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PREFACE 

The assurance of safety of all food and color adaitives is the 
r~sponsibil1ty of tne Food and Drug Administration. Over the last two 
decades 1t has oecome increasingly apparent to those in the government, tn~ 
public, ar10 the private sectors, that development of information for tne 
assurance of safety can and must be acqulrea as cost-effectively as 
µoss.i.ule w1U1.in the constraints of finite resources. Tnerefore, it is 
necessary to provide appropriate guidance regaruing the criteria used for 
fuou and color additive safety evaluation. Information requirements need 
tu be well d~fined ~nd commensurate with the potential for the additive to 
cduse safety concerns. 

Trle 11 se1fety'' of food and color additives is defined in sections 7lJ. 3 and 
170.J of the Code of Federal Regulations (21 CFR 170.3) as a reasonable 
certainty t11at a substance is not harmful under the intended cona1tions of 
use. Tne following document represents the latest effort on the part of 
FDA tu delineate the sensitivity and rigor of tuxicologica1 and otner 
information neeaea to make safety determinations for direct fooo additives 
and color additives used in food. With this document the agency is 
attempting a better definition of the boundaries of tne "reasonable 
certainty 11 requirement, while at tne same time retaining needed flex1oility 
io tbis__r_ap..l..dly changing scientific area. The agency is hopefu.1. that tne 
document is sufficiently detaiied to stimulate comment and scientific 
uiscussion on several key issues including tne following: the use of 
exposure information and molecular structure information; the proper ro1e 
for short-term tests for carcinogenicity potential; construction ot' a 
tierec:l system for information development; use of data from previausly 
performed toxicologica1 studies; guidelines for developing safety 
i11fur111dt.ion on new additives; and tne use of priority-setting in manaying 
risks from all adaitives. 

On tne wno~~, the specific requirements of this document do not differ 
yreatly from what the agency now requires for making a safetf determinati~, 
rn1 direct food additives or color additives use~ in food. What is new is 
that th~ basic scheme of scientific decision making for the development of 
that safety information is now structured around a more cost-effective ar10 

flexiole framework. The document also des~rioes the agency's ~riority 
system for all direct food additives and color additives used in fooa that 
would allow the agency to Detter direct its resources to those potent.iai 
issues that are most likely to oenefit the puolic health. FDA believes 
tndt under tt1e proposed system, approvals of new additives can oe more 
t.imely ano efficient ana the agency can keep aoreast of new Jeveloprnents 
and maintain a better and more comprehensive overview of issues that affect 
t, 1e pub 1 ic heal th. 
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L. 11,Lroduction 

Durlny the past two decades, significant changes have tdken place oath 
with respect to trie technology of food production and processing, 
including the use of additives, and also with respect to the 
scientific criteria used to establish the safety of additives. 

The following document results from work that the agency has recently 
undertaken to develop scientific criteria for estaolishing tt,e safety 
of new additives, and to assure their continued safety in view of 
possible trenas in their use levels ana the constantly evolving 
scientific criteria for safety evaluation. 

The system outlined in ti1is document has been designed to apply to 
direct food additives and to color additives used in food but not to 
indirect fooa additives. Throughout the document, tile term "additive" 
is used to denote oath direct food additives and color additives used 
in food. 

The safety review of indirect additives often involves different 
chemical structure classes, and special problems in estimating 
consumer exposure, including the possibility of migrdtion of miniscule 
amounts of chemical suostances to food that make the1,1 of extremely lu-w 
or no toxicological concern in terms of fooa safety or for the 
purposes of applying legal standards. Therefore, rOA intends to 
publisn a separate system of tiered information requirements for 
indirect additives. Suen a system would have many conceptual elements 

-- - - --------- - ---- -----i-A-eemmeF1- w-i-t-M- t-Me- J;J-I'eseAt-- s-y-s-t-em-,--- e1;.1-t-srciee-if-i-o--tex-iee-le§liea-l----------------­
in format ion requirements for indirects may differ somewhat in scope 
and substance from those for direct additives. 

A. BacKground 

l. Changes in regulatory toxicology 

The approval of any new food or color additive depends upon the 
outcome of toxicological tests that are performed prior to marketing. 
n,e last quarter century has been d period of change anu progress in 
the fields of regulatory toxicology and analytical chemistry. Thouyh 
many features of today's toxicologicai test regimens were also present 
in 1~58, tne fiela has nevertheless advanced in many new areas. 
(Refs. 1,2) Not only nave test requirements become generally more 
s..iptiisticated, out scientists understand more fully tne puolic hea.L tn 
significance of test results. 

a, Changes in test requirements 

Today, toxicological criteria and standards are generally more 
rigorous ana test endpoints are more sensitively measured than 25 
years ago. (Ref. 2) Early investigators of chronic noncarcinogenic 
tuxicity tended to use 10 or fewer test animals per group. (Ref. 3) 
When the Food and Color Additive Amendments to the Act were passed, 
procedures for carcinogenicity testing were relatively 
unsophisticated. Even in 1970, groups of 20 to 30 rodents per sex per 
Jcse 1eve1 were often considered sufficient. (Ref. 4) Only recent~y 
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(1976) nas the National Cancer institut~ developeJ minimum testing 
guidelines for determining chemical carcinogenicicy. (Ref. 5) Now 
scientists accept a proµerly conducted, long-term chronic toxicity 
tesc as t,~ definitive moael for estimating the carcinogenic risk of 
food chemicals for humans. (Refs. 2,6) These and other such tests 
currently used for purposes of federal regulation often initially 
en~loy a minimum of 50 rodents per sex per dose in each of 2 species. 
(Ref. 7). Certain types of tests may employ fewer roaents per grouµ 
if the number of dose levels is increased. However, little current 
literature now ex·i--st-s to s, ppert- use of groups of fewer than 20 
animals in cnronic studies. (Ref. 8) 

Increases in tne numbers of test animals have been accornpaniea by 
imµrovements in animal husoandry, and general laboratory techniques, 
(Ref. 6) leading to an increase in the level of statistical 
sensitivity of these tests. 

cnronic tests, when performed according to modern protocols allow a 
more thorough investigation of numerous subtle chronic effects, (Ref. 
6) and even well-conducted sub-cnronic studies in rodents are now 
capable of detecting the early signs of most chronic effects except 
cancer. (Refs. 8, 9). 

b) A~vances in scientific technique and understanding 

It is generally agreed that additional research is needed to define 
fTIOre fully the molecular events that are the basis for adverse toxic 
responses in biological tissues. Nevertheless, significant progress 
has been made, even since 1970, in understanding funuamenta1 
relationships between exposure to chemicals and possible toxic 
responses in dnimals and humans. (Ref. 2) 

Today there is increased emphasis on understanding tne potential of a 
crnnpound to cause specific types of toxicity such as reproauccive, 
teratological, behavioral or mutagenic effects. For example, FDA 
often recommends tnat petitioners include studies of the tox1co1ogical 
pharmacokinetics (including metabolism) of food chemicals in tne 
safety evdluation of fooa and color additives. Such studie~ can helµ 
provide data for more reliable extrapolations and prediction of human 
response to food cnemicals. Studies of the g~netic toxicity of food 
cnem1cals are recent additions to the battery of toxicology tests. 
The3e and other short-term tests are important tools for predicting 
the potential for hazard in man and are often used effectively in 
conjunction with the chronic 2-year tests. (Ref. 2) 

A growing oase of experimental data now permits at least tentative 
µredictions of toxic potential of compounds basea upon Knowledge of 
tneir molecular structures. (Refs. 10-14) In similar fashion, 
improvements in the field of analytical chemistry during the last 25 
years have enhanced the ability of chemists to detect the presence of 
chemical suostances in foods and to detect impurities and minor 
constituents in food additives themselves. 
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2. Changes in the food and in the use of food and color additives 

Many changes in the food supply can be associated with fundamental 
changes in tne American lifestyle. The American diet has changed with 
L1crec1sing consumption of processea food, a trend that is apparenl.i.y 
accelerating. If processing is defined as "anything tlie food industry 
Joes to food oeyona tne simplest preparation for sale," well over 50 
percent of the food Americans now eat is processed. (Ref. 15J ror 
example, the Nationul Academy of Sciences (NAS) reporteu tnat the use 
of Fresh citrus fruits dropped from 32 to 28 pounds annually per 
capita between 1960 and 1976, while consumption of proce~st=d fruit 
increased from 50 to 90 pounds pt:!r capita. The increase iri annual 
son drink consumption from 200 eight-ounce bott.i.es per person in 19o0 
to 450 bottles per person in 1976 is another example of this 
continuing trena. (~ef .15) 

Changing work and .1.eisure time patterns of Americans continue to 
reinforce the trend toward more meals being eaten away from home. The 
NAS reported that "expenditures for food away from r,orne increased from 
one-quarter of the food oudget 20 years ago to more than one-third of 
an approximately $200 billion food budget in 1977." (Ref. 15) i'-lany 
of these prepared meals may require the use of additives that 
fdcilitate mass distrioution from a central preparation facility 
tl1rough retail outlets and food service institutions. The same 
lifestyle changes have-increased the demangs for proGess ~u 
"convenience foods." 

,vluch of the interest in tnese trends has focused upon additives 
because they are substances intentionally added to food, whose use 
may be more readily controlled. (Ref. 16(a) and (b)) 

Tne President's Science Advisory Convnittee (1973), Panel on Chemicals 
and Health, (Ref. 17) cited a number of trends to whlch the increased 
use of additives may be attributed. The panel reported that changing 
patterns of intake nave introduceu more snack foods ana more 
ready-to-eat foods, most of which contain a variety of additives. 
Additionally, the population shift fron a rural to an uroan oasc, 
greater interest in foods of ethnic origin, and consumer demands for a 
variety of foods without seasonal or geographic limitations, all 
contribute to new or expanded food processing practices. Moreover, 
economic realities may provide a continuing impetus toward reuucing 
food processing and distr1bution costs, thus pointing to a continuing 
increase in the use of additives. (Ref. 17) 
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J. Issues raised by these changes 

rne increasing consumption of additives and changes in trieir 
toxicological safety criteria have important consequences for the t'ood 
industry a11a tl1e puullc, and for the agency's aoili ty to assure a 
continuea safe food supply. Many of the present food and color 
aJaitive regulations were issued in the early l960's. For example, 
from 1958 to 1967, the agenc_y issued regulations fur 303 direct foou 
additives (not including most .synthetic flavors); from 1967 to 1975, it 
issueJ tegulations for only 67 direct food additives. (rief. 15) Many 
presently regulated additives were approved for use in foou baseu on 
scientific knowledge, standards and patterns of consumption tnat are 
now almust 20 years old. 

Largely because of tne types of changes noted above, safety decisions 
made at one point in time may become progressively incomplete because 
of the expanding base of knowledge. New, more discriminating tests 
performed on additives long after approval may raise concerns among the 
general public and the food industry. 

The industry may suffer potential economic uncertainties and the puwlic 
may oe concerned oy a perceived lack of relevance of such tests to 
their own health and safety. (Refs. 19, 20) 

Though sucn instances have occurred relatively infrequently over the 
years, petitioners for new additives have often had to deal with 
uncertainty caused by evolving regulatory requirements and scientific 
knowledge needed for the approval of new additives. Industry has often 
clted tne lack of explicit test guidelines as a source of uncertainty 
that inhibits new and important food processing developments. (Ref. 
19) Testing requirements for certain types of substances nave been 
cited by some as unnecessarily stringent, ana by others as not rigorous 
enough. Many have cited the need for well articulated criteria for 
demonstrating the safety of additives. (Hef. 18) 

Tne agency recognizes the significance of ti iese changes. When these 
criteria change over time, safety evaluations may lack consistency, 
even when performea within the same relative time span. This fact may 
add to the difficulty of maintaining a comprehensive overview of all 
issues involving additives, increasing the prooability that the "most 
recent" problem oecomes the "most important" to public health. 
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8. Neeo for Criteria 

Under the FD and C Act, the "safety" of a food or coior adaitive must 
be estaulished prior to marketing by an evaluation of prooable exposure 
of consumers to the substance, and by evaluation of appropriate 
toxicological information. FDA regulations define the statutory terms 
"safe" and "safety" as a "reasonable certainty ... that a suostance is not 
harmful under the intended conditions of use."(Ref. 21(a), (o) and (d)) 

FOA has consistently taken the position that various sci~ntifically 
valid types of data may properly support a finding that the proposea 
use of a food aaditive will cause "no harm" to consumers. For example, 
section 170.20 of the Code of Federal Regulations (2i CPR 170.20) which 
s~ts forth the general scientific criteria tl1at FDA uses in evaluating 
a foou additive petition, cites the "principles anG µrocedures. , . 
slated in 'current' publications of the National Academy of Sciences, 
National Research Council" as a guide that tne agency uses in its 
Sdfety evaluation of food additives. (Ref. 21 (c)) NAS has written 
testing standards from time to time in separate publications for botn 
puo1ic and agency use, out these testing requirements l1uve been stateu 
in relatively general terms. (Refs. 2, 22 (a) and (a), 23) In 
practice, FUA has applied toxicological criteria and exposure 
information that were current for the time in assessing tile safety of 
each food additive. (Ref. 23) Tne agency has continuously adjusted 

_ f_0_a_o__a.doitive~testing _requirements as- necessary to reflect both the 
steady progress of science and tne most current ififormafic.in-- aociut __ _____ _ 
population exposure to additives. 

FDA ls aware of tne possiole adverse consequences discussed above, that 
may result if the agency does not routinely publish modifications of 
its testiny requirements. Therefore, tne overall criteria the agency 
now employs for determining the safety of additives ought to be 
delineated clearly for all to comment on ana use. This, of course, 
needs to be accomplisned without forfeiting tne flexibility that is 
required in tnis area of scientific decision making. Tne agency 
contempiates a scheme in wnich the criteria comprise a set of 
requirements that anyone may use. 

while this scheme does not preclude a petitioner from demonstrating 
safety by using other types of data elements, a submission using the 
agency's scheme should normally provide sufficient scientific data to 
demonstrate safety. Moreover, using this scheme will enable FDA to 
focus available resources on solving problems that have the greatest 
importance to the public nealtn. The data oase that nas accumu1ated 
over the years now indeed permits the agency to use such a "principli: 
of co111T1ensurate effort" (Ref. 24) in determining aduitivt:! testing 
requirements. For such a process to oe effective in promoting and 
protecting puolic health, however, all elements of safety evaluat1on 
including continuous ana comprehensive assessment of µriority concerns 
must be re1ated in a unified approach. 
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FDA believes that this scheme permits the agency to consiaer the 
potential adverse effects of consumer exposure, the quantity and 
~uality of existing data, the cost of acquiring data, ano the relative 
priorities for obtaining data, in a systematic way. 

It is witt1 these goais in mind that FDA has developed the following 
document. 
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c. Outline of the Document - Principal Elements 

Tne following document has a two-fold purpose: First, to delineate the 
agency's most up-to-date scientific criteria for establishing the 
s~fety of direct food additives and color additives used in food, and 
second, to establish a process for monitoring tnat safety. The former 
~nsw~rs the need far written criteria to help petitioners and the 
puolic to understand the scientific decision process by which the 
agency assures tne safety of new food additives. Tne latter allows the 
agency to maintain a comprehensive overview of all approved food 
additives, in order to oetter assess the public hedltn consequences 
thot inevitably result from the changes that occur with the passage of 
tJ.me. 

l. Safety Criteria* 

An overali approach to safety assessment criteria may be structureu 
conveniently under four basic premises, as follows: 

The first premise is that, because aaditives are substances that people 
ingest, the agency should possess at least some toxicological or other 
biological safety information for each addicive intendea for addition 
to the food supply. 

n1e second premise is that the proper level of toxicoloyical 
verification of safety is dictated by the oojective --ieveJ. of agency 
coricern about potential public health consequences of consumer 
exposure. The same degree of information in terms of quantity and 
rigor is not required for all adoitives. 

*Tnroughout this document, the term "criteria" will refer to the collective 
set of requirements including toxicologicai and exposure information 
against wt,lch all data on an additive should be compared in order to 
justify a finding of safety. Criteria include the list of toxicological 
tests that ultimately should be performed (including their test design 
parameters and quality evaluations), and all necessary information about 
the population exposure, molecular structure, purity and specifications of 
the additive substance. The term "toxicological criteria" refers to only 
those criteria that have direct bearing on toxicological feeding stuoies. 
The term "standards" refers specifically ta that sub-set ot· authoritative 
principies that would be used ta evaluate the quality ana quantity ot· 
toxicological test data, including the statistical reliability and content 
of the data produced in new tests (current standards), as well as data that 
nave been reported in previously perfarmeo studies (core standaros). 
"Guiaellnes" is used throughout ta aesignate the aetailed test design 
parameters that the agency suggests for all toxicological tests that are 
ordinarily used to uemonstrate tt,e safety uf' adaitives. 
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The third premise is that some initial level of concern may oe 
determined for any given additive, (even in the aosence of 
toxicological data), oy the potential population exposure and an 
estimate of toxicity oasea on the additive's molecular structure (see 
subsection II.B.2 below). An initial concern level such as this should 
be associated with a set of necessary tests that are sufficient to 
permit the agency to make an adequate determination of the safety of dn 
auditive. In principle, an additive that has undergone tnc appropriate 

- tests-and -nas- shown no- toxi c-ef fee t s c1t approp-r1a-t e l evels -err- intal<e­
would need no further testing to establi sh a finding of safety. 

The fourth premise is that the initial set of tests could bt~ adjusted 
if necessary wnenever toxicological data of sufficient quality indicate 
the presence of significant adverse effects. The usefulness and 
Vdlidity of all toxicological data must be determined by the 
conformance of the tests to current standards. 

within the context of these premises, an overall approach to safety 
assessment criteria requires the followiny elements: 

l. Information aoout population exposure to substances, (including 
information on purity and specifications of additives) and 
toxicological information about the intrinsic aoi1ity of eacn 
substance to cause adverse toxic re-sp-onses- (at a gtven exposure 
level) in humans 

2. Stanuards to assess the quality and quantity of that 
information 

3. Decision elements, a) for deciding whether any rurther data on 
a substance are needed, and for selecting appropriate studies, 
and b) for ranking tne order in which selected tests ought to 
be conducted 

4. Guiuelines for performing studies so that the necessary amount 
of useful information is obtained. 

Tne following document sets forth the toxicologicai safety evaluation 
criteria that the agency intends to employ in judging the safety uf 
aCJLlitives. 

Section II below aiscusses tile basic concepts tnat underlie a tierea 
system for information development (premise 2) including the "Concept 
of Concern," and the determination of "Levels of CCJncern" for additives 
based upon population exposure and potential toxicity (premise 3). The 
toxicological tests associated with "Levels of Concern" are also 
descrioed. 

Section III (and Appendix II) descrioes suggested guidelines for the 
performance of toxicological tests to assure that results will be of 
sufficiently reliable quality. 

·, 
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Section IV discusses the standards of toxicological test quality which 
aetermine whether the results of new tests as well as previously 
performed tests can be used reliably for predicting the safety of 
substances to humans. 

Sections v. A and B discuss the so-called Selection Decision Elements, 
which indicate the need for and selection of further tests based on 
existing toxicological or other scientific information (Premise 4). 

2. Upaating of Information 

As noted in subsections I.A.land I.A.2 above, additives, once 
approved, will tend to vary in the degree to which their data packages 
compare witn current criteria, either because of chc:1nyes in tne1r 
exposure levels, availability of new toxicological information, or 
actual changes in the safety criteria themselves. 

Section V.C describes a priority ranking scheme that wiii allow the FDA 
to assess safety information about additives on a continuing basis, so 
that it may devote availaole resources to only those additives that are 
of greatest puolic health importance. 
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II. Criteria for Assessment of Safety: the Concept of "Concern" 

A. Introduction 

The degree of effort expended in reducing uncertainty about the 
safety of an additive ought to relate in some concrete way to the 
likelinooc: that the substance poses a potential for neaith risi< to 
the public (premises 2 arid 3 of Section I ) . Such a "principle 0f 
commensurate effort," (Ref. 24) applied to the safecy assessment of 
additives would help to ensure that all the information neeaed for 
making initial safety judgments. about them may be gatherea 
simuitaneously for any number of additives, even when they may 
range widely in their potential for heal.tt1 risks to the puolic. 
Ideally, the initial development of information need~d for the 
safety assessment process should be cast in a tiered system oy 
which more resources can be concentrated on a smaller number of 
additives of highest probable risk, and less effort (per additive) 
can be spread over the generally larger nunber of additives where 
use levels and/or potential toxicity is minimal.. Such a "balanced" 
system for development of safety information woula tend to be more 
cost-effective than one in which all additives art made to undergo 
the same regimen of testing irrespective of any other 
considerations. - (Ref. -25) 

This section applies these premises to the safety evaluation of 
additives by introducing a "Concept of Concern," in which the term 
"Concern" is the primary parameter for establishing a 
cost-effective system used in gathering necessary safety 
information. For this purpose the common word "concet'n" taKcs on a 
more specialized meaning with respect to the variables such as 
exposure and toxicity per unit dose chosen to be parametrically 
related to it.* Therefore, for the purposes of the following 
discussion, this idealized, quantitative "Concern" or "Degree of 
Concern" related to safety judgments will be capitalized throughout. 

*The term denoted here as "Concern" may, under certain assumptions, be 
conceptually related to the term "utility" introduced by van Neumann and 
Morgenstern for the purpose of making optimun choices and decisions us~ng 
"maximum expected utility criteria," and under conditions of incomplete 
Knowleage. (Ref. 26). 
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d. Concept of Concern 

1. General 

In tne review of toxicological information for Sdfety evaluation, two 
factors are of pr~mary importance: the exten~ of human exposure, and 
tne tox.tcological effects on various oiological systems (including the 
effect of the biological system on the additive). These facturs 
determine the extent of the nealtn concerns for the use ot' any 
additive. 

For th~ Concern concept to be useful, it must relate s .imultaneous.i.1 tu 
each of these two factors (exposure anu toxicity). For this µurpose, 
the Degri=e of Concern can be thought of as a relative measure of t11e 
deyree tu whicl1 the use of an additive may µresent d potential hazdr~ 
to tl1e puuilc healtn. It must therefore simultaneously uepena on, l) 
the degree tu which exposure exceeds tne level justifieu on the basis 
of toxicologica1 information, ana 2) The nature and severity of any 
adverse toxic effects tnat are predicted to occur on the basis of th~ 
same information. 

As not2a previously in section I. B, an aaditive is considered safe if 
tnere is a reasonable certainty that no harm will result from its use. 
Tne exposure level of an additive for which there is reasonaole 
certainty that no harm will result can be determined by appropriate 
extrapolations from toxicological testing results. For example, a 
Sdr'ety fa.ctor* apQlied to the highest "no-adverse effect" level 
(HNEL) obtained in a toxicity test or an extrapolation from an '~ f fect" 
level to some societally determined acceptable level of risk+ can be 
usea to determine the acceptable exposure level for use of an 
daditive. 

Th~refore, for a single type or toxic effect, the Degree of Concern for 
tne use of a food auditive can be defined as the degree to which the 
actual exposure ievel exceeds tne acceptable:: exµosure determined from 
toxico1ogical information. For example, an additive witn a change in 
use pattern which results in an increase in exposure beyond an 
acceptable level wuuld have a high Degree of Concern. An additive with 
new toxicological information which alters its acceptd~le exµusure 
level may ~1ave u high or low Degree of Concern, depending upon the 
relationship of the actual exposure to tnis new acceptaule ex~osure 
level. Because Concern is also a function of the~ of toxic 
response ooserveJ, data tnat point to a more severe type of toxic 
response may increase the De~ree of Concern for a substance regardless 
of exposure conslaerations. 

aJ. Section 170.22 of the Code of F~deral Reguiations (21 CFR 170.22) 
cites the 100-fold safety factor normally applied oy FDA to the 
HNEL. 

b). 100-Fuld Margin of Safety. A.J. Lehman, et. al. Quarterly 
t3ulletin of the Association of Food and Drug Officials, January, 
U54. 

Sec "Poiicy for Regu1ating Carcinogenic Chem1ca1s in F00J anu Color 
Additives; Auvance Notice of Proposed Rulemaking,'' Federal Register, 
47(64):14464-14470, April 2, 1982. 
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2. Levels of Concern 

While the key variables for determining the Degree of Concern are the 
extent of human exposure (dose) and the toxicity of the aaditive 
(nature of effect, target, and magnitude of response per unit dose), 
µresent knowledge does not allow tnese data to be combinea in a manner 
in whict1 a precise mathematically defined Concern function can be 
uerivecJ. Ideally the relative Degree of Concern associated with each 
ddu1-Hvc wuulo be expres-sed quant it---sHve-l y -i n terrns of actual 
measurable parameters and available data for that additive. Shoulu 
s~ct1 a qudntitative function be derived, quantitative data on exposure 
and toxicity would, in principle, give a unique and mathematically 
valid estimate for an actual Degree of Concern. 

Although it is not possible at present to directly calculate values for 
sucn an idealizea quantity, it is possiole under certain simp~ifying 
asssumptions to create broad "Levels of Concern." Suen Levels of 
Concern can be used in constructing a tiered system for dAtermining 
initial toxicological information needs convnensurate with this Concern . 

.3. Trle Determination of the Level of Concern for a Compound 

Even though existing information bases on a compouna do not yet allow a 
quant-it;a-H-ve determinat-i-on -o-f- -the actua±- re-J:-at-±ve---Oegree--of Conc-ern for 
an additive, existing data are sufficiently useful to allow qualitative 
categorization of additives into broad Levels of Concern from which 
valid safety judgments can nevertheless be made. Some additives or 
potential additives may have a great deal of adequate toxicoiugical 
test data, while others, particularly new chemicals, may nave very 
little or none. For the purpose of determining tne ext~nc of tox1c1ty 
testing tnat may be necessary to reduce uncertainty about the safety of 
dn additive, it is useful to aefine "Levels of Concern;" that is, oroad 
oands or qualitatively estimated regions of concern, using aata tnat 
should always be available. In the absence of toxicoloyical data, a 
compound may be assigned to a Level of Concern based on an estimate of 
the population exposure and an initial estimate of toxicity from 
knowledge of its molecular structure. 

Compounds can be classified into groups depending upon their molecular 
structures, and this information, when comoineu with exposure 
information by a simple algorithm, can be us~u to ~~sign additives tu 
Concern Levels. Throughout this process of Concern Level assignment 1t 
snould be rememoered that the initial estimate of toxicity can be 
refined later uy the toxicological information ootained from testing. 
This level of know1edge Udsed on testing is related to the riyor ano 
sensitivity of the tests employed. For example, if one initially 
assigns an additive to a high Level of Concern oasea on 
structure-activity analogy, then one could 1ater lower that estimated 
uegree of Concern oy revising the estimate of toxicity with more 
precise information. If the estimate of the degree of toxicity cannot 
oe reuuced by further testing, then the on1y available means to 
accomplish a reduction of the Degree of Concern would be to reduce 
~XiJGSure. 
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c.xposure 

The human exposure to an auditive depends upon the nature of its use. 
The actual level of exposure can be estimated for previously regulated 
aduitiv~s using information from consumers' eating patterns ana 
industry use surveys. For newly petitioneu compounds, exposure may Je 
estimaced from projections oased on anticipated uses. 

Althougn reasonaoly reliaole data exist on the concentration of some 
auditiv~s contained in some of tne fooas eaten, comprehensive estimates 
of consumer exposure to additives are difficult to obtain for a variety 
of reasons including the following: the lack of legal autnority for 
agency inspection of inaustry records; the large number of additives 
with potential use in processed foods; the increasing multiplicity of 
processed foods; uncertainties of losses or changes in additives auring 
processing; the complexities of American dietary patterns, with 
a~sociated regional and cultural variations; and exposure to additives 
from multiple, including non-food, sources. Additionally, estimates of 
the deyree to which additives can and do serve as alternatives for 
ot11er additives are uifficult to obtain, but could be of importance in 
determining consumer exposure to additives already in use. Different 
patterns of consumption associated with various age groups, "average" 
or "typical" aiets versus intakes of special groups within the 
pupulc::1tion, and "per capita" or "mean" versus "90th or 99th percentile" 
consumption of particular additives are all important considerations in 
estimating consumer exposure (Ref. 27) 

For a new additive, or for new uses of an additive alreaay in current 
use in the food supply, the law specifies that the agency's safety 
aetermination is to be based upon the "probable consumption" of the 
additive. (Ref. 28) Over the years FDA has devised methods for 
development of exposure estimation that have generally served well; 
(1·{efs. L9, 30) and will not be discussed in detail in this document. 

For approvea additives FDA continues to maintain exposure data. Such 
data on current use levels and exposure patterns of approvea suostan~cs 
nelp the agency weigt1 the safety considerations associated with 
approving additional new uses of already approved subst~1ces, or with 
estimating the degree of exposure that is likely to occur from a new 
dOditive tnat is functionally equivalent to one or more approved 
additives. Also, maintaining exposure estimates of approved additives 
~~lows tne agency to form a comprehensive overview of any reiative 
concerns tnat might arise, should there be significant changes in 
consumption patterns of specific additives. 

Initial assignment of an additive to a Level of Concern relates to 
gen~ral consiaerations of safety for the entire population. Far this 
purpose tne agency has chosen to use estimates of per capita exposure 
based on tne total poundage of a suostance added annually to tne U.S. 
food supply. 
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More detailed information aoout the consumption (in mg/kg b.w./day) of 
tne additive Of age group, may be used more effectively in final safety 
determinat ions where protection of certain more susceptible subgroups 
of tne population becomes a greater considerdtion. 

StructUJ:e 

In the absence of direct experimental toxicological uata , a qualitative 
t0 stimate of the inr1erent biological activity of a compound can be 
1nt'erred from structural sirni~titles to compGuna.s of known blologtcc:1 
a1~ ti vi ty. (Ref. 10) Some authors have publishea sc~1ernes baseLJ on this 
premise and applied them to safety evaluation of chemicals. (Ref . .u) 
It is now apparent that molecular structure canoe useu as an aid in 
initially determining the presumptive level of concern of aacJitives. 
However, correlations between biological activity and molecular 
s t ructure are complex, involving physical and chemical properties as 
well as metaooiic pathways. Furthermore, although it wouia oe 
desirable to apply such correlations to all compounds and all potential 
toxic effects, the current state of science coupled with the broad 
range of compounds characteristic of additives, may restrict tne 
inferential process to single categories of toxic responses, such as 
carcinogenicity, for example. 

Therefore, FDA is proposing a scheme for classification of airect 
additives into only three oroad categories of molecular structure: 
Category C, for those additives whose toxicologicai potency is likely 
to be high, Category A, for those likely to be of low toxic potency, 
and the remainder, Category 8 for those liKely to oe of indeterminate 
or intermediate toxic potency. (Ref. 12) Under this scheme, sucn 
structure category assignments could help determine the Level of 
Concern, dnd tnus the oasic level of testing for aaditives. Tne 
process oy which structure information canoe integratea with exposur~ 
estimates tu determine the Levels of Concern and testing is describ~d 
below. 

Concern Level Determination 

In the past, FDA has required certain types of additives to oe tested 
with varying degrees of rigor and sensitivity on the oasis of 
exposure. Compounds below 0.05 ppm exposure into food were 
traditionally required to have acute testing (unless other data 
sugyested the need for more extensive testing); compou, ,ds of exposure 
aoove 0.05 ppm and below approximately 1.0 ppm required suochronic 
testing; wnile compounds contributing more than approximately 1.0 ppm 
to the total diet generally were required to have chronic testing. The 
present system uses a combination of the estimated toxicity (molecular 
structure categories A,B, or C) together witl1 similar exposure 
considerations to define tne Concern Levels for additives. 
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Figure I illustrates how toxicity estimated from molecular structure 
category can be combined with the above exposure break-points to create 
three distinct Levels of Concern. Any additive, even in the absence of 
toxicological feeding studies, may be easily assigned to one of the 
three such Concern Levels depending on the comoination of exposure and 
escimated toxicity. 

4. Minimum Testing Levels for Additives 

The extent ana type of basic toxicological testiny of an additive ougnt 
to depend upon the Concern that derives from the additive's potential 
adverse effects on human health. As noted above, this Concern is 
derived from several variables: the additive's extent of exposure; its 
cnemical structure; the aosorption, distribution arn.J 1netauolism of tht:! 
substance; and tt1e observed biological effects. The effect a 
uiological system has upon the auditive can eithe~ increase or d~crease 
the health concern for the use of tne additive. For example, a 
nun-toxic substance may ae transformed by the metabolic activity of an 
organism into d substance of much greater toxic potential. 
Alternatively, an organism may distribute or metabolize a potentially 
toxic substance in a manner that protects the target tissue from the 
chemical (olood-brain barrier, placental barrier, meta~olic 
deactivation). 

Tnis system considers these variaoles in determining toxicological 
te~ting requirements. The system requires the most extensive 
toxicological testing for additives with large exposure an~ reactive 
structures, or additives which induce adverse toxicological effects at 
luw doses or after short durations of exposure. Conversely, compounas 
witn low exposure, and unreactiv~ structures, or whicn induce few 
adverse effects only at high doses, initially receive less extensive 
testing. In ttiis way, the greater the health concern for an adoitive, 
tr1e greater will be the sensitivity and extent of testing far assessing 
its safety. The basic testing requirements will be determined oy tne 
cornuinat1on of exposure and chemical structure as depicted graphically 
in Figure 1. Whether or not a toxic eff'ect is observed in a test 
depends upon the selection, sensitivity, and rigor of tt1e toxicological 
tests performed on the additive. The selection of toxicological tests 
to be performed on an additive is of paramount importance, in that the 
test determines the sensitivity and extent of toxicological observation 
wnicn can be made for the additive. 

The final extent of testing will be determined by the effects (dose, 
onset, duration, type, extent, etc.) observed in the basic set of 
tests. The methods of tes~ selection under such a scheme are described 
uelow. 

Tne relationship between exposure, toxicity and concern can be usec.i tu 
determine the rigor ano sensitivity witn whicn an additive snould be 
tested. A high Concern Level (as a result of high exposure or 
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b) Concetn Level II 

TI1e tests for Concern Level II are of intermediate sensitivity. Tnese 
tests are sensitive enough to detect most toxic phenomena other than 
late-d~veloping histopathological changes. The tests for this level of 
concern include: subchronic feeding studies (usually 90-days durat1oni 
in a rodent and non-rodent species, a two-generation reproduction stully 
with a teratology phase in a rodent species, and, because the majority 
of the late-developing lesions are related to oncoyenicity, a set of 
short-term tests for carcinogenic potential. The results from 
short-term tests at this level of concern will identify compounds from 
this level for which chronic testing is necessary. Result~ from tne 
r~µrouuction study may ue used to indicate the need for teratologicai 
or reproductive testing in more generations, or the need to conduct 
t2sts einployiny in utero exposure. 

c) Concern Level I 

The tests for Concern Level I are the least sensitive. They include: a 
short-term feeding study (usually of 28-days duration) in a rodent 
species and a battery of short-term tests for carcinogenic potentia~. 
The feeding study is sensitive enough to detect any acute, 
life-threatening toxicity and provide an indication of target organs 
and doses for toxicity testing of longer duration. The set of 
snort-term tests will indicate the need for further information from 
toxicity testing of longer du!aJ:ion. _ ~~ 

Al u1ough not specifically required for any Concern Level, studies of 
the absorption, distribution, metabolism and elimination 
characteristics of a test substance are recormiended to be conducted 
prior to the initiation of toxicity studies of longer than 90-days 
duration. Disposition studies may also provide assistance in the 
selection of tne appropriate rodent or non-rodent species for required 
toxicity testing. 

Tne tests for each Level of Concern are summarized below: 

Tests for Concern Level III Compounds 

a) Carcinogenicity studies in two rodent species. 

b) A chronic feeding study of at least one year in duration in a 
rodent species (unaer most circumstance this study is added to one 
of the carcinogenicity studies ana performed as a combinea test). 

c) Long-term (at least one year in duration) feeding stuoy in a 
non-rodent species. 

d) Multigeneration Reproduction study, (minimum of 2 generations) 
with a teratology phase in a rodent species. 
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e) Snort-te rm tests for carcinogenic potential tt ~-:ie used 
for determining priority for conduct of lifetime ·t'arci1oogenic:ity 
bioassays , and that may assist in the evaluation 'of results from 
such bioassays. 

Tests for Concern Level II Compounds 

d ) Suocnronic feediny study (at least 90 days i n du.r-a-tronT in a 
roaent species . --o) Subchronic- feediflg study (at least 90 days in duration) in a 
ngn-r--oden~pecies. 

c) Multigeneration reproduction study (minimum of 2 generations) 
with a teratology phase in a rodent species. 

d) Short-term tests for carcinogenic potential. 

Tests for Concern Level I Compounds 

a) Short-te rm feeding study (at least 28 days in duration) in a 
rodent species . 

o) Short-term tests for carcinogenic potential . 

5) Summary of Concern Level Assignment Procedures -----Exposure levels and their relationships to each structure category ano 
concern level are stated below ana graphically summarized in Appendix 
IV, Figure 1. 

Structure Category A 

Concern Level III; 1 ppm in the total diet, or 0.025 mg/kg/day 
or greater. 

Concern Level II: 0.05 ppm in the total diet, or 0.0012 
mg/kg/day or greater 

Concern Level I: Less than 0.05 ppm in the total diet or less 
tnan 0.0012 mg/kg/day. 

Structure Ca tegory 8 

Concern Level III: 0.5 ppm in the total alet, or 0.0125 
mg/Kg/day or greater 

Concern Level II: 0.025 ppm in the total diet or 0.00063 
mg/ kg/day or greater 

Conc~rn Level I: Less than 0.025 ppm in the total diet, or 
1ess than 0.00063 mg/kg/day. 
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Structure Cateyory C 

Concern Level III: 0.25 ppm in the total diet, or 0.0063 
mg/kg/day or greater. 

Concern Level Il: 0.0125 ppm in the total diet, or 0.00031 
mg/kg/day or greater 

Concern Level I: Less than 0.0125 ppm in the total aiet, or 
less than 0.00031 mg/kg/day. 

C. Summary 

To this point, a method for determining an initial Level of 
Concern for the safe use of an additive has been presented. Tnis 
method is based upon the use of variables related to the exposure 
and potential toxicity of the additive. It considers that 
toxicity data may not be available for many additives, and 
therefore relies on initial estimates of toxicity based on 
molecular structure analogy. A relationship between Concern 
l_evel and base sets of toxicity tests is also described. The 
system uses information other than testing results for the 
determination of tests needed for safety evaluation. In the 
ausence of complete information, the system as descrioed so far, 
allows determination of some base sets of tests, but it does not 
allQw_for ~djustment of ~hese tests on the basis of observed aata 
(premise 4, Section I). So that the use of lab-oratory data in 
tne determination of testing can be incorporated into tne 
proposed system, a set of "decision elements" for determination 
of further testing or reduction in the oase sec of tests, based 
on observed data, is presented in Section V below. Taken 
together, the methods described in Section II and V provide an 
efficient means for determinating the overall testing necessary 
to evaluate the safety of an additive. 
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llI. Guidelines for Toxicological Tests 

A. Introduction 

A major difficulty in the preparation of a safety profile for an 
additive is a lack of common, consistent, and clearly defined 
testing guidelines for the design and conauct of toxicological 
studies. ~other difficulty is the lacK of_Q_r~erly recording ana 
reporting of the critical information required for dsses~nent of 
effects ooserved in toxicological tests. In oraer to eliminate 
these difficulties the agency has determined it should identify and 
publish guidelines for tne design, conduct and reporting of such 
studies. These guidelines should reflect the most up-to-date 
scientific knowledge relevant to safety evaluation. 

Altnough many agencies regulate the same chemicals, the toxicity 
testing guidelines developed separately by various health 
regulatory agencies are not always uniform. The differences in 
requirements often result in auplication of effort and inefficient 
use of already scarce testing resources. The Interagency 
Regulatory Liaison Group (IRLG) Testing Guidelines and Stanaards 
Workgroup was established to develop convnon, consistent, and 

____ COITlpfttiole _ testim_guidelines, guali ty assurance_procedures _aod _ 
other policies relative to the testing of substances. The FDA was 
a full participating member of the IRLG. Where possible the 
guidelines presented in Appendix II are consistent with guiaelines 
of other agencies or organizations; it must be emphasized, however, 
that food additives can present special needs for testing and the 
guidelines presented in Appendix II reflect such needs. Any 
mooifications of tnese guidelines would be required on tne basis of 
data obtained from tne minimum battery of tests. 

b. Guldelines for Conduct of Studies 

The proposea guidelines for each of the toxicological tests 
normally employed in additive evaluation are presented in Appendix 
II. These guidelines will ti'e' revised and updated as appropriate. 

