·CII(X)-CHO); 

halocarbonyl amides (R'-CH(X)·CO-NIIi) and esters (R'·CH(X)-COO-R'; 
haloethen (e.g . .. alkyl haloethcr: R'·CII(X)·O-CIIrR,; and 

halohydrins (R1-CH(X)-Cllr0H), 

• Cenain leners in the chemical struc1ures presented in this chapter represent codes for 
functional groups that could be placed wilhin the chemical structure. The halogen functional groups 
arc coded 'X,' and they include bromine (llr), chlorine (Q), fluorine (F) and iodine ([). 

32 
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m n 2 Structure Category Assignment Continued 

Structure Category C 

Nitrogen Functional Groups 

Chemicals containing nitrogen functional groups include bydrazides, hydroxylamides, imines, 
un-substitutcd 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 e.sters; urea derivative.s; guanidine.s; isOC)'!'nate.s; isothiocyanates; 
carbodiimide.s; and organic nttrate.s and nitrites. In contrast, beterocyclic chemicals that contain 
nitrogen within the ring structure are presented later in the section entitled 'Nitrogen Jleterocycllc 
Chemicals" along with other heterocyclic chemicals. 

~~ bydroxyllm~ llld h~ lmlnes lnd ~ tnd 11n­
s11~tu1od am!«A: 

hydrazides (R1-CO-NII-Nil2); 

hydroxylamtdes (R'-CO-Nil-011) and hydroxylamlnes (R1-NII-OII); 
!mines (R'-Cil=NR0 and hydroxylimines (R'-Cil::N-OH): and 

unsubstituted amide.s (e.g. primary-amide R'-CO-NH,). 

Aliphatic tlld aromttlc lllllaes: Group Includes: 

I '·amines (R1-NH,), Z'·amines (R'rNII) and 3'-amines (R1rN) 

Nitro tnd lllttooo aroups: 
nitro (R'-NO,) and nitroso (R1-NO) 

N-llltrooo J!()llp: 
N-nitroso: e.g. R'-NH-NO 

nitrlles: R'-C.N 

}.JI) lM ~ ebell\kl~: 
mono-azo (R1-N=N-R~ and di-aw (R1-CH=N'=N"") 

• AJllt1 ll(>llp: 

Az1<1tA and ~: 

e.g. awxybenzene 
0 

~_J-0 

a1ides (R1-N-N'=N· or R1-N,) and triazenes (R1-N=N-Nil·R0 

hydra1jnes: R1-NII-NH-R1 
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III n 2 Structure Category Assignment Con1inucd 

Structure Category C 

Clr~mic Atld Esters: Group includes: 
c.,rbamic acid ester (R'-NH-C(O)-OR'), 

halor,cnatcd c.,rbamic acid esters (R1-Cll(X)·NI1°C(O)-OR'), and 
thiooirbamic acid esters (R1-Nil·C(S)-OR'). 

• Substl\U\od urw: 
substituted ureas: R•-NH-CO-NJI-RM 

Ouanldlnes: 
guanidines: NH,-C(=NII)-NJI-R' 

lsocyan11es and cyt111tes: 
i!\OC)'anates (R'-N:cC=O) and cyanates (R'-O-C,.N) 

Lo;othiocyanates: R1-N=C=S 

carbodiimides: R1·N=C=N-R1 

Org.i11<: nltmes tM nlUltes: 
· organic nitrates (RI.O-NO,.) and organic nitrites R'·O-NO 

l'hosphorus J<'unctional Groups 

Chemicals containing phosphorus functional groups include pbosphoramides; phosphates 
(-PO,) and phosphites (·PO,); and phosphonate esters and phosphoniurn functional groups. 
Chemic.1ls containing both sulfor and phosphate functional groups include the mono- and dithio­
phosphate esters. 

Phoophortlllldes 
0 

R "-N-~ -W-R. 

LR' 
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Ill JI 2 Strnrture Category Assignment Contiuued 

Structure Category C 

Phosphttes and thlophosphttes: 
phosphates (center) 

0 

II 
R '-0-P _J)-R' 

L. 
thiophosphates (center) and dithiophosphates (right) 

s 

II 
R ·-o_p _o-r. · 

t. 
• l'ho$pbol\lte est~ and phospho!llu111 wts: 

phosphonate esters (center) and phosphonium ion (right) 
0 

II 
R'-0- P -R' 

L-

Sulfur Functional Groups 

R' 

I 
l'- p _J· 

I 
J. 

Chemicals which contain sulfur functional groups include: thioamidcs; substituted thioureas; 
thiocthcrs; sulfamates; sulfate (-SO,) and sulfite (-SO,) esters; sul!onate and sulfinyl esters; and 
dithiols and aromatic thiols. Chemicals containing both sulfur and nitrogen functional groups 
include thiocarbamates and isothiocyanates. In contrast, heterocycl!c chemicals with sulfur atoms in 
the ring structure are included in the section entitled 'Sulfur Ileterocydlc Chemicals' along with 
other hetcrocyclic chemicals. 

Thlocublmle lcld!.: 
thiocarbamic acid esters: R'-Nll·C(S)-OR' 

i.~othiocyanatcs: R'-N=C=S 

thioamides: R'-CS-Nll-R1 

• Sub$tltute(I thk>uru~: 
substituted thiourcas: R1-NJJ-CS-NII-R1 
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III JI 2 Stru.ctur~ Ca.tegory Assig~~eni Continued 

Structure Category C 

Thk>ethers: Group includes thioethers, disulfides and trisulfides 
e.g. thioethers: R'-S-R1 

0 

II 
R '-Nil_ S -0-R · 

y 
• Sulfate 11\d sulfite esters: 

sulfate ester (center) and sulfite esters (right) 
0 

II 
0 
II 

R '-0- S --.0-R' R '-0- S __()-R' 

II 
0 

• Sutro111tc esters, sulflnyl esters and sulforldes: 

0 

II 

sulfonate esters (left), sulfinyl esters (center) 
sulfoxides (right, e.g. dimethyl sulfoxide) and sulfones. 

0 

R '-0- S -0-R' 
II 

R'- S -0-R' 
y 

• Aromttlc thk)ls &lid dlthlo~: Oroup includes both aromatic (and other cyclic) thiols 
and dithiols (cyclic and non-cyclic). 

aromatic thiols (e.g. benzenethiol) 

C(B 
dithiols (e.g. 1,2-propanedithiol: CH3-CH(Sll)-Cllz-Sll) 
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Ill JI 2 Structure C'.atcgo,y Assignment Continued 

Structure Category C 

Jleterocyclic Chemical Structure Categories 

lfr.terocyclic chemicals include chemicals that oontain within the ring structure a nitrogen, 
oxygen, or sulfur atom. In addition, some heterocyclic chemicals contain ring structures with both 
nitrogen and oxygen atoms; nitrogen and sulfur atom.s; oxygen and sulfur atoms; and all three, 
nitrogen, oxygen and sulfur atoms. 

Nitrogen Ileterocyclic Chemicals 

Hctcrocyclic chemicals containing a nitrogen atom within the aromatic ring Include: acridines; 
a1.iridines; carbawles; imidazoles, triazoles, and benzotria1.0Ies; indoles; Jactams; piperidines; 
pteridint~; purines; pyrazoles and pyrawlones; pyridines and pyrazines; pyrimidines and 
pyrimidinetriones; pyrroles; pyrrolidines; quinolines, Isoquinolines and benzoquinolines; and tria1Jncs 
and bcnwtria1.ines. 

• AllrldltleS: 

R' 
U<:tl!M: Category includes lactams (ce111tr) and lactims (right) 

(10 

pyrimidines (center) and pyrimidinetriones (right) 

co 
benwtria1.ines (cenrer) and tria1jnes (rig/It) 

11-:!~ 
Jv-J 

l'yrrolos: 
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lll H2 Structure Category Assignment Continued 

Structure Category C 

l>yiuo~ and pyruolones: 
pyrazolcs (center) and pyrazoloncs (right) 

ff) 
a 

lndo~: 

imidawles (left), triawles (center) and benwtriawles (right) 
H 

Qi 

Q 
B 

acridines (e.g. acridint, center) and naphthyridines (t.g. naphthyridine, right) 

~ rlY~ 
~~ ~ 

alloxa?focs (center) and phthalimidcs (rig/it) 

~ ~· 
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III JI 2 

Drafl 

Structure Category Assignment Continued 

Structure Category C 

piperidines (center) and piperazines (right) 

0 
pyridines (center) and pyrazlnes (right) 

H 

0 
pteridines 

(}() 
benioquinolines (center) and quinolines (right) 

Oxygen Ileterocyclic Chemicals 

1be heterocyclic chemicals coniaining an oxygen atom within the ring structure include: 
alkenc/phenoxy chemicals; dioxanes; cpoxides; furans and benzofurans; oxetanes; pyrans and 
bcnwpyrans; saturated Iaetones, and •-,a-unsaturated Jactones. In addition, certain oxygen 
substituted heterocyclic chemicals have been included in this section, Including: anthtaquinones, 
benioquinones, quinones, and thioxanthones. · 

r-f 

• Epoxldes: Group contains three membered mono- and poly-functional epoxides. This 
category also contains peroxides which are not heterocyclic. 

mono-epoxides (e.g. ethylene oxide) 

v 
peroxides (e.g. hydrogen peroxide: IJ,Oi) 
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III JI 2 Structure Category Assignment Continued 

SCructurc Caccgory C 

a,a·Ull'illUrlled i.ctol\CS: 

0 

d 
e.g. 1,4-dioxane 

0 
F\lrtllS, ~llM lM OOllllllriM: 

furans (left), benzofurans (center), and coumarins (right) 

00 

e.g. anthraquinone (left), benroquinone (center), and flavones (right) 

oV 
e.g. pyrone (center) and thiol(llnthone (right) 

0 

6 
0 
II 
~ 
~ 

M 

• Arolllltlc etbeff ~th llktM tullCtloaal poups: Oroup contains chemicals with 
safrole-like structures (le. mono-aromatic ethers with a conjugated alkene functional 
group). 

oxetancs (left), pyrans (center) and bcnwpyrans (right) 
O O 
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Draft· 

Structure Category Assignment Continued 

Structure Category C 

Sulfur Ileterocyclic Chemicals 

Helerocycllc cilemlcals contalnlnl sulfur (t.t- sullooes, trithlaoes, thlenes, tblones, and 
lhlophew.): 

sulfones (center) and trithianes (right) 

<J 
thiones (center) and thiophene (right) 

~ 

s~ 
LJ 

Nitrogen and Oxygen Jleterocyclic Chemicals 

s 

0 
s 

0 

• Hctcrocydlc dlcmlcals tontalnln& nluogca and OlY&Cll lt.t· morphollnts an<I OltllOlos]: 

~ 
v--102 

morpholines (center) oxawles (right) 

0 

0 
Nitrogen and Sulfur Ileterocyclic Chemicals 

Hcterocycilc chemicals contalnln& nltrop 111'1 sulfur (t.t- sul.limldes, tbladluolcs, 
lb.luldc\ lb.lull\C$ lnd tb.ltto~): 

sulfimides (left), thlawles (center) and thiadiazolt\5 (right) 

('> 
thlazldes (center) and thlazlnes (t.g. phtnothiazine, right) 

Di 

C()H 
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m n 2 Structure Category Assignment Con1inucd 

Structure Category C 

Oxygen and Sulfur Jleterocyclic Chemicals 

Hctcrocydlc chcmlcd~ oonlllntni ~ 11\d sulfllr {c,t. Ol)'lhlcp!MJ: 

oxythiepins (e.g. 2,4,3,-ben1.0dioxathiepin) 

CC] 

Nitrogen, Oxygen and Sulfur Jleterocyclic Chemicals 

Inorganic and Organometallic Chemicals 

• lnotgtnlc ults: Group contains inorganic salts that are not included in categories A 
and B (e.g. aluminum). It also contains non-covalent complexes of these inorganic 
chemicals with organic chemicals. 

e.g. aluminum ammonium sulfate: AINil4CS04)z 

• Otg1nomelllllc chcmlclls: 
e.g. vitamin B,, 

Mixtures 

• MlxtuteS: Group contains. compqunds that are. mixtures of chemlc;ils, a11d two types or 
mixtures are distinguished. The first type of mixture includes defined mixtures 
containing one or more substances which po= functional groups listed In Category 
C. The second l)1>e of mixture includes mixtures of undefined composition, including 
compounds in which all known components contain functional groups listed in 
Categories A and II. 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 IL~ted in Category C. 
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m n 3. Estimation of Human Exposure to llirect Food Additives and Food 
lngl'cdicnts 

A key factor in the safety evaluation of a food additive or food ingredient i1 the relationship 
or its probable human exposure to the level at which adverse effects are observed in animal and/or 
clinical studies. P..stimates of probable human exposurcs require knowledge of the specific uses and 
use levcL1 o( a substance under consideration and quantitative information on intakes of the foods in 
which the substance is used. lndividual1' food Intakes are distributed over a range determined by 
lifestyles and localiwd patterns of food availability and can be expected 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 penetration, and 
substance concentrations result in a conservative estimate o( exposure•. These assumptions are used 
because detailed information that can replace these assumptions is usually unavailable, 

CFSAN's estimates of probable human exposure are based on food intake or food avallablllty 
data obtained over relatively short time frames (one day to one year) and are used to represent 
chronic or 'lifetime' exposure. We typically use the 90"' percentile to represent probable exposure 
for a 'heavy' consumer of a substance. 

a. Parameters ror the Exposure Estimate 

In the broadest sense, two factors are required for making an estimate of exposure to a 
substance in the lood supply. The first is the daily intake of the food in which the substance is used 
or ,an be found. The second l1 the concentration or use level of the substance in the food. Simple 
multiplication of these two factors gives an estimate 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 
concentration) in food L< generally supplied by the petitioner. For substances already in the food 
supply, for which a cumulative exposure estimate incorporating propcsed new uses is needed, use 
levels in food may be obtained from additional sources, sucb as Agency records, users of the 
substance, or by chemical anal_)OO; of the foods in which the substance is known to be used. 

The dally 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" survcys); and food·lntake survey data. These three data base types will be described in 
more detail below. A number of data bases currently available for determining food intakes for 
estimating exposure to substances ·in the diet are shown in Table l ·below.4 

• FASEll report (1988)1 

' When comparing estimated daily inlakes (EDI's), a more conservative EDI is higher. 

'lt should be noted that this discussion docs not pertain to the estimation of exposure to indirecl 
rood addilives. 

'Ahridged from footnote a, page I. 
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Tabl.e 1 

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

Dl!lte of 
;:~:;:10 

1977·7S af"l"IU9l •fnc& 1976-SO 
dete 1985 
col \e-ctiO" 

Population . cfvflfAn; see N!='CS core&. ?OWl"tY civilian; 
sur-v~l!d fr-H"· 01"~ of fre-e-l ivfng; 

livfng; ..,,,,.., 6 a.:i to 
all -OH 19·50 yr 74 yr 

, their' 
children 
1-5 yr 

Type of I 1·d reeall aff NFCS self; J)f'oxy set f (private 
t ns t r-t.nent I ' for child fntervfew); 
for inutce 2·d ·reeof"d proxy for 

I child 

Est irnates 

I 
single dtJy; eaters only single day; single day 

possible usuol fntelce/d usuol 
(Mean end 
percenti tn> 

Fonn of f inean ....,, and inean frequency mean fr~y 
Estimeite fr-@qUt1'1Cy & distrtbution & & 

distrft:iuti:on of eaters distribution distribution 
for raw data for raw data for row data 
total tot a\ total 
population population and p;:,putation and 
and eaters l!'atel"'S only e-aters onty 
on\y 

See ne:,,;t page for footnotes. 

vstc:s 

evP!ry 5 y@ar11. """""! 
sinee 1957 

?9rtieipents participants 
in eona:uner fn consl.lM'r 
survey: -alt survey; all ·- ages. 11 

ag.-sex 
or°""" 
r-e,::-orted 

h(ffl!nl91r;.er ono 
reports for respondent 
oil for 

household 

sf1"151le day; single day; 
usual usual 

mean f rcq.,enc:y "'""" & dfstrfbutfon dlatributfon 
for rew dat• for total. 
total populatfon 
populattoo and end 
eaters onty cetera ontY 

1973-74 

perticf;,ents 
f n const..mer 
survey: •ll 
ages. single 
per-aon 
households 
excluded 

""" respondent 
for 
housef'lold 

single- day; 
usual 

"""'"nmbor 
of servf nss; 
% of 
frdfvfdvals 
vsing procfuet 

arr1Uat 
since- 1909 

~· eomnodities 
In 
\IS comnerce 

NA 

per capfta 
avaltabfl,ty 

population 

,,,. 
Total Oi@t 
StU<fy9 

......... 1 
sfnee 1961 

s!nee i982 
nationat ly 
r@Dre-senta-::ive 
d;@ts for 
8 age/sex 
groups 

•• 

usual 

since 1982, 
meeri + sd 
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Footnotes for Table i 

L'.S. Oeoartr"lent of Agrieuttw.e. lfutrient Intslc:es: irodividusts in 4S states,. year 19n-78. '!ati,:,.,1.1ide Food C0'1SIJ'!'Dtfon Survey (af~CS) ~O?oort 
l{o, 1-2. Available fron: U.S. Goverl"Ynl!nt ~rint1r19 Offfce, \lashington DC. 

2. Peo, E.N., Fli!mfng, (.fL, G~thel"', P.M., ar"d ICiclde, S.J. (1982) Foods Conm:,,,ly Eatl!n by Individu.ets: Amou-lt oel"' Oay and oer Eating 
Occasion. Jofa,ie econcmfcs S!:eseerch Report Mo. 44. AvaHa?:>le frClr'I the U.S. GoveM"ITll!nt Pl"fnttng Offke .. Uashington,. DC. 

3,. U.S. Department of Agl"'fculture C,.9!S) Natt°""fd@ Food Cons~tfon Svr-v@)': Contfrutng Surv@y of Intalr.:@ by In::::fJvtdu&t~, ~ 19-50 yeal"'s end 
t"'efr chtldr,e,n 1-5 -r-•r•, 1' day. CSF!t ~,e,por't lfo. 85·1'. AveHabll!!' ff"'('ftl th• U.S. C:0V.,l"'f'9IH\t Printing OfHce, Va•hington,. DC:. 

4, ~cDOIJell, A.O., Engel, A.,. Mci$sey, J,T., and Meurer, t:::, (19S1) Plan el"d Operation of the- SecO"'d Ni,tiooal Keelth and NutritfOf'\ ExerT1fnation 
Svrvey, 1976-1980. Vftal &rid Me-etth Statfs.tfcs. Ser-tes 1, No. 15. DKHS P\lblfcet:fon No. (PMS)S:1·1'3.,7. Aveftable fl"~ the U.S. Cov@rl'Y"le,nt 
Printing OHfce, \o'aehfngton, DC. 

5. Abr~ .. t.J. (1961) lila{l diary method' for coll1'<:tfng food purehos{ng end food usage fnfonnotion from cons...-ner p,!S"Cls. tn, A5sessing 
c,,or>gtng food CMSU!Ptf9!! potter-n,. Vitshlngton, DC: National Ac&deffly Press, pp. 119-134. 

6. Theo NPO Group of lllerketfng and Re-search Servfees (1983) National Eatfng Trends. A rtteareh study on fn·home- food •rd bev~rage constr.0tion. 
Available from The NPO· ~rOUP of M:erk~t1ng 80::I Research Servfce-s, !'ark Rfdg,e,. IL. 

7. Hu, T .-v. (1985) Analysis of Seafood c~tfon fn the US: 1970., 1974, 1978, 1981. Report pritpel"ed for the N&tfonal "'arfne FisMrf~s 
S~l"'v1ee, vasMnaton, oc~ U"ldel"' gl"'ant no. HAaZAA-ff-00053 by the Jnstftute for Polfey Research end' Evatuatfon, the Penis.ylvanfa State 
Unfvel"'sfty, Un!versfty Park, PA. p. 94. Available fl""(mll Th@ llatiooal ,iiiarine f"l9h•t"fn S@rvfce, V1tshfr,vton, OC. 

8. Stne:h, K:.L. C,9S5) Food eonsU'll)tfon, prfeu, rd expl!!ndftures 1985. St•tfstfeal lulletfn No. 749. Available fr-om: U.S. Goverrment Pr;nting 
Office, WuMngton, DC. 

9. Pemington, J.A.T. and -Gtrld'erson. E.t. (1957) A hf story of the Food ard Drw Achfnfstratfon's total Diet Study, 1961·1987. J.As.soe. 
off.Anet.Ch .... ro,m-m. 

10. This s:ur-vey hat bee, er:itfeiz@d fn a CeMral Accotnting Office ~epor-t entftled "NUTRITION MOIF[TOU.rG Jll(fsmanagement of Nutrition survey 1-lH 
Resulted in DuH.tionable Oata"r GA0~CE0:·91•117r Uuhfngton DC. Care should b& exer-cfsed before ~toytr,g: data taken fr0tn tkts survey. 
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JJI II 3 Estimation of Human Exposure to Direct Food Additives 
and J<'ood Ingredients Continu«t 

b. Eslinrntes or Food Intake 

A!l.n~I Poundage Information (DL<;appcarancc Data) 

Information on the poundages or commodities enlering commerce is usually available from 
government and industry sources on an annual basis. Theu data are referred to as 'disappearance' 
da1a. h 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 (wast«!, exported, used In 
pct food or animal feed, etc.) at the end of the reporting period, Annual disappearance figures c.an 
be divided by the national population and by 365 days to obtain a 'per c.apita' dally intake of the 
commodity. 

Annual poundages of some substan~ produced and used solely for addition to food have 
been compiled as a part or the National Academy of Sciences Survey of Industry on the Use of 
Food Additives (National Research 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 lnforn1ation to the survey. 

Ii. Dietary Surveys or F<>i)d Int~~ 

Food-Intake surveys provide data that are commonly used to estimate exposure to a food 
additive or ingredient. 1\vo diffe1en1 types or 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 rood on a given day. Daily-consumption surveys require panicipants to record or recall the 
amounts and types or 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 a portion sire to obtain the daily food-Intake information. 

These survey methods have the advantage or providing several different lclnds o[ Information 
about food consumption. That Is, food lntake:3 or various sub-groups (e.g. sex, age, eaters-only, total 
sample ttc.) can be obtained for either the total diet or for specific foods. Eaters-Only Intake data 
are useM fol determining Intake of a food used by a small percentage 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. !)ally·co11Sumptlon surveys and food-frequency surveys can also provide valuable information 
[or shon-term Intake (ie. days to years). 

Food·lntake survey data are essential when information is required concerning the potential 
for very high use among consumers. Be.can~ these data are compiled from inrormatlon obtained 
from in_divldual ronsunters, it is "possible _to determine a distri~utlon of ir!takes. The 90th percentile 
intake estimate (that intake which i~ equal to or higher than 90 percent of the intakes for all 
individuals surveyed) is used to represent the intake of heavy consumers or a substance. 

!"'or a substance not expected to be consumed frequently, the use of surveys of short duration 
(l-3 days) often leads to an overestimate of chronic intake of the food containing the substance. 
11,is is due to a variety or circumstances beyond the scope of this discussion (see the FASEB report 
norcd previously on page 43). Additionally, the use of longer-tern! surveys (e.g. 14 days) is generally 
prcfcrml for estimating exposure that L~ more likely to reflect chronic intake. 
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Estimation of fiuman Exposure to Direct Food Additives 
and Food Ingredients Continued 

iii. Substance C.oneentra1ion Data (Petitioner-Supplied Data) 

When seeking pre-market approval or approval for a new use of a regulated substance, the 
petitioner is required 10 supply informalion concerning the intended use levels or the substance in 
food. This information is onen supplied as a maximum use level JC demonstrable, a technologically 
self-limiting concentration can be supplied and used In the estimation of probable intake. Usually, 
the petitioner will supply a 'typical' or 'recommended' use level, bas«! on in-house experimentation, 
which can be used In the exposure estimation process. The Agency can determine wWcb type of 
information i~ most pertinent on a case-by-case basis, usually using the information that yields a 
conservative, yet reasonable exposure estimate (see previous dl$cussion, Chapter II C). 

c. rneparlng Exposun, F..stlnrntes 

i. · fu!Jmating Exposure for Pre-Market Evaluations 

Pre-market estimations are intended to represent conservative yet reasonable estimates of 
exposure to a new substance used in food. Information concerning potential use levels is supplied 
by the petitioner. Food-in1ake data are obtain.ed by Agency reviewers from the above mentioned 
data bases and other appropriate wurct.11 Including the petitioner. One.basic assumption for making 
an exposure estimate is that all food Ingested by a consumer that may rontaln the addiilve or 
ingredient, does contain it at the recommended or maximum level of use. 

A major issue in the pre-market estimation of exposure is the choice of the data base used to 
dc1crminc representative food Intake. While broad generalizations can be made, each case requires 
an examination or the suitabllity or various data bases with respect 10 the avallabllity or, or necessity 
for, information concerning age, sex or otber sub-groupings, the extent of consumer awareness or the 
substance, and the potential ubiquity of the substance In the diet. 

In the absence of food intake data, ·per-capita disappearance data for commodities may be used 
to make a 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 to be ubiquitous 
in the diet. For these purposes, 'per-capita' generally refers to the number or people In the United 
States. For example, the annual poundage or the commodity first is converted to grams per day (the 
Cllleutation can be modified if information about non-food uses of the commodity is known). This 
daily intake figure fa then multiplied by concentration or the substance in the commodity (based on 
the intenaed use) to yield the probable exposure. One example oUhis procedure would be the 
es1imation o[ exposure 10 an anti-dus1 spray used in grain silos. The petitioner would have 
determined the optimal amount of substance sprayed onto a gilll)n amount of grain. Thfa 
conr.:ntration 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 be factored into thi~ 
calculation, if available; for CJ<ample, information about ·the toss of treated grain during storage and 
the effect~ or processing on the quantily of the an1i-dust agent that would ultimately be Ingested by 
a consumer. 

Conservatism in a per-capita estimate arLses from the inability to determine how much of the 
c.ommodily is los1 in s1orage, was1c, or processing, remains in inventory, is exported, or is used in 
non-food applications. This type of eslimate cannot directly produce an upper percentile intake 
estimate [or a substance (see discussion below for making such estimates). 
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Estimation of Ilumao Exposure to Direct Food Additives 
and Food Ingredients Continued 

Per-capita estimates of exposures to substances that have been sutveyed by the NAS (food use 
only) can be made by dividing the reported annual poundages by the current population and 
converting to daily usage. Conseivatism in this type of estimate again arises from the inability to 
separate 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 Ls highly limited, when only a limited number of consumers are eaters of foods containing 
the added substance, or when a consumer ean 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 ease, the average dally 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 to 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·intalce 
information that is aggregated across groups of individuals and food categories, (it. data bases 
containing consumption information based on general food categories and sub-categories, for 
example, baked goods, milk and milk products). Using the aggregated food-intake data, the Agency 
can estimate the mean total exposure (it. total sample basis) to a petitioned substance by adding 
mean exposures to the substance calculated 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 ~ggeration of the mean intake. For example, 
if a substance Is to be used In l>oth regular and diet soft drlnb, an overestimation of Intake ls Ukely 
to result from addition of the potential exposures 10 the substance from each type of soft drink. 
Consumers usually drink one or the other of these beverages, but not both. 'fypically, 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 10 an additive from different types of 
snack foods, such as pretitls and potato chip!. 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 percentage 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 limes the mean intake. The intake of a hca\Y consumer of an additive can be approximated by 
multiplying the derived mean intake by a factor of two to three.• Also, computer-ba.~ed modeling, 
such as a Monte cario simulation, can _be used to statistically derive distributions of intake for a 
total sample or eaters-only population. Monte Carlo 'niodeling methods have been described in the 
literature.> 

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

'lnompson et al. (1992);' Burmaster and von Stackelberg (1991);' McKone (1990);' Finkel, 
(1990);' Rubenstein (1981)' 
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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 Crom dieiary survey analyses based on the food oon.~umplion 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 ac.ce.ss to such data, petitioners have in some instances contracted With 
owners or 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 Cood categories should be combined 
to estimate total exposure. Toe ability 10 manipulate the raw survey data pennits the actual intake 
of each food for each surveyed Individual to be combined with the proposed use level for the 
additive or ingredient In the specific foods eaten by that individual. This allows the construction of 
a distribution curve based on total additive or ingredient intake for each individual; from this curve 
the desired percentile Information on exposure may be obtained. Given that the conservatism 
inherent in the use oC aggregate data has been removed, exposure analyses based on Intakes of 
individuals that have been submitted by a petitioner are carefully evaluated Cor their appropriateness 
for predicting probable chronic intake of the substance. 

Finally, special cases may arise, particularly In the area or substances that could become 
macro-ingredients In the diet, for which food-consumption and use-level lnfonnation necessary for 
estimation of exposure are inadequate or unavailable. For example, difficulties can arise In 
estimating intake when current eating 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 Cats illustrates this polnL In this example, the diet as a whole, especially 
the amount of energy needed to maintain normal function, needs to be considered If such a 
substitute would be market«! to consumers with no restrictions on its use. 

ii. Exposure F.1timates for Substances Currently In the Market Place 

Updated exposure estimates are 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 
to those 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 C3n be made using dietary survey Information and actual substance 
use levels. For a new use or 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 
aecume estimate available for the existing uses. Alternatively, new data based on an analysis of 
intakes by individuals and covering both regulated and proposed uses may be submitted by the 
petitioner. k discuss«! above for pre-market approvals, estimates for desired sub-groups (age, sex, 
90th percentile eaters, eaters-only) can be obtained using these dietary survey data. 

d. Conversion Factors 

Exposure estimat~ are commonly presented in grams per person per day (g/p/d), milligram.~ 
per kilogram body weight (mg/kg bw), or parts per million or the daily diet. To convert among 
these unit types, we typically use the following factors: a 60 leg "typical adult," and a total daily diet 
ol 3CXXJ g lood and water (1500 g solid Cood, 1500 g liquid food). For those case.\ where 
information concerning children is newed, we have used a body weight of 15 kg for a 2-5 year old 
child. 
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Estimation of Human Exposure to Direct Food Additives 
and .Food Ingredients Continued 

1ne 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 
considered in determining whether the proposed use is safe. FDA's estimates of probable 
consumption are generally made using existing commodity disappearance data and food·intake and 
food-frequency data bases, o=sionally supplemented with ad hoc approaches and reasoned 
judgments. Reasonable exposure estimates for chemicals used in food are critical to the 
maintenance or a safe food supply. Additional Information concerning the preparation of estimates 
of exposure to food additives Is available from the FDA's Center for Food Safety and Applied 
Nutrition.• 

• DiNovi, M.J. (1992)1 
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III C. Recommended Toxicity Tests 

I. Recommended Minimum Set or Toxicity Tests 

The extent and type or toxicity testing recommended for direct food additives or color 
additives ustil 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 each Concern Level, and these 
recommendations refloct the Agency's consensus that extensive toxicity testing should be reserveil for 
additives with high exposures and potentially reactive structures and for additives that induce adverse 
toxic effects at low doses or after shOrt exposures (see Figure 4 below). 

The final extent and type or toxicity testing recommended for a food or color additive will be 
determintil by estimated exposure and potential toxic etrocis (dose, onset, duration, type, extent, ere.) 
observtil ln the minimum set of tests recommended for the addltive. 

a. Minimum Set or Toxicity Tests ror C.Oncem Level m Substances 

Toe rocommended tests for Concern Level Ill substances are sensitive enough to detect nearly 
al! types or observable toxicity, including malignant and benign tumors, pre-neoplastic lesions, and 
most other signs or chronic toxicity. They include: 

• short.term tests for genetic toxicity; 

I metabolism and pharmacoldnetlc studies; 

I a subchronic feeding study (at least 90 days in duration) in a rodent species, which includes 
an evaluation of the potential neurotoxic!ty and immunotoxicity of the test substance; 

I a multi-generation reproduction study (two generations, one litter per generation) with a 
teratology phase (developmental toxicity study) in a rodent, which includes an evaluation of 
the po1ential developmental neurotoxicity and immunotoxicity of the test substance; 

• a long-term (at least one year in duration) f~lng study in a non-rodent species; and 

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

The results of short-term tests for genetic toxicity may be used 10 determine priority for the 
conduct or life1lme carcinogenicity bioassays, and may assist in evaluating the results or bioassays. 
Results of metabolism and pharmacoldnetic studies can be used to help set appropriate dose levels 
in toxicity s1udies and evaluate the results or those studics; information from metabolism and 
pharmacokine1ic studics also may be used to modify !he set of toxicity studies recommended for a 
particular additive (for example, concern about an additive may be reduced if the additive Is shown 
IO be largely unabsorbed by humans). Results from the reproduction study with teratology phase 
may indicate the n~ 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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Figure 4. 

Summary of the Toxicity Tests Recommended for Different uvels of Concern 

[ Toxicity Tests• concern 
Lov~ 

I II III 

-
Short-term Tests for x x x 

Genetic Toxicity 

Metabolism and x x 
Pharmacokinetic studies 

Short-term Toxicity Tests r' 
with Rodents 

Subchronic Toxicity Tests xb xb 
with Rodents 

Subchronic Toxicity Tests xb 
with Non-Rodents 

--
Reproduction study with r' xb 

Teratology Phase 

one-year Toxicity Tests x 
with Non-Rodents 

carcinogenicity study x< 
with Rodents 

-· Chronic Toxicity/Carcinogenicity x<,d 
study with Rodents 

• Not including dose range-finding studies, If appropriate 

• Including neurotoxicity and immunotoxicity screens 

' An in uruo phase is recommended for one of the two recommended carcinogenicity studies with 
rodents, preferably the study with rats 

' C.Ombined study may be performed as separate studies 
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III C Recommended Toxicity Tests Continued 

b. Minimum Set ol Toxicity Tests for Concern Level II Substances 

The tests recommended for Concern Level II substances are sensitive enough to 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 II are: 

• short-term tests for genetic toxicity; 

• metabolism and phannacoklnetlc studies; 

• a subchronic feeding study (at least 90 days In duration) in a rodent species, which includes 
an evaluation of the potential neurotoxicity and lmmunotoxiclty of the test substance; 

• a subchronic feeding study (at least 90 days in duration) in a non-rodent species, which 
includes an evaluation of the potential neurotoxicity and lmmunotoxicity of the test substance; 
and 

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

The results of short·term tests for genetic toxicity may be used to Identify compounds assigned 
to Concern Level II for which c.arcinogeniclty testing may be recommended. Results of metabolism 
and pharmacokinetic studies can be used to help set appropriate dose levels in toxicity studies and 
cvalua1e 1he results of these studies; information from metabolism and phannacokinetic studies also 
may be used to modify the set of toxicity studies recommended for a panicular additive (for 
example, concern about an additive may be reduced If the additive Is shown to be largely unabsorbed 
by humans). Results from the reprOductlon study with teratology phase may be used to indicate the 
need for expanded reprOduction and/or developmental toxicity testing. Results of immunotoxicity 
and neurotoxicl1y screens in subchronic studies and developmental toxicity studies may indicate the 
need for furlher testing In these areas. 

c. Minimum Set or Toxicity Tests for Concern Level I Substances 

Recommended tests !or Concern Level I substances include: 

• short-term tests ror genetic toxicity and 

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

The results of short-term tests for genetic toxicity may suggest the need for infonnation about the 
addilive 1hat can be obtained from chronic toxicity or carcinogenicity tests. The short-term feeding 
s1udy is scnsi1ive enough to 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. Results 
of immunotoxicity and ncurotoxicily screens in the short-tenn feeding study may indicate the ne«l 
for further resting in these areas. 
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III C Recommended Toxicity Tests CDntinucd 

1J1 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 Initial set of 
recommended toxicity tests for direct food additives and color additives used in food may indicate a 
need for additional or specialized tesllng to 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 section is to provide CJtamples of how FDA decides what 
additional toxicological information needs to be developed for a direct food additive or color 
additive used In food, based on evaluation of data obtained from studies submitted by the petitioner 
in support of the safety of an additive. The examples are oot intended to be comprehensive. 
Decisions about the need for additional toxicology information on food and color additives used in 
food will be made on a case-by-case basis, will aiways include a significant element of expert 
scientific judgement, and thus may di!Ter from examples presented below. 

a. Arute Toxicity Tests 

Acute toxicity tests (usually single-dose tests in wbleb animals are observed 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 sul>chronic 
toxicity tests. 

b. Short-Tenn Toxiclly Tests with Rodents and Non·Rodenl8 

Short-term feeding tests with rodents or non-rodents (usually studies In which animals are 
exposed to continuous oral doses of the test substance for one month or less) may be recommended 
for compounds when there Is no orher Information that can be used to select appropriate dose level1 
for subchronic or chronic studies. 

c. Subchronlc Toxlclt,Y Test! with Rodcnl8 

Subchronic toxicity tests (usually s1udies in which animals are exposed to continuous oral 
doses of the test substance for 90 days to 12 month.I) may be recommended for Concern Level I 
compounds wilh a Jowc.,t observed effect level (LOEL) from a shortcr-tcnn study which is less than 
2000 times the e.1timated human consumption of the compound.• 

Subchronic toxicity studles may be recommended for compounds when there is no other 
information that can be used to select appropriate dose levels for longer-term toxicity sludies. 

• Differences in recommendations for additional studies in rodents (subchronic toxicity tests) and 
non-rodents (one-year toxicity tests) are due, in part, to the greater certainty that can be obtained from 
tr~ts in which 10-20 rodents per sex per group arc used compared to tests in which 2-4 dogs per sex per 0 , 
p,roup arc used. ~ 
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III C Recommended Toxicity Tests Continued 

d. One-Year Toxicity Tests with Non-Rodents 

One-year toxicity tests In non-rodents may be recommended (or Concern Level II 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-year toxicity tests in non-rodents may be recommended for Concern Level II compounds 
when available toxicology Information suggests the probabUlty that the compound bioaecumulates 
and/or Is associated with late-occurring toxicity In rodents; such late-occurring toxicity may not be 
observed or may be poorly quantified in subehronlc studies. 

e. Carclnogenklty Studies with Rodents 

Carcinogenicity bioa.mys in two rodent species may be recommended for Concern Level I and 
II compounds when data from other studies indicate treatment-related hyperplasia, metaplasla, or 
other proliferative lesions, or when data from 'other studies Indicate progressive and lrrcversfl>te 
lesions, such as treatment-related necrosis. Carcinogenicity bloassays also may be recommended for 
Concern Level I or II compounds that have demonstrated significant carcinogenic potential, based on 
the results or short-term tests for genetic toxicity. 

f, 1'wo-Ccncratlon Reproduction Studies with a Teratology Phase 

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

Tuo-generatlon reproduction studies with a teratology phase may be recommended for 
Concern Level I compounds that have demonstrated significant carcinogenic potential, based on the 
results of shon-terrn tests ror genetic toxicity. 

g. Gevege Administration or the Tut Compound In Tcntology Studlu 

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 diet 

Gavage administration or Concern Level Ill test compounds In teratology studies may be 
recommended when the compound is e,q,ected to be added to beverages that may be consumed by 
pregnant women. 

Gavage admini<tration may be recommended for compounds with adverse reproductive effects 
that suggest possible teratogenicity. 

h. Metabolism and l'hannecoklnetlc Studies 

Additional metabolism and pharmacokinetic studies may be recommended for any compound 
when rc,ults of the recommended set of studit':ll do not r=tvc important metabolic information, 
such as whether or not the food additive i< absorbed in significant amount< from the gastrointestinal 
tract. 
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Ill c Recommended Toxicity Tests Continued 

f'leurotoxicity Studies 

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

J. Immunotoxiclty 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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Ch~pter 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 1982.' The revised guidelines renect the most up;to..(late 
scientific knowledge relevant to safety evaluation of direct food additives and color additives used in 
fo~ . 

Chapter IV JI presents 1) general recommendations for conducting and reporting the results or 
toxicity studies (see Chapters IV II 1 and IV II 2, respectively) and pathology examinations (see 
Chapter IV JI 3), 2) suggests appropriate statistical ana~ of data from toxicity studies (see 
Chapter IV JI 4), and 3) discusses the suitability of purified diets for toxicity studies (see Chapter JV 
ll 5). 

Chapter IV C presents additional guidelines for the conduct of specific. toxicity tests, Including 
I) short-term tests for genetic toxicity (see Chapter IV C 1), 2) acu.te toxicity tests (see Chapter JV 
C 2), 3) short-term toxicity tests with rodents and non-rodents (see Chapter IV C 3), 4) subchronic 
toxicity tests with rodents and non-rodents (see Chapter IV C 4), 5) one-year toxicity tests with non. 
rodents (see Chapter IV C 5), 6) carcinogenicity studies with rodents (see Chapter IV C 6), 7) 
combine.! chronic toxicity/carcinogenicity studies with rodents (see 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 (see Chapter IV C 9). 

Important chanies In the current iuidelines from those published .in 1982 are described in 
Chapter I A. 

' FDA (1982)1 
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IV n. General Recommendations for Toxicity Studies 

1. General Guidelines for Toxicity Studies 

Guidelines lhat are common to several or all toxicity studies are descril>ed in this section. 
Ci uidclines specific to recommended toxicity studies are found in the Chapter JV C, including: 
genetic toxicity studies (Chapter JV CI), acute. toxicity tests (Chapter JV Cl), short-term toxicity 
tests with wdents and non-rodents (Chapter IV C 3), subchronic toxicity tests with rodents and non­
rodents (Chapter JV C 4), one-year toxicity tests with non-rodents (Chapter IV C 5), carcinogenicity 
studies with rodent~ (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 JV C 8), 
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 Pan 58, Tille 21, Co,u of Ftdera/ Regulations. Title 21, Co,u of Ftdoal Regularions, may be 
ob!ainell from the Superintendent of Documents, U.S. Government Printing Office, Washington, 
D.C., 20402, (202) 783-323&. 

b. Test Animals 

C'.are, Maintenance and Housing: 

Recommendations about the care, maintenance, and housing of animals contained in DHEW 
publication no; 74-23 (NIH publication no. 85-23), 'Guidt for tM Cart and Ust of Laboratory 
Animals,' should be followed unless they conflict with specific recommendations in these guidelines. 

ii. ~election of Rodent S~es. Strains and Sex: 

Healthy animal~ that have not been subjected to previous ~rimental procedures should be 
usell. Both male and female test animals should be used tn toxicity studies. 