Conduct of all studies should include compliance with the FDA Good 
Laooratory Practices (GLP) Regulations 21 CFR part 
58 (43-FR-59~86). 
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1. Acute Oral Toxicity Study: 

~lthougt1 this test is not required for the safety evaluation 
of a direct food additive, a guideline for this test is 
1ncluded in Appendix II. This guid~line is for use when the 
acute tuxicity of a subst~1ce is of concern, or when acute 
toxicity data are needed for the design of longer duration 
studies. 

Acute toxicity is examined to determine the degree of 
toxicity of a chemical suostance (that is, tne relationship 
between dose and adverse effects), to estaolish its toxicity 
relative to other chemical suostances whose acute toxicity is 
known, and to determine specific toxic effects and to provide 
information on the mode of toxic action. A suitably designed 
acute toxicity study will also provide information from wh1cn 
a median lethal dose (LD50) can be calculated. By studying 
the effects following administration by different routes, the 
relative hazards of different pathways of exposure can be 
assessed. By usiny animals of ootn sexes, sex differences in 
toxic response can be detected. 

Acute toxicity studies will thus identify highly toxic 
chemicals and provide information on the possible hazards 
which could occur where humans are exposed. The slope of the 
dose r~spgnse- cur-Ve -and the type of toxic response in 
experimental animals are of use in human health hazard 
evaluation; exposure to single acutely toxic doses of a 
chemical represents an abnormal or accidental situation for 
general human exposure. 

The guideline for this study is designed for use in acute 
ingestion tests using rodents, but is adaptable to other 
species. 

Although several accepted methods for determining the LD50 
values have been developed, many important observations of 
toxicity are not represented either by these values or by 
slopes of dose-response curves for lethality. These 
ooservations are integral to an evaluation of acute toxicity 
and snould oe observeo during the course of an acute toxicity 
study. 

Morbidity and/or pathogenesis may have more toxicological 
significance than mortality. 

The numerical value of the median lethal dose (LD50) is 
widely usea in toxicity classification systems, but it should 
not be regarded as an absolute number which identifies the 
toxicity of a chemical substance. LD50 values for the same 
c~emicai may vary from study to study ana between species or 
within a species because acute toxicity is influenced by oath 
internal and external factors. 
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2. Short-Term Oral Toxicity Study: Range-Finding 

In the assessment and evdluation of the toxic characteristics 
of a chemical, the determination of short-term oral toxicity 
may be carried out after initial information on toxicity has 
been ootained by acute testing. The short-term test provides 
information on possible health hazards likely to arise from 
repeated exposures over a limited period of time. 

Short-term oral exposure studies of one month or less are 
conducted to determine the adverse effects of substances 
after repeated dosing. This study also serves as a 
range-finder of the doses whicn will not cause lethality 
after many months or years of administration in subchronic or 
chronic studies. Use of this information allows future 
subchronic and chronic studies to be designed with realistic 
doses and with special emphasis on the target organs. 

The testing procedures utilized include the oral 
administration of the test suostance in daily graduated oases 
to several groups of experimental animals, one dose per group 
for a periou of 28 days. During the period of administration 
the animals are observed daily to detect signs of toxicity. 
-Animals wl=l-icll Elie duriA§ the -test--are -necropsied,- and -at- ttte 
conclusion of the test surviving animals are sacrificed and 
necropsied. 

3. Subchronic Oral Toxicity Studies: 

Subchronic studies are designed to determine adverse effects 
of substances when given in regularly repeated doses over 
periods ranging from 90 days to 12 months. The intent is to 
characterize the toxicity of the substance and to define a 
level t1"1at results in "no observed adverse effects." Such a 
study generally cannot, however, determine carcinogenic 
potential. The testing procedures utilize a broad screen of 
measurements which should detect the most likely forms of 
toxicity which can occur. 

~hile acute toxicity deals with the adverse effects of single 
doses, a more convnon form of human exposure to many chemical 
substances is in the form of repeated doses wnicn oo not 
µroauce immediate toxic effects. Delayed effects may occur 
due to accumuldtion of the chemical in tissues or from other 
~ecnanisms, dnd it is important to identify any potential for 
these by subchronic testing. In addition, tne subchronic 
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study will provide more detailed information on toxic 
effects, target organs, reversibility of effects, and an 
indication at· a "no-effect" level. 

4. Chronic Toxicity Studies: 

The objective of a chronic toxicity study is to determine the 
effects of a test substance in a mammalian species following 
prolonged and repeated exposure. Under the conditions of 
this test, effects .which require a long latent period or are 
cumulative should become manifest. The application of these 
guidelines should generate data from which one can identify 
the majority of cnronic effects and determine dose response 
relationships. Ideally, the design and conduct should allow 
for the detection of general toxicity including neurological, 
physiological, biochemical, and exposure-related 
morphological effects. The guidelines suggest the oral route 
of administration for consideration in evaluating a test 
substance. Three test dosage levels plus a control yroup are 
recommended, with the highest dose requirement differing from 
tl1at of the carcinogenicity study because at this level some 
signs of toxicity should be elicited. In discussing the 
duration of the chronic studies, arguments were offered that 
in some cases toxicity and life-shortening effects would be 

- misse-d if the duration was for 12 months only. To a.llow 
latitude for appropriate scientific evaluation, it is 
reconvnended that the duration of exposure should be for at 
least 12 months. Daily observations are reconvnended to 
minimize loss due to disease, autolysis and cannibalism and 
to detect the onset and progression of toxic effects. 
Additional examinations for clinical signs of toxicity 
including neurological and ocular effects and for 
hematological and organ function effects as determined from 
blood and urine analysis are also suggested. 

5. Carcinogenicity Studies: 

The objective of a long-term carcinogenicity study is to 
observe test animals over a major portion of their life span 
for the development of neoplastic lesions during or after 
exposure to various doses of a test substance administered by 
an appropriate route. Such an assay requires careful 
planning and documentation of the experimental design, a high 
standard of pathology, and unbiased statistical analysis. As 
part of the Dase set of tests for Concern Level III 
compounds, it is recorrrnended that the study of a test 
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substance be conducted in two species, ana by the oral route 
of administration. Because of the long latent period 
required for induction and manifestation of tumors, it was 
generally agreed that treatment of test animals should oe 
started in young animals and continued for the duration of 
the experiment. The main form of oral administration is 
dietary. The choice of other methods of administration 
depends upon the physical and cnemical characteristics of the 
test substance and the form typifying human e~2osure. _ 
Although- exper±menta-i exposures ao not- necessarily have to be 
oy the same route as of human exposure in order to be 
meaningful, possible physiologic ana metaoolic differences 
related to routes of absorption and distribution snould oe 
considered in assessing their relevance. 

Testing at doses and under experimental conditions that 
permit maximum expression of carcinogenicity is widely 
accepted in these oioassays. For risk assessment purposes, 
at least three dose levels should be used, in aaaition to the 
concurrent control group. Each dose group and concurrent 
control group should contain 50 animals of each sex. The 
highest dose level should be sufficiently high to elicit 
signs of minimal toxicity without substantially altering the 
normal life span due to effects other than tumors. The 
lowest dose snould not interfere with normal growth, 
development and longevity of the animal; it must not cause 
any other indications of compound-related toxicity. The 
intermediate dose should be established approximately mid-way 
between the high and low doses, depending upon the 
absorption, distribution, metabolism and elimination of the 
chemical, if known. 

It is necessary that the duration of a carcinogenicity test 
comprise the majority of the normal life span of the animals 
to be used. The guidelines recommend the termination of the 
study at 24 months for rodents, but for certain strains of 
animals with greater longevity and/or low spontaneous tumor 
rate, termination can be extended to 30 months for rats. A 
finite period covering tne majority of the expected lifespan 
of the strains is reco1TVT1enaed over exposure for the entire 
iifetime of all animals since the probability is high that, 
for the great majority of chemicals, induced tumors will 
occur within a finite ooservation period. 

Tne evaluation of carcinogenicity bioassay results re=>ts on 
tne extent and accuracy with which organs ana tissues of oath 
treated ano control animals are examined for morphological 
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changes. Although a well conducted pathologic examination 
cannot rescue a poorly designed or conducted bioassay, 
inadequate pathologic examination can significantly reduce or 
eliminate the value of an otherwise well conducted 
experiment. The strength of evidence provided by a bioassay 
depends on the numoer of tissues examined. The absence of a 
carcinogenic effect in a study cannot be assured unless all 
organ systems have oeen examined grossly in all animals, and 
all grossly visible suspect lesions examined 
microscopically. An attempt should ue made to correlate 
gross observations with the microscopic finoings. 

Microscopic examination is as essential as a gross. necropsy 
in the proper conduct of a carcinogenicity study. While an 
all inclusive examination of all tissues is perhaps 
theoretically desirable, the resource limitations dictate a 
more selective approach. As a minimun, the following is 
reconvnended for microscopic examinations: 

a. All grossly visible tumors or lesions suspected of being 
tumors should be examined in all groups. 

b. All preserved organs and tissues of (a) all animals that 
die or are killed during the study, and (b) animals of 
the highest dose group and controls. While notation 

- snoulo be- made of all --histopatholegic lesions, - these 
which were hyperplastic, preneoplastic and/or neoplastic 
should oe fully described. 

c . If a significant difference is observed in hyperplastic, 
preneoplastic or neoplastic lesions between the highest 
dose and control groups, microscopic examination should 
be made on the particular organs or tissues of all 
animals in the study. 

d. In case the results of the experiment give evidence for 
suostantial alteration of the animals' normal longevity 
or for the induction of effects that mignt affect a 
neoplastic response, the next lower dose level snould be 
examined as described above. 

6. Combined Chronic Toxicity/carcinogenicity Studies: 

This guideline for an oral cnronic toxicity/carcinogenicity 
study is suggested for use with one species, typically the 
rat. The oojective is to obtain dat& to determine effects of 
a test substance which would be provided separately 

I 
I 
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in a carcinogenicity or a chronic toxicity study. In 
adaition to three dosage levels and a concurrent control 
group, each of which contain at least 50 animals per sex, 
this guideline recorrvnends three satellite treatment groups 
of 10 animals per sex. Whereas the high dose for the 
carcinogenicity phase should not produce toxicity, tt,e 
highest dose for the satellite treatment groups should oe 
chosen so as to produce overt toxicity without causing 

_ exc_e.$~_i.v~ _ mgr.talit¥L- __ Tbes.e.._satellite_ groupS-sbould -Oe­
retained in the study for at least 12 months. These animals 
should be scheduled for sacrifice for determination of test 
substance-related pathology, uncomplicated by geriatric 
changes. The other three treated groups and the control 
group would be handled as in the carcinogenicity 
guidelines. In these guidelines, recommendations are 
included for periodic ooservations of signs, onset, and 
progression of toxic effects, hematological and organ 
function tests, and clinical examinations for neurological 
and ocular changes. 

7. Reproduction Studies: 

The guideline for reproduction testing is designed to 
provide _general _in.formation_conceroing_ tbe ... ef.fects_of_ a.-test 
suostance on gonadal function, estrous cycles, mating 
behavior, conception, parturition, lactation, weaning, and 
tt,e growth and development of the off spring. The study is 
not designed to detennine specific cause and effect in all 
cases. The study, however, may also provide information 
about the effects of the test substance on neonatal 
morbidity, mortality, and preliminary data on teratogenesis 
and serve as a guide for suosequent special tests. This 
guideline is for use with substances given orally to 
rodents. The guideline reconmends that the test substance 
be administered to parental (P) animals prior to their 
mating, during the resultant pregnancies, and through the 
weaning of their F1 offspring. The substance is then 
administered to selected Fl offspring during their growth 
into adulthood, mating, and production of an F2 
generation, up until the F2 generation is 21 days old. If 
there is an indication of effects occurring at lower doses, 
higher incidences, or greater intensity in tne second 
generation as compared to the first, then the stuay should 
include a third generation. 

8. Teratogenicity Testing in Rat, Mouse, Hamster, and Raboit: 

The purpose of this test is to yield data to help determine 
the effects of a test substance administered during in utero 
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development. Treatment by the oral route of administration 
must Oe started early enough and continued long enough to 
include the period of organogenesis for the particular 
species used (rat, mouse, hamster, rabbit, etc.) 

Such a study may also be performed in conjunction with a 
multigeneration reproduction study as long as the fetuses 
are exposed continuously through organogenesis. The 
guideline recommends that the test substance be administered 
in graduated doses, for at least that part of the pregnancy 
covering the period of organogenesis, . to several groups of 
pregnant experimental animals, one dose beiny used per 
group. Shortly before the expected date of delivery, tne 
mother is sacrificed, the uterus removea, and the contents 
examined for embryonic or foetal deaths, and live foetuses. 

Data fr~n "A,D,M,E" studies are desirable to aid in the 
evaluation of test results from other toxicology studies and 
in extrapolation of data from animals to man. 
"A,D,M,E" studies also provide data useful for selecting 
appropriate dose levels for use in chronic toxicity ana 
carcinogenicity studies by providing information about 
dose-dependent kineti~s. 

The time at which it is best to do a "A,D,M,E" study varies 
with the need for data to evaluate the safety of the test 
chemical. In certain cases, the initial experiments for 
determining absorption, distribution ana elimination of the 
test chemical may be done soon after the acute toxicological 
studies. Further experiments establishing the metabolic 
fate of the compound may be needed for chemicals which will 
likely undergo chronic testing. If the results of 
toxicological studies indicate that further information on 
the metabolism of the test chemical is needed, 
identification and characterization of major metabolites in 
olood and urine should be undertaken. For some purposes, 
dose-related "A,D,M,E" studies may be carried out. In 
pregnant animals, a kinetic analysis makes it possible to 
assess the amount of placental transfer of the parent 
compound and its metabolites at critical periods of 
organogenesis in relation to maternal exposure. 
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10. Short-term Tests for Carcinogenicity· Potential: 

In tne context of this document short-term tests refer to any 
of several tests which are useful in estimating the 
carcinogenic potential of a substance. As tne name implies, 
the time required for completion of such tests ranges from a 
few aays to several weeks; the tests utilize cells or organisms 
which can be grown rapidly and in large numbers. While many of 
the tests measure muta-gen±c- changes (-such -as-me- los-s -o-r 1la-in 
of an enzyme), several have been developed to reflect other 
endpoints such as chromosomal deletions or rearrangements, 
nonspecific DNA damage, and cell transformation. 

A highly significant correlation has been observed between the 
positive results of point mutational and DNA repair tests with 
in vivo bioassays for carcinogensis. The primary reason for 
recommending these tests is this strong empirical correlation 
between positive results in several of these tests and in vivo 
carcinogenicity of the test compound. 

Therefore, positive data from the less time consuming and less 
expensive short-term tests are considered useful for 
determining the judicious use of scarce resources for long-term 
bioassays for carcinogenicity. The--asse--ssment- -of food additive 
safety will use short-term test data for this purpose. 

The correlation between responses in short-term tests and 
in vivo carcinogenicity is not perfect for any one test, i.e., 
false positives and negatives ao occur in all test systems. 
However, many of the individual tests have detection 
sensitivities which overlap with the other tests. Thus by 
carefully selecting and combining tests one can construct a 
battery of tests which can be a highly efficient screen for 
most if not all classes of chemical carcinogens thereby 
significantly reducing false negatives without substantially 
increasing false positives. 

The agency has surveyed the already broad and still expanding 
field of short-term tests and selected a battery of tests which 
we feel can at this time be used as a reliable predictor of 
potential carcinogenicity. The criteria which we usea to 
select a test for inclusion in the battery of tests were: (1) 
that the test show a high degree of sensitivity for detection 
of Known animal carcinogens with an acceptable level of false 
positives; (2) that the test be readily available and 
reproducible among laboratories; (3) that the test response can 
be scored and interpreted in a relatively unambiguous manner; 
(4) that different endpoints are represented; (5) that, in 
toto, the tests complement one another so that most classes of 
known carcinogens are aetected. 
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It should be emphasized that the suggested battery of tests is 
to oe used for the detection of potential carcinogenicity. The 
agency does not take the position that positive results in 
short-term tests are incontrovertible evidence of 
carcinogenicity, since there are a multitude of factors 
operating in the whole animal which serve to modify the effects 
seen in the snort-term tests. 

The following provides guidance for the types of tests and 
acceptable protocols to be found in the literature as well as 
considerations to be used by the Agency in evaluating submitted 
test data. Since the use of mutagenicity tests as predi~tors 
for carcinogenicity is still under development, the choice of 
tests should oe flexible, depending on the precision of the end 
point, the extent of correlation ana the ease of performance 
and evalution of the assay. 

The battery of short-term tests recommended includes: (1) a 
oacterial mutagenesis test, the Ames test is suggested; (2) a 
mammalian mutagenesis test, the L5178Y mouse lymphoma test for 
mutants at the TK locus is suggiested; and (3) a generalized 
test for DNA aamage, we suggest the Unscheduled DNA Synthesis 
test in primary rat hepatocytes developed by G. Williams. 
(Refs. 31, 32) Two additional tests which are quite useful but 
which seem to lack sufficient convnercial availability to be 
recommended routinely are the manvnalian cell trans formation 
tests and tne sex-linked recessive lethal (SLRL) mutation test 
1n Drosophila. 

The Salmonella/Ames bacterial mutagenicity system is suggested 
because there currently exists an extensive data base on the 
correlation between results in this test and carcinogenicity as 
determined by long-term whole animal studies. (Refs. 33-35) 
These data indicate that mutagenicity in bacteria is a 
generally reliable indication that a chemical is likely to be 
carcinogenic in vivo. It appears, however, that there are 
chemical classes of carcinogens that fail to be detected as 
mutagens in bacterial assays. For this reason, 
point-mutational tests in manmalian cells are also recommended 
as well as the Drosophila SLRL test, DNA repair studies, and 
manmalian cell tranformation tests. Although the published 
data for these latter tests are not as extensive as those for 
bacterial mutagenesis tests, current indications are that these 
tests are useful as screens for carcinogenicity. 
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Manvnalian cell transformation is an end-point theoretically 
related to carcinogenesis and this test does correlate well 
with known animal carcinogens. In certain instances, 
transformation tests complement the other tests by their 
detection of metal and hormonal carcinogens. 

Testing in otner non-bacteria test systems such as Drosophila 
may be particularly important for additives which are intended 
-fer- t1se-a.s-c1nH-mie-rebi-al-er-ant-i-fonga±-agents-.---fhe--bact-e-ria±-­
toxici ty may make it impossible for testing at doses 
sufficiently high to allow consideration of negative findings. 

There is evidence that some carcinogens do not yield a positive 
response in the short-term test procedures. Therefore, when a 
compound is of a structural class for which there is reason to 
believe that the short-term tests are inadequate as a screen 
for carcinogenicity, their use to reduce the concern for 
toxicity will not be accepted and in vivo carcinogenicity 
testing may be required to satisfactorily reduce the concern 
for toxicity. All in vitro short-term tests for 
carcinogenicity should be performed in the presence and in the 
absence of a metabolic activation system, which is generally 
derived from rodent liver (or other relevant tissue). 
Drosophila m~tabolism has been demoAstrated to be similar to 
rodent metabolism in the activation of carcinogens. (Refs. 
36-39) Data indicating that the pattern of metabolites 
produced in the in vitro activation system during the test is 
similar to that produced in vivo in the target species is 
useful in interpreting th~applicability and significance of 
the test results. 

Due to the rapid advances being made in tne field of snort-term 
tests to assess potential for carcinogenesis, it is difficult 
to develop precise protocols that would be highly recommended 
for eacn general test type. At the present time, however, the 
most convincing bacterial mutagenicity data availabie are on 
the histidine-requiring strains of Salmonella typnimurium 
developed in the labortory of Dr. Bruce N. Ames. Good results 
appear to be obtained by the procedure given by Ames, et 
al.,(Ref. 40) or with the "pre-incubation" assays described by 
Yahagi et al., (Ref. 41) or Prival et al., (Ref. 42). 

The standard technique for the X-linked recessive lethal test 
in Drosophila and relevant data on chemicals tested are 
contained in papers by Abrahamson and Lewis (Ref. 43), Vogel 
(Kef. 36), and Wurgler et~-, (Ref. 38). 
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The induction of DNA repair syntnesis in cultur~J maITTnalian 
cells can be detected either by autoradiograµhy (Ref. 44) or 
less reliaoly by liquid scintillation counting of extracted DNA 
(Ref. 45). The preferred system is that which employs primary 
rat liver cell cultures, wnich are themselves capable of 
activating a variety of pro-carcinogens. (Refs. 31, 32) 

The most accepted of the several system developed for the 
assessment of in vitro cell transformation utilize cell lines 
from the mouse [C3H/ lOTl/2, Rezn.ikoff et al., (Ref. 46); BAL~ 
3T3, KaKunaga, (Ref. 47)J or from the hamster [BHK-Ll, Purchase 
et al., (Ref. 48)]. Other systems, [Syrian Hamster Emoryo 
(SHE), Pienta et al., (Ref. 49)J; [RLV-infected rat cells, 
Freeman et al, (Ref. 50); Traul et al., (Ref. 51)], while quite 
interesting, have more limited impact because only a few labs 
have sucessfully implementeu these tests. The former systems 
also require a good deal of technical expertise, out most of 
the factors important for correctly carrying out the tests have 
been identi f 1ed and discussed ( report 6 in Montesano et al. , 
(Ref. 52); Hollstein et al., (Ref. 53). 

fhe most widely-used test for mutation in cultured mammalian 
cells is probaoly the test for mutations at the thymidine 
kinase locus in mouse lymphoma cells, as described by Clive and 
Spector (Ref. 54)J Clive et al., (Ref. 55), and Amacher et al., 
(Refs. 56, 57). It also appears that important informatTon on 
the correlation with carcinogenicity is becoming availaole on 
the test for mutations in the hypoxanthine-guanine 
phosphoriuosyl transferase (HGPKT) locus in Chinese hamster 
ovary ce1ls, as described by O'Neill, et al., (Ref. 58). There 
are d number of other cell culture/mutagenicity test systems 
\vhich of fer promise but wnich have, 1n general, not oeen 
validated with enough compounds to oe recommended at this time 
(see the review oy Hollstein et al., (Ref. ~3). Most (23) of 
tnese short-term tests for determining carcinogenic potential 
are currently oeing critically evaluated by scientific panels 
established and supported by the Gene-Tex program of the 
Environmental Protection Agency (Ref. 59). As thes~ individual 
test reviews are finished they will oe publishea in Mutation 
Research. An overall comparison of the utility of the tests 
will be synthesized by a separate EPA panel. Tnese results 
snould be most useful in selecting the most appropriate tests 
and establisning minimum test criteria. 

Other batteries of tests, oesides the one suggested by the 
agency may be acceptable as supporting evidence to reduce the 
toxicity concern factor for an additive. 
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The substitution of tests similar to those listed 
certainly possible, but in oraer to be an acceptac 
must be validated. That is, sufficient data must 
literature to show that the test is efficient and 
detecting known carcinogens. As in all testing, j 
application of the procedures requires an unaerst, 
limits of eacl1 test as well as an understanding 01 
structure and metabolism of the compound. It is c 
that Knowledge of a compound's metabolites would: 
more appropriate snort-term tests or test details 
general considerations on variation in test proce1 
covered in future test guideline pub1ications. 

The agency anticipates that use of these short-te: 
sirnplify the approval process and reuuce the cost 
sponsoring company. Their use is indicateJ not 01 

compounds witn little exposure and little structu 
but whenever a compound is to be tested. Strong I 
responses in several short-term tests augurs for , 
bioassay. Given such a result, a company could w, 
drop further development of a compound unless, of 
compound were of such potential importance that t 1 
a bioassay would oe justified. Tne Agency is 1n 
c:leveleping --furthel' -doeumentation rega-rding -the -se 
tests, the interpretation and weighting of result 
standards for the acceptability of a negative tes 
individual test guidelines. These documents will 
available for public comment in the future. 
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IV. Standards for Assessment of the Adequacy of Toxicological 
Tests. 

The quality standards presented in Appendix III will be used to 
judge the relative quality of toxicological tests used to 
develop data for the safety profile of an additive. All 
toxicological tests should have been performed ana those tests 
should meet the current quality standards described before the 
food additive can be affirmed as safe. 

A. Core Quality Standards for 1-\ssessment of t11e Adequacy of 
Test Results 

In tne course of evaluating the safety of a new additive or 
when a concern arises aoout a previously approved additive, 
results of previously performed toxicological studies may' 
provide information relevant to a safety judgment, even 
when such tests may not meet current standards of test 
sensitivity or rigor. Such older data may provide safety 
information that can alert the agency to a toxic hazard 
associated with an additive. Such data can also provide a 
oasis for requesting information needed for future safety 
evaluations, ana can be helpful in setting priorities for 
determining relative concerns among approved additives. In 

-order to eliminate those studies which are so inadeq_uate as 
to preclude the use of their data~ a set of" core quality 
standards" is needed. A "core standard" defines the 
minimum data required for the acceptance of a study. The 
"core standards" are contained in Appendix III. 

The presence of "µositive findings" in tests which may be 
judged inadequate by the application of "Core Standards" 
may require further review in order to determine whether 
these findings might be applied for determining future 
testing needs or priority. · 

B. Current Standards for Toxicological Test Results 

A "current standard" defines the minimum data necessary for 
the acceptance of a study to establish that a substance 
caused "no adverse e.ffects. 11 

The new guidelines which assist the investigator in the 
design of toxicity tests (Appendix II), suggest many of tne 
current quality standards necessary for assessment of 
safety. These quality standards include sucn things as 
aemonstration of absorption, number of animals, number of 
doses, types of clinical tests used, numb~r of tissues 
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examined, histopathology, etc. The acceptability of future negative 
toxicological data for safety evaluation of direct food auaitives is 
dependent upon the content of the test data meeting these current 
standards. These quality standards for conduct of a study are 
incorporated into the current standards in Appendix Ill. 

Another major quality standard is tt,e FUA Good Laooratory 
Practices (GLP) Regulations (43 FR 59986). 

C. Procedures for Application of Toxicity Study Standaras 

This system is designeu for the classification of studies. At 
times, reviewers may determine that a deficiency of a particular 
experimentai parameter within a study may not seriously compromise 
the classification of the study as meeting "Core or Current 
Standards." In this instance, a rationale for the re-classification 
of that study should be providea by the reviewer. This rationale 
will be reviewed by a group of agency scientists in order to insure 
uniformity in application of the standards. 

1. submissions of' New Data 

a) Appropriate "Current Standards" should be applied to aata 
developea suosequent to issuance of tne "current 
standards" in Appendix III. 

o) Compliance with the current Test Standards ana GLP 
regulations for a stuay will almost certainly result in 
acceptance of that study by the agency. 

c) Failure to comply with either GLP regulations or "Current 
Standards" are grounds for rejection of the study for the 
purpose of safety affirmation. 

2. Data Developed Prior to the Issuance of the Current Test 
Standard 

a) Data that fulfill the requirements of the "Current 
Standard" will be accepted for the safety affirmation 
process. 

b) Data failing to meet the "Current Standards" are suoject to 
comparison witn the "Core Standards." 

c) oata meeting "Core Standards" can be used for interim safety 
aetermination and priority setting for compounds. 
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d) Data that fail to meet "Core Standards" will be reviewed 
for the presence of adverse effects, but may not oe used for 
interim safety determinations. 

e) If compound-related adverse effects in a study not meeting 
"Core Standards" are determined to be unrelated to the 
poor quality of tne study, U1e effects will oe used for test 
selection or priorit~ setting for further testing. 

o. Scheme for the Sequential Application of the Test Standards for 
Chronic, Subchronic and Short-term Tests 

l. cnronic Studies: Apply Current and Core Ctironic Test 
Standards. If the data meet either standard, then the aata will 
be used as acceptable "Current" or "Core" chronic data. If the 
requirements are not met, then apply subchronic and short-term 
standards sequentially. If the chronic data or 
data from interim sacrifices fulfill one of these standards, 
tnen the data can be used to satisfy either the requirements for 
subchronic or short-term tests. 

2. Suochronic Studies: Apply the Subchronic "Current" and "Core" 
Test Standard. If the data meet the standard, then the stuay 
will be used as acceptable "Current" or "Core" suochronic data. 
If the-standards are no~ met, then apply the sho~t-term test 
standard. If the subchronic data fulfill the short-term 
stanuard, then this test can be used to satisfy the requirements 
for a snort-term study. 

3. If a study does not meet the standard for a short-term study, 
it will oe reviewed for the presence of adverse effects but may 
not be used to fulfill any testing requirements. 
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V. Decision Elements - Selection and Priority-Setting for Toxicological 
Testing 

A. Introduction 

The purpose of this section i~ two-fold: 

1) to µrovide a frameworK for deciding what further 
toxicoiugical safety information may need to be developed For 
an aJditi ve, based on evaluation of ttie data obtaineu f'ro111 
studies, either ti,ose previously conducteu or as µart of tne 
base set of tests for new additives described in Section II 
auove; and 

2) to uescrioe a priority-setting scheme for all approved 
additives oy which test selection and conduct can be carriea 
out simul taneousiy and in a way that is consistent wi tr I 
public health priorities as well as economic limitations ana 
potential administrative constraints. 

Section II above described a scheme by which the oasic toxicological 
information neeaed for the initial adaitive safety determination can 
be derived from simple information that 1s nearly always availaole 
fo r all compounds. However, even when such toxicity information is 
available and of acceptable quality, an evaluation of this 
information may raise significant public health questions that 
suggest the need to develop additional toxicity data, before the 
agency can make a final safety Judgment about an additive. 
uetermining exactly now mucn information is sufficient, and what the 
precise nature and sequence of that infoTmation development ought to 
be, is a ~roblern that has long Deen recognized both by government and 
ir1dustry. Only recently has any substantial headway been made in 
sol viny the proulem in a way that striKes a balance oetween tl1e neecJ 
for flexioiiity, and the need to at least outline the conceptual 
steps common to the the great majority of safety evaluations. 
Possible solutions to this proolem have recently been puL for~ara oy 
the Food Safety Council and others. (Refs. 11, 15, and references 
cited therein, 60) 

Tne approach taken in this document is centered around a series of 
uecision Elements. These Uecision Elements are of two types; namely 
Selection Elements, and Ranking Elements. The Sel~ction Eleme11ts 
µrovide a means of selecting, in a stepwise fashion, tne 
toxicological tests best aesigned to answer specific concerns that 
arise because of the appearance of adverse effects seen in available 
data. Selection Elements would be applied whenever a safety 
determination for any additive needs to oe made. Such determinations 
are a routine part of the premarket approval process for new food 
aaditives. They may also be useful in the case of previously 
approved substances, where there is marKed increase in consumer 
intake, or when new toxicological information gives rise to concerns 
about the continued safe use of the suostance. 
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The Ranking Elements determine a sequence for tne conduct of selectea 
studies which provide for tne development of new information for 
alreddy apµrovea additives. Thes~ Ranking Elements ought to apply to 
all additives simultaneously, while consiaeriny a numoer of pertinent 
variables in audition to potential public health concerns, such as 
econo111ic limib:ttions, or administrative or other constraints. TaKen 
together, these Uecision Elements provide the frameworK fur a unified 
system Llt:!~lgned to answer tne quest.ion; "W11c1t specific; inf'ormatiu11 
ought to oe uevelopeu for which compounds, c.1na witn what degree of 
uryency?" In providing answers to tnb question we help to 
accomplish, in an operational sense, the goal cited in Section II 
auove, of assigning for each additive a qua11titative medsure of t11e 
actual relative Deyree of Concern that we ought to have for these 
substances. 

B. Selection Elements 

Selection Elements provide a basis for deterinining the need for 
developing additional specific toxicological infonnation oeyona tne 
base set of tests as determined oy Concern Level assignment (Section 
II). Selection Elements are specific to a given type of 
toxicologica1 information such as carcinogenicity data or 
reproductive toxicity information. 

Tne fo1lowing examples illustrate how the Selection Elements might 
function: A given additive_L b~c-.?us~ of low e~gosu_re aru:i int_ermediata 
(8) structure- category assignment, has fallen into Concern Level I. 
~ccording to the testing levels given in section II 8 4, the initial 
tuxicoloy1ca1 information necessary could be derived from a short 
term ~8-day oral toxicity study and a set of short-term tests for 
determining carcinogenic potential. If tl1e compound Cdusi;s an 
adverse effect al a dose less than 2000 times the human ex~osure 
level, tr1e Selection Elements identify tltis co111.,.iuund as a Cd11Ct.1.dace 
for a suo-chronic, 90-day feeding study to attempt to resolve the 
impact this finding may have on the ultimate safety juuymcnt on tile 
compound. Alternatively, t1ad tt1e same compourn:.1 shown instead a 
put~ntial for carcinogenic activity, a selectiuri element would 
iuentify it as a candidate for a carcinogenicity bioassay. Finally 
had the compound showed no aaverse effi:cts at appropriate t1i\,Jh intake 
levels relative to human exposure in the course of the Concern Level 
I tests, it would require no furtner testing. 

Tne Selection Elements ought to provide the food additive safety 
evaluation scheme with tt1e following·capaoilities: 1) tne caµauility 
of rapid identification of those substances presenting potent1a1 -
nealtn risks, 2) identification of testing needs for suo3tgnces, and 
3) continual review that focuses on toxicological effects that may 
nave been observed in previous stuaies and that suggest tl1e need for 
further testing. 
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The Selection Elements for determining wnat further toxicolugical 
information neeus to be developed for the safety evaluation of 
additives are as follows: 

l. Selection Elements for Performance of c.1 Rodent Short-Term Feea.ing 
Study 

o Concern Level I compounds without short-term multiple duse 
exposure stud~es will require this study in a single roGent 
species, preferably tne rat, unless data mitigate tne 
requirement. 

o Compounds without data that allow the selection of dosages for 
conduct of any subchronic or cl1ronic study are recommendeu far 
this study, wnenever such longer duration stuaies are required. 

2. Selection Decision Elements for Performance of Short-term Tests 
far Determining carcinogenicity Potential 

a Concern Level III compounds without at least a "core 
standard" carcinogenicity study will require this set of 
short-term tests for determining carcinogenicity testing 
pri ority. 

o Concern Level II and I compounds will require these tests, if 
there are no "core stanaard" carcinogenicity data available. 

These tests should include: 

i. Gene Mutation with and without metabolic activation in 
Salmonella typhimurium strains TA-1535, TA-1537, TA-1538, 
TA-100 and TA-98, 

ii. Mammalian Cell Mutagenesis Test with and without metaoolic 
activation, 

i.li. Unscheduled DNA synthesis, and 

iv. Drosophila Recessive Lethal (optional, unless compound has 
anti-microoial activity). 

v. Malllllalian Cell Transformation Test (optional) 

3. Selection Decision Elements for Performan~e of a Rodent 
SuLlchron1c (90-dayJ study 

o Concern Level II compounds without at least a "core" 
subchronic stuay in a rodent species will require this study. 
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o Concern Level II compounds with a "core" subchronic rodent study 
but without a study of this type that meets current standards 
will require this study unless data mitigate the requirement. 

o Concern Level I compounds with a lowest "effect" level from a 
rodent short-term study, which is less than 2000 times the 
human consumption (mg/kg body weight/day), will require this 
study in a rodent species. 

o If priority for a required chronic study is sucr1 thdt t,1e 
delay in initiation of that study would be longer than 3 
years, tnen Concern Level III compounds with a silort-term 
lowest "effect " level which i s less than 1000 times tl1e human 
consumption will require this test. 

o Compounds witnout data that allow the selection of dosages for 
conduct of any chronic study are recommended for this study, 
whenever such longer duration studies are required. 

4. Selection Decision Elements for Performance of a Subchronic 
(90-day) Study ln a Non-rodent 

o Concern Level II it:ompounds without at least a "core" 
subchronic study in a non-rodent species will require this 
study. 

o Concern Level II compounds with a "core" suochronic non-rodent 
study but without a study of this type that meets "current" 
standards will require this study unless data mitigate the 
requirement. 

o Compounds with a lowest "effect" level from a short-term 
non-rodent study which is less than 2000 times the human 
consumption will require this study, if the non-rodent species 
tested is tha most sensitive to this effect and is appropriate 
for extrapolation to the human. 

o Compounds without data that allow the selection of dosages for 
conduct of any, long-term non-rodent study are reconvnended for 
this study, whenever such long duration studies are required. 

5. Selection Decision Elements for Performance of a Chronic Stuay in 
Rodents 

o Concern Level III compounds without at least a "core" rodent 
chronic study will require this study in a rodent species. 
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o Concern Level III compounds with a "core" rodent chronic stutJy 
but without a study of this type that meets current standards 
will require this study unless data mitigate the requirement. 

o Compounds whose lowest "effect" level from a rodent study is 
less tnan 1000 times the human consumptio11 will require this 
study. 

o Concern Level II compounds whose toxic profile suggests the 
µrobao1hty of late occurring toxicity in rodents, wh.1cn may 
not l:Je observed or may be poorly quant.i f iell in subchro,uc 
tests, will require this study. 

6. Selection Decision Elements for Performance of a Long-term (at 
least I-year) Tox.1c.1ty Study in a Non-Rodent 

o Concern Level III compounds witnout at least a "core" 
long-term, non-rodent study will require this study. 

o Concern Level III compounds with a "core" lony-term, 
non-rodent study but without a study of this type that meets 
current standards will require this study unless data mitigate 
the requirement. 

o Compounas with a lowest "effect" level from a non-rocfent study 
is less that 1000 times the human consulll)tion require for tnis 
study, if t11e non-rodent species is the most sensitive to the 
effect and is appropriate for extrapolation to man. 

o Concern Level II compounds whose toxic profile suggests the 
prooaoility of late occurring toxicity which may not oe 
ooservea or be poorly quantified ~n subchronic tests will 
require this test. 

7. Selection Decision Elements for PE::rformance of Carc.1nogen.1.c1ty 
9ioassay in Rodent Species 

o Concern Level III compounds without at least a "core" 
carcinogenicity bioassay require this study in two rodent 
species. 

o Concern Level III with a "core" carcinogenicity oioassay but 
without a study of this type tnat meets current standards will 
require this study unless data mitigate the requirement. 

o Compounds with data whlcn indicate treatment-related, focal 
hyperplasia, metaplasia, or other proliferative lesions will 
require this study in two rodent species. 
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o Compounds with data that indicate treatment-related necrosis 
or some other progressive irreversioie lesions will require 
this study in two rodent species. 

o Concern Level II compounds with a finding that they have 
significant carcinogenic potential, baseJ upon an evaluation 
of the results from a battery of appropriate shurt-term tests 
for carcinogenicity potential, will require this study in at 
least one rodent species (two species if human exposure is 
greater than 0.0125 mg/kg body weight/day). 

o Concern Level I compounds with a finding that they have 
significant carcinogenic potential, based upon an evaluation 
of the results from a battery of appropriate short-term tests 
for carcinogenicity potential, will require at least one 
rodent (preferably the rat) carcinogenicity study. 

8. Selection Decision Elements for Performance of a Two-Generation 
Reproduction Study with a Teratology Phase 

o Concern Level I compounds with results indicating reproductive 
organ toxicity will require this test. 

o Concern Level II and Concern Level III compounds will require 
this test. 

9. Selection Decision Element for Performance of a Reproduction 
Study of at Least Three-Generation Duration 

o Compounds with results in a two-generation study which show 
that the lowest "effect" level is less than 1000 times the 
human consumption, or that the effects are occurring at luwer 
doses in the second-generation, occurring at significantly 
higher incidences, or are of greater severity, wil1 require a 
reproduction study for at least three generations. 

10. Selection Decision Elements for Performance of Subchronic anu 
Chronic Testing with In Utero Exposure Phase 

The determination of whether the use of the in utero route of 
exposure is required for either suuchronic or"""chronic toxicity 
studies is based upon application of the followiny selection 
decision elements. 

o The in utero route will oe required for compounds whose lowest 
"effect" level is less than 200-times the human exposure. 

o Non-nutritive additives whose exposure exceeas 0.25 mg/kg/day 
in the diet will require testing oy the in utero route. 
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o Nutritive additives will be considered for possinle in utero 
testing. 

o Compounds witn reproductive toxicity or terdtogen1c act1vitiy 
will be considered for in utero study. 

a Any compound witll data indicating differences in at't'ected 
target organs in in utero studies vs. non-in utero studies 
which require further study will be cons1derecl for in utero 
exposure. 

o Compounds with otner data indicating a need for in utero 
exposure. 

11. Selection Deciswn Elements for Performance of Special 
Toxicological Tests 

a) Any compound with toxicological effects which suggest the need 
for special studies shoula be considered for design of special 
studies. Tne type of test required shou.Lu be oasecJ on the 
effects observed. 

b) Teratology with gavage administration of the te!)t suostance 
will oe requirea for: 

o Compounds wnose exposure exceeds 0.625 mg/kg/day in tne diet, 

o Concern Level III compounds whose use may result in 
"beverage" exposure during pregnancy, or 

o Compounds with adverse reproductive effects which suggest 
possiole teratogenicity. 

c) Special Behavioral or Neurotoxicological Studies: 

o Compounds which induce neurotoxic signs, synii,:,toms, or 
effects in any of the requirea toxicological tests may 
require special testing. The type of test(s) requirea will 
depend upon the review of data. 
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A schematic representation of the Selection Elements for eacti Concern 
Level (I, II or II) to wnich a compound is dSsigned is presenteu in 
~ppendix IV, Figures 2-4. 

c. Ranking Decision Elements 

Aua1tives once approved do not always remain static relative to the 
exposure ana toxicological criteria usea originally to evaluate their 
safety. As noted in Section I, exposure may c~1dnye over time ana 
scientific criteria advance. In aduition, new data may oecome 
av~ilable. Because of the many factors invo1ved, additives may range 
widely in tne uegree to which tneir available data compare to current 
criteria. 

Clearly ,- not all suostances-- deserve the same level of agency 
concern. Therefore, some means are necessary that will allow the FDA 
to assess relative concerns for additives so that it may devote more 
of its resources to those additives that are of highest potent~al 
public health concern. Moreover, the availaule resources ought to oe 
spread as efficiently as possible among as many substances as 
possiule, and not just on one additive at a time. Effecc.ive 
protection of puolic health can be maae more cost-effective if at 
least some information can be developed for a numuer of substdnces 
simultaneously. In this way the scheme ca,, produce some 
toxicological information on a number of compounds while also 
identifying tne occasional compound of special concern for invnediate 
tP.sting and even possibly regulatory dctivity, if necessary. 

Ordering compounds for future development of toxicity information 
ought to relate directly to t11e relative puol1c health concern for 
those substances. Thus, Oegree of Concern as defined earlier 
(Section II) ought to implicitly form the basis for any ranking 
algorithm. Seconaarily, the ranking of substances ought to be 
f1exiole enough to allow consideration of economic and otner 
constraints, and to provide for the use of expert judgment. 
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The process of priority ranKing chemicals is not a new one. A number 
of agenc~es anJ organizations have performed priority ranking for 
similar purposes. (Refs. ll, 13, 22(d) anu references cited tnerein, 
61-71) FuA has reviewed some of these ranking systems (Ref. 72). 
The ,nethod developed below makes use of some of the principles 
invoked by earlier workers and also employs techr1iques and parameters 
that help to solve problems unique to food additives. 

The basis for FDA's priority ranking is a system of Ranking Eleme,,ts 
that relate together the exposure, molecular structure, type and 
severity of toxicological responses for substances in a way tl1at is a 
representation of the relative degree of concern ti1e substance 
creates. Overall, the ordering of aaditives ought to aoiue oy tnree 
general principles, as follows: 

• First, to determine the actual priorities of the additives, the 
following four goals must be met: 

i) decause the priority snould implicitly reflect tne degree of 
public healtn concern for that auditive, the consideration of 
tr1e Level of Concern of a given additive as defined in section 
II, would oe an important goal in determining ~riority. 
Generally, substances assigned a high Level of Concern snould 
rank above those assigned a lower Level of Concern. 

ii) Priority rank should be influenced by the results of 
previously performed toxicological tests. 

iii) Priority snould generally be highest for those substances tt,at 
have demonstrated a toxic potential at levels comparable to 
those actually present in the foou supply. 

iv) For all other substances, and all else being equal, the 
ranking shoula be consistent with the notion that higher 
testing priority should be assigned to compounds that lack 
basic toxicological information, and a lower priority to those 
compounds that have shown no overt toxic effects. This 
hi~rarchy would have the benefit of ensuring that agency 
concern is focused also on those substances that lack adequate 
data. 

• Second, because testing criteria ought to be stated in terms of 
specific toxicological effects, the priority ranking system should 
permit attentio11 to be focused with varying degrees of sci~1tific 
sophistication, on a number of substances simultaneously. This may 
be accomplished by creating a separate priority list for each major 
type of toxicological study or test type. Thus, while further 
chronic (lifetime) animal feeding studies may be of nigh priority for 
certain additives to resolve questions of long-term effects, other 
aoditives 

·, 
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may nave a higher priority for shorter term studies to determine dose 
ranges for an anticipated chronic test, or to resoive a toxic effect 
of concern where a chronic test would not be necessary or 
appropriate. Still other additives may have nigh priority for in 
vitro and other short term tests for carcinogenicity potential to 
fu1fill only basic testing needs. In short, the mechanism ought to 
be uesigned to reflect current concern aoout many potential toxic 
responses, not only cancer. Tne principle is not only to r~auce 
overall concern for all potential toxic phenomena as efficiently as 
possible, out also to uncover as many unKnown and unanticipatea 
hazards as possible from the ranks of untestea or lower priority 
suostances. 

• Thiru, ttIB priority ranking system must be aesigned to allow for the 
use of expert judgment ana must take into account economic and 
administrative realities. The availability of testing facilities, 
tne cost of obtaining toxicological information, the potential nealtn 
consequences of postponing the gathering of information, the 
crn1tinu1ng neea for facilities to test new additives, the priorities 
of tne National Toxicology Program, and limitations on FJA scient1t'ic 
personnel n,ust all be taken into account. 

Unuer such a scheme, any information, even that which is developed 
out of priority sequence, can have the effect of either raising or 
law.e_ring _tJ1e p_tlo_rity position of an additive. All reliaole 
information, whatever tne source, should be allowea to periodically 
upaate tne priority list. In this way the application of Ranking 
Elements provides a current and comprehensive overview of all food 
additive safety concerns. 

RanKing Elements for additives are listed below. (Note that if data 
on a compound satisfy more tt1an one ranking element for a given test, 
tnen trie compound should be ranKed under the ranking t:Hemant wnicri 
gives the highest priority. Each compound shoula occupy only one 
position for each test.) 

( Tr,e "R" value described in the subseque11t sections is defined as the 
ratio of human consumption in mg/kg/day to tne lowest dose producing 
the appropriate compouna-related adverse effects in the longest 
duration, highest quality study availaole.) 

1. Ranking Decision Elements for Compounds Selected for a Short-term 
Feeding Study are as follows (in descending order) 

a) Compounds wnich have been selected for a lunger duration 
feeding study, and whicn lacK sufficient data for selection of 
doses for that study, will oe ranked according to ranking 
decision elements for the carcinogenicity study (elements 
7a-c, below) followed by chronic stuay (element Sa, below), 
followed oy subchronic study (element 3a, below) followed by 
carcinogenicity study (elements 7d-e, be10~) finally by 
chronic study (elements Sb-d, oelow). 
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o) Concern Level I compounds without at least d "~or~" short-term 
feeding study will be ranked by a measure of the "t::Hective 
exposure" of the compound. The higher the "effective 
exµosure, 11 the higher the priority for testing. "Effective 
exposure" is a function of the expecteu human consumption 
aajusted by the chemical structure assignment (A, B, or C). 
For example, within a set of compounds witn the same exposure, 
any with structure assignments 8 or C as comparea to A would 
De given highest priority. 

c) Concern Level I compounds without a "current standard" 
short-term feeding study will oe ranked oy tne "R" value from 
the "core" quality short-term feeding study. 

Rankin7 Decision Elements for 

in descending order 

a) Compounds with unresolved positive inaications from one of the 
short-term tests for potential carcinogenicity (see selection 
decision element 2) will be ranKed oy expected human 
consumption. 

b) Compounus with suspected carcinogenicity potential from some 
other short-term test will be ranked by human consumption. 

1,;) Utner compounds requiring these tests will be rank~d oy 
"effective exposure". 

uecision Elements for Com ounds ~elected for a Suochronic 
are as o ows 1n escena1ng or er 

a) Compounds ((including Concern Level I comµounds) with a lowest 
"effect" level from a rodent short-term study which is less 
than 2000 times the human consumption) requiring suuchronic 
rodent study without any subchronic data will be priority 
rant<ed according to the "R" value from the longest duration 
"core" study available. 

u) Compounds which have been selected for a longer duration 
feeaing study in a rodent species and which need subchronic 
study in order to select doses for the long aurat1on study 
will oe ranked according to tht ranking decision elements for 
carcinogenicity stuay (elements 7a-c, oelow) followed by 
chronic stuoy (element Sa, below) followeo by carcinogenicity 
(elements 7d-e, beww) followed by chronic (eJ.enients Sb-d, 
oeluw). 
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c) Compounds selected for a suochronic rodent study without any 
"core:" or "current" standard suochronil:: stuay; will be 
priority ranked for performance of a subchronic study in a 
rodent species according to the "R" value obtainea from th8 
available snort-term data from a rodent species. 

d) Compounds selected for a subchronic rodent stuay witn a "core" 
or "current" standara subchronic or long-term study available 
in a non-rodent species and no subchronic rodent data, will 
be priority ranked for performance of a subchronic test in the 
rodent SJ.)ecies according to the "R" value outained from the 
available data from ttie subchronic or chronic non-rodent study. 

e) Compounus selected for a subcr1ronic rodent study with a roaent 
suuchron.1c study that meets "core" quality standards will be 
priority ranKed according to tne "R" value obtained from the 
"core" study. 

Selected for a Suochronic 

a) Compounds with a lowest "effect" level for a short-term 
non-rodent study which is less tnan 2000 times the human 
consuf11Ption and for whicn the non-roaent species has been 
determined to be the most sensitive species will oe ranked 
according to tne "R" value obtained in the short-term 
non-rodent study. 

b) Compounas which have been selected for a longer duration 
feeaing study in a non-rodent species and need subchronic 
study in order to select doses for that longer duration stuay 
will be ranked according to the decision elements for 
non-rodent long-term study (elements 6a-c, oelow). 

c) Compounas selected for a suochronic non-rodent study with 
"core" or "current" standara suocnronic or chronic study in a 
rodent species but without any non-rodent data will be 
priority ranked according to tne "R" value obtained from the 
available rodent aata. 

d) Compounds selected for a subchronic non-rodent study witn a 
non-rodent subchronic study which meet "core" qudlity 
stanaards wiil be priority ranked according to the "k" value 
obtained from the "core" study. 
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5. Ranking Decision Elements for Compounds Selected for a Chronic 
Roaent Study *(in descending order) 

aJ Compounds with the lowest "effect" level from a rodent study, 
which is less than 1000 times the human consumption, will oe 
ranked by the "R" value from that study. 

b) Concern Level III compounds without chronic rodent data or 
long-term non-rodent data will be rankea by the "R" value from 
tne data avaiiable. 

c) Concern Level III compounds with a "core" or "current" 
standard long-term non-rodent study, but without any chronic 
rodent data will b~ ranked by the "R" value from the long-term 
non-rodent study. 

d) Concern Level II compounds whose toxic profile suggests the 
probability of late occurring toxicity will oe ranked by the 
"R" value for the effect which is suggested. 

e) Concern Level III compounds witn "core standard" chronic 
rodent study will be ranKed by the "R" value from that study. 

*This study canoe combined with a carcinogenicity study. 

6. Rankin Decision Elements for Com ounds Selectea for a Lon - term 
Non-rodent Study (in decending order 

7. 

a) Compounds witn the lowest "effect" level. which is less tnan 
1000 times the human consumption from a non-rodent study will 
oe ranked Dy ti1e "R" value from that study. 

D) Concern Level III compounds with a "core" or "current" 
standard rodent study, but without any non-rodent data wi1~ be 
ranked oy the "R" value from tn~ rodent data. 

c) Concern Level. II compounds whose toxlc profile suggests the 
probab1!1ty of late occurrinQ toxicity will De ranked by the 
"R" value for the effect which is suggested. 

d) Concern Level III compounds with a "core standard" non-rodent 
study will be ranked by the "R" value from that data. 

for a Rodent 

Ranking for this study in the first rodent species (usually rat) 
will De as foilows (in aescend1ng order): 

a) Compounds with treatment-related foca~ nyperplasia, 
mecaplasia, or otner proliferative 1esions from any study wili 
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be ranked by the "R" value for the observed effect. Where 
possible, the sµecies selected for this first study should ue 
the same as the species in wnich the proliferative response 
was observed. 

o) Compounds with human consumption greater tnan or equal to 
3 X 10-4 mg/Kg/day,* and with a finding that it has 
significant carcinogenic potential oasea upon an evaluation of 
the results from a battery of appropriate snort-term tests for 
potential carcinogenicity, will oe ranked uy human consumption 
i~ mg/kg b.w./day. 

c) Compounds with treatment-related necrotic or progressive 
irreversible lesions from any stuc.Jy will be ranked oy the "R" 
value for the observed effect. 

d) Concern Level III compounos without a "core standard" study 
will be ranked by the 11R11 value from short-term or suochronic 
studies. 

e) Compounds with less than 3 X 10-4 mg/kg/day* consumption 
and witn a finding that it has significant carcinogenic 
potential oased upon an evaluation of the results from a 
battery of appropriate short-term tests for potential 
carcinogenicity, will be ranked on the basis of human 
consumption. 

f) Any compounds selected for this test witn a carcinogem.city 
study tnat meets the "core" quality standards but does not 
meet the current toxicology testing standards will be repeated 
with a priority ranK based on "R" from the "core quality 
standard" carcinogenicity study. 

* This is an example of a flexible cutoff value, determined oy either 
estimations of potential risk or exposure breaK-points for Levels of 
Cuncern, which may be used to aajust testing priorities (irrespective of 
potency considerations) for extremely low exposure additives, where 
public health concerns would be low. 
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8. Rankin Decision Elements for Com ounds Selected for a Rodent 
Ch rc lnogen i ci t y Study i n a Second Spec1~s are as follows in 
decendi ng order) 

Where possiole, the selection of the secLlnd species and strain 
should be basea on metaoolic or toxicologic consideration. 
Unless metabolic data are available, the mouse is usudlly 
recorMlended as the second species. 

a) Compounds with treatment-related focal hyperplasia, 
metaplasia, or other proliferative lesions from any study will 
be ranked by the "R" value for the observed effect. 

b) Compounds with human consumption greater than or equal to 
0.0125 mg/kg/day*, and with a finding that it has 
significant carcinogenic potential based upon an evaluation of 
the results from a battery of appropriate short-term tests for 
potential carcinogenicity, will be rankea by human consumption 
in mg/kg b.w./aay. 

c) Compounds with treatment-related ni:::crotic or progressive 
irreversible lesions from any study will be ranked by the "R" 
value fo r the ooserved effect. 

d) Concern Level III compounds without a "core standard" stuay 
will be ranKed oy the "R" value from short-term or subchronic 
studies. 

e) CompounQs with less than 0.0125 mg/kg/day* but ~reater than 
3 x 10-4 mg/kg/day* consumption and with a finding tnat it 
has significant carcinogenic potential oased upon an 
evaluation of the results fr~n a oattery of appropriate 
short-term tests for potential carcinogenicity will be ranked 
by human consumption. 

f) Co1npounus selected for this test with a carcinogenicity study 
that meet the "core" quality standards but cJo not meet the 
current toxicology testing guidelines will be repeated with a 
priority rank based on "R" from the "core quality standard" 
carcinogenicity study. 

See previous footnote. 
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9. Ranking Decision Elements for Compounds Selectea for a 
Two-Generation Re reduction Stud with a Teratolo Phase are as 
follows in descending order 

a) Compounds with reproductive or reproductive organ toxicity in 
any stuuy wi.Ll be priority ranked by the "R" value for that 
toxicity. 

b) Concern Level II and III conpounds will oe priority ranKed by 
the 11R11 value from the longest duration study available. 

10. Rankin Decision Elements for Com ounds Selected for a Three 

11. 

Generation Repro uction Study are as follows in descending order) 

Compounus selected for reproduction stuay in at least three 
generations will be ranked by the "R" value for the 
reproductive effect which resulted in the selection of the 
co~pound for this study. 

a Gava e 

a) Compounds selected for a gavage teratology study on the basis 
of data which suggest potentia.L compound-related teratogenic 
effects will oe ranked by the "R" value for tne ooservea 
effee::ts. 

o) Concern Levei III compounds selected for yavage teratology 
study wil.l be ranked by the "R" value for available data (the 
use of an "R" value from a reproduction stuc.Jy is preferred). 

12. Rankin£ Decision Elements for Compounds Selected for Special 
Toxici y studies 

Where several compounds are selected for the same special study, 
the compounds will be ranked by the "R" value for the observeo 
compound-related adverse effect wh1ch lead to the compounds 
selection for special study. 

13. Ranking Decision Elements for Compounds Selected for an In Utero 
l:xposure Pnase 

Tile rank of these compounds snould be that for tne tests 
required; tnose tests should be conducted with an in utero phase. 

14. Ranking Decision Element for Compounds with no Toxicity Oatct 

Althougn compounds with no toxicity data can be selected for 
various toxicity studies on the basis of Concern Level 
ass~grvnent, initially these compounds should be ranked only for 
rodent, snort-term feeding studies ana for short-term tests for 
determining carcinogenicity potent.Lal using "effective exµosure" 
for ranking. For inforindtional purposes tncse compounus Cdll oe 
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listed at the bottom of the priority list for other selected 
tests. As appropriate data become availaole these compounds can 
oe inserted into the proper position on all lists. 

D. Special Decision Elements to Select Compounds for an Irrunediate Review 

A special group of decision elements, which will be used to bring 
compounds with certain effects or "effect" dose levels to attention 
for special interim review, are descrioed below. 

o Compounds with an LD50 value that is less than 100 times the 
expected human consumption in mg/kg b.w./day will oe 
identified for special regulatory attention. 

o Compounds with a lowest 11effect 11 dose from a short-term study 
that is less than 100 times the maximum ~1urnan exposure in 
mg/Kg b.w./day will be identifiea for special regulatory 
attention. 

o Compounds with a lowest "effect" levt:l (from a subchronic 
study) that is less than 100 times the expected human 
consumption in mg/kg b.w./day will be identified for special 
regulatory attention. 

o Compounds with a hignest "no-effect" level which is less than 
100 times tne expected human consumption in mg/kg o.w./day 
will be identified for special regulatory attention. 

o Compounds with a confirmed proliferative lesion will be 
µresented before the Bureau of Foods' Cancer Assessment 
Committee for its evaluation. 

o Compounds whose effects on target organs are to be stuaiea by 
special or non-routine testing methods will be reviewea in 
urder to design an appropriate study. 

E. SulMlary 

The combined application of the Decision Elements (both Selection 
Elements and Ranking Elements) results in the priority matrix. shown 
in Figure 5 of Appendix IV. In this figure, the vertical axi~ 
labeled "Concern" reflects a quantitative evaluation of relative 
degree of health concerns for all additives. Economic ana otner 
considerations canoe conveniently factorea in at this point. To 
accomplish this the columns of Figure 5 are free to 11 slide" 
vertically with respect to one another to respond to the societal 
determination that one type of data development may be of greater 
importance or of greater economic feasioility than another. Tnis 
relative scaling of columns canoe extended to indiviuual ooxes 
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within a column by "detaching" them and displacing them vertically 
fram one another as dictated by societal judgments, and economic 
considerations or other constraints. 

Tne resulting two-dimensional matrix, shown schematically in Figure 
5, is a representation of overall relative priority (based on a more 
quantitative and oroader determination of Degree of Concern) for 
information development on approved suostances. 
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Chemical Structure Category System 

Introduction: 

The purpose of grouping food additives into chemical structure classes is 
to estimate the potential toxicity of the additives on the basis of their 
chemical structures. The structure classes will subsequently be used for 
assignment to Levels of Concern. Additives will be assigned to one of 
three structural classes (A, B, C) based on their structural similarities 
to known toxicants. This assignment initially involves determining the 
chemical structures of the additives' functional groups and comparing 
these structures with substances of known toxicity, 

Determination of Additive Structures; 

The determination of the chemical structures category of an additive 
should include, where possible, identification of the chemical structure 
of the additive and any information about known metabolites; predicted 
metabolites; components of mixtures, such as, fatty acid mixes, 
components of plant extracts, etc.; and contaminants. For contaminants 
or secondary components, the quantity in which they are present or 
predicted should be indicated. Summaries of this information should 
contain structures, literature references for known metabolites or 
contaminants, justifications for prediction of metabolism or 
contamination, and references for contaminant or secondary component 
content. 
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Structure Category Assignment Procedures 

The structure category assignments are formulated using a qualitative 
decision tree, After the functional groups of the additive are 
identified, the decision tree outlined later in this appendix is used to 
assign the additive to a structure class. Additives with functional 
groups of high probable toxicity are assigned to category c. Additives 
of intermediate or unknown probable toxicity are assigned to category B. 
Additives of low probable toxicity are assigned to category A, With 
application of the decision tree below, category assignment will be 
arrived at in a uniform manner, For example, a simple saturated 
hydrocarbon alcohol like pentanol would be recorded as A, 2, The table 
and decision tree will enable most assignments to be made; however, there 
may be cases where the structure is so complex that the decision tree 
cannot be used. Under these circumstances, structure category assignment 
can better be made by a structure verification group which may draw upon 
the complementary expertise of several individuals, If it is known that 
the functional group of an additive is more or less toxic than the 
de c isi~n tree suggests, then the compound should be assigned to a 
different category. If a reassignment is made, the change must be 
justified with referenced literature support. 

Structure Category Assignment Verification: 

To insure consistency, all structure category as~ignments will be 
reviewed by an internal committee on structure-activity relationships. 
The committee will review only the Structure Category Summary Sheet; 
therefore, it is essential that all pertinent information and questivns 
concerning the structure assignment of the additive be included on this 
sheet. Any alterations in category assignment recouunended by the 
verification committee w1ll be discussed with the toxicologist and CSO 
originally suggesting the structure category change, 

Calculation of Adjusted Poundage: 

For the purpose of priority ranking, the actual poundage disappearing 
into the food supply of a food additive may be normalized in order to 
make a direct comparison of structure type A, Band C materials. This is 
accomplished by increasing the poundage of a C class additive by a factor 
of 2 and decreasing the poundage of an A class additive by a factor of 
0.5. For mixtures, the percentage of A, B or C components may be 
adjusted in a similar manner and then summed to give the total adjusted 
poundage. This adjusted poundage is only a relative figure and will be 
used only for priority ranking purposes. 
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Structure Category Assignment 

Decision Tree for Food Additive Structure Category Assignment 

Tables A, B, and C follow 

l, Are 90% (by weight or volume) of the components identitiable tor the 
additive substance(s)? 

If!!£, then assign additive to Structure Category C. 

If Yes, then continue. 

2. If quantification of secondary components or contaminants for an 
additive is~ available, are any of these functional groups 
contained in Table C? 

If Yes, then assign additive to Structure Group C and calculate the 
adj~ed poundage on this basis. 

3, Does 10% (by weight or volu~e) or more of the total additive mixture, 
components, and contaminants contain functional groups Hsted in 
Table C? For example, an additive is a mixture of 3 components x, y, 
& z; 901. is x and it is an A structure, component y is 3% of the 
total mix and 1t is a C structure, and z is a C structured 
contaminant accounting for 7% of the total mix. Therefore 10% of the 
total m1x is C structures and thus the additive is g1ven a C 
assignment; however, the adjusted poundage should be calculated on 
the basis of the percentages of C or A material present, 

If Yes, then assign.additive to Structure Group C. 

If!!£, then continue. 

4. Are any functional groups of known or predicted metabolites of the 
additive contained in Table C? 

If Yes, then assign additive to Structure Group c. 

If No, then continue. 

5, Does 10% or more of the additive mixture (components or contaminants) 
contain functional groups not listed in Table A? 

If Yes, then assign additive to Structure Group B. 

If No, then continue. 
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6. Are any functional groups of known or predicted metabolites of the 
additive not contained in Table A? 

If Yes, then assign additive to Structure Group B. 

If No, then assign additive to Structure Group A. 

7. Is there any evidence of bioaccumulation? 

If Yes, then please describe. 
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Structure Category Assignment 

Sub-structure Tables 

TABLE A 

1. Simple aliphatic, non-cyclic hydrocarbons. 

These compounds should have NO unsaturation, i.e. no aromaticity, no 
double or triple bonds. 

Example~ H3C CH3 

' f CH-CH2-CH2-C-CH 
/ I 3 

H3C CH3 

2. Mono-cyclic hydrocarbons (alicyclic) up to a total carbon number of 
CzO. TI1ese compounds should have NO unsaturation. 

Example: 

J. Fats, fatty acids or their inorganic salts of alkali metals (Na, K) 
and alkaline-earth metals (Ca, Mg). Both saturated and unsaturated, 
non-conjugated compounds. 

Carbon length of C2 to C30. 

4. Simple aliphatic, non-cyclic (saturated) mono-functional alcohols, 
ketones, aldehydes, acids, esters; ethers, mercaptans, and disulfides 
of carbon number greater than or equal to C2 and less than C30. 

These compounds should contain only one functional group and NO 
unsaturation of the carbon chain. 

Example: CH2-CH3 
I 
SH 
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S. Mono-cyclic hydrocarbons with mono-functional alcohol, ketone, 
aldehyde, acid, ester, mercaptan, or disulfide substitution or carbon 
number greater than 6 and less than 20. 

Example: c:::::J 
I 
SH 

6. Normal human biochemical constituents of carbohydrate and lipid 
metabolism excluding perhydrophenanthrenes, cerpenes, and 
elecosadienoates (arachidonic acid percursors and metabolites), 

7. Endogenous inorganic salts of alkali metals (Na, K) and earth 
alkaline-metals (Mg,Ca) 

8. Conjugation reaction products of Table A substances. 

9 . Suga r s, Poly sacc har1c1es, and t h~ir mec:a bo l 1 t es . 

Compounds r~cciving Structure Category A assignments should be 
metabolized only to compounds also listed on Table A, 
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TABLE B 

1. Compounds with functional groups not listed in Table A and Table c. 

Example: Methanol, Methylesters, Formates, quaternary amines. 

2. Non-conjug3ted olefins, excluding unsaturated fatty acids and fats, 

Example: 

C=C 
I 

A. c-c=c-c =B 

B. c-c=c-=! B but = -C 

11 
0 

c. C-C=C=C B but• C 

0 

11 
D, c-c-c-c=c =B 

3. Any multiple functional group containing structure without features 
listed in Table C, 

4. Inorganic salts of Fe, Cu, Mn, Zn, and Sn, 

5, Amino acids, unless containing other functional groups listed in 
Table C, 

6. Benzoic Acid and esters, unless substituted with functional groups 
listed in Table C. 

7. Polypeptides and Proteins, 

8. Any compound ot mixture of undetermined composition, so long as none 
of the identified portions contain a Table C entry. At least 90% of 
any mixture (by weight or volume) should be identified, or else a B 
is assigned, 
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TABLE C 

R = C or H 

l. Structure not covered by Table C but of high probable toxicity. 

2, The structure contains: an organic halogen (C-X), n·ot salts. 

X = F, Cl, Br, or I 

Example: CH3I = C; CHI salts = c 

3. Three-membered heterocyclic ring system. 

Example: 

Epoxides -c-c-
\I 
0 

aziridines -c-c-
\ I 

,.. 
'-, 

N 

4. a .p- unsturated lac tones 

Example: 0 

// 
c-c 
11 I 
C O 

\ I 
(C)x 

5, 4-membered lactone 

n=O 
/ 0 



6. 

7. 

9 

( a, [1) unsaturated carbonyl function groups (aldehydes, ketones, 
carb~ylic acids, esters), excluding benzoic acid or benzoic ester 
derivatives. 

Conjugated alkenes/double bonds and aromatic groups, excluding 
benzoic acid or benzoic ester derivatives, 

Example; 

C-C=C-C=C 

•.: 

9, 1,4-Dioxane nucleus (six membered cyclic diether) 

10. Amides and !mines 
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11. Amines~ including primary, secondary and tertiary amines, aromatic 
amines and heteroaromatic amines, excluding amino acids, 

but not R4N+ Quaternary amines 

12, Nitro groups 

13. N-nitroso groups and C-nitroso groups 

R-N-NO 

14, Nitrilo groups 

R-CN 

15, Diazo-groups and azo-groups 

R-N=N 

16. Azoxy groups 

-N=N-

1 
0 
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17. Azide groups 

R-N=N=N 

18. Hydrazine groups 

R-N-N-R 

I I 
H H 

19. Carbamates, thiocarbamides or dithio derivatives 

R-NH-C-0-R R-NH-C-S-R 

11 
0 

20. Urea groups 

R2N-~-NR2 

21. Guanidine groups 

R-HN-C-NH-R 

11 
NH 

22. Anthraquinone groups 

23. Purine groups~ 

24. Pyrimidine groups ~ 

11 
s 



25. Pyrrole groups 

26, Pyrazole groups 

27, Carbazole groups 

28, Indole groups 

~ 
I 
H 

H 
I 

12 
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29. Imidazole groups 

~ 
I 
H 

30. Pyrrolidine groups 

Q 
I 
~ 

32. Benzylic alcohols, acids, aldehydes and esters 

33. "Salfrole-like" structures 

R1 is Hor C 

IJ..-o I P.,_; P<, 

R2 is C or C=C 

34. Polynuclear aromatics (fused) 

= Table C-34 f Table C-34, but= Table C-7 
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35. Furan groups 

0 

36. Thiazole groups 

37, Oxazole groups 

38, Other heterocyclic functional groups • 

.'.+O. Isocyanate groups 

R-N=C-0 

41. Isothiocyanate groups 

R-N=C=S 
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42. Thioamide groups 

R-C-NH R 

I J s 

44. Th iourea groups 

R2 
I I 

R3 

R-N-C-N-R4 

I/ s 

45. Th ioe th er groups 

R-S;..R 

46. Sulfamate groups 

R-NH-503 

47. Organic Sulfate groups 

R-C-O-S0-,-0-R 

48. Organic sulfonates 

R-C-S02-0-R 

49. Phosphoramide groups 

RN 
........... 

RN P = 0 

/ 
RN 

SO. Phosphoric ester groups · 

RO 
......... 

RO P = 0 

/ 
RO 

51. Inorganic Salts not covered by Table A or B 

52, Organo-metallics· other than those mentioned 1n Table A or B 
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Structure Category Summary Sheet 

Additive (or mixture components) Structure(s): 

Metabolites: 

References: 

Contaminants: 

References 
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Example Structure Category Summ~heet 
(page 2) 

Substance Name: 

Quantitative Estimates: 

Additive= 100% 

Parent Additive Substance 

Components 

Contaminants 

References; 

Structure Category Assignment: 

Comments: 