In selecting ro<lent species and strains (or toxicity studies, It Is important to con.~lder the tesl 
animals' general sensitivity 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 L~ that test animals come from well-characterized and healthy colonies. Because recent 
information suggests survivability problems exist for some strains of rats (su Chapur IV C 6 a), test 
animals should be selected that are likely lO achieve the recommended duration of the study. 
Additional information on selecting species and strain.~ for particular toxicity tests is presented in 
guidelines 10 the specific tests. FDA encourages petitioners to consult with Agency scientists before 
toxicity testing is begun if they have questions about the appropriateness of particular species and 
strain.,. 

iii. lnfcc1c(!Animals: 

Generally, it is not possible lO treat animal, for infection during the course of a study without 
risking in1crac1ion between the drug used for treatment and the lest substance. 

58 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Drafl 

IV JI 1 · Gener~I Guidclfoe~ for Toxidty St~dies' Qintinucd 

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

v. Caging: 

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

• organs and tissues from single-caged animal~ that die during the study should not be lost 
due to cannibalism; and 

• changes in body weight (and body weight gain) or animals consuming diets containing test 
substances may be indicators or toxicity or Ill health, or they may be responses !O changes in 
the palatability of test diets. Thus, in oral toxicity studies, It is important to be able to 
determine if body weight changes are accompanied by changes in feed consumption. Without 
such information, it may not be possible to 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. Few and Water: 

In general, feed and water should be provided ad libitum. However, gavage administration of 
the test diet or pair-feeding may be recommended when feed rejection or unexplained depression in 
growth occurs that may be due 10 problems with the palatability of the experimental diet. For more 
information on diets for toxicity studies, see Chapter IV B 5. 

vii. piet: 

The test animals' diet should meet all of the nutritional requirements or the species. If more 
than 5% o( the diet is being replaced by the test substance, special care should be taken to ensure 
that the diet for the control 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 wmple, 10%) may interfere with normal nutrition. Under 
thie$e circumstanccs, a nutritional deficit is operationally defined as a greater 'than 10% loss of 
body weight in the group 1ested with the test substance, compared with the untreated (basal 
diet) control group. Uthe percentage of the test substance added to the diet is small, a single 
type ofoontrol·(un_tftat~)m.ay be sufficjen~ Howev~r. i.f the percentage of the .test substance 
added to the diet is large, the types or control groups needed will be simila.r to those described 
below for non-nutritive substances. 
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IV JI I General Guidelines for Toxicity Studies Continued 

• When the 1es1 subs1anc.c is non-nutritive and comprises a substantial amount of the diet 
([or example 10%), a rontrol group with comparable dilution of the diet is recommended [or 
long-term studies. For example, one group of control animal~ should be fed the usual 
(undiluted, ba~I) diet; a second group of control animals should be fed the basal diet 
supplemented with another, preferably inert, non-nutritive substance in lieu of the 1es1 
substanre, at a percentage equal to the highe.st pcrrentage of the le.st substance in the diet. 

• Paired feeding may be reeommende;I when administration of materials in a diet produces 
inanition in animal~ from an lnterfercnc.e with their feed consumption. Such materials may 
have an unpleasant IMte, 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 Utter· 
mate weanling rats of the same sex and approximate sir.e are used for the control and 
experimental diets. One member of each pair Is placed on the experimental diet and the other 
is ptaeed on the control diet. The experimental dosage level selected for the paired-feeding 
study sbould be one that definitely produc.ed inanltlon or other toxic manifestation In a 
shorter-term toxicity study. In the paired-feeding study, food consumption Is determined daily, 
and the control animal is led an amount of food equal lo that which the paired experimental 
animal ate on the preeeding day. H the test substance Is non-nutritive, the control animal 
should be led an amount or food that is nutritionally equivalent to that which the paired 
experimental animal ate on the preceding day. An ad lib/tum-fed control group of animals 
also should be Included in the study. 

viii. A1slgnment of Control and Experimental Animals: 

Animals should be assigned 10 control and experimental groups In a stratifie;I random manner; 
this will help mlnlml1.e bias and assure comparability of pertinent variables across experimental and 
control groups (for example, mean body weights and body weight ranges) for° statistic.al purpose.s. 

Exc.essive mortality due to poor animal management ls unacceptable and may be cause 10 

repeat the study. For example, under normal circumstanctli, mortality in the control group should 
not exeee;I 10% in short and lntem1e;liate length (not lifetime) toxicity studie.s. 

x. AutolysL1: 

Adequate animal husbandry practices should result In considerably less than 10% of animals 
and tissues or organs lost to a study because or autolysi1. Autolysis in excess of this standard may 
be cause to repeat the study. 

Necropsy should be performed soon after an animal is killed or. found dead, .so that loss of 
'tissues due to autolysis t~ rulnlmi1.ed. When necropsy cannot be perfotmed Immediately, the animal 
should b·e refrigerated at a temperature that is low enough 10 prevent autolysis but not so low as to 
muse c.ell damage. If bistopathologieal examination is to be conducted; tissue specimens should be 
taken from the animals and plared in appropriate fixatives when the necropsy is performed. 
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c. Test Subsum« 

The specific substance or mixture of substances to be tested should be determined in 
consultation with the Agency. The composllion of the test substance should be known: Information 
should include the name and quantities of all major components, lrnown contaminants and 
impurities, and the percentage of unidentifiable materials. The test substance in toxicity studies 
should be the same substance that the petitioner Intends 10 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 its stability, quality, and purity from its production until the studies are 
complete. 

li. Bgute of Administration 

The route of administration of the test substance should approximate that of normal human 
eq,osure, if possible. The same method of administration should be used ror all test animals 
throughout the study. Animals In all experimental grou~ should be placed on study on the same 
day; if this Is not possible because of the large number of animals In a study, animal~ may be placed 
on study over several days. If the lauer 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: 

• Jn 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 
diet, animals should not be able to selectively consume either basal diet or test substance in 
the diet on the basl\ of color, smell, or panicle size. If the compound is mixed with ground 
food and pelleted, nothing In the pelleting process should affect the test substance (for 
example, heat-labile substances may be destr()yed during pellet production by a steam process). 
When the test substance ls administered In the diet, dietary levels should be expressed as mg 
of the test substance per kg of food. 

• DL%olvcd In JJ\e drinking water, If the test substanoo is likely to be ingested In liquid form 
(for example, In soft drinks or beer), or if admlnlstralion In the diet is Inappropriate for other 
reasons. Amount or test substance admini~tcred in drinking water should be expressed as mg 
of test substance per mt of ~ater. 

• !)~ulation or oral intubation (gavage), if the two previous methods are unsatisfactory 
or if human exposure i~ expected to be through daily ingestion of §Ingle, large doses instead of 
contin.ua! ingestion of small doses .. If the. testsubstanoo . .is administered by gavage, it should 
be given at approximately the same time each day. The maximum volume of solution that can 
be given by gavag~ In _one d!JSt depen~. <Jn the. t~t. anil!'!ll:s siu; for rodents, -the .vo,lume . 
should not exceed 1 mVlOO g ·body weight (if gavage vehicle is oil, see Chapter IV B S b). If 
the test sut,srance must be given in divided dOS¢S, au doses should be admlnlstcred within a (,. 
hour period. Doses of test substanoo adminl~tered by gavage should be expressed as mg of 
test substance per ml of gavage vehicle. Finally, the petitioner should provide information, 
such as metabolism data, that can allow the reviewer to conclude that administration of the 
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test compound by encapsulation or gavage is equivalent in all toxicologically important respects 
10 administration in the diet or drinking water. 

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

A carrier or vehicle for the le.II substance should be given to control animals at a volume 
equal 10 the maximum volume of carrier or vehicle given to any dosed group or animals. Sufficient 
tmdcology information should be available on the carrier or vehicle to ensure that its use will not 
compromise the results of the study. If there is Insufficient Information about the toxic propenies of 
the vehicle used to administer the test substance, an additional control group that is not exposed to 
the carrier or vehicle should be Included. In all other respeots, animals In the control group should 
be treated the same as animals in dosed groups. 

iv. Selection of Tre.atment Dos.~ 

It generally is not acceptable to select doses for toxicity studies based on lnformatlon unrelated 
to the toxicity of the test substance. For example, the highest dose in a bioassay should not be 
selected so as to provide a pre-detennined margin of safety ewer the maximum CKptcted human 
exposure to the test substance, assuming that the results of testlng at that dose will be negative. 

In addition to a concurrent control group, at least three dose levels of the test substance 
should be used in oral toxicity studies. For all oral toxicity studies except carcinogenicity studies 
(see Chnpters IV C 6 and IV C 7) and reproduction and developmental toxicity studies (see Chapter 
IV C 9): I) the high dose should be sufficiently high to Induce toxic responses in test animals; 2) the 
low dose should not induce toxic responses In test animals; and 3) the intermediate dose should be 
sufficiently high to elicit minimal toxic 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 fataUties that 
prevents meaningful evaluation of the data. Administration of the test substance to dosed groups 
should be done concurrently (additional lnfonnation can be round in Chap~r IV B 1 b viii). 

d. Obsemitlons and Clinical Tests 

Observations of Test Animals 

Individual records should be maintained for each .animal.. Animals should .be observed at least 
twice a day throughout the study; the usual interval between observations should be at least 6 hours. 
Observati°ons should be sufficiently frequent to detect all toxic and pharmacologic effects; the onset 
and progression of these effects should be recorded. Tumor devtlopment, panicularly in long-term 
studies, should be followed: the time of on.o;et, location, dimension.~. appearance and progression of 
each grossly visible or palpable tumors should be recorded. During the course of a study, toxic and 
pharmarologic signs may suggest the need for additional clinical tests or expanded post-mortem 
cxarninations. 
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For short-term and subehronic toxicity studies in rodents and non-rodents and developmental 
toxicity studies in rodents, an expanded set of cage-side tests should be performed 10 detect 
neurological disorders, behavioral changes, autonomic dysfunctions, and other signs of nervous system 
toxicity. Specific information about these tests is contained in Chapltr V C. 

ii. !!Qll)o Weight and Food Intake Data 

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

iii. .{;linic.al Testinf 

Ophthalmologic.al examination, hematology profiles, clinical chemistry tests, and urinalyses 
should be performed a1 described in the following sections: 

a) Ophthatmological Examination: This examination should be performed by a qualified 
individual on all animals before the study begins and on control and high-dose anlmal1 during 
and at the end of the Sludy. The recommended time lnteMls for ophthalmological 
examination are found Jn Individual toxicity guidelines (see Chapter rv C). If the results of 
examinations subsequent 10 the initial examination indicate that changes in the eyes may be 
associated with administration of the test substance, opbthalmologlcal examinations should be 
performed on all animals in the study for that time inteMI 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 apan. Blood samples should be analywl 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 or animals and 
lime Intervals for hematology assessment are found In Individual toxicity guidelines (see 
Chapter IV C). 

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

c) Qinlcal a.emlstry: Rodents sampled during and at the end of the study should be 
the same animal~ that were sampled before dosing. For dogs, twO pre-dose samples should be 

. drawn approximately one week apart. Before blood ls 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 sampl.ed 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 dinicat chemistry assessment are 
found in individual toxicity study guidelines (see Chapter IV C). 

Clinical chemistry tests that are appropriate for all test substances include measurements or 
~lemolyte b_alance, ci,rt,phydrate !l\Ctabolism, and liver. a_nd kidney funcdon ... Specific determinations 
should include: · 

alanine aminotransferase 
albumin 
alkaline phosphatase 
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aspartate aminotransferase 
bilirubin (total) 
calcium 
chloride 
crcatinine 
,-glutamyl transpeptidasc 
glucose (in fasted animals) 
ornithine carbamyl transferasc 
phosphorous 
potassium 
protein (total) 
sodium 
urea nitrogen. 

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

alkaline aminotransferase 
alkaline phosphatase 
chloride 
creatlnine 
,-glutamyl transferase 
glucose (in lasted animals) 
ornilhlne carbamyl transpeptidase 
potassium · 
protein (total) 
sodium 
urea nitrogen. 

Additional clinical chemistry tests may be reromrnended to extend the search for toxic effects 
auributable to a test substance. 'Ille 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 or 
acid/base balance, cholinesterases, hormones, lipids, metbcmoglob!n, and proteins. 

In spite or standard operating procedures and equipment calibration, It ls not unusual to 
observe considerable variation Jn the results of clinical chemistry analysts from day to day.• 
Therefore, clinical chemistry analyses for all dose groups should be completed during one day. IC 
this is not possible, samples from each conuol and dose group should be anal)7.ed on each day, with 
the process repeated on subsequent days. 

d) Urinalyses: Microsropic eval~tion of urine sciliment and <Jeiermitiation of specific 
gravity or urine samples are recommended for animals and time Intervals described in the 
individual toxicity study guidelines (see Chapter JV C). 

e) ImnrnnQ!91<iCJ.!)': For short-term, subchronic and developmental toxicity studies, results 
or clinical tests that are included in the list of primary Indicators for immune toxicity (see 
Chapter V D) should aiso be evaluated as part of an imniunotoxicity screeri. ' 

• Gaylor ec al. (1987)1 
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e. Necropsy and Microscopic F.••mlnalion 

All test animaLs should be subjected to complete gross necropsy, including examination of 
external surfaces, orifim, cranial cavity, carcass, and all organs. Toe gross necropsy should be 
performed by, or under the direct supervision of, a qualified pathologist, preferably the pathologL~t 
who will later perform the histopathological examination (see below). 

Organs that should be weighed include the adrenals, brain, kidneys, liver, spleen, testes, 
thyroid/parathyroid, and thymus. Before being weighed, organs should be carefully dissected and 
trimme<I to remove (Bt and other contiguous tissue. Organs should be weighed Immediately after 
dissection 10 minimi1,e the effects of drying on organ ~ight. 

iii. !'.!~Hi.lion of Tissues for Microsropic Examination 

For ZS-day, subchronic, and long-term toxicity studies with rodents, the following tissues 
should be fixed in 10% buffered formalin (o_r another generally rerogniz.cd fixative) and stained with 
hcmatoxylin and eosln (or another appropriate stain) for preparation of microsoo~ slides: 

adrenals 
aorta 
bone (femur) 
bo11e marrow (sternum) 
brain (at least 3 different levels) 
<:«:um 
rolon 
corpus and cervix uteri 
duodenum 
epldidymis 
esophagus 
eyes 
gall bladder (if present) 
Harderian gland 
heart 
ileum 
jejunum 
kidneys 
liver 
lung (With main·stem bronchi) 
lymph nodes (rcpr~ntative) 
mammary glands 
na~l turl>inates 
ovaries and fallopian tubes 
pancreas 
pituitary 
prostate 
salivary gland 
sciatic nerve 
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seminal vesicle 
skeletal muscle 
Skin 
spinal cord (at least 2 different locations) 
spleen 
stomach 
testes 
thymus (or thymie region) 
thyroid/parathyroid 
trachea 
urinary bladder 
vagina 
Zymbal's gland 
alt tissues showing abnormality 

For subehronic and one-year toxicity studies In dogs and other non-rodents, the following 
tissues should be fixed in 10% buffered formalin (or other generally recogn17.ed fixative) and stained 
with hema1oxyl!n and eosin (or other appropriate stain) ror preparation or microscopic slides: 

adrenals 
aorta 
bone 
bone marrow 
brain (al least 3 different levels) 
cecum 
colon 
corpus and cervix uteri 
duodenum 
epididymis 
esophagus 
eyes 
gaU bladder 
heart 
ileum 
jejunum 
kidneys 
liver 
lung (with main-stem bronchi) 
lymph nodes (representative) 
mammary glands 
ovaries and fallopian tubes 
pancreas 
pituitary 
prostate 
rectum 
salivary gland 
sciatic nerve 
seminal vesicle 
skeletal muscle 
skin 
spinal eord (at least 2 different looitions) 
spleen 
stomach 
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lCSlCS 

thymus (or thymic region) 
thyroid/parathyroid 
trachea 
urinary bladder 
vagina 
all tissues showing abnormality 

iv. Microscopic Rvaluation 

All gross lesiOIL\ should be examined microscopically. In addition, organs and tissucs listed 
above from ail animals ln the study should be examined mJcroscoplcally. 

Histopathology evaluation or the lymphoid organs should be performed as described in the 
swion on immunotoxicity testing (see Chapter V D) for all animal~ In short-term and subchronic 
toxicity studics and developmental toxicity studlcs. 
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IV II 2. Summary Guidclin·c_s fcir Reporting the Results of Toxicity Studies· 

Summary guidelines for reporting the results of toxicity studies arc contained in this section. 
More complete information can be found in Chapters IV B 3 c and IV )l 4 a and in sections 
describing guideline~ for the conduct or specific toxicity studies (see Chapter IV C). Guidelines for 
submining machine-readable data are presented in Chapter II B. 

a. Idenuncatlon 

Each test report should be signed by the persons responsible for the test, and should identify: 

• the laboratory where the test was performed by name and address; 

• the inclusive dates of the test; and 

• each person primarily responsible for separate components of the test, Including: 1) conduct 
or 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 Pradlce for Nonclinical I.aboratory Studlee 

The Good Laboratory Practice Regulations (GI.P's) were designed to establish basic standards 
for conduct and reporting or nonclinical safety testing and are intended to assure the quality and 
integrity or safety data submitted to the FDA Flach noncllnical 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 or the CFR 58, or, if the study was not 
conducted in cpmpliance with OL!''s, a statement or the reason for the noncompliance. In the latter 
case, the petitioner should list the specific areas or noncompliance. Each study repon sbould 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 to management and properly signed by the appropriate individuals within the QAU. 

e. Jlody or Report 

The test report should Include all information necessary to provide a complete and accurate 
description end evaluation of the test proce.lures and results. The following sections should be 
included: 

Protocol andJ~mendments 

A wrinen protocol that clearly indicates the objectives and methods for the conduct of the 
study. The protocol should fulfill all the requirements set forth in Section 21 of CFR , 58.120, 
including the inclusion or all changes in or revision.~ of the protocol and the reasons for those 
changes. 
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of Toxicity Studies Continued 

ii. Summm~nd conclusions 

This section of the tt.St report should contain a brief dc.scription 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 obseivations and any deviations from 
control data which may Indicate toxic effects of the test substance. 

Neurotoxicity and lmrnunotoxicity 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 summary statement about the 
ncurotoxic and lmmunotoxic potential of the test substance. 

The summary should include a description of all circumstances that may have affected the 
quality or integrity of the data. 

The material~ section of the test report should Include, but not be. limited to, the following 
information: 

1 ~lficatlon 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; 

ii) Manufacturer and lot number of the substance tested, and such information as 
physical state, pH, stability, and purity; and 

iii) Exact identification of diluents, suspending agents, emulsifiers, c.xcipients, or other 
materials used in administering the test substance. 

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, e1c.) and 
water; 

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

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

v) Numbers, age, and condition of animals of each sex in all test and control groups 
a1 the beginning of the study. 
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vi) Data on and fate or, each individual animal in the study. 

• Data on e~rimcntal racilitics: 

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

The methods section of the test repon should Include, but not be limite.d to, the following 
information: 

• Devi~l9n from £l!}delines: This section should Indicate all ways in whlch the test 
procedure deviates from these guidelines and should state the rationale for each deviation. 

• Specification .Q(J(;§t methods: This section should include a full description of the 
experimental design and procedures, the length of the study, and the dates on which the study 
began and ende.d. 

• Sta1is1ical analyses: All statistical methods used should be fully described or identified by 
refcren~. For a complete discussion of the Information that sbould be contained in lhls 
section of the study report, see Chapter IV B 4. 

• ~n dosage administration: 

i) All dose levels administcre.d, expressed as mg/kg body weight; 

ii) Method, frequency, and time of day of administration; and 

iii) Total volume of dose plus vehicle admini~tered to each animal, if the test 
substance i\ administered by gavage. 

• llata on observation methods: 

i) Duration; and 

ii) Method and frequency of observation of the test animals. 

Presentation of individual results and tabulation of data must accompany each report in 
sufficient derail to permit independent evaluation of the results. 

The following infonnation should be included for each test animal: 

• Time of first observation of each abnormal sign and its subsequent course; [foxic response 
data should be organi,.cd, when appropriate, by litter.] 

• Time of d~th during the study for ~ch test animal; [For those animals that are not 
sacrificed on schedule, cause of dea1h should be determined and rcponed, if possible.] 
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• Food consumption data (and water con.,umption data, if the test compound LS administered 
in the drinking water) Cor each animal; 

• Body weights and body weight changes; 

I Hematology, clinical chemistry, and other clinical findings; 

, Results of neurotoxicity and immunotoxicity studle<i, as appropriate; 

, Gross necropsy findings; and 

I Microscopic findings. 

Each test animal plac:ed 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 organi1.ed by litter. When numerical averages are presented, they 
should be aocompanied by an appropriate measure of variability, such as the standard error. For 
each summariwd parameter, the following information should be Included: 

, The number oC animals ai the beginning of the study; 

I The number or animals evaluated for each parameter, 

• The time when animals were evaluated for each parameter, and 

I The number and percentage or animals positive and negative Cor each parameter. 

All numerical results should be evaluated by an appropriate statistical method; for detailed 
guidelines about statistical considerations In toxicity studies, see Chapter JV 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 general 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 oC a study and post mortem findings. 

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

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

• Lilerature or reference.1, including, when appropriate, references (or: test procedures; 
statistical and other methods used to analyze the data; compilation and evaluation or results; 
and the basis upon which conclusions were reached. 
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IV H 3. ·Pathology Considerations in Toxicity. Studies · · 

Pathology data make up an essential part or the toxicology information submillcd 10 FDA in 
support or the safe use or 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 or a product. 

Specific recommendations concerning necropsy of test animals and microscopic examination or 
organs and tlssues for short-term toxicity tests with rodents and non-rodents, subchronic toxicity tests 
wilh 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 studies can be found In Chapter IV B l e. In general, these guidelines 
recommend that all animals In the studies be subjected to oomplete gross necropsy, all gross lesions 
should be examined microscopically, and tissues and organs (see Chapter IV 111 e Ill) from all 
animals in the study should be wmlned microscopically, 

This section on pathology oonslderations In toxicity studies describes the review process for 
pathology data, Identifies common problems reviewm 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 directed to the CSO assigned to the petition (see Chapter II A), 

a. Description or the Process ror Review or Pathology Data 

Review of patho_logy data may begin with a request for pathology evaluation from regulatory 
review scientists or from the CAC. This happens when questions about the interpretation or 
pathology data arise during the scientific review of the toxioology Information submitted in support 
or the safety or food additive$ 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 tissue. Occasionally, a reviewing pathologist is asked to examine all the 
pathology findings in a study. · 

The pathology portion of the study report usually oontalns mean and Individual organ weights, 
clinical chemistry results, hematological measurements, summary Incidences of observed pathological 
changes, and gross and mlcrosoopic pathology observations for Individual animals. An evaluation 
memorandum from the regulatory review .scientist may accompany the material; the memorandum 
contains summaries 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. He/she carefully reviews general Indices of toxicity In test animals (for example, body 
weight gain, food consumption, clinical or hematologic findings, and organ weight changes); 
particular auention ls paid to the survival of the animals and the number or animals alive at 
termination. This knowledge helps the reviewing pathologist evaluate the relation of observed 

, pathology .changes 10 treatme~L 
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Although the pathology review is not performed in any strict order, the elements listed below 
are considered in all reviews. The reviewing pathologist: 

• Determines how the percentage of animals with lesions In summary incidence tables has 
been calculated; for example, was the denominator the total number or animals in the study, 
or was it the number of animal~ for which a panieular tissue or organ was examined 
microscopically. 

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

• Examines the diagnostic terminology applied to lesions to determine whether It l~ 
contemporary and conventional; 

• Cheek.< to see that individual animal data provide adequate information on the location, 
size, and distribution of reported lesions; 

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

• Carefully evaluates control data before interpreting findings; 

• Evi1luates the discussion or significant pathological findings prepared by the study 
pathologist; and · 

• Tries to correlate pathology findings with other observations about treatment-related effects 
on test animals during the study. 

When the pa(hology review is completed, a formal written repon to ihe collaborating 
regulatory review scientist is s~bmitted. 'The repon di~ 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 requt.sting additional, 
clarifying material. 

A follow.up pathology review requires additional data. The additional information most often 
requested by the A,l!ency 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 paramn blocb or wet tissue for FDA review. 
The Agency's review of slides from a toxicity study provides an Independent characterization of the 
lesion.< 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 dose levels of the compound administered. Having earlier reviewed the 
pathology data, it ls 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 tissue site should be arranged by treatment group, sex, and in the order of pathology 
accession numbers. If microscope slides are submitted according to the Agency's directions, and the 
reviewing pathologist doe.s not have to rearrange the slides before hi</her review, the follow-up 
review will be expedited. 
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IV It 3 Pathology Co~sidcrations .in TQxi<;ity !i!udies Continued 

b. Common l'roblcms Encountered during Rtview of Pathology Jlata 

The timely review of pathology data i~ sometimes hindered by ml$ing, inaccurate, or 
inromplete information. These problems are often encountered In submwions 10 the Agency; a 
general discussion of problem.~ resulting from information deficiencies is presented below. A more 
detailed discussion or this subject is available in a recent publication.• 

Lack or Mor~holo_gic D~tions of Lesions 

One of the most common problems causing delay in the review of pathology data is the Jack 
or adequate morphologic descriptions or lesions. Usually, only the diagnoses and numeric Incidence 
data are available for Initial review by FDA's toxicologists and pathologists. It is difficult to assess 
the significance of reponed lesions without information on their diagnostic criteria, distribution, and 
severity. This Is a particularly important problem when the terminology for lesions Is controversial. 

The use of mulliple 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 'hepatocellula.r carcinoma• and 'hepatoma, malignant' were used in 
the same set of diagnoses. In another report, four different terms--'c-cell,' 'clear cell,' 'light cell,' 
and 'pararollicutar 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 or diagnostic terms have been encountered when more than one 
pathologist has examined slides: for example, a st~dy was submitted In which tl$ues from about one­
third or the animals were reviewed by the study pathologist and the remainder were reviewed by a 
consulting pathologist. The diagnostic terminology was not consistent between pathologists and no 
allempt was made to explain the inconsistencies 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 summari1,ed. 

iii. !n.£Qm.rJ~e Description.~ of the Results of Gross Patholoc 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 anempt to determine if important information Is missing. The report should describe 
steps taken to resolve discrepancies between gross findings and microscopic diagnoses (for example, 
recurs of paraffin blocks or additional samples taken from wet twues); · 

• Dua and Jackson (1988)1 
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JV JI 3 Pathology Considerations in Toxicity Studies Continued 

iv. Inaccura1c Summaries of Data 

lnauurate summary numbers resulting from incorrect counts or <:alculations have <:aused 
difficulty in reviewing pathology data. When pathology data are summarized, all experimental 
animals should be accounted for and incidence figures should be based on the numbers of animals, 
organs, and tissues actually examined. 

v. &[lure to Adequately Discuss the Results of J>atholoey l;.xamina!lons 

Often, submissions fall to adequately discuss the significance of the results of pathology 
evaluations. Some reports summarize conclusions but do not explain bow the conclusions were 
deduced from the available pathology data. Some reports base conclusions solely on the results of 
statistical analyses of data, ignoring broader conclusions that may be discerned from considering all 
relevant biological information from a study. 

c. General Reeommendatlons for Reporting Pathology Data 

The pathology section of the repon of a toxicity study generally Includes an Introductory 
statement and sections on materials and methods, results and discussion, and summary and 
conclusions. 

When pathology data are reported separately from the toxicity 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 each group, type and frequency of in-life observations Including clinical chemistry measurements 
and hematological examinations, and the scope or gross and microscopic evaluation of tissues. In 
general, informa1ion provide.d should be sufficient to enable a reviewer to evaluate the qualfty of the 
pathology data 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 ~heduled for microscopic examination but were examined, the reason 
for this deviation should be given. 

Arr.~nging Tabular Data and Morphological Observations 

The arrangement of tabular information In an easily comprehensible format is especially 
important for facilitating review. Table titles and row and column beadings should be brief but 
informative. In the tables showing the Individual animal findings, llescript!ve diagnostic categories 
should be informative. Redundancy or categories of lesions should be avoided. Morphologic 
diagnoses should reflect currently acupled criteria. Whenever muhlple categories of lesions are 
grouped under a common "diagnosis,' the rationale for grouping should be provide.d. When multiple 
diagnoses arc not grouped under a common diagnosis, it will be assumed that morphologic 
differences preclude grouping. Sevcrily grades as well as information on the distribution of a lesion 
within an organ or tissue should be provide<l; these observations are particularly imponant when 
progression of lc.sions and effects of different dosage.s are being studied. In paire.d organs such as 
adrenal glands, gonad1, and kidneys, lesions should be listed as unilateral or bilateral. Ali gross 
lt$ions should be aw:iun1ed for by microscopic findings or a written explanation. 
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IV n 3 Pathology Consid~rations in Toxicity Studies C-On1inued 

Summary tables In the results section of a report should clearly indicate tbe number of 
animals, organs, and tissues actually examined. Unless the number of tissues examined in animals of 
each group i., 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 denominMors 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 or tissues examined should 
clearly show any adjustments that reflect loss, autolysis, or missing tissue: For example, the accurate 
incidence of lesions involving the adrenal medulla should be basoo upon bow many adrenal sections 
(for an animal) from both adrenal glands contained sufficient medullary tissue for microscopic 
examination. In summarizing lesions that are disseminated, t.g., tumors of the lymphoretieular 
tissue, the Incidence figures should reOect the number of animals with these lesions, not Just the 
presence of the disease in individual organs. 

iii. rros~Rd.rrence 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. ThL, is convenient both for 
reviewing lesions within an animal and for comparing lesion.~ 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 generated easily. 

iv. Animal DisPQSition 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, mon'bund sacrifice, found dead, or terminal sacrifice). This serves as a 
ready reference for the Agency'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 narrative 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 characteristia. of lesions is particularly Important 
where terminology may be controversial or misunderstood. Remarks about possible p.,thogenesis, 
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 differing 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 conelusion should 
be provided. 
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IV n 4. Statistical Considerations in Toxicity Studies 

The regulations governing approval for marketing new rolor additives usell in food (21 CFR 
Pan 71) and food additives (21 CFR Part 171) imply that petitions should contain both statl~tical 
analyses of toxirology data presented in the petition and documentation of the analyses. The 
purpose of this section is to guide the petitioner in documenting statL~tic.al aspects of toxicity studies 
rontained 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 Mathemati~ of CFSAN's Office or Toxicologic.al Sciences is available 
upon request from the CSO assigned to the petition (see Chapter n A). 

To ensure the validity of safety assessments of a food or color additive obtained from 
wcll·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 evidenoe from toxicity studies. These factors are I) study 
protocol and design, 2) presentation or rollected data (individual animal data), 3) presentation and 
interpretation or analytic.al results (including .tables of summary data), and 4) other considerations. 

FDA emphasi1,es that communic.alion between statisticians and the scientists conductlng a 
particular lOxicily study can help ensure that the statisti~ used are relevant to the biology of the 
toxicil)' lest. For example, stati\lic.al outliers are not always biological outliers, and a 'significant' 
slatislical test (p $ 0.05) does not always indicate biological slgnlfic.anoe. FDA encourages 
pelhioners to eon.\uh with Agency statisticians during the design and conduct of the study and the 
Interpretation of data from the study, as appr_opriate. 

The following rerommendations offer general guidance to the petitioner Ln organizing and 
documenting the results of toxicity studies:• 

• Data should be submitted in a form that will enable FDA reviewers to easily verify lhe 
results by duplicating the analysis or, if nooessary, performing an alternative analysis. ihe best 
way to accomplish this is to submit the data in tabular form in the petition and, al the same 
time, in a machine-readable form (su Chapter II B for additional Information about 
submission of machine-readable data). 

• Summary tables of the data also should be submitted. 

• The submission should be organized and 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 SO rats in a dose group includes a summary 
table indicating that the incidenoe 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 rats were not examined for the tumor. 

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

' Dubey (1985)1 
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IV ll 4 Statistical Considerations in Toxici!y Studies Continued 

• The description of a statistical inference should include a statement about the model used, 
summary data appropriate for the model, analysis of the data with estimates of treatment 
effects, ~nd 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 freedom of the test statistic (when appropriate), and the p-value, and whether the 
test is one or two tailed. 

• Statistical analyses should be directly linlred to Specific questions regarding the safety of the 
additive (it. comparing results for treated groups with results for a control group and 
evaluating the effects of various animal characteristics (sex, species, age, tic.] on the results of 
an experiment). 

• 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. 

• The submission should cross-reference related information (e.g. data tabulations, statistical 
hypotheses tested, models used, etc.) that will facllitate FD A's statl~tlcal review of the study. 

a. Specmc Statlstlc,il Issues 

Study Protocol and Design 

The submitted petition should contain the original protocol and a complete account of 
protocol modifications made during ihe course of the study. The protocol Is a critical document in 
the evaluation of a b!oassay, shaping both, the conduct of the study and the ultimate analyses. It sets 
forth the objectives of the study and relates these objectives to 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 a.=sed, planned Interim analyses of data, planned Interim and final sacrifices, 
evenL< that would trigger early termination of the study, roles and responslbilitiC$ of data monitoring 
boards or quality assu_rance 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: 

• Statem~!..Qf objectives: In addition to the primary objective(s), secondary objective(s) 
shd\Jld be state<! explicitly., The precise bypoth~ lbattbe study Is autmpting to prove or 
disprove also should be stated e,q,licitly. · 

• ~~U<'o1L~!lllllill~: A clear statementabout·the species;_strain, sex and source of the 
test animals in the study and how animals are screened from the study (it. -will "runts' be 
eliminated; why?). 
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IV JI 4 Statistical Considerations in Toxicity Studies Continued 

• Experimental df§Jgn: This should include information about initial baseline periods (if 
any), the study configuration (short-term, lifetime, etc.), the treatment level~. the control 
group(s), the number of animals in each group (sample size), and the criteria for terminating 
the study. 

• Randomiiation.P;ocedures: 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 table of random numbers. 

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

I lliili: A complete description of any diets used in the study. 

1 ['.xperimental parameters minimized: A statement about how the effects of confounding 
response variables interest (Le. caging effects) were mlnimired. 

I fanerimen!&.parameters measured: A description of the parameters that will be measured 
and a statement about how frequently they will be measured. 

• l'_Q~Lfill.lli'fil~: A power analysis or a statement about the differences in study parameters 
bctw~n rompared groups that the study should detect. 

• Q!!.ili!Y. control: A description of the steps taken to ensure accurate, consistent, and 
reliable data (e.g. training sessions, standard operating procedures, instruction manuals, data 
verification, cross-checking or audits). 

1 ~..AMJys~: A description of planned interim analyses of the data, Including monitoring 
procedures, variables to be analyied, statistical analyses to be used (Including the choice of 
significance level for each interim analysis), and fr~uency of analysis. 

• fil!IJl§lical Methods: A description of the statistical methods to be applied to the data. 
Here, specific questions that the statistical analyses will address In support or the study 
objectives •.re 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. 

ii. Presentation of Collected Data 

Information on every animal in the study should be presented. Data should be organized so 
that the reviewer can easily find all information about any animal used in the study. For example, 
data should be organi1.ed so that the reviewer can view all litudtpAranicters fon' single animal 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 o( data tables and 

·submission of ruachine-readable da.ta is .strongly encouraged (!¥ Chapter II' B).:. Steps taken to 
assure the numerical accuracy of the collect.ed· data should be documented In detail sufficient to 
permit the reviewer to judge their accuracy. 
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IV ll 4 Statistical Considerations in Toxicity Studies Continued 

A~ 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 bow animals were randoml1-ed Into their respective dose groups. 
Other information should include: 

• For each animal, length of time In the study, date of death, type of death (e.g. scheduled 
sacrifice, moribund sacrifice, animal found dead, tic.), and reason for early withdrawal from the 
study, if this occurred (e.g. escaped from cage). 

• Food, 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 operallng pr~ures occurred In taking the 
measurements, the nature of the deviation, the reason for the deviation, and Its Impact on the 
study should be dL~ussed. 

• 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). 

iii. f;esemaQon and.Jnjgpretation of Analytical Results 

Presentation of results of statistical analysis should Include a description of, and rationale for, 
all statistical methods used. Unless the method Ls weU-known (e.g. analysis of variance), references 
should be provided. A thorough discussion of the statistical analysis, Including reasons for the use 
of a particular analysis, ll5Sumpilons, conduct of the analysis, and validity of the conclusions, will 
guide FDA in deciding whether re-analysis of the data is needed. For each analysis of a relevant 
variable that is submitted, the following Information should be provided: 

• ~ific variables and analysis of variance: A statement Identifying the specific variable; if 
not obvious, a di=ssion of its relevance to the objoctives of the study should be included. 

• §tatistlcal model: The statistical model underlying the analysis; references should be 
provided, if necessary. 

• JjynQthesis: A statement of the hypothesis being tested and of the alternative hypothesis. 

• f_~lculation: A power calculation for tests that failed to reject the null hypothesis, 
particularly to Justify the adequacy of the sample siu,. 

• CoIJ.[i~ence intervals: The statistical methods used to estimate effects, construct confidence 
intervals, etc.; literature references shOuld be supplied when appropriate. 

• Outliers: The methods used 10 detect outlying data points (outliers) and the rea~ns why 
particular methods were selecte.d. Identified outliers should be studied In an attempt to 
determine the reason fo(their deviation from other data in_t.he set. 

• e,..ssumpjioM upderlyfn.g the statistical methods: It should be shown that, ln.sofar as t, 
statistically reasonable, the data satisfy crucial assumptions,:especially when such assumptions 
are necessary to confir,n the validity of an inference. For example, in deciding whether to use 
parametric or non-parametric methods, tests for normality and for equality of variances should 
be conductcd. · -
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Statistkal Considerations in Toxicity ,Studies Continued 

• l?urviv~.L~.!!.~~: Such analyses .. ;11 address the question of whether treated animals died 
earlier than control animals and will help determine if ireated animal~ lived long enough to 
enable treatment-related tumors to be detected. Animals that were killed or died accidentally 
too soon for the animal to have been at risk for a tumor should not be included in the 
survival analyses. 

• Analysis of tumors: 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 analyse.s 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. 

• Trend test: A trend test, when appropriate. This Includes not only a test for linearity, but 
a test for lack or fit as well. 

• PlotLQUrn.l!!.ts of summa!)'_data: Gare should be taken to generate plots that will convey 
the most information: For example, in studies with many animals In each dose group, it may 
be beuer to plot the mean and confidence limits or ±1 standard deviation than to a1tempt to 
plot individual data. 

The following points are also important In the presentation or collected data: 

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

• Parametric and l!Q!!.,f!•rametric anarnes or data: Parametric and non-parametric analyses of 
the same parameter at different time periods should be avoided. For example, If equality of 
varianres 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.t. does the preponderance of 
evidence point to equality of varianres or not). We recommend that thLs be done by 
convening p·values obtained to standard normal deviates (z-scores) and obtaining the p-value 
for the average score times the square root of the number or p-values. 

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

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

a, ~ndentJ.!M[imental parame,iers: If a given parameter. depends biologically on another 
parameter (i.t. organ welght'depends on body weight); then t~e depeiident parametershould 
be adjusted, as in analysLs ol co:variarice. 

• Time_gf_<!__eath: Time of d·eath should be reported as days from the start of the study. For 
example, If a study begins on January l, 1990 and the animal dies on January l, 1992, then the 
anima.1, died ,on ,Day, 730. 

• Reproduc1ion_studies; In reproduction studies, if a dam continues in the study after all 
pups have dir-0, the number of pups in her liner should be counted as 0. 
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JV ll 4 Statistical Considerations in Toxicity Studies Continued 

• ~atistical~~arisons: When statistical comparisons or data were not pre-planned, a 
statement on how bias was avoided in choosing the panicular analysis should be included. 

• Statistic: The statistic, the sampling distribution or the test statistic under the null 
hypothesis, the value or the test statistic, the significance level (Lt. p-value), a statement of 
whether the test used was one or two tailed, and intermediate summary data should be 
presented in a format that will enable the reviewer to verify the results or the analysis quickly 
and easily. In most cases, a copy or the computer output will provide the necessary 
information. For example, documentation of a two-sample t-test should Include the two 
sample si7.es, the mean and variance for each of the samples, the pooled estimate of variance, 
the value of the !·Statistic, the associated degrees or freedom, and the p-value. 

• Computer P.ro2rams: When possible, commonly available computer programs should be 
used; please consult with FDA statisticians about appropriate programs. U It is necessary to 
use a program wriuen by the petitioner itself, the program should be Cully documented, 
including: 

i) the source code; 

ii) test runs against 'known' results; that ts, textbook examples, examples worked by 
hand, or e,camples run with packaged programs. These test runs should cover every 
case that could arise in connection with the data In the petition. Test cases should be 
run both before and after the program ts used for the submitted data. 

iv. ~.P.Qrt fron1 CFSAN Statistical Reviewers 

In the case of a complex toxicity test or carcinogenicity bloassay, the petitioner ls encouraged 
to con~ult with CPSAN before submitting the petition to discuss relevant statistical considerations. 
Requests for comments by statL~tical reviewers on protocol~ for proposed toxicity studies can be sent 
to the CSO assigned to the petition (see Chapter n A). 

If unusual concerns arise during the conduct of a study, the petitioner may submit preliminary 
tabulations of the data and materials penaining to the statistical analysis to CFSAN for advice and 
guidance. 
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JV II 5. Diets for Toxicity Studies 

1ne effeeL~ of diet composition on the responses of experimental animals to xenobiotics have 
been reviewed.' Some of the most important effects Include: · 

• Diet composition may influence experimental results through effects on background rates of 
toxicology parameters, such as tumor incidence.• 

• Unreeogni7M or inadequately controlled nutritional and other dietary variables may alter 
the outcome and reproducibility of long-term toxicity studies.• 

• A number of nutrients and non-nutritive dietary romponents have been shown to enhance 
or inhibit carcinogenesis; thr.se include calories or energy, fat, protein, fiber, vitamins C and E, 
selenium, and lipotropes (methionine, choline, folacin, and vitamin Bu- Dietary fibers have 
been shown to redu~ enhance, or have no effect on the toxicity and carcinogenicity of 
chemlcats.d Detailed revi= of the Interactions or nutrients and carcinogens have been 
reported.' 

a. T)'pes of 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, com, oats, fish meal, soybean 
meal, or wheat bran and are characterized as open tormula or closed formula diets. The percentages 
of Ingredients In open formula diets are known, but the composition of closed formula diets is 
proprietary information.r Natural ingredient diets suppon growth and reproduction and are 
economical, commercially available, and satisfactory for studies involving additives that will not affect 
nutrient balanC<:S. 