Secondary Reviewer 
~~~~~~~~~~~~~~~-

date 

date 

date 
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Guideline for Acute Oral LDso Toxicity Studies 

Introduction 

This guideline is designed for use in acute ingestion tests using 
rodents, but is adaptable ti\> other species. 

Aithough several accepted methods for determining LD50 values have been 
developed, many important determinants of toxicity are not represented 
either by these values or slopes of dose-response curves for lethality. 
These determinants are integral to an evaluation of acute toxicity and 
should be observed during tne course of an acute toxicity study. Site 
and mechanism of action, early or delayed death, and recovery rate may be 
better indices of toxicity and hazard than LD50 values~~· 
Morbidity and or patnogenesis may have more toxicological significance 
than mortality. 

The laboratory animals often used for acute toxicity testing are rodents 
(rat, guinea pig, mouse, gerbil), lagomorphs (rabbit), carnivors (dog, 
c~t), and subhuman primates. Testing may be done in two or more oi these 
s pe_c ie s to asce r ta i n qual i t a t iYe ancl qu.a nt_ic__ative _dJ • ..ff..ere nc es _;. n 
response. Similar toxicity in more than one species may increase the 
predictability of toxicity in man. 

For acute oral tests in non-rodents, LD50 values need not be obtained. 
Evidence of acute toxicity may be developed in range-finding studies 
using relatively fewer animals than 1.n a typical acute toxicity study 
us1.ng rodent. 

Tnis guideline is limited co acute ingestion tests using the rat and the 
mouse. 

I. General Considerations 

A. Good Laboratory Practices 

Studies should be conducted according to good laboratory practice 
regulations (e.g., "Nonclinical Laboratory Studies, Good 
Laboratory Practice Regulat1.0ns," 43 FR 51:1986, 22 December 1978). 
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8, Test Substance 

l. The specific substance or mixture of substances to be testea 
should be determined in consultation with the agency. As far 
as is practical, composition of the test suostance should be 
known. Information should include the name and quantities of 
all maJor components, known contaminants and impurities, and 
the percentage of unidentifiable materials to account for the 
entire test substance. 

2. Ideally, the lot of the substance tested should be the same 
throughout the study. The test sample should be stored under 
conditions chat maintain its stability, strength, quality, 
and purity from the date of its production uncii the tests 
are complete. 

C. Animals 

1. Recouunendations contained in DHEW pub. no, (NIH) 74-23, 
entitled 11 Guide for the Care and Use of Laboratory Animals, 11 

should be followed for the care, maintenance, and nousing of 
animals. 

2. ___ Heal th_y_ a..nimals_, __ noJ:_s_ub_j_ec ted_ to_ any _pre_vious_ expe.r_imentaL 
procedures, must be used. 

3. The test animal shall be characterized as to species, strain, 
sex, weight a~d/or age. Each animal must be assigned an 
appropriat~ identification number. 

4. Animals may be group-caged for this test unless a specific 
test guideline or the pharmacological action of the test 
substance dictates otherwise, but the number of animals per 
cage should . not prevent continued and clear observation of 
each animal. When signs of morbidity or excitability are 
observed in group-caged animals during the test, such animals 
should be moved to separate cages. 

5, Animals should be assignea to groups in a random manner so as 
to minimize bias and to assure comparability of pertinent 
variables for statistical purposes, 

D. Dead Animals , Necropsy, and Histopathology 

Animals should be observed as necessary to insure that there is 
minimal loss due to cannibalism or similar management problems. 
Where possiole, necropsy should be performed soon after an animal 
is sacrificed or found dead to minimize loss of tissues due to 
autolysis. When necropsy cannot be performed immediately, the 
animal must be refrigerated at temperatures low enough to 
r.n::1.1m1ze autolysis and not cause freezer burn. If 
nistop4tnolo6 ical examination is to be conducc~d, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal. 
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II, Specific Considerations 

A, Test Preparation 

l, Animals: Laboratory strains of young, adult rats (125-250 g 
each) and/or mice (20-30 g each) should be used. The weight 
variation in tne animals used in a test should not exceed+ 
20 percent of the new weight. When attempting to estimat~­
hazards to young humans, additional studies designed co 
consider to developmental stage of the test animal in 
relation to anticipated human exposure should be performed. 

2, Fasting: Prior to administration of the test substance, iooa 
should be withheld from rats overnight; for other rodents 
with higher metabolic rates, a shorter period of fasting is 
appropriate (for mice 2 to 4 hours) 

3. Limit test: A trial test is recommended to establish the 
need for further testing. If 5 g/kg administered orally to 5 
animals of each sex produces no mortality and the expected 
LD50 is greater than 5 g/kg, no further testing is 
necessary, 

4. Number and sex: At least 10 animals, 5 per sex, should be 
used at each dose level. Nonpregnanc, nulliparous females 
should be used. 

S. Dose levels: Ac least three and preferably four dose levels 
should be used to produce toxic effects and mortality rates 
with a range from 10 to 90% and brack~ting the expected 
LD50· The data should be sufticient to produce a dose 
response curve and permit an acceptable determination of the 
LD50· 

6. Controls: Controls are generally not required, since dose 
response during an LD50 may serve as an internal control. 
If a vehicle or solvent of uncharacterized toxic potential is 
used, an acute oral toxicity test should De done using the 
solvent. 

B. Test Procedure 

l, Route of administration: Ideally, the dose snould be 
administered in a single dose oy gavage or capsule. Because 
of the physical/chemical nature of the test substance, doses 
may be administered in a suspension or capsules in divided 
doses over a period of 24 hours. 

2, Dosage: The dose is administer~d via soft rubber or 
polyethylene catheter or a ball-tip needle, The maximum 
volume of aqueous solutions chat can be given in one dose 
deperids on the rodent's size and should not exceed 2 ml/lOOg 
body weight, For non-aqueous liquids and suspensions the 
volume should not exceed l ml/lOO gm. When posstole, 
variability in test volume should be minim1zea, with 
concentrations being adjusted accordiogly. 
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3, Observation period; The observation period should be at 
least 14 days. Although a 14-day observation perioa is 
sufficient for most compounds, animals demonstrating visible 
signs of toxicity after 14 days may be held longer, 

4, Clinical observations; The animals should be carefully 
observed frequently during the first day and twice a day 
thereafter at least 4 hours apart (once each morning and late 
afternoon), All toxicological and pharmacological signs 
should be recorded including time of onset, intensity, and 
duration, The time of death should also be noted. 
Individual records should be maintained for each animal. 

5, Weight change; Animals must be weighed inciividually on the 
day the test substance is administered, weekly thereafter, 
and prior to sacrifice. 

6. Necropsy; A complete gross necropsy should be performed on 
all animals that die during the course of the test, ~~ere 
significant signs of toxicity are observed consideration 
should be given to gross necropsy of the animals sacrificed 
at termination of the test. If the substance will not be 

~ SU-b~-e-G-t-e-d- -~o-ad-d-i--t-i-on-a-1 -ac ut-e- or-.m:;rttrpleao Se testing tna t -
incLides gross necropsy, or if the results of this test are 
to be used for labeling purposes, complete gross necropsy 
should be performed on the remaining animals at termination 
of the test. Microscopic examination of gross lesions should 
be considered, 

III. Data Reporting 

A. Identification 

Each test repor~ should be signed by the persons responsible for 
the test and identify: 

1. Tne laboratory where the test was performed by name and 
address; 

2. The inclusive dates of the test; and 

3. Each person primarily respons1bl~ for separate components of 
the test includin~ (a) the conduct of the test, (b) 
pathology, tc) analysis of the data, {d) the writing of the 
report, and te) any written or other matter contained in the 
report. 
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B, Body of Report 

The test report must include all information necessary to provide 
a complete and accurate description and evaluation of tne test 
procedures and results in the following sections: 

l. SullUllary and conclusions. This section ot the test report 
should contain a brief description of the methods, a summary 
of the data, an analysis of the data, and a statement of the 
conclusions drawn. The sununary must highli.!;:;ht all positive 
data or observations and any deviations from control data 
which may be indicative of toxic effects, 

2. Materials. This section of the test report should include, 
but not be limited to, the following information: 

(a) Identification ot the test substance, so far as 
,v practical, including: 

i, chemical name, molecular structure, and a qualitative and 
quantitative determination of its chemical composition, 
including names and quantities of known contaminants and 
impurities and listing the percentage of unidentifiaole 
materials to account for the entire test sample; 

ii .- manufactut'er and lo t. numbe-r- o t the substance test ed, and 
such information as physical state, pH, stability, and 
purity; and 

iii, specific identification oi diluents, suspending agents, 
emulsifiers, or other materials used in administering the 
test substance, 

(b) Animal data, including: 

i. species · and strain used and rationale for selection of 
che strain if other than a common laboratory strain; 

ii. source of supply ot the animals; 

iii, description of any pre-test conditioning, including 
quarantine procedures, etc.; 

iv. description of the method used in randomization of 
animals to test or control groups; ana 

v. numbers, age and condition of animals of each sex in each 
test and control group, 

(c) Data on husbandry should include description of the 
caging condition including number of animals per cage, 
diet, bedding material, ambient temperature, humidity, 
and lighting conditions. 
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3, Methods 

(a) Deviation from guidelines; 
all ways in which the test 
guidelines and shall state 
deviation. 

This section shall indicate 
procedure deviates from these 
the rationale for such 

(b) Specification of test methods: This section shall 
include a full description of the experimental design and 
procedure, the length of che study, and the dates ou 
which the study began and ended. 

(c) Statistical analysis. All statistical methods used 
should be fully described or identified by reference. 

(d) Data on dosage administration, including. 

i. all dose levels administered, expressed as mg/kg of body 
weight; 

ii, method, frequencyJ duration, ana time of day; and 

iii, total volume of substance (i.e., test substance plus 
vehicle) contained in individual_ dosages._ 

(e) Data on observation methods, including: 

i. duration and 

ii. ruethod and frequency of observation of the animals, 

4. Results 

The tabulation of data and individual results must accompany each 
report in sufficient detail to permit independent evaluation of 
results. 

(a) Tabulation of the response data (i.e., number of animals 
dying, number of animals showing signs of toxicity, and 
number of animals exposed) at each exposure level by s~x, 
and time of aeath after dosing; 

(b) LD5o values for each test substance calculated at tne 
end of the observation period, with method of calculation 
specified; 

(c) 95% confidence interval for the LD50 values; 

(d) Slope and significance of the dose-mortality curve for 
each substance tested; and 

(e) Findings from all clinical observations, necropsy, and 
hlstopathological examinations. 

·. 
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5. Reterences 

This section of the test report shall include the following 
informat1.on: 

(a) Availability of original data, specimens, and samples of 
the test substance. The location of all original data, 
specimens, and samples of the test substances which are 
retained in accordance with the test1.ng requirement. 

(b) L1.terature or references, including, where appropriate, 
those references for (1) test procedures, (2) statist1.cal and 
other methods used to analyze the data, (3) compilation and 
evaluation of results, and (4) the basis upon which 
conclusions were reached. 

IV. Suggested Reading 

L Balau, T. 1970. Measurement of Acute Toxicity. In: "Methods in 
Toxicology." G. E. Paget, ed., F. A. Davis Co., Philadelphia, Pa. 

2. Hagan, E. C. 1959. Acute Toxicity. In: "Appraisal of the Safety 
of Chemicals in Foods, Drugs and Cosmeeics." Association of Food 
_a~d llr.ug Officials of the United States. 

3. Bliss, c. I. 1938. The determination of the dosage mortality 
curve from small numbers. Quarterly Journal Pharm. Pharmacol. 
ll: 192-216. 

4. Litchfield, J. T., Jr. and F. Wilcoxon. 1949. 
method of evaluating dose-effect experiments. 
Therap. ~:99-115. 

A simplified 
J. Pharmacol. Exp. 

5. Thompson, W. R. · 1947., Using of moving averages and interpolac1on 
to estimate median effective dose. Bacteriological Rev. 
11: 115-145. 
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GUIDELINES FOR A SHORT-TERM CONTINUOU~ EXPOSURE 
ORAL TOXICITY STUDY 

Snore-term, continuous exposure studies of one month or less are conJucted 
to determine the target organs for toxicity after repeated dosing. This 
study also s~rv~s as a range finder to predict the doses which will not 
cause lethality or undue toxicity after months or years of administration 
in subchronic studies. Utilization of this information allows future 
subchronic and chronic studies to be designed with realistic doses and 
special emphasis on the target organs. 

This guideline is for the use primarily for the rat and dog although 
other species could be used with protocol modifications. 
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I. General Consiaerations 

A. Good Laboratory Practices 

Studies should be conducted according to good laboratory practice 
regulations (e.g., "Nonclinical Laboratory Studies, Good 
Laboratory Practice Regulations," 43 FR 59986 1 22 Decemoer 197b), 

B, Test Substance 

l. The specific substance or mixture of substances to be tested 
should be determined in consultation with the a 6ency. As far 
as is practical, composition of the test substance should be 
known. Information should include the name and quantities of 
all maJor components, known contaminants and impurities, and 
the percentage of unidentifiable materials to account for the 
entire test substance. 

2, Ideally, the lot of the substance tested should be the same 
throughout the study. The test sample should be stored under 
conditions that maintain its stability, strength, quality, 
and purity from the date of its production until the tests 
are complete. 

C, Animals 

l, Recommendations contained in DH.EW ~ub. no. (NIH) 74-23, 
entitled "Guide for the Care and Use of Laboratory Animals," 
should be followed for the care, maintenance, and housing of 
animals. 

2. Healthy animals, not subjected to any previous experimental 
procedures, must be used. 

3. The test animal shall be characterized as to species, strain, 
sex, weight and/or age. Each animal must be assigned an 
appropriate identification number, 

4. Animals may be group-caged tor this test unless a specific 
test guideline or the pharmacological action ot the test 
substance dictates otherwise, but the number of animals per 
cage should not prevent continued and clear observation of 
each animal, When signs of morbidity or excitability are 
observed in group-caged animals during the test, such animals 
should be moved to separate cages. 

5, Animals should be assigned to groups in a random manner so as 
to minimize bias and co assure comparability of pertinent 
variables for statistical purposes. 
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D. Dead Animals, Necropsy, and Histopathology 

Animals should be observed as necessary to insure that there is 
minimal loss due to cannibalism or similar management problems. 
Where possible, necropsy should be performed soon atter an animal 
is sacrificed or found dead to minimize loss of tissues due co 
autolysis. When necropsy cannot be pertormed immediately, the 
animal must be refrigerated at temperatures low enough to 
minimize autoiys1s and not cause fre~zer burn. If 
histopathological examination is to be conducted, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal. 

E. Diet 

The animal's diet should meet all of tne nutritional requirements 
of the test species. Special attention should be paid to the 
diet composition when the test material itself is a nutrient, 
because such material may have to be incorporated into the diet 
at levels which may interfere with normal nutrition, Under these 
circumstances an additional control group fed basal diet may be 
necessary. 

II, Specific Consiaerations 

A, Test Preparation 

1, Duration of testing: For this study, animals should be 
~xposed to the test suostance 7 days per week tor 4 
consecutive weeks, 

2, Species and age: Te~ting should be routinely performed on 
young laboratory rats. Dosing of rats shall begin as soon as 
possible after weaning and acclimation and in any case betore 
the animals are 6 weeks old, If dogs are used, treatment 
should normally begin at 4 to 6 months of age. 

3, Number and sex: Equal numbers of males and females of each 
species and strain should be used for the test. For studies 
of up to 30 days in rats, each test group and concurrent 
control group shall consist ot at least 10 animals per sex 
per group. In dogs, at least 4 per sex per Kroup should be 
started on test. 
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4, Number of exposures and concentration level selection 

(a) Control group(s). A concurrent control group is 
required. When a carrier vehicle is used it should be added 
to the diet at a concentration similar to the maximum given 
in any dosage group, If there are insufficient data on the 
toxic properties of the vehicle used in administering the 
test substance, an additional control group exposed only to 
the diet should be included. In all other respects, the 
control group shall be handled and maintained in a manner 
identical to that used with the test groups, Excessive 
mortality due to poor management is unacceptable and may be 
cause to repeat the study. For example, under normal 
circumstances, mortality in the control group would not be 
expected to exceed 10%, If more than 5% of the diet is being 
replaced, a control diet of equivalent nutritional value 
should be provided, 

(b) Dose Group(s): Ideally, four or five but at least three 
dose levels, in addition to the control(s), should be used, 
The highest treatment level should result in toxicological 
changes unless prohibited by exaggerated pharmacological 
effects or physical-chemical characteristics of the test 
substance that prevent the use of higher dose levels (i, e., 
sedati:on with phenothiazi:-ne·s-), -The 1-owest dosage 1-evel -­
should be one which does not induce any evidence of 
toxicity. The middle dose level should be sufficiently high 
to elicit minimal toxic effects. When possible, dose levels 
should be expressed in a manner to show relevance to 
contemplated or anticipated human exposures, Administration 
of test substance ~o animals at all dose levels must be done 
concurrently, 

B, Test Procedure 

1, Route of administration. The test substance may be 
administered to the animals in the diet, by stomach tube, in 
capsules, or in drinking water provided that all animals are 
treated by the same method. When administered by gavage or 
in capsules, the doses should be adjusted weekly for changes 
in body weight. When administered in the diet, the doses may 
be calculated on the basis of mg of test substance/kg of 
food. When the test substance is in water, the dose should 
be calculated as mg/ml. 

2. Observations of animals: All toxicological and 
pharmacological signs shall be recorded daily, including time 
of onset, intensity, and duration. Estimates shall be made 
of food consumption (or water consumption when the test 
substance is administered in the water) every week during the 
test, and the animals shall be weighed at least weekly. 
Sufficient surveillance of animals shall be made to insure 
that not more than 10% of the anim«ls arc lost from the test 
due to cannibalism, misplacement, or similar management 
problems, 
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3. Clinical testing: The following determinations should be 
made at the times indicated below for each type of testing. 
For rats, these determinations shall be made on at least 5 
animals of each sex in each group. For dogs, the 
measurements should be made on all animals in the study. 

(a) Ophthalmological examination. An ophthalmological 
examination using an ophthalmoscope or equivalent should be 
made on all-high dose and control animals at lease twice 
during the course of the study. Once prior co administration 
of the test substance, and at termination of the study. If 
changes in the eyes are detected, examinations should be 
conducted on all remaining animals, 

(b) Hematology: The following determinations should be made 
at the end of the testing period: hematocrit, hemoglobin, 
erythrocyte count, total and differential leukocyte and a 
measure of clotting potential such as clotting time, 
prothrombin time, thromboplastin time, or platelet count. 

(c) Clinical chemistry: Clinical biochemistry 
determinations on blood should be carried out at the end of 
the test period. Test areas which are considered appropriate 
to all studies are electrolyte balance, carbohydrate 
metabolism, liver and kidney function. The selection of 
specific tests will be influencea by observations on the mode 
of act~ on o f the s ubstance . - --S~ggesced detenn~na tions a r e: 
calcium, phosphorus, chloride, sodium, potassium, fasting 
glucose (with period of fasting appropriate to the species), 
serum alanine aminotransferase, serum aspartate 
aminotransferase, ornithine decarboxylase, gamma glutamyl 
transpept1dase, urea nitrogen, albumin, creatinine, total 
bilirubin and total serum protein measurements. Other 
determinations which may be necessary fo~ an adequate 
toxicological evaluation include analyses of lipids, 
hormones, acid/base balance, methemoglobin, cholinesterase 
act1v1ty. Additional clinical biochemistry may be employed 
where necessary to extend the investigation of observed 
effects. 

(d) Urinalyses are considered to be of limited value for 
most routine short-term toxicological studies. 

4. Gross Necropsy 

(a) Gross necropsy shall be performed by or under tne 
supervison of a qualified pathologist, preferably the 
pathologist who performs the histopathological examination. 
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(b) All test animals must be subjected to a complete gross 
necropsy. 

(c) In addition, organs which should be weighed include the 
liver, kidneys, testes and adrenals. Prior to being weighed, 
organs should be carefully dissected and properly trimmed to 
remove fat and other contiguous tissue in a uniform manner. 
They should be weighed as soon as possible after dissection 
to minimize the effects of drying on weight. 

(d) Preparation of tissues: Tissues listed below should be 
fixed in 10% buffered formalin or any other generally 
recognized fixative, and stained with hematoxylin and eosin, 
or other appropriate stain for preparation of microscopic 
slides. 

S. Histopathological Examination 

For non-Rodents: The following organs and tissues, when 
present, of all animals should be subjected to microscopic 
study: All gross lesions, heart, lungs with mainstem 
bronchi, pancreas, liver, kidneys, testes, ovaries, and 
spleen. 

-Foi" Rodents: - ~A1T -gross- lesTons. - -In a-d-di t ion, for animals in 
the control and high-dose level: heart, lung with mainstem 
bronchi, thyroid and parathyroid, stomach, small and large 
intestine, uterus, brain, lymph node, adrenals, pancreas, 
liver, kidneys, testes, ovaries, spleen, and bone marrow. If 
changes or equivocal results are seen in any of these 
tissues, then tissues affected should be examined in other 
dose levels. 

III, Data Reporting 

A, Identification 

Each test report must be signed by the person responsible for the 
test and identify; 

l. The laboratory where the test was performed by name and 
address; 

2. The inclusive dates of the test; and 

3. Each person primarily responsible for separate components 
the test and the component for which the person is 
responsible including (a) the conduct of the test, (b) 
analysis of the data, (c) the writing of the report, and 
any written or other matter contained in the report. 

of 

(d) 
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B. Body of Reporc 

The test reporc muse include all informacion necessary co provide 
a complete and accurace descripcion and evaluacion of Che tesc 
procedures and resulcs. Each report must include the following 
sections: 

1, Summary and Conclusions: This section of the test report 
should contain a tabular summary of the data, an analysis of 
the data, and a stacement of the conclusions drawn from the 
analysis. The su~oary must highlight all positive data or 
observations •nd any deviations from concrol data which may 
be indicative of toxic effects. 

2, Materials: This section of the test report shall incluae, 
but not be limited to, the following information: 

(a) Identification of the test substance so far as 
practical I including: 

i. chemical name, molecular structure, and a qualitative and 
quantitative determination of its chemical composition, 
including names and quantities of known contami nants and 
impurit i es, so far as is practical; the determinat i ons 
shall also include a listing of materials as unknowns, if 
any, so that the entire test sample is accounted for; 

ii, manufacturer and lot number of the substance tested L and 
s__u_c_h inf0-ma-tien---as- physical state, pH, stability, and 
purity; and 

iii. exact identification of diluents, suspending agents, 
emulsifiers, or other materials used in administering the 
test substance. 

(b) Animal data, including; 

i. species and strain used and rationale for selection ot 
the strain if other than a common laboratory strain; 

ii. source of supply of the animals; 

iii. description of any pre-test conditioning, including 
quarantine procedures etc.; 

iv. description of the method used in randomization of 
animals to test or control groups; and 

v. numbers, age, and condition of animals of each sex in 
each test and control group. 

(c) Data on husbandry should include description of the 
caging conditions (including number of animals per ca6e), 
aiet, beddin~ material, ambient temperature, light cycle 
and humidity. 
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3. Methods 

(a) Deviation from guidelines: 
all ways in which the test 
guidelines and shall state 
deviation. 

This section shall indicate 
procedure deviates from these 
the rationale for such 

(b) Specification of test methods: This section shall 
include a full description of the experimentai design and 
procedure, the length of the study, and the dates on 
which the study began and ended. 

(c) Statistical analysis: All statistical methods used 
should be fully described or identified by reference, 

(d) Data on dosage administration, including: 

1. all dose levels administered, expressed as mg/kg of body 
weight; when administered in the diet, the ppm of the 
test substance in the diet should be reported; 

ii. method and frequency of administration; and 

i11. total volume of substance (i.e., test substance plus 
v~hicle) C~llt_ai_ne_d in iQ.di._vidu~i _dQ$'9,geit, 

(e) Data on observation methods, including: 

i. duration; and 

ii. method and frequency of observation of the animals. 

4, Results 

The tabulation of data and individual results muse accompany 
each report in sufficient detail to pennit independent 
evaluation of results, including summaries and tables that 
show, as appropriate, the relationship of effects to time of 
dosing, sex, etc. 

(a) Data presented for each animal should include 
hematology, clinical chemistry, and other tests performed, a 
description of all toxicological or pharmacoiogical effects 
and abnormalities, accompanied by the animal's identification 
number, test group (dose level and sex), and days of study 
when the signs appeared and disappeared. An attempt should 
be made to correlate effects observed during the study with 
post mortem findings. The time of death for animals which 
die while on test should be reported. When numerical 
averages are presented, they should be accompanied by an 
appropriate measure of variability, such as the standard 
error. All animals placed on study must be accounted for. 
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(b) Findings from all clinical observations, necropsy, and 
histopatholobical examinations. 

(c) Evaluation ot data: An evaluation of test results, 
including their statistical analysis, should be made and 
supplied, based on the clinical findings, the gross necropsy 
findings, and the histopathological results. Tnis should 
include an evaluation of the relationship, or lack thereof, 
between the animal's exposure to the test substance and the 
incidence and severity of all abnormalities; such 
abnormalities, include behavioral and clinical abnormalities, 
tumors and other lesions, organ weight effects, effects on 
mortality, and any other general or specific toxic effects. 

5. References 

This section of the test report shall include the following 
information: 

(a) Availability of original data, specimens and samples of 
the test substance. The location of all original data, 
specimens, and samples of the test substances which are 
retained in accordance with the testing requirement. 

(b) Literature or references, including, where appropriate, 
those references for (1) test procedures, (2) statistical and 
other metnods used lo analyze the data, (3) compilation and 
evaluation of results, and (4) the basis upon which 
conclusions were reached. 

IV. Suggested Reading 

1. Brodie, B. B. 1964. Of Mice, Microsomes, and Man. The 
Pharmacologist 6:12-26. 

2, Comraittee for the Revision of NAS publication 1138, Committee on 
Tox., Nat'l. Res·. Counc., Nat'l. Acad. Sci. 1977. Principles and 
Procedures for Evaluating the Toxicity of Housenold Substances. 
pp. l-22, 74-85, and 130, Prepared f or the Consumer Proa. Sa f ety 
Comm. Nat'l. Acad. Sci.; Washington, D. C. 

3. Cornfield, J. 1954. Measurement and Comparison oi Toxicities; 
The quantal response. In Statistics and Mathematics in Biology 
pp 327-334. Ed. by O. Kempthorne, T, A, Barieroft, J.W. Gowen, 
and J.L. Lush. Iowa State College Press: Ames. 

4. FAO/WHO Expert 
the tes£ing of 
safety for use, 
11-17. 

Committee on Food Additives. 1958. Procedures 
intentional food additives to establish their 

Wld. Hlth, Org. Tech, Rep. Ser, No, 114, pp. 

for 
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5, FAO/WHO Expert Coaunittee on Food Additives. 
evaluation of certain food additives with a 
principles and specifications. Wld. Hlth, 
No, 539, pp, 30-34, 

1974, Toxicological 
review of general 

Org. Tech. Rep. Ser. 

6. Fitzhugh, O. G, 1949, Procedures for the appraisal of the 
toxicity of chemicals in foods - subacute and chronic toxicity. 
Food, Drug, and Cosmetic Law Quarterly, pp, 421-425, 

7, Food Protection Committee, National Research Council, 1959, 
Principles and procedures for evaluating the safety of food 
additives. NAS-NRC Publ. No. 750, pp. 1-7, 

8. Food Protection Committee, National Research Council, 1967, 
Proceedings of a conference on use of human subjects in safety 
evaluation of food chemicals - limitations of animal data for 
predicting safety for man. NAS-NRC Publ. No, 1491, pp, 43-49, 

9, Food Protection Committee (Subcommittee on Toxicology), National 
Research Council. 1970, Evaluating the safety of food 
chemicals, NAS-NRC Publ., pp, 1-55, 

10, Laug, E, P, 1~59, Appraisal of the safety ot chemicals in food, 
drugs, and cosmetics - biochemistry. Assoc, of Food and Drug 

- 0 f f i c· i a l s - o f -c n-e- U • --s----. , -Au·s-t--i-n ,--Tex-as--. - -p p -. --6-8--1-4-, - -

11. Smyth, 
1952. 
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H,F,, Jr,, C,S. Weil, E,M, Adams & R,L, Hollingsworth, 
Efficiency of Criteria of stress in toxicological tests. 
Arch, Occup, Med, 6;32-36, 

12, Weil, c.s. 1962. Applications ot methods of statistical 
analysis to efficient repeated-dose toxicological test. l, 
General Considerations and problems involved. Sex differences in 
rat liver and kidney weights. Toxicol. Appl. Pharmacol 
4; 5ol-5 71. 

13, Weil, C,S, 1970. Significance of organ-weight changes in food 
safety evaluation. In Metabolic Aspects of Food Safety, pp, 
419-454, Frances, J:C. Roe, editor. Blackwell Scientific 
Publications; Oxford and Edinburgh. 

14, Weil,C.S. 1973. Experimental design and interpretation of data 
from prolonged toxicity studies. Pharmacol, and the Future of 
Man. Proc. Sth Inter, Congr. Pharmacol. 2;2-12. 

15, Weil, C,S,, and C,P, Carpenter. 1969, Abnormal values in 
control groups during repeated-dose toxicological studies, 
Toxico l. Appl. Pharma col. 14; 335-339. 

16. Weil, c.s., and D,D, McCollister. 
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toxic1ty test, J, Agr. Food Chem, 
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GUIDELINE FOR SUBCHRONIC ORAL TOXICITY STUDIES 

Introduction 

Subchronic studies are designed co determine adverse effects of 
substances when given in regularly repeated doses over periods ranging 
from 90 days to 12 months. The intent is to c~aracterize the toxicity of 
the substance and to define a !eve~ that produces Uno observed adverse 
effects". Such a study usually cannot however, determine carcinogenic 
potential. 

Tne testing procedures recommended in the guideline include a broaa 
screen of measurements which should detect the most likely forms of 
toxicity which can occur, This guideline is for use with rodents and 
dogs; 1f ocher species are used, some modification of the guideline may 
be required. 

j ' 
·., 
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I. General Considerations 

A. Good Laboratory Practices 

Studies snould be conducted accordin~ to good laboratory practice 
regulations (~.g., "Nonclinical Laboratory Studies, Good 
Laboratory Practice Regulations," 43 FR 59986 1 2:l. Decel.iloer 1978). 

li. Test Substance 

l , The specific subs~ance or mixture ot substances co be tested 
should be determinea in consultation with the agency. As far 
as is practical, composition of the test substance shoula be 
known. lntonnation should include the name and quantities of 
all major components, Known contaminants and impurities, and 
the percentage of unidentifiable materials to account for the 
entire test substance. 

2. Ideally, the lot of the substance tested should be the same 
througnouc the study. The test sampie should be stored under 
conditions that maintain its stability, strength, quality, 
ana purity from the date of its production until the tests 
are complete. 

c. Animals 

1. Recommeuaations contained in DHEW pub. no. \.NIH.) 74-23, 
entitled "Guide for the Care and Use of Laboratory Animals," 
slwuld be fol lowed for tne care, maintenance I and housing of 
animals. 

2. Healthy animals, not subjected co any previous experimental 
procedures, must be used. 

3. The test animal shall be characterized as to species, strain, 
sex, weight and/or age. Each animal must be assigned an 
appropriate identification number. 

4, Animals may be group-caged for chis test unless a specific 
test guideline or the pnarmacological action of the test 
substance aictates otherwise, but the number of animals per 
cage should not prevent continued and clear observation of 
each animal. Wnen signs of morbidity or excitability are 
observed 1n group-caged animals during the test, such animals 
should be moved to separate cages. 

5. Animals should be assigned co 6 roups LO a random wanner so as 
to minimize bias and co assur~ comparabLlicy ot pertinent 
variables for statistical purposes. 
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O. Dead Animals, Necropsy, and Histopathology 

E. Diet 

Animals should be observed as necessary to insure that there is 
minimal loss due to cannibalism or similar management µroblems. 
Where possible, necropsy should be performed soon after an 
animal is sacrificed or found dead to minimize loss ot tissues 
due to autolysis. When necropsy cannot be performed 
i1IUUediately, the animal must be refrigerated at temperatures low 
enough to minimize autolysis and not cause freezer burn, If 
histopathological examination is to be conaucted, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal. 

The animal's diet should meet all of the nutritional requirements of 
the test species. Special attention should be paid to the diet 
composition when the test material itself is a nutrient, because such 
material may have to be incorporated into the diet at levels which 
may interfere with normal nutrition. Under these circumstances an 
additional control group fed only basal diet may be necessary. 

II, Specific Considerations 

A. Test Preparation 

l. Duration of testing: For tnis study, animals should be 
exposed to the test substance 7 days per week tor at least 
90 consecutive days. 

2. Species and age; Testing should be routinely performed on 
young laboratory rats. Dosing of rats snall begin as soon 
as possible after weaning and accliwation and in any case 
before the animals are 6 weeks old. If dogs are used, 
treatment should normally b~gin at 4 to b months of age. 

3, Number and sex. Equal numbers of males and females of each 
species and strain shoulu be used for the test. At least 
20 rats per sex per group and at least 4 dogs per sex per 
group snould be started on test, If interim sacrifices are 
planned, the number shall be increased by the number 
scheduled to be sacrificed before completion of the study. 
The number of animals at the termination of the study must 
be adequate for a meaningful evaluation of toxicological 
effects. 
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4, Number of exposures and concentration level selection 

(a) Control group(s): A concurrent control group is 
required. When a carrier vehicle is used it should be added 
to the diet at a concentration similar to the maximum given 
in any dosage group. If there are insufficient data on the 
toxic properties of the vehicle used in administering the 
test substance, an additional control group exposed only to 
the diet should be included, In all other respects, the 
control group shall be handled and maintained in a manner 
identical to that used with the tewt groups. Excessive 
mortality due to poor management is unacceptable and may be 
cause to repeat the study. For example, under normal 
circumstances, mortality in the control group would not be 
expected to exceed 10%. If more than 5% of the diet is being 
replaced a control diet of equivalent nutritional value 
should be provided. 

(b) Dose Group(s): At least three dose levels, in addition 
to the control(s), should be used. The highest treatment 
level should result in toxicological changes unless 
prohibited by exaggerated pharmacological effects or 
physical-chemical characteristics of the test substance that 
prevent the use of higher dose levels, The lowest dosage 
level should be one which does not induce any evidence of 
toxicity. The middle dose level should be sufficiently high 
to elicit minimal toxic effects. When possible, dose levels 
should be expressed in a manner to show relevance to 
contemplated or anticipated human exposures. Administration 
of test substance to animals at all dose levels must be done 
concurrently, 

B, Test Procedure 

1, Route of administration: The test substance may be 
administered to the animals in the diet, by stomach tube, in 
capsules, or in drinking water provided that all animals are 
treated in the same method. When administered by gavage or 
in capsules, the doses should be adjusted weekly for changes 
in body weight, When administered in the diet, the doses may 
be calculated on the basis of mg of test substance/kg of 
food, When the test substance is in water, the dose should 
be calculated as mg/ml, 

2, Observations of animals: All toxicological and 
pharmacological signs shall be recorded daily, including time 
of onset and duration and intensity, Individual records 
should be maintained for each animal. Estimates should ~e 
made of food consumption (or water consumption when the test 
substance is administered in the water) every week during the 
t~st, and the animals shall be weighed at least weekly, 
Sufficient surveillance of animals shall be made to insure 
that not more than lOi. of the animals are lost from the test 
due to cannibalism, misplacement, or similar management 
problems. 
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3. Clinical testing: The following determinations should oe 
made at the times indicated below for each type of testing. 
For rats, these determinations shall be made on at least 10 
animals of each sex in each group, For dogs, the 
measurements should be made on all animals in the study, 

(a) Ophthalmologica1 examination: An ophthalmological 
examination using an ophthalmoscope or equivalent should be 
made on all high-dose and control animals at least twice: 
once prior to administration of the test substance, and at 
termination of the study, If changes in the eyes are 
detected, examinations should be conducted on all remaining 
animals. 

(b) Hematology: The tallowing determinations should be made 
at the end of the testing period: hematocrit, hemoglobin, 
erythrocyte count, total and differential leukocyte and a 
measure o( clotting potential such as clotting time, 
prothrombin time, thromboplastin time, or platelet count. 

(c) Clinical chemistry; Blood chemistry measurements should 
be made at termination of the study. Test areas which are 
considered appropriate to all studies are electrolyte 

-- - ~lance,- caroonyorate metaboi-ism~- -river arid -idciney function. 
The selection of specific tests will be influenced by 
observations on the mode of action of the substance, 
Suggested determinations are: calcium, phoshorus, chloride, 
sodium, potassium, fasting glucose (with period of fasting 
apropriate to the species), serum alanine aminotransferase, 
serum aspartate animotransferase, ornitnine decarboxylase, 
gamma-glutamyl transpeptidase, urea nitrogen, albumen, blood 
creatinine, total bilirubin and total serum protein 
measurements. Other determinations which may be necessary 
for an adequate toxicological evaluation include analyses of 
lipids, hormones, acid/base balance, methemoglobin, 
cholinesterase activity. Additional clinical biochemistry 
may be employed where necessary to extend the investigation 
for observed effects. 

(d) Urinalyses are considered to be ot limited value tor 
most routine subchronic toxicological studies, unless 
specific nephrotoxicity, uric aciduria or oxalo-aciduria is 
expected • 

.. 
4. Gross Necropsy 

(a) All test animals should be subjected to complete gross 
necropsy, including examination of the external surfaces, 
orifices, cranial cavity, carcass, the external and cut 
surfaces of the brain, spinal cord, and all viscera and 
glands, 
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(b) In addition, organs which should be weighed include the 
liver, kidneys, testes, and adrenal, and thyroid/parathyroid 
(for the dog). Prior to being weighed, organs should be 
carefully dissected and properly trimmed to remove fat and 
6ther contiguous tissue in a uniform manner. They should be 
weighed as soon as possible after dissection to minimize the 
effects of drying on weight. 

(c) Preparation of tissues: Tissues listed below (if 
present) should be fixed in 10% buffered formalin or any 
other generally recognized fixative, and stained with 
hematoxylin and eosin, or any other appropriate stain for 
preparation of microscopic slides. 

S. Histopathological Examination 

(a) For non-rodents: The following organs and tissues of 
all animals should be subjected to microscopic study: All 
gross lesions, brain (at least 3 levels), spinal cord (at 
least 2 levels), eye, pituitary, salivary gland, heart, 
thymus, thyroid, parathyroid, lungs, with mainstem bronchi, 
trachea, esophagus, stomach, small and large intestine, 
adrenals, pancreas, liver, gall bladder, kidneys, urinary 
bladder, aorta, gonads, prostate, uterus, spleen, a 
representative lymph node, bone with marrow, sciatic nerve 
with skeletal muscle, and mammary gland. 

(b) For rodents: All gross lesions should be examined 
microscopically. In addition, for animals in the control and 
high dose level and all animal which die during the study: 
brain (at least 3 levels), spinal cord (at least 2 levels), 
eye, pituitary, salivary gland, mammary gland esophagus, 
lungs (with mainstem bronchi), trachea, liver, stomach, small 
and large intestine, spleen kidneys, thymus, thyroid 
parathyroid, ·adrenals, pancreas, urinary bladder, heart, 
aorta, testes, prostate, ovaries, uterus, a representative 
lymph node, sternum, and sciatic nerve with skeletal muscle. 
If changes or equivocal results are seen in any of these 
tissues, then the same tissue from all of the animals in the 
other dose groups should be examined. 

III, Data Reporting 

A. Identification 

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

1. The laboratory where the test was performed by name and 
address; 

2. The inclusive dates of the test; and 

3 . Each person primarily responsible for separate components of 
the test including (a) the conduct of the test, (b) 
pathology, (c) analysis of the data, (d) the writing of the 
report, and (e) any written or other mat~er contained in the 
report. 
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B. Body of Report 

The test report must include all infonnation necessary to provide 
a complete and accurate description and evaluation of the test 
procedures ana results in the following sections: 

1. Summary and conclusions: This section of the test report 
should contain a brief description of the methods, a surmnary 
of the data, an analysis of the data, and a statement of the 
conclusions drawn. The summary must highlight all positive 
data or observations and any deviations from control data 
which may be indicative of toxic effects. 

l, Materials: This section of the test report should include, 
but not be limited to, the following information: 

(a) Iaentification of the test substance, so far as 
practical, including: 

i. cnemical name, molecular structure, and a qualitative ana 
quantitative determination of its chemical composition, 
including names and quantities of known contaminants and 
impurities and listing the percentage of unidentifiable 
materials to account for the entire test sample. 

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

iii. specific identification of diluents, suspending agents, 
emulslfiers, or other materials used in administering the 
test substance. 

(b) Animal data, including: 

1. species and strain used and rationale tor selection of 
the strain if other than a common laboratory strain; 

i1. source of supply of the animals; 

iii. description of any pre-test cond1cion1ng; including 
quarantine procedures, etc. 

iv. descr1pt1on of the method used in random1zat1on of 
animals to test or control groups; and 

v. numbers, a~e and condition of animals of each sex 1n each 
test and control group. 

(c) Uata on husbandry snoula include description of the 
caging conditions (including number of animals per cage), 
diet, bedding material, ambient temperature, humidity, 
ana lighting conditions. 
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J, Methods 

( a) Deviation from guidelines: 
all ways in which the test 
guidelines and shall state 
deviation, 

This section shall indicate 
procedure deviates from these 
the ratiuuale for such 

(b) Specification of test methods: This section shall 
include a full description of the experimental design and 
prQcedure, the length of the study, and the dates on 
which the study began and ended. 

(c) Statistical analysis: All statistical methods used 
should be fully described or identified by reference, 

(d) Data on dosage administration, including: 

i. all dose levels administered, expressed as mg/kg of body 
weight; 

ii. method, frequency, duration, and time of day; and 

iii, total volume of substance (i.e., test substance plus 
vehicle) contained in indiv~l dosages. 

(e) Data on observation methods, incluaing: 

i, duration; and 

ii. method and frequency of observation of the animals, 

4. Results 

The tabulation of data and individual results must accompany 
each report in sufficient detail to permit independent 
evaluation of results, including summaries and cables that 
show, as appropriate, the relationship of effects co time of 
dosing, sex, etc, 

(a) Data presented for each animal should include 
hematology, clinical chemistry, ana other tests performed, a 
description of all toxicological or pha,macological effects 
and abnormalities, accompanied by the animal's identification 
number, test group (dose level and sex), and days of study 
when the signs appeared and disappeared. An attempt should 
be made to correlate effects observea during the study with 
post mortem findings, The time of death for animals which 
die while on test should oe reported. When numerical 
averages are presented, they should be accompanied by an 
appropriate measure of variability, such as the standard 
error. All animals plac~d on study must be accounted for. 
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(b) Findings from all clinical observations, necropsy, and 
histopathological examinations. 

(c) Evaluation of data. An evaluation of test results, 
including their statistical analysis, should be made and 
supplied, based on the clinical findings, the gross necropsy 
findings, ana the histopathological results. This should incluae 
an evaluation of the relat1onship, or lack thereof, between the 
animal's exposure to the test substance and the incidence and 
s~verity of all abnormalities; such abnonnalities include 
behavioral and clinical abnormalities, tumors and other lesions, 
organ weight effects, effects on mortality, ana any other general 
or specific toxic effects, 

5, References 

This section of the test report shall include the following 
information; 

(a) Availability of original data, specimens and samples of the 
test substance. The location of all original data, specimens, 
and samples of the test substances which are retained in 
accordance with the testing requirement. 

(b) Literature or references, including, where approp~iate, 
those references for (l) test procedures, (2) statistical and 
other methods used to analyze the data, (3) comp1lation and 
evaluation of results, and (4) the basis upon which conclusions 
were reached. 
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3, Cornfield, J, 1954, Measurement and Comparison of Toxicities; 
Tne quanta! response. In Statistics and Mathematics in Biology 
pp 327-334. Ed. by O. Kempthorne, T. A, Barieroft, J.W. Gowen, 
and J,L. Lush, Iowa State College Press: Ames, 

4, FAO/WHO Expert Committee on Food Additives. 1958. Procedures for 
tne testing of intentional tood additives to establish their 
safety for use. Wld. Hlth. Org. Tech, Rep. Ser, No. 114, pp. 
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5, FAO/wHO Expert Committee on Food Additives, 1974, Toxicolog1cal 
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No, 539, pp. )U-34. 
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LONG-TERM TOXICITY IN THE RODENT 

PREFACE 

This study is designed to determine the adverse effects of substances 
when given in regularly repeated doses over periods of at least 12 
months. The intent is to characterize the toxicity of the substance and 
to define a dose level that produces no observed adverse effects and 
higher dose levels that characterize the toxicity of the substance. The 
testing procedures recommended in the guidelines include a broad screen 
of measurements which should detect the most likely forms of toxicity 
which can occur. This guideline is not intended for use as a 
carcinogenicity guideline, although use of it may reveal data related to 
carcinogenicity. 
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I. ~eneral Considerations 

A. Good Laboratory Practices 

Studies shoula bt conaucted according to good laboratory practice 
regulations (e.g., "Nonclinical Laboratory Studies, Good 
Laboratory Practice kegulations, 11 43 FR 59986, 22 December 197b), 

B. Test Substance 

1 . Th~ specific substance or mixture of substances to be tested 
should be determined in consultation with the agency. As far 
as is practical, composition of the test substance should be 
known. Information should include the name and quantities of 
all major components, known contaminants and impurities, and 
the percentage of unidentifiable materials to account for the 
entire test substance, 

2, ld~ally, the lot of the substance tested shoula be the same 
throughout the study. The test sample should be stored under 
conditions that maintain its stability, strength, quality, 
and purity from the date of its production until the tests 
are _con1pl~te, 

C, Animals 

l, Recommendations contained in DHEW pub, no. (NIH) 74-23, 
entitled "Guide for the Care and Use of Laboratory Animals," 
should be followed for the care, maintenance, and housing of 
animals. 

2. Healthy animals, not subjected to any previous exµerimental 
procedures, must be used. 

3. The test animal shall be characterized as to species, strain, 
sex, weight and/or age. Each animal must be assigned an 
appropriate identification number, 

4. Animals may be group- caged f or this test unless a specific 
test gu i deline or the pharmacological action of the test 
substance dict a t es otherwi se, but the number of animals per 
cage should not prevent cont i nued and clear observation of 
each animal. When signs of morbidity or excitability are 
observed in group-caged animals during the test, such animals 
should be moved to separate cages. 

5. Animals should be assigned to groups 1n a random manner so as 
to minimize bias and to assure comparability of pertinent 
variables for statistical purposes. 
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D. Dead Animals, Necropsy, and Histopathology 

Animals should be observed as necessary to insure that there 1s 

minimal loss due to cannibalism or similar management problems. 
Where possible, necropsy should be pertorm~d soon after an animal 
is sacrificed or found dead to minimize loss of tissues due to 
autolysis. When necropsy cannot be pertormed immediately, the 
animal must be refrigerated at temperatures low enough to 
minimize autolysis and not cause freezer burn. If 
histopathological examination is to be conducted, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal. 

E, Diet 

The animal's diet should meet all of the nutritional requirements 
of the test species. Special attention should be paid to the 
diet composition when the test material itself is a nutrient, 
because such material may have to be incorporated into the diet 
at levels which may interfere with normal nutrition. Under these 
circumstances an additional control group fed only basal diet may 
be necessary. 

II. Specific Considerations 

A. Test Preparation 

1. Duration of testing: This guideline requires administration 
of the test substance for at least 12 months. Animals should 
be exposed to the test substance 7 days per week for 52 
weeks. 

2. Species and age: Treatment should normally begin during the 
rapid growth phase as soon as possible after weaning and 
acclimatization, for rats at about 6 weeks. 

3. Number and sex: At least 20 animals/sex/group should be 
used. If interim sacrifices are planned, then the total 
number of animals should be increased by the number scheduled 
to be sacrificed before completion of the study. 

4. Number of exposures and dosage level selection 

(a) Control group(s): A concurrent control group is 
required. The control group shall be given only Che carrier 
vehicle used in adminiscering the test substance. If tnere 
are insufficient data on the toxic properties of the vehicle 
used in administering the tesc substance, an additional 
control group exposed only co the basal diet shall be 
included~ 
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(b) Dose Group(s): Subchronic range finding studies should 
be used to insure the proper selection of the dosage regime. 
(1) When possible, dose levels should be expressed in a 
manner relevant to contemplated or anticipated human 
exposures. (2) No dose level should result in an incidence 
of fatalities which prevents meaningful evaluation of the 
data. (3) At least three dose levels, in addition to the 
coutrol(s), should be used. (4) Ideally, the highest 
treatment level should elicit some signs of toxicity without 
causing excessive mortality or causing some exaggerated 
pharmacological effects preventing the use of higher dose 
levels (i. e., sedation, etc.). (5) The middle dose level 
should be sufficiently high to elicit minimal toxic effects. 
(6) The lowest dosage level should not induce any evidence 
of compound-related toxicity. 

B. Test Procedures 

1. Route of administration; The test substance may be 
administered to the animals in the diet, by stomach tube, or 
in water. If, when the test substance replaces more than 5% 
of the diet, then a control diet of balanced nutritional 
value is needed. The same method and rout-e of administration 
should be used throughout the study. When administered in 
the diet, the doses may be calculated on the basis of mg of 
test/kg of food. Doses administered by gavage or in water 
should be adjusted weekly for changes in body weight. 
Administration of the test substance to animals at all dose 
levels and control(s) groups must be done concurrently. 

2, Observations of animals: Each animal should be observed at 
least daily throughout the test period. Body weight and 
estimated food consumption should be recorded at least once 
per week for each animal for the first 13 weeks and monthly 
thereafter. Any behavioral abnormality or any clinical sign 
of toxicity or pharmacological effects, moribundity, and 
mortality, should be recorded. Such observations are usually 
taken at the time of dosing. 

3. Ophthalmoscopic examination: An eye examination, using an 
ophthalmoscope or equivalent, should De on high dose and 
control animals, performed at the start, every three months 
thereafter, and at termination of the study. If changes in 
the eyes are detected, examinations should be conducted on 
ail remaining animals. 
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4. Clinical testing: If a particular kind of clinical test is 
required to be repeated during the test period, the test 
should be performed on the same animal, if possible, The 
following determinations should be made on at least 10 
animals/sex/group 1n the study at the times indicated: 

(a) Hematology: At 3 month intervals and at the end of the 
testing period the following determinations should be made: 
hcmatocrit, hemoglobin, erythrocyte count, total and 
differential leukocyte counts, and a measure of clotting 
potential such as clotting time, prothrombin time. 

(b) Clinical chemistry: Blood chemistry measurements should 
be made at least once before the start of dosing, at 3-month 
intervals thereafter, and at termination of the study, Test 
areas which are considered appropriate to all studies are 
electrolyte balance, carbohydrate metabolism, liver and 
kidney function. The selection of specific tests will be 
influenced by observations on the mode of action of the 
substance. Suggested determinations are: calcium, 
phosphorus, chloride, sodium, potassium, fasting glucose 
(with period of fasting appropriate to the species), serum 
alanine aminotransferase, serum aspartate aminotransferase 
ornithine decarboxylase, gamma-glutamyl transpeptidase, urea 
nitrogen, albumin, creatinine, total bilirubin and total 
serum protein measurements. Other determinations which may 
be necessary for an adequate toxicological evaluation include 
anal-y s-e·s -o f 1-i-pid-s , hormones, - ac-id-/-b-a s e-- ba lane e, 
methemoglobin, cholinesterase activity. Additional clinical 
biochemistry may be employed where necessary to extend the 
investigation for observed effects. 

(c) Absorption: Evidence of the availability of the test 
substance to the animals should be provided, If a toxic or 
exaggerated pharmacological response occurs, absorption can 
be assumed.· If no effects are seen at the highest dose 
tested, analysis of the concentration blood or serum should 
be considered. 

(d) Urinalyses are considered to be of limited use for 
long-term toxicity studies in the rodent. If other 
toxicological data indicate a need for urinalysis, urine 
samples should be collected prior to the taking of blood 
samples. 

5. Gross Necropsy 

(a) All test animals should be subjected to complete gross 
necropsy, including examination of the external surfaces, 
orifices, cranial cavity, carcass, the external and cut 
surfaces of the brain, spinal cord, and all viscera. 

(b) Th~ liver, kidneys, testes, and adrenals and thyroid (1n 
non-rodent) should be ~eighed. Prior to being w~ighed, 
organs should be carefully dissected and properly trimm~d to 
remove fat and other contiguous tissue in a uniform manner. 
They should be weighed as suon as ?Ossible after dissection 
to minimize the effects of dryin ,· on . ..,eight. 
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6. Histopathological examination 

(a) The following organs and tissues of all animals should 
be preserved for microscopic study: 

Adrenal 
Aorta 
Bone 

Peripheral Nerve 
Pituitary 
Prostate 

Bone Marrow Rectum 
Representative Lymph 
Salivary Glands 
Seminal Vesicle 
Skeletal Muscle 

Brain (at least 3 levels) 
Caecum 

Nodes 

Colon 
Corpus and Cervix Uteri 
Duodenum Smooth Muscle 

·.; 

Esophagus Spinal Cord (at least 2 levels) 
Spleen Eyes 

Gall Bladder (if present) 
Heart 

Sternum 
Stomach 

Ileum Testes 
Jejunum Thymus 
Kidneys 
Liver 
Lungs 

Thyroid (Parathyroid) 
Trachea 
Urinary Bladder 

___ Mc1111n:ic1ry GL'.rn.d s _ All tissue-s -showing-abnormality -
Ovaries and Fallopian Tube 
Pancreas 

( b) Preparation of tissues: Tissues should be fixed in 10% 
buffered formalin or any other generally recognized fixative, 
and stained with hematoxylin and eosin, or other appropriate 
stain for preparation of microscopic slides. 

( c) All gross lesions should be examined microscopically. 
The liver, lungs, and kidneys of all animals should be 
examined. Th.e tissues from all animals that died or were 
killed in extremis during the study and tissues of the 
highest""ciose group and controls should be routinely 
examined. If abnormalities or equivocal results are seen in 
any of these tissues, then the same tissues from all lower 
dose groups should be examined. Likewise, if abnormalities 
are observed in any tissue of an organ system, then the other 
tissues in that organ system should be microscopically 
examined in all animals. In the case where results of the 
experiment give evidence of substantial alteration of the 
highest dose group animals' survival, then the animals of the 
next lower dose group should be examined microscopically. 
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III, Data R~porting 

A, Identification 

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

l, The laboratory where the test was performed by name and 
address; 

2, The inclusive dates of the test; and 

3. Each person primarily responsible for separate components of 
the test including (a) the conduct of the test, (b) 
pathology, (c) analysis of the data, (dJ the writing of the 
report, and (e) any written or other matter contained in the 
report. 

B. Body of Report 

The test report must include all information necessary co provide 
a complete and accurate description and evaluation of the test 
procedures and results in the following sections: 

1, Sununary and conclusions. This section of the test report 
should contain a brief description of the methods, a summary 
of the data, an anal ys~ s o f the ~ aca, and a statement of tne 
conclusions drawn, The summary must highlight all positive 
data or observations and any deviations from control data 
which may be indicative of toxic effects. 

2, Materials: This section of the test report should include, 
but not be limited co, the following information: 

(a) Identification of the test substance, so far as 
practicil, iucluding. 

i, chemical name, molecular structure, and a qualitative and 
quantitative determination of its chemical composition, 
including names ana quantities of known contaminants and 
impurities and Listing the percentage of unidentifiable 
materials to account for the entire test sample; 

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

iii. specific identification of diluents, suspenctin6 agents, 
emulsifiers, or other materials used in administering the 
test suoscance. 
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(b) Animal data, including: 

i. species and strain used and rationale for selection of 
the strain if other than a common laooratory strain; 

11. source of supply of the animals; 

iii. description of any pre-test conditioning; including 
quarantine procedures, etc.; 

iv. description of the method used in randomization of 
animals co test or control groups; and 

v. numbers, age and condition of animals of each sex in each 
test and control group. 

(c) Data on husbandry should include a descr~ption of the 
caging conditions (including number of animals per cage), 
diet, bedding material, ambient temperature, humidity, 
and lighting conditions. 

3. Methods: 

(a) Deviation from guidelines: 
all ways in which the test 
guidelines and shall state 
deviation. 

This section shall indicate 
procedure deviates from these 
the rationale for such 

(b) Specification of test methods: This section shall 
include a full description of the experimental design and 
procedure, the length of the study, and the dates on 
which the study began and ended. 

(c) Statistical analysis: All statistical methods used 
snould oe fully described or identified by reference. 

(d) Data on dosage administration, including~ 

i. all dose levels administered, expressed as mg/kg of body 
weight; 

ii. method, frequency, duration, and time of aay; and 

iii. total volume of substance (i.e., test substance plus 
vehicle) contained in indiv~l dosages. 

(e) Data on observation methods, including: 

i. duration; and 

ii. method and frequency of observation of the animals. 
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4. Results 

The tabulation of data and individual results must accompany 
each report in sufficient detail to permit independent 

.evaluation of results, including summaries and tables that 
show, as appropriate, the relationship of effects to time of 
dosing, sex, etc. 

(a) Data presented for each animal should include 
hematology, clinical chemistry, and other tests performed, a 
description of all toxicological or pharmacological effects 
and abnormalities, accompanied by the animal's identification 
number, test group (dose level and sex), and days of study 
when the signs appeared and disappeared. An attempt should 
be made to correlate effects observed during the study with 
pose mortem findings. The time of death tor animals which 
die while on test should be reported. When numerical 
averages are presented, they should be accompanied by an 
appropriate measure of variability, such as the standard 
error, All animals placed on study must be accounted for, 

(b) Findings from all clinical observations, necropsy, and 
histopathological examinations. 

(c) Evaluation of data: An evaluation of tesc results, 
including their statistical analysis, should be made and 
supplied, _b_asad ~n the clinical findings, the gross necropsy 
findings, and the histopathological results,· This should 
include an evaluation of the relationship, or lack thereof, 
between the animal's exposure to the test substance and the 
incidence and severity of all abnormalities; such 
abnormalities, include behavioral and clinical abnormalities, 
tumors and other lesions, organ weight effects, eifects on 
mortality, and any other general or specific toxic effects, 

5, References 

This section of the test report shall include the following 
inforwation: 

(a) Availability of original data, specimens and samples of 
the test substance. Tne location of all original data, 
specimens, and samples of the test substances which are 
retained in accordance with the testing requirement, 

(b) Literature or references, including, where appropriate, 
those references for (1) test procedures, (2) statistical and 
other methods used to analyze the data, (3) compilation and 
evaluation of results, and (4) the basis upon which 
conclusions were reached. 
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i..ONG-TERM TOXICITY STUDY IN THE DOG 

PREFACE 

This study is designed to determine the adverse effects or substances 
when given in regularly repeated doses over periods of at least 12 
months. The intent is to characterize the toxicity of the substance ana 
to define a level that produces "no observed adverse effects". The 
t~sting procedures recommenaed in this guideline include a broad screen 
oi measurements wnich should detect the most likely forms of toxicity 
wnich can occur. This guideline for chronic toxicity studies in dogs is 
noc intended .tor use as a carcinogenicity gu1dei.ine ,__{i!~Qyg~e__or_ _i_c_ _ 
may proauce data related to carcinogenicity. 
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I, General Considerations 

A, Good Laboratory Practices 

Studies should be conducted according to bood laboratory practice 
regulations (e.g., "Nonclinical Laboratory Studies, Good 
Laboratory Practice Kegulations, 11 43 FR 59':186, 22 December 1978), 

H. Test Substance 

1. The specific substance or mixture of substances to be tested 
should be determined in consultation with the agency. As far 
as is practical, composition of the test substance snould be 
known. Information should inc l ude the name and quantities of 
all maJor components, known contaminants and impurities, and 
tne percentage of unidentifiable materials to account for the 
entire test substance. 

2. Ideally, the lot of the substance testeu should be the same 
throughout the study. The test sample should be stored under 
conditions that maintain its stability, strength, quality, 
and purity from the date of its production until the tests 
a re _c omp l e t e • 

C, Animals 

l. Recommendations contained in UHEW pub. no, (NIH) 74-23, 
entitled "Guide for the Care and Use of Laboratory Animals," 
should be followed for the care, ma1ntenance, anu housing of 
animals. 

2 . Healthy animals, not subjected to any previous experimental 
procedures, m~st be used, 

3. The test animal shall be character1zed as to species, strain, 
sex, weight and/or age. Each animal must oe assigned an 
appropriate ident1ficat1on number. 

4. Animals may be group-caged for this test unless a specific 
test guideline or the pharmacological action of the test 
substance dictates otherwise, but tne number of animals per 
cage should not prevent continued and clear observation of 
each animal. Wnen signs of morbidity or excitability are 
observed in group-caged animals during the test, such animals 
snould be moved to separate cabes. 

5, Animals should be assigned to ~roups in a random manner so as 
co mLnimLze bias ana to assure comparability oi pertinent 
variaoles for statistical purposes. 
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D. Dead Animals, Necropsy, ana Histopathology 

Animals should be observed as necessary to insure that there is 
minimal loss aue to cannibalism or similar management problems. 
Where possible, necropsy should be performea soon after an animal 
is sacrit1ced or tound dead to minimize loss ot tissues due co 
autolysis. When n~cropsy cannot be performed 1nun~diately, the 
animal mu~t be refrigerated at temperatures low enough to 
minimize autolysis and not cause freezer burn. If 
h1scopacnological exaruinacion is co be conducted, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal, 

E. Diet 

The animal's diet should meet all of the nutritional requirements 
of the test species. Special attention should be paid co the 
diet composition when the test material itself is a nutrient, 
because such material may have to be incorporated intu the diet 
at levels which may interfere with normal nutrition, Under these 
circumstances an additional control group fed only basal diet may 
be necessary. 

II. Specific Considerations 

A. Test Preparation 

1. Duration of testing: Animals should be exposed to the test 
substance 7 days per week for 52 weeks. 

2, Species and age: Treatment oi dogs should normally begin ac 
4 to 6 months ot age at wh1ch time they should have received 
appropriate vaccinations. 

3. Number and sex: At least 4 male and 4 female do~s per group 
should be used. If interim sacrit1ces are planned, the coca1 
number ot dogs started on study should be increased by the 
number scheduled to be sacrificed before completion ot the 
study. 

4, Number of exposures and selection of dosage levels 

(a) Control group(s): A concurrent control group is 
required. The control group snall be given only tne carrier 
vehicle used in administering the test substance. lt there 
are 1nsutficient data on the toxic properties of the vehicie 
used in aominister1ng the test substance, an additional 
control group exposed only to the basal diet should be 
incluaed. 
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(b) Dose Group(s): When possible, dose levels should be 
expressed in a manner relevant to contemplated or anticipated 
human exposures. At least three dose levels, in addition co 
the concurrent control(s), should be used. Ideally, the 
highest treatment level should elicit some signs of toxicity 
without causing excessive mortality or causing some 
exaggerated pharmacological effects preventing the use ot 
higher dose levels (i. e., sedation, etc.). The middle dose 
level should be sufficiently high to elicit minimal toxic 
effects. The lowest dosage level should not induce any 
evidence of compound-related toxicity. No dose level should 
result in an incidence of fatalities which prevents 
meaningful evaluation of the data. 

8. Test Procedure 

l . Route of administration: The test substance may be 
administered to the animals in the diet, by gavage or in 
capsules. It the test substance replaces more than 5% of the 
diet, then a control diet ot balanced nutritional value is 
needed. The same method and route and approximate time or 
administration should be used throughout the study. When 
administered in the diet, the dose of the test substance may 
be calculated on the basis of mg of test substance/kg of 
food. Doses administered by gavage or in capsule~ snouid be 
adjusted weekly for changes in body weight. 

2. Observation of animals: Each dog should be observed 
throughout the test period, at least daily. Body weight and 
estimates of food consumption should be recorded for each dog 
at least once per week for the first 13 weeks and weekly 
thereafter. Ail clinical signs of toxicity should be 
recorded. Such observations are usually taken at the time of 
dosing. 

3. Ophthalmoscopic examination: An opthalmologica1 examination 
us i ng an opthalmoacope or equivalent should be performed at 
the start, every three months thereafter, and at termination 
of the study for all animals. 

4. Clinical testing: The following determinations should be 
made on all dogs in the study at the time indicated below. 
Prior to withdrawal of blood, dogs should be fasted 
overnight, with samples drawn prior to feediug. 

(a) Hematologb: The following determinations should be made 
at least once efore start of dosing, at 3-month intervals 
thereafter, and at the end of the testing period: 
hematocrit, hemoglobin 1 erythrocyte count, total and 
differential leukocyte counts, platelet counts and a measure 
of clotting potential such as clottin~ time or prothrombin 
time. 
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(b) Clinical chemistry; Blood chemistry measurements should 
be made at least once before the start of dosing, at 3-month 
intervals thereafter, and at termination of the study. Test 
areas which are considered appropriate to all stuaies are 
electrolyte balance, carbonydrate metabolism, liver and 
kidney function. The selection of specific tests will be 
influenced by observations on the mode ot action of the 
substance. Suggested aeterminations are: calcium, 
phosphorus, chloride, sodium, potassium, fasting glucose 
(with period of tasting appropriate to the species), serum 
alanine aminotransferase, serum aspartate aminotransferase, 
ornith1.ne decarboxy!ase, gamma-glutainyl transpeptidase, urea 
nitrogen, albumin, creatinine, total bilirubin ana total 
serum protein measurements. Other determinations which may 
be necessary for an adequate toxicological evaluation include 
analyses of lipids, hormones, acid/base balance, 
methemoglobin, cholinesterase activity. Additional clinical 
biochemistry may be employed where necessary to extend the 
investigation for observed effects. 

(c) Absorption: Evidence of the availability of the test 
substance to the animals should be provideo. If a toxic or 
exaggerated pharmacological response occurs, absorption can 
be assumed. If no effects are seen at the hibhest dose 
tested, analysis of the concentration blood or serum should 
be considered. 

(d) Urinalyses are considered to be oi limited use for 
long-term toxicity studies in the dog. If other 
toxicolo5 ical data inaicate a need ior urinalysis, urine 
samples should be collected prior to tne taking of blooa 
samples, 

S. Gross Necropsy 

(a) All test animals should be subjected co complete gross 
necropsy, including examination of the external surfaces, 
or1.t1.ces, cranial cavity, carcass, the external and cut surfaces 
of the brain, spinal cord, and all viscera. 

(b) Liver, kidneys, testes, thyroid/parathyroid and adrenals 
should be weighed. Prior to being weighed, organs should be 
carefully dissected and properly trimmed to remove fat and other 
contiguous tissue in a uniform manner. They should be weighed as 
soon as possible after dissection to minimize the efiects of 
drying on weight. 

(c) Preparation of tissues; Tissues should be fixed in 10% 
buffered fonnalin or any other generally recognized fixative, and 
sca1nea wicn nematoxylin and eosin, or ocher appropriate stain 
ior preparat1on oi m1croscopic slides. 
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6, Histopathological examination 

The following tissues of all animals should be examined 
microscopically; 

Adrenal 
Aorta 
Bone 
Bone Marrow 
Brain (at least 3 levels) 
Caecum 
Colon 
Corpus and Cervix Uteri 
Duodenum 
Esophagus 
Eyes 
Gall Bladder 
Heart 
Ileum 
Jejunum 
Kidneys 
Liver 
Lungs 
Mammary Glands 
Ovaries and Fallopian Tube 
Pancreas 

III, Data Reporting 

A, Identification 

Peripheral Nerve 
Pituitary 
Prostate 
Rectum 
Salivary Gland 
Seminal Vesicle 
Skeletal Muscle 
Smooth Muscle 
Spinal Cord (at least 2 levels) 
Spleen 
Sterum 
Stomach 
Testes 
Thymus 
Thyroid (Parathyroid) 
Trachea 
Urinary Bladder 
All tissues showing abnormality 
Representative Lymph Nodes 

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

1, The laboratory where the test was performed by name and address; 

2, The inclusive dates of the test; and 

3, Each person primarily responsible for separate components of the 
test including (a) the conduct of the test, (b) pathology, (c) 
analysis of the data, (d) the writing of the report, and (e) any 
written or other matter contained in the report, 
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B. Body of Report 

The test report muse include all iniormacion necessary co provide 
a cqmplece and accurate description and evaluation of the t~sc 
procedures and results in the following sections: 

l. Sun~ary and conclusions: This section of Lhe test report 
should contain a brief description of the m~thods, a su~nary 
ot the data, an analysis of the data, anu a scatement of the 
conclusions drawn. The summary must highlight all positive 
data or observations and any deviations from control data 
which may be 1ndicat1ve of toxic effects. 

2. Materials: This section 01 tne test report should include, 
but not be limited to, the following information: 

(a) Identification of the test substance, so far as 
practical, including: 

i , chemical name, molecular structure, and a qualitative and 
quantitative determination ot its chemical composition, 
including names and quantities of known contaminants and 
impurities and listing the percentage of unidentifiable 
materials to account for the entire test sample; 

ll, manufacturer and lot number o.t: the su.bs_t_anc_e_ _tes-ted,~ and- --~--~-~-­
such information as physical state, pH, stability, and 
purity; and 

111. specific identitication of diluents, suspending agents, 
emulsifiers, or other materials used in administering the 
test substance. 

(o) Animal data, including: 

i. species and strain used and rationale for selection of 
the strain if other than a common laboratory strain; 

ii. source of supply of the animals; 

111. description of any pre-test conditioning; including 
quarantine procedures, etc.; 

1v. description of the method used 1n a randomization of 
animals to test or control groups; and 

v. numbers, age and condition of animals of each sex in each 
test and control group. 

(cJ Data on nusoandry should include description of the 
caging conditions (including number oi animals per cage), 
dlet, beddinb material, ambient temperature, humidity, 
and l1~ht1ng conditions. 
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J, Methods 

(a) 

so 

Deviation from guidelines: 
all ways in which the test 
guidelines and shall state 
oeviation. 

This section shall indicate 
procedure deviates from these 
the rationale for such 

(b) Spec1f1cation ot test methods: This section shall 
include a full description of the experimental design and 
procedure, the length of the study, and the dates on 
which the study began ano ended. 

(c) Statistical analysis: All statistical methods used 
should be fully described or identified by reference, 

(oJ Uata on dosage administration, including: 

i. all oose levels aoministered, expressed as mg/kg of body 
weight; 

11. method, frequency, duration, and time of day; and 

iii. tota! volume of substance (i.e., test substance plus 
vehicle) contained in individual dosages, 

(e) Data on observation methods, including: 

1. duration; and 

ii. method and frequency of observation of the animals, 

· ·4, Results 

The tabulation of data and individual results must accompan1 each 
report in sufficient detail to permit independent evaluation of 
results, including summaries and tables chat show, as 
appropriate, the relationship of effects to time of dosing, sex, 
etc. 

(a) Data presented for each animal should include hematology, 
clinical chemistry, and other tests performed, a description of 
all toxicological or pharmacolo~ical effects and abnormalities, 
accompanied by the animal's identification number, test group 
(dose level and sex), and days of study when the signs appeared 
and disappeared, An attempt should be maoe to correlate effects 
observeo during the study with pose mortem findings, The time of 
death for animals which die while on test should be reported, 
When numerical averages are presented, they should be accompanied 
by an appropriate measure of variability, such as the standard 
error, All animals placed on study must be accounted for. 
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(b) Findings from all clinical observations, necropsy, anci 
histopatholog1cal examinations. 

(c) Evaluation of data~ An evaluation of test results, 
including their statistical analysis, should be made and 
supplied, based on the clinical findings, the gross necropsy 
findings, and the h1stopathological results. This should include 
an evaluation of the relationship, or lack thereof , between the 
animal's exposure to the test substance and the incidence and 
severity of all abnormalities; such abnormalities, include 
behavioral and clinical abnormalities, tumors and other lesions, 
organ weight effects, effects on mortality, and any other general 
or specific toxic effects. 

5. References 

This section of the test report shall include the following 
information: 

(a) Availability of original data, specimens and samples of the 
test substance. The location of all original aata, specimens, 
and samples of the test substances which are retained in 
accordance with the testing r~quirement. 

(b) Literature or references, including, where appropriate, 
those references for ll) tesc procedures, (2) statistical and 

---other--met-hods -used -co--a-na l)'-ze - t-he--da ta-,--(3.)_ __ compila.tio.n __ amL 
evaluation of results, and (4J tne basis upon which conclusions 
were reached. 
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GUIDELINES FOR ORAL CARCINOGENICITY STUDIES IN RODENTS 

Introduct1.on; 

This study is designed to determine whether a compound possesses 
carc1.nogen1.c activity when administered to rodents by the oral route, 

,, 
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I, General Considerations 

A, Good Laboratory Practices 

Studies shouid be conducted accordin6 to good laboratory 
practice regulations (e.g., "Nonclinical Laboratory Studies, 
Good Laboratory Practice Regulations," 43 FR 5998b, 22 December 
1~78). 

8. Test Substance 

1. The specific substance or mixture ot substances to be tested 
should be determined in consultation with the agency. As 
far as is practical, composition of the test suoscance 
should be known. Information should include the name and 
quantities of all major components, known contaminants and 
impurities, and the percentage ot unidentifiable materials 
to account ior the entire test substance. 

2, Ideally, the lot of the substance tested should be the same 
throughout the study. The test sample should be scored 
under conditions that maintain its stability, strength, 
quality, and purity from the date of its production until 
the tests are complete. 

l, Recommendations contained in DHEW pub. no. (NIH) 74-'2.3, 
entitled "Guide for the Care and Use of Laboratory Animals," 
should be followed for the care, maintenance, and housing of 
animais, 

2. Healthy animals, not subjected to any previous experimental 
procedures, muse be used, 

3. The test animal shall be characterized as to species, 
strain, sex, weight and/or age. Each animal muse be 
assigned an appropriate identification number. 

4, Animals may be group-caged for _this test unless a specific 
test gu1deline or the pharmacologicai action of the test 
substance dictates otherwise, but the number of animals per 
cage should not prevent continued and clear observation of 
each animal, Wnen signs or morbidity or excitability are 
observed in group-caged animals during the test, such 
animals should be moved to separate cages. 

5, Animals should be assigned to groups in a random manner so 
as to minimize oias and to assure comparabil1ty of pertinent 
variables for scaciscical purposes, 
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D. Dead Animals, Necropsy, and ~lstopathology 

Animals should be observed a~ necessary to insure that there is 
minimal loss aue to cannibal~sm or s1m1lar management problems, 
Where possible, necropsy should be performed soon aft~r an animal 
is sacriticed or found aead to minimize loss of tissues due to 
autolysis, When necropsy cannot be pertormed inunediacely, the 
animal must be refrigeratea at temperatures low enough co 
minimize autolysis ana not cause treezer burn. If 
histopathological examination is co be conducted, tissue 
specimens should be placed in appropriate fixative wnen they are 
taken from the animal, 

E. Diet 

Tne animal's diet should meet all of the nutritional requirements 
9f the test species. Special attention should be paid to the 
diet composition when the test material itself is a nutrient, 
because such material may have to be incorporated into the diet 
at levels which may interfere with normal nutrition. Under these 

:umstances an additional control group fed basal d i ec may be 
nt~ essary, 
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II, Specific Considerations 

A. Test Preparation 

1, Duration of Testing: Animals should be exposed to the test 
substance 7 days per week for at least 104 consecutive 
weeks. If a strain of animals with increased longevity and 
low spontaneous tumor incidence is used, then the maximum 
duration of the study should be extended. Studies of greater 
than 130 weeks duration are not recommended. 

2, Species and Age; in selecting the rodent species and strain 
it is important to consider particular susceptibilities. 
There is no scientific rationale to recommend inbred, outbred 
or hybrid strains over any others. The important 
consideration is that animals come from well-characterized 
and healthy colonies. A good knowledge of the tumor profile 
of the animal strain throughout its life-span is desirable in 
order to evaluate the results of the experiment, Preference 
in strain selection should generally be given to strains with 
a low incidence of spontaneous tumors. Non-inbred strains 
often have unpredictable background tumor incidence. 

Dosing of Animals should begin as soon as possible after 
weaning and acclimation and in any case before the animals 
are 6 weeks old. 

3. Number and Sex of Test Animals; 

a) Each test group and concurrent control group should 
consist of at least SO males and SO females. Control animals 
should have been housed, fed, and handled exactly as the test 
animals and should be caged to preclude airborn or other 
contaminaticn by the test substance . 

b) If interim sacrifice(s) are included in the study, the 
initial number of animals per 'group should be increased by 
the number of animals scheduled for interim sacrifice(s). 

c) Criteria for Acceptable Negative Lifetime Study; 

1. 25 rats per sex per dose should survive at least 24 
months: 25 mice or hamsters per sex per dose should 
survive at least 18 months. 

ii. No more than 10% of any group (animals or tissues) should 
be lost due to autolysis, cannibalism or management 
problems. 

d) Criteria for Termination of a Study, Under Special 
Circumstances: 

i. For studies with mice or hamsters (criteria c, i above 
having been met) tennination of the study should occur, 
when, after 18 months, the number of surviving animals in 
any group reaches 10 per sex. Each sex should be treated 
independently. 
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ii. For studies with rats (criteria c, i above having been met) 
termination of the study should occur when, after 24 months, 
the number of surviving animals in any group reaches 10 per 
sex, Each sex should be treated independently, 

4, Number of Exposures and Selection of Dosage Levels 

a) Control groups(s): A concurrent control group is required. 
The control group should be given only the carrier vehicle used 
in administering the test substance, If there are insufficient 
data on the toxic (including carcinogenic) properties of the 
vehicle used in adminiatering the test substance, an additional 
control group exposed only to the diet should be included. In 
all other respects, the control group shall be handled and 
maintained in a manner identical to that used with the test 
groups. 

b) Dose groups(s): Subchronic range-finding studies should be 
used to insure the proper selection of the dosage regime. 

The highest dose level should be sufficiently high to elicit 
signs of minimal toxicity without substantially altering the 
normal life-span due to effects other than tumors, Signs of 
toxicity are those that may be indicated by alterations in serum 
enzyme levels or slight depression of ~o~y- ~~ight _gain (less 
than 10 percent), 

The lowest dose should not interfere with normal growth, 
development, and longevity of the animal and it must not 
otherwise result in any indication of toxicity. In general, 
this should not be lower than 10% of the high dose. 

The inteI'tilediate dose should be established approximately 
mid-way between the high and low doses, depending upon the 
pharmacokinetic properties of the chemical, if known. 

E·xception to the section of the high dose: 

(l) No dose level of the test substance should 
exceed 5% of the total diet for non-nutritive 
additives, 

(2) Nutritive additives may be fed up to a dose 
which does not cause significant nutritional 
deficit, 

(3) If significant differences in the 
pharmacokinetic or metabolic profile of test 
substance are demonstrated between the high 
dose and lower doses, then an optional dose may 
be included in the study. This optional dose 
should approximate the maximum dose which 
yields pharmacokinetics similar to the lower 
doses. The number of animals in the special 
dose group should be increased to provide 
Approximately the same sensitivity as the 
high-dose group. 
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B, Test Procedures 

L, Route of Administration 

The test substance should be administered co the animals in their 
diet, dissolved in their drinking water or by stomacn cube, The 
same method of oral administration should be used for all animais 
throughout the study. When administered in tne diet, the dose of 
the test substance may be calculated on tne basis of mg of test 
substance/kg of fooa. Doses administered by gavage or in water 
should be adjusted weekly for changes in oody weight up co about 
13 weeks and monthly thereafter, 

2, Observations 

Careful observations should be performed to detect onset and 
progression of all toxic effects as well as to minimize loss of 
tissue due to diseases, aucolysis, or cannibalism. Careful daily 
examination is essential with, at a minimum, observation in the 
morning and afternoon (with intervals of at least six hours). 

Clinical signs and mortality should be recorded for all animals. 
Special attention must be paid .to tumor development; the time of 
onset, location, dimensions, appearance and progression of each 
grossly visable or palpable tumor should be recorded, 

During the course of the study, clinical signs may suggest the 
need for other clinical determinations (e.g. urinalysis) or 
pose-mortem examinations. 

Body weights should be recorded individually for all animals once 
a week during the first 13 weeks of the test period ana at least 
once every 4 weeks thereafter. 

Food intake should be determined weekly during the first 13 weeks 
of the study ana then at approximately three-month intervals 
unless health status of body weight changes dictate otherwise. 

3. Hematology 

Erythrocyte counts and total differential leukocyte counts should 
be made at 6, 12 and 18 months and prior to terminal sacrifice 
ior all animals, 

4, Gross Necropsy 

All test animals should be subJected to a complete gross 
necropsy, including examination of external surfaces, orifices, 
cranial and oral cavities and the organs contained th~rein, 
carcass, and all viscera, 



60 

5. Histo pa thological examination 

(a) The following organs and tissues of all animals should be preserved 
for microscopic study: · 

Adl."ena 1 
Aorta 
Bone Marrow 
Brain (ast least 3 levels) 
Caecum 
Colon 
Corpus and Cervix Uteri 
Duodenum 
Esophagus 
Eyes 
Eyes & Continguous Harderian Gland 
Exorbital Lacrimal Gland 
Gall Bladder (if present) 
Heart 
Ileum 
Jejunum 
Kidneys 
Liver 
Lungs 
Mammary GJ_ands __ 
Nasal Turbinates 

Ovaries and Fallopian Tube 
Pancreas 
Peripheral Nerve 
Pituitary 
Prostate 
Rectum 
Representative Lymph Nodes 
Salivary Glands 
Semina 1 Vesicle 
Ske le ta l Muscle 
Smooth Muse le 
Spinal Cord (at least 2 levels) 
Spleen 
Sternum 
Stomach 
Testes 
Thymus 
Thyroid (Parathyroid) 
Trachea 

- -Uz--i-na-i,.y - Bl-adde-r- - - - -
Vagina 
Zymbals Gland 
All tissues showing abnormality 

( b) Preparation of tissues: Tissues should be fixed in 10% 
buffered formalin or any other generally recognized fixative, and 
stained with hematoxylin and eosin, or other appropriate stain 
for preparation of microscopic slides. 

(c) All gross lesions should be examined microscopically. The 
liver, lungs, and kidneys of all animals should be examined. The 
tissues from all animals that died or were killed in extremis 
during the study and tissues of the highest dose group and 
controls should be routinely examined. Likewise, if 
abnormalities or equivocal results are observed in any tissues, 
then the same tissues from all lower dose groups should be 
examined. Likewise, if abnormalities are observed in any tissue 
of an organ system, then the other tissues in that organ system 
should be microscopically examined in all animals. In the case 
where results of the experiment give evidence of substantial 
alteration of the highest dose group animals' survival, then the 
animals of the next lower dose group should be examined 
microscopically. 
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J..11. Data Reporting 

A. ldentitication 

Each test report should be signed by the persons responsible tor 
the test and identify; 

1. T11e laboratory where the test was performed by name and 
aadress; 

2. The inclusive dates of the test; and 

3. Each person primarily responsible for separate components of 
the tesc. including (a) the conduct of tne test, (o) 
pathology, le) analysis ot the data, (d) the writing ut the 
report, ana (e) any written or other matter contained in the 
n:port. 

B. Body of Report 

The test report must include all information necessary to provide 
a complete and accurate description and evaluation of the test 
procedures ana results in the following sections; 

l. Summary and conclusions; This section of the test report 
should contain a brief descript1.on of the methods, a summary 
of the data, an analysis of the data, and a statement of the 
conclusions drawn. The sulIUilary must highlight all pos1.tive 
data or observations and any deviations from control data 
which may be indicative of toxic effects. 

2 . Materials; This section of the test report should include, 
nut nut be limited to, the following information; 

(a) Iaentiticat1.on of the test substance, so tar as 
practical, 1.ncluding; 

i. chemical name, molecular structure, and a qualitative and 
quantitative aete rminati on o f 1. ts chemi ca l c owposi c1on, 
i nc l ud i ng name s and qua n t ic. 1.es of known cont amina nt s a nd 
im pu r i t ie s and l i sting the perce ntage of un1.dent1.t iao1e 
ma te ri a ls to acc ount f o r t ne ent i r e t es t s amp le . 

11.. manufacturer and lot number of the substance testea, and 
such information as physical state, pH, stability, and 
purity; and 

1.11. sp~cific identification of diluents, suspending agents, 
emulsifiers, or oth~r materials usea in administering the 
test substance. 



62 

(b) Animal data, including: 

1. species and strain used and rational for selection of the 
strain if other than a common laboratory strain; 

11. source of supply of the animals; 

iii. description of any pre-test conditioning; including 
quarantine proceaur~s, etc. 

iv. description ot the method used 1n randomization of 
animals to test or control groups; and 

v. numbers, age and conaition of animals of each sex in each 
test and control group. 

(c) Data on husbandry should include a description ot the 
caging conditions (including number of animals per cage), 
diet, bedding material, ambient temperature, humidity, 
and lighting conditions. 

3 , Methods 