• Belinsky el al (1987);1 Clayson (1975);' Conner and Newbeme (1984);' Mcydani (1987);' 
National Research Council Report (1982);5 Park and loannides (1981)' 

• Mitchell ti al. (1987);' Rader (1989)' 

' Rader (1989)1 

• Kritcheslcy ti al. (1986);' Omaye (1986)" 

'Conner and Newbcrnc (1984);' Ip (1987); 11 Kritchev.l:y et al (!985);u Newberne and Rogers 
(1986):" Rao (1988):" Reddy ti al (1980)ll 

' American Institute of Nutrition Report (1977)" 
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JV n 5 . Diets .ror ToA.icity Studies Continued · 

Limitations of natural ingredient diets for toxicity Studies include: 

• Variations in types and quantities of nutrients and other dletal)' components are due to 
several factors; for example, the composition of fibers may vary with their sources,• the mineral 
rontent of natural ingredient diets ean vary significantly among production batches, and 
specifications for essential dietal)' elements are not always met.• 

• Diet composition cannot be altered to study the effects or varying a panicular nutrient, 
which makes natural ingredient diets poor choices for research protocols in which nutrition 
may influence outcome. 

• Nutrient ex=ses well beyond their requirements, and the presence of other non-nutrients 
substances In natural Ingredient diets suppon rapid weight gain, pregnancy, and lactation In 
experimental animals and deae3Se the effects of many xenoblotics. 

• Finally, common contaminants of natural ingredient diets that can alter the response of 
laboratory animals to experimental treatment Include pesticides and mycotoxins.' 

The use of purific.d diet.! has been recommended to avoid some of the limitations associatc.d 
with the use of natural Ingredient diets.j Puf!fied diets usually contain refined proteins, 
carbohydrates, and faL Vitamin and mineral mixtures including hlthlY purified vitamins and 
inorganic salts also are added to purified diets.• AIN-76A, the most commonly used putilicd diet,' 
was formulated to provide a diet or known composition that was Intended to meet the known 
nutrient requirements of rodents; it supports growth, reproduction (generally, one or two 
generations), and lactation in a manner similar to natural Ingredient diets.• 

Advantages of using puri(ied diets for toxicil)' studies include: 

• Ability to reproduce nutrient conrentrations from batch to batch, 
to maintain the nutrient composition of a diet within a narrow range, and to alter the type 
and composition of dietary components.• 

• Wi<e and Gilburt (1980)11 

• Rader ti al. (1984)11 

' Ncwbeme and Rogers (1986);\' Fox tt al (1976)1• 

• Ncwbeme and Rogers (1986);" National Research Council Repon (1978);20 Ross ti al. 
(1980)11 

• American Institute of Nutrition Report (1977)11 

I Rao (1988)1' 

• American Institute of Nutrition Report (lm)" 

• National Research Council Report (1978)" 
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IV }l S Diets for Tox.iciiy Studies Continued 

• Use of purified diets usually decreases dietary intake of 
contaminants such as pesticide residues, heavy metals, enzyme inducers and other agents that 
may alter the responses of test animal~ to experimental treatment.• 

Di~dvantages of using purified diets for toxicity studies include: 

• Difficulty in assessing the impact of purified diets on animal survival and toxicology 
endpoints because adequate historical data regarding the use of such diets is Jacldng; 

• Lacie of Information about the suitability of purified diets for long-term studies, although 
some researchers have used purified diets suci.:essfully for up to 56 weeks;' 

• Errors that may occur In the preparation of purified diets may be more critical than similar 
errors 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 
purified diets in long-term studies have not been satisfactory.• 

b. Issues to Consider when Select!~ and Preparlne Diets for Animals In Toxicity Studies 

Toe following are important i.lSues to consider when selecting diets for animals in toxicity 
studies: 

• Protein requirements for maintenance and growth of laboratory animals are well 
characterized,• but this is not true for most nutrients. Nutrient needsr and metabolism of 
xenobioti~ cbnge with age. Hence, the general practice of feeding a single diet throughout 
the life cycle of experimental animals may be inapproprlate--nutritlonal deficiencies may occur 
during phases or rapid growth and development In young animals and nutrient excess may 
oceur in older anirnal1. 

" Individual ingredients In purified diets may cause problems in long:terrn studies. For 
example, purified diets high In Ingredients such as casein and sucrnse may stick to the hair of 
rodents and cause excessive grooming. Purified sugars as the sole source of carbohydrates in 
diets that are low In dietary fiber may cause diarrhea, resulting in problems of digestion and 
absorption of other nutrients. 

• Rao (1988);1' National Research Council Report (1978);26 Ross ,1 al (1980)21 

' Cnlo;e ti Dl (19?8);i> Cruse ti Dl (J978)tl 

' National Researc_h Council Report (1978)"' 

•, Mitchell ,1 al. (1987);' Hamm ,1 al. (1982);"' Nguyen and Woodard (1980);" Harwood 
(1982);" Mooinsky ti al (1982)" 

• National Research Council Report (1978)"' 

I Munro (19&5)" 

• Garaltini (1985);" Welling (1965)" 
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iv 11 s l>icts· for Toxicity Studies Continued 

• For reasons that are inc.omplctely understood, animals may not reproduce well when fed 
purified diets. The c.omponents in natural ingredient diets that are re<juired to support 
reproduction have not been defined. 

• Toxic chemical< 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 
erfect Is expected to occur in a long-term study, pair-feeding can be used to eliminate 
differences in food intake among experimental groups; !his is the preferred method for 
ensuring that differences In energy or nutrient intake have not caused the observed 
experimental results or complicated their 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 or a chemical 
carcinogen. When pair-feeding studies are recommended to eliminate differences in food 
intake among experimental groups, animals should be single-caged and food consumption 
should be carelully and accurately determined for each animal In the study. 

• When the test substance is added to the diet, accurate records of food consumption must be 
maintaincd to determine the administered d05e 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 quantities, it must replace a dietary 
ingredient or the nwient and energy contents of the diet will be significantly diluted (see 
Chapter vrr JI l). The nutrient and energy contents of control diets also must be adjusted to 
match those of experimental diets. One recommended strategy is to make the control and test 
diets isocaloric. If food consumption among groups of experimental animals has been 
equalized, then equal densities of metabolil.able energy In the diets will equalize nutrient 
intake across the groups.' 

• When oil is used as the gavage vehicle for fat-ooluble test substances, the necessity of 
including a vehicle-control group in the study may introduce some problems.• Uthe quantity 
of oil administered dally by gavage .contributes slgnl6cantly to the total 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 llmited to 0.3 to 0.4 ml/100 g of body 
weight and the use of a tow.fat diet should be considered. 

• Related issues are discussed in the following chapters: 1) control diets for test animals in 
Chapter IV B I l).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 VII JI. 

• Leveille and Cloutier (1987)" 

• Nutrition Foundation Report (1983)" 
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JV C. Guidelines for Recommended Toxicity Studies 

I. Short-Term Tests for Genetic Toxicity 

H)A re.commends the use of a variety or shon-term genetic toxicity te.sts for all chemicals that 
are direct food additives or color additives used in foods, including chemicals associated with 
Concern Levels I, II, and Ill (see F'lgurt 3 in Chapltt m B 1), The Agency uses the data from 
genetic toxicity assays to assist In the evaluation or animal carcinogenicity data. It is also recognized 
that genetic toxicity assays can be used for determination of heritable effects of chemicals (refer to 
Chapter VII G entitled 'Shon-term Te.sts for Heritable and Somatic Oenetic Toxicity'). 

n. Jlennltlon of GcncUc Toxicity Testing 

Genetic toxicity tests are used 10 determine the ability of chemicals to cause molecular changes 
in the DNA or structural or numerical changes In chromosomes of cells. These tests are performed 
for two distinct reasons: l) to test chemicals for potential carcinogenicity or 2) to 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 r.ells from muhi-oellular anlmals, as well as ill vivo tests using Insects, plants, 
and mammals. Both in vuro and in vivo tests can be funher characteriMd and grouped on the basl~ 
of the endpoint detected. Presently, genetic toxicity assays can be divided into three major groups: 
I) forward and reverse mutations (e.g. point mutations, deletion mutations, ttc. ]; 2) clastogenlcity 
assays detecting structural and numerical changes in chromosomes (e.g. chromosome aberrations, 
h\icronuclei, m.J; and 3) awiys that identify DNA damage (e.g. DNA strand breaks, unscheduled 
DNA synthesis, etc.). · 

b. Rationale tor Stl~lon ot Spednc Genetic Toxlclty Endpolllts 

Increasing evidenoe Indicates that, although mccbanL~ms that do not directly involve changes in 
the DNA are al,o passlble, multiple genetic events including suppressor gene loss or Inactivation and 
oncogene _activation can contribute to the neoplastic transformation of oells. Studies in several 
rodent models imply that oncogene.s are activated by chemical carcinogens and that this activation 
process can be a significant early step In tumor induction. Although the mechanism or 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 
important in neoplastic transformation Is not known, but lt Is now generally a=pted that multiple 
cve.nts must occur in a oell before it becomes malignanL Taken together, these studies provide 
suppon ror the use or genetic toxicity tests, and they corroborate the signlficant association between 
the carcinogenicity and mutagenicity of many chemicals. 

Over the past 15 years, considerable etron bas been directed to the development or genetic 
toxicity tests arid to evaluating their ability to identify chemical carcinogens. Although recent 
analyses have sho"1l that overall correlations.between carcinogens.and mutagens are imperfect,' 
promising alternative approaches are being developed. Because or the complexity or 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 onrogenesls is 
generally agreed to proce.e,ct, there will probably never be complete agreement between the results of 

• Tennant rr al. (1987);1 A~hby and Tennant (1988);2 and A<hby and Tennant (1991)' 
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IV Cl Shori-Term Trsts for Genetic Toxicity C-.on1inucd 

i11 vivo carcinogenici1y 1csts and !hose oblained in genelic toxicity tests. Since some chemical 
carcinogens do no1 induce all types of genclic toxici1y endpoints, and many others do not interact 
directly with cellular DNA. genetic 1oxicity tests will result in some 'false negative' results. This 
indiC3tes that the usefulness of such tests is limited to detection of those carcinogenic agents that are 
direc1ly ac1ive al lhe gene1ic level. Because of this, the particular battery of tests used always should 
be chosen knowledgeably. 

c. Test Battery ror Genetic Toidclty Testing 

Multiple 1ests arc 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 
netded because it is important to have parallel evaluation for different molecular mechanisms, Le., 
gene mutations and chromosomal aberrations. Additionally, no single test can detect the activity of 
all chemicals, and it is known that certain 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 usefol. These endpoints reflect 
different underlying molecular events, and certain chemical1 may cause one or more of these effectS. 
In the absence of information that would indicate that thCM) 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 typhimurilim; 

, gene mutation in mammalian cells in vitro'; and 

, cytogcnetic damage in vivo.I 

i. Gene Mutation in Salmonella typhimurium 

a) EfillllQint r>escriptiorr: The Salmonella 1J1>himurium mutagenicity assay measures 
reversion from histidine dependence (his') to histidine independence (his•) In several strains of 
bacteria. The changes are induced by agents that cause base-pair substitutions or frameshlfts in 
genes of the hl1tldine operon. 

• FDA recommends the use of either the L5178Y mouse lymphoma cells {thymidine kinase locus 
(TK•1·p or another cell line with an au1osomal locus that has a documented high sensitivity to 
mutagcnic chemicals {e.g. Chinese hamster ovary (Cl-10.J AS52 cell1}. 

• CFSAN highly rerommcnds the concurrent detection of micronuclei and chromosome aberrations 
in the mouse bone marrow; however, it will ronsider data from a mouse micronucleus test alone, or a 
chromosome aberration test using mouse (or rat) bone marrow. 
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b) Test froCC!IJ!.!.<,: The recommended prooo:!ure to be used for the Salmonella 
typhimurimn reverse mutation assay L~ the plate incorporation method described by Ames and 
co-workers;• however, data from the pre-incubation and suspension method will also be 
con~idered.• 

The recommended Salmonella ryphimurium tester strains for the mutation assay are TA98, 
TAIOO, TAl535 and TA!537. TA98 and TAlOO should comain the R-facror plasmid (pKM-101) 
which enhances sensitivity to some mutagens, presumably by modifying an endogenous bacteria! 
DNA repair polymerase complex involved with mismatch-repair processes. In addition, strains TA98, 
TAIOO, TAIS3S, and TAl537 should contain the ,fa and uvrB mutations which enhanoe their 
serultivity to mutageru. The rfa mu!Jltlon results in the Joss of one of the enzymes responsll>le for 
the synthesb of pan of the llposaccharide barrier of the bacterial cell wall which in turn results in 
increased permeability to cenaln classes of chemicals. The uvrB mutation results in a deficient DNA 
excision repair ~tern. The use of strain TA1538 is not considered to be generally nectSSary if 
strain TA98 b 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 Sa/m(mtl/a f)phimurium mutation assay can be performed as a direct plate incorporation 
assay, a preincubatlon assay, or a suspension assay. The direct plate incorporation Salmonella 
typhimurium muuition assay Involves mllClng the test chemical dose, bacteria and molten agar (• S9) 
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 as,say the bacteria are exposed to the test chemical (• 
S9} In a liquid suspension, washed free of the test chemical, and plated on selective medium; 
bacteria from the same suspension are diluted and plated on a similar medium containing biotin and 
histidine to determine viable counts.• 

In the preincubation assay the bacteria and te.'lt chemical are mixed In a tube {t S9) and 
incubated at 30-37'C for 20.30 minutes. The test chemical is added after the bacteria (• S9) to 
ensure that the bacteria are not subjected to excessively high, and possibly toxic, concentrations of 
the chemical. To ensure the integrity of the S9, the reaction tube should be kept on ice one minute 
or Jess prior to addition of the test chemical. The top agar with the test chemical L1 added to the 
tubes after the prelncubation, the contents are mixed, and the mixture ls poured immediately into 
the Petri dish containing the base agar. 

ii. Q.~ne Mutation in Mammaiian Cells In Vitro: 

a) Endpoint Description: FDA currently recommends the use of an in vitro mutation 
assay that employs a rell line capable of measuring single gene point muuitions, frame-shift 
mutations, and chromosomal mutations (i.e. mu!Jltions that affect or involve more than one 
gene or multiple loci). In contra\t, the Agency docs 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 (le. systems that select 
for mutation.~ at the hgprt locus which fa located on a sex chromosome). 

• Ames ,t al. (1975);' Maron and Ames (1983)' 

I Refer to Codt of Ftdua/ Rtgulations at 40 cm. 1798.5265 (1990). 

' Mitchell (1978)' 
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lo satisfy these criteria, FDA recommends the use of the mouse lymphoma (ML) mutation 
assay wl,ich me,asurcs the conversion of LS178Y cells from thymidlne kinase independence (tk') to 
thymidine kinase dependence (tic). The marker generally used in L5178Y cells to detect the 
mu1agenic event is rcsi11anee to trifiuorothymidine (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 to evaluate the mutagenic activity of chemicals that had 
been tested in rodent bioa~ys.• 

Nevenheless, FDA will con.1ider data from other in vitro 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 (gpt locus)' and the parental and transgenic human 
lymphoblastoid cell line AHIH (lk"· locus)', or any of its transgenic subllnes containing human 
cytochrome p4SO cDNA have been sufficiently developed and validated. If a petitioner uses the h?JJn 
locus In Chinese hamster ovaty (CHO)• or V79 cells1, then he/She should also submit data from a 
second system measuring mutations at an autosomal locus (i.e. CHO-ASS2 cells). likewise, if the 
petitioner wishes to submit data from another system entirely, this test system should have a 
sensitivity for detecting mutageM comparable to the ML system, the system should have a large and 
validated database, and the data should be accompanied by a scientific Justification for use of the 
alternative test procooure. 

b) Test Procedure: General guidelines for detection of gene mutations in somatic cells in 
tissue culture have been reponed.• 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. [Ir a tm1sgenlc cell line transfecied with a specific 1'450 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, cytotoxiclty 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 &elective and non-selective medium to determine the mutant 
frequency per surviving cell. General procedures for testing are descn'bed for the L5178Y 
system by Clive and coworkers• 

• Refer to Dr. W. Ca~paty, NTP Chemtrack ~tern, Division of Toxicology Research and Testing, 
National Jn.~titute of Environmental Health Science (NIEHS) 

• McGregor ti al. (1987);1 McGregor tt al. (1988);1 McGregor ti al. (1988);' Mitchell tr al. 
(1988);" Myhr and Caspaty (1988);11 Myhr ti al. (1990)ll 

• Tindall ti al. (1984);" Stankowsl:i and·Tmdall (1987);11 Tindall and Stankowski {1987)!' 

• Crespi and Tilly (1984);" Crespi ti.al. (1989);". l.Joer and Tilly (1982)" . 

' Usie ti al. (1981);11 Li ti at (1990)" 

r Bradley ti al. (1981)" 

• Refer to Codt of Ftderal R,gullltiom at 40 CFR 1798.5300. 

• Clive and Spector (1975);21 Clive ti al. (1979);2' Clive ti aL (1990)" 

91 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Oo,l't 

IV Ci Shorl-Tenn Tests. for Genetic Toxicity Continued 

a) ~oint Descr.ipJions: Cytogenetic damage can be evaluated in vivo using several 
different endpoints, including: chromosome aberrations, mlcronuclei, sL~ter chromatid 
exchanges, and non-disjunction events (it. aneuploidy/polyploidy). FDA recommends the use 
of assays which detect mieronuclei or chromosome aberrations for the assessment of 
cytogenetic damage. Structural chromosomal aberrations Include a variety of cytogenetic 
damage such as breaks, terminal and interstitial deletions, rings, translocatlons and dicentrics. 

To meet there criteria, FDA recommends the concurrent detection of micronuclei of 
circulating erythrocytes and chromosome aberrations In marrow cells of the mouse. Nevenheless, 
the Agency will consider data from only one of these two assays, or a test for chromosome 
aberrations using rat marrow. While chromosome aberrations can be detected in many mammalian 
species, and detection of m!eronuclel Is not limited to the mouse, the above mentioned assays were 
selected because they have large databases and standardized protocols have been developed. 

b) Test Procedures: In in vivo cytogenetic IISSays for chromosome aberrations,• the 
animals are treated with the test substance and, prior to harvesting, the marrow cells arc 
trc.itcd with a spindle Inhibitor to .arrest the cells In metaphase. Oiromosome preparations 
are made, staine(J, and analyzed for chromosome aberrations.~ In the micronucleus assay,' 
DNA-containing micronuclei are detected In polyehromatlc erythrocytes through special 
staining techniques.' The implicit advantage of both of these in vivo assays over ill vitro 11SSays 
L~ that cells within a whole living animal are given the opportunity to metabolire the test 
substance under natural conditions. 

The Agency also considered recommending. the use of the sister chromatid exchange (SCE) 
assay, but decided against this based on the result& and analysis of data from the NTP study of 73 
compounds. The results Indicated that response., In the In vitro SCE assay using CHO celis were 
essentially Independent of exogenous metabolic activation requirements.• 

• Prtsfoii ti al (1981);" Preston tlal '(1981)"' ·· ·· 

• The rcrornmeoded pr=4ure for testing (or the induction of chromosome aberrations is described 
in the Codt of Ftdaal Regulariom at 40 CFR t798.5385. 

'Heddie ,1 al (19&3);21 McGregor ti al (1987)21 · 

' The rerommcndcd procedure for the mouse mieronucieus assay can be found in the Codt of 
Ftdera/ Regulations at 40 CFR 1798.5395. 

• Tennant et al. (1987)1 
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d. Additlonnl Scientifically Justined Genetic Toxicity Tests 

l·DA rerogni?.es the necessity of taking into acrount structure/activity information before 
selecting specific genetic toxicity tests,' and acknowledges the existence or non-genotoxic carcinogens 
which should be dealt with separately.• Furthermore, the Agency acknowlC<lges that additional, 
scientifically justifiable, short-term bi vitro tests may be neded to fully evaluate the genetic toxicity 
or a test sul>stance. Thus, FDA may recommend ei,;panding the recommended test battery, on a 
case-by-case basi~. to include either variations of tests described above, or different tests to evaluate 
the genetic toxicity of test chemicals. 

There are a number of genetic toxicity tests being developed that can provide Information 
about the potential carclnogenicity/mutagenicity of a substance. 1bese assays are considered to be 
useful and data from them can supplement the information obtained from the recommended battery 
of tests. Two such tests are described briefly below. 

i. In Vitro Mammalian Cell Transformation A~y 

a) J,ndpolnt DescripJ!Q_q: A morphological change (i.e. transformation) Is observed In a 
rolony of wild type cells within a rontact-lnhlbited monolayer of normal cells. The 
morphological change is characteri1.ed by piling of the cells In an Irregular, aiss-cross pattern 
that represents a loss of normal growth Inhibition and cell-cell orientation. 

b) Test )'.rocedure: The methodology for BALB/c-31'3 cell transformation assay (· S9) 
was first described by Kakunaga,• and revisions of that procedure were rerommendC<I by an 
!ARC/NCI/EPA Working Group' and a recent NTP program.• In the BALB/c-3T3 
transformation assay, rapidly growing cells are seeded and grown as a monolayer tissue culture. 
These cultures are ei,;posed to the test substance for 43-hoWli (days 2-4 after seeding), washed 
to remove the test chemical, and refed bi-weekly for a total culture periOd of 28-days. 
Cytotoxicity of the test chemical is measuroo In a co-culture clonal survival assay.' 

f·DA currently recommends use of the BALB/c-3T3 cell trall!lfonnation assay over other 
transformation assays because this assay has been performed on >200 chemicals tested under 
identical experimental rondltio!L~ In addition, thi~ assay has been shown to be capable of selectively 
detecting non-mutagenic carcinogens.• Finally, this is the only trall!lformation assay for which a 

• Refer to Chapter II C In the 1992 Agency Guidelines; Ashby an<! Tennant (1991);1 Klopman 
et al. (1990);" Rosenkranz and Ennever (1988);!6 Rosenkranz and Klopman (1990);31 Rosenkranz 
and Klopman (1990);11 Rosenlmm1. et al (1990)33 

• Ashby and Tennant (1988);2 Ashby and Tennant (1991)1 

' Kakunaga (1973)" 

• JARC/NCI/RPA Working Group (19&5)" 

• Matthews (1986);,. Mauhcws ti al (1993)" 

I Matthews (1993)" 

• Matthews ti al. (1993)" Matth~~ tt al (1993)" 
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structure/activity relationship model has been developed to interpret the transformation responses of 
genotoxic and non-genotoxic chemicals.• 

The Agency acknowledges that a number of different cell transformation assays are available 
for measuring chemically·induood morphological transformation of cells; however, the Agency 
believes that these systems have not been sufficiently developed at this time. Such additional cell 
transformation assays use continuous cell lines (e.g. the C3HlOT Ill 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 
infoctcd with Simian adenovirus SA7 assay). 

if, DNA Damage In Mammalian Cells (Unscheduled DNA Synthesis) 

a) Endpoint 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 polymeriution and ligation to restore the original DNA structure. 

b) Test Proce.lure In the standard hepatocyte/DNA repair assay,• primary rat hepatocytes 
are ~sed to the test substance in medlum containing 'H-thymldine. At the end of the 
treatment period, the cells are fixed and exposed to autoradlographic emulsion. to determinate 
the amount of labeled thym!dine incorporated into the DNA. At the end of the ~ure 
period, the slides are developed and the cells are stained. Nuclear and cytoplasmic grains are 
then counted and used to calculate net nuclear grains. 

The Agency recogn!1.es that the standard in vitro UDS assay Is Insensitive to some 
hepa l()carcinogens and other species- and organ-speclli~ carcinogens, and has a high false-negative 
rate, as determined In an evaluation by th~ NTP.• More recent studies, however, indicate that the 
sensitivity of this assay can be enhanced by pre-treatment of the animals with mixed-function oxida1e 
(MFO) Inducers.• Acrordingly, If a chemical gives a negative u.spon.~ with hepatocytes from un­
induced animal\ the test should be repeated with hepatocytes from Induced animal1. 

An in vivo/in vitro variation of the UDS assay also has been developed and can be used as an 
alternative test.• In thi1 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 ,1 al. (19'J3)" 

'William\ G.M. ti al. (1982);" Butterworth, B.E. et al. (1987);" Butterworth, B.E. et al. (1987)" 

' Tennant, R.W. ti al. (1987)1 

' Shaddock, J.G. ti al. (1989);" Shaddock, J.G. ,r al. (1990)" 

' Bullerworth, B.H. ti al. (1987b)<l 

94 .., 
(0 
0 
.f> 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Draft 

IV Cl Short'.Term Tests for Genetic To:i:icity Continued 

<. Standards for Accept•bility of Test Results 

FDA has minimum standards of aro:ptability for short-tenn genetic toJdcity test.5. Tests which 
do not meet these standards may be unacceptable for evaluating genetic toxicity of the test 
substance. 

Experimental Parameters 

a) )illllicate Experiments: For in vitro tests, the test substance should be tested in 
independent (le. different times), replicate experimental trials; the repeat experiment should 
use the same method but with fresh reagents and cells. In addition, FDA rewmmends that 
the replicate experiment use doses of the test chemical that are adjusted from the first 
experiment to optimlre detection of genetic toxicity. The Agency rewmmends that the test 
substance be evaluated In replicate experiments whether the substance is considered _to be 
active, inactive, or equivocal in the first experiment 

b) ~licates of Tre.i![ncnt Dose§: The Agency recommends that substances evaluated in 
the in vitro assays use the current recommended number of replicates of each dose (e.g. 
triplicate doses for the Salmonella typhimurium assay and triplicate doses for the ML assay). 
In the in vivo 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 least 1000 erythrocytes. 

c) Negative Control: Amptable concurrent negative control data should be submitted 
for each test .. Negative control data should be obtained from animals or cultures treated with 
the solvent used to sotubilire the tesi compound. The solvent should lie used at the maximum 
concentration used in experimental groups; this concentration should have no effect on 
animals, or cell growth, cell survival, or mutagenlc response. To ensure that a non-aqueous 
solvent is not having an adverse effect on mammallan cells In culture, an aqueous medium 
control should also be included. 

d) Positive Con1rol: Acceptable, concurrent positive control data should be submitted for 
each test. Dose levels for positive conlrol 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 use, 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 is present > 

e) Treatment Dur.illQ!!: The Agency recommends that duration of treatment with the 
test chemical in genetic toxicity assays be consl~tent with current optimal treatment time (e.g. 
48-hours for the direct plate incorporation method of the Salmonella typhimurium reverse 
mutation assay). 

I) fo:ggenous Activation Sysjem: In ill vitro assays detecting chemical-induced mutations 
. in p.rocaryotic a.r~ e~karyNic.cells, the test substa_n~ ~h!!~l~ 1,e tested i!i. !~t pres\ln.ce of an . 
exogenous activation system. The most common exogenous activation system Is Aroclor 1254· 
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indue<:d rat liver.' While other 1ypcs of S-9 may l>c a=piable, !heir use should be justified in 
the report. When the chemical being testro i1 known to be activatro more effectively by a 
different type of S-9, then that S-9 should be used in addition to the Aroclor 1254-indueed ra1 
liver S-9. ror chemicals likely to be metabolized extensively by pathways that do not oc.:ur in 
the liver S-9 activation system, additional modifications may t,c necessary. 

Filtration of the S-9 or S-9 mix may lead to loss of enzyme activity.• Therefore, liver S-9 
should be preparoo using aseptic techniques so that subsequent filter-sterilization is not requirro. 
Each batch of S-9, whether produced by the testing laboratory or obtainro commercially, should be 
rested for sterility and discardoo if con1aminated. 

The composition of the S-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 usro in the S-9 mix since thls value is not specified by Ames tt aL • or by Maron and Ames'. In 
general, the amount of S-9 in the S-9 mix should be in the range of 4% to 10%, corresponding to 
20-50 ii per plate. Amounts outside of this range should be justified in the report, for example, by 
documenting that chemicals or a particular class are more readily detectro as mutagens at another S-
9 concentration. Also, any deviations from cofactor mix components or concentrations specified by 
Maron and Ames' should be Justified. 

ii. Test Substance .Parameters 

a) Selection or the Solvent Control: Whenever possible, the solvent vehicle control 
should be an aqueous bufferoo solution. When a chemical is Insufficiently soluble in aqueous 
solvents, then an appropriate· solvent vehicle should be used to maximize solubility of the test 
compound in culture mooium. The solvent vehicle could be an organic solvent such as 
ac.:tone, dimethyl sulfoxide, or ethanol or a ·non-ionic surfactant such as pluronic F68. In 
some eases, experiments with and without the solvent are necessary -io document that the 
solvent itself has no mutagenlc effect. In addition, positive control chemical~ should be 
dissolved in alternative solvents other than a buffered aqueous solution to show that the 
solvent docs not affect results obtainoo from positive control chemicals." 

b) Range-findingp$riment: Preliminary toxicity tests should be performro to assist in 
selecting the highest dose used in mutagenicity and cytogenetic assays. Such tests should be 
executed using precisely the same protocol that will be used for the standard assay; however, 
the recommendoo number or replicate doses (or Salmontlla typhimurium tester strains) may be 
reduced. In the in vitro assay, cytotoxicity is usually manifested by a significant decrease in the 
number or spontaneous colonies of cells (or revertants) per plate. In the in vivo cytogenetics 
assay, toxicity 1.1 measured In terms of a demonstrable effect on rodent marrow (e.g. cell cycle 
delay). 

• The Agency is aware or the current safety and disposal considerations with aroclor; thus, other 
inducing,agents are under consideration·and may betome more Widely ac.:eptro in the near future. 
Crilical to the acceptance of other inducing agents will be the existence of appropriate validation studies 
and sufficient data to compare their effectiveness with the aroclor S9. Please consult with CFSAN 
scientists before sclc.cting an alternate to aroclor. 

• Maron and Ames (1983)' 
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IV C l - ·· Short-Term Tests for Gc.ncllc Toxicity Continued 

c) Sclcc1i9n or TLcalmcnl Doses: Test substances should be tested using five or more 
treatment doses in in virro muiation assays using procaryotic or eukaryotic cells. Furthermore, 
when possible, one or more dose levels should be clearly cytotoxic to the target organism. 

In the vi vivo cytogenctlcs assays, the highest treatment dose (HTD} should be either the H11) 

to a maximum of 25 mM, or a dose producing some indication of cytotoxicity (e.g. partial inhibition 
or mitosis}. Toxic chemicals should be tested in at least one experiment with three or more doses in 
which a dose-related change in cytotol<icity 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 HID. 

In all of the recommended genetic toxicity tests, as well as additional scientifically Justified 
tests, test chemicals should be tested using a dilution scheme which includes more than two doses 
per 10-fold dilution or the test chemical (i.e. 1:2-fold dilutions of 1000, SOO, 250 ugtml, ttc.). In 
general, doses should be approximately evenly (geometrically} spaced. Testing at 10-fold Intervals 
between doses, or u.1ing other dilution schemes, incurs the risk of missing a crucial Intermediate 
dose. 

d} Highest Treatment Dose: Test substanres which are relatively non-cytotoxic to the 
target cell should be tested at the highest, scientifically Justified, treatment dose (HTD). Since 
test substanres have a wide range of molecular weights, we recommend a Hll> of 25 mM, in 
the absence of solubility problems. Thus, a solid, non-cytotoxic chemical with a molecular 
weight or 200 and no solubility problems would have a HID of S mg/ml in vitro (or S mg/kg 
bw in vivo}. This dose can be lowered IC the test substance elicits one or more of the 
physicochemical problems listed below. This lflD rule is based upon the Agency's concern 
that some chemicals may be tested at concentrations that could significantly affect the 
osmolarlty of the culture incdium. If the highest dose used Is lower than the HID, then the 
highest dose used should be clearly toxic to the cells In each 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 mixture ls 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 to each plate, unless this is not possible because of toxicity 
or limited solubility. 

iii. Additional Concerns 

a} Criteria for a Valid ~riment: The study should describe the criteria that were used 
to determine whether the experiment is valid. For example, the Salmonella ryphimurium 
mutation assay usually bas six or more criteria for a valid experiment: 

........... ·.· ..... 
• agar culture vessels were tested and shown to be sterile; 
• tester strains with the rfa cell wall mutation were sensitive to crystal violet; 
• TA98 and TAIOO were tested and found resistant_ to amplcil)in;_ . _ , 
• adequate titers or tester mains were used in the study (e.g. SxlO' cells}; 
• all positive controls induced ? 3-fold increase in revertants/plate; and 
i a minimum of 3 non-toxic dose level~ were usod. 

b) ~copja~ma and Microbial Contamination: All continuous cell lines used for genetic 
tol<icity tests should be checked routinely for mycoplasma contamination. Documentation 
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IV CI Short-Term Tests for Genetic Toxicity Continued 

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

c) fulli:rimental Losses due to Contamination: The loss of experimental samples because 
of microbial contamination and other accidental causes should be minimal. Assays having too 
many dose.s or replicates missing because or contamination or other technical errors may not 
be considcrf<I acceptable. In general such assays should be repeatf<I, 

d) Additional Protocol Deviations: The experimental methods actually used in genetic 
toxicity tests may vary somewhat from laboratory to lat>oratory and from the recommended 
guidelines. Such variations may be acceptable as long as they are described fully in the study. 
For example, alternative tester strains have been developed for use in the SalmoMlla 
ryphimurium reverse mutation assay. Likewise, \he medium in which cells were grown 
{including the manulacturer 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. 

r. Data Coilcctlon and Evaluation 

Genetic toxicity data can be obtained by hand or automatic colony counters, but the method 
used should be specified in the report. If an automatic counter i.s used, the type or 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 U corrected counts are submitted. 

Test substance cytotoxicity sometimes results in the appearance of relatively small colonies of 
revcnant cells in the Salmonella ryphimurium and ML mutagenesis assays. Since the biological 
meaning of these small colonies l\ 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 test substance actlvily. If unusually small colonies are considered to be significant 
observations, then a number of the small colonies should be l\()lated and analyzed for stability of 
this phenotYVic 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 ryphimurium 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 determining wh~ther or no't ·a result is positive Include: 1) an increase of at least 2-fold 
over the spontaneous level at two or more corisecutive doses or at the highest non-toxic dose tested 
and 2) a reproducible dose-dependent response. The so-called "2·fold rule' Is often modified to a '3-
[old rule' when the spontaneous coun_t is low,'for ~l)lple JO'o~ less: 

These criteria are only general guidelines. When only a single dose appears to give a positive 
response, it is important foi repeat 'tests \0 be perfoi-rried at'sm:iiler dost'intervals to see if the · 
response is reproducible and if a dose-dependent response can be seen. When marginal or not 

• Maron and Ames (1983)' 
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completely reproducible results arc obtained, it may be useful to vary the protocol somewhat, for 
example by altering the amount or type o[ 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. 

g. Reporting R«1ulrements 

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 II 2). The report should include: 

I a detailed protocol that contains the information required by Oood Laboratory Practice 
regulations for Non-clinical Laboratory Studies; · 

• scientific Justlficatlon(s) for deviations from recommended guidelines; 

• an adequate description of the tcst.~tem (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, (or any transrormed data 
submitted; 

• historical negative and positive control data for a recent sequence of experiments, In 
addition t_o concurrent negative and positive control data [These data will be used to 
determine' the acceptability or the concurrent solvent and positive controls; the solvent control 
values should be within the historical range established by a particular laboratol)' and should 
be consistent with published values for each particular ~tem); 

• a statement by the petitioner as to why he/She feels that the tests that were done are 
capable of detecting genetic toxicity In the specific ehemlcal(s) tested: and 

• a description or physicochemical properties of any test substance that could cause iechnical 
difficulties in testing the compound, as well as any problems incurred In the test experiments. 

Physicochemical properties that can cause technical difficulties may include, but are not limited to: 

• volatility (for liquid test substances); 

• acidity and albllnity (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 

• reactivity {Reactivity problems may include reaction of the test substance with the plastic 
culture vessel, with functional .groups on biochemicals in t~e medium (or cells), light and 
temperature sensitivity, sensitivity to air (Le. oxygen), and other problems that could affect the 
activity or the test substance in the genetic toxicity assay.}. 

99 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

llran 

JV C 2, Acute Oral Toxicity Tests 

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

• deal with cas.es of accidental ingestion or a large amount or the material (e.g., for poison 
u,ntrol information); 

• determine possible target organs that should be serut!ni7.ed and/or special tests that should 
be conducted In repeated-dose toxicity tests;• and 

• select doses 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 necropsied. 
Some acute toxicity tests (such as the 'classical' LDio test) are designed to determine the mean lethal 
dose of the test substance. The median lethal dose (or LD,.) Is defined as the dose of a test 
substance that is lethal for 50% of the animals in a dose group. LD., values have been used to 
compare relative acute haiards of industrial chemicals, especially when no other toxicology data are 
available for the chemicals. However, many important obseMtlons of toxicity are not represented 
by LD,. values or by slopes of dose-response curves for letbaUty. For example, information about 
morbidity and pathogenesis may have more toxicological signJficance tllan mortality, and these 
endpoints also should~ evaluated in short term toxicity tests. 

The Agency does not recommend that petitioners determine the median lethal dose (or LDio) 
!or direct food additives or color additives used In food. However, tr a petitioner decides 10 conduct 
an acute oral toxicity test, alternative test protocols can provide useful Information about the acute 
toKicity or a substance.• These protocols generally use fewer animals, and are thus more cost 
efficient, than tests designed to determine LDw.' The following guidelines should help the 
petitioner design acute oral toxicity tests when the petitioner has decided that such information is 
useful: 

e The main focus or the acute toxicity test should be on observing the symptoms and recovery 
ol the test animal<, rather than on determining the median lethal dose (LD,.) or the substance. 

• 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 studied in an acute toxicity test; generally, the female is assumed to 
be more sensitive to the acute toxic effectS of chemicals than the male.' 

• Gad and Chcngeli< (1988)". 

·, Litchfield and Wilcoxon (1949)' 

' FDA I.D,. tc.t policy (1988)' 

• Gad and Chcngelis (198.8)" 
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• Before deciding on the dose of a test compound that will be used in s1udying i1s acute 
toxicity, the compound's chemical and physical characteristics (including molecular weight, 
pMlition coerficient, and the toxicity of relaled chemicals) should be considered; otherwise, 
oral 1oxici1y .. including le1hali1y.-caused by relatively large doses of a chemical may have no 
biological relevance to the chemical's effects at lower doses.• 

The following brief descriptions ol oral toxicity tr.s\S may help the petitioner choose a test that 
meets his needs: detailed in(ormacion about each type of lest Is available in the referenced macerial. 

a. IJmU 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 10 several (perhaps 5) animals that have been fasted (overnight for rats, 4 hours for mice). 
Test animals should be observed closely for up to 14 days; symptoms of toxicity and recovery should 
be noted. Gross and hlstopathological 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 10 test higher dosages. Toe acute toxicity of the compound can lhen be expressed as being 
greater than 5 gm (or ml)/1::g body weight of the test animal. This method Is called the ·um!t test." 
In general, S gm or S ml of the test substanceilcg body weight Is the practical upper limit for the 
amount of lest ma1erial that can be administered in one oral ga_vage dose to a rodent. 

Ir there are deathS folloWing administration of an acute dose or S gm/kg body weight, then a 
lower dose should be administered ro severai'(perhaps S) animals and the results evaluated as 
discussed above. For compounds expected to be acutely toxic at S gm/kg bOdy weight, it would \>e 
wise to select a lower initial •limit' dose. 

b. llose·Problng 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 to,icity test, one animal per eaeh of 3 widely spaced dosages should 
be used and a sufficient observation ~riod should follow admlnisuatlon of the doses. Subsequent 
toxicity studies may be based on the results of the dose.probing study.• Variations of dose·probing 
acute toxicity studi~ are described in the literature.' Other methods of determining appropriate 
doses for longer-term toxicity studies 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 die, one can estimate an approximace median lethal dose, tem1ed ALD.• 

• Gad and Chengelis (1988);1' Zbinden and F1ury·Roversi (1981)1 

' Gad and Chengclis (1988)1' 

' Lorkc (1983);' Schutz and Ouchs (1982)' 

'Deichmann and LcBlanc (1943)' 
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c. Up-and-Oown 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 dose (if the first animal survives) or a 
lower dose (if the first animal dies). This process continues until the approximate LDIO has been 
determined. One disadvantage to this test L~ the length of the study. Each animal shOuld be 
observed for at least seven days a[ter dosing so that delayed deaths can be recorded. However, this 
method 11s11ally requires only six or eight test animal~ as compared with the 40 to SO test animals 
that may be used in the 'classical' LDso test• 

d. Pyramiding Tests 

Pyramiding studies Involve a mlnlmlllll number of animals: Two animals are given successively 
inCirasing doses of the test substance on alternate days until an aC11tely toxic dose or some practical 
upward limit L~ reached. This test does not yield a lethality cuive and often Is used to assess acute 
toxicity In non-rodents. This test, although more like a short-term, repeated dose toxicity study tha.n 
a trne acute toxicity study, can provide useful preliminary Information on the toxic 11ature of a new 
material for which no other toxicology Information is available. 

• Bruce (1985);' Gad et al. (1984);16 Muller and Kley {1982)11 
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Short,term toxicity tests with rodents are recommended for subsuinccs in Concern Lev_e]J. 
Short-term toxicity tests with rodenL< and non-rodents are generally conducted [or 14 or 28 day; 
(one month). Results or these tests (I) can help predict appropriate doses or the test substance ror 
future subchronie or chronic toxicity tests, (2) can be used to detennine NOEL<; for some toxicology 
endpoints, and (3) allow future tests in rodents and non-rodents to be designed with special 
emphasis on identified target organs. 

Unless specific exceptions are noted below, general recommendations for toxicity studies (see 
Chapter JV JI I} and for reporting the results of toxicity studies (see Chaptu IV B 2) apply to short. 
term toxicity studies with rodents and non-rodents. 

a. F:,cpulmental Animals 

:;_jl_ecics and Age 

lbis guideline is for use wilh 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 and healthy laboratory animals. Dosing of rodents 
should 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. 

ii. l'!]mber and Sex 

Equal numbers of males and females of each species and m.i!n should be used for the test. 
For short•term toxicity studies of 30 \lay; 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 
.ippropriate 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 
that survive until the end of the study must be sufficient to permlt a meaningful evaluation of 
toxicological effects. 

b. Administration or the Ttst Substance 

Animals should be exposed to the te5t substllnce 7 days per week for the duration of the study 
(from 2 to 4 coMecutive weeks). 

At least three dose levels of the test substance should be used per sex (one dose level 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 studies can help determine appropriate doses 
ror sub-chronic toxicity studies. 
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Non-Rodents Continue<! 

c. Observations and Clinical Tests 

Observatio.ns of Test Animals 

Food oonsumption (or water consumption if the test substance is administeml in the drinking 
water) should be measured every week during the shon-term toxicity test. Petitioners should also 
a ucmpt to quantify spillage of food by test animals, and to determine if spillage is greater with test 
diets than with rontrol 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 Screenin~ 

Screening for neurotoxic effects should be routinely carried out .in all shon-term toxicity 
studies with rodents (preferably rats) and non-rodents (preferably dogs or miniature swine}. The 
ncurotolticity screen should include: (1) a specific histopathologieal examination of tissue samples 
representallve of major areas of the brain, spinal cord, and peripheral nervous system (su organs 
and tissues listed in Chapter IV ll I e) and (2) a functional battery of quantifiable observations and 
manipulative tests selected 10 detect signs of neurological, behavioral, and physiological dysfunctions. 
References to published litemure that can guide the petitioner in selecting an appropriate battery of 
observations and tests for the neurotoxic!ty screen are included in Chapter V C. 

Reports of short-term toxicity tests should include an asse.ssmcnt of the potential for the test 
substance to adversely affect the structural or functional Integrity of !he nervous system. This 
assessment should evaluate data from the neurotoxiclty screen and other toxicity data from the study, 
as appropriate .. Based on rhls assessment, the petltioner should make an explicfl statement about 
whether or not 'the test substance presents a potential neurotoxic hazard which requires further 
neurotolticity testing. Additional neurotoxlclty tests are discussed In Chapter V C but should not be 
undertaken without first consulllng with the Agency. 

Ophthalmoloeical P~min_~!iQ!l~ This examination should be performed on designated animals 
before and at the end of the study. 

Jk.!!latology: 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 the study before dosing and at the end of the study. 

Clinical Chc,ro_lgry: For rodents, clinical chemistry tests sbou.ld be performed on 10 animals of 
· ·· each sex in each group before dosing and at the end of the itudy: For dogs, clinical chemistry 

tests should be performed on all animals in the study before dosing and at the end or the 
study. 

UrinaJri~: Microscopic evaluation cir urine sediment and deiermination_ of specific gravity of 
urine samples are ruommenfo:I before dosing and at the end of the study. For rodents, these 
tests sliould be performed on l O inimalf of each se.x in each group; for dogs, the tcsL~ should 
be performed on all animals in the study. 
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IV C 3- Short-Term Toxicity Tests with Rodents and 
Non-Rodents·: Continued 

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

Reports or short-term toxicity tests should include an assessment of the potential for the test 
substance to adversely affect the Immune system. This assessment should evaluate data from the list 
of primary Indicators included in the immunotoxiclty 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 presents a potential lmmunotoxic b87Ard which requires further 
immunotoxicity testing. Additional lmmunotoxicity tests are di=ed In Chapter V D but should 
not be undertaken without first consulting with the Agency. 

d. Necropsy and lllstopathology Examination 

Sec ChQpt<r IV B I • for appropriate tissues and organs. 
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IV C 4. Subchronic Toxicity Tests with Rodents and Non-Rodents 

Subchronic toxicity tests with rodents are rewmmended for substances in Concern I.evelsJl 
and Ill; subchronic toxicity tests with non-rodents are rewmmended for substances in !:Q)\cern Level 
IL These tests arc generally conducted for 90 days (3 months), but they may be conducted for up to 
12 months. Results of subehronic toxicily tests (1) am help predict appropriate doses of the test 
substance for future chronic toxicity tests, (2) can be used to determine NOEi.~ for some toxicology 
endpoints, and (3) allow future long-term toxicity tests in rodents and non-rodents to be designed 
with special emphasis on Identified target organs. However, subehronic toxicity tests usually cannot 
determine the carcinogenic potential of a test substance. 

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

a. Experimental Animals 

The guideline Ls for use with rodents (usually rats) and non-rodents (usually dog.~); I[ other 
species arc 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. 

ii. 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 to be killed before completion of the study; for rodents, at least 
JO animals per sex per group should be avallable for interim necropsy. 

b. Admlnlstratlon of the Teat Substance 

Duration of Testinl! 

Animals should be exposed to 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 (see Chapter IV C 2) and short-term (see Chapter IV C 3) toxicity 
studies can help determine appropriate doses for subehronic studies. 
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!VC4 · Suhchni'nic ·Toxicity Tesis with Rodents 
and Non-rodents Continued 

c. Observations and Clinical Tests 

Observations or Test. Animals 

FoO<I consumption (or water consumption If the test substance is administered in the drinking 
water) should be measured every week during the subchronlc 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. 

Screening for neurotoxic effects should be routinely carried out in all subchronic toxicity 
studies with rodents (preferably rats) and non-rodents if appropriate tests are available. Toe 
neurotoxichy screen should include: (I) 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 Chaptrr IV JI I r) and (2) a functional battery of quantifiable observations and 
manipulative tests selected to detect signs of neurological, behavioral, and physiological dysfunctions. 
References to published literature thM can guide the petitioner in selecting an appropriate battery of 
observations and tests for the neurotoxicily screen are included in Chapler V C. 

Reports of subchronic 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 appropriate. Based on thi1 assessment, the petitioner should make an explicit statement about 
whether or not the test substance presents a potential neurotoxic hai:ard 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 

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

HematolQU For rodents, hematology tests should be performed on at least IO animals per 
sex in eaeh group before dosing, on days 30 and 60, and at the end or the study. For dogs, 
hematology determinations should be made on au animals in the study before dosing, on days 
30 and 60, and at the end of the study. 

QJ.nical .i::tiel.!llli!!Y: For rO<lents, clinical chemistry 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, clinical chemistry tests sbould be performed on all animals in the study before 
dosing, on days 30 and 60, and at the end of the study. 

Y.rirraly,;_l'-5: Microscopic evaluation of urine sediment and determination of specific gravity are 
recommended bc[ore dosing, at 30 and 60 days, and at the end of the study. For rodents, 
thr.se tesL1 should be performed on at least 10 animal1 or each sex in each group; for dog,', the 
tests should be performed on all animals in the study. 
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Suhchronic Toxicity Tests '"ith Rodents 
and Non-rodents Continued 

lnununot0xici.!)'~iru:: Results from tests that are included In the li~t of primary 
indicators of immune toxicity (see Chaptu 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 to 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 or not the test substance presents a potential immunotoxic hazard which requires further 
imnrnnotoxicity testing. Additional immunotoldcity tests are dlseusscd in Chapter VD but should 
not be undertaken without first consulting "ith the Agency. 

d. Necropsy and lllstopathology Examination 

See Chapter IV B l e for appropriate tissues and organs. 
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IV CS. One-YMr Toxicity Tests with Non-Rodents 

Long-term one-year toxicity tests with non-rodents are recommended [or substances in Concern 
f.evel ll! and should t,c ronduct«t for a minimum of 12 months (one year). Results of these tests 
can be used to (I) characteri1.e the toxicity of the test substance in non-rodents and (2) determine 
the dose of the test substance that produces no obseived adverse effects (NOEL or NOAEL). One­
year toxicity tests are not wnducted for the purpose of assessing c.ircinogenicity, although data from 
these tests may reveal information about the carcinogenicity of the test substance. 

The following guideline i., written tor dogs; If other non-rodents are used, modifications to the 
guideline may be ne=sal)', Unlt.ss specific exceptions are noted below, general recommendations 
for toxicity studies (su Chaptu IV ll I) and for reporting the results of toxicity studies (see Chapter 
IV II 2) apply 10 one-year toxicity tern with non-rodents. 

a. F.<perlmental Animals 

Dosing of dogs should begin a1 4 to 6 rnonlhs of age, at which time they should have received 
1he appropriate wcctna1ions. 

Equal numben or males and females should be used ror one-year toxicily studies; at the 
beginning or the study, experimental and control groups should have at least 4 dogs per sex. If 
interim nocropsies are planned, the total number or dogs of each se:i: per group should be Increased 
by the number schedul«l to be killed before completion Qf the study. The number of animals that 
survive until the end of the study should be sufficient to permit a meaningful evaluation of the 
toxicological effects of the test substanct.. 

b. Administration ol the Ttst Substance 

l. Duration of Testin1 

Animals should be exposed to the test substance 7 days per week for at least 52 weeks (one 
year). 

ii. Dow! Groups 

At tea,1 thru dose ltl>eh should be used (one dose level per group per sex). Infonnation from. 
90-day toXicity studie., in non-rodents can help de1ermlne appropriate doses for the one-year .ioxicity 
study in non-rodents (su Chapttr IV C 4). 
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IV CS One-Year Toxicity Tests \\itb Non-Rodents Continued 

c. Observations and Clinical Tesis 

Observat.ion of Test Anjmals 

Food con.1umption (or water consumption if the test substance is administered in the drinking 
water) should be measured every week during the one-year toxicity test Petitioners should also 
ancmpt to quanlify spillage of food by test animals, and to determine If spillage of test diets is 
greater than spillage of oontrol diets. Test animals should be weighed at least once a week. 
l'ctitioners should u.1e this Information to calculate Intake of the test substance during each week of 
the SIUdy. 

Qphthalll)ological [,JC1tmination: This examination should be performed on designated animals 
at the beginning of the study, every three months thereafter, and at the end of the study. 

tJematolQU 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. 

Clini~Chcmistry: Clinical chemistry tests should be oonducted on all animals In the study 
before dosing begins, at 3-month intervals thereafter, and at the end of the study. 

Yrin~: Microscopic evaluation of urine sediment and determlnalion of specific gravity of 
urine samples are reoommended before <losing, at three month lnteivals during the study, and 
at the end of the study .. These tests should be performed on all animals in the study. 

d. Necropsy and llllltopathology Examination 

See Chapter IV II I • for appropriate tissues and organs. 
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IV(: 6. Cardn.ogenicity Studies with Rodents. 

Carcinogenicity studiei; (bioa.ssays) In two rOdent specie.,; (usually rats and mice) are 
recommended for substances in Concern Level Ill. One of the r.arcinogenicity studies (preferably in 
rats) should be combined with a chronic toxicity study (see Chapter IV C 7): one of the 
carcinogenicity studlei; (also preferably in rats) should include an in utero exposure phase (see 
Chapter IV c 8). These studies are 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 te.,;t animal. For additional information on carcinogenicity studiei; the 
Agency refers the petitioner to several recent reviews.• 

Unless specific exceptions are noted below, general rerommendations for toxicity studies (see 
Chapter IV B 1) end for reporting the results of toxicity studies (see Chapter IV B 2) apply to 
carcinogenicity studies with rodents. 

a. Experimental Animals 

i. t.t~ 

In r.arcinogenlcity studies without in uttro exposure, dosing of rodents should begin as soon as 
possible after weaning and acclimation, and before they are 6 weeks old. In r.ardnogenlcity studies 
with in urero exposure, dosing of rodents should begin· at weaning. 

ii. ~es arul StraJn 

In selecting rodent species and strains for carcinogenicity studies, it is imponant to consider 
the test animals' general sensitivity to carcinogenlc chemlcah and the responsiveness of panicular 
organs and tissues of test anlmah to 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. In.1tead1 the Important consideration is that test animals come 
from well-characieriwl and healthy colonies. A thorough understanding of the normal patterns of 
tumor development (background tumor incidence) throughout the lifespan of untreated test animals 
(hi1torical and concurrent controls) is critical to the evaluation of the results of carcinogenicity 
bioassays. It should be noted that stralDB that are not inbred often have unpredictable background 
tumor incidences. Because rr.cent Information suggests survivabll!ty problems exist for some strains 
of rats (see Chapter lV C Ii a), test anlmals should be selected that are likely to achieve the 
recommended duration of this study. 

iii. Number and Sex 

Ideally, experimental and control groups should have a sufficient number of anlfuals 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);1 Clayson and Clegg (1991);1 Goodman and Wilson (1991);1 Parodi ,1 al. 
(1991);' Parry (1992);5 Perera (1991);' Tomatis ti al. (1992);' Travi1 (1988);1 Travis ti al. (1991);' 
Vainio and 01rdis (1992)10 
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rv c 6 Carcinogenicity Studies with Rodents· -C~ntinucct . 

llowcvcr, an issue that has attracted considerable recent attention concerns the proportion of 
test animals surviving until the end of chronic studies, generally referred to as survivorshijl.. 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 regulatOI)' agencic,; that, when a substance is tested for 
carcinogenicity, It L1 tested for a sufficient period or time so that the turnorigenic potential of the 
substance can be adequately 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 so, 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 dca-easoo. 

FDA will be closely watching developments In this area of toxicity testing. If this is a 
continuing trend across time rather than a short-term problem, serious considera1ion will have to be 
given to developing means of addressing this problem. In that case, possible future 
recommendations for increasing survivorship include recommending diets for chronic studies that 
promote longevity (see Chapter IV C 6 a), recommending dietary restriction, and advising animal 
breeders to include adequate longevity as one characteristic for selecting future generations of rats 
(many breeders mainly select for fecundity and rapid growth In their breeding stoclcs). 

llecause survivorship of rats continues to change, FDA guidelines no longer require SO% 
survival (25/50 animals per 5G:lt per group) for·carclnogenicity bloassays. However, the Af,ency 
recommends that petitioners Cl!refully consider their choice of rat strains for carcinogenicity 
bioassays, since some strains have more serious problelllll with survivorship than other strains. FDA 
recommends that carcinogenicity studies begin with at least 50 an!Inals per sex per group; the 
petitioner is encouraged to begin bloassays with more than 50 animals per sex per group if 
survivorship is expected to be a problem with the rat strain under study. If fewer than 25 animals 
per sex per group are expected to s\lrvive to the end of the study (24 months), petitioners sho\lld 
tal::e particular Cl!re to ensure and document early detection of dead animals through attentive and 
frequent cage-side observations, thus minimizing the !OM of animals to the study through autolysis. 
In addition, petitioners should consult with toxicologists and statisticians In the Af,ency as soon as a 
problem with sm:vivorship in a carcinogenicity study is noticed. 

If in\erim necropsies are planned, the total number of rodents of each sex per group should be 
increased by the number scheduled to be ldllcd before completion of the study; at )cast 10 rodents 
per sex per group should be available for interim necropsy. 

• FDA (1982)11 

' Burel:: (1990)11 

' Rao (1990)" 
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JV C 6 Carcinogenicity Studies with Rodents Continued 

b, Administration or the Test Substance 

Rats, mice and hamsters should be exposed to the test substance 7 days per week for 104 
con.~eeutive weeks (two years). If an in urero phase is added to this study, duration of dosing should 
be 104 con.,eeutivc weeks (two years) post-weaning. 

In general, FDA dO<'S not reoommend early termination of carcinogenicity studies due to 
decreased survivorship. Carcinogenicity bioassays should be conducted for a major portion of the 
test animal's lifellme. While it Is desirable to have an optimum number of animals survive to the 
end of the study, the Agency believes !here Is more benefit, as well as added sensitlviry, to be gained 
by conducting carcinogenicity bioassays for as long as possible, or for the full 24 month.~ that is 
recommended in these guidelines. 

Information from subehronic toxicity studies should be used to identify dose levels of the test 
substance for r.arcinogenicity studies. At least three dose levels should be used (one dose level per 
group). No dose used In a carcinogenicity study should cause an Incidence of fatalities high enough 
10 prevent meaningful. evaluation of the data from the study. 

1!i.&!LD.9Jt: The high dose should be the maximum tolerated dose (MID). 

It is not acceptable to select dOSC$ for carcinogenicity bioassays based on information unrelated 
to the toxicity of the test compound. For example, the highest dose in a carcinogenicity study 
should not be selected so as to provide a pre-determined margin of safety over the maximum 
cxpc<:ted human exposure to 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 
MID. In evaluating the results of carcinogenicity bioassays of direct food additives and color 
additives used in food, Agency scientists will consider the question of whether the substance was 
tested at the MTI> as one of several factors that may affect interpretation of the results of the 
bioassay. The final report of the bloassay should Include a description of the process used to select 
the Mm for the 5\udy. 

The M'J1) i~ defined by the National Toxicology Program (NTP) as 'that dose which, when 
given for the duration of the chronic study as the highest dose, Will not shorten the treated animals' 
longevity from any toxic effeCIS other than the induction of neoplasms ... The Office of Science and 

.. Technology Policy provides similar.advice, 'The highest dose should be.". consistent with predicted 
minimal target organ toxicity and normal life span, except as a co~uenc.e for the possible 
induction of canru."" In addition, the NTP cautions that the M'ID should not cause morphologic 
evidence of toxicity of a severity that would interfere with the interpretation of the study.' 

• National Toxicology l'rogram Board of Scientific Counselors (1984)" 

• Anonomous (1985)" 

' National Toxicology Program lloard of Scientific Counselors (1984)" 
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JV C 6 Carci1iogcnicity Studies with Rodents Continued 

In general, the MlD is estimated following a careful analysis of data from appropriate 
subchronie toxicity tests. A~ the scicmific community's ~erience with toxicity testing has 
accumulated, the need to consider a broad range of biological information when selecting the MTD 
has become increasingly clt.ar. For example, data concerning changes in body and organ weight and 
clinic:Blly significant alterations in hematologic. urinary and clinical chemistry measurements, in 
combination with more definitive toxic, gross or histopathologic endpoints, can be used to estimate 
the MTI).• 

Although the high dose in a carcinogenicity study should be selected 10 achieve the MTD, the 
Ar.ency recognlu,5 that this goal may not always be met.• There are uncertainties in predicting the 
MlU for long-term bloassays 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 M the same set of data to arrive at significantly different estimates of the MID. Such 
disagreement may be ba.~ on different interpretations of the results of metabolic studies or 
different conclusions about whether an organ alteration is adapli\le or toxioological. In situations 
such as these, when it is unclt.ar what. dose of the test substance is the MID, petitioners should 
consult with the Agency to determine an appropriate high dose (MTI)) for the carcinogenicity 
bioassay. 

Toe Agency recogni,.es that use of the MTD in carcinogenicity bioassays has several 
advantages; these include: 

• Compensating for the Inherent lack 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 dose., must be 
used In order to elicit evidence or the presumed toxicity); and 

• Permitting comparison or carcinogenic potencies of substances tested at the MTD, even 
when the data are collected from different studies.' 

. However, the Agency acknowledges that its recommendation to conduct carcinogenicity studies 
at the MTD may result In the use or doses that are so high as to be unrepresentative of the toxicity 
of the test substance at lower doses in animals or humans (for example, excessively high doses or a 
test substance can saturate em.yrne systems involved in detoxification of the test substance). 
AlthOugh other approaches to selecting the maximum doses for carcinogenicity studies are under 
con.~ideration at the Agency, at the present time there is no acceptable alternative to the use of the 
MID for the highest dose in these studies. 

!Dw ~: The low 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 low 
dose should not be less than 10% or the high dose. 

Intermediate nose: ···T!IC exact ·dose selected ·as the intermediate dose may depend on the 
pharrnaeol;inetic properties of the test substance. 

'Schwetz (1983)11 

' Schwetz (1983)" 

' McConnell (1989)" 
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JV C 6 (',a~cinogcnicity Studies ~ih Rod~nts ·eon1fnued 

Qptional Founh Dose Level: If significant differences exist in the pharmacokinetic or 
metabolic profiles of the test substance administered at high and low doses, an optional 
(founh) dose level may be included in the study. This dose level should be the highest dose 
that produces a pharmacokinctic or metabolic profile similar to profiles obtained at lower 
doses. The number of test animals in the optional group should be selected to provide 
approximately the same sensitivity for the detection of the carcinogenic effects of the test 
substance as the high-dose group provides. 

c. Observations and Clinical Tests 

Observations of Test. Anima~ 

Dody 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 
or the 1est submncc for each week or 1he carcinogenicity study. 

ii. Clink.al Testing 

}lema10.J.Qgy: Erythrocyte counts 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 1ermlnal necropsy. 

Clinical Chemist!)': Clinical chemistry tests should be performed on at least 10 animals per 
sex in each group before dosing, at 3, 6, 12, and 18 months during the study, and at the end of 
the study. 

Uriw .. Jxs .. £,r Microscopic analysis of urine sediment and determination of specific gravity of 
urine samples are recommended before dosing, at 3, 6, 12, and 18 mon!hs during the study, 
and at the end of the study. These tests should be performed on at least 10 animals of each 
sex in each group of the study. 

d. Necropsy and Jllstopathology Examination 

See Chapter IV B 1 • for appropriate tissues and organs. 
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IV C 7. Combined Chronk Toxkity/Carcinogenicity Studies with Rodents 

Carcinogenicity studies (bioassays) in two rodent species (usually rats and mice) are 
recommended for substances in Concern l.;:vel Ill (see Chapter IV C 6). One of the carcinogenicity 
11udics (preferably in rats) should be combined with a chronic rodent toxicity study into a single, 
effective long-term study. Guidelines for the combined study are d~ibed in this chapter. 

The Agency acknowledges that ii is sometimes difficult to set appropriate dose levels for a 
combined chronic toxicity/carcinogenicity study with rodents. However, when pre-chronic studies 
permil reasonable estimates of toxicity in longer-term studies, the combined approach is 
recommended. 

Unless specific exceptions arc noted below, general recommendation.~ for toxicity studies (see 
Chapter IV n I) and for reporting the results of toxicity studies (sec Chapter IV n 2) apply to 
combined chronic toxicity/carcinogenicity studies with rodents. 

a. E,qicrimcntal Animals 

In carcinogenicity studies will1ou1 in u1ero exposure, dosing of rodents should begin as soon as 
posiible after weaning and acclimation, and before they are 6 weeks old. In carcinogenicity studies 
wilh in 11tero exposure, dosing of rodents should begin at weaning. 

ii. fulscies and.Strains 

In selecting rodent species and strains for combined chronic toxicity and carcinogenicity 
studies, it is important to consider the test animals' general sensitivity 10 carcinogenic chemicals and 
the responsiveness of particular organs and !L~ues of test animals to carcinogenic stimuli. 
Preference should generally be given to species. and strains with low incidences of spontaneous 
tumors. 

At this time, there Is no scientific ba1is for selecting among inbred, out-bred or hybrid rodent 
wains for carcinogenicity studies. Instead, the important consideration is that test animals come 
from well-charactcri1JXI and bealthy colonies. A thorough understanding of the normal pattern.< 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 or combined chronic 
toxicity and carcinogenicity studies In rodents. It should be noted that strains that are not inbred 
orten have unpredictable baclcground tumor incidences. Because recent Information suggests there is 
decreased survivability for some strains or rats (see Chapter IV C 6 1), test animals should be 
selccled that are likely to achieve the recommended duration of this study. 

Rats generally arc used for combined chronic toxicity and carcinogenicity studies; however, 
other rodent species may be used. H po~ible, the strain selected for this study should be susceptible 
10 lhc r,ircinogenic or toxic effects of the cla~ of substances to which the test compound belongs, 
unless the background tumor incidence in that strain Ls so high that a meaningful a~essment of the 
cffec.ts of the test substance could not be made. 
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IV C 7 

iii. Number and Sex 

Draft 

Combined Chronic Toxicity/Carcinogenicity Studies 
with Rodents C-Oniinued 

Ideally experimental and control groups should have a sufficient number of animals at the 
beginning of the experiment to ensure that at least 25 rodents per sex per group sulVive to the end 
or the study. (Additional information on the subject of sulVivorship is contained In Chapter JV c 6 
a.) 

Satellite groups or test animals should be used to evaluate the chronic toxicity of the test 
subs1ance; satellite experimental and control groups should consist or at least 10 rodents per sex. 

If Interim neeropsies (other than those involving satellite animals) are planned, the total 
number or 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. 

b. Administration or the Test Substance 

Animals should be exposed to the test substance 7 days per week for 104 consecutive week.< 
(two years). If an ill uter<> 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 least 12 months (one year). 

ii. Dosed Grou_ps 

Information rrom subehronie toxicity studies 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 
fatalities high enough to prevent meaningful evaluation of the data from the studies. 

a) ~cssmen.t of the Carcino_g,enici!Y of the Test Substance: 

High Dose: The high dose should be the maximum tolerated dose {M'ID). (Additional 
info11nation on the selection of the MIT> is dlscussed ln Chapter JV C i b . 

. , !-ow Dose: .11te low.dose level.should not interfere.with normal growth, development, and 
lirespan of test animals, nor should it produce any other signs of toxicity. In general, the low 
dose should not be less than 10% o( the high dose. 

lntermcdi.atc 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 
pharrnacokinctic ·properties of the test substance. 
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JV C 7 Combined Chronic Toxicity/01rcinogcnicity Studies 
with Rodents Continued 

Optional Fourth Dose: If significant dirrerences exist in the pharm&cokinetic or metabolic 
profiles of the test substance administered at high and low doses, an optional (fourth) dose 
level may be included in the study. Thl~ dose level should be the highest dose that produces a 
pharmacokinelic or metabolic profile similar to profiles obtained at low doses. The number of 
test animal~ in the optional group should be selected to provide approximately the same 
sensitivity for the detection or carcinogenic effects as the high-dose group provides. 

b) .",,«CSSJllc.nt or the Chronic Tmci£i.!y or the Test Substance: Satellite control and dosed 
groups are Included in the study to assess the chronic toxicity of the test substance. The 
highest dose for satellite animals should produc.e toxiCity so that a toxicological profile or the 
test substanoe can be obtained. The lowest dose level for satellite animals should not cause 
any toxicity. 

c. Observations and Clinical Ttsts 

Observations of Test Anim~ 

Body weight should be reoerded weekly for all test animals throughout the study. Food 
consumption (or water consumption ir the test substance is administered in the drinking water) 
should be measured every week during the combined chronic toxicity/careinogenieity study; 
petitioners also should attempt to quantiry_ 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. 

Ii. Clinit.al Testiru: 

Ojl)lthalmo!Qgiail Examination: This examination should be performed on all animals at the 
beginning or the .study, every three month.s thereafter, and at the end of the study. 

ll,:!'!!'JQ!Qgy: 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 tesL1 aLo;o should be conducted on all rodents in the satellite groups or 
experimental and control animals. Hematology samples should be taken before dosing, at 3-month 
intervals during the study, and immediately before interim necrqpsy. 

pinica..Lc;:hemistry: ainical chemistry tests should be performed on at least 10 animals per 
sex in each principal experimental and control group before dosin·g. at 3, 6, 12, and 18 months 
during the study, and at the end of the study . 

.. Clinical chemistry tests alo;o should be conducted on .all rodents in the satellite groups or 
experimental and control animals. Blood samples should be taken before dosing, at 3-month 
intervals during the study, and immediately berore interim necropsy. 

JJ.rjna)nt,1: Microscopic analysis or urine sediment and determination of specific gravity of 
urine samples are recommended berore dosing. at 3, 6, "9, 12, and 18 montlLs during the study, 
and at the end of the study. These tests should be performed on at least 10 anlroals of each 
sex in each principal experimental and control group -in the study. 
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Combined Chronic Toxicity/Carcinogenicity Studies 
with Rodents Continued 

Urinalyses should al~o be conducted on all rodents in the satellite groups of experimental and 
control animal~. Urine samples should be eolluted before dosing, at 3-month intervals during the 
study, and immediately before interim necropsy. 

d. Necropsy and Jllstopatbology F.xamlnatlon 

See Chapter IV B I e for appropriate tissues and organs. 
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IV C 8. In Utcro Exposure Phase for Addition to Carcinogenicity Study with 
Rodents 

An in urcro exposure phase should be added to one of two recommended carcinogenicity 
studies with rodents (see Chaptrrs IV C 6 and 7). In general, the in utero phase should be added 10 

the carcinogenicity bioassay \\ith rats, because the rat is the recommended species for reproduction 
studies (sec Chaptrr IV C 9) and the Agency has a larger databao;e on carcinogenicity bioassays with 
in 11/cro exposure in rats than in mice. The Agency recommends including an ill utrro exposure 
phase In carcinogenicity bioassays for direct food additives and color additives used ln food because 
human fetuses Will generally be exposed to lloese additives during ill utero development. 

a. Experimental Animals 

11,is guideline L~ for use \\ith the rat or mouse; if other species are used, modifications of this 
guideline \\ill be necessary. Strains selected should not have low fecundity and should be sensitive 10 

teratogens and embryotoxins. 

ii. hr,~ 

All test and control parental animals should be weaned and acclimated before treatment 
begins. 

iii. ~-u_mber 

The number of animals per sex recommended In the guideline to which the ill utero phase is 
to be added should serve as a guide for determining the number of animals/group for mating. One 
male and one female per Jitter Ls preferred; no more than two males and two females per litter 
should be included in any group. For example, if the petitioner decides that each group in the 
combined chronic toxicity/carcinogenicity bioassay should contain 70 animals per sex, at least 70 
liners/group should be produced in the in utero phase. Thus, for this example the number of 
parental animals per sex for the ill ure,o phase should be s.ufficient to ensure at lea1t 70 litters per 
group. 

iv. ~ing_ and Animal Maintena.ncc 

Animals should be single-caged for this phase, except during mating and lactation. Food and 
water should be prMided ad libitum. The animals' diet should meet all nutritional requirements to 
supporl pregnancy in the test species. Special auention shoul_d be paid to diet compositi_on when 
the test material iLwlf l1 a nutrient, because ·such material may have to be incorporated Into the diet 
at level, which may interfere with normal nutrition. Under these circumstances, an additional 
control group fed basal diet may be necessary. 
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JV C 8 /11 Vtcro Expos;1re Phase for- Addition to .Carcinogenicity Study 
\\ilh Rodents Continued 

h, Dose Selection, Treatment l'eriod, •nd Method of Dosing 

1ltc parental animals (!') should receive the test subsurnce for a minimum of four weeks prior 
10 mating. Exposure should be continued throughout pre-mating, mating, gestation, and lactation 
until weaning of the F1 animals. 

ii. Roule of Administration 

11,c test compound or vehicle should be administered using the route which most closely 
approximates the pattern of human exposure (diet or drinking water). Oral intubation (gavage) may 
be appropriate in instances where human exposure is ):'.!! a bolus dose or when it is essential for the 
animal to receive a specified amount of the test compound. The use of gavagc may also be required 
when analysis of the agent in the diet i~ 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 ml/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. Seleetion 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 
ncccssa,y to use lower doses during the in utero phase of chronic feeding studies in order to produce 
sufficient offspring for the post-weaning phase. Data justifying this protocol modification should be 
provided; it is mongly recommended that selections of doses for In utero phases of chronic feeding 
s1udies be based on the results of pilot studies. Results from metabolism and pharmacokinelic 
studies should also provide guidance in selecting an appropriate dosage regimen. 

ror each mating, one or two females should be placed with one male, The following morning, 
each female should be examined for the presence of sperm in the vaginal lavage or the presence of a 
sperm plug. The day when sperm are found is considered day O of gestation. Sibling matings should 
be avoided. 

v. Standardi1.ing the Number of Pu_p.,_peJLitter 

Standardization of the number of pups per litter through culling is optional. Litters may be 
standardi1.cd lo 10 or 8 based on hislorical litter si7.e for the strain. It is recommended that 
standardiwtion be performed on postnatal day 4 by reducing all litters of more titan 10 (or 8) to 10 
(or 8) in a random manner. If possible, the retained litter-mates should consLst of equal numbers or 
males and females; excess males or females should be randomly selected out. Random selection is 
important 10 guard against the human tendency to keep the most fit animals in the study. 
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IV C 8 /11 Utero Exposure Phase for Addition to Carcinogenicity Study 
with Rodents Continued 

vi. ~Jccti!ln_o_(_f._;1.nimali 

One animal per sex per liner should be randomly selocted. 

c. Cllnlcal Observations 

Parental Animals 

Parental animals should be observed carefully 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 admlnL~tered, and weekly during gestation 
and lactation. 

Optimally, animals should be weighed dally if the test compound is adminl<tered by gavage. 
Weekly measurements or food consumption should be made. 

These animals should be observed carefully at least twice dally. Observations of general 
appearance and the presence of dead pups should be recorded. Pups should be counted on days O 
(birth), 4, 7, 14, and 21 of lactation. l'ups should be weighed as a litter on days O (birth), 4 (before 
and after 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 after cullfng, If appropriate), 7, and 14; 
the sex of individual pups should be recorded on day 21. 

d. Other Recommendations 

Termination of)'and FLAnimals not Selected for the Post-Weaning Phase 

Tlti,.,e animals should be killed after weaning of the F1 animal~. If toxic signs or reproductive 
toxicity are observed, these animals should be subjoct to a complete gross necropsy. 

Litter mates should be Identified. 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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IV C 9. Reproduction and J>cvclopmental Toxicity Studies 

11,e following guidelines for reproduction and developmental toxicity studies are presented in 
two parts, the first dealing with reproduction studies and the second with developmental toxicity · 
(tcratogenicity) studies. Reproduction studies evaluate 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 cumulaiive effects of the test substance through two or three generations 
may be eva I ua ted. 

Developmental toxicity studies evaluate the effects of test compounds on a developing 
organism that iesult from exposure of either parent prior to conception, during prenatal 
development, or postnatally. 1be adverse effects are expressed as one or more end points that may 
be used to 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 rompounds, these manifestations are related to dosage. While high dose.s 
produce death, low doses that permit survival may produce malformed, retarded, or functionally 
deficient offspring. 

o. Guideline !or Reprodudlon Studies 

1bis guideline for reproduction studies 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, 
estrous cycles, mating behavior, roneeption, parturition, neonatal morbidity, mortality, lactation, 
weaning, and the growth and development of the offspring. The end points evaluated and the 
indices calculated must provide sufficient information and statistical power to permit the Agency to 
determine whether the chemical is aswciated with changes in reproduction and fertility. Additional 
information is found in the referenced material.' 

l\vo generations, \11th one litter per generation, are recommended as the minimum 
reproduction study (see Figure 5). H results of developmental and other toxicity tests indicate that a 
test compound may be associated with developmental toxicity, the minimum reproduction study 
should be expanded. Thi1 guideline rontains optional procedures for inclusion of additional litters 
per generation, additional generations, a test for teratogenic effects, and reproductive assessment by 
continuous breeding. 

Unless specific exclusions arc noted below, general recommendations for toxicity studies (see 
Chapter JV ll t) apply to reproduction studies. Recommendations that are unique to, or are 
particularly important for, reproduction studies arc listed below. 

fu_ppinJental Animals: 

Speciesand Strain Selection: Consideration should be given to the use of the most sensitive 
species based on the fact that, for t_he majoritt of bown development.al toxicants, humans are 
as sen.sitive or more so than the most sensitive animal species. Because of the length of time 
and concomitant expe111e of multi-generation studies, the species selected for a reproduction 
study should be one that will yield the greatest amount of information per unit rost. 

• Collins (1978);' Francis and Kimmell (1988);' EPA (1988 a,b);l• EPA (1991)1 

123 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Figure 5 

2-Gcncration Reproduction and Teratology Study 
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IV C 9 Rrproduction and Dcvclopmcnta.1 Toxicity Studies Continued 

Rodents, such as rats and mice, are usually selec1ed for use in multi-generalion studies because 
they are rela1ivcly small animals, gcs1ation time is approximately three weeks, fertility rate is high, 
ovulation i< spon1ancous, liners 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 nol be used. 

Pedigrees for animals used in rcproduc1ive studies should be obtaine<l from 1he supplier; 
parcn1s (I' or F,) of the first generalion animals should not be litter mates. 

l'!!Jmbcr, Se.& and filC: All 1cst and control animals should be weaned and acclimated to the 
study conditions before treatment begins. Each test and control group or animals should start 
\\ith a number of animals sufficient to contain at least 20 males and 20 pregnant females near 
term. In order to achieve 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 (l'1) of the second generation. I[ a third generation is to be Included in the siudy, 
there should be 25 animals per sex per group in the parents (F,) of the third generation. 

ii. Dose Selection, Treatmen1 Period, and Method of Dosing: 

!?~t .. ~electlo~: Several doses of the test compound should be used to facilitate the 
separation of dose-related responses from experimental variation. A minimum or three dose 
levels should be tested: a high dose, a low dose, 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% maternal mortality. The lowest dose should not Induce observable adverse 
maternal effects. 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 linearly when plo!ted against the logarithm of the dose, the intermediate dose(s) should 
b~ evenly spaced, on a logarithmic scale, between the high and low doses. 

Duration QL'.festing: Animals should be exposed to the test substance during the entire study. 
Exposure to the agent typically begins when the rats are 5 to 8 weeks or age. Generally, the 
first parental females (P or F,) are exposed during two estrous cycles (two weeks before 
mating), through mating and pregnancy, to the weaning of the F,. 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 
spcrmatogenesis by the test substance. Litters (usually F,. and Fb) should be exposed from 
the prenatal period throughout I heir entire postnatal Jives. If a third generation is planned, 
these litters also should be exposed from the prenatal period throughout their entire lives. 

Route oit,dmln.l§!!ru!m: 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. 

Mating Procedures: !'or each mating, one female should be placed with a male from the same 
dose group uni!! pregnancy occurs or three week.~ have elapsed. Each morning, all females 
should be examined for the presence of sperm in the vaginal lavage or the presence or a 
vaginal plug; the day when semen is confirmed is considered day O of gestation. Near 
parturition, pregnant females should be caged separately in delivery or maternity cages and 
may be provided with nes1ing materials. 
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IV C 9 Reproduction and Developmental Toxicity Studies Continued 

For mating F, animals, a maximum of 2 males and 2 females are selected from each titler. 
·n,e animals should be selected by random procedures or on the basts of the mean litter weight for 
each sex. Each F, female Ls male,! wilh one F1 male from the same dose group until pregnancy 
occurs or 3 wcck.s have elapsed. Sibling ma1ings should be avoided. F, males and females nol 
selected for mating should be sacrificed upon weaning. 

If !here is any indication tha1 !he tcsl compound may be a reproductive loxicant in males, 
provisions for cross·maling trea1c,I males wilh untreated females should be made before the s1udy 
begins. 

~rnndardi,ing the Number of Pups per Liller; Standardilalion or the number of pups per 
liner through CJJlling Is optional. Litters may be standardi1£.d to 10 or 8 based on historical 
litter siu; for the strain. It Is recommended that standardlwllon be performed on postnatal 
day 4 t,y reducing all litters of more than 10 (or 8) to JO (or 8) in a random manner. If 
possible, the rernlned litter-mates should consist of eqlllll numbers of males and females; excess 
males or females should be randomly selected out. Random selection is Important to guard 
against the human tendency to keep the most fit animals in the study. 

Con1rolGroupffi: A concurrent control group is required. Control animals should be 
housed, fed, and handled the same as dosed animals and should be caged to preclude airborne 
or 01her contamination by the test substance. 

T'or dietaty studies, the control group should be fed the basal diet When a carrier vehicle for 
the test subs1anec ls used, th·e vehicle should be given to control rats at a volume equal to the 
maximum amount or vehicle given to any dosed group. If there Is insufficient information on the 
toxic and carcinogenic properties of the vehicle used to administer the test substance, an additional 
control group that is not expose,! to the vehicle should be included in the study. 

Dosed Oroup5: Several doses or the test compound should be used to facilitate the separation 
or 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 produce 
some maternal toxicity (such as reduced body weight or weight gain) but no more than 10% 
maternal mortality. The low dose should not induce observable adverse maternal effects. 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 vaiy linearly 
when plotted against the logarithm of the dose, the Intermediate dose(s) should be evenly 
spaced, on a logarithmic scale, bc1wccn the high and low doses. 

Oj1lional Third Generation: If overt effects of a test substance on offspring arc observed 
during the two.generation reproduction study, the study should be extended to a third 
generation·to determine cumulaiive 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 F,. should be 
mated to produce the third generation. F,. animals are weaned and either necropsied or used 
for a longcr-lerm toxicity study. F,. animals are produced in the same manner as Ph animals. 
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Figure 6 

3-Gcncration Reproduction and Teratology Study 
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JV C 9 Reproduction and Developmental Toxicity Studies Continued 

QJ>tiqnatTf!~lQ[ogyJ:1,~~: Either the F,. or the F,. liner can be used to dctennine fctotoxic 
effects of the tc.11 substance. If a teratology phase is to be performed, pregnancy should be 
time<l by the vaginal smMr method. Approximately Z4 hours prior to delivery, the dams are 
kille<l and caesarian sections are performed. The uterus is opened and examined for the 
presence of early and late death.~; corpora lutea are counted. The live fetuses arc removed, 
weighed, sexed, and examined for gross malformations. To discover vim:ral abnormalilles, half 
of the fetusc.s should be frc.shly di.=ted• or should be prci;erved in Bouin's solution and 
sectioned by the Wilson technique.• The remaining half of the fetusc.s should be stained for 
the dc1ec1lon of skeletal anomalic.s. 

Qptional Rejl!QllJl.f!lve A=ment by Continuous Breeding: A IC.St of fertility and total 
reproductive capacity that may be recommended in certain situations Is that of fertility 
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 exposur~ to the test 
compound. Toe test compound is administered throughout the duration of the study, as It is 
in the mulll-gencration le.st. The offspring are removed from the cage when deliveiy has been 
completed, and the females can be re-impregnated immediately. Breeding continues for 14 
weeks, after which time the pairs are separated for up to 3 weeks, and pregnant females are 
allowed to deliver their final Jitter. The offspring from the last litter are generally kept and 
bred once for evaluation of the second generation. The first litter of each mating pair also 
may be saved to ensure that a sufficient number of animals exl.~t to perform follow-up tests in 
case fertility dccre.ises 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 discontinued duiing the cross-over mating period and 
rc.sumcd 7-days later. Parental animals are nccropsied if an effect on that sex is observed. 
Continuous breeding permits the evaluation of approximately five litters per pair. 1f the 
compound affects only the early stages of spermatogenesis, toxic effects will be observed only 
in the last litters of the continuous breeding protocol, because the earliest matings of the 
males take place with spenn that have not been exposed to the test compound throughout all 
stage,; of spermatogcnesis. Additional information L~ found in the referenced material.• 

iii. Clinical Observations and Histopathology Examination 

Q1'.S!'Mtion~: F..ach animal should be observed at least twice a day; observation times should 
be selected to permit detection of the on.set and progression of all toxic and phannaeologic 
effects of the test substanr,e and to minimi1.e the Joss of animals and organs/tissues to the 
study because of management problem\. 

Individual records should be maintained for each 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 (1%9)' 

' Wilson (1965)' 

' Lamb (1989);' Reel ti al. (19&5)" 
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Figure 7 

Continuous Breeding Protocol 

F::·~;~ 
,. 

b~~1:::!: ~ ~~-:~;i] ,-
" 

{No) 
--~ 

T11sk 4 
Offspring 
Assessment 

(No) 

~l 
r ,. 