(a) Deviation from guidelines: This section shall indicate 
all ways in which the test procedure deviates from these 
guidelines and shall state the rationale for such 
deviation. 

(b) Spe c if i ca t i on of test methods; Th i s section s hall 
i ncl ude a f u l l descript i on of the e xperimenta l de sign and 
pr oc edure, the l ength o f the s tudy, and the dates on 
which t he study bega n a nd e nd ed , 

(c) Staciscic~l analysis: All statistical methods used 
should be fully described or identified by reference. 

(a) Data on dosage administration, including: 

i. all dose levels administered, expressed as mg/kg of body 
weight; 

ii. method, frequency, duration, and time of day; 

1i1. total volume of substance (i.e., test substance plus 
vehicle) contained in indiv~l dosages. 

(e) Data on observation methods, incluaing: 

i. duration; and 

ll, met nod and frequency of observation of the animals. 
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4. kesults 

Tt1e tabul.ation or data ancl individual results muse accompany 
each report 1.n sufficient detail to permit indept!ndent 
evaluation of results, including su~naries and tables Chae 
show, as appropriate, che relationship ot effects to time of 
dosing, oex, etc. 

(a) Data presented for each animal shoul.d include 
hematology, clin1.cal chemistry, and other tests performed, a 
description of all toxicological or pnarmacolog1cal effects 
and abnormalities, accompanied by the animal's identiticac1.on 
number, test group (dose level and sex), and days of stuoy 
when the signs appeared and disappeared. An attempt should 
be made to correlate effects observed during the study with 
post mortem findings. The time of death for animals which 
die wnile on test should be reported. When numerical 
avera6es are presented, they should be accompanied by an 
appropr1.ate measure of variability, such as the standard 
error. All animals placed on study must be accounted for. 

(b) Findings from all clinical observations, necropsy, and 
histopathological examinations. 

(c) Evaluation of data: An evaluation of test results, 
in_cluding Chei:r__statistical analysis, sho~_l_d be made and 
supplied, based on the clinical findings, the gross necropsy 
findings, and the histopatnological results, This should 
include an evaluation of the relationship, or lack thereof, 
between the animal's exposure to the test substance and the 
incidence and severity of all abnormalities; such 
abnormalities, include behavioral and clinical abnormalities, 
tuwors and other lesions, organ weight effects, effects on 
mortality, and any other general or specific toxic effects. 

S. l{e ferences 

This section of the test report shall 1.nclude the following 
information: 

(a) Availability of original data, spec1.mens and samples of 
the test substance. The location of all or1.ginal data, 
specimens, and samples of the test substances which are 
retained in accordance with the testing requirement. 

(b) Literature or references, 1.ncluding, where appropriate, 
tnose references for (l) test procedures, (2) statistical and 
ocher methods used to analyze the daca. (3) compilation and 
evaluation of results, and (4) the basis upon whicn 
conclusions were reached, 
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GUIDELINE FOR COMBINATION OF CHRONIC ORAL TOXICITY 
AND CARCINOGENICITY STUDIES IN THE RODENT 

The objective of a chronic toxicity study is to determine the adverse 
efteccs of a substance following prolonged, repeated exposure, Ideally, 
the aes1gn and conduct of this study should allow for the detection ot 
neoplastic effects and carcinogenic potential of the test substance as 
well a~ its general toxicity. The intent of this guideline is to allow 
for combination of chronic coxicicy study and tne carcinogenicity stuay 
into a single procedure. 
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I. General Considerations 

A. Good Laboratory Practices 

Studies should be conducted according to good laboratory practice 
regulations (e.g., "Nonclinical Laboratory Studies, Good 
Laborntory Practice Regulations," 43 FR 59986, 22 December 1978). 

B, Test Substance 

l. The specific substance or mixture of substances to be tested 
should be determined in consultation with the agency. As far 
as is practical, composition of the test substance should be 
known. Information should include th~ name and quantities of 
all major components, known contaminants and impurities, and 
the percentage of unidentifiable materials to account for the 
entire test substance. 

2, Ideally, the lot of the substance tested should be the same 
throughout the study. The test sample should be stored under 
conditions that maintain its stability, strength, quality, 
and purity from the date of its production until the tests 
are complete, 

c. Animals 

l, Recommendations contained in DHEW pub. no, (NIH) 74-23, 
entitl~d "Guide for the Care and Use of Laboratory Animals," 
shoulo be followed for the care, maintenance, and housing of 
animals, 

2, Healthy ani1oals 1 not subJected to any previous exp~rimental 
procedures, must be used, 

3. The test ani~al shall be characterized as to species, strain, 
sex, weight and/or age. Each animal must be assigned an 
appropriate identification number. 

4. Animals may be group-caged for this test unless a specific 
test guideline or the pharmacological action of the test 
substance dictates otherwise, but the number of animals per 
cage snould not prevent contlnued and clear observation ot 
each animal, When signs of morbidity or excitability are 
observed in group-caged animals during the test, such animals 
should be moved to separate cages. 

5, Animals should be assigned to groups in a random manner as to 
minimize bias and to assure comparability of pertinent 
variable for statistical purposes. 
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D. Dead Animals, Necropsy, and Histopathology 

Animals should be observed as necessary to insure that there is 
minimal loss due to cannibalism or similar management problems. 
Where possible, necropsy should be performed soon after an animal 
is sacrificed or found dead to minimize loss of tissues due to 
autolysis. When necropsy cannot be performed immediately, the 
animal must be refrigerated at temperatures low enough to minimize 
autolysis and not cause freezer burn. If histopathological 
examination is to be conducted, tissue specimens should be placed 
in appropriate fixative when they are taken from the animal. 

E. Diet 

The animal's diet should meet all of the nutritional requirements 
of the test species. Special attention should be paid to the diet 
composition when the test material itself is a nutrient, because 
such material may have to be incorporated into the diet at levels 
which may interfere with normal nutrition. Under these 
circumstances an additional control group fed basal diet may be 
necessary. 

II. Specific Considerations 

A. Test Preparation 

1. Duration of Tes~ing: Animal~ should be exposed to the test 
substance 7 days per week for at least 104 consecutive weeks. 
If a strain of animals with increased longevity and low 
spontaneous tumor incidences is used then the maximum duration 
of the study should be extended but it is not recommend to 
exceed 130 weeks. For assessment of chronic toxicity 
additional treated and concurrent control satellite groups are 
included in the study. The satellite groups of dosed animals 
and concurrent control animals should be retained in the study 
for at leas~ 12 months. 

2. Species Selection: In selecting the rodent species and strain, 
it is important to consider particular susceptibilities. There 
is no scientific rationale to recommend inbred, outbred or 
hybrid strains over any others. The important consideration is 
that animals come from well-characterized and healthy 
colonies. A good knowledge of the tumor profile of the animal 
strain throughout its life span is desirable in order to 
evaluate the results of the experiment, Preference in strain 
selection should generally be given to strains with a low 
incidence of spontaneous tumors. Non-inbred strains often have 
unpredictable background tumor incidence. 

Typically the rat has been used for a combined chronic toxicity 
carcinogenicity assessment. However, other species may be 
used. Where available, the strain selected should be 
susceptible to the carcinogenic or toxic effects of the class 
of s11bstances being tested provided it does not have a 
background too high for meaningful assessment. 
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3, Number and sex of test animals 

(a) Each test gr6up and concurrent control group should 
consist of at least 50 males and SO females. Satellite 
treatment groups for evaluation of toxicity should contain at 
least 10 animals of each sex; the satellite control group 
should also contain 10 animals of each sex. If other interim 
sacrifice(s) are included in the study, the initial number of 
animals per group should be increased by the number of animals 
scheduled for interim sacrifice(s). 

(b) Dosing of animals should begin as soon as possible after 
weaning and acclimation and in any case before the animals are 
6 ~eeks old. 

(c) Criteria for Acceptable Negative Lifetime Study 

1. Twenty-five rats per sex per dose should survive at least 
24 months, Twenty-five mice or hamsters per sex per dose 
should survive at least 18 months. 

11. No more than 10% of any group (animals or tissues) should 
be lost due to autolysis, cannibalism or management 
problems, 

(d) Criteria for Termination of a Study, Under Special 
Circumstances; 

1. For studies with mice or hamsters (criteria c, i above 
having been met) termination of the study should occur, 
when, after 18 months, the number of surviving animals in 
any group reaches 10 per sex. Each sex should be treated 
independently. 

ii. For studies with rats (criteria c, i above having been met) 
termination of the study should occur when, after 24 
months, the number of surviving animals in any group 
reaches 10 per sex. Each sex should be treated 
independently. 

4. Number of exposures and selection of dosage levels 

(a) Control group(s); A concurrent control group is 
required. The control group should be given only the carrier 
vehicle used in administering the test substance. If there are 
insufficient data on the toxic, including carcinogenic, 
properties of the vehicle used in administering the test 
substance, an additional control group exposed only to the diet 
should be included. The animal's diet should meet all of the 
nutritional requirements of the test species. 

Special attention should be paid to the diet composition when 
the test material itself 1s a nutrient, because such material 
may have to h~ incorporated into the diet at levels which may 
interfere with normal nutrition, Under these circumstances an 
acldition3l control rr,up fed only basal diet may be necessary. 
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(b) Dose group(s): Subchron1c rang~-finding studies should 
be used to insure the proper selection oi the dosage regime. 

The high-dose level of the carcinogenicity assessment phase 
snou!d be sufficiently high to elicity signs of minimal 
toxicity without substantially altering the normal life-span 
of the aimals due to effects other than tumors. Signs of 
toxicity are those that may be ina1cated by alterations in 
serum enzyme levels or slight depression of body weight gain 
(less than 10 percent). 

The lowest dose should not interfere with normal growth, 
development, and longevity of the animal, and it must not 
otherwise cause any indication of toxicity. 

The intermediate dose should be established approximately 
mid-way between the high and low doses. Exceptions may 
depend upon the phannacokinetic properties of the chemical, 

For chronic toxicologic assessment, additional treated and 
concurrent control satellite groups are 1ncludea in the 
study. The highest dose for satellite animals should be 
chosen so as to produce toxicity in order to elucidate a 
toxicological profile of the test substance. The lowest dose 
for satellite animals should not cause any indication of 
toxicity. 

S. Exception to the selection of the high dose 

(1) In general, no dose level of the test substance should 
exceed 5% of the total diet for non-nutritive additives. 
However, nutritive additives may be fed at higher doses 
as long as range-finding studies show that the high dose 
does not cause significant nutritional imbalance in the 
test ani~al. 

(2) If significant differences in the phannacok1netic or 
metabolic profile of the test substance are aemonstratea 
between the high dose and lower doses, then an optional 
dose may be included in the stuay. This optional dose 
should approximate the maximum dose which yields similar 
pharmacokine~ics. The number of animals in the special 
dose group should be increased to provide approximately 
the same sensitivity as the high-dose group, 
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b. Test Procedures 

1. Route of Administration 

The test substance should be administered to the animals in 
their diet, dissolved in their drinking water or by gavage. 
The same method of oral administration should be used for all 
animals throughout the study. When administered in the diet, 
the dose of the test substance may be calculated on the basis 
of mg of test substance/kg of food. Doses administered by 
gavage or in water should be adjusted weekly for changes in 
body weight up to about 13 weeks and monthly thereafter. 

2. Observations 

Observations should be made at a minimum, in the morning ana 
afternoon (with intervals of at least six hours). 

Clinical signs should be recorded for all animals. Special 
attention must be paid to tumor development: the time of 
onset, location, dimensions, appearance and progression of 
each grossly visible or palpable tumor should be recorded. 

- Bady weigh-es shou-ld -be -re-c-ordeu - t-ndtviaually -for a-u animals 
once a week during t~e first 13 weeks of the test period and 
at least once every 4 weeks thereafter. 

Fooa intake should be determined weekly during the first 13 
weeks of the study and then at approximately three month 
intervals, unless health status or body weight changes 
aictate otherwise. 

3. Ophthalmo~copic examination 

An eye ex~mination, using an ophthalmoscope or equivalent, 
should be on high dose and control animals, perfonned at tne 
start, every three montns thereafter, and at termination of 
the study. If changes in the eyes are detected, examinations 
should be conducted on all remaining animals. 

4. Clinical c~sting 

It a particular kind of clinical test is requirea to be 
repeated during the test period, the test should be performed 
on the same animal, if possible. The following 
determinations should be made on at least 10 
animals/sex/group in the study at the times indicated: 

(a) Hematology. At 3-month intervals and at tne end of the 
testing period the following determinations should be made. 
hematocrit, hemoglobin, erythrocyte count, total and 
differenttill leukocyte counts, and a measure of clotting 
potential such as clotting time, prothrornbin time. 
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(b) Clinical chemistry: Blood chemistry measurements should 
be made at least once before the start of dosing, at 3-month 
intervals thereafter, and at termination of the study. Test 
areas which are considered appropriate to all studies are 
electrolyte balance, carbohydrate metabolism, liver and 
kidney function, The selection of specific tests will be 
influenced by observations on the mode of action of the 
substance. Suggested determinations are: calcium, 
phosphorus, chloride, sodium, potassium, tasting glucose 
(with period of fasting appropriate to the species), serum 
alanine aminotransferase, serum aspartate aminotransferase, 
ornithine decarboxylase, gamma-glutamyl transpeptidase, urea 
nitrogen, albumin, creatinine, total bilirubin and total 
serum protein measurements. Other determinations whicn may 
be necessary for an adequate toxicological evaluation include 
analyses of lipids, hormones, acid/base balance, 
methemoglobin, cholinesterase activity. Additional clinical 
biochemistry may be employed where necessary to extend the 
investigation for observed effects. 

(c) Absorption: Evidence of the availability of the test 
substance to the animals shouid be provided. If a toxic or 
exaggerated pharmacological response occurs, absorption can 
be assumed. If no effects are seen at the highest dose 
tested, analysis of the concentration blood or se~um should 
be considered. 

(d) Urinalyses are considered to be of limited use for 
long-term toxicity studies in the rodent. If other 
toxicological data indicate a need for urinalysis, urine 
samples should be collected prior to the ta~ing of blood 
samples. 

S. Gross Necropsy 

(a) All test animals snould be subjected to complete gross 
necropsy, including examination of the external surfaces, 
orifices, cranial cavity, carcass, the external and cut 
surfaces of the brain, spinal cord, and all viscera. 

(b) The liver, kidneys, testes, and adrenals should be 
weighed. Prior to being weighed, organs should be carefully 
dissected and properly trimmed to remove fat and other 
contiguous tissue in a uniform manner. They should be 
weighed as soon as possible after dissection to minimize the 
effects of drying on weight. 
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6. Histopathological examination: 

Adrenal 
Aorta 

(a) The following organs and tissues of all animals should 
be ·pre~erved for microscopic study: 

Ovaries and Fallopian Tube 
Pancreas 

Bone Marrow Peripheral Nerve 
Brain (at least 3 levels) 
Caecum 

Pituitary 
Prostate 

Colon Rec tum 
Corpus and Cervix Uteri 
Duodenum 

Representative Lymph Nodes 
Salivary Glands 

Esophagus Seminal Vesicle 
Eyes Skeletal Muscle 
Eyes & Continguous Harderian Gland 
Exorbital Lacrimal Gland 

Smooth Muscle 
Spinal Cord (at least 2 levels) 
Spleen Gall Bladder (if present) 

Heart Sternum 
Ileum Stomach 
Jejunum Testes 
Kidneys Thymus 
Liver 
~!,l_ng~-- -- - - -
Mammary Glands 
Nasal Turbinates 

Thyroid (Parathyroid) 
Trachea-- -- - - -- - - -~ -
Urinary Bladder 
Vagina 
Zymbals Gland 
All tissues showing abnormality 

(b) Preparation of tissues: Tissues should be fixed in 
10% buffered formalin or any other generally recognized 
fixative, and stained with hematoxylin and eosin, or 
other appropriate stain for preparation of microscopic 
slides. 

(c) All gross lesions should be examined 
microscopically, The liver, lungs, and kidneys of all 
animals should be examined, The tissues from all animals 
that died or were killed in extremis during the study and 
tissues of the highest dose group and controls should be 
routinely examined. Likewise, if abnormalities or 
equivocal results are observed in any tissues, then the 
same tissues from all lower dose groups should be 
examined. Likewise, if abnormalities are observed in any 
tissue of an organ system, then the other tissues in that 
organ system should be microscopically examined in all 
animals. In the case where results of the experiment 
give evidence of substantial alteration of the highest 
dose group animals' survival, then the animals of the 
next lower dose group should be examined microscopically. 
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III, Data Reporting 

A, Identification 

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

1. The laboratory where the test was performed by name and 
address; 

2, The inclusive dates of the test; and 

3. Each person primarily responsible for separate components of 
the test including (a) the conduct of the test, (b) 
pathology, (c) analysis of the data, (d) the writing of the 
report, and (e) any written or other matter contained in the 
report. 

B. Body of Report 

The test report must include all information necessary to provide 
a complete and accurate description and evaluation of the test 
procedures and results in the following sections: 

1, Summary and conclusions: This sec~ion of the test report 
should contain a brief description of the methods, a summary 
of the data, an analysis of the data, and a stateien~ ~f the 
conclusions drawn. The summary must highlight all pos1tive 
data or observations and any deviations from control data 
which may be indicative ot toxic effects, 

2. Materials: This section of the test report should include, 
but not be limited to, the following information: 

(a) Identification of the test substance, so far as 
practical, including: 

1. chemical name, molecular structure, and a qualitative and 
quantitative determination of its chemical composition, 
including names and quantities of known contaminants and 
impurities and listing the percentage of unidentifiable 
materials to account for the entire test sample. 

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

111. specific identification of diluents, suspending agents, 
emulsifiers, or other materials used 1n administering the 
test substance. 
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(b) Animal data, including: 

i. species and strain used and rationale for selection of 
the strain if other than a conunon laboratory strain; 

ii, source of supply of the animals; 

iii. description of any pre-test conditioning; including quarantine 
procedures, etc. 

iv. description of the method used in randomization of animals to 
test or control groups; and 

v. numbers, age and condition of animals of each sex in each 
test and control group. 

(c) Data on husbandry should include a description of the caging 
conditions (including number of animals per cage), diet, 
bedding material, ambient temperature, humidity, and lighting 
conditions. 

3. Methods 

(a) Deviation from guidelines: 
all ways in which the test 
guidelines and shall state 
deviation. 

This section shall indicate 
procedure deviates from these 
the rationale for such 

(b) Specification oi test methods: This section shall 
include a full description of the experimental design and 
procedure, th~ length of the study, and the dates on 
which the study began and ended. 

(c) Statistical analysis: All statistical methods used 
should be fully described or identified by reference. 

(d) Data on dosage administration, including: 

i. all dose levels administered, expressed as mg/kg of body 
weight; 

ii. method, frequency, duration, and time of day, 

111, total volume of substance (i.e., test substance plus 
vehicle) contained in indiv'iciuiil dosages. 

(e) Data on observation methods, including: 

i, duration; and 

11, method and frequency of observation of the animals. 
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4. Resu 1 ts 

The tabulation of data and individual results must accompany 
each report in sufficient detail to permit independent 
evaluation of results, including su111nH1ries and tables that 
show, as appropriate, the relationship of effects to time of 
dosing, sex, etc. 

(a) Data presented for each animal should include 
hematology, clinical chemistry, and other tests performed, a 
description of all toxicological or pharmacological effects 
and abnormalities, accompanied by the animal's identification 
number, test group (dose level and sex), and days of study 
when the signs appeared and disappeared. An attempt should 
be made to correlate effects observed during the study with 
post mortem findings. The time of death for animals which 
die while on test should be reported. When numerical 
averages are presented, they should be accompanied by an 
appropriate measure of variability, such as the standard 
error. All animals placed on study must be accounted for. 

(bJ Finaings from all clinical observations, necropsy, and 
h1stopathological examinations. 

(c) Evaluation of data: An evaluation of test results, 
i:nclud-ing thei-r- sta-c-is-t -iea-1 -analys-is, -sheu-1-d- be- made and 
supplied, based on the clinical findings, the gross necropsy 
findings, and the h1stopatholog1cal results. This should 
include an evaluation of the relationship, or lack thereof, 
between the anima1 1 s exposure to the test substance and the 
incidence and severity of all abnormalities; such 
abnormalities, include behavioral and clinical abnormalities, 
tumors and other lesions, organ weight effects, effects on 
mortality, a~d any other general or specific toxic effects, 

5. References 

This section of the test report shall include the following 
information; 

(a) Availability of original data, specimens and samples of 
the test substance. The location of all original data, 
specimens, and samples of the test substances which are 
retained in accordance with the testing requirement, 

(o) Literature or references, including, where appropriate, 
those references for (1) test procedures, (2) statistical and 
other methods used to analyze the data, (3) compilation and 
evaluation of results, and (4) the basis upon which 
conclusions were reached. 
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GUIDELINES FOR KEPRODUCTION TESTING WITH A TERATOLOGY PHASE 

INTRODUCTION 

This guideline for reproduction testing is designed to proviue general 
infonnation concerning the effects of a test substance on gonadal function, 
estrous cycles, mating behavior, conception, parturition, lactation, and 
weaning. It is not designed to determine specific cause and effect in all 
cases. The study may also provide preliminary information about tne 
effects of the test substance on neonatal morbidity, mortality, and 
teratogenesis and serve as a guide for subsequent tests, This guideline is 
for use with substances given orally to rats and mice. lt contains 
optional procedures for the inclusion of more than one litter per 
generation and extension of tne study to a third generation, 
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I, General Considerations 

A, Good Labo.atory Practices 

Studies should be conducted according to good laboratory praccice 
regulations (e.g., "Nonclinical Laboratory Studies, Good Laboratory 
Practice Regulations," 43 FR 59986, 22 December 1978), 

B. Test Substance 

1. The specific substance or mixture of substances to be tested 
should be determined in consultation with the agency. As far 
as is practical, composition of the test substance should be 
known. Information should include the name and quantities of 
all major components, known contaminants and impurities, and 
the percentage of unidentifiable materials to account for the 
entire test substance. 

2, Ideally, the lot of the substance tested should be the same 
througnout the study. The test sample should be stored under 
conditions that maintain its stability, strength, quality, and 
purity from the date of its production until the tests are 
complete, 

C. Animals 

1, Recommendations concained in DHEW pub. no, (NIH) 74-23, 
entitled "Guide for the Care and Use oi Laboratory Animals," 
should be followed for the care, maintenance, and housing of 
animals, 

2, Healthy animals, not subjected to any previous experimental 
procedures, must be used. 

3. The test animal shall be characterized as to species, strain, 
sex, weight and/or age, Each animal must be assigned an 
appropriate 1dentif1cation number, 

4, Animals may be group-caged for this test unless a specific test 
guideline or the pharmacological action of the test substance 
dictates otherwise, but the number of animals per cage should 
not prevent continuea and ciear observation of each animal, 
When signs of morbidity or excitability are observed in 
group-caged animals during the test, such animals should be 
moved to separate cages. 

5, Animals should be assigned to groups in a random manner so as 
to minimize bias and to assure comparabil1ty of pertinent 
variables for statistical purposes, 
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D. Dead Animals, Necropsy, and H1stoeathology 

Animals should be observed as necessary to insure that there 1s 
minimal loss due to cannibalism or similar management problems. 
Where possible, necropsy should be performed soon after an animal 
is sacrificed or found oead to minimize loss of tissues due to 
autoiysis. When necropsy cannot be performed immeaiately, tne 
animal muse be refrigerated at temperatures low enough to 
minimize autolys1s and not cause freezer burn. If 
histopachological examination is to be conducted, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal. 

E. Diet 

The animal's diet should meet all of the nutritional requirements 
of the test species. Special attention should be paid to the 
diet composition when the test material itself is a nutrient, 
because such material may have to be incorporated into the diet 
at levels which may interfere with normal nutrition. Under these 
circumstances an additional control group fed basal diet may be 
necessary. 

II. Specific Considerations 

A. Test Preparation 

1, Animals: This guideline is for use with the rat or mouse. 
It other species are used, appropriate modifications of this 
guideline will be necessary. Strains with low fecundity 
should not be used. 

2. Sex and age: For an adequate assessment of fertility, both 
male and females must be studied. All test and control 
animals must·be weaned and acclimated before treatment begins. 

3. Number of animals; Each test ano control group should 
contain at least 20 maies and at least 20 pregnant females at 
or near term. In order to achieve this 1t may be necessary 
to start with 30 animals per sex per group in the first 
parental groups (P) and 25/sex/group in toe parents (F1) oi 
the F2 generation. 

4. Controls; Appropriate controls are required. The control 
group should be created in all respects as the treated 
groups, except for exposure to the tesc substance. For 
dietary studies, the controi group would normally be fed only 
the basal diet. However, if a vehicle muse be used in 
administ~ring tne test substance, then a vehicle control is 



84 

necessary. A single volume of vehicle should De used in all 
treatment groups, and this volume should also be given to the 
controi group. If there are insufficient dat..1 un the toxi..; 
properties of the vehicle used i.n administering the test 
substance or the vehicle has not been characterized in terms 
of its influence on either the test substance toxicLty or 
bioavailability, then at least a vehicle anJ basdi diet 
control is necessary. The use of uncharacterized vehicles 
should be avoided. 

B, Test Procedure 

1. Duration of dosing; Tne first parental a11ima1s, P1(Fo) 
wi l l be exposed to the test substance up tu the weaning of 
Ll1ei.r Ft offspri.ng. The Ft animals should be dos~d up to 
bi.rth ot the F2 offspring. Consideration should be given 
tu the production of two litters per generation. It there 
are indications of poor reproductive performance in the 
controls, then a second litter per generation is essential 
for the proper conduct of this study. Table I presents the 
dosing and breeding schedule tor rats, which follows; 

(a) Dosing of males 

1 . Daily dosing of the P1 males should begin soon after 
they are weaned and acclimated. Males should be dosed 
during growth and for at least one complete spermatogenic 
cycle in order to elicit any adverse effects on 
spermatogenesis by the test substance. Pt males snould 
continue receiving daily doses ot the test substance 
during the mating period of about 3 weeks. 

ii. Fi males should receive daily doses of tne test 
substance from weaning through the mating period. 

111. If a t~o litter per generation desi.gn is to be used, then 
the P1 males need not be dosed for a full sperm~togenic 
cycle (10 weeks) prior to the mating to produce the Fta 
litter. Alternatively, they may be dosed for a period of 
two weeks (similar to that of P1 females) prior to 
their first mating. 
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TABLE I 

APPROXIMATE DOSING AND BREEDING SCHEDULE 

Approx. Time 

(Weeks) 

O Pl birth 

6 P1 weaned; P1 males dosing begins; 

14 Pt females dosing begins; 

16-19 Pt mating; 

19-22 F1 born; P1 males 
dosing ends at week 19* 

22-25 Ft weaned; P1 females dosing 
ends at weaning of the F1*; 
F1 male and female dosing begins 

31-34 Ft mating; F1 male dosing ends 
at Week 34 * 

34-37 F2 born, F1 female dosing ends 
at Week 37** 

* If a second litter per generation is produced then at least 10 days 
should separate weaning of the first litter and the mating period for 
production of the second. 

** For a teratology assessment phase, a second mating of the F1 animals 
should be conducted. Dosing of Fl males and females should continue, 
and at least 10 day~ following the weaning of the F2a litte~ should 
elapse prior to mating for the F2b· All of the F1 dams should be 
sacrificed about l day prior to term and the fetuses studied as described 
in the teratology guideline. 
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(b) Dosing of females 

1. Daily dosing of the P1 females should begin after they 
are mature and about 2 weeks prior to mating, Females 
should be dosed for at least two complete estrous cylces in 
order to elicit any adverse effects on oogenesis or estrus 
by the test substance, After mating, each P1 female 
should continue receiving daily doses of the test substance 
throughout pregnancy and until its offspring (including 
second litter, if necessary) are weaned (3 weeks 
post-partum), 

11, The F1 females should receive daily doses of the test 
substances until they are sacrificed (see Section E), 

(c) Mating: For each mating, one female should be placed with 
a male from the same dose group until pregnancy occurs or 3 
weeks have elapsed, Each morning the females must be 
examined for presence of sperm. Day O of pregnancy is 
defined as the day a vaginal plug and/or sperm are found. 
For mating the F1 offspring, 2 males and 2 females are 
selected by ramdomizea stratification from each litter ft-om­
cross-mating with the other F1 offspring of the same dose 
group to produce the F1 generation, Sibling matings must 
be avoided, F1 males and females not selected for mating 
are sacrificed upon weaning as described below, 

(d) Standardization of number of pups per litter: All litters 
of more than 10 pups should be culled to 10 in a random 
manner, 

(e) Times of sacrifice - males 

1. All P1 males should be sacrificed at the end of the 
3-week mating period (normally Week 19, if a second litter 
1s necessary Week 26), 

11. F1 males selected for mating should be sacrificed at the 
end of the 3-week mating period of the F1 generation. 
F1 males not selected for mating can be sacrificed when 
weaned. 

111. F2 males naturally delivered should be retained to 
determine 24-hour post-partum survival rate and then 
sacrificed unless production of a third generation is 
necessary. 
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(f) Times of sacrifice - females 

i. The P1 females should be sacrificed upon weaning of their 
F1 offspring. The duration of gestation should be 
calculated from day O of pregnancy. Each litt~r should be 
examined as soon as possible after delivery for the number 
of pups, stillbirths, live births, and the presence of 
gross anomalies. Dead pups should be preserved and studied 
for possible defects, evidence of live birth and cause of 
death. Live pups should be weighed and counted at birth 
and days 1, 4 and 21 after birth. Physical behavioral 
abnormalities observed in the dams or offspring must be 
recorded. 

ii. The F1a females (dams of the F1a litter) in test and 
control groups should be continued on the test substance 
and be allowed to litter normally. Signs of difficult, 
delayed, or prolonged labor should be reported. The 
duration of gestation should be calculated from day O of 
pregnancy. Each litter should be examined as soon as 
possible after delivery for the number of pups, 
stillbirths, live births, and the presence of gross 
anomalies. Dead pups should be preserved and studied for 
possible defects, evidence of live birth and cause of 
death. Live pups should be weighed and counted at birth 
and days land 24 hours after birth. Physical behavioral 

------ --~ ---- - - a-bnat"ma-1-i-tie-s--obser-ved-- -i-n- t-h-e -dams- -or- off spring- mus t --t,-e-­
recorded. 

iii. The F1b females (dams of the F1b litter) from each test 
and control group should be weighed, killed and examined 
late in pregnancy (around one day prior to term). These 
F1 females should be examined for number and distribution 
of embryos in each uterine horn, embryos undergoing 
resorption: malformed fetuses, and any other abnormal 
condition (according to teratology guideline). 

iv. Naturally delivered Fz females should be retained to 
determine post-partum-survival rate and then sacrificed 
unless production of a third generation is necessary. 

2. Dosage: At least three dosage levels should be tested in 
addition to the control. Unless limited by the 
physical/chemical nature of biological effects of the test 
substance, the highest dose level should ideally induce 
toxicity but not mortality in the P1 animals, In actual 
practice, mortality may be encountered making attainment of 
this ideal difficult. The low dose should not induce any 
observable adverse effects. For P1 males, the dosage 
administered to each animals may be based on the. individual 
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animals's weekly body weight, For females, the dosage 
administered to each animals may be based on the individual 
animal's weekly body weight or during pregnancy it may be based 
on the body weight at day 6 of pregnancy. Dosage may be also 
determined on the basis of a percentage of the test su,stance 
in the diet. 

3, Route of administration; The test substance should be 
administered in the diet, or drinking water, unless the 
chemical or physical characteristics or use pattern of the test 
substance suggest a more appropriate method of administration 
such as by stomach tube, When administered in the diet, the 
dose of the test substance may be calculated on the basis of mg 
of test substance/kg of food, Doses administered by gavage ot 
in water should be calculated and adjusted weekly on the basis 
of body weight. The test substance should be administered at 
approximately the same time each day. 

4, Animal care; Food and water should be provided ad libitum, 
Near parturition, pregnant females must be caged~eparately in 
delivery or maternity cages and may be provided with nesting 
materials, 

5, Observation; Throughout the test period, each animal must be 
observed at least once daily, Pertinent behavioral changes, 
food consumption, and all signs of toxicity, including 
mortality, must be recorded. These observations should be 
reported individually for each animal. 

6. Weight changes; 

(a) p1 males and females selected should be weighed on the 
first day of dosing and weekly thereafter. 

(b) F1 males· and females should be weighed at birth and on 
days 4, a_nd 21 and weekly thereafter. 

(c) Naturally delivered Fz males and females should be 
weighed at birth and at 24 hours after birth, 

7, Gross Necrospy 

When sacrificed, each animal should be subjected to complete 
gross necropsy with special attention paid to the organs of the 
reproductive system. Dead or moribund pups should be examined 
for defects. 

8, Histopathology 

The vagina, uterus, ovaries, testes, epididymides, se~inal 
vesicles, prostate, and target organs or all P and F1 animals 
selected for mating should be preserved for microscopic 
~xamination. In the r,1re. event that these orga11s hav~ 11ut been 
1!X.'.lrnincd in <Jth,~r multiple dose studies, they should be 
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microscopically examined in all high-dose and control animals. 
Organs showing abnormalities or equivocal results should be 
examined in all other P and F1 animals selected for mating. In 
these instances microscopic examination should be made of all 
tissues showing gross pathological changes. 

III. Data Reporting 

A. Identification 

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

1. The laboratory where the test was performed by name and address; 

2. The inclusive dates of the test; and 

J. Each person primarily responsible for separate components of 
the test including (a) the conduct of the test, (b) pathology, 
(c) analysis of the data, (d) the writing of the report, and 
(e) any written or other matter contained in the report. 

B. Body of Report 

The test report must include all information necessary to provide a 
complete and accurate description and evaluation of the test 

- p~ocedu~es and -results--in - the followin&--sections: 

1. Summary and conclusions: This section of the test report 
should contain a brief description of the methods, a summary of 
the data, an analysis of the data, and a statement of the 
conclusions drawn, The sum.~ary must highlight all positive 
data or observations and any deviations from control data which 
may be indicative of toxic effects. 

2. Materials: This section of the test report should include, but 
not be limited to, the following information: 

(a) Identification of the test substance, so far as practical, 
including: 

1, chemical name, molecular structure, and a qualitative and 
quantitative determination of its chemical co~position, 
including names and quantities of known contaminants and 
impurities and listing the percentage of unidentifiable 
materials to account for the entire test sample, 

11. manufacturer and lot number of the substance tested, and 
such information as physical state, pH, stability, and 
purity; and 
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111. specific identification of diluents, suspending agents, 
emulsifiers, or other materials used in administerin& the 
test substance. 

(b) Animal data, including; 

1. species and strain used and rationale for selection of the 
strain if other than a common laboratory strain; 

ii, source of supply of the animals; 

11i. description of any pre-test conditioning; 

iv, description of the method used in randomization of animals 
to test or control groups; and 

v. numbers, age and condition of animals of each sex in eacn 
test and control group, 

(c) Data on husbandry should include description of the caging 
condition including number of animals per cage, diet, 
bedaing material, ambient temperature, humidity, and 
lighting conditions, 

3 .-- Methods 

(a) Deviation from guidelines; This section snail indicate all 
ways in wnich the test procedure deviates from these 
guidelines and shall state the rationale for such deviation, 

(b) Specification of test methods; This section shall include 
a full description of the experimental design and 
procedure, the length of the study, and the dates on which 
the study began and ended. 

(c) Statistical analysis: All statistical methods used should 
be fully described or identified by reference. 

(d) Data on dosage administration, including; 

1, all dose levels administered, expressed as mg/kg of body 
weight; 

ii. method, frequency, duration, and time of day; and 

111. total volume of substance (i.e., test substance plus 
vehicle) contained in indiv~l dosages, 

(e) Data on observation methods, including: 
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i. duration; and 

ii. method and frequency of observation of the animals. 

4. Results: 

The tabulation of data and individual results must accompany 
each report in sufficient detail to permit independent 
evaluation of results. 

(a) The data presented should include the following information: 

species/breed used; 

toxic response data by sex, dose and litter fertility 
indices, length of gestation, etc,; 

time of death during the study or whether animals 
survived to termination; 

toxic or other effects on reproduction, offspring, 
postnatal growth, etc,; 

the time of observation of each abnormal sign and its 
subsequent course; 

body weight data for Pl• F_1, and Fz animals; 

necropsy findings; 

a detailed description of microscopic findings; and 

statistical treatment of results where appropriate. 

(b) Data may be summarized in tabular form, showing for each 
test group the number of animals at the start of the test, 
the number of animals pregnant, the types of change and the 
precentage of animals displaying each type of change. 

All numerical results should be evaluated by an appropriate 
statistical method. Any generally accepted statistical 
method may be used, 
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(c) An evaluation of test results, including their statistical 
analysis, should be made and supplied, based on the 
clinical findings, the gross necropsy findings, and the 
microscopic results. This should include an evaluation of 
the relationshipJ or lack thereofJ between the animal's 
exposure to the test substance and the incidence and 
severity of all abnormalities, tumors and other lesionsJ 
or&an weight effects, effects of mortality, and any other 
general or specific toxic effects. 

In any study which demonstrates an absence of toxic 
effectsJ further investigation to establish absorption and 
bioavailability of the test substance should be considered. 

5, References 

This section of the test report shall include the following 
information: 

(a) Availability of original data, specimens and samples of 
the test substance. The location of all original dataJ 
specimens, and samples of the test substances which are 
retained in accordance with the testing requirement. 

(b) Literature or references, including, where appropriateJ 
those references for (1) test procedures, (2) statistical and 
other methods used to analyze the dataJ ()) compilation and 
evaluation of results, and (4) the basis upon which conclusions 
were reached. 

lV, Suggested Reading 

1. Go1dentha1, E,I,, Guidelines for Reproduction Studies tor Safety 
Evaluation of Dr~gs for Human Use. Drug Review Branch, Division of 
Toxicolo&ical Evaluaton, Bureau of Science, FDAJ 1966, 

2, ClermontJ Yves, and PerryJ Bernard. Quantitative study of the cell 
population ot the seminferous tubules in immature rats, Am, J, 
~· !QQ-241-267, 1957, 

3, Hasegawa, T, J HayashiJ M., Ebling, F,J.G.J and HendersonJ l,W,J 
Fertility ana Sterility. Excerpta Medlca Amsterdam, American 
Elsevier Publishing Co., Inc.: New York, 1973, 
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4. Roosen-Runge, Edward C. The process of spermatogenesis in 
mamDlals. lli..21· ~· ll:343-377, 1962. 

5. Oakberg, Eugene F. Duration or spermatogenesis in the mouse and 
timing of stages of the cycles of the seminiferous epithelium. Am • 
.I.· ~· 2.2:507-516, 1956. 

6. Yates, R.D. and Gordon, Mildred. Male Reproductive System, Masson 
Publishing USA, Inc.: New York, 1977. 

.~ 
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GUIDELINES FOR A THREE GENERATION REPRODUCTION 
TOXICITY STUDY WITH OPTIONAL TERATOLOGY PHASE 

I, Introduction 

This guidel1n~ for reproducc1on testing is designed for substances 
with data indicating the need for reproductive toxicity evaluation 
in at least three generations. It should provide further 
information conc~rning the effects of a test substance on gonadal 
function, estrous cycles, mating behavior, conception, parturition, 
lactation, and weaning and is not designed to determine specific 
cause and effect in all cases. The study will also prov1de 
information about the effects of the test substance on neonatal 
morbidity, mortality, and teratology. This guideline is for use 
with substances given orally to rodents. 

·, 
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I. Gen~ral Considerations 

A. Good Laborato ry Practices 

Studies should be· conducted according to good laboratory practice 
regulations (e.g., "Nonclinical Laboratory St.udi~s, Goud Laboratory 
Practice Regulations," 43 FR 59986, 22 December 1978). 

B. Test Substance 

1. The specific substance or mixture of substances to be tested 
should be determined 1.n consultation with the agency. As far 
as is practical, composition of the test substance should be 
known, Information should include the name and quantities of 
all major components, known contaminants and impurities, and 
tne percentage of unidentifiable materials to account for the 
entire test substance. 

2. Ideally, the lot of the substance tested should be the same 
throubhout the study. The test sampl~ should be stored under 
conditions that maintain its stability, strength, quality, 
and purity from the date of its production until the tests 
are complete. 

C. Animals 

1. Recommendations contained in l>HEW pub. no. ( NIH) 74-23, 
entitled "Guide for the Care <£nd Use of Laboratory Animals," 
should be followed for tne care, maintenance, and housing of 
animals, 

2. Healthy animals, not subjected to any previous experimental 
procedures, must be used. 

3. The test animal shall be characterized as to species, strain, 
sex, weight and/or age. Each animal must be assigned an 
appropriate identification number. 

4. Animals may be group-cagea for this test unless a specific 
test guideline or the pharmacological action of the test 
substance dictates otherwise, but the number of animals per 
cage should not prevent continued and clear ooservation of 
eacn animal. When siKns of morbiuity or excitability are 
observed in group-caged animals during the test, such animals 
snould be moved to separate cages. 

5. Animals should be assigned to groups in a random manner so as 
co minimize bias and to assure comparability of pertinent 
variables for statistical purposes. 
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D. Dead Animals, Necropsy, and Histopathology 

Animals should be observed as necessary to insure tnat there is 
minimal loss due to canniball.sm or similar management pi·oblems. 
Where pos£ible, necropsy should be performed soon aiter an animal 
is sacrificed or found dead to minimize loss of tissues due to 
autolysis. When necropsy cannot be performed irranediately, the 
animal must be refrigerated at temperatures low enough to 
minimize autolysis and not cause freezer burn. If 
histopathological examination is to be conducted, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal. 

E. Diet 

The animal's diet should meet all of the nutritional requirements 
of the test species. Special attention should be paid to the 
diet composition when the test material itself is a nutrient, 