., (Yes) ,. . J 
~~:!::!•;]~ l!:::H=o=r=m=o=~=:=s!=11=!=:=e=r=n=s=~

1~--~T~ 
'I' 

C:] 

11.9 

(0 
w 
(0 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

l)rhft 

rv c 9 Reproduction and Developmental Toxicity Studi'cs Continued 

Dams should be wcighcd immediately before the test compound i~ administered for the first 
time, weekly until necropsy, and at necropsy; food and water consumption also should be recordcd. 
For animals in the F, and F, generations selected for mating, the following determinations should be 
made at appropriate intervals: White blood cell counts, differential white blood cell counts, and 
levels of protein, albumin and globulin in serum; evaluations or these parameters are discussed in 
the section on immunotoxicity testing (see Chapter VD). 

Any dam showing signs of imminent abortion or premature delivery should be necropsied on 
the day such signs are observe<!. Pregnant females in test and control groups should be allowed to 
liller normally. 

The duration of gestation shOuld be calculated from day O or pregnancy. Each litte.r should be 
examined as soon as possible after delivery !or the number of pups, stillbirths, live births, and the 
presence or gross anomalies. Dead pups should be preserved and studioo for possible defects and 
cause or death. The neonates should be carefully observed, sexed, and weighed on postnatal days O 
(the day or birth) and .4, and weekly thereafter (postnatal days 7, 14, 21, etc.). 

Results from tests that are included in the list of primary indicators of immune toxicity (see 
Chapter V D) should also be evaluMed as an immunotoxicity screen. 

Neurot®lliY. Scr~.!\[!lJ:: Multi-generation reproduction studies provide an excellent vehicle 
for testing compounds for potential neurotoxic effects. A neurotoxicity screening battery of 
tests, appropriate to the age of the test animals, should be conducted to detect neurological 
disorders, behavioral changes, autonomic dysfunctions and other signs of nervous system 
toxicity (see Chapter V C). Testing should be applied both 10 the dams and to the developing 
offspring (pre- anil post-weanlings) and conducted at representative Intervals throughout the 
duration of the study. For the neonates, the screen could Include recording of physical 
landmarks of development (such as the appearance of fur, eye opening, genital development 
and incisor eruption) and functional measures of developmenf (such as development of the 
righting renex, the startle response and motility). All daily observations and all data derived 
from the neurotoxicity screening ba11ery of tests, Including positive and negative findings, 
should be recorded, analy1.cd using appropriate statL~tical procedures, and reponed. 

Gross Necmpsy and Microscopjc Examination: All test animals should be subjected to 
complete gross necropsy, including examination of external surfaces, orifices, cranial cavity, 
ear""ss, 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 
rc~orptions. ReprOductive organs, lymphoid tissue and organ.1 (bone marrow, representative lymph 
nodes, Peyer's patches, spleen, stomach, and thymus) brain, peripheral nerve tissue, and target organ., 
from all animals in a reproduction study should be preserved for future histopathologlcal anal%Ls. 
Microscopic examination should be made of all organs and tfasues that show gross pathological 
changes. 

Brain (at leasi three different levels), epididymidcs, ovaries, peripheral nerve, pituitary, 
prostate, seminal vesicles, spinal cord (at least two different locations), testes, uterus and vagina 
should be preserved for ail dose levels. llistopathology should be performed on animals in au dose 
groups and for P and F1 animals seiectcd !or mating. Histopathoiogy on lymphoid organ.~ and 
tissues should be per!ormcd for F1 and 1'2 animals selected for mating, as described in the section on 
immunotoxicity testing (sec Chnpter V ll). Dead or moribund pups should be examined for defeCLS. 
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IV,C 9 · Rep'roduction· nnd l>cvclopmcntal 1'oxici!y Sfodics Orntinucd 

Results from necropsy examination and hislopathology evaluation that arc included in the list 
of primary indicators of immune toxicity (see Chapter V D) should also be evaluated as an 
immuno1oxicity screen. 

iv. !'1'1!>c:,ints of ~~roductive Toxicity 

Because the maternal animal and not the developing organism is the Individual treated during 
gestation, data generally should be calculated as incidence per litter or as number and percent of 
liners \11th particular end points. End points of reproductive toxicity are usually expressed as indices 
that encompass the animals' responses to the test compound from conception to weaning. The 
follo"1ng indices should be calculated !or each reproduction study: the female fertility Index, two 
gestation indices, the weaning index or the lactation Index, the Seit 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. 

IT!)laie Fertility index: The female fertility index represents che percenl of matings thal rcsull 
in pregnancies. JI is calculated as follows: [number of pregnancies/number of matings) X 100. 
This index renccts the total number of darns that have achieved pregnancy, including those 
that deliver ac term, abort, or have fully rcsorbed litters. An accurate detenninatlon of the 
Index requires a careful evaluation of the uterus at necropsy for the presence of Implantation 
sites and resorptions. In a reproduction scudy with two litters per generation, calculations or 
this Index should be performed only for !he second litter. This index depends on male libido 
and fertility. F.ach female may be mated with up to two males; if a question arises about the 
fertiiily of !he first male, a second male should be mated with the female. 

Gestation Index: The gestation index evaluates the efficiency of pregnancy resulting in et least 
one live offspring. In this index, liners with only one live offspring are counced the same as 
chose with more than one live offspring. The indeit Is calculated as follows: (number of litters 
"1th live pups/number of pregnancies] X 100. A related Index, the live-born index, [number of 
pups born alive/total 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. It is calculated as follows: (number of pups alive at day 21/number of pups alive and kept 
on day 41 X 100. This index corrects for the reducclon of pups on day 4. If the pups arc not 
reduced, a related index, che lactation index, ts calculaced: (number of pups alive on day 
21/number of pups alive on day 4] X 100, Regardless of the etiology, a decrease in the 
weaning index is considered to be indicative of adverse reproductive effects. 

~· Rac]Q: Determining the sex of pups at birth and verifying their seii; at each weighing 
pcrmlls !he re.lative fitness of each sex to be calculated as the oa~pring mature. Toe seit ratio 
is a particularly importanl parameter when one sex Is eitpee[ed to be affected by the test 
substance more than the ocher sex. This parameter is usually calculated as follows: [number of 
males/number of females). 1M calculation (number of females or males/meal number of 
animals) x 100 yields the percentage of total animals that are male or female. 
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Viahility_lndiccs: The viability indices a,e measures of the offsprings' ability to survive during 
specific inrcrvals of their lives, from birih (day 0) to day 4, day 4 to 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 i~ important in reproduction studies because it may reflect the adequacy of postnatal 
nourishment, maternal neglect, and postnatal absorption of a ro~ic substance that LI excreted 
in the. mothers' milk. Regardless of etiology, decreases in viability indices are considered to be 
indicative of adverse reproduclive effects. 

Gro~h Indices: Growth indices are measures of the general physiological status or 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 compared with viability Indices for the 
same postnatal time: If pups exposed to a test compound show high survival at weaning but 
have a decreased average weanling weight, that may indicate impairment of nutrition or 
metabolism by the test compound. 

O!hRB!!!!po~tsfor Neonates: In special circumstances, for example, If screening data 
provide evidence of a potential for neurotoxicity, 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, 
scnsorimotor reactivity, and cognilive function and a neuro-hlstochemical examination of in situ 
fixed nervous system tissue. 

Maternal ToJlCi!Y: See the discussion of maternal toxicity and its significance in Chapter JV C 
9 b 2. 

Bglroductive Endpoints for Mal~: Sperm evaluations may be recommended when reduced 
ferlility rate or other lnforma1ion suggest that the test substance may be a reproductive 
1oxicant in males. A sperm evaluation should Include measures of sperm count, sperm 
motility, and sperm morphology. 

Sperm counts from test species may be derived from ejaculated, epididymal, or testicular 
samples. lljaculated sperm counts are influenced by several variables, including length 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 usually use 
sperm from the cauda ponion of the cpididymls. If sperm count is upressed on the basis of the 
weight of the cauda epldidymls, absolute sperm count should also be reponed 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 elongated ·spermatid nuclei 
following homogeniwtlon of testes in a detergent-containing medium. 

Sperm motility can t,c useful In identifying the changes that have occurred in the biochemical 
environment in the testes and epididymis. Motility estimates may be obtained on ejaculated, vas 
deferens, or cauda cpididymal samples. Motility is influenced by many variables, including 
abstinence, the elapsed time between obtaining the sample and evaluation of motility, and the 
medium used to dilute the sample. Hislorical measures of motility have been obtained by using 
subjce1ive, microscopic techniques. Recently introduced automated image-analysis techniques are 
more objective, provide a permancm record, and allow additional data to be obtained, such as 
swimminr, speed and swimming pancrns. 
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Sperm morphology refers to the structural aspects of sperm. In most studies on test animals, 
only the head shape has been evaluated, but additional information may be gained from an 
evaluation of midpicre and tail morphology. The traditional approach to characterizing morphology 
has relied on subjective categorization of sperm shape from examination or stained slides. Individual 
sperm morphology profiles are stable over time. Ari increase in abnormal sperm morphology should 
be considered supportive evidence that the test compound has gained access to the germ cells. 

v. Repprtin_g the Results of Repwduction Studies 

Reports of all reproduction studies should oontain, in addition to the information required by 
the Good Laboratory Practice Regulations (see Chapter IV B 1 a), absolute values for aU 
parameters, oomplete data (individual pups) and tables of data summarized and analyzed by litter. 
All major indices, discussed in the previous section, should t,e calculated. The dosage rate of test 
substance (doses) should be reported as mg/kg/day (milligrams of test substance per kllogram of 
body weight per day). 

Problem~ commonly encountered in the review of multi-generation reproduction studies and 
developmental toxicity studies, include: Insufficient numbers or pregnant animals per control or 
treatment group, non-random selection procedures, and statistical analyses or data on a per-fetus 
basis instead of a per-litter basis. Careful oonsideration of recommended guidelines and the 
submission of protocols for review by the Agency prior to conducting the studies would help 
eliminate 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. 

h. Guideline for ))evelopmenllll Toxicity Studies 

The purpose of developmental toxicity studies is 10 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 organogenesls 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 oombined with a multi-generation reproduction study, 
or it may be performed as a separate study. When combined with a reproduction study, the 
1eratology assessment is usually performed on the last litter of the last generation, so as to maximi1.e 
exposure to the test agent. If the test substance is l.>elieved to have the capacity to alter the rate of 
its own metabolism through production of metaboli1jng enzymes or as a result of damage Incurred 
by the liver, then con.~lderatlon should be given to evaluating the teratogenic potential of the 
compound using a separate study. If the results of a developmental toxicity study are positive, a 
scwnd species may be tested in order to determine if the toxic effects of the test substance are 
limitc.t to one species. Additional information is found In the referenced material.• 

lJnlcss specific exclusions arc noted below, general recommendations for toxicity studies (see 
Chnptcr IV JI l) apply to developmental toxicity studies. Recommendations that are unique to, or 
are particularly important for, tcratogcnicity studies are IL~ted below. 

• EPA (1985)11 
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Experimental Animals 

Sps.cit,s and Strain Selection: When pharmacokinetic and metabolic data or other information 
sugp,est the most appropriate species for developmental toxicity testing, that species 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 developmental toxicants, humans arc as sensitive or 
more so than the most sensitive animal species. Commonly used species are the rat, 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' diet should meet au 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, beeau&e such material may have 10 be incorporated into the diet at 
level~ which may interfere with normal nutrition. Under these circum:;tariCCll. an additional control 
group fed basal diet may be necessary. 

Animals should be assigned to test and control groups in a stratified random manner to 
minimize Inter-group weight differences and assure statistical comparability of relevant variables. 

l::!!!.!lll>IT. Se~. and Ag~: All test and control animals should be young, mature, pregnant 
females _of uniform age and sl1.e. 

A sufficient number of females should be used so that each test and control group consists of 
at least 20 pregnant rats, mice, or hamsters, or 12 pregnant rabbits, at or near term. These are the 
minimum numbers of pregnant animals for developmental toxicity testing. The objective Is to insure 
that enough lillers are produced to permit effective evaluation of the teratogenic potential or the 
test compound. 

ii. Dose Seleetion..._.Ireatment Period, and Method of Dosing 

Duration of Tming: The test substance should be administered daily throughout the 
treatment period. The minimum trMtment period recommended for developmental toxicity 
studies includes the period of organogenesis of the species used. In rats and mice, this period 
includes days 6 through 15 or gestation; in hamsters, days 4 through 14; and in rabbits, days 7 
through 18. Day O of gestation is considered as the day of finding a positive indication of 
mating. Alternatively, treatment may be el(lended to include the entire period of gestation, 
from fertili1.ation to approximately one day before term. 

If the developmental toxicity test is being conducted a~ part of a multi-generation reproduction 
study, the animals are dosed from before conception until they are necropsicd. 

fu>_ute of. Admlnlmation: 1ne test compound or vehicle sho_uld be administered using the 
route which most closely approximates the pattern of human exposure {diet or drinking water). 
Oral intubation (gavage) may be appropriate in instance.s where human exposure is via a bolus 
dose or when it is essential for the animal to receive a specified amount of the test compound. 
1ne use of gavage may also be required when analysis of the agent in lhe 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 I ml/lOO g body weight If the test substance must be 
given in dividc.d doses, all doses should be administere.d within a 6-hour period. 
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Mating J'i_Qec!'..durrs: For each mating, one or two females should be placed with one male. 
The following morning, each female should be examined for the presence of sperm in the 
vaginal lavage or the presence of a sperm plug. The day when sperm arc found is considered 
day O of gestation (day O of gestation in rabbits is the day inseminallon is performed). Sibling 
matings should be avoided. 

!'.iloJ.S\ud_y: To select appropriate doses of the test substance, a pilot or trial &tudy i~ 
recommended, unless suitable information is available from olher studies. It is not always 
necessary to carry out a trial study in pregnant animals. Comparison of the results from a 
trial sludy in non-pregnant animals and a main study In pregnant animals will establish 
whether the test substance is more toxic in pregnant animals. If a trial study is carried out in 
pregnant animals, the dose producing embr:yonic or fetal lethalitles should be determined. 

£Qntrol and !)osed..Q.!Q.~l'J: At least three test groups and one control group should be used 
in the primary developmental 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 properties 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 properlles of the substance, the 
highest dose should ideally induce some overt maternal toxicity such as a statistically significant 
reduction In body weight, and yet still support reproduction. The highest dose should not cause a 
significant reduction In average litter si1.e as compared to untreated controls, should not cause more 
than 10 percent maternal deaths, and should not exceed S percent of the diet The low dose level 
should not 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 
gavage should be based on the individual animal's weekly (preferably, the animal's dally) body 
weight.. 

Afl,tcrnal Toxicl!Y..!nd Its Si!(!lincance: 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 hlstopathology. The 
calculation of a co=ted mean. maternal weight gain (difference In an inillal and terminal 
maternal body weight less the gravid uterus weight) may also be used as an index of maternal 
toxicity. 

A variety of agents arc known to have a selective 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 to 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 1ha1 of the fetus due to differences in metabolism, distribution and 
elimination ol 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 maternal toxicity are commonly regarded as the most 
serious manifestation of toxicity, due 10 the apparent increased sensitivity of the developing 
organism, as compared with the adull. When developmental effects are found in the presence of 
ma1crnal toxicity, the primary cause of 1hc effect is often left open to question. However, since 
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1here is insufficient evidence 10 suggcs1 1ha1 developmental toxicity is always a secondary 1oxic cffeci 
in 1he presence of maiernal toxici1y, a de[ault assumplion must be employed. It is assumed that 
developmen1aJ effeclS which occur in 1he presence of minimal ma1ernal toxicily are considered 10 be 
evidence of developmcn1al 1oxici1y, unless it can be established that the developmental effects are 
unqucs1ionably secondary to the ma1ernal c[fec1s. In situa1ions where developmental effects are 
observed only al doses where 1here is a substantial amount of maternal toxicity, then the possible 
relationship between the maternal toxicity and the developmental effeclS should be evaluated in 
order 10 make a proper assessment rcga1ding the toxicity of a test rompound. 

The poinl at which a dose level would become unacceptable for evaluation due to the degree 
of maternal toxicity would vary on a case.by-case basis and such a determination would require 
scientific judgement One generally accepled rondition has been greater than 10% maternal 
mortality at the given dose level. 

Clinical Observation and Pathological Examina11on of Dams, Fetus<'§, and Neonates: 
11troughout the study, each animal should be observed at least twice daily. Relevant 
behavioral cl,anges and all signs or toxicity, including mortality, should be recorded. Dams 
should be weighed immedia1ely ~crore the first dose of the test compound L~ administered 
(usually, day 6 or 7 of gestation), weekly until necropsy, and at the time of necropsy. 
Optimally, animals should be weighed daily if the test compound dose is administered by 
gavagc. Weekly measurements or food consumption should be made; fluid consumption 
should be measured a1 appropriate. Any dam showing signs of imminent abortion or 
premature delivery during the study should be necropsied on the date such signs are observed. 

11tc test should be terminated approximately one day before term, when the dams should be 
necropsied and examined microscopically for structural abnormalities or pathological changes that 
may have lnnuenced pregnancie& · Immediately after the dams are killed, fetuses should be delivered 
by hysterotomy. Care should be laken 10 insure that all fetuses (except those sacrificed before the 
end of the study) arc delivered at approximately the same stage of fetal development. The uterus 
should be removed and the con1en1s crnmined for embl}'Onic or fetal deaths and for the number of 
live fetuses. For dead fetuses, ii is usually possible 10 estimate the time of death in utero. In rats 
and rabbits, the number of corpora lulea should be determined. For dams that do not appear 10 be 
pregnant, a sodium sulfide or ammonium sulfide solution may be used to enhance the visibility of 
resorption sites. Evaluation of the females during rosarean se.ctlons and subsequent fetal analyses 
should be conducted blind in order to minimize unconscious bias. 

Following removal from the uterus, each fetus should be examined externally, and all 
deviation.1 from normal should be noted. The sex of each fetus should be determined. Each fetus 
should be weighed Individually, and the mean fetal ,.;eight per sex per group should be calculated. 
Additional end points may be measured, such as the crown·to-rump distance on each fetus. 

f'or rats, mice, and hams1ers, one.hall of each liner should be prepared and examined for 
skeletal anomalies (Aliuirln Red single staining or Aliuirin Red/Alcian Blue double staining are 
re.commended). 1ne remaining pan or the litter should be prepared and examined for soft.tissue 
anomalies (Wilson sections or frc.sh..tJissec1ion techniques are recommended'). The percentage of 
fetuses designated for skeletal and sori.tissue analyses may be modified I( the fresh dissection 
technique is used or if there is prior knowledge about the effects of the test compound indicating 
1ha1 toxic effects may be best identified by a particular technique. Each rabbit fetus should be 
rnrefully dissr.cted and examined for visceral anomalies, then examined for skeletal anomalies. 

• Wil~on (1965);1 Siaplcs (1977);' flarrow and Taylor (1%9)' 
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Reproductive organs, lymphoid organs and tissues (bone marrow, representative lymph nodes, 
!'eyer's patches, spleen, stomach, and 1hymus), the brain, peripheral nerve tissue, and target organs 
from all animal, in a developmental toKicity (teratogenicity) study should be preserved for future 
hi~topathological analysis, as necessary. 

End Point< Measured: Because the maternal animal, and not the developing organism, is the 
individual treated during gestation, data generally should be calculated as incidence per liUcr 
or as number and percent ol littcrs with particular end points. Maternal toxicity is uselul in 
assessing the validity of the high-dose level and the possibility that maternal toxicity is involved 
in subsequent developmental events. Parameters used to measure maternal toxicity include 
body weight, food and fluid consumption, daily clinical observations, and necropsy data, such 
as organ weights. 

If treatment fa given throughout gestation, implantation may be affected. If, however, 
treatment begins alter Implantation, conception and implantation rates should be the same In 
control and treated groups. End points to be measured per litter should Include the number of 
implantations, corpora lutea, live fetuses, dead fetuses, and resorbed fetuses. For litters with live 
Ictuses, mean male and female body weights and the incidence per litter of all divergences from 
normal fetal development should also h¢ reported. 

Analys~ 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 wcighL, should be compared by analysis of ro-varianct, 
adjusting for initial body weight, and then analyzed by protected least significant difference 
(LSD) tests. Fetal body weights should be evaluated using nested analysis of variance. 
Anomalies In litters should be compared by Fisher's Exact Test. Fetal survival and Incidence 
of abnormalities per litter are compared by analysis of variance after transfonning the data 
using the Freeman-Tu key Arc-Sine Transformation. When possible, the litter should be 
considered the statistical unit of measure. 
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Additional Recommended Studies 

A. Introduction 

The Agency recogni1.cs 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 pham1acokinctics and the ncurotoxic and immunotoxic potentials of test substances arc described 
in Chapters V II, C, and I>, 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 (see Figure 4, Chapter Ill C 1), they are discussed in greater detail than other 
recommended toxicity studies (sec Chapter IV C). 

1. Metabolism and l'harmacokinetics 

FDA believes that data from studies on the adsorption, distribution, metabolism, and excretion 
or a chemical ,:an 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 II or !!!, 
Recommendations for obtaining data on the metabolism and pharmacokinetics of these substances 
arc presented in this document. In general, the Agency recommend.~ that this information be 
obiaincd before subchronic and chronic toxicity tests are begun. 

2. Neurotoxicity 

ll is recommended that the assessment of neurotoxic potentiaJ·lle.carried out according to a 
process of tiered testing progressing from the identification of chemical~ associated with neurotoxic 
effects (screening), through a characterization of the ·scope of nervous system involvement 
(charnctcrl111tion or effects), to the determination of dose response kinetics which includes the 
definition of the no-observed adverse effect level (dose-response). Screening for neurotoxic cffecL~, 
which is considered to be one of the most critical steps in this tiered process, should be routinely 
and systematically carried out in short-term (see Chapter IV 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 histopathologieal examination of representative tissue samples of all major 
areas of the brain, spinal cord, and peripheral nervous system in conjunction with a functional 
evaluation battery of quantifiable observations and manipulative tests selected to detect signs of 
neurological, behavioral, and physiologic.al dysfunctions. References to published literature that can 
guide the petitioner in selecting an appropriate neurotoxicity screen are included. 
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Study reports should include an integrated assessment of the potential for the test chemical to 
adversely arfcet the suuctural or fonctional integrity of the nervous system. This assessment should 
include results of the neurotoxici1y screen and other toxicology data, as appropriate. Ilased on the 
assessment, an explicit statement should be made as to whether or not the test chemical represents a 
po1cn1ial neurotoxic hazard which requires special testing. Recommendations about further 
neuroioxicity tcsling, if the rc~ults of 1hc initial screens indic.atc the need for such testing, are 
included. However we urge pelitioncrs 10 consul! with Center scientists before undertaking 
additional neurotoxicily tests. 

An immunotoxicity screen should be routinely. carried out in short-term (sec Chapter IV C 3), 
subchronic (sec Chaptr.r IV C 4), and rcproduc1ive and developmental toxicity studies (see Chapter 
IV C 9). This screen consists of p.tiillfilY lndicatpn of hnmunotoxicity described in Chapter V l) 3; 
1hese indic.ators arc a set of hcmatologic,11, scrum protein, histopathological, and body and organ 
weight endpoints thal are routinely evaluated in standard toxicity test1. 

Study reports should include an integrated assessment of the potential for the test chemical to 
adversely affecl the immune system. This assessment should be based on results of the 
immunotoxicity screen (primary indicators of immunotoxicity) and other toxicology data, as 
appropriate. Based on the results of this assessment, an explicit statement should be made as to 
whether or not the test chemical represents a potential immuno_toxic ha1.ar4 which requires 
addilional immunotoxicity testing (sec Chapter V D 4 and S). 

H results of the lmmunotoxicity screen indicate the need for further testing, information that 
will help the pciitioner choose additional immunotoxicity·tests L1 provided. However, we urge 
petitioners to consult with Ccnlcr scientists before undertaking additional lmmunotoxicity tests. 
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VB. Metabolism and Phannacokinctic Studies 

Results from animal toxicity studies arc used by FDA to determine dose-response 
charac1eristics for any effects observed in the evaluation of the safety of food and color additives. 
Since. the delivered dose of a substance to any affected tL~ue or organ Ls determined by the 
pharmacokinctics and metabolism of the substance in the test animal, toxicity studies are more easily 
interpreted, likely to achieve target doses, and avoid excessive toxicity if data from metabolic and 
pharmacokinetic studies arc available during the planning of short·term, subchronic and/or chronic 
1oxici1y studies. Barty determination of me1abolic pathways and the rates of metabolism in different 
test species may provide explanations for species differences in any effects which are observed, and 
suggest biochemical or pharmaeologic experiments which might be used to test explanations of such 
phenomena. 

The Agency recommends that petitioners submit data that will enable our scientists to 
evaluate: l) the extent of absorption, 2) tl~ue distribution, 3) pathways and rates or metabolism, and 
4) rate(s) of elimination of the parent substance and any metabolites formed for all Concern LevelJ! 
{!l)Ql!l substances (see Figure 3). The Atency may rcco.mrnend submission of additional metabolic 
and pharmaeokinctic data based on the extent to which a chemical is metabolized, the potential 
toxicity of the metabolites, and the extent to which observed toxic effects seem to correspond to the 
presence or the parent substance or its. metabolites. 

1. Considerations in the J>csign of, Analysis of, and Use or Data Crom Metabolic 
and l'harmacokinctic Studies · 

Pharmacokinetic data can be used to predict plasma concentrations, target tissue doses, and 
the fate of the administered dose. This information can then help the petitibner and/or the Agency: 
I) decide which toxicity studies should be conducted, 2) select doses for chronic toxicity and 
carcinogenicity studies, 3) determine the mechanism of toxicity and assist In the Interpretation of 
toxicity data, and 4) improve the rLsk assessment process. 

a. llcsign and Analysis or Metabolic nnd l'harmacoldnctic Studies 

Phannacokinctic studies arc 'most useful when they are performed early in the process of 
evaluating the toxicity of a chemical. However, additional metabolism and pharmacokinetic studies 
may be recommended after target organs have been identified in toxicity studies. 

Whole animal (oral dosing) studies should be performed to determine gastrointestinal 
absorption and overall elimination rates for a compound. However, it i.s often most efficient to 
perform in vitro studies of metabolfsm before whole animal (oral dosing) studies to determine 
whether enzyme ·kinetics may explain known dose response CUIVCS•,Or·prcdict .non-linear dose· 
response curves. 1lle results of early in vitro studies also can be used fo optimize the choice of 
doses in whole animal pharmacokinctic studies. 

Additionaf rccomniendations µinccrii'ing 'the design &nd analysis or. meiabo!isni and 
ph~rmaeokincij~ :studies arc de.scribed below. . . . .. . . . 
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V )I. Metabolism and Phannacokinetic Studies C.ontinued 

In selecting the dosage form of a test compound to be administered in rnetabolic and 
pharmacokinetic studies, the chcrnic.al eharacterL~tics of the rompound and its route of administration 
should Le considered. 1be formulation of the test substance used for rnctabolic and pharmacokinctic 
studies should exhibit similar patterns of disintegration and/or dissolution as formulations used for 
toxicity stUdies. Chemical purity of the test compound should be established; impurities that may 
affect absorption, dimibution, metabolism and excretion of the test compound should be identified. 
Stability of the rompound in its carrier (i.e., food, water, or solvent) also should be determined. 
Chemical characteristics of the rompound (i.e., low solubility, volatility) may make certain routes of 
administration impossible. It is critical that the dose absorbed into tissues be determined especially 
in studies where the test substance is added to the feed or water and is ingested ad libin1m. 

Use of radioactive substances facilitates ma.~ balance determinations because radio-labels are 
relatively easy to detect in samples of tissues arid 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 to the substance (parent rompound and metabolites) is 
of concern. The radio-label should not be biologically labile; when a radioactive element is present 
at more than one position of the test compound, the radio-label should be uniformly distributed in 
the molecule. 

1be 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 pure and radio-labeled impurities are not identified, and if only the distribution of 
the radio-label in tissues and body fluids is determined, interpretation of the results may be difficult. 
For example, for a rompound that is 95-96% radioactively pure and minimally absorbed (Le., 
approximately 2% absorbed), it is impossible t0 unequivocally differentiate between 2% absorption of 
the test rompound 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) arc rcrommcnded. 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 pharmarokinctic studies with other species. If human metabolism and 
pharrnacokinctic data also arc available, thjs information should be used to help select test species 
for the full range of toxicity tests, and may help to justify using data from a particular species as a 
human surrogate in safety a.~essmcnt and. risk assessment. (Human metabolism studies should be 
condu~1cci auordlng' io ih°e'guidcliries in 'diapter VI B.)' . . . . . ' . . . . • . · ' . 

Metaboli<m and pharmacokinctic studies have grcaler relevance when ronducted in both sexes 
of young adult animal< of the siiine species and strain used for oth'er .ioxiciiy .tests .with the test 
substance. The number of animals used in metabolism and pharmarokinetic studies should be 
sufficient to reliably estimate population variability (sec Chapter V JI l e). A single set of 
intravenous and oral dosing results from adult animals, when combined with some in virro kinetic 
results, may provide an adequate data set for the design and interpretation of short-term, subchronic 
and chronic toxicity studies. 

Studies in multiple species may clarify what appear to be contradictory finding.~ in toxicity 
studies (i.r., equal mrJkr. bw doses having less effect in one Sp<'-Cies than in another). If disposition 
and metabolite profiles arc found to be similar, then differences in rc..sponses among species could 
more reliably l>c amibuted to factors other than differences in metabolism. Studies of the 
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V JI. MetaLolisrn and l'harrnacoklnctic Studies Continued 

pharmacokinetics and metabolism of a substance in neonatal and adolescent animals provide 
information about any changes in metabolism 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. 

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 (JV) dosing study, it is very difficult to determine what 
percentage of a chemical i~ absorbed, beeause the material excreted in the feces is c.omposcd of 
unabsorbed dose plus biliary and non-biliary (mucosa!) elimination. 

An intravenous study c.in provide accurate rates of metabolism-· without interference from 
intestinal nora--plus rates of renal and biliary elimination, if urine and bile are c.olletted. This route 
also avoids the variability in delivered dose associated with oral absorption and ensures that the 
maximum amount of radiolabel is excreted in the urine or bile for purposes of detettion. 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 gastrointestinal absorption models. 

In single-dose pharmacokinetic studies 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 to use both fasted and non-fasted animals 
for pharmacokinetic studies. 

Selection of the dosing regimen for metabolism and pharmacokinetic studies depends on the 
type of information that is ncc.ded. Metabolic and pharmacokinetic parameters are usually 
determined following a single administration of the test COl\lpound. Comparing parameters obtained 
from studies in which a range of single doses have been administered can be used to determine the 
doses at which saturation of absorption, distribution, metabolism or excretion occurs. Multiple 
dosing studies can be used to determine the potential of a compound to induce or inhibit Its 
absorption, distribution, metabolism or excretion .. ldentific.ition and quantification of the major 
metabolites following administration of single and multiple doses may Indicate whether saturation or 
induction of a particular biotransformation pathway can occur. 

' /11 ;i;;~ 'expcriineiiis ·m~y .be uscfu'i in sciceni~g i~r dose dcpend~~cl~. ·~nci'p;o\id~ .;;·~~~ 
accurate descriptions of the enzyme kinetics or other processes underlying dose dependencies 
obserycd in the whol.c .animal. In virro studies usually indicate identical .metllbolic pathways and 
metabolism rates comparable to those obtained from whole animal studies but .require fewer animals 
10 perform and c.in be completed in less time with fewer resources.• 

'flaarnhiclm et nl. (1986); 1 Green rr al. (1986);2 Lin et al. (1982)1 
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V JI. Metabolism and Pharmaeokinetic Studies Continued 

Dlood (Kn,.s, 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 liver, kidney, fat, 
and suspected target organs. Sampling times should depend on the substance being tested and the 
route of administration. In general, an equal number of blood samples should be taken in each 
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 elimination. In a typical IV study, blood and tissue samples are taken in 
a 'powers of 2' series, 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' series: 3, 9, and 
30 (27) minutes, 1, 3, 9, and 24 (27) hours. Oral dosing studies usually extend to at least 72 hours, 
or S plasma half-lives, ensuring the excretion of 95% of the absorbed dose. The sampling schedule 
for an oral dosing experiment might be: IS minutes, 30 minutes, 1, 2, 4, 8, 24, 48, and 72 hours. 
Such a sampling scheme would provide data coverage for evaluation of absorption, elimination, 
entcrohcpatic recirculation and excretion processes. 

Whole Body Autoradiography (WBA) has been used with increasing frequency a~ a means of 
identifying tissues which concentrate test substances. This technique allows a small number of 
animals (5 - 10) to be used for screening purposes with a minimal investment in manual labor. 
FDA encourages the use or WllA with IV dosing, as a means of screening and selecting tissues of 
greatest relevance for later oral dosing studies. Animals used for WBA should be sacrificed during 
the elimination phase, between 1 and S plasma half-lives, since bioaccumulation at steady-state is the 
primary consideration in sclccting specific tissues. 

The number of animals used in metabolism and pharmacokinetic studies should be large 
enough 10 reliably estimate population variability. In the case of rats and mice, ti.1Sue and/or blood 
sample size is usually the limiting factor: analysis of the substance may require 1 ml or more blood, 
but it is difficult to obtain multiple blood samples of this siw from one animal. As a consequence, 
a larger number or animals is required (3 • 4 per time point, 7 - 9 time points) when small rodents 
arc used. Such an approach has the advantage of allowing limited sampling of critical tissues (e.g. 
liver, fat) at each time point, an option which is usually unavailable with large animals. The use of 
humans and large animals generally permits collection of multiple {serial) blood samples. For 
outcrossing populations like humans and large animals, individual differences in the rates of 
biotransformation are likely to be greater than those of inbred rodent populations; under these 
circumstances, more samples/scxJgroup may be needed to reliably estimate variability. 

Individual metabolism cages arc recommended for collecting urine and feces in oral dosing 
studies. Excreta shtiuld be collected for at least 5 elimination half-lives of the test substance. When 
urine concentrations will be used to determine elimination rates, sampling times should be less than 

· one elimination :half'!ife (taken direclly from the' bladder ·in N st11dies);· otherwise, samples should 
be taken at equal time intervals. . . 

/11 Vitro riicasurcments employing enzymes, subccllular organelles, isolated cells and perfused 
organs may be used 10 augment the dose response information available from less extensive 
metabolic and pharmacokinctic studies. Because i11 ,•irro systems generally are less complex than 
whole animals, elucidation of a test compound's metabolic pathways and the pathways' kinetic 
charac1eris1ics may be facilitated. Such systems can be used to measure binding, adduct and 
rnnjur,atc forination, transport across cell membranes, enzyme· activity, enzyme substrate spe.cifieity, 
and 011,er singular objectives. Biochemical measurements that can be made using in virro systems 
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V n. Mela bolism and Pharmacokinctic Studies Continued 

include: Intrinsic clearances of enzymes in an organ or tissue, kinetic ronstants for an enzyme, 
binding constants, and the affinity of the test rompound and its metabolites ror the target 
macromolecules. The activity of a hepatic drug-metabolizing enzyme in vivo may be approximated by 
kinetic ronstants that arc calculated from in vitro studies; when a first-order approximation is used, 
the ratio of Vm .. to K., is equal to the intrinsic clearance of the drug.• In vitro measurements made 
using readily accessible tissues and body nuids from animals and man may also be usefol in 
elucidating mechanisms or toxicity, 

Data from all metabolism and pharmacokinetic studies should be analyzed with the same 
pharmacokinetic model and results should be expressed in the same units. Concentration units are 
acceptable if the organ or sample size is reported, but percent or dose/organ is usually a more 
meaningful unit. In general, all samples should be analyzed for metabolites that cumulatively 
represent more than I% of the dose. 

A variety of rate ronstants and other parameters can be obtained rrom IV and oral dosing 
data sets, provided that good roveragc of the distribution, elimination, and absorption (oral dose) 
phases is available. 1)'plcal parameters calculated to characterize the disposition of a test substance 
arc: half,lives of elimination and absorption; area under the concentration-versus-time curve (AUC) 
for blood; total body, renal and metabolic clearances (Q); volume of distribution (Y..); bioavailability 
([); and mean residence and absorption times (MAT, MB'.!). Some of these parameters, such as 
half-Jives and elimination rates, are easily computed from one another; the half-life fs more easily 
visualiwd than the rate constant.• 

Computation or oral absorption (k,) and elimination (E) rates is often romplicated by the 
'nip-Oop' of the absorption and elimination phases when they differ by less than a factor of 3.' 
Because of these analysis problems, romputation of absorption and elimination rates should not be 
attempted on the basis of oral dosing result~ alone. 

Blood-tissue uptake rates (ki1) can often be approximated from data at early (t < 10 minutes) 
time points in JV studies, provided that the blood has been washed from the organ (e.g. liver) or the 
contribution from blood to the tissue residue 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 
complex models. Tissue-blood recycling rates (k,j) and residence times can be computed from 
partition coefficients if estimates of uptake rates arc available. · · 

Tissue/blood partition coefficients (R11) should be determined when steady-state has been 
achieved.,. Estimates based <>n samples obtained during the .elimination -phase rollowing a single dose 
of the test substance may lead to underestimates of this ratio in both eliminating and non- · 
eliminating tissues unless its half-life is very long. Correction of these values for elimination has 
been described by-several authors.• 

• Rane er al. (1977);' Gillette (1986)' 

'Wagner and Nelson (1963);' Gihaldi and Perrier (1982)' 

'Notari (1987)' 

'Chm and Gross (1979);' I.am ct al. (1982)" 

144 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Draft 

V II. Metabolism nnd l'hannacokinctic Studies Continued 

ll may be important to determine lhe degree of plasma protein and red blood cell binding of 
the lest substance; calculation of blood clearance ra1es using plasma or scrum concentrations of the 
substance that have not been adjusted for the degree of binding may under- or over-estimate the 
true rate of clearance of the tcsl subs1ance from the blood. This is usually done through 
experiments in virro. 

Two classical methods used In 1hc analysis of pharmacokinetic data are the fitting of sums of 
exponential functions (2· and 3-eompartmcnt mammillary models) to plasma and/or tissue data, and 
less frequently, the filling of arbi1r3ry polynomial functions to the data (non-oompanmental 
analysis).' 

Non-compartmental analysis is limited in that it is not descriptive or predictive; roncentrations 
must be interpolated. from data. 1ne appeal of non-compartmental analysis is that the shape of 1he 
blood concentration-versus-time curve is not assumed to be represented by an exponential function 
and, 1hcrefore, estima1es of me1abolic and pharmacokinc1ic parameters are not biased by this 
assumption. In order to minimize errors in parame1er es1ima1es that are introdured by interpolation, 
a large number of data points that adequa1ely define lhe concentration-versus-time curve are needcll. 

Analysis of data using simple mammillary, compartmental models allows the estimation of all 
of the basic parameters mentioned above, if data for individual tissues are analyzed with l or 2 
compartment models, and combined with rcsulls from 2 · 3 companmcnt analyses or blood data, 
'Curve Stripping' analysis can be applied to such simple model\ through the use of common 
spreadsheet programs (le. LOTUS 1-2-3), as long as a linear regression function is provided in the 
program. Optimfaation of the cocfficicnls and exponents cs1imated may require the use of more 
sophisticated software: a number of scientific darn analysis packages such as RS/1 and SigmaPlot 
have the necessary capabilities .. Specialized progranis such as NONLIN', CONSAM,• or 
SlMUSOLV' will be needed when more complex models must be analyzed. coefficients and 
exponents from mammillary models can be used to calcula1e other parameters; however, they should 
not be taken too literally, since mammillary models assume that all input~ are to a central pool 
(blood), which communicates wilhout limitation into other compartments.' This approach docs not 
include details such as blood flow limitations, ana1omical volumes or other physiological limits in the 
animal. 

Physiologically based pharmacokine1ic models (PB-PK) were developed to overcome the 
limilations of simple mammillary models. Physiologically based models describe the disposition of 
1cs1 substances via compartmental models which incorporate anatomical, biochemical and 
physiological features of specific tissues in the whole animal. The t~ of information added 
include organ-specific blood nows, volumes, grow1h models and metabolism rates. Metabolic 

. paiam?tc.rs o[te~ ,at(). ,Qb,\a!ncd, from it• ri1r~ .~1udics .(it·. enzyme. r~?t!on. ~a.~~. i~. ~ullured , . . 
hcpatocytes, plasma protein bi.nding, CIC).. while 0th.er parame1ers are beeoming available as s1andard 
parameters in the literature. Parame1ers from mammillary models can be used to compute the value 
of parameters used in physiological pharmacokinetic models, u.sin.g t~,;sue-spec,ilfo bloo~ llo.ws, 

•Notari (1987);1 Benet (1972);11 Vaughn and Trainor (1975) 12 

'l'cdc1sen (1977)" 

'Boston er al. (J 988)" 

'Steiner er al. (1990) 11 

'lkscir,no and Segre (1966);" F:1garasan and DiSrcfano (1989) 11 
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V II. · Metabolism and Pharrnacokinctic Studies Continued 

anatomical volumes, and other inform:nion (literature values). Estimation of parameters for a 
simple mammillary model is often the first data reduction step in creating a physiological model.• 

llccausc PB-PK models arc based on physiological and anatomical measurements and all 
mammals arc inherently similar, they provide a rational basis for relating data obtained from animals 
to humans. Estimates of predicted disposition patterns 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 nows. Development of these models requires special software capable of 
simultaneously solving multiple (often very complex) differential equations, some of which were 
mentioned above. Several detailed descriptions of data analysis have been reported.' 

h. Use of Data from Metabolism nnd Phnrmacokinctlc Studies 

Information from met.abolism and pharmacokinctic itudies can be used in the design and 
analysis of data from other toxicity studies. Some examples are described below . 

.Q__esign of To~icity Stu~!f§; The conccntralion-vcrsus·time curve, peak, and steady-state 
concentrations of the test substance in blood or plasma provide information on the 
distribution and persi~tencc of the substance in the animal which may suggest essential 
clements in the design of toxicily studies. For example, when metabolic and pharmacokinctie 
studies indicate that the test compound accumulates in the bone marrow, long-term toxicity 
test~ should include evaluation of the test compound's effect on hematopoietic function and 
morphology. If a test compound is found to accumulate in milk, an investigator should plan 
to perform reproductive toxicity studies with in uuro e,q,osure and a nursing phase (cross­
fostcring study; sec Chapter IV CR). In addition, informalion from metabolic and 
pharmacokinelic studies can be used to predict ihe amount of test compound that enters 
biological compartments (tissues, organs, etc.) that may not suffer a toxic insult but may serve 
as depots for indirect or secondary exposure. 

Sct.!inrJ)ose Levels: There is considerable debate about the use o[ metabolic and 
pharmacokinetic data in setting doses to be used in toxicity studies, panicularly chronic toxicity 
and carcinogenicity studies. Current NTP policy for selecting the highest dose in 
carcinogenicity bioassays is described in Chapter rv C .6 h. In 1984, the NTP Ad Hoc Panel on 
Chemical Carcinogenesis Testing and Evaluation also recommended that pharmacokinetic darn 
be considered along \\1th subchronic toxicity data in setting all dose levels except the 
maximum-tolerated dose (MTD) in lhe carcinogenesis bioa-;say of chemic.al~.' FDA agrees 

.W.ilh th~gat~nl.c.nts and rec<)mmcn.~s !h.at. p~arm.a~ki_netic d_at~ be ~sed_in co.njunction mth 
the results of short·terrn .and suhchronic toxicity studies to set appropriate dose levels for 
chronic toxicity, reproduction and teratology studies, and for setting dose levels below the 

. MTD (highest dose) in carcinoge~icity srndi_es. 

•Gillclle (1986);1 O'Flahrcly (1989) 18 

'Gibaldi and Perrier (1982)1 GcrlO\,~ki and Jain (1983);" 

' NTI' Report (1984)"' 
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V JI. Metabolism nnd l'harmacokinctic Studies Qmtinucd 

f>eterminjllf Mechanisms of Toxicitv: Information from metabolic and pharmacokinetic studies 
can !Jc used to supplement con"cntional toxicology data in elucidating mechanisms of toxicity. 
Metabolites identified by a pharmacokinctic study can suggest mechanisms underlying a toxic 
response. Biologically reactive intermediates are often implicated in a toxic response; however, 
such metabolites arc usually short-lived, reacting in the vicinity of their formation. The 
presence of potentially reactive intermediates can be deduced indirectly by measuring the 
formation of characteristic macromolecular (DNA, RNA, protein) adducts and metabolic 
conjugates. Measurement of metabolic conjugate vs adduct formation and the affinity of a 
compound and/or its mernbolites for the rnrget molecule may help identify mechanisms of 
toxicity and effective romes of detoxification. 

Information from in vitro test sy,tcms 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 !n 
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 
or the test substance at which saturation or binding occurs may indicate at what concemration a 
compound is likely to deplete detoxifying conjugation pools and become available to react with 
target macromolecules. 

!!l!p.rovingJ)ie Risk A~sessmcnt Proces~: Information from metabolic and pharmacokinetic 
studies increasingly is being incorporated into risk assessments. Conventional risk assessments 
typically involve linear ,extrapolation or external dose and an inter-species scale factor based on 
body weight or body surface area. Risks' calculated by this approach may be under- or over­
C$timated. 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 Mctabolis.m and l'harmacokinetic Studies 

FDA believes that data from studies on the absorption, distribution, metabolism, and excretion 
or a chemical can provide insight into mechanisms of toxicity of chemicals and are essential in the 
design and evaluation of results from other toxicity studies. FDA believes that a set of basic 
pharmacokinetic and metabolism studies should be performed for an Concern Level II and ill 

.subs.t~nres,,b.ut that additional studies m~y b<: r,~comm..eMe<lJ>rArai:ticula,r.ad~ilivc .. )'{cqommended 
studies should be perfon~ed with two rodent.species (usually the tat and mouse) and one.non­
rodent species (usually the dog). In general, what constitutes an appropriate set of metabolism and 
pharmacokinetic studies will depend on the anticipate<! ·degree an.d type of toxic response to a test 
compound and by the. estimated magnitude or human exposure to the compound. The recommended 
set of basic studies arc: 

• Intravenous studies usinr, a tracer level dose should be conducted in adult male and female 
animals or species in which toxicity studies have already been conducted or in which chronic 
toxicity studies arc contemplated. Blood, liver, and fat samples should be taken at all time 
points. The size and riming or urine and bile samples will depend on the dose of tracer and 
rate of excretion by each of these routes. Samples taken over periods of 30 min 10 2 hours, at 
2 or 3 time point-, should be sufficicn[.Jor co.mputation of the cumulative excretion by these 
routes. l'lasma. urine and bile shm•ld be analyzed for metabolites or the test substance that 
rurnulativcly rcprc-1cnt more than 1 % of the dose. Estimates of uptake and elimination rates 
should be made for each tissue sampled, using 2-compartmcnt models. 
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V ]I, Metabolism and Phannacokinetic Studies Continued 

• Studies of the rate of metabolism (of the parent compound) as a function of dose (or 
concentration) should be conduc1cd in vivo or in vitro, guided by results of metabolite analyses 
from the intravenous studies and available toxicology information. Hepatocytes or perfused 
livers will normally be used for such studies, 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 ~ome chemicals. Enzyme kinetic parameters resulting from in 
vitro studies may be sealed up to 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 results from toxicity tests, metabolic dose response data (11, above), and 
elimination rates determined from IV dosing studies. Bioaccumulative tissues should be 
sampled in addition to blood, urine and fcccs. A tissue that docs not accumulate the 
substance should also be included for reference purposes. Whole Body Autoradiographic 
studies arc recommended as a mc1hod [or identifying bioaccumulative tissues prior to the 
initiation of oral dosing studies. 

3. Additional Studies 

Studies 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 10 simulate the plasma and tissue level~ of test substance 
expected for a variety of dos~ in chronic studies being planned. 

In eases where reproductive studies arc recommended, pharmacokinetic experiments evaluating 
the distribution of the substance in the fctu\ mother's milk, and neonates should be performed as 
an aid in selecting doses and designing reproductive toxicity studies. IC the metabolic potential of 
the fetal and/or neonatal liver can be assessed in a preliminary in vitro study, this step is highly 
recommended. 

A~suming that IV and oral dosing studies have already been completed for both male and 
female adult animals prior to the reproductive pharmacokinetic studies, sampling can be more 
limited, ie. excretion studies combined with limited sampling of maternal blood, fetuses, milk, and 
neonatal tissues may be sufficient for characteri1.ation of the metabolic and pharmacokinetic 
processes of interest in pregnancy. · 

'Depending ori the types of toxic effects observed and' the importance of understanding the 
mechanisms of these effects to the safety assc.ssmcnt of a direct food or color additive used in food, 
additional biochemical or in vitro experiments may be submiued by the petitioner in support of any 
mechanism proposed. Such studies shnuld be substance-specific, and should be based on 
consultation with CFSAN, as appropri.itc. 
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v c. Ncurotoxicity Studies 

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 enables an organism to receive information from its internal and eJCternal 
environments and to orchr.strate appropriate adaptive physiological and behavioral responses. An 
eJCtensive body ol data demonstrates that diverse chemical substances can alter the structure and 
!unction of the nervous system in a variety 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 ncurotoxiclty can vary 
from immediate to delayed following exposure to a toxic substance, and duration can vary Crom 
transient to 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 adversely affect the nervous system. Ncurotoxic cff~ts arc generally associated with a spectrum 
of biochemical, morphologicai, behavioral, and physiological abnormalities. Depending upon their 
severity, some of these abnormalities may have life-threatening consequences; more commonly, they 
result in diminished quality ol life. 

In 1985, FDA commissioned the Federation of American Societies for Experimental Biology 
(FASEB) to assess the ability ol current FDA guidelines for toxicity testing of food and color 
additives used in food to detect neurotoxic hazards.• One conclusion of the FASEB report was that 
information derived from ronventional toxicity studies is so non-specific that it basically limits the 
detection of neurotoxicity to those disorders in which nervous system deficits arc cl~rly evident.• 

· Ttiis type of approach minimizes the detwion of subtle neurotox:ic hazards and pr~ludes an 
adequate assessment of the spectrum or potential neurotox:ic effects on the structural and functional 
integrity or the nervous system.' 

Until recently, neurotoxiclty was equated with neuropathy involving frank neuropathological 
lesions or overt neurological dysrunctions, such as seizure, paralysis or tremor. Bxamples of 
chemically induced ncuropathy in humnns (for example, from exposure to lead, organic mercury, 
hexane, carbon disulfide, and tri-ortho-cresylphosphate) emphasiw the need for assessing the 
ncurotoxic potential of chemicals to which humans may be exposed.' Although ncuropathy is 
appropriately ;ecognizcd as a manifestation of neurotoxicity, it is now clear that there are numerous 
other signs or nervous system toxicity.' Motor incoordination, sensory deficits, learning and memory 
dysfunctions, changes in emotion and altered states of arousal are also recognized a~ indices of 
neurotoxicity. ContinucJ reliance on ncuropathy as the primary criterion of neurotoxicity is overly 
simplistic and may significantly underestimate the ncurotoxic potential of a chemical in adult or 
developing organimis. 

• Fcdmtion of Amcrir.an Societies for Iixperimental Iliology Report (i986);1 ·1..cuicr6'1h (1987)2 

• 1-"r.dcration or American Societies for Experimental Biology Report (1986);1 l..cukroth (1987)2 

' McMillan (1987);' Vorhees {1987);' U.S. Office of Technology Assessment (1990)' 

' U.S. Office of Technology Assessment Report (1990);' World Health Organi1,ation Report 
(1986);' Spenur and Schaumburg {l'Jg0);7 

< Tilson (1987)' 
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V C Ncurotoxicity Studies Continue.I 

Ongoing research on neivous system toxicity continues to reveal the broad spectrum of 
biochemical, structural, and functional abnormalities that toxicants can elicit, both directly and 
indirectly.• Neurotoxic chemicals invariably initiate their effects at the molecular level, altering 
ncurochemic<1l processes. These changes may be of sufficient quality or sufficient magnitude to 
induce neuropathology. Ncurochcmical changes may also result in altered nervous system function 
and may be expressed as physiological or behavioral abnormalities.• Significant physiological or 
behavioral dysfunctions can occur prior to, or. in the absence of, evident neuropathology or other 
signs of toxicity.' This is exemplified by the marked behavioral dysfunctions associated with exposure 
to such neuroactive chemicals as barbiturates, amphetamines, ethanol, lead, and carbon monoxide at 
exposure level~ that elicit no signs of ncuropathy.• Thi~ disassociation of neuropathology and 
functional changes may involve a number of factors, including the intrinsic toxicity of a chemical and, 
particularly, \he dose and regimen of exposure. 

Among the various approaches that can be used for assessing neurotoxicity, behavioral testing 
represents a 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 ls an adaptive response of an organism, orchestrated by the nervous system, to some set of 
internal and external stimuli. A behavioral response repre.sents the integrated end product of 
multiple neuronal subsystems including sensory, motor, cognitive, attentional, and integrative 
components, as well as an array of physiological functions.1 A~ such, behavior can seJVe as a 
measurable index of the status of multiple functipnal components of the nervous system. 

Behavioral testing typically is non-invasive and can be used repeatedly for longitudinal 
assessment of the ncurotoxicity of a test compound, including persistent or delayed treatment-related 
effects.• Furthermore, since neuronal function can be influenced by the status of other organ 
systems in the body (e.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 assessment. 
Considerable progress has been made in the standardi1.ation and validation of neurobehavioral and 

• Federation of American Societic,; for Experimental Biology Repon (1986);1 Leukroth (1987);2 

World Health Organi1ation Report (1986);' Spencer and Schaumburg (1980);7 Buelkc-Sam et al 
(198.5);' Reiter (1987)" 

'Federation of American Societies for Experimental Biology Repon (1986);1 L.eukroth (1987);1 

Spc~cer and Schau_rnburg (1980);1 Reiter (1987); 10 .:°'ngcr and Johnson (1985)11 

• Federation of. American· Societies for. Experimental Biology. Repon (1986);1 World Health 
Organi1ation Report (1986);' Reiter (1987);10 . Riley and Yorhces (l9&6)u 

d Hutchings et al. (1987)" 

'Federation of American Societies of Experimental Biology Rcpon (1986);1 Vorhees et al. (J9S4)" 

'Mitchell and Tilson (1982)" 

• Lcuk1oth (1987)1 
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neurodevelopmental testing procedures.• A~ a result, a variety of behavioral methodologies is 
available for use in determining the pmential of chemical substances to affect adversely the 
functional integrity of the nervous system in adult and developing organL~ms.• Behavioral testing can 
be readily incorporated into toxicity testing protocols and can improve and expand current 
approaches to assessing ncurotoxic hawrd. 

llccause of the impact that nervous system toxicity can have on human health, assessing the 
ncurotoxic potential of a chemical proposed for use as a food or color additive should be an 
essential clement in that chemical's toxicological profile.' As information from research in 
ncurotoxicology continues to evolve, our understanding of the processes underlying neurotoxicity will 
become increasingly clear. ll1is will enhance our ability to utilize more effectively the information 
about the neurotoxicity of test substances in support of regulatory decisions.• 

J. Evaluating Ncurotoxicity 

. . 
The reliability of assessing the neurotoxie 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 testing.• 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.1 Each tier would focus on a different objective. Testing should 
progress from the initial identification of chemicals that may be associated With neurotoxic effects 
(lW.~i.M), through the subsoqucnt characteri?.ation of the scope of nervous system involvement 
(characterization of effecll), to the determination of dose response kinetics, including the no­
observed-effect level (Qose-rcspJ)l)SC). 

A tiered 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. 'l'o facilitate such decisions, specific summary statements regarding the 
neurotoxic potential of the test compound should be included in the evaluation of the results of each 
level of testing. Since toxicity to the nervous system should be evaluated within the context of a 
comprehensive assessment of all significant fomis of .toxicity for a test compound, the neurotoxicity 
summary sta1emc11ts should integrate all relevant toxicology data which are available. This includes 
information derived not only from tests specifically focused on the detection of nervous system 

• Pcdcration of American Societies of F..xpcrimental Biology report (1986);1 Leukroth (1987);2 

World Health Organi1ation report (19&6);' Buelke-Sam et al (1985);' U.S. EPA repoll (1985);" 
U.S. EPA rcpoll (1991);11 Kimmel e'. al. (1990)'.8., 

• Lcukroth (1987)2 

' Leukroth (1987);2 U.S. Office of Technology Assessment report (1990);5 Reiter (1987);10 

Nation Research C'.ouncil, National Academy of Sciences.report (1984);19. Sobotka (19&6)2'> .. 

d Rt.itcr (1987); 10 U.S. House of Representatives Conimittce on Science and Technology report 
(1986) 21 

' Federation of American Societies of Experimental Biology report (1986);1 Sobotka (1986)2'> 

' Federation of American Socieries of Experimental Biology report (1986);' World Health 
Organi1.ation report (l 986);' National Research Council, National Academy of Sciences report (J 984);" 
Nalional Research Council, Natiorial Academy of Sciences report (1975)2'' 
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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, for 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 tcratogenicity of the nezvous system, 
even at high dose levels, would be suspect for adversely affecting the development of nervous system 
function at lower doses. 'Ilic neurotoxicological significance of other types of toxicity, however, may 
be less obvious. For instance, chemicals found to alter hormonal balance might al~o be suspected of 
affecting the structural or functional integrity of the nezvous 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 ncurotoxicity. In the developing organism, abnormal growth may 
rcnect a treatment related ncurotoxicity 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 neuronal control. It should be clear, however, 
that such types or 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 treatment related effects on the nervous system. 

n. Screening 

The first stage in assessing neurotoxicity involves a process of screening to identify those 
chemic.als that exhibit any potential for adversely affecting the nervous system. It should be clear 
that the primary objective of screening i.~ detection. The information derived from screening i.~ not 
intended, nor is it sufficient, to be used as the basis for determining the no-effect-level (NOEL) for 
neurotoxicity. The NOEL is more appropriately based on information derived from the later stage 
of dose-response testing. 

There arc 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 usefulness and reliability of SAR for 
identifying potential neurotoxicants fa, at the present time, rather limited due to the fact that SAR 
databases for neurotoxicity are still being developed. The use of publi~hed literature or other types 
of documented Information, to the extent that this type of information i~ available and appropriate 
for regulatory application, can be of significant value in identifying chemicals that may affect the 
nervous system. However, this type of information fa usually scattered and typically not available for 
many food-related chemicals. At the ·present time, the primary means of'obtaining neurotoxicity · 
screening data is through empirical testing. The experimental data needed to screen chemicals for 
potential adult and developmental neurotoxicity should be routinely obtained as part of standard 
general and developmental toxicity studfos· used for entrance-level testing of proposed food chemicals 
across the various levels or concern. Most appropriately, this would' include both sliort-term (28 
day) and. subchronic (90 day) studies to screen for potential .adult neurotoxicity following sllort-term 

· arid inore prolonged exposures,' ana reproduction/teraiology studies to screen for j>6rential · 
developmental neurotoxicity in the developing and mature offspring. 

Screening for neurotoxicity involves the use of valid, cost-effective procedures which can be 
carried out rapidly and routinely on large numbers of chemicals to detect_ th~ ~rcscnce or absence of 
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V C Ncurotoxicity Studies Continued 

immediate or delayed adverse effects on the nervous system.• Neurotoxicity can appear as a wide 
range of morphological and functional abnormalities involving the nervous system at very specific or 
mulliplc levels of its organiwtion.• 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 general pathological evaluation of a few sections of neuronal tissue and 
an unstructured casual observation of test animals in their 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 comprehensive to enable 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 studies, 
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 effective 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 their cages using a clearly 
defined functional evaluation battery of clinical tests and observations to provide a general 
assessment of the primary neurological, behavioral and physiological functions of the nervous system. 
1)'pically, a functional evaluation battety would ipclude a variety of indices to detect significant 
behavioral changes (for example, in the level of activity and arousal, reactivity, motor coordination, 
gait, neurosensoty function, and reflexes); physiological functions (including feed and water intake, 
body weight and autonomic signs); neurological disorders (such as paralysis, seizure, or tremor); and 
any other sign.1 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 
to be used in that study, including !ts composition, the test proeedures to be followed, the time 
periods at which the screen is to be carried out, the neuronal structures to be examined, the 
endpoints to be used, and the methods for recording and analyiing the data. Since neurotoxicily 
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 protocol~ and, specifically, be appropriate for the age of the animals to be tested. 
For example, when testing immature developing animals, it would be appropriate 10 include indices 
of the ontogenetic development of representative neuroanatomical, physical, and functional 
milestones as part of the neurotoxicity screen. There are a number of available publications to guide 
the design and conduct of ncurotoxicity screens appropriate for the adult organism• and for 

.. ., ... · ....... •.\' 
• Mitchell and Tilson. (1982)1! 

.' J..eukroth (1987);?. Spence.r and Scl)aumburg (1980);' ... ~eiter (1987);1~ Anger and.Johnson 
(1985);1) . Tilsoii and Mitchell (1992)21 

' U.S. FDA (1982)21 , .. 

' Federation of the American Societies of Experimental Biology report (1986);' Nelson (1991)" 

• J,;ukroth (1987);' Vorhees (1987);' U.S. Office of 1'echnology Assessment report (1990);1 

World f lcalth Organiwtiori report (1986);' lluclke-Sam cl al. (1985);' U.S. EPA report (1985);" U.S. 
Fl'A report (1991);" National Academy of Sciences report (1984);19 Tilson and Mitchell {1992)" 
Tupper and Wallace (1980);" Deuel (1977);" Gad (1982);" Gad (1989);"' Marshall el al. (1971)" 
Spencer el al. (1980);" O'Donoghue (1988);" Moser (1988);" Wier cl al. (1989);" U.S. EPA 
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developing and adull offspring.• As appropriate, more sensitive and objective indices of 
ncurotoxicity, such as tesls of cognitive function and automated measures of locomotor activity, could 
be included to supplement the basic ncurotoxicity screen.• 

b. Churnctcrizatlon 

When a chemical is presumptively identified by SAR, empirical screening, or other sources of 
information as producing neuro1oxicity, thal chemical becomes a candidate for additional 
ncurotoxicity testing. Chemicals not identified as having ncurotoxic effects during screening will 
generally nol be recommended for suh,cqucnt neurotoxicity testing, although exceptions may occur. 

11\c next level of testing after screening focuses attention on detem1ining the nature and extent 
to which the nervous system is affected by that chemical (charactcri1.ation). At this level the 
ncurotoxic effects found during screening are further characteriwl and studies are conducted to 
determine whether the test chemical has any other, possibly more subtle, effects on the structural 
and functional integrity of the nervous system in mature and developing organisms. The 
characterization of neurotoxiclty should include information about the severity of effects, the 
temporal pauern of onset of effects (particularly when delayed neurotoxicity occurs), and the 
duration of effects. Neuropathological investigations should include in silu perfusion and a detailed 
hlstopathological examination (more detailed tha~ the histopathology examination performed during 
screening) involving the use of special stains to highlight relevant neural structures.• 

1lic ncurofunctional assessment 111 this level should routlnely include a core bauery of 
behavioral and physiological tests de-signed to detect adverse changes to the primary subfunctions 
(e.g. cognitive, sensory, motor, and autonomic) of the nervous system in mature and developing· 
nervous systems,'. 1lie need for additional special tests may logically follow from information 
obtained during screening; for example, if a chemical is obse1Ved to induce convulsions during 
screening, the seizure potential and pro-convulsant properties of that chemical should be more 
specifically characterized during the second level of testing. 

h1 concert with conventional toxicity testing protocol~. routine neurotoxicity evaluation should 
generally be carried out using rodents as the primary species of choice. However, as part of the 
characteri1.ation level of· testing for neurotoxicity, cross-species compari~ons of the neurotoxic 
potential of the test compound should also be carried out if appropriate test systems are available. 
For such studies, alternate species sho11lct be non-rodent. 

• Vorhees (1987);' World Hcallh Organization report (1986);' Buelke-Sam el al. (1985);' 
Vorhees er al. (1984);" U.S.EPA report (1991);" Kimmel el al. (1990);1' U.S. EPA report (1988);33 

VC>thecs ·ctaL (1979)" 

_• World I k.alth. Organization report (1986);'. U.S. EPA report (1985);1.' National Academy of 
sdcriccs' rcport"{l984);" U.S. FDA rcpori (1982)" . . . . . . . . . 

'World lleallh Organization report (1986);' U.S. EPA report (1985);" U.S. EPA report (1991);11 

Spencer el al. (1980)'1 

' 1-eukroth (1987);' U.S. Office of Tcchnoiogy Assessment· report (1990)';' World Health 
Organiwtion report (1986);' U.S. EPA report (1985);1' U.S. EPA report (1991);17 Wier el al. 
(1989);" \lorhc.es ct al (1979);" Geller el al. (1979)38 
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c. l>ose-Rcsponst 

A critical clement in defining a chemical's ncurotolcic ha71Hd is determining the no-observed­
eflcct level (NOEL). The NOEL should be based upon an accurate and reliable determination of 
the dose-response and dose-time rcla1ionships derived from repcate<l exposure studies, e.g. 
intermittent and continuous exposure regimes, typically using the most relevant and sensitive 
cndpoint(s) identified in previous testing. As part of the definition of ncurotoxic hazard, attempts 
should also be made to identify any unique factors that may affcq the sensitivity of the experimental 
animals to the test conipound and may help to identify uniquely susceptible human sub-populations. 
Any additional experimental information about ncuwchcmical changes that may underlie 1rca1men1-
relatcd structural and functional alterations or about the metabolism and physiologically based 
toxicokinctics of the test compound will help minimize the uncertainties involved in prellicting 
human ri~k from ncurotoxicity informa1ion derived from animal studies. 

2. Recommended Criteria for Designing a Ncurotoxiclty Screen 

In developing any protocol for subacute (28-day), sul>Chronic (90-day) or developmental IOxicity 
studies, a specific design element of these studies should describe the collection of neurotoxicity 
screening data 10 detect any ncuropathological or func1ional disorders of the central, peripheral or 
autonomic romponcnts of the nervous ~)'Stem. The neurowxicicy screen, at a minimum, should 
include both neurological and neurofunc1ional apalysis. 

• A specific histopathological .cxamina!ion shoul<.1 t,e made of tissue samples representative of 
all major areas and clements of the brain, spinal cord and peripheral nervous system. 

• A func1ional evaluation battery of quantifiable observations and manipulative tests should 
be selected to detect signs of neurological, behavioral and J>hysiological d1-lfonctlons. In 
addition to the animal's appearance and body posture, a ba11ery to screen for nervous system 
dysfunction would include sufficient information to mess such endpoints as the incidence and 
severity of seizure, tremor, paralysis or other signs of neurological dysfunction; the level of 
motor activiiy and arousal; the animals' level of rc.,ctivicy to handling or other general stimuli; 
motor coordination and strength; gait; sensorimotor response to primary sensory stimuli; 
excessive lacrimation or salvation; pilocrcc1ion; diarrhea; polyuria; ptosis; and any other sign of 
ncurotoxicity. 

lo carrying out the functional evaluation screen, animals should be iniria!!y observed in their home 
cages and then rcmovcd,to an open arena for the comple1ion of the observations and testing. 

To help ensure the romplcte anci' consistcn1 application of the neurotoxicity screen thro~ghou1 
a panicular study, each protocol shOuld include a detailed description of the particular screen to be 
used in 1ha1 study, including its composilion, the test procedures to he followc.d, the.time periods at 
which che screen is to be carried out, chc neuronal muccures .tO be e,:amincd, the endpointno be 
used, and the methods for recording and analyzing the data generated. Since neurotoxicity screening 
is intended IO be a routine part of l>OI h £rntr;il and dcvcl.opmei{tar tcixicitjr studies, the Specific 
composition of the screen and the endpoints 10 be recorded should accommodate the focus of the 
different protocols and, spccir.c:illy, he "Prtopri:ltc for the age of. the animal~ to be tested. for 
example, when testing immature developing animals, 11 would be appropriate 10 included indices of 
the on1ogcnctic development o( rcprc~cnlati\'C ncuroa_natomical, physical and functional milestones as 
part of the ncurowxici1y screen. · 
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There are 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.b The petitioner 
is encouragc<l 10 consider developing such protocols in consultation with Fl)A Toe following points 
arc of panicular concern 10 the FDA: 

• 'J'he neurotoxicity screen should consist of valid test methodology administered by trained 
personnel. Each testing laboratory should have demonstrated competence in the conduct of 
neurotoxicity evaluations. The testing laboratory should demonstrate the reliability and 
sensitivity of the screen to detect neurotoxic cffcclS by the submission of historic or concurrent 
positive control data. 

• The screen should be carried out with the experimenters blind to treatment condition, as 
appropriate, and should be applied to a sufficient number of male and female animals from 
each experimental and control group of the toxicity study to ensure valid statl~tical analyses. 
1'he latter involves con.1ideration of the variability of the endpoints being measured. At the 
discretion of the 1es1 laboratory, satellite groups of animals may be used to carry out the 
neurotoxicity screen. 

• During tl,e conduct of the studies, the functional evaluation battery of observations and 
tests should be carried out systematically, using a prepared chccklL1t 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 neuro1oxic 
cffect(s), as well as tlieir onset, duration and rcvcrsibiliry. 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 neurotoxicity screen, including positive and negative 
results, should be recorded, reported, and analyzed using appropriate statistical procedures. 
This information, together with any other pertinent toxicology data, should be incorporated 
into an integrated 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 neurotoxicity tesling should utili,.e valid state-of-the-art methodology and should be 
developed in consultation with appropriate FDA personnel. 

• Leukroth (1987);' Vorhees (1986);' U.S. Office of Technology A~essment report (1990);' 
World llealth Organi1.ation report (1986);' Buclkc-Sam ,t al (1985);9 U.S. EPA report (1985);16 U.S. 
EPA report (1991);" National Research Council, Na1ional Academy of Sciences report (1984);" 
Tilson and Mitchell (1992);'' Nelson (1991)25 Tupper and Wallace (1980);" Deuel (1977);27 Gad 
(1982);" Gad (1989);" Marshall et al. (1971)" Spencer et al (1980);11 O'Donoghuc (1988);11 

Moser (1988);" Wier rt al. (1989);" U.S. EPA (1988);" Schul11. and Boysen (1991);" 

' Vothccs (1987);' World Jlcallh Organi1ation report (1986);' Buclke-Sam et al. (!985);' 
Vorhees ct al. (1984);" U.S.EPA rcpon (1991);'' Kimmel et al. (1990);" U.S. EPA report (1988);" 
Vorhees et al. (1979)" 
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VD. Jmmunotoxicity Studies 

Exposure to various chemicals has been associated with toxicity of the immune system in 
animals; these include environmental oontaminanl\ chemicals in the occupational environment, and 
direct and indirect food additives. Regulatory agencies, including FDA,' have rcoogni7.ed the 
importance of these types of effects for assessing the safety of chemical~ to which humans may be 
exposed. Bcaiuse of the rapid emergence of the field of immunotoxioology during the past two 
decades and the abundance or information that has accumulated with regard to the immune system 
as a target organ, various federal agencies and international organi7,ations are preparing guidelines 
for the oonduct of immunotoxicity studies.• In addition, various testing approaches have been 
proposed by researchers in the field.' 

l. Immunity: A Brief Review 

The immune system has been described in detail in a number of exoellcnt reviews.• Thus, only 
those aspects of immunity which arc particularly relevant to lmmunotoxicity testing will be reviewed 
in this section. Immunological function enoompasses a oomp\ex array of participating cell types and 
organ systems. Immunity may be defined in relation to the function of the various cellular 
oomponents. 

a. IIumoral Immunity 

Humoral immunity fa defined In terms of the B-lymphocytes (B-cells), the antibody producing 
cells of the immune system. The B-cells, named because of their functional simllarlty to antibody­
producing cells derived from the Bursa of Fabricius in birds, arc found primarily in the spleen, 
lymph nodes, Peyer's patches in the gut, peripheral blood and bone marrow. The bone marrow is 
also the site of origination of B-oell precursors, the stem progenitor cells. 

lmmunoglobulins (!gs), the class of proteins that is oomprised of the antibodies, are further 
classified with regard 10 particular peptide regions found on the light and heavy chains. At least five 
major classes of immunoglobulins have been defined for man and animal~: JgA, lgD, lgE, lgO, and 
lgM. Antibodies function in concert with oomptement proteins that are produced in the liver and by 
macrophages to provide protection against bacterial and viral infections. Antibodies also help 
protect man and an,imals from agents that cause tumors and from some spontaneously occurring 
tumor cells. 

llumorat immunity can be further classified with regard to the dependence of antibody 
production on T-lyn1phocyte help: Toan dependent and T·ce11 independent immunities. 

• FDA (1978)1 

> Luster rt al. (1988);1 U.S. EPA (198?.);' Sjoblad (1988);' Tryphonas (1990);' WHO (1986)' 

' !lick (1982);' Dean el al (1982);' White et al. (1985);' Exon et al (1984);1° Vos et al 
(1982); 11 van Lovercrn et al. (1988);" Schocntal (1988)" 

' Dean and Thurmond (1987);" l>csootcs and Mazuic (1987);" Koller (1987);" Irons (1989);" 
Dean et al (1986)" 
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V D Immunotoxicity Studies Continued 

b. Cell-Mcdintcd Jmonmity (CM!) 

CM! derives its name from classical studies that demonstrated adaptive cell transfer of 
immunological function, graft v. host reactivity, etc. CMI is associated with the T-lymphocytes or T­
cells (thymus-derive.I). Various classes of T-cells have been described, such as suppre.ssors, helpers, 
inducers, and cytotoxic cells. Some of these T-eell types are involved in B-cell immunoregulation. 
T-cclls secrete various peptide factors, referred to as lymphokines or cytokines, that modulate the 
activity of B- and T-cells. ()'totoric T-cells participate in direct killing of invading microorganism.~ 
and tumor cells. T-rells are now commonly defined in terms of various membrane 'antigens', such 
as T-4 (or CD4) for helper/cytotoxic cells and T-8 (or CDS) for suppressor/cytotoxic cells. 

c. Non-Specific Immunity 

Non-specific immunity is derived from other cell types that panicipate in the immune process. 
Natural killer {NK) cells are a group of cells that share certain properties with T-cells, but probably 
arise from different stem progenitor cells.• These cells are known to play an important role in 
immune surveillance against spontaneous tumor formation. They aL~o serve as a first line of defense, 
in cooperation with other phagocytic leukocytes (phagocytes or granulocytes), in the destruction of 
i11Vading viruses and bacteria. Macrophages (actil'ated mon0cytes) play a key role in antigen 
processing and presentation to lymphOcytcs; they interact with the T- and B-cells to facilitate 
antibody production. These cells al~o secrete cytokines, such as interleukin-1, which modulate 
cenain T-cell functions. 

Modulation of host resistance 10 infectious organisms can be the result of either direct or. 
indirect effects on various cell components. Reduction in host resistance. is referred to as 
immunosupprcsslon. 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 
hypersensitivities, such as allergic disorders and autoimmune diseases. The mechanisms of these 
disorders and diseases arc comple~ and are dependent on factors such as genetic predisposition, age, 
medical condition, and environment. The development of autoimmunity, which bas been associated 
with the use of various drugs,' can have a pronounced toxic effect on a number of organ systems. 

True allergic reactions, which arc mediated mainly by IgE in man and certain animals, can 
result in a life-threatening condition known as anaphylactic shock. Certain food additives, such as 
sulfites, have been restricted in use because of their high scnsiti1jng potential.' Other food 
chcmir2Js have. bce.n associated with hypersensitivity-like conditions such as the toxic oil syndrome' 
and tryptophan-induced cosinophilia myalgia.• 

• l lcrbcrman and Holden (1978)" 

' Bigau.i (l 988)"' 

' Jacobsen and Gunnison (l 987)" 

' Kammullcr ct ol (1988)" 

' Bclonr,hia rr nl (1990)" 
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2. Key Concepts in Immunotoxicity Testing 

Tbese guidelines relate to the safety llSS<'.ssment of direct food additives and oolor additives 
used in food; such assessment.~ arc done on a case-by-<:a.sc basis. The rcoommendations for 
immunotoxicity tc;;ting of food and color additive;; used in food prc;;ented in this section may or may 
not be relevant to those of other agencies and organi1..ations. However, certain concepts from which 
these recommendations derive are shared by various others,' including the World Health 
Organization.• Other concept.~ may be unique to FDA, since these guidelines have been developed 
\\ithin the toxicity tcsting framework set forth in this book. These concepts are: 

• 1\vo typcs of immunotoxieity tcsts/procedurcs are defined: ~J_ Tests are those that do 
not require any pcnurbation of the test animal, such as immunization and challenge witb an 
infectious agent. 

i) ]'rimary indicators of immune toxicity arc derived from Basic ~~ such as 
hematology and scrum chemistry profiles, routine histopathology examinations, an(), 
organ and body weight measurements from standard toxicity studies dcsc.ibcd in other 
sections of this book. Additional procedures, such as measurements of thymus weights 
and performance of more definitive histopathologieal evaluations of immunc~associated 
orr,ans and tissues, have been added. 

li) Indicators of immune toxicity can also oome from !2;panded ~ I Tests. These 
tests arc logical extensions of Basic 1)'pe l tests; for example, Expanded Type 1 tests 
may extend the hematology, serum chemistry, and bistopathology evaluatlon~ of 
standard toxicity studies. Many of these expanded tests can be performed with the 
same blood and tissue samples collected for the Basic 1)'pe l tests; in addition, many 
of the expanded tests can be perfom1ed retrospectively. 

• ~ 2 Tests include injections or exposure to test antigens, vaccine;;, infectious agents or 
tumor cells. If 1)'pe 2 tests are to be performed concurrently with a standard toxicity study, a 
satellite group of animals should be added to the rcoommended number of test animals in the 
study. Protocol designs for standarll toxicity studies that include a satellite group of animals 
for 1ype 2 immunotoxiclty tests will be tcoommended when available information indicates 
that a test co~ipound may present an immunotoxic risk. 

•, Sets of Basic and Expanded 1ypc l Tests are defined as J..cvel I Immunotoxicity Tests. 
Some Level I 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. Analogously, sets of 1ypc 2. tests are defined as J..evel II lmmunotoxicity T.!:§1§.; Level 
11 tc.sts also can be used to screen for, or more specifically define, immunotoxic effects of food 
and color additives used in food. 

• Exon ti al. (1984);" Vos rt al. (1982); 11 van Lovcrcn et al. (1988);" Koller and Exon (1985)"' 

' WI JO (1986)' 
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V I> Jmmunotoxicity Studies Continued 

3. lndic.ntors of Possible Immune Toxicity 

nasic_Tu,e~ Tests: Prima!YJndicators 

11te primary indicators of possible immune toxicity are derived from routine measurements and. 
examinations performed in toxicity studies rcromrnendro in other sections of this publication (Basic 
Type I tests). Indicators derived from short-term and subchronie toxicity studies, and developmental. 
toxirJty studies with rodents are listed below. If a substance produces one or more of these primary· 
indicators of immune toxicity, more definitive immunotoxicity tests (Expanded 'l)'pe 1 tests or 'l)'pe 2 
tests) may be m:ommendcd; sucl, decisions will be made on a case-by-case basis. 

a. lndir.ators from Shon-Tem1 and Subcbronic Toxicity Studies 

• HematolQEYJndicators: Elevation or depression in white blood cell (WBC) c.ounts; altered 
differential WBC rount1; lymphocytosi1 and lymphopenia; and eosinophilia. 

• Clinical ChemisuyJndicators: Elevated or reduced total serum protein in rombination with 
an abnormal albumin-to-globulin (NG) ratio. Other indicators often associated with 
immunologic dysfunction include abnormal levels of liver proteins and enzymes, such as 
albumin and the transaminases. 

• j-Jistopjllho.!Qgy)ndLcators: Abnormalities found during gross and routine histological 
evaluation of the l)'lllphoid 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. Ir differences are seen in any lymphoid tt<.sue, 
attention should be given to 'rellularity" and prevalence of activated macrophages. The 
description could include' in situ descriptions of the types of cells, density of the cell 
populations, l)'lllphocyte distribution relative to distinguishing structures or defined areas of 
the organ. The histopathological analysi~ of routinely stained (hematoxylin and eosin) samples 
of the spleen should include deseriptions of lymphocyte distribution and proliferation in known 
T· and Jl-ccll areas, 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 l)'lllph nodes and Peyer's patches should include a description of the immune 
activation (ir.. the relative number of follicles and g~rrninal 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 to 
atrophy and necrosis and other observations. If the test compound is shown to either 
stimulate cell proliferation, or to cause atrophy and cell depletion in any lymphoid organ, the. 
effect is likely to be viewed as a potentially immunotoxic effect requiring more definllive 
testing. 

• ln these instances, the effect docs not ncc.d to be defined rigorously for each animal. The number 
of animals obmvcd, however, should be a statistic.ally significant sample si1.c. 
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• Organ and Ho~ Wei_gl!lJ.!\dicators: Elevated or depressed spleen and thymus weights; 
elevated or depressed organ-to-body-weight ratios for the spleen 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). 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. 

b. Indicators from Jlcvclopmcntal Toxicity Studies 

• MQrbidity and M_QJ_lfil!!y Indicators: Unusual incidence of maternal infeetioM. 

• !li~tc;,pat.!,9logyJn.dica_!9J!: Abnormalities found during gross evaluation of the fetal liver, 
spleen, and thymus. 

• For animals in the F1 and F2 generations: 

i) UcrnatoJo_gy)ndicaton;: Elevation or depression in white blood cell (WBC) counts; 
altered differential WBC counts; lymphopcnia and lymphocytosis; and cosinophilia. 

ii) Qjnical Chemi_my Jndicaton;: ~lcvated or reduced total serum protein in 
combination with an abnormal albumin-to-globulin (AIG) ratio. 

iii) Histo1>athology Indicators: Abnormalities found during gross and routine 
histological evaluation 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 'cellularity' 
and prevalcnoo of activated macrophages. The description could include' in 1ilu 
descriptions of the types of cells, density of the cell populations, lymphocyte 
distribution relative to distinguishing structures or defined areas of the organ. The 
histopathologic.al analysis of .routinely stained (hematoxylin and cosin) samples of the 
spleen should include description.~ of lymphocyte distribution and proliferation in 
known T· and B-cel\ areas, such as the germinal centers (for B-cells) and the 
pcriarteriolar lymphocyte sheath (P Al.S) for T-ce\Js if abnormalities are observed. The 
hislopathologic analysis of the lymph nodes and Peyer's patches should include a 
description of the immune activation (ie. the relative number of follicles and germinal 
cftlters) 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 to atrophy and necrosis and other 
observations. Jf the test compound is shown to either stimulate cell proliferation, or· 
to cause atrophy and cell depletion in any lymphoid organ, the effect is likely to be 
viewed as a potentially immunotoxic effect requiring more definitive testing. 

' In thc.se instances, the r.ffcct does not ncc-d to be defined rigorously for each animal. ll1c number 
of animals observc-d, however, should be a statistically significant sample si7.e. 
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V D Jmmunotoxicity Studies Continued 

iv) Quan and Body ~ht Indicators: Elevated or depressed spleen and thymus 
weights; clCY8tcd or depressed organ-to-body-weight ratios for the spleen 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). Elevated or depressed body weights, 
althour,h primarily an indicator of endocrine function, may also indicate indirect 
immunotoxic effects, since endocrine function can significantly effect the immune 
system. 

4. J~panded Type 1 hnmunotoxicity Tests 

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 immune 
toxicity provided by these toxicity studies and summari7.ed above, additional tests for further 
evaluation of the immunotoxic potential of a test substance may be recommended by the Agency. 
The additional tests can be Expanded 1)'pc l Tests, discussed in this section, or Type 2 Tests, 
discussed in the next section. The Agency's recommendation that specific immunotoxicity tests be 
performed on test substance~ will be made on a case-by-case basis. Expanded Type l immunotoxicity 
tests include: 

• Hcma.tolQgyJests: Flow cytometric analysL~ of B-lymphocytes, T-lymphocytes, and T· 
lymphocyte subsets (111 + TS or CD4 and CDS); lmmunostaining (immunoperoxidase or 
lmmunonuorcscencc) of B·lymphocytcs, T-Jymphocytes and T-lymphocytc subsets from 
peripheral blood or single cell suspensions from the spleen.' 

i) &m~!Ql\ll;Y Indicators: Decreased or elevated percentages of any of the various 
lymphocytes relative to controls and abnormalities in the B-rell/T-ccll and the 'IHffS 
(CD4/CD8) cell ratios; these should be detennlned from differential counts of the 
immunostained preparations or from cytometric analysis. 

• Serul)_i__Chemistry Tests: Electrophoretic analysis of serum proteins to permit separation 
and quantification of the relative percentages of albumin and the a·, B·, and ,-globulin 
fractions; quantification of ,-globulin fractions (IgO, IgM, JgA, and JgE); analysis of total 
serum complement and component~ of complement (such as C3) from CH·SO determinations; 
lmmunochemical assay of serum cytokines, such as JL.2, n.,.1, and ,-interferon; quantification 
of scrum auto-antibodies, such as anti-nuclear, anti-mitochondrial, and anti-parietal cell 
antibodies. 

i) Serum Chemiruyjndicators: Statistically significant variations between 
experimental and control groups of animals for any of the parameters listed above. 