because such material may have to be incorporated into the diet 
at levels which may interfere with normal nutrition. Under these 
circumstances an additional control group fed basal diet may be 
necessary. 
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III, Specific Considerations: 

A, Test Preparation 

l. Animals: This guideline is for use with the rat or mouse. 
If ocher species are used, appropriate modifications of this 
guideline will be necessary. Strains with low fecundity 
should not be used. Animals used for testing should not have 
been subjected to previous compound administration in other 
experiments. 

2. Sex and age: For an adequate assessment of fertility, both 
males and females must be studied. All test and control 
animals should be weaned and acclimated before dosing 
begins. Animals should be sutficiently mature at the start 
of dosing. 

3. Number of animals. Each test and control group should 
contain ac least 20 males and at least 20 pregnant females at 
or near term. The objective is to produce enough pregnancies 
and offspring to assure a meaningful evJlqation of the 
potential ol che substance co affect mating, pregnancy, 
lactation, growth and development of the offsprinb from 
conception to maturity. in order to achieve this obJective 
it may be necessary to start with 30 animals/sex/group in the 
P generation and 25/sex/group in the Fi generation. 

4. Test groups: At least tnree treatment groups and one vehicle 
control group should be used., If there are insufficient 
data on the toxic properties of the vehicle used in 
administering the test substance, a negative control group 
exposed only to the diet muat also be included. In all other 
respects the .control groups must be handled and maintained in 
a manner identical to that used with the groups given the 
test substance. 
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B. Test Procedure 

1. Duration of dosing; A total of six litters are examined; 
two l itters in the first, second, and third generations, with 
An optinnal Additional litter in the F2 or F3 litters, 
for teratology. The first parental animals will be exposed 
to the substance continuously through the weaning of their 
FtA offspring. After the F1A pups are weaned, the 
parental animals are allowed to rest for at least 10 days and 
then remated to produce Fis· Randomly selected weanling 
pups are continued on the control or test compound and mated 
to produce the following generation. Selection of animals to 
produce the next generation should be done with the aid of a 
table of random numbers and should not be based on weight or 
fitness. F2A and F2s are produced from mating of F1B 
animals and are treated in the same manner as F1A and 
Fis· Randomly selected animals from F2s are mated to 
produce the third generation. F3A animals are weaned and 
either necropsied or used for a longer term toxicity study. 
FJB animals are produced and treated in the same manner as 
F1A· 

(See Figure I) 

-2. Dosag.e.; -- -At-~l'eas-t -three -dos-age ---level-s must be- c-eirred in -
addi tion to the controls. Ideally, unless limited by the 
physical/chemical nature or biological effects of the test 
substance, the highest dose level should induce to~icity but 
not mortality in P animals. The low dose should not induce 
any observable adverse effects. For P males, the dosage 
administered to each animal may be based on the individual 
animal's body weight adjusted weekly for changes in body 
weight. For females, the dosage administered to each animal 
maybe based on the individual animal's body weight adjusted 
weekly for changes in body weight, except during pregnancy 
when it should be based on the body weight at Day 6 of 
pregnancy. Dosage levels for both males and females may also 
be based upon a percentage of the test compound in the diet. 

(a) Dosing of males 

1. Daily dosing of the P males s hould begin soon after they 
are weaned and acclimated. Hales should be dosed during 
growth and for at least one complete spennatogenic cycle 
(appr oximately 56 days in the mouse and 70 days in the 
rat) in order to elicit any adverse effects on 
spermatogenesis by the test substance. P males should 
continue receiving daily doses of the test substance 
during the remaining periods required to obtain the 
desired matings. 

ii. F1 ,F2, and F3 males will be exposed to the test 
substance in utero during the nursing period and 
throughout weaning and maturation. 

·, 
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Figure 1. Protocol for 3-generation reproduction and teratology study 

.~ 
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(b) Dosing of females 

L. Daily dosing of the P females should begin after they are 
mature and about 2 weeks prior to mating. Females should 
be dosed for at least two complete estrous cycles in 
order to elicit any adverse effects on oogenesis or 
estrus by the test substance. After mating, each P 
female should continue receiving daLly doses of the test 
substance throughout pregnancy, until its offspring are 
weaned (3 weeKs postpartum), and continuously throughout 
all subsequent matings. 

ii. F1, Fz, and F3 females will be exposed co the test 
substance in utero, through nursing, and throughout 
weaning anii"maturation. 

(c) Mating: 

For each mating, one female should be placed with a male 
from the same dose group. For mating the Fi and Fz 
offsprLng, 2 males and 2 females are selected by 
randomizea stratification from each litter for 
cross-macing WLth the other Fi or F2 offspring of the 
same dose ~roup to produce the F2 or F3 generation. 
Sibling matings must be avoided. F1 males and females 
not selected f_or 1!._a~ingar~ sac!_ificed upon weaning as 
described below. Day O of pregnancy is defined as the 
day a vaginal plug and/or sperm are found. On day 4, all 
litters of more than 10 pups should be culled to 10 in a 
random manner. 

(d) Times ot sacrifice - males 

1. All parental Pi (Fo) males should be sacrificed at 
the end of the mating period for their last litter. 

ii. Fi and F2 males selected for mating should be 
sacrificed at the end of the period for mating of the 
following generation. F1, F2, and F3 males not 
selected for mating should be sacrificed at weaning. 

(eJ Times of sacrifice - females 

i. Each Po (Fo) female should be sacrificed when its 
last Fi offspring is weaned. 

ii. Fi and F2 females selected for mating should follow 
the same schedule for sacrifice as the Pi females. 

iii. F1 , F2 1 and F3 females not selected for mating 
should be sacrificed at weaning. 
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3, Teratology phase; Either the F2c or F3c litter can be 
used to determine fetotoxic effects. If a teratology study 
is to be done, pregnancy is timed by the vaginal smear method 
described. Approximately 24 hours prior to delivery, the 
dams are killed, and caesarean sections are performed, The 
uterus is opened and examined for the presence of early and 
late deaths and corpora lutea are counted, The live fetuses 
are removed, weighed, sexed, and examined for gross 
malformations, To discover visceral abnormalities, one-halt 
the fetuses can be dissected. The remaining half of the 
fetuses can be cleared and stained for the detection of 
skeletal anomalies. 

4, Route of administration: The test substance should be 
administered by diet or drinking water or unless the chemical 
or physical characteristics or use pattern of the test 
substance suggest a more appropriate method of administration 
such as by stomach tube. The method of administration must 
be the same for controls and test groups, When administered 
in the diet, the dose of the test substance may be calculated 
on the basis of mg of test substance/kg of food. Doses 
administered by gavage or in water should be calculated and 
-adjusted weekly - on the basis of body weight, For females 
during pregnancy of dose may be based on the body weight at 
day 6 of pregnancy. The test substance should be 
administered at approximately the same time each day. 

5, Animal care: Food and water should be provided ad libitum. 
Near parturition, pregnant females must be caged--;eparately 
in delivery or maternity cages and may be provided with 
nesting materials. 

6, Observation: Throughout the test period, each animal must be 
observed at least once daily by an appropriately trained 
observer, Pertinent behavioral changes, food consumption, 
and all signs of toxicity, including mortality, must be 
recorded. These observations should be reported individually 
for each animal. Pregnant females in test and control groups 
should be continued on the test substances and be allowed to 
litter normally. Signs of difficult, delayed, or prolonged 
labor should be recorded. The duration of gestation should 
be calculated from Day O of pregnancy. Each litter should be 
examined as soon as possible after delivery for the number of 
pups, stillbirths, live births, and the presence of gross 
anomalies. Dead pups should be preserved and studied for 
possible defects and cause of death. Live pups should be 
weighed and counted at birth and days 4, and 21 after birth. 
Physical or behavioral abnormalities observed in the dams or 
offspring must be recorded. 
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7. Weight changes: 

(a) P males and females selected should be weighed on the 
first day of dosing and weekly thereafter. 

(b) F1, F2, and F3 males and females used for mating 
should be weighed at birth and on days 1, 4, and 21 and 
weekly thereafter. 

(c) F1, F2, and F3 males and females not used for 
mating should be weighed at birth and on days 1, 4, and 
21 after birth. 

8. Gross Necropsy 

~~en sacrificed, each animal should be subjected to complete 
gross necropsy with special attention paid to the organs of 
the reproductive system. Dead or moribund pups should be 
examined for defects. 

9, Histopathology 

The vagina, uterus, ovaries, testes, epididymus, seminal 
vesicles, prostate, and target organs of all P and Ft 
animals should be preserved for microscopic examination. In 
the rare event that these organs have not been examined in 
other multiple dose stud-ies, - they should be microscopically 
examined in all high-dose and control animals. Organs 
showing abnormalities or equivocal results should then be 
examined in all other P and F1 animals. In these instances 
microscopic examination should be made of all tissues showing 
gross pathological changes. 

IV. Data Reporting 

A. Identification 

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

1. The laboratory where the test was performed by name and 
address; 

2. The inclusive dates of the test; and 

3. Each person primarily responsible for separate components of the 
test, including (a) the conduct of the test, (b) pathology, (c) 
analysis of the data, (d) the writing of the report, and (e) any 
written or other matter contained in the report. 
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li, lio<ly ot Report 

The test report must include all information necessary to provide 
a complete and accurate description and evaluation of the test 
procedures and results in the following sections: 

1. Sununar y and conclusions: This section of the test report 
should contain a brier description of the methods, a summary 
of the data, an analysis of the data, and a statement of the 
conclusions drawn. The summary must highlight all positive 
data or observations and any dev1ations from control data 
which may be indicative of toxic effects. 

2, Materials: Th1s section of the test report should include, 
but not be limited to, the following informacion: 

(a) Identification of the test substance, so far as 
practical, includin~: 

i , chemical name, molecular structure, and a qualitative and 
quantitative determination of its chemical composition, 
including names and quantities of known contaminants and 
impurities and listing the percentage of unidentifiable 
materi-a-1-s- -to -aceou-n-t f-or - t-he-- ent-1.re--t-es-t s-amp-le-. 

11. manufacturer and lot number of the substance tested, and 
such information as physical state, pH, stability, and 
purity; and 

111. specific identification of diluents, suspend1n~ agents, 
emulsifiers, or other materials usea in administering the 
test substance. 

(b) Animal data, includins: 

i. species and strain used and rationale for selection 
of the strain if other than a common laboratory 
strain; 

ii. 

iii. 

iv. 

v. 

source of supply of the animalsi 

description of any pre-cest conditioning; 

description of the method used in randomization of 
animals to test or control groups; and 

numbers, age and condition of animals of each sex in 
each test and control group. 
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(c) Data on husbandry should include description of the 
cag1ng condition 1ncluding number of animals per cage, 
diet, bedding material, ambient temperature, humidity, 
and lighting conditions. 

3, Methods 

,a) i..h.!v1ac1on froin guidelines: 
all ways in which the test 
guidelines and shall state 
deviation. 

This section shall indicate 
procedure deviates from these 
the rationale for such 

(b) Spec1fication of test methods: This section shall 
include a full descript1on oi the experimental design and 
procedure, the length of the study, and the dates on 
which the study began and ended. 

(c) Statistical analysis: All stat1stical methods used 
should be fully described or identified by reference. 

(a) Data on dosage administration, includ1ng: 

1. all dose levels administered, expressed as mg/kg of body 
weight; 

11. method, frequency, duration, and time of day; and 

111. total volume of substance (1.e., test substance plus 
vehicle) contained in individual dosages. 

(e) Data on observation methoas, including: 

1. duration; and 

ii. method and frequency of observation of the animals. 

4. Results 

The tabulation of data and individual results must accompany 
each report in sufficient detail to permit independent 
evaluation of results. 

(a) The data presented should include the following 
information: 

species/breed used; 

toxic response data by sex, dose and litter 
fertility indices, length of gestation, etc.; 

time of death during the study or whether animals 
survived to termination; 

' ' 
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toxic or other effects on reproduction, offspring, 
postnatal growth, etc.; 

the time of observation of each abnormal signs and 
its subs~quenc course; 

body weight data for Pi, F1, and F2 animals; 

necropsy findings; 

a detailed description of microscopic findings; 

statistical treatment of results where appropriate. 

(b) Data may be summarized in tabular form, showing for each 
test group the number of animals at the stare of the 
test, the number of animals pregnant, the types of change 
and the precentage of animals displaying each type of 
change. 

All numerical results should be evaluated by an 
appropriate statistical method. Any generally accepted 
statistical method may be used. 

(c) An evaluation of test results, including their 
statistical analysis, should be made and supplied, based 
on the clinical findings, the gross necropsy findings, 
and the microscopic results. This should include an 
evaluation of the relationship, or lack thereof, between 
the animal's exposure to the test substance and the 
incidence and severity of all abnormalities, tumors and 
other lesions, organ weight eftects, effects of 
mortality, and any other general or specific toxic 
effects •. 

In any study which demonstrates an absence of toxic 
effects, further investigation to establish absorption 
and bioavailability of the test substance should be 
considered. 

5. References 

This section of the test report shall include the following 
information: 

(a) Availability of original data, specimens and samples of 
the test substance. 'lbe location of all original data, 
specimens, and samples of the test substances whicb are 
retained in accordance with the testing requirement. 

(b) Literature or references, including, where appropriate, 
those references for (1) test procedures, (2) statistical 
and ocher methods used to analyze the data, (J) 

compilation and evaluation of results, and l4) the basis 
upon which conclu~ions were reachea. 
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Gu1delin~ for Teratogenicicy Testing 
in Rat, Hamster, Mouse, and Rabbit 

The purpose of chis test is to yield data to help determine whether a test 
substance is potentially embryotoxic and/or teratogenic. Treatment must be 
started early enough and continued long enough to include the period of 
maJor organogenesis ior the particular species used. 

Tnis guideline is for use with substances given orally to tne rat, hamster, 
mouse, or rabbit. 

Such a study can also be combined with a multigeneration reproduction study 
as long as the fetus is exposed during organogenesis. 
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I, General Consicterations 

A. Goud Laboratory Practices 

Stud1es should b~ conducted according to good laboratory pract1ce 
regulations (e.g . . "Nonclinical Laboratory Studies, Good Laboratory 
Prdctice Ro.:i:;ulations," 43 FR 59913b, 22 December 1978)'. 

B. Test Substance 

1. The specific substance or mixture of substances to be tested 
should be determined in consultation witn the agency. As far 
as is practical, composition of the test suostance snould be 
known. Information should include the name and quantities of 
all ma3or components, known contaminants ana impurities, ana 
the percentage of unidentifiable mater1als to account for the 
entire test substance. 

2. Ideally, the Lot of the substance testea should be the same 
throughout the study. The test sample should be stored under 
conditions that maintain its stability, strength, quality, and 
purity from the date of its production until the tests are 
complete. 

C, Animals 

1, Recommendations contained in DHEW pub. no. (NIH) 74-23, 
entitlea "Guide for the Care and Use of Laboratory Animals," 
should be followed for the care, maintenance, and housing of 
animals. 

2, Healthy animals, not subjected to any previous experimental 
procedures, must be used. 

3. The test animai shall be characterized as to species, strain, 
sex, weight and/or age. Each anima1 must be assigned an 
appropriate identification number. 

4. Animals may be group-caged for this test unless a specific test 
guideline or the phannacological action ot the test substance 
dictates otherwise, b~t the number of animals per cage should 
not prevent continued and clear observation of each animal. 
When signs of morbidity of excitability are observed in 
group-caged animals during the test, such animals snould be 
moved to separate cages. 

5. Animals should be assigned to groups in a random manner so as 
co minimize bias and to assure comparaoility of pertinent 
variables for statistical purposes. 
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D. Dead Animals, Necropsy, and Histopathology 

Animals should be observed as necessary to insure that there is 
minimal loss due to cannibalism or similar management problems. 
Where possible, necropsy should be per1onned soon after an animal 
is sacrific~d or found dead to minimize loss or tissues due to 
autolysis. When necropsy cannot be performed immediately, the 
animal must be refrigerated at temperatures low enough to minimize 
autolysis aud not cause freezer burn. It hiscopathological 
examination is co be conducted, tis&ue specimens should be placea 
in appropriate fixative when they are ·taken trow the animal. 

E. Diet 

The animal's diet shoulu meet all of the nutritionai re4uirements 
of the test species. Speciai attention should be pQid to the diet 
composition when the test material itself is a nutrient, because 
such material may have to be incorporated into tlle diet at levels 
which may interfere with normal nutrition. Under these 
circumstances an additional control group fed basal aiet may be 
necessary. 

11, Specific Considerations 

A, Test Preparation 

1. Animals: Species commonly used are the rat, mouse, hamster and 
rabbit, The preferred species are the rat and the rabbit, 
Commonly used laboratory strains should be employed. The 
strain should not have low fecundity and should preterably be 
characterized ior its response to teratogens. All test an~ 
control animals should be young, mature, pregnant females of 
uniform age, size, and parity, 

2, Test groups: At least three test groups and one vehicle 
control group should be used. When the test substance is 
administered in a vehicle, the vehicle only should be 
administered to the controls. If no vehicle is used, then the 
controls should be sham treated. If there are insufficient 
data on the toxic properties of the vehicle used in 
administering tne test substance, a sham control group should 
also be included. In all other respects, the control must be 
handled and maintained in a manner identica1 to that usea with 
the groups given the test substance. 

3. Number of animals: Sufficient numbers of animals should be 
bred to assure that each test group and the vehicle control 
group will consist of at least 20 pregnant rats or mice, or at 
least 12 pregnant rabbits, These are the minimum numbers of 
pregnant animals at or near term, The objective 1s to assure 
that sufticient pups are produceu to permit evaluation ot the 
terato6en1c potential of the substance. 

r , 
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B. Test Procedure 

l, Duration of test: Day O is defined as the day a vaginal plug 
and/or sperm are found or insemination is pe~fot'tned. The test 
substance should be administered daily beginning soon after 
implantation and continuing well into the period of fetal 
development 'l( Traditionally the period of dosing far rats and 
mice has been from day 6 through 15, for the hamster from day 4 
through 14, and for the rabbit from day 7 through 18. These 
periods of dosing are acceptable. An alternative method, 
however, is to extend the period of dosing in these species ta 
about l day before the expected delivery date. 

For substances that cause enzyme induction, or are highly 
toxic, shorter dosage periods may be appropriate. 

Fetuses shall be delivered by hysterotomy about one day pr1.or 
to term. 

Care should be taken to insure that all animals are delivered 
at about the same stage of fetal development, 

2. Dose levels: At least three dosage groups and a control group 
should be used. To select the appropriate dose levels, a pilot 
or trial study is advisable. It is not always necessary to 
carry out a trial study in pregnant animals; comparison of the 
results from a trial study in non-pregnant, and a main study in 
pregnant animals will establish if the test substance is more 
toxic in pregnant animals. If a trial study is carried out in 
pregnant animals, the dose producing embryonic or fetal 
lethalities should be determined. Unless limited by the 
physical/chemical nature or biological properties of the 
substance, the highest dosage level should ideally induce some 
overt maternal toxicity such as slight weight lass, but not a 
significant reduction in average litter size as compared to 
untreated controls or more than 10 per cent maternal deaths. 
The low dose level should not induce observable effects 
attributable to the test substance. The intermediate dose(s) 
should be located geometrically betw~en high and low dose 
levels. The dosage administered may be based on the individual 
animal's body weight on the first day of substance 
administration or the animals may be weighed daily and the 
dosage adjusted accordingly. 
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3. KCJute of Administration: The test substance or vehicle should 
be administered by oral intubation at approximately the same 
time each day, unless the chemical or physical characteristics, 
or pattern of human exposure to the test substance suggest a 
more appropriate route of administration. 

4. Animal care. Food and water should be provided ad libitum. 

5, Observation. Throughout the test period, each animal should be 
observed at least once daily. Pertin~nt behavioral changes, 
and all signs of toxicity, incluaing mortality, should be 
recorded. Any dam showing signs of imminent, abortion or 
premature delivery may be sacrificed on the date such signs are 
observed. The observations should be reported individually. 
Dams should be weighed at the start of substance administration 
(day 6 or 7), at the time of sacritice, and at lease weeKly 
between these times. Weekly measurements of food consumption 
should be made. 

6, Necropsy. At the cime of sacrifi~e or death during the study, 
the dam should be examined macroscopically for any structural 
aonormalities or pathological changes which may have influenced 
the pregnancy. ltIUUediacely after sacrifice or oeath, the 
uterus should be removed and the contents examined for 
embryonic or fecal deaths and the numoer of live tetuses. It 
i -s- usua-Uy-- poss ibJ.e_ to_ es t--1.ma_t.e_ t__b__e____t ime 9_f _ _g~a~t"l_ in u tero 
where this has occurrea. In rats and rabbits the ~ber of 
corpora lutea may be aetermined. The sex of the fetuses shuuld 
be determined and they should be weighed individually, the 
weights recorded, and the mean fetal weight derived, Following 
removal, each tecus should be examined externally. For rats, 
mice and hamsters, one-third to one-half of each litter shoula 
be prepared and examined for skeletal anomalies, and the 
remaining part of each litter should be prepared and examined 
for soft tissue anomalies using appropriate methods. For 
rabbits, each fetus should be examined by careful dissection 
for visceral anomalies and then examined for skeletal anomalies, 

7, Statistical Analysis; Values from the control and test group 
should be compared statistically. The following are suggested 
but ochers may be substituted. Anomalies may be compared by 
cni-square methods or Che binomial expansion method. Maternal 
body weight gains and weight of tetuses may be compared co 
those of controls by F-test and 8tudent 1 s t-tesc. Fetal 
survival and incidence of abnormalities per litter may be 
compared by non-parametr1c, rank-order methods, Ocher 
statistical methods may be subscitucea. 
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ill, Data Reporting 

A, Identification 

Eacn test report should be signed by the persons responsible for 
the test and identify; 

L. The laboratory where the test was performed by name and address; 

2. The inclusive dates of the t~st; and 

3. Each person primarily responsible tor separate components of 
the test including (a) the conduct ot the test, (b) pathology, 
(c) analysis of tne data, (d) the writing of the r~~orc, and 
(e) any written or other matter contained in the report. 

B. Body of Report 

The test r~port must include all information necessary co provide a 
complete and accurate descri~cion and evaluation of the test 
procedures and results. Each report must include the following 
sections; 

L Summar·, and conclusions. This section of the test report 
should contain a brief description of the methods, a summary of 
the data, an analysis of the data, and a statement of the 
conclusions drawn. The su1I1IDary muse highlight all positive 
data or observations and any deviations from control data which 
may be indicative of toxic effects. 

2, Materials; This section of the test report should include, but 
not be limited to, the following information; 

(a) Identification of the test substance, so far as practical, 
including: 

1. chemical name, molecular structure, and a qualitative and 
quantitative determination of its chemical composition, 
including names and quantities of known contaminants and 
impurities and listing the percentage of unidentifiable 
materials to account for the entire test sample. 

ii. manufacturer and lot number of tne substance tested, and 
such information as physical state, pH, stabllity, and 
purity; and 
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iiil specific identification of diluents, suspending agents, 
emulsifiers, or other materials used in ad~in1stering the 
test substance, 

(oJ Animal data, including. 

i. species and strain used and rationale for selection of the 
strain if other than a common laooratory strain; 

11. source of su~ply of the animals; 

111. description of any pre-test conditioning (such as 
quarantine procedures); 

iv. description of the method used 1n randomization of animals 
to test or control groups; and 

v. numbers, age and condition of dams in each test and control 
group, 

(c) Data on husbandry should include description of the caging 
condition including number of animals per cage, diet, 
bedding material, ambient temperature, humidity, and 
l1ghtirig condition~. 

3. Methods 

ta) Deviation from guidelines: This section shall indicate all 
ways in which the test procedure deviates from these 
guidelines and shall state the rationale for such deviation. 

(b) Specification of test methods: This section shall include 
a full description of the experimental design and 
procedure, the length ~f the study, and the dates on which 
the study began and ended. 

(c) Statistical analysis: All statistical methods used should 
be fully described or identified by reference. 

(d) Data on dosage administration, including: 

1. all dose levels administered, expressed as mg/kg of body 
weight; 

11. method, frequency, duration, and time of day; and 

iii. total volume of substance (i.e., test substance plus 
vehicle) contained in individual dosages. 

(e) Data on observation methods, including: 
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1. duration; and 

ii. method and frequency of observation of the animals. 

4. Results: 

The tabulat1on of data and indiv1dual results must accompany 
each report in suf£1cient detail to permit independent 
evaluat1on of results. 

(a) The following information should be included: 

Time of observation of each abnormal sign and its 
subsequent course. 

Age (or weignt) at the start of the test, 

Body weights and body weight changes based on the 
carcass weight. 

Signs of resorptions. 

Toxic response aata. 

Time of death. 

Pregnancy and litter data. 

Fetal data (Litter identification, live/dead, soft 
tissue and skeletal defe~ts). 

(b) Evaluation of the results should include: 

an evaluation of the relationship, if any, between 
exposure to the test substance and the anomalies, and 

an indication of the dosage level at wnich no toxic 
effects attributable to tne test substance appeared. 
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H, Blumenthal. 
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Guideline for the Design of an In Utero Exposure Phase 
tor Add1.tion to Subchronic, Chronic orCarcinogenicity Guidelines 

I. Introduction; 

Under certain circumstances (see section V) an in utero exposure 
phase may be requir~d for subchronic, chronic o;-carcinogenicity 
studies. This guidel1.ne suggests the design of such an in utero 
exposure phase. 

lI. General Considerations: 

A, Good Laboratory Practices 

Studies should be conducted according to good laboratory practice 
regulations (e.g., 11 Nonclin1.cal Laboratory Studies, Good 
Laboratory Practice Regulations," 43 FR 59986, 22 December 1978). 

B, Test Substance 

l, The specific substance or mixture of substances to be tested 
should be determined in consultation with the agency. As far 
as is practical, composition of the test substance should be 
known. Information should include the name and quantities of 
all major components, known contaminants and impurities, and 
the percentage of unidentifiable materials to account for the 
entire test substance. 

2, Ideally, the lot of the substance tested shoula be the same 
throughout the study. The test sample should be stored under 
conditions that maintain its stability, strength, quality, 
and purity from the date of its production until the tests 
are complete. 

C. Animals 

l. Recommendations contained in DHEW pub. no. {NIH) 74-23, 
entitled "Guide for the Care and Use of Laboratory Animals," 
should be followed for the care, maintenance, and housing of 
animals. 

2. Healthy animals, not subJected co any previous experimental 
procedures, must be used. 
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3. The test animal shall be characterized as to species, strain, 
sex, weight ana/or age. Each animal must be assigned an 
appropriate identification number, 

4. Animals may be group-caged for this test unless a specific 
test guideline or the pharmacological action of the test 
substance dictates otherwise, but the number of animals per 
cage should not prevent continued and clear observation of 
each animal. When signs of morbidity or excitability are 
observed in group-caged animals during the test, such animals 
should be moved to separate cages. 

5. Animals should be assigned to groups in a random manner so as 
to minimize bias and to assure comparability of pertinent 
variables for statistical purposes. 

D, Dead Animals, Necropsy, and Histopathology 

Animals should be observed as necessary to insure that there is 
min1.111al loss due to cannibalism or similar management problems, 
Where possible, necropsy should be performed soon after an animal 
is sacrificed or found dead to minimize loss of tissues due to 
autolysis. When necropsy cannot be performed immediately, the 
animal must be -re-fr-i-ge-rated at- temperatu-r-e----s -1ow enou-gh to 
minimize autolysis and not cause freezer burn. If 
histopathological examination is co be conducted, tissue 
specimens should be placed in appropriate fixative when they are 
taken from the animal. 

E. Diet 

The animal's diet should meet allot the nutritional requirements 
of the test species. Special attention should be paid to the 
diet composition when the test material Ltself LS~ nutrient, 
because such materLal may have to be incorporated into the diet 
at l~vels which may interfere with normal nutrition. Under these 
CLrcumstances an additional control group fed basal diet may be 
necessary. 

III, Specific Considerations: 

A. Preparations 

l. Animals: This guLdeline is for use with the rat or mouse. 
If other species are used, modifications of this guideline 
will be necessary. Strains with Low fecundity should not be 
used. 

2. A&e: All test and control parental animals should be weaned 
and acclimated before treatment begins. 
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3. Number; The number of animals/sex suggested in the guideline 
to which the in utero phase is to be added should serve as a 
guide tor determining the number of animals/group for 
mating. No more than one animal/sex/litter should be 
included in any group. For exam~le, the subchronic oral 

, _,. ._ -'-; '-' ~~~.Uh! c.u6g~sts tnac each .;roup contain 20 
animals/sex. Theretore, at least 20 litters/group are 
necessary in the in utero phase. Thus one may begin dosing 
of 25 animals/sex/group i.n order to obtain sufti.cient litters 
for the 90-day phase of the subchronic study. 

4, Treatment Duration; The P (parental) animals should receive 
the test substance for a minimum of 4 weeks prior to mating. 
Exposure should be continuous throughout ~re-mating, mating, 
gestation and lactation until weaning of the F1 animals. 

5. Dose Level Selection; In general, the dose selection 
criteria should be the same as the guideline to which the in 
utero phase is to be added. i{owever, as a result of mater~l 
or fetal toxicity it is often necessary to use lower doses 
during the in utero phase of the study in order to produce 
sufficient offspring for the post-weaning phase. It is 
strongly reconunended thac the selections of coses be based on 
the results of pilot studies. Results from absorvtion, 
distribution, metabolism, and elimination studies also should 
ptovid~ guidance in selecti~h of~ pioper dosage regimen. 

6. Standardization of number of pup pe r litter; the litter size 
should be reduced by randoIB m~thods, stratified by sex to 8 
animals/litter (4/sex if possible). 

7. Selection of F1 Animals: One animal per sex per litter 
should be randomly selected. Each F1 animal should be 
individually identified and its parent's identity recorded. 

8. Observations - Parental Animals; The animals should be 
examined daily. Any pharmacological and toxicological 
effects should be recorded. Body weight and food consumption 
should be recorded weekly for the females during gestation 
and lactation. 

9. !l Animals; Viability checks and observations of general 
appearance should be made daily, and the presence of dead 
pups recordea. Tne pups should be counted on days 0, 4, 14, 
21 of lactation. The pups should be weighed as a litter on 
days O, 4 (before and after culling), and 14, but should be 
weighed individually on day 21. Number of pups per sex 
should be recorded on days 4 (before and after culling), and 
14, and the sex of the individual pups should be recorded on 
day 21. 
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10. Tennination of P animals and F 1 animals not selected for 
the post-weaning phase: These animals may be sacrificed 
after weaning ot the F1• lf toxic signs or repruductive 
toxicity are obs~rv~d, consideration should be given to ~ross 
necropqy of these animals, 

11, Data Reporting: Litter mates should be identitied. Other 
data snould be reported as described in the test guiaeline 
used for tne post-weaning phase. 

r 
1 
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Guideline for Determination ot the Absorption, 
Distribution, Metabolism and Elimination 

Characteristics of Food Additives. 

' . 
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Glossary of Terms 

Throughout the ·body of this document, numerous terms are used to 
descr1be the various aspects of the study of the action of food 
addit1v -~ s that have t ~ . :: .'.:t·c .~ .. d i:-.to living systems. A glossary 
of terms 1s included to aid in avoiding misinterpretation of the 
intent of various sections. Most of the following definitions have 
been adapted from the following references: 

Journal of Pharmacokinetics and Biopharmaceutics l:3-4, 1973. 

Federal Register, 42 IFS, Part III, January 7, 1977. 

Absorption 

B1oavailability 

Hiopharmaceutics 

Biotransformation 

D1.str1.bution 

Dose Proportionality -

Disposition 

The process or processes by which an 
administered compound enters the systemic 
circulation of the body. 

The rate and extent to which the 
administered compound is absorbed from a 
formulation and becomes accessible to the 
site of action and/or reaches the general 
circulation. 

The study of the biological factors 
influencing b1oava1lability in animals 
and man. 

The process or processes by which the 
administered compound is structurally 
changed in the body by either enzymatic 
or non-enzymatic reactions; i.e., the 
resultant product of the reaction is of 
a different composition of matter or is a 
different configuration than the 
administered compound. 

The process or processes by which the 
absorbed compound and/or its metabolite 
or metabolites circulate ana partition 
with various tissues in the body. 

Relationship between increasing doses of 
compound and measured parameters. 

The study of the absorption, 
distribution, biotransformation and 
excretion of compounds. 



Excrelion 

Kinetics 

Metabolite 
Char~cterization 

Metabolite 
Identification 

Metabolite Profile 

1. Introduction 
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The process or processes by whicn the 
administered compound and/or its 
biotransformation product or products are 
eliminated from the body. 

The rate of any and all processes. 

The determination of some of the 
physical- chemical parameters of the 
biotransformation product or products. 

The unequivocal identification of the 
biotransformation product. Usually, but 
not always, this will include a 
comparision with a synthetic reference. 

Chromatographic pattern and/or 
aqueous/non-aqueous partitioning (single 
or multiple) of the biotransformation 
proaucts of the administered compound. 

Data from stuaies of tne a~sorption, distribution, excretion and 
metabolism characteristics, referred to as aisposition studies, ot a 
test chemical are desirable to aid in the evaluation of test results 
from other toxicology studies and in tne extrapolation ot those 
results from animal~ to man. Flexibility is needed in the conduct of 
disposition studies, and therefore, the uesign of such studies will 
depend on the cnaracter1stics of the test chemical being 
investigated. lb~ main purpos~ of disposition studies is to produce 
data which aiu in the design and interpretation of other 
toxicological studies. 

By providing information about dose-dependent kinetics, disposition 
studies should provide data useful for selecting appropriate dose 
levels for use in carcinogenicity, chronic, subchronic or 
reproduction toxicity studies. 

Biochemical measurements related to metabolism may be included in a 
disposition study. 
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2, Purpose of study 

In addition to the general purposes stated above, a disposition study 
may be performed for the following purposes: 1) to determine the 
amount and rate of absorption of the test chemical at ditferent dose 
levels; L) to determine the pattern of distribution of the test 
chemical among tissues, organs and fluid compartments at different 
dose levels, after single and repeated dosages, and the reversible 
bin~ing of the test chemical to tissue sites and plasma proteins; 3) 
to determine the pattern and the rates of metabolism at different 
dose levels; 4) to determine the rates of excretion at difterent dose 
levels, after single and repeated dosages; 5) to determine covalent 
binding of the chemical with tissue at different dose levels; and 6) 
to determine induction of metabolizing enzymes and depletion of 
&lutathione at different dose levels. 

3, Conduct of study: 

The following guideline elements are intended to provide assistance 
in the design of disposition studies and are not intended to specify 
requirements, Ideally such studies should be designed with the 
specific purpose of the study in mind. 

(a) Animals 

Disposition studies should carried out using the same animal 
species and strain as chose being used for most other 
toxicological studies on the same chemical. 

Since certain biotransformation pathways are known to differ 
substantially among species. Toxic responses that diffeT as 
a result of these differing pathways may invalidate a given 
species as a propeT toxicologic model for a specific 
compound. PreliminaTy studies may be peTfoTmed in several 
species to dev~lop information on comparative metabolism; 
this information may help in the selection of species for 
subsequent toxicity tests. 

Furthermore, in toxicity studies. the test animal is exposed 
to the parent compound as well as to its metabolites. Thus, 
these stuaies constitute a safety assessment of the 
metabolites as well as the parent compound for the species 
involved which may make testing the metabolite separately 
unn~cessary. An exception is the situation in which the 
major metabolite(s) observed in humans is not found in 
sign1ricant amounts in the a species used for toxicity 
evaluations. ln such a case, toxicity testing of the 
metabolice(s) may be called for. 
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(b) Test groups 

The number of animals used should be sufficient to indicate 
the variability in disposition pararaeters to be expected 
within a given species. For qualitative answers to specific 
questions, fewer animals can be used; e.g., in studies of 
biliary secretion. 

Usually 4 young adult animals of each sex in each test group 
should be used, Alternatively, disposition studies may be 
done using one sex first and later in the second sex to 
verify result. For specific purposes, a comparative study 
using very young animals may provide information about tne 
effects of age on the coxicokinetics. If disposition studies 
during pregnancy are needed, animals with defined or timed 
pregnancies should be used. 

(c) Dosage 

Several dose levels should be used to determine the 
relationship of dose level to toxicity. Ideally, there 
should be a low dose that corresponds to a no-effect level, 
an intermeaiate dose, and an upper dose at which there may be 
changes in the metabolic pattern, or at which toxic effects 
occurred in repeated dosa_ge studies. 

Absorption, tissue distribution and elimination shoulo be 
determined after single adm1nistration of a range of doses. 
Ideally, the metabolite pattern and the potential for 
induction of metabolizing enzymes snould be determined after 
repeated dosages. 

Changes in Disposition Relatea to Dose Level - Initially a 
wide range of doses is given to the test species to establish 
the limits of toferated doses~ Disposition studies may 
detect changes in pharmacokinetic parameters across a dose 
range which may be reflected in disproportionate changes in 
toxicologic response. 

When doses increased to the limit oi practicality do not 
produce overt toxicity and the drug has been demonstrated to 
show dose- aependent kinetics, dose selection may be done on 
the basis of disposition studies. 

Multiple Dose: Accumulation and Induction - It is coC1JDon to 
observe cnanges in toxic response as multiple-dose toxicity 
studies proceea. Similarly, blood/plasma concentration 
following a single dose may not correspond to or predict 
steady state druK concentrations observed under multiple-dose 
regimens. Disposition studies conducted under multiple-dose 
conditions can 1.udicate whether factors such as accumulation 
or induction ar~ involved. Tile observed changes in respon~e 
under multiple-dose conditions may be related to these 
factors. 

' ' 
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(d) Koute of administration 

The disposition study should be done using the same route as 
that being considered for use in the longer-term toxicity 
studies. For determining the amount of absorption and the 
pattern of distribution and elimination soon after the 
administration of a substance, the intravenous administration 
of the test chemical for comparison purposes is useful. In 
some circumstances attention should be given to differences 
in the dispositions between the administration ot the test 
chemical in the feed and by gavage. 

(e) Housing conditions 

The temperature and the relative humidity of the experimental 
animal rooms should be controlled and stable for the duration 
of the experiment. Where lighting is artificial, a constant 
light cycle should be used. Animals should be acclimatized 
to their environment prior to the experiment. 

(f) Test chemical 

Although_ studies may be done using mass balance measurements 
with "unl.,belled" or "labelled" terms of the test chemical, 
use of radiochemically pure chemicals facilitates disposition 
studies. The use of radi .ochemicals allows easy measurement 
of the percentage of parent compound recovered and the 
recovery of its metabolites in the tissues, body fluids and 
excreta. However, measurement of radioactivity confirms only 
the presence of the radioisotope, not the chemical itself, or 
its metabolites. The conclusive identification of a 
chemical, and its metabolities, requires the use of 
analytical methods such as gas chromatography, mass 
spectrometry, nu~lear magnetic resonance spectroscopy and 
liquid chromatography. The radiolabel (when appropriate, 
preferably l4c) should be positioned in the cnemical to 
provide the most information about the fate ot tne compound. 
When vehicles are used, attention must be given to the 
possibility that they may interfere with the kinetics ot the 
teat chemical. 

4. Observations 

(a) Absorption 

The rate of absorption may be best estimated by determining 
the concentration ot the chemical in the blood, plasma or 
serum at different times after exposure. In determining 
enterohepatic circulation of the test chemical, studies 
e1op Laying biliary cannulation may be necessary. 
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(b) Distribution 

Concentrations of test chemical in the tissues and organs 
should be measured at the time of sacrifice. Samples of 
tissues (or organs) should be subJected to solvent extraction 
ac different pHs using non-polar and polar solvents, These 
extracts are then assayed for the test compound and possible 
metabolites. In addition, useful information may be 
developed using radioautographic studies, and studies of 
reversible binding of the test chemical to plasma proteins. 

(c) Metabolism 

For determining the extent of biotransformation, urine 
sampl~s and fecal extracts should be analyzed by suitable 
chromatographic techniques. Major metabolites of the 
chemical should be identified by appropriate methods. It is 
of importance to determine the metabolite pattern of the test 
chemi.cal also after r~peated dosages (i.e., at "steady 
state"). It can be advantageous to perform preliminary 
studies in-vitro to obtain information about the pathways ot 
metabolism, 

Incorporation of radioactivity into non-extractable tissue 
residu~s may occur via normal intermediary metabolism. 
Measurements of such incorporation can also indicate the 
formation of reactive intermediates (covalently, 
macromolecular-bound adaucts). 

Induction of metabolizing enzymes may alter the dispositions 
of the test chemical and thereby affect ics toxicity. Thus, 
it may be helpful to estabh.sh the "enzyme-inducing" 
potential of the test chemical on various enzyme systems such 
as ch~ cytochrom~ P-450 oxidation system. 

Depletion of endogenous sulthydryl substances in organs such 
as liver and kidney provide an indication of conjugation of 
the test chemical vith glutathione and related compounds. 
Knowledge of tnis depletion may be useful in evaluating toxic 
effects related to the formation of reactive intermediates. 

{d) Excretion 

When determining excretion of the test chemical by laboratory 
animals, the use of individual metabolism cages is 
recormnended for collection of urine and fecal samples. The 
concentration of test chemical aod major metabolites in 
urine, feces and in expired air should be measured several 
times after exposure until about 95% of the administered dose 