• · HistOJ>JlthologyJests: Immunostaining of B·Jymphocytcs in the spleen and lymph nodes, 
using polyclonal antibodies to lgG of the test animaJs;b immunostaining of T-lymphocytcs and 
T-lymphocyte subsets in the spleen, using monoclonal or polyclonal antibodies to various cell 
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 areas of 
the cortex and medulla of the thymus, using routinely stained histopathology sections. 

• Lovett et al (19&4)?' Hudson et of. (1985);" Burchicl et al. (1987);21 Hinton et al (1973);28 

Falini and Taylor (1983)" 

• llinton et al. (1987);l<l Roginski and Hinton (1987)" 
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i) llistojlatholo_fj' Indicators: Statistically significant variations between experimental 
and control groups of animals for any of the parameters listed above, using both 
analysL~ of variance (ANOVA) and a multiple comparL~on T-tcst, such as Dunneu's.• 

• 'festLfor In Vitro Analyi;is of th.e Functional ~~ of Snecific C.ell 'fypffi: 

i) t,ctivi!Y of Natural Killcr_(lilg Cells: The functional capacity of NK cells can be 
measuicd using the classical 11er cl1romium release assay;b this assay is well 
standardized and has been used suooessfully with both mice and rats in various 
immunotoxicity studies.' Of particular concern is reduced NK cell activity, which may 
be correlated with increased tumorigcnesL~ and infeetivity. 

ii) Mi!QW.!!iC Stimulatiort_h.~ for B- and T·LYffill~: Certain plant lectins 
stimulate blastogcncsis and DNA synthesis of T- and B-lymphocytcs: concanavalin·A 
(Con-A) and phytohemagglulinin (PHA) arc l:Jlown to preferentially stimulate T­
lymphocytcs, and an extract from pokewccd (l'WM) as well as certain bacterial 
lipopolysacd1arides (LPS) and protein extracts are known to preferentially stimulate B· 
lymphocytes in vitro. Since these assays arc carricd out a vivo, they can be performed 
on preparations of peripheral blood. The assays are well cbaracteri7,ed for use in 
various animals species (including man'), can be performed on either peripheral blood 
or spleen-cell suspensions, and have been used in a number of lmmunotoxicity studies.• 
Both reduced and elevated levels of blastogencsis or 'H incorporation into DNA arc 
of interest in the evaluation of the immunotoxic potential of food and color additives 
used in food. 

iii) !'J!M~otic Index of the Macrop.hfil:~: Various assays to determine the 
phagocytotic ability of macrophages have been describcd.1 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 lysosomal enzyme activity.' 

• Dunnell (1955)'1 

• llerbcrman and Holden (l978)" 

• Gorelik and Jlerbcrman (1981);" Smialowie1, ti al, (l989);~ Holsapple et al (1988)35 

d Oppenheim and Roscnuieh (1976)" 

• Luster rt al. (1988);' Dean et al, (1982);' Wllitc ct al. (1985);' 13:a:on et al (l984);" van 
l.ovcrcn (1988);n Scl1ocntal (1988);n Holsapple et al. (1988):'s Cornacoff et al, (1988)'' 

'Koller and Exon (1985);"' Loose tt al. (1981);" ),C\\is and Adams (19$5)" 

• Keller (1978)"' 
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iv) §gim Cell A~s~: 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 evaluation indicates that the test substance may have caused 
changes in bone marrow. 

5. Tr1>e 2 Immunotoxicity Tests 

Evaluating the runc!ional capacity of the immune system requires injecting a substance that 
elicits immunological reactivity in a test animal. Various antigens provide Information about the 
types or immunity or cells that may be involved in an immune response. For example, protein 
antigens usually elicit T-depcndcnt immune responses with subsequent production of antibodies to 
the protein. Polysaccl,arides elicit 1~indepcndenl immune responses. Some antigens elicit cell­
mediaWI immune responses, while immunogens such as complex bacteria and viruses may elicit 
Immoral and cell-mediatoo responses. All of the antigens listed below have been tested in rodents; 
when an antigen has been used preferentially with a particular rodent species, this is noted. 

• 1::1kpsndcnt Tt.st_AntizeM: One or the most widely usoo antigens for rodents~ and non· 
rodcnt1 is sheep red blood cells (SRBC).' For example, SRBCs have been widely used in mire 
in the Plaque-Forming Cell A~y:• antibody-producing spleen cell suspensions arc n1ixcd with 
SRBCs, placed on covcroo slides, and incubated; each antibody-producing cell causes a small, 
clear area (plaque) to Corm on the slide; the plaques arc then counted. Other T-dependent 
test antigens that have been widely usoo include keyl1ole limpet hemocyanin' and bovine serum 
albumin. 

• 'f.Jn~Mdcnt Test Antigens: Ficoll, a branchoo chain polysaccharide, haptenated ficoll, 
polyvinylpyrrolidone, and bacterial lipopolysaccharides have been used as T-indepcndent test 
antigens with mice and rats.1 

• Harigaya et al. (l 982)" 

• Luster et aL (1988);2 llick (1982);' Dean et al. (1982);1 White et aL (1985);' Exon et al. 
(1984);10 Koller and Exon (1985);" Hinton el al. (1987);'° Pestka et al. (19870;" Reddy et aL 
(1987)-0 

• M)A, (1978);1 Sjoblad (1990);' Trypl1onas (1990);' WHO (1986);' Dick (l982);' Dean er 
al. (1982);' White et al. (1985);' Hinton et al. (1987);" Smialowicz et al. (1989);"' Holsapple et 
al. (1988);" J'cstka fl al. (1987);" llaccher-Stcppan et al. (1989)" 

' Jcrnc and Nordin (1963);" Cunninr,ham (1965)" 

• Exon and Koller (l 984)10 

r Anderson and Blomgren (1971)" 
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• J luman Vacdn"': Human T-dcpcndcnt vaccines, such as tetanus toxoid, and the T­
indepcndent vaccine containing pneumococcal polysaa:haride antigens have been used in both 
rats and mice.' It is possible to compare responses of the test species to the vaccines with 
human responses, because standard human sera arc available from FDA's Center for 
lliologics.~ 

• Test Antitcns for Cell-Mediated Jmmune (CMI) Reacti.'1!y: Contact sensitizers such as 
dinitrochloroben1.cne (DNC!l) have been used to elicit delayed hypersensitivity (Dlli) 
responses as a measure of CM! in animals. These assays can be performed in rodent' as well 
as non-rodent species. The DTI-1 assays are economical and correlate well with decreased CM! 
and host resistance to infectious agents in humans,d as well as animals.• The mixed-lymphocyte 
re<;ponse (MLR) assay, which use<; lymphocytes from a different strain, has been successfully 
used to evaluate CM! in mice.' 

• Bost Resistance~yith Infectious Agents: A number of bacterial strains have been 
used to measure host resistance, including Listeria monocytogenes, various strains of 
Streptococcus, and Escherichia coli.• Useful viral models' include lnfluen111, herpes, and 
cytomegalovirus.1 A yeast infcctivlty model using Cllndida a/bicans has been described, as well 
as parasitic infcttivity models using Trichine/la spiralis and P/asmodium yoe/10 

·-·------··----
• Vos (1977);" Spiers et al (1979);~ Benson and Roberts (1982)!0 

• Schiffman (1982)S1 

' Godfrey and Gell (l 978)ll 

' Maclean (1979)" 

' Bradley and Morahan (1982)" 

r Luster ti al. (1988)1 

, Bradley and Morahan (1982)" 

• Dempsey and Morahan (1985);" Kern (1982)" 

I Selgrade ct al (1988)" 

i Dempsey and Morahan (1985)" Dean et al (1982)s, 
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• J195JJ~esistanc,c _ _.'\ss~J'$ _tJsj~g§yngeneic 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 require special barrier facilities to 
prevent infections from spreading throughout an animal colony. Two mouse assays have been 
validated: the. l'Yll6 sarcoma assay and the Bl6F10 melanoma assay.b An assay using a lung 
tumor model and the MADB106 tumor cell line also has been validated for use in 
immunotoxicity studies.' 

6. Relevance of Primary Indicators of Immune Toxicity to Health 

o, Jlemntologlcol Indicators 

Hematologic screens recommended for toxicity studies are basically the same as those 
performed clinically as human health screens. Depressed or elevated WJ3C counts may be indicative 
of direct or indirect effects of the test substance on cellular proliferation and distribution. Total 
WBC counts are used clinically as a presumptive test for infection; they are also used to evaluate the 
severity of an inflammatory or allergic process. Routine differential WJ3C counts are used to 
differentiate among some types of infections and inflammatory responses; they also are used as a 
screen for toxicologic or phannacologic effects: for example, inununosuppressive drugs may cause 
lymphopenia. · 

Altered lymphocyte counts may be relevant to immunodeficiency. Increased numbers of 
polymorphonuclcar leukocytes can result from pathogenic infections and from pyrogcnic and 
inflamma1ory processes. P...osinophilia is of1en associated with allergenic processes. It may also 
indicate an infectious, reactive, or neoplast_ic pro=. Altered red blood cell counts and platelet 
count~ can be associated with autoimmune processes. 

b. Serum l'roleln Indicators 

Estimates of total serum proteins and the albumin/globulin ratio may give useful information 
about liver and lymphocyte function. The a- and g.g!obulins (it. a- and 8-0) are primarily produced 
in the liver; ,.o are a prOduct of t11e B-lymphocytes. Depressed a-0 levels could lead to decreases 
in complement proteins that are required for phagocytosiq; this_ could produce decrea.~ resistance 
to bacterial infections. Reduced levels of ,-0 also could mean reduced levels of antibodies necessary 
for humoral immunity to infectious agents. Altered levels of •·G may indicate an effect on B· 
lymphocytes, T-lymphocytc:s, or simultaneous effe.cts on both types of cells. 

However, total globulin levels do not give specific information about which immunoglobulin 
clas.qes are affected. Thus, when globulin levels are reduced, specific quantitative assays for the ,-G 
subclasses may be recommended. Electrophoretie and immunoelc.etrophoretic analyses of the scrum 
,-G subclasses or quantitative assays such as Enzyme-Linked Jmmunosorbent Assay (ELISA), 
Radioimmunoassay (RIA), or radial immunodiffusion may be recommended. This information may 
be important because reductions in ,-G and ,-M may be relevant to infection by opportuniqtic and 

• Dean ti al. (198}.);" Jlc1bcrman (1985)" 

• Muuay ti al. (1985)'° 

'S111ialowic1. fl al. (1987)" 
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pathogenic organisms, and changes in ,-A may indicate effects of the test substance on secretory 
immunity, sucl, as gut-mediated immunity. 

c. Jllstopathology Indicators 

Abnormal results from gross and histological evaluation of the lymphoid organs (usually the 
spleen, thymus, and lymph nodes) are important indicator; of various immunotoxic effects; 
histological evaluation of Pcyer's patches and bone marrow also is recommended in screening for 
effects of a test substance on the immune system. Atrophy of the thymus gland with associated 
depletion or cortical thymocytes could be an indication of immunosupprcssion. Concomitantly, a 
similar rJfect on the lymphocytes in the periarterial lymphocyte sheath of the spleen (PALS) would 
indicate an effect of the test substance on T-rells: both cell-mediated and humoral immunity can be 
affected. In the spleen and lymph nodes, defined regions arc more densely populated with 
B-lymphocytes, with activated, antibody-producing B-rells, or with plasma cells. Effects on B-cell 
regions of these organs could be an indication of lmmunosupprcssion or lmnmnoenhancement, 
depending on the result obtained. 

d. Jlody and Organ Weights 

Body and organ weights are generally recorded during toxicity studies. Spleen weights arc 
usually recorded in all toxicity studies, but thymus weights may not bc'rccorded in long-term studies. 
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. 

Organ weights by themselves or in relation to body weights can be sensitive measures of organ 
atrophy or hypertrophy, but yield little inrormation about immunotoxic effects. Reduced organ 
weights can result from direct effeetS on lymphocyte proliferation and differentiation and may be 
relevant for assessing inununosupprcssion. Hypertrophy of the lymphoid organs Is usually associated 
with increased proliferation of cells (hyperplasia). Increased proliferation of lymphocytes can result 
from infections, stimulation by xenobiotics, altered metabolic processes, and certain forms of trauma, 
reactive, or autoimmune processes. In practice, however, changes In organ weights or organ-to­
body-wcight ratios arc rnorc relevant to immune toxicity when they are associated with appropriate 
histopathology findings. 

7: Adequacy and Reliability or Primary Indicators or Immune Toxicity 

Jf all primary indicator; of possible inimunotoxicity from toxicity studies are negative for a test 
substance, would this effectively 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 sufficiently 
specific or sensitive to provide unambiguous answers. For example, it is not possible to differentiate 
II-lymphocytes from T-lymphocytes in routinely stained sections of lymphoid tissues, and standard 
hematology test< cannot distinguish among subcategories of T-lymphocytes. Special lmmunoehemical 
stains, however, permit B- and T-rells to be visuali1.cd in tissue sections and blood smear;, making 
available more information about the immunotoxic effects of the test substance. 

lf only short-term toxicity studies arc performed on a particular test substance, concern about 
the adequacy and 1cliabili1y of the immunotoxic indicators from these studies may be high. Subtle 
immunotoxic cffcc~s or immune toxicities that develop only after prolonged administration of the test 
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substance may not be detected in short-term toxicity studies. Conditions of the longer-term toxicity 
studies, however, may make it difficult to detect some immune toxicities: the use of barrier facilities 
is common in carcinogenicity studies; because barrier facilities limit e1.-posurc of test animals to 
exogenous infectious microorganisms, detecting possible immunotoxic effects of a test substance in 
carcinogenicity studies may be compromised because spontaneous infection rates and mortality arc 
evaluated as primal)' indicators of possible immunotoxicity in such studies. 

Even with this disadvantage, many investigators and regulatol)' authorities recommend specific 
tests to identify and charactcri1.c immune system toxicities only when screening tests or indicators are 
positive.• Additional rationale for this approach comes from the fact that most short-term toxicity 
studies incorporate at least one dose in the potentially highly toxic dose range. Additional tests for 
immunotoxicity should be performed to verify positive immunotoxic effects noted during screening 
studies or to determine if the positive result obtained for a primary indicator was a false positive 
indication of immunotoxicity. For example, certain test substances may cause Increased or .decreased 
food intake; nutritional deprivation from significantly decreased food intake has been shown to cause 
thymic and splcnic atrophy.b Effect, on the endocrine system, such as stimulation of the production 
of growth hormone' or prolactin' and decreased levels of adrenoconicostcroids,' can stimulate growth 
of the thymus. In response to such stimuli, involution of the thymus may proceed at a different rate 
in animals exposed to n,e test substance than in control animals. Therefore, measuring thymie 
weights at one specified time in a short-term toxicity study could give false positive or false negative 
indications of the test compound's immunotoxic potential. For this reason, the Agency recommends 
that a study of the effects of a test substance on thymic growth and involution be conducted at two 
or more time points during the study (such as midterm and final sacrifice). Because sex differences 
have been demonstrated for various immunologic studies/ both sexes should be included in 
immunotoxieity evaluations. 

There arc data which suggest that the primary indicators do not eva,Iuate toxic effects on all 
types of immune-related cells. Recent studies have shown that NK cell function may be affected 
without concomitant effects on either B- or T-lymphocytes.• Other studies have shown that 
functional defects of specific lymphocytes can occur without appare!lt 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. 

• WHO (1986);' Vos et al. (1982)" 

'Kat?. (1978)" 

' l'icrpaoli and Sorkin (I 969)" 

' Bcmi (1986)"' 

' Claman (1975)" 

I l Ji11ton ct al. (1987);" Weimer and Roberts (1972)" 

• Smialov:ic, ct al (1987)" 

'Vos ct al. (1987); 11 Vos er al. (1983);" !louse c1 al. (1985)" 
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8. Recommendations for Further Jmmunotoxicity Testing when Primary 
Indicators of lmmnnotoxicity arc Positive 

A~sessing 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 adequacy of primary indicators of immunotoxicity for test substances that have been 
assir,ned to each Q;,nc.crn_I~Yf! will be discussed. The Agency's recommendation that specific 
immunotoxicity tests be performed on test substances that have been assigned to ~L,evels J, 
I~ andJ_ll will be made on a case-by-case basis. 

n. Jmmunotoxicity Studies for Compounds that have been Assigned to Concern Level III 

Tes! compounds that have been classified as Concern J..cvcl 11! 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 positive. Jmmunotoxicity tests suitable for each of these situations will be discussed 
below. 

i. !mml!Jl.Q)Qg[gtl Tc~ts.~h.~!l..1'.rimm Indicators of Immunotoxicity arc Negative or Mmln.l\! 

If the primary immunotoxicity indicators from recommended toxicity tests are not positive, 
then no additional tests for the immunotoxic potential of the £:{>nccrn Level JJI 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 lo 
immunotoxic effects; 2) barrier or other facilities were used for long-term and short-term toxicity 
studies, 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 tesL, and a 1)'pc 2 immunotoxicity study of host resistance may be recommended, 
particularly if specific tests for immune toxicity !tad not been incorporated into subchronic toxicity 
studies. 

ii. lmn111nQlogicalTests_whcn Prim:uyJndicaton; of Immunotoxicity arc Positive 

When any of the primary indicators suggests that a Concern Level III test substance has an 
immunotoxic effect, additional testing will be recommended in order to assess the extent of risk to 
the immune system. In addition, positive effects on other target organs may indicate the need to 
assess the autoimmune potential of the compound. 

Certain indica1ms may derive from effects on either B-cells or T-cells, or may be derived from 
effects on both types of cells. l lowcvcr, most of the primary indicators of immune toxicity are 
nondiscr iminating v.1tl1 respect to specific lymphocytes involved and specific immune functions 
affected. Srnndard histopatholor,y evaluation may p1ovide some clues if !here is an effect on the 
thymus 01 if areas in the spleen or lymph nodes arc associated with specific types of lymphocyte,,. 
Tile objectives of expanded Levels I and II immunotoxicity tests arc to delineate the specific cells 
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t)1>C(s) which arc affected, to evaluate the extent to 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 foJJowing sections are for use with rats, and all tests 
should be conducted on each test animal. However, tests have been, or can be, adapted for use with 
mice or non-rodent species. When mice arc used as test animals, scrum from animals in each 
experimental group may need to be pooled if there is an insufficient quantity of serum from each 
animal to perform recommended hematology tcsll. 

a) RctrowcctiveLevel 1 Tests: No additional animals arc needed for Retrospective Level 
I immunotoxicity tests when at kast lO animals of each sex arc used in a standard toxicity 
study and appropriate samples of blood and tissues arc properly treated and preserved. After 
removing blood cells, scrum samples should be prepared by high-speed centrifugation, 
sterilized by filtMion, and stored at 4-S•C in scaled containers. At least half of each lymphoid 
tissue/organ should be fixed bricOy in Bouin's fixative (or other fixative shown to be 
appropriate) and stored in alcohol; sections from the tissue/organ can be processed for 
histopathological analysis by routine staining or by immunostaining. 

If the standard toxicity study was a subchronic or chronic study (with exposure to the test 
substance for 90 to 120 days), and primary indicators suggested that the test material may be 
irnmunotoxic, the following Retrospective Level .I tests should be performed on scrum samples from 
the study: 

i) Electrophoresis of scrum proteins. 

ii) Quantification of scrum immunoglobulins (IgG, JgM, lgA, JgE). 

iii) Jmmunostaining for B· and T-lymphocytcs in spleen and lymph nodes and 
micromctric analysis of the number of stained cells in specific regions of these organs. 

iv) Screening for scrum autoantibodics to DNA, mitochondria, and other cell 
components 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-lymphocytcs. 

v) lmmunostaining for bound rgG may be recommended to determine if non-
lymphoid organ tmicities noted during the standard toxicity study (particularly a long· 
term toxicity study) arc due to an autoimmune reaction. 

If the results of these Retrospective Level l tesrs demonstrate thar the primary indicators of 
immune toxicity were false positives, then no further immunotoxicity testing would be recommended. 
Ilowcver, if the re-suits of the-~c tests arc inconclusive or confirm an immunotoxic effect of the test 
substance, additional testing would be recommended. Tile additional testing n13y include Type l and 
Type 7. immunotoxicity tests. 

• llinton (1993)'' 
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b) t,d_d_[t)Q~U ~yel )T~,,.t§: 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 tM same 
animals that arc usoo in the standard toxicity study, provided that samples arc proccssoo 
appropriately. For example, half of the spleen can be used to make a cell suspension for 
cellular analysL~ immediately following sacrifice of the test animal; the remaining half can be 
processoo for histopathology evaluation. Additional (non-retrospective) Level I tests that may 
be recommended include: 

i) Quantitative analysis of the B-cell to T-cell ratio (Bfl) using either whole 
blood cells and spleen preparations or spleen preparations only. 

ii) Determination of spleen cellularity (the total number of white blood cells and 
lymphocytes per gram of wet tissue) and the total number of viable cells per gram of 
wet tissue or per million white blood cells. 

iii) Assay of mitogcnie 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 scrum proteins: Although this test can be performoo 
retrospectively, it is listed here because it fa particularly useful for evaluating toxic 
immune effects on liver, macrophages, and lymphocytes. 

c) Level II Tests: Jf primary indicators of immunotoxicity from standard toxicity studies 
suggest that a test compound may be immunotoxic, Level II tests may be recommended to 
identify specific functional immune defects. These tei;ts may be performed on satellite groups 
of test animals in conjunction \\ith a standard toxicity study or they may be performed on test 
animals in a separate immunotoxicity study. In the latter case, l.~vel II tests should be 
performed with the same species, strain and age of test animals and the same doses of test 
substance used in the standard toxicity study of oomparable duration. In addition, separate 
Level I! immunotoxicity studies should be 3 to 6 weeks in duration so that test animals will be 
exposed long enough to enable primary and secondary immune effects 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 . 

. · .. ,., ..... 
The following Level II tests may be rccommendoo: 

i) Kinetic evaluation of primary and secondary immune responses of test animals to a 
T-dcpcndcnt antigen, such as SRBC, tetanus toxoid, or KLII; serum antibody titers 
should be measured following initial and secondary injections of the antigen. 

ii) Evaluation of the primal)' humoral rei;ponw to a T-independent antigen, such as 
pncumococcal polysaccharides; choice of the optimum challenge dose should be 
justifioo. 

iii) Evaluation of the delayoo hypersensitivity response to a contact scnsiti7.cr during 
the second half of the study. Alternatively, evaluation of the mixed lymphocyte 
response l<ln substitute for measurement of the DTH response as long as the assay has 
been validated "ith the parlicular rat strain used. 
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d) Enhanced Level Il Te~ts: These tests arc designed to determine if a test substance 
that produces immune toxicity in Level I or Level Il tests also affects host resistance to 
challenge v.ith infectious agents or tumor cells. Enhanced Level II tests may be performed 
with either rats or mice, because many host resistance tests have been validated in mice. 
1bcsc tests would be recommended in a variety of circumstances; for example: 

i) If primary indicators of immunotoxicity from standard long-term toxicity studies 
showed increased mortality associated v.ith administration of the test substance and 
effects on humoral immunity were identified from Level I and Level II tests, then 
bacterial (e.g. Utteria monocytogenes)' or viral (e.g. Influenza)b challenge tests 
associatr,d v.ith humorat immune protection would be recommended for evaluation of 
host resistance. 

ii) If there are indications that consumption of the test substance ls associated v.ith 
increased tumorigenesis 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.' 

iii) Finally, for test materials that have demonstrated T-cell or cell-mediated immune 
effects, challenge test1 that use certain strains of Streptococcus' or P/asmodium yoelli' 
would be appropriate. 

h. Jmmunotoxiclty Studies for Compounds that have been Assigned to Concern Level II 

Specific immunotoxicity tests generally arc not recommended for test compounds that have 
been assigned to Concern Level II. However, if primary Indicators of possible immunotoxicity from 
toxicity studies conducted on Concern Level II test substances arc positive, additional Level I and 
1..cvel II immunotox:icity tests may be recommended; such recommendations v.ill be made on a casc­
by-c2se basis. 

c. Jmnmnotoxicily Studies for Compounds that have been Assigned to Concern l.evel I 

Usually, short-term acute exposure studies (up to 30 days) are performed to assess the safety 
of Conran 1..cvel I compounds. Although guidelines for these studies (see Chapter IV C 3) do not 
recommend specific immunotoxicity tests, if primary indicators of possible immunotoxicity from 
short-term toxicity studies arc positive, additional l..cvt,_ij'and ~J! immunotoxicity tests may be 
recommended. Such 1cwmmcndatiorts ,will be made on a .case,by-case basis .... One.immunotoxicity 
test which measures the primary humoral response· to the T-dependcnt antigen SRBC has been 

; Dean et al. (1982)" 

b Dempsey and Mo'iahan (1985)'1 

' Murray et al. (1985)"' 

• Smialo\\icz et al. (1987)" 

' Sclr.1 adc et al. (1988)" 

')lean n al. (1982)" 
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described for use with both rats• and mice' and has been recommended for use in short-te.rm 
screening studies.' 

9. Animal Models for Jnmmnotoxidty Tests 

a. Rodent Models 

11,ese guidelines have focused on tests designed to assess immune toxicity in the rat. Specific 
strains have been used and validated by the Agency, including Sprague-Dawley, Spanan,• and 
Osborne Mendel;' the Fisher 344 rat has ·been recommended by others' for studies with 
environmental compounds. Other strains of rat, such as the Buffalo strain, have been used in special 
studies to evaluate autoimmune disease potentiation.' In addition, several mouse strains (mainly 
inbred strains) have been used to assess immune toxicity. 

b, Non-rodent Models 

Use of the dog for various immunopharmacologie studies has been described in the scientific 
literature.• Level l immunotoxicity tests described in these guidelines can be performed on most 
large animal species; Level II immunotoxicity tests in other non-rodent models also may be 
acceptable, i[ validated: use of primates has been described.' Also, miniature swine have been shown 
to be an excellent non-rodent species for evaluation of various immune functions.J The Agency has 
validated a number of immune function assays for use with thi.1 model. 

• Smia!owicz. ct al. (1989)'.M 

• Luster et al (1988)1 Dean et al. (1982)' 

' Luster rl al. (1988)2 

• Hinton cl al. (1987)30 

' llinton (1991)" 

I Smialowic1. el al. (l 987)61 

• Weening r1 /. (1978);" Michacl1on el al. (1981);71 Silverman and Rose (1975)71 

' 'Jl,icm er al. (1988)" 

; Tryphonas el al. (1989)" 

J Siegel (198-1)" Glocklin (1987);" Hinton and 10lhn (1987);" Hinton and Kahn (1989);" 
l linton rr al. (1993)" 
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lmmunomodulation of porcine as well as other food animals have been reviewed.' Other 
perspectives on animals selection have been reviewcd.b 

l 0. Recommended Strategy for Assessing the Immunotoxic Potential of Direct 
Food Additives nnd Color Additives Used in F'ood 

• Primary indir.ators of immunotoxicity should be evaluated for short-term (28-day) toxicity 
studies, subchronic (90-day) toxicity studies, and developmental toxicity studies. Results of 
these evaluations should be incorporated into an integrated assessment of the potential for a 
test chcmir.al to adversely affect the immune system. Based on thi~ assessment, an explicit 
statement should be made as to whether or not the test chemical represents a potential 
immunotoxic hazard which requires further testing. 

• Additional studies to assess the immune toxicity of food and color additives used in food 
will depend on the resulls of the evaluation of primary indicators of immune toxicity, the 
C'.onccrnLcvcl to which the additive has been assigned, and other information available 
concerning the immunotoxicity of the additive. 

11. C.onclusion 

The hicrarchir.al grouping of recommended immunotoxicity tests by specificity and mr.chanics 
(e.g. tests that use injectable substances) can facilitate including immunotoxicity testing in standard 
toxicity studies. Expanded 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 effect is important for the safety assessment of 
a direct food additive or color additive used in food. lmmunotoxicity tests recommended in this 
section arc summariwd in Table 2 below. 

• Siegel (19&4)" 

' O!orklin (1987)" 
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Table 2 

Summaiy of Jmmunotoxidty Testing Recommendations for Direct Food Additives 

llasic Testing (ll.at Model) 

• CBC, WBC differential 
• Total scrum protein, albumin-to-globulin ratio (NG) 
• llistopathology, gross and microscopic (spleen, thymus, lymph nodes, Pcycr'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) 
• lmmunostaining of spleen and lymph nodci; for D and T cells' (quantification of total Jg) 
• Scrum autoantibody screen and deposition of lg (micrometry for semi-quantitation of the 
proliferative rci;ponsc) 

Enhanced Level I Testing: Included as a Possible Requirement for More Coniplete Screening In 
the Standard Toxicity Study Core Group, with a Satellite Animal 
Group, or In a Follow-Up Study 

• C'.ellularity of spleen (lymph nodes, thymus when indicated) 
• Quantification of total D and T cells (blood and/or spleen) 
• Mitogen stimulation assays for B and T cells (spleen) 
• NK functional analysis (spleen) 
• Macrophage quantification and functional analysL~ (spleen) 
• IL..-2 functional analysis (spleen) 

• When indicated or for more complete analysis, other endpoints such as total hemolytic 
complement activity or CJI-50 assay with serum 

Level II Testing: Includes a Satellite Group or Follow· Up Study for Screening of 
Functional Immune Effects 

• Kinetic evaluation of the humoral response 10 a T -dependent AG (primary and secondary 
responses with either SRBC, TI, or other) 
• Kinetic evaluation of the primary humoral rcspon~ to a T·independent AG such as Pvax, 
TNP-Ll'S, or other recogni1,ed AG 
• DTll response to known scnsiti1.er of known T-cell affecter 
• Reversibility evaluation 

Enhanced Level ll Testing: Includes a Satellite Group or follow-Up Study For Evaluation of 
· Potential· lmmunotoxk· Risk · · 

• Tumor challenge (MADB106 or other with the rat; PYB6 sarcoma with a mouse model) 
• Infcctivity challenge (Tr:ichinella, Candida or other. with the rat; Listeria or other with the 
niouse) · · · 

Abbreviations: CBC~ complete blood count; WBC " white.blood count; lg ~ immunoglobulin; NK 
a. natural killer; 11,2 ~· intcrlcukin-2; SRBC ~ sheep rc<l blood cells; and 1NP-LPS 
, · trinitrophcnol lipopolysaccharidc. 

• Recommended for inclusion in basic testing. 
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Chapter VI 

J-Ju1nan Studies: 

This chapter presents general guidelines for the conduct of human clinical studies on foods 
and food ingredients. It also describes the types of human epidemiology data that may be useful to 
the Agency in assessing the safety of direct food additives and color additives used in food. Because 
human clinical studies were not included in the 1982 guidelines for direct food additives and color 
additives used in food, important issues related to these studies arc discussed at length in this 
chapter. 

The Agency docs not require petitioners to 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 studies in certain circumstanoo.s, such as when the proposed additive will be consumed 
by humans at relatively high lcvcfa (see Chapter VU B). When petitioners conduct human clinical 
studies on substanoo.s intended for use as direct food additives and color additives used in food, 
however, the Agency recommends that the studies conform to the guidelines presented in thi~ 
section. A~ usual, the Agency strongly recommends that petitioners planning to conduct human 
studies in support of the safety of direct food additives and color additives used in food consult with 
the Agency before the srndics begin. 
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VI A. Clinical Evaluation of Foods and Food Additives 

A major objective in the clinical testing of food and food additives is 10 assess aspects of 
safety that cannot be addressed adequately by non-human studies or by existing data on population 
exposure. for example, the Agency l~ 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 doses that greatly exaggerate their anticipated human exposures may not be possible. 
For these substances, human clinical studies may provide<! additional confidence in the safety of the 
food or food additive. 

A food or food additive generally will be considered suitable for clinical testing if the 
substance is unlikely to produce significant toxic effects 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 examining 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 to 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 
evidence required to esuiblish the safety of these products for humans before clinical studies can 
begin may differ from that required to support testing under guidelines for investigational new drugs. 
Clinical studies 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 status 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 are contained in the February 22, 1985 Federal 
Register' and codified in 21 CFR 314.126. The following guidelines identify general considerations 
for clinkal 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 needs to formulate a defensible 
rationale for conducting human clinical studies and a clear set of objectives. 

• Adequate preclinical investigations Qnclt1ding totjcity tests jn .a_nimals) m.ust, have ~ee!l. , .. 
completed. Results of these tests must establish that there is no expected toxicity to man at 
doses to be used in clinical studies. A clear, concise description of the design of pre-clinical 
studies and their resu_lts .should be presented to FDA . Information about the history of use of 
the food or food additive outside the Uniied States and documentation of the results of·· 
foreign clinical studies involving the food or food additive should also be presented for review. 

' Anon)11\0US (1985)1 
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• In designing protorols for clinical studies, the following should be considered: 1) the results 
of prc-clinirJI studie,, (including toxicity tests in animals) and foreign clinical studie,,; 2) the 
chemic.ii nature o[ the proposed additive; and 3) all organs and organ systems that may be 
affected in man by ronsumption of the [ood or food additive under investigation. 

• The sequence of clinical tcst1 should be designed to maximi7.c the safety of the research 
subjects. 

• Guidelines for clinical trials or invcstigational new drugs should be followed in evaluating 
the qualifications of the principal investigator and investigating institution. In particular, 
careful consideration must be given to the qualification.s of the investigator and the suitability 
of the investigating institution's facilities for conducting short- and long-term clinical trials. 

FDA rcwgnizes the need for the Investigator to exercise sound clinical judgement based on 
his/her experience in an appropriate field of study. Studies involving healthy volunteers should be 
performed by investigators skilled in the evaluation of the safety of a variety of compounds. When 
subjects of a clinical study have a specific disease, as may be the case for clinical evaluation of foods 
for spc-cial dietary uses or special medical purposes, the investigators should be clinicians expert in 
the disease and dise.ise process. 

• The invcstigator should have high regard for the rights and safety of the test subjcct(s). 
1lle investigator i~ rcsponsible for the administration of the food additive; thus, he/she must 
bear the ultimate responsibility for the welfare of the test subjects. All 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 intercsts 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. A1pects 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 January 27, 1961 Federal Register;• codified in 21 CFR SO; 
and are summarized in Appendix A (sec section VI A 5 below). 

• 111erc is some finite risk associated v.ith 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 guaranteed. Before beginning a clinical study, the investigator 
should consider what procedures will be used to detect adverse reactions to the test substance 
during the study. The investigator should establish criteria that will be used to decide when to 
discontinue lh!\~linical stu~y; thC!!e crHeria .may be changc,Lduring th.e,f\~~y .i.f .the c])an,ge is 
required to support the safety .of the subjects. 

• Anonymous (1981)' 
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To [urthcr protect the safety of subjects of a clinical study, the sponsor of the study should 
provide appropriate follow-up artcr the study has ended. Such follow-up should be conducted or 
supervised by the investigator of the clinical study. 

• Bcrore a clinical study begins, the inve.1tigator should consider ways in which quality control 
of the study "ill be documented. Effective documentation of quality control will facilitate 
Ar.ency review of the completed clinical study. 

• FPA recommends that investigators use statistical expenL1e in the planning, design, 
ex«:ution, and analysi1 of pre-clinical and clinical studies. Such expertise will help ensure that 
the planned studies will provide the necessary infornlation while minimi1lng the number of 
subjcc.ts (sample siw estimation) and will strengthen the validity of estimates of safety obtainu:l 
Crom the studie.~. 

2. Specific Considerations for Clinical Studies of Foods and Food Additives 

11ais section describes spc.:ific co1c1iderations concerning the protocol design, definition of 
study population, and statistical analysis of the results of human clinical studies with foods and food 
additives. These considerations should be explicitly addressed in the clinical study protocol. 

a. Protocol Design 

Protocot1 for clinical studies of foods and food additives should be described clearly and in 
sufficient detail to permit effutive review and evaluation by CFSAN. 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 sution 1 above). While it 
is rational and desirable to design studies to obtain specific information about the test substance, the 
generation of data justifying conclusions other than those originally anticipated can be a valuable 
result of clinical investigation. 

The fo)lowing arc additional recommendations for the design of clinical study protocols for 
foods and food additives: 

• A clear statement of objectives should be provided for each protocol Good planning 
usually produces research questions that can be answered by dir«:t inference from the study 
data. Since studies arc frequently designed to answer more than one question, it Ls useful to 
list the questions to be answered in order of their priority. 

• Toe 'ia.iionalc ioi conduciing a c1in1car'siudy should fo presetit&C1ri adilliion;pre~linical 
and clinical data relevant ID the compound being Studied and to the prciposcif protocol should 
be reviewed. 

• A statement explaining the reasons for deciding on a particular length for the clinical study 
should be inciuded in.the protocoL In general, a clinical study should beofsuf(icicnt length 
to permit the demonstration of the safety (or lack of safety) of a food or food additive. 

• A statcriwnt explaining ihe reasons for selecting particular dietary levels (dosages) of the 
food or food additive being testr.d should be included. 

• Experimental design should include appropriate controls. When feasible, studies should be 
pctformcd \,!ind to avoid selc.ction bias and bias in patient and physician responses. 
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• Jnvestir,ators should desciibe proposed methods of randomfaation and should present 
analyses that demonstrate the cffcclivcness of these methods. 

• Objective observation methods should be used when possible and appropriate, observational 
endpoint~ should be rigorofilly definro, and methodology that will be used to quantify 
endpoints should be described. A statement describing quality control and frequency of data 
collection (endpoint monitoring) also should be included. 

• Umitations that may be imposed on the clinical study because of protocol design or the 
failure of subjccts to comply with the written protocol (such as withdrawals from the study, 
failure to randomize subjects efft-ctively, tedmologieal limits of observations, etc.) and the 
possible effects these limitations may have on the outcome of the study should be addressed. 

b. The Stud1 Population 

Clinical studies identify physiological respo!ISOI to test substances in well-defined, small 
populations. lbese results are used to make inferences about respon.!C8 to the test au~tance in 
larger, target population.\. Study protocol~ should specify how subj«:ts will be selectro, their 
assignment to alternative test regimens, the specific conditions under which the trial will be 
conductro, and the nature or the target population to which the subjects' responses will be 
extrapolated. The following are additional recommendations for defining and selt-ctlng subjects for 
the clinical 5tudy: · 

• Each study protocol must be reviewed and approved by the appropriate Institutional Review 
Board; written, informed consent must be obtained for each subject in the study (see Appendix 
A in section VJ A 5 below). 

• Protocol~ should clearly define the selection criteria for subjects, including diagn0$tic 
criteria and reason.\ !or cxclu.~ion 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 di.o;continuing the study should be stated clearly. 

• Doses or the test substance should be selectoo so that a range of subject responses to the 
substance ean be observed and the highest s.are dose of the proposed additive ean be 
determined. Wben individual subjects' responses ue expected to be quite variable, testing at 
·multiple d= in a double-blind, placebo-cori110Ued study is'm:ommended. 

•. A setlofil problem in d.inlcal. itiidl~.fl1'detetminl.ng thti'degroe of s\ibjed .adheren·ce t6 the 
assigned protocol. Careful attention to subject compliance With the protocol is particularly 
important in outpatient studies. Protocols should state clearly how subjects' compliance will 
be monitored and aho)lld.lndieate when nonoompliance will result In. cfucontlnuing the subject . 
in .the study .. In general, .<bta on subject compliance and noncompliance enhance the 
aedi~ili!Y of a study .. 

If it bcromes 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 reported on in the study's result\ regardless or the degree of their compliance. Some 
noncompliance may neccs.sitate identifying subgrnups for evaluation, such as subjects who fail to 
comume foods containing ihe additiYC and subjects who report excessive use of alcohol or 
medir.ation. 
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• The number of subjects to be included in the study should be sufficient to be able to 
determine the safety of the test substance. Statistical estimates of the required number of 
subjects will depend upon: 1) The desired limit of defection of subjects' responses to the test 
substance; 2) the desired assurance against a false positive result; and 3) the acceptable risk of 
a false negative result. 

• While it i1 desirable that placebo groups be included in early clinical studies of proposed 
foods and food additives (sec page 17), this is not a requirement. Goals of early clinical 
studies may be 1) to gradually increase the dose of the test substance until physiological effects 
arc observed or 2) to determine absorption and metabolism in humans in an effort to assess 
the adequacy of animal models used in safety assessments of the test compound. Therefore, 
subjects must be under careful obscIVation during these studies. 

The goal1 of early clinical studies often can be achieved 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 varies with the nature of the test material. During all phases 
of clinical investigation, the objective in using a placebo is to provide an adequate control for the 
compound under study. However, other methods of adequately controlling clinical studies exist. For 
example, the use of an active control compound or demonstration of a positive dose rcspon.1e to the 
food or food additive may constitute adequate control in some studies. For situations in which the 
natural course of a disease 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) studies may be compared to historical data. · 

I Food additives should be studied 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 categoiy includes 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 
measures. In general, women of childbearing potential should be excluded from the earliest clinical 
studies or a test substance. Once an adequate baseline of clinical information about the safety of a 
food or food additive has been obtained, however, women of childbearing potential may be included 
in clinic.ii studies. 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 animals. 

Follow-up to 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 ~ccrction in ntilk should. be. assumed untjl PfClven othe~se, .. 
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• If the, proposed food or food additive has a significant potential for use in children, its 
safety should be evaluated in children. Usually, studies in children arc not attempted umil 
there has be.en considerable clinical experience with the additive in adults. For certain 
proposed food additives, however, early clinical study in children may be warranted; in such 
cases, it is prcforable to begin with older children, followed by yourigcr children, infants, and 
premature infants, Detailed comments on pediatric studies are contained in 'General 
Considerations for the Clinical Evaluation of D,ugs in Infants and Children.'• Additional 
examples of guidelines concerning the clinic.ii testing of foods or food additives in children arc 
provided by Ilic American Academy of Pediatrics.• 

• Generally, physical examinations and laboratory tests should be perfprmed to screen 
individuals with medkally significant abnormalities from the clinical study. J..aboratory tests 
should include the following: 1) Electrocardiograph; 2) urinalysis; 3) various tests on blood 
samples (for example, complete blood counts including platelet estimates, blood urea nitrogen, 
scrum crcatininc, tests of liver function, fasting blood sugar or 2-hour postprandial blood 
sugar, electrolytes, protein, and albumin); and 4) other tests that may be indicated by the 
nature of the tr.st compo1md or from the results of previou.~ animal and human clinical studies 
(for example, tests of vitamin status, prothrombin time, and blood lipid profiles). 

• In carly clinical studies, when feasible, all subjects should refrain from taking medication 
(including over-the-counter drugs) for al least two (and preferably four) weeks before the study 
begins, unless interactions of the test substance with medication are the focus or the study. In 
some cases, a longer •washout' period will be re<juired for return to a JJOrmal physiologic state 
before the clinical study begins. In later clinical studies, it. may be desirable to examine the 
safety of combinations of the test substance and medication(s). 

• Post-study physical examinations for subjects of clinical studies often are ne=ary to ensure 
the subjects' safety. The results of these examinations should be fully documented. 

c. Slalisllcal Analyses 

The following arc general recommendations for stalcstical analyses in clinical studies of foods 
and food additives. Additional recommendations arc contained in Chapter IV B 4. 

• Investigators arc encouraged to seek expert biostatistical assistance prior to formulating the 
study design. 

• A priori description of the statistic.ii methods to be u.<;ed in analyzing data from a clinical 
study should be provided in the study's protocol. 

• Estimates of statistical power should t>c used to help determine the optimal number of 
subjects for a clinical study. 

• Reference (1977)' 

'Amc1ican Academy of J'c,lial!ics C-0mmittc.c on Nutrition rcp01t (1988);' American Academy 
of Nutrition report (1987)' 
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3. Sequence of Clinical Studies for Foods and Food Additives 

The rationale behind serially conducted studies i~ !ha! results of each study may inilucncc the 
plan of succeeding studies. Invc.1tiga1ors are encouraged 10 discuss data from animal studies and 
early clinical Mudies with CFSAN before conducting additional clinical studies. 

a. Early Clinical Studlr.5 

The purpose of these studies i1 to determine the metabolism and the level of the food or food 
additive that gives an adverse or toxic response in man. Physiologic processes that are of primary 
interest in early clinical studies include: 1) Disposition (absorption, biotransformation, and excretion) 
or 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 neces.1itate balance studies; and 4) interactions between the food or food additive 
and medications that may ne=itate drug bioavaiiability or drug metabolism studies. Information 
about the potential use of the test substance and all preclinical information about the test substance 
should factor into decfaions about the appropriate sequence of early clinical studies .. 

For both ethical and scientific reasons, the initial introduction of a food or food additive into 
humans should be done with carefully selected subjects. Subjects for early clinical studies should be 
'normal' volunteers. 'Normal' generally means volunwcrs who are free from health problems that 
would complicate t11c 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 early clinical studies 
should be selected to accurately rcOcct the general population. ThlL\ individuals with mild but 
stable illnesses such as uncomplicated hypertension or arthritis may be considered for inclusion in 
initial clinical studies on a food or food additive. It also may be pem1isslble--and even desirablc--to 
include subjects with abnormalities for which consumption of the food or food additive may be 
particularly beneficial. For example, subjects with hyperlipoproteinemia may be included in an early 
clinical study on a food or food additive that functions as a non-caloric fat substitute. Additional 
example.~ include: (a) A food or food additive that will be used in the dietary management of organ 
failure 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 panicular 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 wilh normal mctat>olism). 

Most early clinical studies are sub-chronic (relatively short-term) and are generally less than 4 
wech in, duration.· .,11tcseciaudies vary. from single. exposure .w. multiple .eJJ>9Sures. and .~min.,;. a 
range oflevcl1 (doses) of the food or food additive. When several doses are being tested in a study, 
no research subject should be given the next-higher dose until sufficient expasure has occurred with 

. _ the imm0iatcly preccding_d~.w be cenain tha! se~ious adverse .cffes:1$ l;laye not pccurred. 

For each food and food additive subjected to clinical investigation, it is also important to 
consider the appropriate frequency of laboratory tcm and, when indicated by the·results of previous 
studks, tests for specific organ or organ system effects. Independent of the outcome of clinical 
studies, t11orough ph)~ical examinations and blood screening should be pan of the follow-up for all 
subject,. 

When unanticipated side effects occur in clinical studies, the investigator should determine the 
lime required for elimination of the compound from the subject's system and reversal of the effects. 
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b. Furlhcr Clinical Studies 

Additional clinical studies may be designed to determine the safety of the proposed food 
additive during chronic intake (relatively long-term) and 10 gather 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 established in early, short-term clinical studies. The 
duration of exposure to the food or food additive in these studies will vary with the nature of the 
additive. Chronic administration in humans usually means continuous consumption for at least 8 to 
12 weeks, unless contraindicated by adverse side-effects. 

Rclativc.\y long-term clinical studies 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 studie, help determine end-organ (or end-organ system) responses to the additive, 
including neurobehavioral changes. 

Finally, clinical studies may be perfom1ed to obtain information al>out 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 diseases who are undergoing therapy for the 
disease, particularly if such subjects represent segments of the population who are likely to con.,ume 
the food or food additive after it has been approved. 

Relatively long-term clinical studies should include a limited number of closely monitored 
subjects (rarely exceeding several hundred). In the clinical studies described al>ove, the fre.quency of 
physic;,! 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 a study will typically involve more frequent supervision of subjects than later periods. An 
example of a graded supcJVision plan would be one in which a test subject is seen by the investigator 
at least once a week for 2 to 4 weeks, once every other week for 6 to 8 weeks, at monthly interval5 
for 2 to 3 months, and bimonthly until the end of the follow-up period. Routine laboratory tests 
should be performed at frequent intcIVals; frequency and type of special laboratory tests should be 
determined by the nature of the food or fOOd additive and its intended use. 

In both early and chronic clinical studies 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 
exposures for particular food uses when such uses may altefthe structure or effects of the test 

·· substance:· A ·significant thange in the·formulatioli or-manufacture 'Df1he·food-or- food ·additive·- ·· 
during chronic clinic;,J studies may indicate the need for bioavailability studies on the (presumably 
changed) food or food additive. Results of these studies will enable meaningful comparisons to be 
made among dinic;il studies performed "'.it]) different formulations of the _test.substance. Wl)en·t!1~ 
petitioner intends to market a family of fcirmuiations. :and only a limited number of the formulations 
will t,c tested in clinical studies, petitioners should be prepared to dcmon.qrate that the tr,St 
comj,ounds arc· fully foprescntat'iv1i'o{ the fati\ily offorinulatkiiis intendM for rhaikcling, p:iriici.Ilarly 
\\1th respect to questions of safety. 
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4. Submitting Reports of Clinical Studies on Foods and Food Additives to 
CFSAN 

In submiHing 1epom of clinical studies to CPSAN, particular emphasis should be placed on 
clear and condse: l) statement of study objectives, 2) description of protoroLs, and 3) presentation of 
significant findin~. Presentation of the results of a series of clinical studies on an proposed food 
additive should be scientifically logical and should specify the order in which the studies were 
CO!ld!ltlCil. 

Early, relatively short-term clinical studies include tolerance studies. In reporting the result< 
of tolerance studies, Information on dose schedules and range of doses should be included. For 
relatively short-terni clinical studies, the following questions should be answered in detennining the 
safety of the proposed additive: 

• What are the absorption, nietaboll<m, ti.ssue deposition, and major routes of excretion of 
the foocl or food additive? 

• What L< the half-life of the food or food additive in the human body? (Analysis of turnover 
and of other pharmaookinetic parameters of the test substance or its metabolites in various 
physiological compartments may aid in the interpretation of the results of toxicity stu<!ies.) (see 
Ctiapter V Jl); 

• How may interactions between the food or food additive and nutrients or medications 
compromise the availability of any of these substances? 

• How does the food or food additive affect the [unction of human organs and organ 
systen1~? 

• Wtiat are the possible adverse reactions to the food or food additive in the general 
population of individuals who are likely to use the substance and in special (more sen.~itivc) 
populations? 

RcporL< on relatively long-term clinical studies should emphasize specific organ or organ 
system responses 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 acmmplished by further clinical. testing or by establi~hing a 
surveillance system and documenting adverse reactions to. the food additive. The need. for such a 
system j.~ cxpeaed to vary with the nature and 'use Of the 'approvro food additive. Clinical testing 
and suJVcillancc also may be useful in establi~hing the safety of expanded uses of the food or food 
addit.ive or the safety of an altered food or food additive; these changes may oe,cur as the resul! of 
changes In patter11.1 of food consump\ion or food processing. 
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5. 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. 

a. l'rinciplcs of Institutional Review 

• An Institutional Review Jloard must be composed of no fewer than 5 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 inMitulional activities, the Board must be able to evaluate research 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, except to provide information requested by the Board. 

• No Board shall consist entirely of person.~ who are officers, employees, or agents of, or are 
otherwise associated with the institution, apart from their membership on the Board. 

b. Principks of Infonned Consent 

All subjects in a clinical evaluation are entitled to: 

• a fair explanation of the procedures to be followed and the purposes of the procedures, 
including identification of any procedures that are experimental; 

~ a description of attendant discomforLI and ri1k.1 that may be reasonably expected; 

, a description of benefits they may reasonably be expected; 

• disclosure of appropriate alternative procedures that may be advantageous to the subject; 

, an offer to answer any inquiries concerning the procedure; and 

, instruction that the subject is free to withdraw his consent and discontinue participation in 
thc._project ai .a11y time, withquJ prejudice to the subject, 
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VI H. Epidemiology Studies 

Epidemiology is the study of the di.,tribution and determinants of health-related states and 
events in specified population.\ and the application of this study to the control of health problems.• 
n,e goal of all epidemiology studies is to uncover relationships between exposure to a specific agent 
and changes in health status. 

Epidemiologic data arc important to CFSAN in assessing food additive safety and have been 
used by the Agency as indicators where avenues of research and further human studies would be 
most productive. Guidelines 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 arc two main categories of epidemiology studies, descriptive and analytic. Descriptive 
studies are concerned with the existing distribution of variables; they do not test hypotheses or make 
inferences concerning causality. Analytic studies are designed to examine associations, particularly 
hypothesi1.ed causal relationships, and focus on identifying or measuring the effeas of specific risk 
factors. 

1. Uescriptive Epidemiology Studies 

Descriptive epidemiology studies are relatively inexpensive to conduct and are usually of short 
duration. However, such studies are limited in their usefulncs.s since no inferences can be made 
concerning causality. Generally, descriptive epidemiology studies are sentinel devices used to 
generate hypotheses or to provide evidence that indicates whether there is sufficient cause for 
conducting a lengthier and costlier analytic study. 

a. Correlational Studies 

Correlational studies, also called ewlogical studies, use grouped population data to relate 
exposure patterns of whole populations to disease incidence or mortality rates for whole populations. 
Because these studies do not examine the relationship between exposure and disease among 
individuals, the studies have been traditionally regarded as useful for generating, rather than 
definitively testing, a scientific hypothesis. Thus, the results of correlalional studies would be 
insufficient to demonstrate a relationship without other types of data to support them. 

• l.asi (!983) 1 

'Anonymous (1981)' 
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VI B Epidemiology Studies Continued 

b. Case Reports 

Oise reports are a type of descriptive epidemiology study ftCl)uently evaluated by CFSAN. 
Strongly suggestive anecdotal or clinical observations may indicate a possible causal relationship. 
Analytic epidemiology studies can then be designed to verify and quantify the risks, and to determine 
the role of confounding factors. case reports of allergic reactions have been relied upon in safety 
evaluations, for example, in rtljuiring label declarations for FD&C Yellow Nos. 5 and 6. 

CFSAN al~ maintain.~ the Adverse Reaction Monitoring System (ARMS), which is concerned 
With spontaneous reports from oonsumers and health professionals regarding alleged adverse effects 
from food products.• It i~ a form of passive surveillance which was designed as a sentinel system to 
identify specific areas for focused clinical investigations on potentially causal associations. The 
ARMS fa playing an lnc.reasingly 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/mineral 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 Studies 

Although analytic epidemiology studies aro more informative than descriptive studies, they are 
expensive and time-consuming to conduct. The types of analytic epidemiology studies commonly 
considered by CFSAN in safety evaluations include cross-sectional, prospective, and retrospective 
studies. Analytic epidemiology studies actually play a lesser role than descriptive studies in assessing 
food additive safety at CFSAN, primarily because welt-designed and -con(\ucted analytic epidemiology 
studies are not available for most products which FDA regulates. However, results from such 
studies, when available, are used in the overall safety evaluation of a compound. In addition, 
analytic epidemiology studies constitute the scientific base for the Agency's regulation of health 
claims on food and food labeling authoriml by the Nutrition Labeling and Education Act of 1990. 

a. Cross-Sectional Studies 

Cross-sectional 5tudies arc those in which individuals are observed at only one point in time; 
such studies are commonly known a., surveys. The presence or absenee of disease and the presence 
or absence of suspected etiologic factors are determined in each member of the study population or 
in a 1epresentativc sample at one particular time ... 1be adl'.llntages of cross-sectional studies are that 
they. are relatively inc.xp!lnsive to conduct, and can be completed relatively quickly. However, cross­
sectlon~I St!idi~ f~~\ !)9thi,9g .~lx>\lt_ the .. \eJ!!pOJ~J .SC<JU~!I~ Rf .~s~rf~I\~ .~i~l'._8S~1 ~l\.d. necessarily 
use current !lJposure as a surrogate.for past exposure. Also, c.ross-sei:tional shidies can only measure 
dL,ease prevalence rather than incidercc. . . . . . . . . . . ,· . . . . . . 

b. Prospective Studies 
-,' .... ... - -·~. ·~ "•.········ ... . ·,~.: .. ·. ,,. 

In prospective studies, also called cohort or follow-up studies, the invesiigator selects a study 
population of exposed and non-CJ<posed 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 presenoe or absence of risk factors (e.g. exposure or 
noncxposure to some- agent). l'rospcctivc .studies generally imply study. of a large population, study 

• To!lc[son (19&8)' 
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for a prolonged period of years, or both. This type of study design is effective when there is good 
evidence of an association of the disease with a certain exposure (from clinical observations or from 
descriptive epidemiology studies), when exposure is rare, but incidence of disease among the e,:posed 
is high, and when the time between the exposure and disease is short. The major advantage of 
prospective studies i~ that the incidence rates of the dl~ease under study can be measured directly; 
therefore, absolute and relative risks also can be measured directly. In addition, it is possible to 
analy,.c the association of a particular e,:posure with several diseases, and a temporal relationship 
between exposure and disease can be established. 

There are a number of disadvantages to prospective studies, including: 1) The difficulty and 
expense of conducting the studies, since both large study populations and long periods of observation 
are required for definite results; Z) 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 arc very inefficient for studying rare diseases. 

ResulL~ 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 11lso p'rovided financial support for prospective studies on 
accidental exposure to l'BB's in a Michigan cohort, and exposure to methylmercury in f!Sh in a 
cohort of pregnant women (and their offspring) in the Seychelles Islands. 

C, Retrospective st!dles 

In retrospective studies, also known as case-control studies, the Investigator selects cases with a 
specific disca~e. and appropriate· controls without the di=, and obtains data regarding past 
exposure to possible etiologic factors in both groups. The rates of exposure of the two groups are 
then compared. A case-control approach is indicated when studying rare diseases, such as most 
cancers, since a very large number of individuat~ would be needed to produce enough cases of 
disease so that conclusions can be drawn in a prospective study. Although it is possible to detect 
the association of multiple exposures or factors with a particular disease, retrospective studies arc 
generally used to study diseases that have some unique and specific cause, such as Infectious agents, 
in order to avoid the problem of confounding etiologic factors. 

Case-control studies can not estimate absolute risk or relative rfak because the incidence ·or 
disease is not known in either the exposed or unexposed population as a whole. Howevei:, the 
relative risk can be estimated In retrospective studies by the odds r,itio, whlch.i~ the ratio of the 

··odds·of getting-the disease to the.odds of.not.getting the !lisease. ... '.I'he .. odds ratio.is.a good .. 
approximation of the relative ri~k when the subject cases are representative of-all·cases with regard 
to exposure, the controls are representative of all controls with regard to exposure, and the disease 
being studied LI rare. 

Retrospective studies arc much less expensive and less tiinc consuming ii:i ·conduct' than are 
prospcetivc·studies; usually, a relativcly·small population·is needed ronbestudy. · Also,since the 
study selects only cases of the di1easc of interest, there is no bias incurred in determining the 
endpoint. However, bias is frequently incurred during detection and selection of cases, and during 
assessment of exposure. Qintrols should be identical to the exposed cases except for the factor 
under investigation, a requirement which is often difricult to achieve in practice. A~ with prospective 
studies, problems arc frequently encountered in attempting to control for competing risk factors and 
confoundcrs. 11,c investigators can adjust for known confoundcrs either by matching when selecting 
rontrols, statistically by stratification, or by use of regression models. 
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Results of case-control studies have been frequently used in safety evaluations at FDA, 
primarily to add further information to the overall ass=ment of safety. In the past, FDA has 
supported ease-control studies on compounds of interest, such as the National Bladder Qincer Study 
and the use of artificial sweeteners. 

d. Meta-Analysts 

Meta-analysi.~ Is the reanalysis of pooled data from several distinct epldemlology studies. 
Meta-analyses are conducted to compensate for deficiencies in individual studies, particularly those 
involving study si1.e, thereby providing i stronger ease 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 scrutini1.e each meta-analysis to assess the soundn= of its 
design and the quality of the data from individual studies to determlne the significance of the data. 
Such scrutiny requires review of the original studies used for the meta-analysis. 
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Chapter VII 
Emerging Issues in Safety Assessment 
of Food Additives and Color Additives 

Used in Food 

A. Introduction 

This section discusses approaches 10 testing that may be useful in assessing the safety of 
macro-additives (sec Chapter VI B), biocnginecred additives (sec Chapter VII C), additives that are 
en7YD1es (sec Chapter VII D), and microbially-derived additives (sec Chapter VI E). This section 
also dL~cusses the use of alternatives to whole (vertebrate) animal testing in safety evaluation (see 
Chapter VII F) and FDA's recognition of the potential for direct food additives and color additives 
used in food to 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 i~ 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 section suggests some important L~ues 10 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 protocol~ for toxicity tests with Center 
scientists before tests begin. 

B. Macro-Additives 

Macro-additives arc a class of food additives that are intended lo be replacements for 
conventional macro-nutrients such as fats, proteins, and carbohydrates and arc intended for use at 
relatively high levels in food. Macro-additives may be nutritive or non-nutritive; they may be 
reasonably pure, well charaeteri?.Cd chemicals or they may be complex mixtures whose complete 
charactcri1;ition i~ not feasible; they may be well absorbed from the gastrointestinal tract or poorly 
absorboo; they may be manufactured from unusual or novel food sources or obtained by chemical 
synthesis. 

The common characteristic of macro-additives is that they will be consumoo in . .large. quantities 
compared to conventional food additives and, as a consequence, they will present testing problems 
that require •customi1.cd' approaches .. For example, it may not be feasible to calculate safety factors 

. in the conventional way, that fa,. as a fraction of the .highest oral dose that h~s no adverse effects. in 
animals. Other inearis of providing margins cif safety fcir macro-additives will have to btfused; these 
may include information derivoo from metabolic, pharmacokine1ic, and human clinical studies. 
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Vil JI food Substitutes (Macro-Additives) Continued 

I. Nutritional Concerns in Animal Toxicological Tests 

Because of the expected high level of human consumption of these additives, animal test doses 
that arc orders of magnitude greater than the Expected Daily Intake (EDI) for humans will often 
not be feasible. Attempts to achieve very high doses in the animal studies might result in nutritional 
imbalances or caloric deprivation that could confound Interpretation of the toxicity studies. In order 
to test the highest dose feasible and yet avoid nutritional problems, it rnay be necessary for toxicity 
testing to be preceded by nutritional studies to determine adequate test diets and appropriate control 
diets for animal~ in toxicity studies. 

If appropriate dietary controls include nutrient enhancement, care should be taken to avoid 
over-enriching the diet or changing nutrient ratios that would mask toxicological endpoints under 
consideration. For example, mineral oil as a test material would be mostly unabsorbed in the 
intestine where it would solubilize fat-soluble vitamins, leading to deficiencies of these nutrients. 
Tllis effect may be eliminated by appropriate fortification of the diet with vitamins A, D, E, and K. 
Quantities of nutrients to be used for fortifying the diet should be determined experimentally, in 
relation to the amount of mineral oil {test substance) used. Under-fortification could fail to protect 
against nutrient deficiencies and over-fortification could lead to altered toxicological responses to 
xenobiotics and "background' pathology rates. Sµfficiently great over-fortifications could produce 
hypcrvitaminosi~. 

Control and test diets should be of the same caloric density and nutritionally (micronutrients) 
equal to test diets. Selection of appropriate control diets may present particular problems when 
testing non-caloric food substitutes or food substitutes that interfere with absorption of nutrients. 
Due to nutrien_t variations in chow diets from batch to batch, it is preferable to use a semi-purified 
diet base in these studies. 

Additional information can be found in Chnpter IV R 5, Diets for Toxicity Studies and in 
Chapter JV n 1, General Guidelines for Toxicity Studies. 

2. Absorption, Metabolism, llistribution, 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 calculated safety factor cannot be 
used. Greater understanding of the disposition and pharmacokinctics of the additive should -help to 
diminish uncertainties regarding safety. Questions of the following types should be answered 
through appropriate studies:-. . . .. . .. ... .. .. , ., .. 

• Docs the product or its metabolites alter or interfere with absorption, metabolism, or 
. excretion .of normal nutrients.or metabolic intermediates? . 

. ' 

• Docs the product or its metabolites allcr the action of commonly used drugs? 

a Is the product absorbed, metabolized, distributed, stored or excreted differently in man than 
in test animals? 

• Docs the product or its metabolites accumulate in tissues, and what are the toxicological 
consc.qucnres if there is accumulation? 
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• If the product i~ poorly absorbed, docs 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 neoplasms of the gut? 

• Does the product alter the composition or nature of the gut flora? If it does, what are 
the toxicological con.~cquences of the changes? 

3. Impurities and Uy-products 

Because of the anticipated high liuman consumption levels of macro·additives, there is a 
concomitant high potential intake of impurities and by-products. Therefore, every effort should be 
made to identify and quantify the chemical constituents of the producL If any of these raise 
particular concem~. toxicity testing of the impurity or by-product itself may be recommended. Limits 
for impurities such as heavy metals, natural toxins, and anti-nutrition factors may need to be 
specified for the marketed product. 

4. Clinical Studies 

When animals studies 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 
metaboli~m between anlmaL~ and human.~; human subpopulations (the old, young, and chronically ill) 
may each react 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 to the results of standard toxicity studies on macro-additives. 

]93 
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VII C. Safety of Foods and Food Additives Derived from New 
Plant Varieties by Hioiechnology 

'Jbe regulatory framework and the HJA approach to assessing the safety of foods developed by 
biolcchnolog_y is discussed by the Commissioner' and presented in detail in the Agency's 'Statement 
of Policy: Foods Derived from New Plant Varieties."' (It should be noted that the agency's statement 
only pertains to foods derived from new plant varieties, including those developed through 
biotechnology; the policy docs not address all food additives developed through biotechnology nor is 
it strictly limited 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 varieties of plants, and the FDA's approach to non-clinical safety testing. 

FJ)A's science-based approach for ensuring the safety of foods from new plant varieties focuses 
safety evaluations on the objective characteristics of the food: The safety of any newly 
introduc<)d substances and any unintended increased concentrations of toxlcants beyond the 
range of known to be safe in food or alterations of important nutrients that may oceur as a 
result of genetic modification. Substances that have a safe history of use in food and 
substances that are substantially similar to such substances generally would not require 
extensive pre-market safety testing. Substances that ral5e safety concerns would be subjected 
to closer inquiry. This approach is both sdentifically 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. 

lbe Agency's approach to non-clinical safety testing of foods and food additives derived from 
new plant varieties 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 to ensure safety. For example, substances with 
unusual functions or that will be new macronutricnts of the diet may raise sufficient concern 
to warrant testing. Tests could include metabolic, toxicological, or digestibility studies, 
depending on the circumstances. 

• Kc,sslcr et al. (1992)1 

I Anonymous (1992)' 

' Kessler ct al. (1992)' 

• Kessler ct al. (1992)1 
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Developers may also need to conduct tests on the 'wholesomeness' of foods derived from new 
plant varieties as a means of ensuring that the food docs not actually contain high levels of 
unexpocted, acutely toxic substances. Such tests may provide additional assurance to 
consumers that food developed by new te<:hnology is as safe as food derive.I 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 chemical~. Potential toxicants are likely to occur at very 
low concentrations in the whole food, and the test~ may therefore be inadequately sensitive to 
detoct toxicants. Efforts to increase the amount of whole food ingested by the test animals in 
order to increase the sen.~itivity and attempt to c.stablL~h a traditional margin of safety (for 
example, a JOO.fold safety factor) may not always be possible. When tests are contemplated, 
careful attention should be paid to the test protocol, taking into account such issues as 
nutritional balance and sensitivity.• 

• Kcsslu er al. (1997.)' 
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VII D. Enzymes 

Commercial enzyme products rnay be obtained from edible plants and animal~ and from non­
toxigenic, non-pathogenic microorganisms. Questions about the nticrobial source of the enzyme (see 
Chapter VII E) and the nature and level of enzyme preparation in the food are of concern in 
evaluating the safety of commercial enzyme products because they influence the type and level of 
contaminating impurities in the food. 

In general, enzyme preparations from organisms with a histocy 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 hi~tory of safe use in food usually 
is evaluated 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 limited toxic potential. 
If highly purified preparations of microbial enzymes arc used in food processing, exposure to the 
enzymes is usually reduced to the parts-per-billion range. Such a level of exposure would ordinarily 
be too low to pose a safety concern, and toxicological testing may not be required. An exception to 
this generalization may occur if review by the Center's chemists result~ 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 
purified. A variety of uncharacteri7.Cd extraneous substances ('impurities') of biological origin may 
be present in the enzyme preparation at levels comparable to 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 en1.yme activities 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 to be significant, the Agency may recommend that safety be 
established by appropriate toxicity testing. Such a requirement usually can be met by 90-<!ay toxicity 
studies in the rat and the dog. However, if review of the safety of the enzyme preparation rai1es 
questions about chemical contaminants, stability of the microbial strain, production of toxic products, 
etc., additional studies may be needed. 

Enzyme products may be added directly to the food to be processed (e.g., rennet) or they may 
be immobili1-cd on an insoluble matrix for use in processing liquid foods. Enzymes are immobilized 
by secure bonding (usually by means of _a chemical reaction) to an insoluble matrix. Liquid food 
proclucL~ 

0

(e.g., corn syrup) may be proo:ssed by passage over a co)uinil'of the immobilized enzyme. 
Only negligible amounts of the immobilized en?.}'llle are expected to enter the processed food. 
Depending on the nature of the immobili1.ation matrix, however, some potential exisi1 for 
contamination of the processed food bY:chcmicals used in·the imiuobili7ation process .. If the Agency 
decides that information about the nature of the fixing agent and its potential migration to food 
.ralsc qucstion.1 of safety for foods proce.ssed by passage ovcr.Mtimmobilized, microbial enzyme, .the 
Agency will recommend that the immobili7.Cd enzyme be subjected to 90-day toxicity studies in the 
rat and the dog or other appropriate study. 

As described in the preceding paragraph.I, a variety of factors will be taken into account by the 
Ar.ency in deciding what information is needed to assess the safety of additives that arc enzymes. 
Before conducting toxicity studies to assess the safety of such additives, petitioners should consult 
with Agency scientists. A comprehensive review of the safety concerns relating to additives that arc 
cn1yrnes will be issued in a separate 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 
ingredients will be evaluated as for analogues, non-microbially derived ingredients. A variety of 
factors will be taken into account by the Agency in deciding what information L~ needed to assess 
the safety of microbially derived food ingredients. Before conducting toxicity studies to assess the 
safety of such ingredients, petitioners should consult with Agency scientist~. A comprehensive review 
of the safety concerns relating to microbial sources will be fasued in another publication. 
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VII F. Advances in the Development of Alternatives to Whole 
Animal (Vertebrate) Test.ing 

Bcaiuse animal experimentation has become an emotional issue, it is important to recognize 
the growing impact of in vitro to,ricology on the practice of toxicology. Although the field is often 
termed 'alternative,' crperimental models have been applied to the three 'R's' of Russel and Durch:' 
to !~J>.!,lce animal models, to reduce the number of animals used, or to refin! test methods to 
minimi1,e stress and suffering to animal~. 

This section is not intended as a guideline but serves to identify a future direction in 
methodology. In the context of this document, 'alternatives to whole animal (vertebrate) 
experimentation' refers to in vitro tests for potential toxicity that substitute for or replace in vivo 
(whole animal) studies. 'In Vitro' literally means 'in glass', and is interpreted to mean 'in a test 
tube' or 'outside or the body'.• Alternative tests include short-term tests using isolated cells, tissues, 
and organs and studies involving mathematical modelling, epidemiology, or the use of human 
volunteers; short-term tests for genetic toxicity (see Chapter IV C 1) are excluded. 

In practice, alternative tests are used to support the planning and interpretation of whole 
animal toxicity studies and arc not yet used as substitutes for toxicity studies using whole animals. 
For example, an alternative test may be used I) to determine the relative biological potency of a 
series of toxicants at the cellular level, 2) to select the animal model in which to conduct an in vivo 
test by comparing the metabolic properties of a ·toxicant at the cellular level in several species, and 
3) to identify meehanism{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 organir.ation. 

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 
systems. 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 vitro test i$ equivalent 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 or alternative in vitro test systems,' the 
Agency encourages the development of approaches that can provide information relevant to the 
assessment of human risks. 

J. Reasons for J>cveloping Alternative Tests 

Several reasons to encourage the development of alternative in vitro tests .are listed below: 

• Economy and efficiel1l,Y: Once established, in vitro tests may provide toxicity information in 
a cost-effective and time-saVing manner. Information generated from in vitro test systems can 
be used to increase the efficiency of whole-animal studies and decrease the number or animals 
used in toxicity testing. 11,e relative siinplicity and space-saving characteristics or in vitro 
methods also arc viewed as advantages. 

• Russel and )lurch (1959) 1 

'Schaeffer (1990)1 

'Goldberg and Frazier (1989);' McKechan et al. (1990)' 
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• Information.about. human risk: Human cells, ethically obtained and successfully established 
in vitro, may provide information about a toxicant that is relevant 10 human risk, For 
example, a toxicant's mechanism of action or metabolism in human cell~ can provide the basis 
for selecting a suitable animal model for long-term toxicity studies. 

2. Possible Applications of Alternative Tests 

• Isolated cells, tissues, and organs can be prepared and maintained in culture by methods 
that preserve properties characteristic of the same cells, tissues, and organs in vivo. Using 
such in vitro systems will permit data to 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 one type of cell (Lt., hepatocyte cells) to be studied separately from a toxic 
endpoint that occurs in a different cell type. 

• Several toxic endpoints may lend them~elvcs to quantification in an in vitro test system. 
Relevant endpoints could be Identified by comparing the action of a toxicant at cellular, 
subrellular or molecular sites with the toxic effects observed in the target organ or tissue in 
vivo. Analysis of a broad spectrum of ill vitro cellular events may provide information about 
the in vivo progression of a toxic response as a function of toxicant concentration and tinie. 

• Because i11 vitro procedures have the potential to yield reproducible measurements, they 
theorcticaUy lend themselves to standardi7Jltion. However, interpreting data obtained from a 
standardi7.cd in vitro toxicity test with a reasonable degree of confidence can only occur after 
potential confounding factors, such as interaction.~ between the test agent and non-cellular 
components of the test system, have been identified or eliminated.• 

• 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 essential 
to 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 established network of 
laboratories 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 regulatory ·agencies· and the research coinmunify could facilitate the 
implementation of the validation process. 

' Fra,.icr and llrad]aw (I 989)1 

' Balls, et Ill. (1990)' 
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VII C Advances in the I>cvclopment of Alternatives to Whole Animal 
(Vertebrate) Testing Continued 

3. Limitations of Alternative Tests 

Limitations of in vitro tests are well known. For example: 

• In Vitro test systems are not available for all tissues and organs. In addition, normal 
systemic mechanisms of absorption, penetration, distribution, and excretion are absent from in 
vitro test systems. In 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. 

• 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 
h\any schemes have been proposed to expedite these processes, no alternative in vitro test 
presently ran replace an in vivo toxicity study. 

4. Current Use of Ir, Vitro Tests 

Numerous & diverse in vitro tests have been developed. Their imponance and use have been 
discussed in many publications.• Many of these tests will be improved over time by the introduction 
of new scientific infonnation and technological advances in in vitro toxicology and related fields, such 
as molecular biology and biotechnology. The Agency encourages the development and use of in vitro 
test systems for plan11ing and illlerpreting the results from whole animal toxicity studies. 

Signifiaint advance, have been made in the development of in vitro alternatives for ocular 
safety testing.' Other in vitro systems have been proposed which measure a broad range of endpoints 
and arc 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 to 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 to optimi1,e the design of conventional toxicity tests for a particular test substance by 
helping to 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 test animaL1 required to produc.e useful information about the safety of proposed food 

· iln.d rolor"ilddit!\les· used in food. ·· · ' · · ' · · · · 

' Frazier (1990)7 

'McKeenhan cl al. (1990);' Fra1for and Bradlaw (1989);' Frazier (1990);7 Attcrwill and Steele 
(1987);' Balls et al (1983);' Berky and Sherrod (1977);" Bradlaw (1986);11 Goldberg (1983);u 
Goldberg (1984);" Goldberg (1985);" Goldberg (1987);" Gri.shman and Smith (1984);" Rofe 
(1971);" Rowan and Stratmann (1980);" Rowan and Goldberg (1985);" Stammati el al. (1981);"' 
Tardiff (1978);" Zucco and Hooisma (1980);21 Zucco and Hooi.sma (1982)21 

'Frazier rt al. (1987);1' Nardone and llradlaw (1983);" Fra1icr (1988);" Wilcox and Bruner 
(1990)11 
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Advances in the l>cvelopmcnt of Alternatives to Whole Animal 
(Vct1cbratc) Testing Omtinued 

!ti Vi1ro tests can help elucidate 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 identified in whole animal studies, in vitro tests can focus on the mechanism 
of action ol the test substance at the target site. Information from these studies can assist the 
Agency in making decisions about the safety of proposed food and color additives used in food by 
comparing 1esponses observed in human and animal cells and by facilitating extrapolation from high­
dose to low-dose respon.~es. 

At present, in evaluating a petition for the use of a food or color additive, the Agency 
considers in vitro tests to be useful in helping to identify the mochanism(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 studies. 

. :. ,, ... , ~ 

207. 

01 
I\) 
.r,. 
o, 
.r,. 

I\) 
0 ..... 
(.,,) 



Source:  http://industrydocuments.library.ucsf.edu/tobacco/docs/qypm0052

Draft 

VII G. Heritable and Somatic Genetic Toxicity 

This chapter discusses FDA's interest in direct food additives and color additives used in foods 
that can cause both J,critab!e 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 basi~ of such activities, the Agency has an heightened interest in 
this area. 

1. Rationale for Testing for Jleritable and Somatic Genetic Toxicity 

Heritable genetic toxicity is chemically-induced damage to the DNA of male and female germ. 
line cells that i~ not correctly repaired, so that the damaged gene(s) can be inherited. The 
consequences of this genetic 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 cells (Le. non-germ-line cells). The consequence of somatic 
genetic toxicity is that chemical~ 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 
response 10 a regenerative or mitogcnic stimulus (e.g. G0G1 peripheral lymphocytes). Ge11etlc 
damage to these cells can lead to cancer and alteration of critical cellular functions (e.g. altered 
hormone and receptor site functions). 

2. Rationale for Selecting a Specific Test nattery 

Currently the Agency recommends the use of a battery of genetic toxicity tests (see Chapter IV 
c I e) for all chemicals that are direct food additives or color additives used in foods, including 
chemicals with structures assigned 10 all three structure categories (see Chapter Ill B 2), as well as 
chemicals associated with ~ncern I.eve!Ll,JI, and ill (see Figure 4 in Chapter Ill B 1). These 
tests are recommended 10 evaluate the genetic toxicity of chemicals in order to identify those 
chemicals that may be direct acting carcinogens (see Chapter IV C l). 

Short-term tests for genetic toxicity can also be conducted to evaluate the effects of chemical~ 
on the genetic material of both somatic and germ-line cells, and the tests used for these purposes 
can overlap those used for predicting carcinogenicity. For example, the data obtained from the 
Salmonella 1>71himurium reverse mutation assay is not only useful in predicting the potential 
carcinogenicity of test substances,• but it i~ also an important means of determjning whether a 
chemical has the potential 10 damage the genetic material in both germ-line and somatic cells. 

· ''Although·FDA considers the lnfomiation·obtained·Cromthe test battery recommended in Chapter JV 
C l to be useful in assessing a chemical's potential to cause .heritabl« and. somatic genetic toxicity, 
the scientific community has not yet reached a consen.~us that these indicators are reasonably 
predictive of human responses. 

While FflA does not re«>mmcnd a unique banery of tests for determining heritable and 
somatic genetic toxicity, the Agency rccogni7.cs that Certain types of tests may be useful for this 
purpose. 

• Tennant et al. (1987);' Ashby and Tennant (1988);2 Ashby and Tennant (1991)3 
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Vil G Heritable and Somatic Genetic Toxicity Continued 

Historically, gene mutations in germ line cells have been detected using in vivo tests such as 
the sex-linked recessive lethal assay in Drosophila melanogaster and rodents.• Unfortunately, the 
standard classical assay procedures arc not completely satisfactory; each of these tests has one or 
more of the following limitations: 

• standard procedures have a very low sensitivity for detecting known mutagcnic chemicals, 
and the assays fail to detect dose-related increases in chemical activities; 

• standard protocol~ have many deficiencies (e.g. they frequently lack concurrent positive 
controls, multiple test chemical doses arc rarely use.I, etc.); 

• standard protocol~ for heritable genetic toxicity cannot simultaneously measure somatic cell 
toxicity in the same animals; and 

• standard methods require large numbers of animals and are very time consuming and 
expensive. 

Tims, 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 short-term genetic toxicity tests use.I to predict potential carcinogenicity {e.g. 
Salmonella typhimurium reverse mutation assay, in vitro ML mutation assay and an in vivo 
cytogcnetics assay (see Chapter IV C J)}. Second, a bauery of tests for germ-line and somatic cell 
genetic toxicity also should include the use of transgenic mice. The Agency recognizes that current 
genetic toxicity tests using transgenic animal~ do not directly demonstrate heritable genetic toxicity 
effects; however, chemical-induced genetic toxicity to germ cells demonstrates the potential for this 
to occur. Since research with several different experimental rodent models has been progressing 
rapidly, and a variety of transgenic rodents arc now commercially available, it may be possible in the 
future to simultaneously assess chemically-induool genetic damage to germ line cells and to a variety 
of somatic tissues. The transgenic test system should have several advantages over classical tests for 
heritable genetic toxicity: 

• the investigator can easily manipulate the treatment conditions so that tissue-specific 
toxicological eHects can be compared for different assay protocols; 

• the test requires relatively few animals (i.e. 2 or 3 animals per treatment group}; and 

• the test fa relatively inexpensive and can be performed in a matter of days. 

· ·1·DA ·cohtiniics \o ericourage: the ·scietitifit·tomrnimity to di:veiop stnsitive assays for detecting 
germ-line and somatic cell genetic toxicity. 

• Ahrahamson el al (1980);' Lee ti al. (1983);1 Mason u al (1987)' 
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Acronym 

Act 
AllS 
ADI 
NG 
ANOVA 
ARMS 

Jl-eells 
nrr 

CAC 
CAS 
CFR 
CFS AN 
CHO 
CM! 
cso 

DNA 
DTH 

EAFUS 
EDI 
ELISA 
EPA 

FA!' 
FASEB 
FASP 
FDA 

OLP 
GRAS 

HGPRT 
!!'JD 

!ARC 
!gs 

LOEL 
LI'S 

Chapter VIII 

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 lymphocytes 
ratio of ll to T lymphocytes 

cancer A~essment Committee 
Chemical Abstract Service 
Code of Federal Regulations 
Center for Food Safety and Applied Nutrition 
Chinese hamster ovary (cell(s)J 
cell mediated immunity 
Consumer Safety Officer 

deoxyribonucleic acid 
delayed type hypersensitivity 

everything added to food in the United States 
estimated daily intake 
enzyme-Jinked lmmunosorbent assay 
Environmental Protection Agency (United States) 

food additive petition 
Federation of American Societies for Experimental Biology 
Food Additive Safety Profile 
Food and Drug Administration 

good laboratory practices 
Generally Recognized as Safe 

hypox.inthineguanine phosphoribosyl transferase activity 
highest treatment dose 

International Agency for Research on Caneer 
immunoglobulins 

lowest observed effC{;t level 
lipopolysaccharidc 
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Acronym 

MPO 
ML 
MLR 
MTD 

NCI 
NIEi-iS 
NK 
NOAEL (NOEL) 
Nll' 

QAU 
QRAC 
QRA~ 

PAFA 
PALS 
PB-PK 
PHA 
PWM 

RBC 
Red book 

RIA 
RNA 
R value 

SAR 
SCE 
SHE 
SOP 
SRBC 

T-cclls 
1K 

UDS 

WllC 
WBA 

Jlrart 

IX Glossary Continucd 

Definition 

mixed function oxidase 
J.5178Y mouse lymphoma cell 
mixed lymphocy1e response 
maximum tolerated dose 

National Cancer Institute (United States) 
National Institute of Environmental Health Sciences 
natural killer 
no observed adverse e[(ect level (no observed effect level) 
National Toxicology Program 

Quality A<,surancc Unit 
Quantitative Risk Ao;scssment Commiuee 
quantitative risk assessments 

Priority-Based Ao;scssment of Food Additives 
pcrianeriolar lymph0cy1e sheath 
physiologically based pharmokinetic model 
phytohemagglutinin 
pokcwced mitogen 

red blood cells 
Toxicolo,gi_cal Principles for the Safety A'lSCSSment of Direct Food Additives 
and Color Additives Used in Food 
radio immunoassay 
ribonucleic acid 
ratio of human consumption (mg/kg bw/day) to the lowest dose producing a 
compound-related adverse effect in the longest duration, highest quality study 
available 

structure activity relationship 
sister chromatid exchange 
Syrian hamster embryo cell 
standard operating procedure 
sheep red blood cells 

T lymph0cy1cs, or thymus derived cells 
thymidinc kinase 

unscheduled l)NA synthesL~ 

white blood cells 
"·hole body autoradiography 
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