has been excreted, or until a constant rate of excretion has 
been reached. 

I ' 
' 
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5, Timing of study 

The time at which it is best to do a disposition study varies with 
the need for data to evaluate the safety of the test chemical, In 
ce r t~in cJse ~, tl1e initial experiments for aetermining absorption, 
distribution and excretion of the test chemical may be done soon 
afcer che acute toxicological studies. Further experiments 
establishing che metabolic fate ot the compound may be needed for 
chemicals which will likely undergo chronic testing. If the results 
of toxicological studies indicate that further information on che 
metabolism or the test chemical is needed. identification and 
characterization of maJor metabolites in blood and urine should be 
undertaken. For some purposes. dose-related disposition studies may 
be carried out using pregnant or nursing animals. A kinetic analysis 
makes ic possible to assess the amount of plac~ntal transfer of the 
parent compound and its metabolites at critical periods of 
organogeoesis in relation to maternal exposure. 

TI1e purpose of conducting the drug disposition studies in relation to 
subchronic toxicity studies 1s to develop information to aia in 
interpretation of the subchronic studies and to help design the 
chronic toxicity studies. For this reason, the disposition studies 
outlined in the above guidelines should be accomplished prior to the 
initiation of the long-cerm chronic toxicity studies. 
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Standards for Performance of 

Toxicity Studies 
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Appendix III 

CORE STANDARD~ 

Core Standard for Acute Oral Toxicity Studies 

l. Acute oral toxicity studies shall have been conducted in a 
rnanunalian species, 

Core Standard for Short-Term Exposure Studies 

1. Test Duration: Animals shall have been exposed for at least 
fourteen days with multiple exposures, Animals receiving the 
test substance by the oral route of exposure snall have been 
dosed at least S consecutive days per week for 2 consecutive 
weeks, 

2, Animal Species: Tnere are no restrictions as long as the test 
animals are healthy and from an identified marrunalian species. 

3. Age: Young adult animals should have been used. 

4. Number of Animals: Each treatment group snall contain at 
least 4 rodents or 2 non-rodents ot the same sex surv1vin~ at 
termination of tl'\e study. 

s. Controls: A concufrerit- c-oritro-1 1froU1f is not normally 
required. In the absence of a concurrent control information, 
attribution of effects to 1ntercurrent disease is not 
acceptable, 

6. Dose Group(s): At least two levels of the test substance 
shall have been used. A dose level should produce some 
toxicological efiect, unless limited by the physical or 
chemical characteristics of the test substance. Only the test 
substance or vehicle shall have been administered to the 
animals, 

7, Route oi Administration: The test substance shall have been 
administered by the oral route. The oral route includes 
administration in the diet, drinking water, by capsules, or by 
stomach tube. All animals shall have been treated by the same 
method, 

8. Data Requirements 

a. Initial and final body weights shall have been reported, 

b. Mortality shall have been reported, 

c. Wnere possible, all animals shall have been subjected to 
gross necropsy. 



2 

Core Standard for Subchronic Oral Toxicity Studies 

l. Test Duration; Period of treatment (exposure to the compound) 
shall have been at least 90 days. Animals receivin, the test 
substance by oral route exposure shall have b~en dosed at 
least 5 consecutive days per week for approximately 13 
consecut1.ve weeks. 

2. Animal Species: Healthy ani.mals from an 1.denc1.fied mammalian 
species shall have been used. 

3. Age: Young aault animals snould have been used. 

4, Number of Animals: Each group shall have consisted of at 
least 5 animals per sex for rodents or 2 animals per sex for 
non-rodents at termination of the study. 

5, Control Group(s ) ; A concurrent control group 1s required. 

6. Dose Group(s): At least two dose levels should have been 
used. A dose level should have pr-odue-ed- some-- toxi-cological 
effect unless limited by the physical or chemical properties 
ot the test substance. Only the test substance or vehicle 
should ncve been administered to the animals. 

7, Route of Administration: The test substance snall have been 
administered by the oral route. The oral route includes 
admi.nistration in tne diet, drinking water, capsules or by 
stomach tube. All animals snail nave been treatea by the same 
method. 

8. Data Requirements 

a. Initial and £1.nal body weights snail have been reported. 

b. Mortality shall have been reported. 

c. Erythrocyte and leukocyte counts shall have been perfonn~d. 

d. Where possible all animals shall have been subJected to 
gross necropsy. 

e. The liver, kianeys, and where present testes shall have 
been weighed for at least 5 animals per sex 1.n the high 
dose and controls for rodents; for non-rodents, 2 animals 
per sex. 

f. At least 5 animals/sex for rodents lior non-roaents, all 
animals) in the high dose and controi shall nave haa the 
following tissues microscopically examined: 11.v~r, 

5 onaris, k1.aneys, spleen, stomach or intestine, and heart, 
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Core Standard for Chronic Oral Toxicity Studies in Kodencs or 
Non-rodent Mammals 

l, Test Duration: The period of treatment (exposure to the 
compound) should be at lease 18 months for rodent oncogenicity 
studies and 6 months ior rodent or dog toxicity studies. 
Animals receiving the tesc substance by oral exposure methods 
shall be aosed at least S days per week, 

2, Age and Condition: Animals shall be healthy and the species 
shall be ident ~fiea. 

3. Number of Animals 

aJ Rodents: At least 10 rodents/sex/group shall have 
survived ac least 18 months for oncogen1cicy studies and 6 
montns for toxicity studies and data from those animals 
shall be available for evaluation, except 1n the hi gh dose 
gruup where compound related mortality may have occurred. 
if compound related tox1c1cy occurred the hign dose level 
need not have 10 animals/sex surviva 18 months (6 months 
for toxicity). 

b) Non-Rodents: At least 3 non-rodent mammals/sex group 
shall have survived at least 6 months for toxicity studies 
and data from those animals shall be available for 
evaluation, except in the high dose where compound related 
mortality may have occurred. 

4. Control Group(s). A concurrent control group is required. 

5. Dose Group(s): At least two dose levels shall be used. Where 
possible some dose levels shall have produced toxicological 
effects, unless limited by the physical or chemical 
characteristics of the test substance. Only the test 
substance or vehicle shall be administered co the animals. 

6. Route of Administration: The test substance shall be 
administered by the oral route, which incluaes admLnLstration 
in the diet, in drinking water capsules, or by stomacn tube. 
All animals shall be subjected to the same mode ot 
administration. 

7. Data Requirements 

a. InitLal, mLd-study, and fLnal body weights snall De 
reported. 

b. Mortality shall be reported. 
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c. At least 5 rodents/sex and 3 dogs/sex in the hi8h dose and 
control ~roups shall have had the tollow1ng determinatioua 
made after at Least 6 months of dosing (18 months for 
carcino~enicity); erythrocyte and leukocyte counts, for 
both oncogenicity and toxicity studies, and hemoglobin 
levels for toxicity studies. 

d. Where possible, all animals shall be subjected to gro11 
necropsy. 

e. The rollowing organs, where present, shall be weighed for 
at least 5 animals/sex in the high-dose and control 
groups: liver, testes and k1aneys. 

f. All tissues showing gross changes shall be examined 
microscopically. 

g. At least 10 rodent/sex (3 dogs/sex) in the high dose (if 
unforeseen mortality occurs the next dose level shall also 
be examined) and control shall have had the following 
tissues microscopically examined: liver, uterus, gonads, 
lungs, kidneys, spleen, stomach, intestine, adrenals, 
heart, pancreas, and thyroid. Tissues from other dose 
groups shal! be examined if ch*nges were observed in 
tissues from the nigh-dose group. 
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CURRENT STANDARDS 

For the standaras a n1?rrition deficit is defined as~ A greater than 
10 percent weight loss in the adjusted dietary controls vs basal 
dietary controls, 

Current Standard for Acute Oral Toxicity Studies 

1, Species: Young adult rats or mice of both sex are required. 

2. Oata Requirements: The test shall provide data that is 
sutiicient to determine cne slope of the mortality dose 
response curve and the LD50 value with 95% confidence limits 
for both sexes. 

3, Observation period: Animats shall be observed for a period of 
at least 14 days post dosing. 

Current Standard for Short-Tenn Oral Exposure Studies 

1, Test Duration: Animals shall be exposed to the test substance 
7 days per week for 4 consecutive weeks, 

2, Species: The rat, the mouse, or the dog shall be the species 
tested, Species other than the three mentioned above may be 
used, if adequate justitication is available to demonstrate 
the appropriateness of that species, The strain of test 
animals used shall be identified. 

3. Age: Dosing of rodents shall begin as soon as possible atter 
weaning and acclimation and in any case before the animals are 
b weeks old, Dogs shall not be less than 3 months and not 
more than 6 months of age at initiation of dosing, 

4, Number of Animals: For an acceptable study, data from at 
least 10 animals/sex/ group for roaents and 4 
animals/sex/group for non-rodents shall be available for 
evaluation at termination of the study. 

S. Control Group(s); A concurrent control group is required. 
When a carrier vehicle is used, it shall be added to the diet 
at a concentration similar to the maximum given in any dosage 
group. If there are insufficient data on the toxic properties 
of the vehicle used in administering the test suostance, 
additional toxicity studies on the vehicle shall be conducted, 
In all other respects, the control group shall be handled and 
maintained in a manner identical to that used with the test 
groups. If more than 5% of the diet is being replaced, a 
control diet of equivalent nutritional value shall be provided, 
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6. Dose Group(s): Administration of test substance to animals at 
all dose levels shall be done concurrently. At least three 
JJs ~ 'c:vcls -'-, 1

' be ul',.,d, Where possible the highest 
treatment level (not to exceed 5% of the diet for 
non-nutritive additives) shall result in toxicological 
changes, unless prohibited by the physical/chemical or 
biological properties of the test substance. The lowest 
dosage level shall be one in which there is no observed 
toxicity. 

7. Diet; A diet known to provide adequate nutrition for the 
species tested shall be used. 

8, Route of Administration: The test substance shall be 
administered by the oral route, which includes administration 
in the diet, in drinking water, by stomach tube or in 
capsules, provided that all animals are treated by the same 
method. The doses shall be calculated on the basis of mg of 
test substance per kg body weight and adjusted weekly. 

9, Observations of Animals: Toxicological and pharmacoiogical 
signs shall be recorded daily. Where possible these shall 
include time of onset, intensity, and duration, Estimates 
shall be made of food consumption (or water consumption when 
the test substance is administered in the water) every week 
during the test, and the animals shall be weighed once a 
week, 

10. Clinical Testing: The following determinations shall be made 
at the times indicated below for each type of testing. For 
rodents, these determinations shall be made on at least 5 
animals of each sex in each group, For dogs, the measurements 
shall be made on all animals in the study. 

a. Ophthalmological Examination: If changes in the eyes are 
detected, detailed examinations shall be conducted on all 
animals. In dogs, pretest examinations shall be performed. 

b. Hematology: The following determinations shall be made at 
the end of the testing period. hematocrit, hemoglobin, 
erythrocyte count, total and differential leukocyte 
counts, Measurement of intrinsic and extrinsic clotting 
potential shall be performed. 

c. Clinical Chemistry: Blood chemistry determinations shall 
be made at the end of the testing period, Appropriate 
tests that assess electrolyte balance, carbohydrate 
metabolism, liver function, and kidney function shall be 
performed. 
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11. Gross Necropsy: 

a. All test animals shall be subjected to a co~plete gross 
necropsy. 

b. All tissues listed under Histopathological Examination 
shall be saved from all animals in the study. 

c. No more than 10% of a tissue of any group shall be lost to 
autolysis, cannibalism or management problems. 

12, Organ Weights: Organs that shall be weighed include: liver, 
kidneys, adrenals and testes. 

13. Histopathological Examination 

a. All gross lesions 

b, For rodents, tissues from all animals in the control and 
high-dose group shall be examined. If changes are seen in 
any of the examined tissues, then the same tissues from 
all ~nimals in the lower dose groups shall be examined. 
The following tissues are required and shall be examined: 
liver, kidneys, spleen, heart, adrenals, ovaries, uterus , 
thyroid/parathyroid, bone marrow, testes,lungs (with 
mainstem bronchi), stomach, small and large intestine, 
pancreas, lymph node, and brain. 

c. For non-rodents, the above tissues from all animals shall 
be examined. 
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Current Standard for Subchronic Oral Exposure Studies 

1. Test Duration: Animals shall be exposed to the test substance 
for at least 90 consecutive days. 

2, Species: The rat, the mouse or the dog shall be the species 
tested. The rat and the dog are the species of choice. 
Species oth~r than the three mentioned above may be used, if 
adequate justification is available to demonstrate the 
appropriateness of that species, The strain of test animals 
used shall be identified, 

3. ~: Dosing of rodents shall begin as soon as possible after 
weaning and acclimation and in any case before the animals are 
6 weeks old. Dogs shall not be less than 3 months and not 
more than 6 months of age at the initiation of dosing. 

4, Number of Animals: For an acceptable study, data from at 
least 20 animals/sex/group for rodents and 4 animals/sex/group 
for non-rodents shall be available for evaluation. 

5, Control Group(s): A concurrent control group is required. 
When a carrier is used, it shall be added to the diet at a 
concentration similar to the maximum given in any dosage 
group. If there are insufficient data on the toxic properties 
of the vehicle used in administering the test substance, an 
additional toxicity study on the vehicle shall be conducted. 
In all other respects, the control group shall be handled and 
maintained in a manner identical to that used with the test 
groups. If more than 5% of the diet is being replaced, then a 
control diet of .equivalent nutritional value is needed. 

6. Dose Group(s): Administration of test substance to animals at 
all dose levels shall be done concurrently. At least three 
dose levels shall be used. · Where possible the highest 
treatment level (not to exceed 5% of the diet for 
non-nutritive additives) shall result in toxicological changes 
unless prohibited by the physical/chemical characteristics of 
the test substance. The lowest dosage level shall be one in 
which there is no observed toxicity. 

7. Diet: A diet known to provide adequate nutrition for the 
species tested shall be used. 

8. Route of Administration: The test substance shall be 
administered by the oral route. The test substance shall be 
administered to the animals in the diet, in drinking water, by 
gavage, or in capsules, provided that all animals are treated 
by the same method. The doses shall be calculated on the 
basis of mg of test substance per kg of body weight. 
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9. Observation of Animals: Toxicological and pharmacological 
signs shall be recorded daily. These shall include time of 
onset, intensity, and duration. Estimates shall be made of 
food consumption (or water consumption when the test substance 
is administered in the water) every week during the test, and 
the animals shall be weighed weekly. 

10. Clinical Testing: The following determinations shall be made 
at the times indicated below for each type of testing. For 
rodents, these determinations shall be made on at least 10 
animals of each sex in each group, For dogs, the measurements 
shall be made on all animals in the study, 

a. Ophthalmological Examination; If changes in the eyes are 
detected, detailed exami nations shall be conducted on all 
animals, In dogs, pretest examinations shall be performed, 

b, Hematology: The following determinations shall be made at 
the end of the testing period: Hematocrit, hemoglobin, 
erythrocyte count, total and differential leukocyte 
counts. Measurement of clotting potential such as 
clotting time, prothrombin time, thromboplastin time, or 
platelet count shall be performed,_ 

c. Clinical Chemistry: Blood chemistry determinations shall 
be done at the end of the testing period. Appropriate 
tests that assess electrolyte balance, carbohydrate 
metabolism, liver function, and kidney function shall be 
performed, 

11, Gross Necropsy 

a . Al 1 test ani'mals shall be subjected to a complete gross 
necropsy. 

b. All tissues listed under Histopathological Examination 
shall be saved from all animals in the study. 

c. No more than 10% of a tissue of any group shall be lost to 
autolysis, cannibalism or management problems. 

12. Organ Weights: Organs where present that shall be weighed 
include the liver, kidneys, thyroid (dog), adrenals, and 
testes, 

13, Histopathological Examination 

a. For rodents, all gross lesions from all animals shall be 
examined microscopically, The tissues listed below for 
all animals in the control and high-dose group as well as 
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in all animals from other dose groups that died during the 
study shall be examined microscopically, In addition, if 
changes are seen in any of the examined tissues, then the 
same tissues from all animals in the lower dose groups 
shall be examined. 

b. For non-rodents, all gross lesions and tissues listed below 
shall be examined microscopically for all animals in the study. 

c. The following principal tissues shall be examined: 

Adrenals 

Aorta 

Bone Marrow 

Brain (2 levels) 

Cortical 

Cerebellum with brain stem 

Esophagus 

Eye 

Gall Bladder (if present) 

Gonads 

Heart 

Kidneys 

Liver 

Lungs (with mainstem bronchi) 

Mammary Gland 

Pancreas 

Pituitary 

Prostate 

Representative Lymph Node 

Salivary Gland 

Sciatic Nerve with Skeletal Muscle 

Small and Large Intestine 

Spinal Cord (2 levels) 

Thoracic 

Lumbar 

Spleen 

Stomach 

Thymus 

Thyroid/Parathyroid 

Trachea 

Urinary Bladder 

Uterus 

The compound being tested may necessitate the examination of other 
tissues, 
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Current Standard for Chronic Oral Exposure Studies, Excludin g 
Carc1.nogenicity Assessment 

l. Tesc Duration; Animals shall be exposed to the test substance 
tor at least 365 consecutive days. 

2, Species: The rat, the mouse or the dog shall be the species 
tested, The rat and the dog are the spE:!cies of choice. 
Species other Chan the three mentioned above may be used if 
adequate justification is available to demonstrate the 
appropriateness of that species, The strain of test animals 
used shall be identified. 

3. Age; Dosing of rodents shall begin as soon as possible after 
weaning and acclimation and in any case before the animals are 
6 weeks old. Dogs shall not be less than 3 months and not 
more than 6 months of age at initiation of dosing. 

4. Number of Animals: For an acceptable study, data from at 
least 20 animals/sex for rodents and 4 animals/sex for 
non-rodents for the control, lowest, and intermediate dose 
groups· shall be ava-ilab-le --fer---ev-d -uat.-ion--a-t-- terminal sacrifice, 

5, Control Group(s); A concurrent control group is required. 
When a carrier vehicle is used, it shall be added to the diet 
at a concentration similar to the maximum given in any dosage 
group. A vehicle of unknown toxicological properties shall 
not be used. If a vehicle is employed, then a vehicle control 
group shall be incorporated into the study. ln all other 
respects, the control group shall be handled and maintained in 
a manner identical to that used with the test groups, If more 
than 5% of the diet is being replaced, then a control diet of 
equivalent nutritional value 1.s needed. 

6. Dose Group(s). At least three dose levels shall be used. The 
highest treatment level shall result in toxicological changes 
unless prohibited by the physical or chemical characteristics 
of the test substance, The lowest dosage level shall be one 
in which there is no evidence of toxicity, Administration of 
the test substance to animals at all dose levels shall be done 
concu rrenc ly. 

7. Diet: A diet known co provide adequate nutrition for the 
species tested shall be used, 
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8. Route of Administration: The test substance shall be 
administered by the oral route. The test substance shall be 
administered to the animals in the diet, in drinking water, by 
stomach tube, or in capsules, provided that all animals are 
treated by the same m~thod. The doses shall be calculated on 
tne basis of mg of test substance per kg of body weight and 
adju~ted weekly. 

9, Observations of Animals; Toxicological signs shall be 
recorded daily. Where possible, these shall include time of 
onset, intensity, and auration, Estimates shall be made of 
food consumption (or water consumption when the test 
substance is administered in the water) every week during the 
test, and the animals shall be weighed every week. 

10, Clinical Testing: The following determinations shall be made 
at the times indicat~d below for each type ot testing. For 
rodents, these determinations shall be made on at least 10 
animals of each sex in each group. For dogs, the measurements 
shall be made on all animals in the study. 

a. Ophthalmological Examination: If changes in the eyes are 
detected, detailed examinations shall be conducted on all 
animals. In dogs, pretest observations shall be conducted. 

b. Hematology: The following determinations shall be made at 
termination and at least once during the study after 90 
days of exposure and at least 6 months prior to 
termination: Hematocr1t 1 hemoglobin, erythrocyte count, 
total and differential leukocyte counts and a measure of 
clotting potential such as clotting time, prothrombin 
time, thromboplastin time, or platelet count, 

c. Clinical Chemistry: Blood chemistry determinations shall 
be done at termination and at least once during the study 
after 90 days of exposure and at least b months prior to 
termination and at termination. Appropriate tests that 
assess electrolyte balance, carbohydrate metabolism, live~ 
function, and kidney function shall be performed, 

12, Gross Necropsy 

a. All test animals shall be subjected to a complete &ross 
necropsy. 

b. All tissues listed under Histopathological Examination 
shall be sav~d from all animals in the study. 
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c. No more than 10% of the tissues of any group shall be lost 
to autolysis, cannibalism or management problems. 

13. Organ Weights: Organs that shall be weighed include liver, 
kidneys, thyroid (non-rodent), adrenals and testes. 

14. Histopathological Examination 

a. For rodents, all gross lesions from all animals shall be 
examined microscopically. The tissues listed below shall 
be examined microscopically for all animals in the control 
and high-dose group as well as in all animals from other 
dose groups that died during the study. In addition, if 
changes are seen in any of the examined tissues, then the 
same tissues from animals in the lower dose groups shall 
be examined. 

b. For non-rodents, all gross lesions and the tissues listed 
below shall be examined microscopically for all animals in 
the study, 

c. The following principal tissues shall be examined: 

Adrenals Pituitary 

Aorta Prostate 

Bone Salivary Gland 

Bone Marrow 

Brain (at least 3 levels) 

Eye 

Esophagus 

Gall Bladder (if present) 

Heart 

Kidneys 

Liver 

Lungs (with mainstem bronchi) 

Lymph Node 

Mammary Gland 

Ovaries 

Pancreas 

Sciatic Nerve with Skeletal Muscle 

Seminal vesicles 

Small and Large Intestine 

Spinal Cord 

Thoracic 

Lumbar 

Spleen 

Stomach & Fore Stomach 

Testes 

Thymus 

Thyroid/Parathyroid 

Trachea 

Urinary Bladder 

Uterus 

The compound being tested may necessitate the examination of other 

tissues. 
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Current Standard for Oral Carcinogenicity Studies in the Rodent 

Study Duration: 
substance 7 days 
weeks, Exposure 
recommended, 

Animals shall be exposed co the test 
per week for at least 104 consecutive 
periods longer than 130 weeks are not 

2, Species: The rat and mouse are the species of choice, 
although other species may be used if adequate justit1cation 
is available to demonstrate the appropriateness of that 
species. The strain of test animals used shall be 
identified, 

3, Age: Dosing of rodents shall begin as soon as possible 
after weaning and acclimation and in any case before the 
animals are 6 weeks old, 

4, Number of Animals 

a. Number at risk: At least 50 animals/sex/group shall be 
started in the study for an acceptable negative study. 

b. Survival: Data from at least 25 animals/sex/group 
exposed for 2 years shall be available for evaluation 
unless compound-related toxicity occurs in the high-dose 
group. In that event, only 10 animals/sex in the high 
dose group are required to have 18-month data 
available. 

5, Control Group(s): A concurrent control group is required. 
The control group shall be given only the carrier vehicle 
used in administering the test substance. A carrier of 
unknown carcinogenic potential shall not be used, In all 
other respects, the control group shall be handled and 
maintained in a manner identical to that used with the test 
groups, If, when the test substance is given, more than 5% 
of the diet is being replaced, then a control diet of 
equivalent nutritional value is needed. 

6. Dose Group(s): At least 3 doses shall be included in the 
study. Under ~ost circumstances, the high dose shall elicit 
signs of minimal toxicity without substantially altering the 
normal life span of the test species due to effects other 
than tumor formation. The low dose used in the study shall 
not induce evidence of compound-related toxicity other than 
tumors. No dose level oi the test substance shall exceed 5% 
of the total diet for non-nutritive additives. Nutritive 
additives may be fed up to 207. of the d1ec provided that 1c 
does not cause a significant nutritional deficit, 
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7. Diet: A diet known to provide adequate nutrition for the 
species tested shall be usea. 

8, Route of Administration: The test substance shall be 
administered by tne oral route, The test substance shall be 
administered to the animals in the diet, in drinking water, 
or by stomach tube provided that all animals are treated by 
the same method. The doses shall be calculated on the basis 
of mg of test substance per kg of body weight and adjusted 
weekly. 

9, Observations of Animals: Throughout the test period, each 
animal shall be observed at least once daily. Animal 
weight, food consumption and mortality observations shall be 
reported at least on~e per week. All signs of behavioral 
abnormalities or clinical signs of toxicity or 
pharmacological effects, morbidity, and mortality, shall be 
recorded. 

10. Hematology: The following determinations shall be made at 
12, 18, and 24 months on at least 25 animals/sex/dose 
group: erythrocyte co~nt, total and differential leukocyte 
counts. Where possible the same animal should be sampl~d at 
each time. If changes are seen at each subsequent time 
period, all animals shall be studied. 

11. Gross Necropsy 

(a) All test animals shall be subjected to complete gross 
necropsy, which shall include examination of the 
external surface, orifices, tongue, teeth, cranial 
cavity, the external and cut surfaces of the brain, 
spinal cord: and the abdominal, thoracic, ana cervical 
viscera. 

(b) All tissues listed under Histopathological Examination 
(sec. 12) shall be saved from all animals in the study. 

(c) No more than 10% of the tissues of any group shall be 
lost to autolysis, cann~balism, or management problems. 

12. Histopathological Examination 

a) All gross lesions from all a~imals shall be examined 
microscopically. 

b) The liver, kidney, and lungs with mainstem bronchi of 
all animals shall be subjected to microscopic 
examination. 
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c) In addition, the following tissues shall be subjected to 
microscopic examination in all high-dose and control 
animals, 

Adrenals Pituitary 

Aorta Prostate 

Bone Rectum 

Bone Marrow Representative Lymph Nodes 

Brain (a least 3 levels) 

Cecum 

Colon 

Corpus and Cervix Uteri 

Duodenum 

Esophagus 

Eye and Contiguous Harderian Gland 

Exo-rb-i:-t-a-i---t.acr-inra-1--G-i~-s 

Gall Bladder (if present) 

Heart 

Ileum 

Jejunum 

Mammary Gland 

Nasal Turbinates 

Ovaries and Fallopian tubes 

Pancreas 

Peripheral Nerve (sciatic) 

Salivary Gland 

Seminal Vesicles 

Skeletal Muscle 

Spinal Cord ~2 levels) 

Spleen 

Stomach and Fore Stomach 

Testes 

-- Tfiymus (it present) - - - -

Thyroid/Parathyroia 

Trachea 

Urinary Bladder 

Vagina 

Zymbals Gland (if present) 

Ii changes are seen in any of these tissues, then those tissues 
from all animals in the other dose groups shall be examined, 
Likewise, if changes are observed in any tissue of an organ 
system, then the otner tissues of that organ system shall be 
subjected to microscopic examination in all animals, 



1 7 

Current St,1ndard for Combined Chronic Toxicit y and Carcinogenicit y 
Studies in ·t-he Ro dent 

1. Study Duration: 
substance 7 days 
weeks, Exposure 
recommended. 

Animals shall be exposed to the test 
per week for at least 104 consecutive 
periods longer than 130 weeks are not 

2, Species: The rat and mouse are the species of choice, 
although other species may be used if adequate justification 
is available to demonstrate the appropriateness of that 
species. The strain and source of the test animals used 
shall be identified. 

3. Age: Dosing of rodents shall begin as soon as possible 
after weaning and acclimation and in any case before the 
animals are 6 weeks old. 

4, Number of Animals 

a. Number at risk: At least 50 animals/sex/group shall be 
started in the study for an acceptable negative study. 

b. Survival: Data from at least 25 animals/sex/group 
exposed for 2 years shall be available for evaluation 
unless compound-related toxicity ~ccurs in the high-dose 
group. In that event, only 10 animals/sex in the 
high-dose group are required to have 18-month data 
available. 

c. For an acceptable chronic toxicity study, data from at 
least 10 animals/sex for the satellite (1 yr interim 
sacrifice) co'ntrol, low and intenned ia te dose groups 
shall be available for evaluation, 

5. Control Group(s): A concurrent control ~roup is required. 
The control group shall be given only the carrier vehicle 
used in administering the test substance. A vehicle of 
unknown toxicological/carcinogenic potential shall not be 
used. In all other respects, the control group shall be 
handled and maintained in a manner identical to that used 
with the test groups, If, a test substance is given, which 
replaces more than 5% of the diet, then a control diet of 
equivalent nutritional value is needed. 

6. Dose group(s): 

a . Carcinogenicity phase: At least 3 doses shall be 
included in the study. Under most circumstances, the 
high dose shall elicit signs of miniQal toxicity without 
substantially altering the normal life span of the test 
species due to effects other than tumors, The low dose 
used in the study shall not induce evidence of 
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induce evidence of compound-related toxicity. Normally no 
dose level of the test substance shall exceed 5% of the 
total diet for non-nutritive additives. Nutritive additives 
may be fed up to 20% of the diet provided they do not cause 
significant nutritional deficit, 

b, Chronic toxicity satellite phase: At least 3 doses 
shall be included in the satelitte study. Under most 
circumstances, the high dose shall result in 
toxicological changes unless prohibited by the physical 
or chemical characteristics of the test substance. The 
lowest dosage level shall be one in which there is no 
evidence of toxicity, 

7. Diet: A diet known to provide adequate nutrition for the 
species tested shall be used. 

8, Route of Administration; The test substance shall be 
administered by the oral route. The test substance shall be 
administered to the animals in the diet, in drinking water, 
by stomach tube, or in capsules provided that all animals 
are treated by the same method. The doses shall be 
calculated on the basis of mg of test substance per kg of 
body weight and adjusted weekly. 

9, Observations of Animals: Toxicological signs shall be 
recorded daily, These shall include time of onset, 
intensity, and duration. Estimates shall be made of food 
consumption (or water consumption when the test substance is 
administered in the water) every week during the test, and 
the animals shall be weighed every week. 

10, Clinical Testing: The following determinations shall be 
made at the times indicated below for each type of testing. 
For rodents, these determinations shall be made on at least 
10 animals of each sex in each group. 

a. Ophthalmological Examination: If changes 1n the eyes 
are detected, detailed examinations shall be conducted 
on all animals, 

b. Hematology: The following determinations shall be made 
at termination and at least once during the study after 
90 days of exposure and at least 6 months prior to 
termination: Hematocrit, hemoglobin, erythrocyte count, 
total and differential leukocyte count, and a measure of 
clotting potential such as clotting time, prothrombin 
time, partial thromboplastin time, or platelet count. 

c. Clinical Chemistry: Blood chemistry determinations 
shall be done at termination and at least once during 
the study after 90 days of exposure and at least 6 
months prior to termination, Appropriate tests that 
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assess electrolyte balance, carbohydrate metabolism, 
liver function, and kidney function shall be performed. 

11. Gross Necropsy 

a. All test animals shall be subjected to a complete gross 
necropsy. 

b. All tissues listed under Histopathological Examination 
(sec. 13) shall be saved from all animals in the study. 

c. No more than 10% of any group of tissue shall be lost to 
autolysis cannibalism, or management problems, 

12. Organ Weights: Organs that shall be weighed include the 
brain, liver, kidneys, adrenals and gonads. 

13. Histopathological Examination 

a. All gross lesions from all animals shall be examined 
microscopically. 

b. The liver, kidney, lungs (with mainstem bronchi) of all 
animals shall be subjected to microscopic examination. 

c. In addition the following tissues shall be subjected to 
microscopic examination in all high-dose and control 
animals. 

Adrenals 
Aorta 
Bone 
Bone Marrow 
Brain (a least 3 levels} 
Cecum 
Colon 
Corpus and Cervix Uteri 
Duodenum 
Esophagus 
Eye and Contiguous Harderian Gland 
Exorbital Lacrimal Glands 
Gall Bladder (if present) 
Heart 
Ileum 
Jejunum 
Mammary Gland 
Nasal Turbinates 
Ovaries and Fallopian tubes 

Pancreas 
Peripheral Nerve (sciatic) 
Pituitary 
Prostate 
Rectum 
Representative Lymph Nodes 
Salivary Gland 
Seminal Vesicles 
Skeletal Muscle 
Spinal Cord (2 levels) 
Spleen 
Stomach and Fore Stomach 
Testes 
Thymus (if present) 
Thyroid/Parathyroid 
Trachea 
Urinary Bladder 
Vagina 
Zymbals Gland (if present) 

If changes are seen in any of these tissues, then tissues from 
animals in the other dose groups shall be examined. Likewise, if 
changes are observed in any tissue of an organ system, then the 
other tissues of that organ system shall be subjected to 
microscopic examination in all animals, 
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Current Standard for Teratology Studies (including teratology phases 
of reproduction studies) 

1. Duration; Dosing shall begin soon after implantation and 
continue through the period of organogenesis. All dams 
surviving until the day prior to normal delivery shall be 
sacrificed. 

2, Species: Mammalian species shall be used. Strains with low 
fecundity are not recommended. The strain and source of test 
animals used shall be identified, 

3. Age and Parity: All test and contr~l animals shall be young, 
mature, prima gravida females, Untreated adult males shall be 
used to induce the pregnancies. 

4, Number of Animals: Each group shall consist of at least 20 
pregnant rodents or at least 12 pregnant rabbits. 

S, Control Group(s): A concurrent control group shall be used. 
When the test substance is administered in a vehicle, only the 
vehicle shall be administered to the controls, A vehicle of 
unknown teratogenic potential shall not be used. If no 
vehicle is used, then the controls shall be sham treated. 

6. Dose Group(s); At least three dose groups shall be used 
unless limited by the physical or chemical nature or the 
biological effects of the compound. The highest dose level 
shall either induce overt maternal toxicity or affect fetal 
development. The lowest dose shall produce no fetal toxicity 
or abnormalities, 

7, Route of Administration: For teratology phase of reproduction 
studies the test substance shall be administered in the diet 
or drinking water unless the physical characteristics or 
pattern of human exposure suggests a more appropriate method 
of oral administration such as by stomach tube. For separate 
teratology studies the test substance shall be orally 
administered by a stomach tube unless the physical 
characteristics or pattern of human exposure suggests a more 
appropriate method. 

8. Diet: A diet known to provide adequate nutrition for the 
species tested shall be used. 

9. Observation: Throughout the test period, each animal shall be 
observed at least once daily. Pertinent behavioral changes 
and all signs of toxicity, including mortality, shall be 
recorded. Any female showing signs of abortion or premature 
delivery shall be sacrificed on the day such signs are 
observed. Females shall be weighed at least at the start and 
termination of substance administration, and at the time of 
sacrifice. 
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10, Necropsy: Immediately after a female is sacrificed, the 
ovaries and uterus shall be excised and examined for corpora 
lutea, embryonic or fetal deaths, and the number of live 
fetuses, and these data shall be recorded, The fetuses shall 
be examined externally, weighed individually, and weights 
recorded. For rodents all fetuses shall be examined either 
for soft tissue or skeletal abnormalities. For non-rodents 
all fetuses shall be examined for both soft tissue and 
skeletal abnormalities. 
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Current Standaid for Reoroduction Studies 

The following is a schematic diagram 
two-generation reproduction study. 

/ 
P1 

Fla 

of the sequence of mating for a 

l. Duration: Exposure to the test substance shall be continued 
until weaning of the F2 generation. Dosing of the P1 males 
and females shall begin as soon as possible after weaning and 
acclimation: Dosing of females shall be initiated at least 2 
weeks prior to mating. Dosing of males shall be initiated at 
least 10 weeks prior to mating. At initiation The Pl females 
shall be nulliparous. 

2, Species: The rat is the species of choice. Other species may be 
used if adequate justification is available to demonstrate the 
appropriateness of the selected species. The strain of test 
animal used shall be identified. 

3, Number of Animals: For each mating, one female shall be placed 
daily with the same male from the same dose group until pregnancy 
occurs or 3 weeks have elapsed, The matings of each test and 
control group animals shall result in approximately 20 pregnant 
dams per group. At least one male and one female from each 
litter and no more than two males and two females from a litter 
shall be used to produce the next generation, Sibling matings 
shall be avoided. 

4, Control Group(s); A concurrent control group is required. If a 
vehicle is used in administering the test substance, the control 
group shall receive the vehicle, A vehicle that is known to 
produced no effects on reproduction shall be used. The control 
group shall be handled and maintained in a manner identical to 
that used in the treatment groups, 

5, Dose Group(s): A least three dosage levels shall be tested in 
addition to the control, Unless limited by the physical/chemical 
nature or biological effects of the test substance, the highest 
dose level shall ideally induce toxicity, but not mortality, in 
the P1 animals, In actual practice, mortality is often 
encountered and attainment of this ideal may be difficult. The 
low dose shall not induce any adverse effects. 

6, Diet: A diet known to provide adequate nutrition for the species 
tested shall be used. 
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7, Route of Admministration: The test substance shall be 
administered by the oral route. The test substance shall be 
administered in the diet, drinking water, or by gavage, The 
method of administration shall be the same for the control and 
test groups, 

8, Number of Litters: When two litters are produced the second 
mating shall be at least 10 days after weaning of the previous 
litter. 

9, Disposition of each generation and litter 

a. Pi sacrifice and gross necropsy after weaning of the F1b; 

b. F1a sacrifice and gross necropsy after weaning; 

c. Fib mated after 70 days of age to produce the F2a&b• The 
F1b parents are sacrificed on the day prior to normal 
delivery of the Fzb litter, The handling of the F1b 
females and the Fzb litter follow the standard set forth 
under teratology. 

- d. - At wean-ing. the F2a litter shal-1 be--sacrif-iced-,- and-gross 
necropsied. 

10, Culling: At day 4 after birth each litter, where possible, shall 
be randomly culled to 10 animals. No culling is also acceptable, 

11, Observation: Throughout the test period, each animal shall be 
observed at least once daily. Pertinent behavioral changes, food 
consumption, and all signs of toxicity, including mQrtality, shall 
be recorded. T~ese observations shall be reported individually 
for each animal. 

Information Requirements: 

a . Pi males and females selected shall be weighed on the 
first day of dosing and weekly thereafter, 

b, F1a and b males and females shall be weighed at 
birth and on day 4, (before and after culling) and 21 
and weekly thereafter, 

c. F2a and b males and females shall be weighed at 
birth and on day 4 (before and after culling) and 21 
after birth. 

d. The sex of each (all) pups shall be determined and 
recorded at birth, day 4 (before and after culling) and 
at weaning. 

12. Gross Necrospy: All animals shall be subjected to a complete 
)sross necropsy. 



24 

13, Histopathology: The vagina, uterus, ovaries, testes, epididymes 
seminal vesicles, prostate, and target organs of all P and F, 
animals selected for mating shall be preserved for microscopic 
examination, All tissues in these animals showing gross 
patholog-ical changes shall ·be examinecL If Elies·e -organ·s h·a-ve -not 
been examined microscopically in other multiple dose studies, they 
shall be examined in all high dose and control animal-s-- in -this 
study. If changes are seen in any of the examined tissues, then 
the same tissues from the other P and F1 animals selected for 
mating in the other dose groups shall be examined, 

r 
" 
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CURl<.ENT STAN!JAl<.DS FOR TEST DATA REPORTING 

A, Identification of Responsible Parties: Each test report shall be 
signed by the person responsible for the test and identify: 

1, The laboratory where the test was performed by name and address; 

2, The inclusive dates of the test; and 

3. Each person primarily responsible for separate components of the 
test and the component for which the person is responsible 
including (a) the conduct of the test, (b) analysis of the data, 
(c) the writing of the report, and (d) any written or other 
matter contained in the report. 

B. Body of Report 

The test report shall include all information necessary to provide a 
complete and accurate description and evaluation of the test 
procedures and results. Each report must include the following 
sections: 

1, Summary and Conclusions: This section of the test report snould 
contain a summary of the data, an analysis of the data, and a 
statement of the conclusions drawn from the analysis, The 
summary must highlight all positive data or observations and any 
deviations from control data which may be indicative of toxic 
effects. 

2, Materials: This section of the report shall include, but not be 
limited to, the following information: 

(a) Identification of the test substance, including: 

i, chemical name, molecular structure, and a qualitative 
and quantitative determination of its chemical 
composition, including names and quantities of known 
contaminants and impurities, so far as is practical. 
The determination shall also incluae a listing of 
materials as unknowns, if any, so that the entire test 
sample is accounted for; 

ii. manufacturer and lot number and physical properties of 
the substance tested, and such information as physical 
state, pH, stability, and purity; and 

11i. exact identification of diluents, suspending agents, 
emulsifiers, or excipients, or other materials used 1n 
administering che test substance, 
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(b) Animal data, including: 

1, species and strain used and rationale for selection of 
the strain if other than a common laborac:ory strain; 

ii, source of supply or the animals, diet (lot number, 
composition, etc.), and water; 

iii, description of any pre-test conditioning; 

iv, a description of the method used in randomization of 
animals to test or control groups; and 

v. numbers of animals of each sex in each test and 
control group. 

(c) Data on facilities should include a description of the caging 
conditions, including: number of animals per cage, bedding 
material, ambient temperature, humidity, and lighting 
conditions. 

3. Methods 

(a) Deviation from guidelines; This section should indicate all 
ways in which the test procedure deviates from these 
guidelines and state the rationale for such deviation. 

(b) Specification of test methods: This sectio~ should include a 
full description of the experimental design and procedures, 
the length of the study, and dates the study began and ended. 

(c) Statistical analysis: All statistical mec:hoas used should be 
fully described or identified by reference. 

(d) Data on dosage administration, including; 

i. all dose levels administered, expressed as mg/kg ot 
body weight and 

ii. the method and frequency of administration. 

(e) Data on observation methods, including; 

i. duration; and 

11. the method and frequency of observation of th~ animals, 
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4. Results 

The tabulation oi data and individual results must accompany each 
report in sufficient detail to permit independent evaluation of 
results, including summaries and tables that show, when 
appropriate, relationship of effects to time of dosing, sex, etc, 

(aJ Data presentea for each animal shall include: hematology, 
clinical chemistry, and other tests performed, a description 
of all toxicological or pharmacological effects and 
abnormalities, accompanied by the animal's identification 
number, test group (dose level and sex), and days of study 
when the signs appeared and disappeared. When numerical 
averages are presented, they should be accompanied by an 
appropriate measure of variability, such as the standard 
error, All animals placed on study must be accounted for, 

(b) Findings from all clinical observations, necropsy, and 
histopathological examinations: Special attention should be 
given to an attempt to correlate clinical observations made 
during the course of a study to post mortem findings. 

(c) Ev_alu~' tign of data: an evaluation __ <:> f te$__t r~sults, inct1.1ding 
their statistical analysis,. shall be made and suppliea, based 
on the clinical findings, the gross necropsy finaings, and 
the histopathological results. This should include an 
evaluation of the relationship, or lack thereof, between the 
animal's exposure to the test substance and the incidence and 
severity of all abnormalities, tumors and other lesions, 
organ weight effects, effects on mortality, and any other 
general or specific toxic effects. 

5, References 

This section of the test report should include the following 
information: 

(a) Availability and location of all original data, specimens, 
and samples of the· test substances which are retained in 
accordance with the testing requirements. 

(b) Literature or references, including, where appropriate, those 
references for (1) test procedures, (2) statistical and other 
methods used co analyze the data, (3) compilation and 
evaluation of results, and (4) the basis upon which 
conclusions were reached. 
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